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ABSTRACT 

To s a t i s f y  t h e  urgent need of researchers  for da ta  from high-ener<q 

nuclpar  r e a c t i o n s ,  a l i m i t e d  amount of d a t a  w a s  generated from an intra.- 

nuclear-cascad.e c a l c u l a t i o n  t h a t  i s  i n  pyeliminary form. 'Ynese d a t a  in -  

c lude t h e  t o t a l  none la s t i c  c ross  s e c t i o n s ,  t h e  cascade ani. evaporat ion 

p a r t i c l e  m u l t i p l i c i t i e s ,  t h e  cascade and evaporat ion pa r t i - c l e  energy s p e c t r a ,  

t h e  cascade partic1.e angular  d i s t r i .bu t ions  , t h e  radiochemical c ross  s e c t i o n s ,  

et(::. , from 0.75- ,  I.-, and 2-GeV protons on oxygen, aluminum, and l e a d ,  and 

I--GeV neutrons on the  same elements.  It i s  expected t h a t  t h e  d a t a  from 

t h e  f i n a l  form of t h e  c a l c u l a t i o n  w i l l  no'i d i f f e r  appreciably from those  

presented ,  bu t  t h i s  cannot be guaranteed.  
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INTRODUCTION 

The main d i f f e r e n c e  between t h e  in t ranuclear -cascade  c a l c u l a t i o n  t h a t  

was u t i ] - ized  i n  genera t ing  t h e  accompanying d a t a  and t h e  c a l c u l a t i o n  t h a t  

w a s  descr ibed  previously '  i s  t h a t  pion product ion has  now been included.  

The data a r e  pre l iminary  i n  t h a t  t h e  computer program i s  not i n  i t s  

f i n a l  form. The changes t h a t  w i l l  be  made i n  t h e  program are descr ibed  

below. The data, were generated t o  h e l p  satisfy t h e  reques ts  of r e sea rche r s  

who had an urgent  need f o r  them, even though they  a r e  pre l iminary .  

THE CALCUIATION 

The main f e a t u r e s  of the c a l c u l a t i o n  a r e  t h e  same as those  descr ibed  

i n  re f .  1. The p o s s i b i l i t y  of producing 1 o r  2 pions a t  t h e  c o l l i s i o n  

s i t e s  w i th in  t h e  nucleus when a nucleon-nucleon col.l.ision occurs and t h e  

p o s s i b i l i t y  of producing 1 pion a t  t h e s e  s i tes  f o r  pion-nucleon c o l l i s i o n s  

are now included i n  t h e  c a l c u l a t i o n .  

duc t ion  processes  i s  t h e  i soba r  model.2 

t h e  312 ,  3/2 resonance i s  exc i t ed  i n  t h e  energy range f o r  which t h e  calcu- 

l a t i o n  i s  intended.* The decay of t h e  i s o b a r ,  once €orrned, i s  assimed t o  

t ake  p l ace  a t  t h e  c o l l i s t o n  s i t e ,  and t h e  decay pion i s  assumed t o  be  emitted 

i s o t r o p i c a l l y  i n  t h e  r e s t  system of t h e  i s o b a r .  The angular  d i s t r i b u t i o n  

of  t h e  i soba r  i t s e l f  i s  not given by t h e  theory .  It i s  t h i s  angular  d i s -  

t r i b u t i o n  t h a t  w i l l  be s p e c i f i e d  more accu ra t e ly  i n  t h e  f i n a l  vers ion  of 

t h e  program. For present  purposes it has been assumed that  t h e  i soba r  w a s  

emi t ted  forward 25% of  t h e  t ime ,  backward 25% of t h e  t ime,  and i s o t r o p i c a l l y  

50% of t h e  t i m e .  

The model used t o  descr ibe  t h e s e  pro- 

However, it i s  assumed t h a t  only 

%The c a l c u l a t i o n  i s  expected t o  apply t o  nuc lear  r eac t ions  for i nc iden t  
nucleons from about 100 t o  2500 MeV and f o r  i nc iden t  n-mesons from about 
100 t o  1500 MeV. However, t h e  program w i l l  ope ra t e  a t  energ ies  from 
1-3500 MeV fox" i n c i d e n t  nucleons and 1-2500 MeV for i nc iden t  n-mesons. 
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The f i n a l  vers ion  of t h e  program w i l l  conta in  more recent  p a r t i c l e -  

p a r t i c l e  c ross -sec t ion  da ta  s ince  t h i s  information w a s  scanty  when t h e  

present  c a l c u l a t i o n  w a s  formulated.  However, t h e  r e s u l t s  from t h e  calcula-  

t i o n  when it i s  i.n t h e  f i n a l  form a r e  not expected t o  d i f f e r  appreciably 

from t hose  t h a t  a r e  presented  i n  t h i s  r e p o r t .  O f  course t h e r e  can be no 

assurance of t h i s  u n t i l  comparisons are made * 

THE DATA 

The da ta  generated a r e  f o r  '750-,  1-000-, and 2000-MeV protons on oxygen, 

aI.urfliniim, and l e a d ,  and for 1000-MeV neutrons on t h e  same elements.  The 

da ta  inc lude  t h e  Eollowing f o r  each r e a c t i o n  bu t  not i n  t h e  order  l i s t e d :  

l%e t o t a l  none]-astic c ross  s e c t i o n .  

+ o  The average number of  cascade neutrons,  p ro tons ,  T , n , and il- mesons 

emit t ed . 

The average number of neiitrons , protons ,  deuterons,  t r i t o n s ,  3He, and 

a p a r t i c l e s  evaporated.  

The normalized angular  d i s t r i b u t i o n  of each type of cascade p a r t i c l e  

a t  a l l  energ ies  of emission. 

T'he normalized energy s p e c t r a  f o r  each type of  cascade p a r t i c l e  and 

each type o f  evaporat ion p a r t i c l e  emit ted i n  a l l  d i r e c t i o n s .  

The average eneygy of  emission f o r  t h e  cascade and t h e  evaporat ion 

p a r t i c l e s .  

The c ross  sec t ions  for t h e  product ion of t h e  radiochemical n u c l e i .  
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- '" i n  m b / s r - M e V  f o r  cascade neutrons and protons emi t ted  i n  t h e  
dQdE 

0 
angular  i n t e r v a l s  0-10 , 10-30°, 30-90", and 90-180'. 

+ o  
i n  mb/sr-MeV f o r  cascade 71 , T , and T- mesons emi t ted  i n  t h e  

d20 - 
dRdE 

angular  interva3.s 0-25 , 25-75', 75-130°, and 130-180'. 
0 

The i n t e g r a l  1 - d20 dE for each angular  i n t e r v a l .  
dRdE 

The average energy of  emission i n t o  each angular  i n t e r v a l .  

do - ( e )  i n  mb/sr f o r  t h r e e  energy i n t e r v a l s :  
dR 

a midrange energy i n t e r v a l ,  and a high-energy i n t e r v a l  f o r  each type 

of emi t ted  cascade p a r t i c l e .  

a low-energy i n t e r v a l ,  

For each type  of  cascade p a r t i c l e ,  t h e  c ros s  s e c t i o n  for t h e  emission 

of n p a r t i c l e s  ( n  = 1, 2 ,  ...., 15) i n t o  t h e s e  energy i n t e r v a l s .  

do - ( x )  f o r  t h e  emission of two pro tons ,  where x i s  t h e  angle  between dR 

them. 

The p a r a l l e l  and perpendicular  momentum d i s t r i b u t i o n  of t h e  r e s i d u a l  

nucleus at t h e  completion of t h e  cascade and t h e  average va lue  of 

each d i s t r i b u t i o n .  

The momentum d i s t r i b u t i o n  of t h e  r e s i d u a l  nucleus a t  t h e  completion 

of t h e  cascade and t h e  average va lue  of  t h e  d i s t r i b u t i o n .  

The e x c i t a t i o n  energy d i s t r i b u t i o n  of t h e  r e s i d u a l  nucleus a t  t h e  

completion of t h e  cascade and t h e  average va lue  of  t he  d i s t r i b u t i o n .  

The angular  d i s t r i b u t i o n  of  t h e  r e s i d u a l  nucleus a t  t h e  completion 

o f  t h e  cascade. 
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The average r e s i d u a l  mass of t h e  nucleus a t  t h e  completion of t h e  

cascade. 

The C i ” 0 s S  s ec t ion  f o r  t h e  emission of all. combinations of cascade 

p a r t i c l e s ,  t h a t  i s ,  t h e  c ross  s e c t i o n  f o r  t h e  emission of one 

cascade proton and nothing e l s e ,  one proton and one neutron and 

nothing e l s e ,  e t c .  

For s e v e r a l  s e l e c t e d  combinations of emi t ted  cascade p a r t i c l e s ,  t h e r e  

a r e  avai l -able  a l l  of  t h e  d i s t r i b u t i o n s  above t h a t  r e f e r  t o  t h e  r e s i d u a l  

nucleus a t  t h e  completion of t h e  cascade, where t h e  cascade r eac t ions  lead-  

i ng  only t o  t h e  emission of each s p e c i f i c  combination con t r ibu te  t o  each 

d i s t r i b u t i o n .  

A page-by-page desc r ip t ion  of t h e  d a t a  i s  given i n  r e f .  3. There are 

a few d i f f e rences  between t h e  desc r ip t ions  given i n  t h a t  r epor t  and t h e  

da t a  t h a t  follow. That r epor t  uses an example from t h e  previous ca lcu la-  

t i o n  t h a t  d id  not inc lude  pion product ion,  and t h e  pagina t ion  may a l s o  be 

d i f f e r e n t .  However, t h e  i n t e r p r e t a t i o n  of the a d d i t i o n a l  output p e r t i n e n t  

t o  t h e  pions should not be d i f f i c u l t  nor should t h e  descr i -p t ion  of each 

page of ou-Lput be d i f f i c u l t  t o  f i n d .  The output  from t h e  f i r s t  ana lys i s  

code of  each case conta ins  an a d d i t i o n a l  page t h a t  i s  not descr ibed  i n  

r e f .  3. ‘This page (.the next t o  l a s t  page of Analysis Code I )  conta ins  t h e  

energy s p e c t r a  of t h e  cascade p a r t i c l e s  emi t ted  a t  a l l  angl-es i n  t h e  re -  

s t r ic teed range 0--1000 MeV. 
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The d a t a  a r e  l i s t e d  i n  accordance wi th  t h e  fol lowing t a b l e :  

~ 

Inc ident  P a r t i c l e  
Inc ident  P a r t i c l e  Energy Target Page 

( GeV ) 

Proton 

Proton 

Proton 

Proton 

Proton 

Proton 

Proton 

Proton 

Proton 

Neutron 

Neutron 

Neutron 

0.75 

1.0 

2.0 

0.75 

1.0 

2.0 

0.75 

1.0 

2.0 

1.0 

1.0 

1 . 0  

Oxygen 

Oxygen 

Oxygen 

Aluminum 

Aluminim 

Aluminum 

Lead 

Lead 

Lead 

Oxygen 

Aluminum 

Lead 

9 

72 

135 

199 

26 3 

328 

39 3 

459 

526 

59 5 

658 

722 

The d a t a  from Analysis Codes I ,  11, and t h e  Evaporation Code a r e  given 

i n  t h a t  o rde r  for each r e a c t i o n .  The d e t a i l e d  outputs  from each of t h e s e  

codes a r e  descr ibed  i n  r e f .  3. 
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USED F I L E  1 

FROM CARDS 

I N C I D E N T  P A R T I C L E  PROTON I N C I D E N T  K I N E T I C  FNFRGY 7C0.C100 V E V  

TOTAL NUMBER OF I N C I D E N T  PARTICLES 6000 TARGET SYMBOL O 

S I Z E  OF HISTOGRAYS FOR CclTGCIMG K.E. 2 5  FOR PRC3T. 7 5  FOR NEIlT, ?5  F3R P I+ ,  7 5  FflR P I O ,  

C R O S 5  S E C T I O N S  WERE CALCULATED FOR A S  MANY AS 9 FMIT.1 ED P A K T I C L E  COM~INATIUNS.  

76.000 MEV INTERVAL WAS U S E 0  I N  CALCULATING HISTOGRAM F O R  N ( E * l D E  FOR TOTAL REACTION 

OELTAS F O R  OUTGOING K I N E T I C  ENERGY O I S T R I B I I T I O V  I N  MFV 

-.6 YU -.4 -.l Mu +.l +.4 MU +.6 +.$ vu +.95 
0 1 K . E . I  103 0 (K.E.1 10D 0 (%.E.) 1 0 D  0 (K.E.1 7'iD 

PRO TONS 75.0000 75.0000 75.0000 37.50')n 

NEUTRONS 75.0000 75.0000 75.0000 37.50n0 

PI+ 75.0000 75. @OOO 75. oonc 37.5000 

P I 0  75.0000 75.0000 75.0000 37.5000 

PI- 75.0003 75.03C3 75.0CCC ?7.5?00 

C = DELTA, RESPECTIVE ENERGY INTERVALS OF HISTOGRAMS 

7 5  F -  PI-. 

+ . 9 5  M U  +1.0 
0 ( I< .F . )  ? O D  

3 7 . 5 ~ ~  

77.5000 

3 7 . ~ 0 0 0  

37.5000 

??. 5"fl 

10000 01000 00130 00010 30001 q i c o i  1 0 1 ~ 0  i i o n o  ~ i o o i  DUTGOIhG CJMaINATIONS 

INTERVAL F O R  N t E * ) D E  I N  HEV 25.000 25.000 25.000 25.000 25.000 25.000 25.500 75.000 76.0'30 

FROY RECORD 1 

6000 I N C I D E N T  PROTUN H I T  0 T4RGET WITH 16.000 MASS AND 8.000 ATOYTC NIJYBFR AT 7 5 ' 3 . 0 0 0 M F V .  

FROH RECORD N 

THERE WERE 2251. I N C I D E N T  P A R T I C L E  C O L L I S I C N S  CREATING 2 2 5 1  ESCAPING P A S T I L L E  RECORDS. TYE GECYETRTC 

C R O S S  SECTION WAS 052.4694672 C0. THE I N E L A S T I C  CROSS SECTION WAS 319.9181305 YB. THF CUT OFF 

ENERGY k A S  1 .1066737 MEV. 



PROTOh CN 3 INC. K.E. (MEVI  LS 750.0 A I S  2 6 .  L [ S  8. 6 0 0 0  I N C .  H l S T O R l E S  1.1 MEV CUTOFF Eb. 

sX3YENTUF.i OF C0RPOiJb:D NUCLEUS 1404 .497025kFV/C  E X C I T A T I O k  ENF9GY OF COMPPUh'D 4UCLEdS 756.915199HEV 

THE MASS OF T H E  RESIDUAL UCCLELS WAS ZERO 0 T I U E S ,  WAS MINUS 3 T I Y E S  CUT @FF ENERGY ?.X06674MEV 

FOR 4 5  I N C I D E ~ T  PARTICLE C o L L I s I m s  . W E R E  W E R E  Y O R E  T H A ~  9 C U T  G~T~ING PARTICLES 

AVER4GE NO. 

VbRIANC E 

PV. K.E. ( Y E V )  

VARIANCE 

F!4 I T  TE D C A S CAD E PART ? C L E S 

PRO TONS NE UTRCNS P!+ 

0 .1997779E 0 1  0.1367836E 01 3 . 2 ? 0 1 2 4 8 ~ - 0 0  

0.1596175E 01 0 .1513741F  01. 0 .167751  7E-00 

0 .1950986E 03 0.1533625E 0 3  0.1049084F 03 

0 .4814697E 05 0.3416026E 0 5  0.81.14975E 0 4  

OUTGOING COM3INATIOM c o  

TOTAL CASCADE 0 .078228?  
1oooe 0.0 32 7 3 3 3  
01000 0 .0341016  
00100 0. 
0 0 0 1 0  0. 
00001 0. 
01001 0. 
l O l G O  0.1430882 
11000 0.01971 4 0  
11001 0 .1919527  

RESIDUAL NUCLEUS 

c 1  ARM 

0 .1320292  ZE2.3505611 
0.14531 2 5 2 10.47961 9 4  
0 .1569863  2 26.9 7 6  3 3 55 
0. 0. 
r). c. 
0.  0. 
0. 0 .  
0.022 5133 709.16?82 6'l 
0 .0834e46  1 4 1 . 8 5 2 3 5 2 1  

349.0 I 6  8 8  00 0.149 6 3  77  

P I 0  P I -  

0 -  1 2 2 6 1 2 2 E - 0 0  0.4664597E-O? 

0.1075784E-OC 0 .4535859E-O l  

0.12335')7F 03 0.854G31CIE 0 2  

0 .1050631E 0 5  0 .6379450E 0 4  

AREE 

40 .4510577  
22 .67301  n:! 
7O.cLS.7 5P9h 

0. 
0 .  
0 .  
e. 

20.5787706 
13 .27761  6 4  
?? .O 4 8 2 2 1  1 

4 A 9  

17.6343 8 4 6  
16.0(700009 
15.00000 DO 
17 .0000"00  
17.0000000 
17. O O O O O C O  
16.0?c1000? 
16.000~lnro 
~ 5 . n c o o o ~ o  
1 5  .o f in0000 

C O  = (SUP, 3F PARALLEL R E S  !OVAL YOME,NTUF.i/kUKRER OF Ih lCiDENT PARTICLE COLLISIOkSI /POMENTUM OF COMPOUND YUCLEUS 

C 1  = ( S i l M  OF PERPENDICdLAR RESIDUAL MOMEVTUC/NUMRER O F  INCIOENT PARTICLE COLLISIONS)/HI?MFYTUY OF COYP3UND kdCLEUS 

ARh = A V E R A G E  RESIDUAL YCMEkTL IM II.; PEV/C 

AREE = bVERAGE RESIDUAL E X C I T A T I O h  ENERGY I N  MEV 

AAR = AVERAGE 3ASS OF RESIOUAL NUCLEUS FOR TOTAL CASCADE 
BAR = Y A S S  OF ?ESIDUAL ?.IUCLEUS F3R DESIGNATED OUrGOING COMBINATIONS 
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PROTON CN 9 INC. K.E. I Y E V )  IS 750.0 A I S  16. Z I S  8. 6 0 0 0  INC. HISTORIES 1.’ YFV CdTOFF Fhi. 

THE PARALLEL MOMENTUM D I S T R I B U T I O N  O F  THE CASCADE RESIDUAL NUCLEUS 

-0.1896071E 0 4  -0 .1755021E 0 4  -0.1615172E 04 -0 .1474722E 04 -0 .1334272E 0 4  -0 .1193822E 0 4  -0 .1057377F 0 4  

0.7022485E 02 0 .2106745E 0 3  0.3511242E 0 3  0 .4q15740F 0 3  C.6320736F 0 3  0.7724734‘  03 9.9129771F 03  
-0 .9129231E 0 3  -0 .7724734E 03 -0.6320236E 03 - 0 . 4 9 1 5 7 4 0 E  0 3  -0 .2511242E n 3  -0.’106745C 03 -0.7C’24A5‘ Q 2  

0 . 1 0 5 3 3 7 3 ~  04 0 . 1 1 9 3 ~ 2 2 ~  04 0 . 1 3 3 4 2 7 2 ~  04 0 . 1 4 7 4 7 2 2 ~  04 0 . 1 6 1 5 1 7 2 ~  04 0 . 1 7 5 5 6 2 1 ~  04 O . I F O ~ O ~ I E  n 4  

TOTAL C A S C A C E  (SUM OVER HISTOGRAM)(DELTA P )  0.100000QE 01 0 OFL 0 UFL 

0. 0. 0. 0. 0 C 376065E-05 0.1 4 3 2 3  6 5 7 - 0 3  @. 1 6 R 27=2 C - 0 2  
0. 0. 0. e. 0. 0. 9. 

0.2960599E-02 0 .1331637E-02 0 .5946501E-03 0.2150R62E-03 0 .1296843E-03 0 .3479336F-04 9 .199787PF-04 
0. 0 .3167333E-05 0. 0. 0. 0. 0. 

0 PROTONS 1 NELJTRONS 0 P I +  0 P I @  1 P I -  (SUM OVE9 YISTDGRAMI(0ELTA P I  
C. 0.  0. 0. 0. 

0. 0. 0. 0. e. 
0. 0.  0. 0. 3. 

0. 0. 0. 0. 0. 

1 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  0 P I -  ( S U M  OVER FI ISTOGRAYI(0ELTA P )  
0. 0. 0. 0. (1. 

0.1294543E-02 0.5178 172E-02 0 .6472715E-03 0. 0. 
0. 0. 0. 0. 0. 

0. 0. 0.  0. f). 

1 PROTONS 1 NEUTRONS 0 P I +  0 PIC C P I -  (SUM O V E R  HISTOGRAM)(OELTA P I  
0. 0. 0. 0. 0. 

0.3765377E-02 0.38794BOE-03 0. i 3 6 9 2 2 8 E - 0 3  0. 0. 
0. 0 .  0. 0. 0 .  

0. 0. 0. 0. 0. 

1 PROTONS 1 NEUTRONS 0 P I +  C P I 0  1 P I -  (SUM O V E R  HIST0GRAM) lOELTA P t  
0. 0. 0. 0. 0. 

0.2373329E-02 0. 0.474665RE-02 0. 0. 
0. 0. 0. 0. 9. 

0 .  0. 0. 0. ’7. 

0. 0 OFL 0 LIFL 
0. n. 

0. 0. 

0.  0. 
0. 0. 

O.’IOO00COE 01 0 OFL C UFL 
0.  0. 

0. q. 
0. 0. 

0. 0. 

0 . 1 0 0 0 0 0 ~ F  01. n ~ F L  r UFL 
0. 3. 

o. inooaPnE 01 0 CIFL r UFL 
0. 0. 

0. 0. 
0. 0. 

0. 0. 



P R P T J F I  CN 0 INC.  K.E. ( M E V J  I S  750.0 A I S  16.  Z I S  8. 6 0 0 0  I Y C .  H ! S T f l R I F S  1.1 M E V  C U T O F F  EN. 

CROSS S E C i I J N S  ( M E 1  FOR V A R I O U S  C O M B I N A T I O N S  O F  EYITTED C A S C A D E  P A R T I C C F S  
1ST NO. I S  NI?. O F  P R O T O N S  EMITTED 2 N O  I S  kfl. 3F Y F L T 9 O N S  3 8 0  !S "1. O F  P I +  4TH I S  Nil. 9 F  2 1 0  5TH i S  "1. DF PY- 

26001 

3 6000 

5 3 0 i 0  

5 3 0 0 0  

25010 

34010 

430 10 

52010 

62000 

14101 

23110 

2 5000 

33100 

43000 

5 2 0 0 0  

05100 

22110 

24000 

32100 

42000 

6 0000 

13001 

21101 

22010 

?LO10 

43010 

1.14207824E-00 

0.28415649E-00 

0.14207824E-@@ 

0.42623173E-00 

0.14207824E-0C 

0.42623473E-00 

0.14207824E-00 

0.42623473E-00 

0.42623473E-00 

3.14207824E-O@ 

0.14207824E-00 

0.99454771E 00 

0.99454771E 0 0  

0.32677995E 0 1  

0 . 8 5 2 4 6 9 4 7 ~  0 0  

0.142 0 7824E-00 

0.142078245-00 

0.12787042E 01 

0.25574084E 01 

0.32677995E 01 

0.284156495-00 

0.28415649E-00 

0.28415649E-00 

0.24153301E 01 

0.17049389E 01 

0.56831296E 0 0  

26100 

4 4 0 0 1  

53?00 

720CO 

2 5 1 C O  

341 00 

431CO 

52100 

7 0 0 0 1  

15010 

2 4 0 0 1  

3 2 1 0 1  

3 40 00 

51001 

60001 

1 4 0 1 0  

23001 

31110 

3?000 

5 n o c i  

0 3 2 0 0  

1 3 0 1 0  

21110 

22100 

31100 

401 00 

0.14207824F-00 

0.2 841564SE-CO 

0.2841564aE-00 

0.14207824E-OG 

0.71C3°1?2E 0 0  

0.56831298E 0 0  

0.71039122E 0 0  

0.85246947E 0 0  

0 .14207W4E-00 

0.14207824E-00 

0.  2 84 15 64 SF - n  o 

0.14207824E-GO 

0.12787042E 0 1  

0.42623473E-00 

0.14207824F-00 

@.71039?22E 0 0  

0.42623473E-00 

0.1 42 07 e 2 4~ - n CI 

0.35519560E 0 1  

0 . 1 4 2 0 7 e 2 4 ~ - n ~  

0.14207 874E-00 

0.71039172F P O  

0.14207824'-00 

0.412076QOE 01 

0.72677@05E 01 

0 - 4 7 6  23  473:  - 3 0  

35010 

44100 

54000 

R l O C O  

2 6 0 0 0  

7 50 00 

44000 

5 3 0 0 0  

700 1 0  

2301.1 

2 4 n i r )  

32110 

420 10 

51010 

60010 

?1.100 

73010 

32001 

41010 

50010 

043 CO 

33100 

21200 

7 3 ~ 0 0  

32003 

4 1 0 ~ 0  

0 . 1 4 2 0 7 ~  2 4 ~ - 0 0  

0 2 8415649E -00 

0.5693129eE 00 

9.142P7824E-00 

9.74207824E-00 

0 .42623473F-00 

0.99454771E 0 0  

3.14207824E 01  

0 . 1 4 2 0 7 9 2 4 ~ - n 0  

0.1 4207874E-OO 

0.14207P24F-QO 

0.14?07824E-00 

0.71039122E 0 0  

0.?8415h4?E-00 

0.14?07924E-OO 

0.56631298E 00 

0.99454771E 0 0  

0 . 5 6 e 3 i m 8 ~  n o  

0.71?6625?F 01 

3.78415649E-00 

? .42623475€-00 

0 . 3 1 2 5 7 2 1 3 ~  n i  

0.14207824F-00 

0.79836431F 01 

O.hM1?7557E 01 

0.2992h4?!  E D 1  

0 14m7R14E-00 

0 . ~ 5 ? 4 6 9 4 7 ~  n o  

0.1 4707R74E-00 

O. 1 4 2 0 7 ~ 2 4 ~ - 0 n  

3.2841564CE-00 

0.2841 564aF-CO 

n . i 4 7 0 7 ~ 7 4 ~ - 0 0  

0.14707a24E-00 

0.14?07974F-00 

0.1 4207 P 74E-OF 

0.12787n47E 0 1  

0.85746947E 0 0  

0 . ~ 6 8 ? 3  z q e ~  nc 

0.56P317"AF 0 0  

0.71039177F 00 

0.5687120SE P O  

0.14707924F 01 

0.15578606E 01 

0.8524691.7F 0 0  

0.71039122E 0 0  

0.78415h4CE-'10 

0.12787047E 01 

3 .1567P606 t  01 

0 . 0 @ 4 ~ 4 7 7 1  E on 

0.2@41'649E-Q0 

0.710'9177F 0 0  



PROTCN ON 0 INC. K.E. ( M E V )  I S  750.0 A I S  16. Z IS 8. 6 0 C 0  INC. H I S T O S I F S  1.1 M E V  CUTLlFF = \ I .  

C R O S S  SECTIONS ( M S )  FOR V A R I O U S  C0MEINATI0NS OF EMITTED CASCaDE PARTICLES 
Z S T  NO. IS NO. O F  PROTONS EMITTED 2NO I S  NO. OF NEUTRONS 3RD I S  NO. OF P I +  4TH I S  YO. OF P I 0  5TH I S  VO. OF P I -  

CONTINUED 

0 2 1 1 0  

1 2 0 1 0  

2 1 0 0 1  

3 0 0 0 1  

4 0 0 0 0  

03000 

1 2 0 0 0  

21000 

02000 

2 0 0 0 0  

0 .14207824E-00 

0 .24153301E 01 

0 . 2 6 ~ 4 ~ 6 6 ~  01 

0.71039122E 00 

0.19890954E 0 1  

0 .28415649E-00 

0 .10513790E 02 

3 .17759780E 02 

0 . 2 6 9 9 4 8 6 6 ~  01 

0.40208143E 0 2  

0 3 0 1  0 

1 2 1 0 0  

ZlOlO 

3 0 0 1 0  

02001 

1 1 0 0 1  

20001 

3 0 0 0 0  

10010 

0 1 0 0 0  

0 .42623473E-03 

0.39781908E 01 

0.44044255E 03 

0 .1278704FE 0 1  

0.142 07  82 4E-00 

0 .42623473E-00 

0.19840954E 01 

0.5541051 5E 01  

0 .12797042E 01  

0.36940343E 0 1  

03100 

13000 

2 1 1 0 0  

3 0 1 0 0  

O Z 0 l O  

1 1 0 1 0  

z o o l o  

nao1o 

10100 

?OOOO 

0.85246947E 00 

0 . 2 a 4 1 5 5 4 ~ ~  e1 

0.83R26163E 01  

0.85246747E 00 

0 .85246947E 0 0  

0.88089510E @I 

0.3s361125E 01  

0.42523473E-00 

0 . 1 5 6 2 a 6 ~ 6 ~  01. 

n . i i o 8 z i o z E  02 

12001 

7 0 C 0 2  

? 2 0 ? O  

71000 

02LOO 

i i i n a  

F C I l ~ O  

0 l l r ) O  

11000 



P R O T O Y  EN 3 I N C .  K.E. I M F V )  I S  750.0 A IS 16. Z I S  8. 6 0 0 0  IhC.  P I S T D ' ? I € S  1.1 Y E V  C U T f i F F  FM. 

E N E R G Y  SPFC.iRA O F  C A S C A D E  PARTICLES W I T H  )NU F R O M  1.09 i C  0.05 
(THETA F?@M C DEG. 0 M I Q .  T O  1 9  C F S .  12 MIN.1  

k ( E l  I S  (FRACTICN OF PARTICLFS I N  DELTA M U \ / ( O E L T A  M i l i ( D F L T A  E l  

E I M E V )  I S  CENTER O F  IkTERVAL 

P R O T O N S  
DELTA E (  M E V )  37.5 

E l  H E V )  

18.7 

56.2 

93.7 

1Z1.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356.2 

3s3.7 

4?1.2 

468.7 

506.2 

543.7 

5e1.2 

618.7 

656.2 

693.7 

731.2 

N l  E )  

0 . 4 3 6 i - 0 1  

0 .2845-01 

0 .234E-01 

0.1 ?6E-01 

0 .170E-01 

3.177E-01 

0.139E-01 

0.227E-01 

0.2 2 1 E- 0 1  

0 .303E-01 

0.2OZE-01 

0 a 1 8 3  E- 0 1  

0.180E-01 

0.145E-01 

0.107E-01 

0.101E-01 

0.5C5F-02 

0 .442E-01 

0.68AE- 01  

0.839E-01 

NELTRONS 
DELTA € ( N E V I  37.5 

E I M E V I  

18.7 

56.2 

93.7 

131.2 

168.7 

205.2 

243.7 

291.2 

318.7 

356.2 

393.7 

431.2 

468.7 

506.2 

543.7 

581.2 

618.7 

656.2 

593.7  

741.2 

N (  E )  

0.627E-01 

0.3C9E-01 

0.24aE-01 

0.196E-01 

3 .167E-01 

2 .281E-01 

0.290E- 01 

0.262 E-01 

0.234 E-01 

O.2ScE-01 

0.3 3 7 E- 0 i 

0.3 09 E-01 

0.2SCE-0i 

0.1CRE-01 

0.150E-31 

0.745E-02 

0.74CE-02 

0.206E-01 

O.2qSE-01 

0.496 E-01 

P I +  
DELTA E ( M E V 1  37.5 

E l  M E V )  

19.7 

56.7 

93.7 

131.2 

168.7 

705.2 

243.7 

2P1.2 

319.7 

356.2 

393.7  

431.2 

465.7 

506.2 

543.7 

581.2 

619.7  

655.2 

593.7  

721.2 

N ( E 1  

0 .314E-01 

0. 

0.7 84 E- 0 1 

0.157E-01 

0 .157E-01 

0 .471E-01 

0 .471E-01 

0.041 E-@?. 

0 - 6 27E-01 

0 - 4 7 1  E-01 

0.6 27 E-91 

0.157E-01 

0 .157E-01 

C. 

0. 

0. 

0 .  

0 .  

0. 

0. 

P I 0  
DELTA E ( M F ' 4 )  37.5 

E (  MEV) 

18.7 

56.2 

9?.7 

131.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356.2 

393.7 

471.2 

46n.7 

506.2 

54?. 7 

541.2 

6 1  8.7 

556.2 

699.7 

731.2 

N l  E l  

0 . 3 5 h F - 0 1  

0. 

0. 

0 . 7 1 1 E - 0 1  

0. 

0. 

0.711 F-01 

0.107E-00 

0 .107E-00 

~ . ~ X ~ E - O T  

0. 

0 . 3 5 h F - 0 1  

0 . 3 5 6 E - 0 1  

0 .  

0. 

c. 

0 .  

0. 

r . 
0 .  

0 1 -  
3ELTA E I M E V )  37.5 

K ( Y F V I  

15.7 

56.2 

92.7 

131.7 

168.7 

706.7 

243.7  

741.7 

a i a . 7  

356.2 

393.7 

431.2 

468.7  

5'16.7 

543.7 

5 8 1 . 2  

616.7 

656.2 

693.7  

731.2 

N i E l  

0.107E-00 

0. 

0. 

0.713E-00 

0. 

0. 

0. 

0. 

0.1 C7F-00 

O.1C7E-nO 

0. 

Q. 

n. 

0. 

0. 

c .  

0. 

n. 

0. 

0. 

hi I S  1.000E 00 N I S  1 . O C O E  00 N ! S  1.3COE 00 



PROTCN CN 0 INC. K.E. ( M E V )  I S  750.0 A I S  16. 2 I S  9. 6 0 0 0  INC.  HISTORTFS 1.1 MEV CUTOFF CN. 

ENERGY SPECTRA OF CASCADE PARTICLES W I T Y  MU FqOM 0.95 T O  0.90 
(THETA FROM 1 R  DEG. 12  MIN.  TO 2 5  DEG. 5 1  MIN.) 

N ( E )  IS (FRACTION OF PARTICLES I N  DELTA M U ) / I O E L T A  MU)(DFLTA E )  

E I M E V I  IS CENTER OF INTERVAL 

PROTONS 
DELTA E I M E V )  37.5 

E IMEV)  

18.7 

56.2 

93.7 

131.2 

168.7 

206.2 

243.7 

261.2 

318.7 

356.2 

393.7 

431.2 

468.7 

506.2 

543.7 

581.2 

618.7 

656.2 

6S3.7 

731.2 

N ( E )  

0.634E-01 

0 .282E-01 

0 3 4 1  E- 0 1  

0.270E-01 

0.317E-01 

0.247E-01 

0.211E-01 

0.258E-01 

0.153E-01 

0.164E-01 

0.141 E- 01 

0.129E-01 

0.587E-02 

0.106E-01 

0.305E-01 

0.388E-01 

0.6 8 1  E-01 

0.470E-01 

0 .176E-01 

0. 

NEUTRONS 
DELTA E I N E V )  37.5 

€ ( R E V )  

18.7 

56.2 

93.7 

131.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356.2 

393.7 

4 3 1  e 2  

468.7 

506.2 

543.7 

581.2 

618.7 

656.2 

693.7 

731.2 

N I E )  

0.103E-00 

0 . 3 8 l E - 0 1  

0.362E-01 

C.495E-01 

0.324E-01 

0.286E-OI 

0.362E-01 

0 .267E-01 

0.2 86E-01 

0.248E-01 

0.171E-01 

0.952 E-02 

0.571E-02 

0.952E-02 

0.171 E-01 

0.210E-01 

0.248E-01 

0.190E-01 

0.57l.E-02 

0. 

P I +  
DELTA EIMEV)  37.5 

N IS (SUM O V E R  N ( € l ) ( D E L T A  W J I ( D C L T A  E )  

E (  MEVI 

18.7 

56. 2 

03.7 

131.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356.2 

393.7 

471.2 

468.7 

506.2 

543.7 

581.2 

618.7  

676.2 

693.7 

731.2 

N (  E )  

0.2 13 E - 0 1  

0.14SE-00 

0. 

0.213 E-01 

0.213E-01 

0.640E-Ol 

0. 6 4 0 E - 0 1  

0.128 E-00 

0. 

0.427E-01 

0.21‘E-01 

0. 

0. 

0. 

0. 

0. 

0 .  

0 .  

0. 

0. 

P I 0  
DFLTA E I R F V )  37.5 

E(MFV)  

18.7 

56.2 

93.7 

131.2 

16R.7 

236.2 

243.7 

781.2 

318.7 

356.2 

393.7 

4’1.2 

468.7 

506.2 

543.7 

581.2 

61e.7 

656.7 

693.’ 

731.2 

N(  E l  

0 .464E-01 

C. 2 3 2 E - 0 1  

0 .237E-01 

0. 

0.464E-01 

P.464E-01 

0.2=’2F-01 

0.4 54 E- 0 ? 

0.11 6E- 00 

0.162 €-On 

0. 

0 .  

0. 

0 .  

0. 

0. 

0. 

p .  

0. 

c .  

E(MEV)  

IP.7 

56.2 

07.7 

1‘1.2 

168.7 

3q6.2 

’43.7 

251.7 

318.7 

356.2 

393.7 

431.2 

468.7 

506.2 

543.7 

551.2 

518.7 

556.2 

603.7 

721.2 

h l l E )  

0. 

0. 

n. 

0. 

0. 

n. 

q. 

0. 

*.53?~ 00 

0. 

0. 

n. 

0. 

0 .  

0. 

0. 

0. 

n. 

0. 

n. 

N I S  1.030E 00 N I S  1.000E 00 N IS 2.000E 00  1\1 I S  1.000F 00  N I S  1.90OE n0 



P R O T O N  CY n LUC. K.E. I Y E V I  I S  750.0 A I S  16. 2 I S  Q. 6000 iNC. H ; S ? O R I E S  1.1 MEV C k T O F F  f N .  

ENERGY SPECTRA Oc CASCADE PARTICLES WITH ML. F R O V  0.60 TO 0.40 
{ W E T A  F R O M  53 DEG. 8 M I V .  T O  6 5  DEG. 2' M 1 F I . I  

N ( E )  I S  ( F R A C T I C h  O F  PARTICLES I N  DELTA M U l / l O E L T A  M U ) ( D E L T A  F I  

E ( M E V )  I S  CENTER O F  INTERVAL 

P R O T O N S  
OELTA E ( * I E V I  75.0 

E l  MEVI N ( E )  

37.5 0.367E-01 

112.5 0.167E-01 

167.5 0.956E-02 

262.5 0.250E-02 

337.5 0.7S6E-03 

412.5 0.341E-03 

487.5 0. 

552.5 0. 

637.5 0. 

712.5 0. 

N I S  1.000E 00 

NEdTRONS 
DELTA E I M E V I  75.0 

E(MEVI  N ( E I  

37.5 0.411E-01 

112.5 0.158E-01 

187.5 0.572E-02 

262.5 0.320E-02 

337.5 0.842E-03 

412.5 0. 

487.5 0. 

562.5 0. 

637.5 0. 

712.5 0. 

N I S  1.OOCE 00 

P I +  
DELTA E ( M E V I  75.0 

E I M E V )  N t  E )  

37.5 0.3C7E-01 

112.5  0.267E-01 

187.5  0.933E-02 

26?.5 0. 

337.5 0. 

412.5 0.  

487.5 0. 

562.5 0. 

637.5  0. 

712.5 0. 

N I S  I S U M  PVER N l E I l ( D E L T A  M U l ( J t i T A  E l  

N I S  1.000E 00 

010 
DELTA E ( M E ? )  7=.n 

E I Y E V I  *.I1 E l  

37.5 0 .322E-01 

112.5  0.23OE-01 

i e 7 . 5  O.~I~F-O: 

262.5 0. 

337.5 0. 

412.5 0. 

487.5 0. 

562.5 0. 

637.5 (1. 

712.5 C. 

N i S  1.000E 0 0  

P 1 -  
DELrA E ( M E ? I  75.0 

FCMEVI N I E )  

77.5 0.369E-01 

i i z . 5  n . 5 5 6 E - w  

187.5 0.1.67E-01 

262.5 n . 5 5 6 ~ - " 7  

3=7.5 n. 

412.5 0. 

487.5 0. 

5 6 2 . 5  0. 

637.E 0. 

712.q 0. 

N I S  1."00€ 0 0  



PROTON CN 0 INC. K.E. ( M E V )  I S  750.0 A IS 16. 2 I S  3. 6 0 0 0  I V C .  H I S T D R I F S  1.1 MFV C U T O E F  EN. 

ENERGY SPECTRA OF C A S C A D E  PARTICLES WITH F?U FRO# 0.10 T O  -0.10 
(THETA FROM 8 4  DEG. 1 6  MIN. TO $5 OEG. 46 MIN.) 

k(E) IS (FRACTION OF PARTICLES I N  DELTA M U I / ( D E L T P  MU)(DELTA FI 

E(MEV) IS CENTER OF INTERVAL N IS ( S U M  O V E R  N ( E ) I ( O C L T b  i ”U I (DELT4  E )  

PROTOkS 
CELTA E ( Y E V 1  75.0 

E I M E V )  N ( E )  

37.5 0.569E-01 

112.5 0.690E-02 

187.5 O.259E-02 

262.5 0.267E-03 

337.5 0. 

412.5 0. 

487.5 0. 

562.5 0. 

637.5 0. 

712.5 0. 

N I S  1.000E 00 

NEUTRONS 
DELTA EtMEV)  75.0 

E IMEV)  Nf E )  

37.5 0.548E-31 

112.5 O.?20E-02 

187.5 0.230E-02 

252.5 0.383E-03 

337.5 0. 

412.5 0. 

487.5 0. 

562.5 0. 

637.5 0. 

712.5 0. 

N I S  1.000E 00 

P I +  
DELTA E(MEV1 75.0 

E(  M E V )  N ( E )  

37.5 0.439F-01 

112.5 C.??SE-Ol 

187.5 0. 

262.5 0. 

337.5 0. 

412.5 0. 

487.5 c. 

562.5 0. 

637.5 0. 

712.5 0. 

N I S  1.900E 00 

P IO 
DELTA E(n lFV)  75.0 

E I Y E V l  N ( E )  

1 7 . ~  ~ . ~ O I E - O I  

1’12.5 D.149E-01 

187.5 D . ~ ~ I E - O ~  

262.5 P. 

137.5 0. 

412.5 0. 

4P7.5 c. 
567.5 0. 

677.5 0. 

712.5 0. 

N IS l.@OOE 00 

P l -  
DELTA E ( H E V 1  75.0 

E [ M E V I  N I E )  

37.5 Q. l?3E-CII  

112.5 Q . ~ ? ~ E - O I  

1.87.F ’1. 

262.5 C. 

337.6 0. 

412.= 0. 

487.5 0. 

563.5 0. 

637.5 0. 

712.5 C. 

N I S  l . P O 0 E  00 

ro 
w 
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PROTON ON 0 INC. K.E. IMEV)  IS 750.0 A I S  16. 2 IS 9. 6 0 0 0  INC. H I S T O R I E S  1.1 M E V  CUTOFF Fni.  

ENERGY SPECTRUM 3F EMITTED CASCADE ?ROTONS 

0 TO 0.7500000E 0 3  M F V  n OFL 

K.E. IS T H E  CENTER OF THE ENERGY INTERVAL I N  MEV N I E )  I S  THE FRACTION CF TOTAL NUMPER OF E M I T T E D  PRDTflhS /DELTA E 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

195.00  

N ( E )  K.E. 

0 .8998552E-02 225.00 

0.40 5 4 5  55 E- 02 255.00 

0 .2979764E-02 28 5 .00  

0.2305241 E-02 315.00 

0 .1823438E-02 345.00 

0.1 1 7 8 5  63E-02 375.00 

0.10 8 4 6 1  5E-02 

N ( E )  K.E. 

0.971 0 1  77E-03 405.0@ 

0. a 1 5 3 5  ~ ~ - 0 3  4?5.00  

0 .7338226 E-03 ‘%.5.00 

0.71 89979E-03 405.00  

0 .5929879E-03 525.0@ 

0.5040797E-03 555. @ @  

N I E I  K.E. 

0 .5781637E-03 4e5.00 

9 -4  R 9 3 1 50 E- 03  t.15.00 

0.481 8027  E-03 t 4 5 . 0 q  

0 - 4 1 5 0 9 1 6 E - 0 3  675.00 

0 . 4 5 7 I E 3 3 E - 0 3  705.00 

735.00 0 .3928545E-03 



E k E R G Y  S P E C T P J M  O F  E M I T T t 3  C A S C 4 3 E  " E U T P O h 5  

0 TO 0 . 7 5 0 0 0 0 0 E  03 r E V  n OFL 

K . E .  I S  THE CENTER OF T H E  ENEPGY I N r E R V A L  iF. M E V  N ( E )  I S  T H E  F S A C T I O V  OF TCTAL LUMBER O F  E M I T T E D  NEUTRONS/3ELTA F 

K.5. 

15.00 

45.00 

75.00 

105.00 

135.01) 

165.00 

195.00 

N (  E )  < . E .  

0.1 3 6 0  9 5 I E - C 1 22 5.00 

0 . 4 6 2 2 7 1 3 r - 0 2  255.30 

0 . 2 9 6 6 3 3 1  E-C2  2e5 .00  

0 2 1 6  5 2  05  E- 07 31E.00 

0.18729@ZE-O2 '45.00 

0.1439861E-02 375.00 

0 . 9 2 0 2 1  22 E-03 

N (  E l  K.E. 

0.0 9 5  $ 9 4 4 € - 0 3  405.0C 

D 9 3 I 03 8 2 E- 0 3 435.00 

0.63873 55 E-03 445.00 

0.6 3 8  73 55 E-03 495.00 

0.671 2 1  36 E- 03 525.00 

0.5 52 17  73 E-03 555.00 

N { E l  K.E. 

0.5 7 3 7 7 0 4  E-O7 585.90 

0 .443Rt71E-03 615.01) 

0.50Re73EF-03 645. o n  

0.781 4767E-03 675.00 

0.378'41 09E-03 105.00 

0.3139547E-0? 775.00  

N(il 

0.22734hSE-1)3 

0 .1?48435E- !V  

0.30712P7E-P3 

0.3C31287E-03 

0.3464729'-03 

0.43 3041@ E - 0 3  
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P R O T D R  CN 'I INC. K.F. [ I y , F V I  : S  7FO.0 A I S  16. 2 IS P.  5 0 C O  INC.  PISTOXIF5 1.1 Y E V  CUTOFF FN. 

E N E R G Y  S P E C T R U M  OF E Y I T T E D  C A S C A D F  P I 0  

0 T O  0 . 7 5 2 C O O O F  09 M F V  0 O F L  

K.E. i S  T d E  C E N T E R  O F  T H E  E N E R G Y  IkTERVAL !h K E V  h i ( i l  I S  T;1E FRACT:OK P F  T r ' T A L  N:JM@:2 f lF E M I T T E D  P I 0  / D F L T A  E 

K.E. 

15.00 

45.00 

75. C O  

105.00 

135.00 

165.00 

105.00 

N ( E )  K.E. 

0 . 5 4 3 4 7 8 3  E-02 22 5.00 

0.735715OE-02 255.00 

0.4 7 1  0 145E-  0 2  28  5.00 

0.3019324:-02 3 1  5.00 

o . i 6 9 o a 2 i ~ - o z  345.CO 

0 .1570046E-02 375.00 

0 .1932367E-02 

h (  F )  K. F. 

0.?57004RC-02 4 0 F . O r  

0.2 1 7 3 9  ?3c-07 435.00 

0- I 0 6 6 9  56 E-02 465.0C 

G.12C7729E-02 4=5.00 

0.12077 2qE-02 525.00 

0.1 207729F-O? 555.00  

h > (  E i K. F. 

0. 565.00 

0 .1207729 E-01 615.Q0 

0.1207729E-03 en5.no 

0. t 7 5 . 0 0  

0. 7r5.00 

0. 735. '3" 

k ( E )  

0. 

0. 

0. 

0. 

0 .  

0. 



PROTON CN 0 IluC. K.E. (MEV1 IS 750.0 P I S  16. Z IS 8 .  6 0 0 0  INC. H I S T n R I E S  1.1 MEV CUTOFF FW. 

ENERGY SPECTRUM OF EMITTED CASCADE P I -  

0 TO 0 .7500000E 03 M E V  3 OFL 

K.E. IS THE CEhlTER OF THE ENERGY INTERVAL Ih: Y E V  N ( E )  I S  THE FRACTICN OF TOTAL NUMSER O F  EMITTED P I -  / DELTA E 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

195. DO 

N ( E 1  K.E. 

0 .7619048E-02 225.00 

0. 8 5 7 1 4 2 9 ~ 4 2  255.00 

0.5396825E-02 285.00 

0 5 0 7 9 3  6 5 E-02 315.00 

0.1587302E-02 345.00 

Oe1904762E-02 375.00  

0.3 1 7 4 6 0 3 E - 0 3  

N( E l  K.E. 

0.31 7 4 6  C3E-03 405.0C 

0 .1269841E-02 435.00 

0. 465.00 

0.63492 C6E-03 495.00 

0. 525.00 

0 .3174603 E-03 555.00 

Y ( E )  K.E. 

0. 5a5.00  

0.3174603E-0’  615.Q0 

3. 645.30 

0. t75.00 

0. 705.00 

0. 735.00 

N I F )  

0. 

0. 

0. 

@. 

0. 

0. 



PROTShr SN 0 I N C .  K.E. ( E V )  I S  750.0 A : S  16. Z I S  8. 6(100 i N C .  Y I S T O R I E S  1.1 MFV CUTOFF EN. 

ENERGY SPECTRUM O F  EMITTED C A S C A D E  PARTiCLES 

o TO l o o n  M E V  

N ( E l  I S  THE F R A C T I O N  OF TOTAL NUMBER OF EYITTEO P A R T I C L t S l D E L T A  E 
K.E. I S  THF CENTER O F  THE F N E R G Y  INTEKVAL i Q  M E V  

K. E. 

25.0 

75.3 

125.0 

175.0 

225.0 

275.0 

325.0 

3 75 .O 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

R75.0 

0 2 5 . 0  

975.0 

P R O T O N S  
V I E 1  

0.7151434E-02 

0.2948532E-C2 

0 . 1 9 9 t a 8 7 ~ - 0 2  

0 .1165221E-02 

0.951 7 4 5 6 ~ ~ 3  

9 .7560596E-03 

0. 6 8 9 ? 4 8 5 E - 0 3  

0.4 84 76 76E-C3 

0.555 C Z  62 F-03 

0 .4447409E-03 

0.431 3987E-03 

0 .4001617E-03 

0. 5 L 2 5 8 q C E - 0 3  

0.69824?3E-C3 

0.773 8 4 0 2 E - 0 1  

0. 

0. 

0. 

0. 

0. 

N I S  0.QC95995E C O  

NEUTRONS 
N I E )  

0 . 3 3 5 3 3 6 1  E-02 

0.306591CE-02 

C1.1~22702 E-02 

0 . 1 2 2 7 6 7 1  E-02 

0.0 5 4 8 5 5 5  €-03 

n. 7 7 2 9 7  87 E-03 

0.6 23 5 7 9 1  E-03 

0.5975O66E-03 

0 .5005580E-03 

0 .4157154E-0? 

0.3 7 0 2  5 0 1  E-03 

0.2403378E-03 

0 .2338421 E-03 

0.29E!7982E-07 

0.41571 0 4  E-03 

0. 

0. 

0. 

0. 

0. 

N I S  0.5999QGGE 00 

P I S  (SUM O V E R  dISTOGRAM FR?M 1 TO 1 0 0 0  Y E V I  (DELTA E l  

P I +  
N ( i 1  

0 .6464345E-02 

3 .6469345 E-02 

0 . 2 1 5 6 4 4 8  E-02 

0 .1902748 E-02 

C .  1 1 8 3 ~ 3 2 E - 0 2  

0.972 5 1  55  E-03 

0.422 8330E-03 

0 .253099 8E-03 

0. 1 2 6 8 4 Q C E - 0 3  

0 .4228330E-04 

0. 

0. 

0. 

0 .  

0.  

0. 

0. 

0. 

0 .  

0 .  

N I S  0.9995999E 00 

P I 0  
N I E I  

0 1 . 6 3 7 6 R 1 1  F-07 

0 . 78 76 0°F -C2 

0.7 1 7 3 9  1 3 E -07 

P. 1 5 2 1 7 3 ~ ~ - 0 2  

C.1$56527E-O2 

0.1 5 2  17?OE-C2 

0 . 1 2 7 1 8 8 4 E - r 2  

0 * 28q 8 551 E-03 

C - 7  2 4 6 3  77E-04 

0 .7746377 E-04 

n. 

0. 

0. 

n. 

0. 

0 .  

0. 

0. 

0. 

0. 

N I S  0.0Qoc9gQE 00 

P i -  
N I E l  

n . 7 8 0 9 5 2 + ~ - ~  

0.6 e571 43 E-02 

0 .3295714E-02 

0.1 3 3 3 3 3 3 ~ - n z  

0 .761Q048E-03 

0.1 QO4762E-03 

0 .7800524E-03 

0 . 1 0 0 4 7 6 2 ~ - n 3  

o . i 9 0 4 7 6 2 ~ - m  

n. 

0. 

P. 

0. 

0. 

n. 

0. 

I?. 

r). 

0. 

0. 

N I S  I .DOn00f lOE 00 

w 
0 



PROTON ON 0 

M U  

0.975 
0.925 
0.875 
0.825 
0.775 
0.725 
0.675 
0.625 
0.575 
0.525 
0.475 
0.425 
0.375 
0.325 
0.275 
0.225 
0.175 
0.125 
0.075 
0.025 

-0.025 
-0.075 
-0.125 
-0.175 
-0.225 
-0.275 
-0.325 
-0.3?5 
-0.425 
-0.475 
-0.525 
-0.575 
-0.625 
-0. h 7 5  
-0.725 
-0.775 
-0.825 
-0,875 
-0.925 
-0.975 

INC. K.E. ( K E V I  IS 750.0 A I S  16. 2 I S  5. 6 0 0 0  I N C .  H I S T C Q I E S  

ANGULAR D I S T R I B U T I O N  OF EMITTED CA5CAOE PARTICLES 

(FRACTION I N  EACH I Y T E R V A L ) / ( D E L T A  MU) 

MU r s  COSINE T H E T A  A N D  SPECIFIES THE C E N T E R  0~ 

PROT@h: 

0.3758061E 0 1  
0. i 0 1 9 1 2 4 E  01 
0.1485435E 01  
0.1267512E 0 1  
0 .8894819E 00 
0 .7782966E 00 
0.7516122E 00 
0 .644e744E 0 0  
0.7560596E 00 
0.7204803E 00 
0.6137425E 0C 
0.5158995E 0 0  
0.45EO832E-00 
0 . 5 3 5 5 8 q l E  00 
0 .3952194E-00 
C.4714254E-00 
0 .3246609E-03 
0.32466C9E-00 
0 .2757554E-00 
0 .3424505E-00 
0 .2401601E-00 
0 .1734490E-00 
O.Z312653E-@O 
0 . 2 l 7 9 2 3 I E - 0 0  
0 .2080282E-00 
0 .2179231E-00 
0.12 89749E-00 
0 .1067378E-00 
0 .1601067E-00 
0 . 1 0 2 2 9 0 4 ~ - 0 0  
0.1200801E-00 
0.9339560E-01 
0.12 8 $ 7 4 9 E - 0 3  

C.7560590E-01 
0. R854 81 9E-0  1 
0.9784301E-01 
0 . 6 2 2 6 3 7 3 E - @ l  

C.3557927E-01 

n . i 0 2 2 9 0 4 ~ - 0 0  

0 . 8 0 0 5 3 3 7 ~ - n i  

NEUT?@h 

0.3707501E 01  
0.1818772E 01  
0.159142 6E 01 
C. 1 0 9 1 2 6 3 E  0 1  
0.1000325E 01 

0.6405615E 00 
0 .6560572E 00 

0.7210133E 00 
0.757491 LE 00 
0.5651185E 00 
0 . 4 3 5 i 0 6 2 E - 0 0  
0.45?6668E-OC 
0.3eQ7369E-00 
0 .3572588E-00 
0. m 2 3 0 2  7E-00 

0 29 2 3 C 2  7E-0 0 
0.3052Q19E-00 
0.2403378E-CO 

0 .2468334E-00 
0 .1818772E-00 
0 .1753816E-00 
0.22 7 3 4 6 5 E - 0 0  
0.246R334E-00 
0.2208509E-00 
0.9743423E-01 
0 .8444300E-01 
O . l l 6 9 2 1 1 E - 0 0  
0. t 8 8 ? 7 2 R E - 0 0  
0.155894SE-00 
0 .1623904E-00 
0.168RP6CE-00 
0.71 4 5 1 7 7 E - 0 1  
0.1295123E-00 
0.4546S2 1 E - 0 1  
0 .7145177E-01 
0.454693 1 E - 0 1  

0 . a 2 4 9 4 3 2 ~  00  

0 . 5 3 2 6 4 0 5 ~  no 

c. 3 5 7 2  5 8 e ~ - n o  

0. 2 9 2 3 0 2 7 ~ - ~ n  

P I +  

0 .1437637F 0 1  
0.10*7P82E 3 1  
0.1357CR2E 01 
0.33'32664E-09 
0 .8456660E 30 
0 .76 IOQ94E 00 
0 .7188161E 00 
0 .1057082E 0 1  
0.5914662E 00 

0 .5q19667F 00 
0 . 5 0 7 3 9 9 6 E  00 
0.591Q662E 0 0  
0.6765328E 0 0  
0.718P161E 0 0  
0.6347495E 0'3 
0 .2759871E-90 
0.42 28?30E-O0 
0.42 283'OE-?0 
0 .422823OF-70 
0. 3 8 0 K 4 Q 7 E - 0 0  
0 . 5 0 7 3 0 9 6 E  0 0  
0.4651 3 4 3 E - 0 0  
0.5073CQ6E 00 
0.5496P?CE 0 0  
0 .7536QqEF-00 
0.5496F7QE 00 
P.2114165F-00 
0. 2i36°78E-7@ 
0.1691?32E-30 
0. 1 7 6 R 4 q 0 E - 0 0  
0.2959R11E-00 
0 .38054Q7E-00 
0.3382664E-QO 
0.126@4SQE-O0 
0 .3382664E-09 

3. 16911??6-0@ 
0. 2536CC8E-30 
0 .2536"98€-00 

o . ~ z ~ ~ ~ ~ o E - o o  

0. Z O V ~ ~ ~ F - Q ~  

THE IA!TERVAL 

1.1 M F V  CUTOFF EN. 

W 
i-J 



i k C I 3 E N T  I N C .  L A Y .  TAR G E I b!O. OF i k C .  C!JTOFF G E O M E T R I C  
P A R T I C L E  K . F . ( M E V I  S Y X R .  A 2 P A ? T I C L E S  E " ; . I Y E V I  X - S E C . I " f i !  

PROTOU 7 5 0  0 1 6  P 0 6 0 0 0  1.1! 5 5 2 . 5  

( D S I G M A / l  DOMEGA X 3E I l M B l  / I S T E ? A Q I A N - Y E V )  
T Y P E  J F  C A S C A C E  P A R T I C L F  LAB. ANGULAR I N T E R V A L  ( D E G I  N3. OF 

PRCTO'L  0. TO 10.09 

I N T E R V A L  1 I N T E i I V A L  2 I N T E R V A L  3 I V T E ' I V A L  4 I C T E R V A L  5 I Y T E R V A L  6 

~ . ~ z ~ E - o I  7 . 4 4 2 1 ~ - 0 1  5 . 9 5 3 7 ~ - 0 1  9 . 4 2 6 7 ~ - 0 1  1 . ? 6 9 1 ~ - 0 1  3 . 4 7 3 0 ~ - 0 ?  

I I U T E R V A L  9 I N T E F V A L  10 I U T E R V A L  I 1  I N T E Q V A L  1 2  I ~ T E R V A L  13 I U T E X V A C  1 4  

2 . 9 7 5 R E - 0 1  4 . C C l 4 E - 0 1  5 . 9 5 3 7 E - 0 1  9 . C 2 Z 8 E - 0 1  6 . 0 4 6 0 E - 0 1  5 . ? 5 3 7 E - C 1  

I h T E R V A L  1 7  I U T E R V A L  1 5  I k ; T F ? V A L  1 5  I X T E R V A L  2 0  I V T E ' I V A L  2 1  I I U T E R V A L  2 2  

6.4498:-01 6 . 4 4 9 8 E - 0 1  2 . 4 @ 0 7 E - 0 1  ? . 9 8 4 6 E - @ X  4 . 9 6 1 4 E - 9 2  1 . 0 ' 3 4 6 F - 0 1  

I ~ T E R V A L  2 5  

3.6218E 0 0  

( D S I G M A / (  DOMEGA X D E )  (ME) / I  S T E R A D I A N - Y E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB.  AYGULAR I N T E R V A L  I D E G )  NO. O F  

3 0 . 0 0  PR@TON 10.00 T O  

I N T E R V A L  1 I Y T E R V A L  2 I N T E R V A L  3 I X T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 

7 . 2 9 7 5 E - 0 1  3 . 2 9 9 7 E - 0 1  3 . 8 0 7 4 E - 0 1  3 .2363F-01.  2 . R 5 5 5 E - 0 1  7 . 4 7 4 5 E - 0 1  

I N T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I U T E R V 4 L  1 4  

2 . 1 5 7 5 E - 0 1  2 . 7 2 8 6 E - 0 1  2 . 2 @ 4 4 E - 0 1  1 . 8 4 0 2 E - 0 1  1 . 6 4 9 9 F - 0 1  2 . 0 3 0 6 E - 0 1  

I N T E R V A L  1 7  I N T E R V A L  1 9  N T E Q V A L  IC I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  ? Z  

1 . 4 5 9 5 E - 0 1  1.8402E-01 2.7280F--01 2.8555C-01 7 .553hE-01  5 . 1 4 0 3 E - 0 1  

I N T E R V A L  2 5  

1 . 7 1 3 3 F - 0 1  

Nfl. PF I V C .  
PART. C O  L L I S I qiNS 

0 7 ? E l  

E Y F R S Y  I h i T E R V A L S  D E L T A  E I W E V I  

? C  7 0.  '70 0 0 

I N T E R V A L  7 IUTE'IVA; 6 

1 . 9 P 4 6 E - 0 1 .  6 . 9 4 t O E - 0 1  

I N T E R V A L  1 5  I N T E R V A L  I6  

6 . 4 4 Q  @E- 01. 

I N T E R V 4 L  2 3  T V T E R V A L  2 4  

2. C C 0 1 E-C 1. 

kICRGY I N T F P V A L S  D F L T A  E I P E V 1  

2 5  7o.nrroo 

NT'RVAL 7 I N T E R V A L  8 

7 . 8 E F 5 F - C l  3 . 2 3 6 3 C - 0 1  

N T F R V A L  1 5  I Y ' E R V A L  16 

Z.020tF-01 1 . 5 9 6 4 E - 0 1  

VTTEPVAL 2 3  I h T F R V A L  74  

5 . 7 7 4 5 E - n l  4 . 8 9 6 1 F - 0 '  
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I N C I D E N T  I N C .  LAB.  T A R G E T  NO. O F  INC.  C U T O F F  G E O Y E T R I C  NO. OF I N C .  
P A R T I C L E  1(.E.(MEVl SYMS. A Z PARTICLES EY.(MEVI X -SEC. (~RI  P A ~ T .  C w L I Y i n N s  

PROTOY 7 5 0  0 1 6  8 06000 1.11 8 5 2 . 5  @ 7 7  51 

( O S I G M A / ( D O ' " E G A  X O E I  ( M ! ? I / ( S T E R A D I A Y - M E V l  
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2 . 4 1 3 5 E - 0 2  8 . 0 4 5 0 E - 0 3  0. 1 . 6 0 Q Q E - 0 2  B . 0 4 5 0 E - 0 3  3 . 0 4 5 0 E - 0 3  7.4135 E - 0 2  0. 

I N T E R V A L  9 I N T E R V A L  10 I Y T E Q V A L  11 I N T E R V A L  1 2  I N I E Q V A L  13 I N T E R V A L  14  I Y T F R V A L  IE I N T E R V A L  It. 

2 . 4 1 3 5 E - 0 2  4 . 0 2 2 5 E - 0 2  4 . 8 2 7 0 E - 0 2  8 . 0 4 5 0 E - 0 2  R . 0 4 5 0 E - 0 3  0. F. 0 4 5 0 E - 0 3  P. n450F-9T 
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PROTON CN O INC. K.E. ( M E V I  I S  1000.0 A I S  16. 2 IS 8. 6 0 0 0  INC. HISTORIES 1.1 MEV CUTOFF EN. 

MOMENTUY OF COMPOUNO NUCLEUS 1697.100250MEV/C E X C I T A T I @ N  ENERGY OF COMPOUNO YUCL EUS lCOh.915207MEV 

T H E  MASS OF THE RESIDUAL NUCLEUS WAS ZERO 0 TIMES, WAS MINUS 0 T I Y E S  CUT CFF ENERGY 1.106674MEV 

FOR 

AVERAGE NO. 

VPRIANC E 

AV. K.E. (MEV) 

VARIANCE 

GUTGCI KG COMB1 NAY I ON 

TOTAL CASCADE 
10000 
01000 
00100 
00010 
00001 
01001 
1 0 1 0 0  
11000 
11001 

7 6  INCIOENT PARTICLE COLLISIONS THERE WERE MORE THAN 9 'JUT GOING PARTICLES 

EMITTED CASCADE PARTICLES 

PROTONS NEUTRONS P I +  

0.2050677E 0 1  0 .1470048E 01 0.2678025E-00 

o . i ~ a i z 2 4 ~  01 0.1773839E 0 1  0 .21006426-00 

0.2444802E 03 0.1960220E 0 3  0.1520569E 03 

0.8745341E 05 0.6508167E 0 5  0.1?54?64E 0 5  

CO 

0.0 6 7 5 6 9 4  
0 .0197102 
0 .0230152 
0. 
0. 
0. 
0 .1142086 
0 .1319322 
0 .0142466 
0 .1388324 

RESIDUAL NUCLEUS 

c 1  ARM 

0.1115147 259.965377A 
t 0 6 . 6 1 0 0 4 0 7  0.1 1990 6 4  

0.1 ?2 1 8 7 3  230.1614323 
0. 0. 
0. 0. 
0. 0. 
0.0635905 2 21.8426876 
0 .3299014 236.9677391 @. 0 6 6  5 0 8 %  133 - 4 0 6 2 6 9 1  
0 .1545699 361.8740234 

P I O  P I -  

0. l799Q13F-OO 0. R I 2 5 R 1 9 E - P l  

0.1580793E-00 0.77276E?E-01 

0.1*08853E 0 3  n. lCP947aE 0' 

0.1916208E @ E  0.1'1?26SF OC. 

ARE€ 

42.c8112 8 7  
1 S a 7 3 1 6 4 h t  
23.18 580'8 
0. 
0 .  
0. 

73.8574166 
1 3  . $ 8 7 7 3 7 3  
10.280945Q 
h9.43*833r) 

C O  = ( S U i  OF PARALLEL RESIDUAL MOMENTUMlNUMBER OF I N C I D E N T  PARTICLE C C L L I  SIONS)/MCMEWTUM OF COMPOUND NUCLEUS 

C 1  = ( S U R  OF PERPENDICULAR RESIDUAL MOMENTUM/NUMBER OF INCIDENT PARTICLE CDLLISICNSI /M@HFNTUY !?F C(iYPQLJ?JO NUCLEUS 

ARM = AVERAGE RESIDUAL MOMENTUR I h  C E V l C  

AREE = AVERAGE RESIDUAL E X C I T A T I O N  ENERGY I N  HEV 

AAR = AVERAGE MASS OF RESIDUAL NUCLeUS FOR TCTAL CASCADE 
ALR = MASS O F  RESIDUAL NUCLEUS FOR CESIGNATEO OUTGOING COMBINATIOMS 

4 
w 



PROTON C U  0 INC. K.E. ( P C V )  I S  1000.0 A I S  16. Z I S  8.  6000 INC. .(iSTORICS 1.1 YFV CUTOFF FN. 

AhGULAR D I S T R I B U T I O N  CF THE CASCADE YUCLEUS (FRACTION I N  DELTA Y U ) / ( D E L T A  PU) 

-C.9000000€ 0 0  - C .  70COOOOE 00 -0.5000CIOOE 0 6  -0 .300000CE-~0 -c. ~ O ~ O O O O F - O C  
0.1000000E-00 0.300000CE-00 0.5G0@000E 03 0.7000000E 00 r . 9 o o o o o o ~  00 

TOTPL CASCACE R A T I O  OF FORWbQD /SACKWARD 0.3215470E 01 
0.1681?57E-00 0.1435355E-00 0.2315422E-00 0.2577545F-00 r . 3 ~ 0 0 7 8 6 ~ - 0 0  

0 .6290957E 00 0 .6312800E 00 0 .600257RE 00 n.73383137~ 00 0.1124945E 01 

1 PROTONS 0 NEUTRONS 0 P I +  0 P I C  0 P I -  R A T I O  OF FCRWARD /BACKWARD 
0. 0.  0.  0.  

0 . 4 ~ 5 7 ~ 7 1 ~  a i  0.94202QOE 00 0. 

0 .  

0 .  0.  
r. 

0 PROTONS 1 NEUTRONS 0 P I +  C P I 0  0 P I -  R A T I O  OF FCRWARD /BACKWARD 
0. 0. 0. 0. 

0.3437500E 0 1  0 . 1 5 6 2 5 0 0 E  01 0. 

r. 

0. 
0. 

P. 

0. 

0 PROTONS 0 NEUTRONS 
0.  

0. 

1 P I +  0 P I 0  0 P I -  
0. 

0. 

R A T I O  OF FCRWARD /BACKWARD 
0. 0. 

0.  

0. 

0. 0. -4 
L- 

O PROTONS O NEUTRONS 
3. 

0. 

0 P I +  1 P I 0  0 P I -  
0. 

0. 

R A T I O  OF FORWARD /BACKWARD 
0. e. 

0 .  

0 .  

0 .  C. 
0. 

0 PROTONS 0 NEUTRONS 
0 .  

0. 

0 P I +  0 P I 0  1 P I -  
0. 

0. 

R A T I O  OF FORWARD /BACKWARD 
0. 0. 

0. 

0 .  

0 .  
0. 

0. 

O.CO0OOOOE 01 

0 PROTOkS 1 YEUTRONS 
0. 

0. 

0 P I +  0 P I 0  1 P I -  
0. 

0. 

R A T I Q  OF FORWARD /BACKWARD 
0. 0. 

0. 

0 .  

0 .  
C. 

1 PROTONS 0 NEUTRONS 
0. 

0 .  

1 P I +  0 P I 0  0 P I -  
0. 

0. 

R A T I O  OF FORWARD /BACKWARD 
0. 0. 

0 .  

r. 
C. 

0.5EE5554E DO 0.4444444E 01 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  R A T I O  OF FORWARD /BACKWARD 0 . 1 6 9 2 9 8 2 E  0 1  
3.3257329E-00 0.2931596E-00 0.2280130E-30 0.4234528E-00 C.5863192E 00  

0 .5537459E C O  0.7654723 E 00 0.79SC450E 00 0.4274528E-00 0 . 6 0 2 6 ~ 5 9 ~  on 

1 PROTONS 1 NEbTR3NS 0 P I +  C P I 0  1 P I -  R A T I D  OF FORYARD /3ACKWARO 0. 
0. 0. 0. 0. r. 

0. 0. 0 .2500000E 01 0 .  C .  2 500000E 01 



75 

z
 

W
 

U
 

U
 

c; 
t- 
3

 

u
 

>
 

W
 

F
 

r
(
 

'-4
 

m
 

w
 

LY 
0
 

t- 
v
)
 

I
 

- 0
 

z
 

- 0
 

0
 
0
 

.n m
 

v
)
 

- N
 

10 
r
(
 

v
)
 

*
 

a
 

0
 

0
 
0
 

0
 
4
 

v
)
 

-4 

- >
 

I: 
W

 

W
 

Y
 

v
 
z
 

- D
 

z
 
0
 

z
 
0
 

t
 
0
 

U
 

n
 

N
 

c
 

N
 

O
W

 

0
 

u
c
 

0
0

 
C

O
 

c
 c, 

C
L
P

 

cl. 
Y

.
 

N
O
 

0
 V

I 
I
 

m
 

.
-
-
I
 

U
J 

U
I n

 
n
 

W
 N

 

0
 

P
 

G
L

 
0
 

L
O

 
0
0
 

0
0

 

0
0

 
o

m
 

0
0
 

m
.
 

N
O
 

0
 

v
)
 YI 
*
 

H
I

 

W
 

n
o

 
n
 

W
 N

 
0
 

N
 

O
W

 
0
 

w
0

 
0
0
 

0
0
 

0
0
 

0
1
0
 

0
 &, 

u
.

 
N
O
 

c
 v
)
 

- v) HI w
 

u
n

 
w

 
0
 N
 
0
 

O
W

 
0
 

W
O

 

0
0
 

0
0

 

0
0

 
0
1
0
 

O
N

 
S

I
 . NO 0 N
 v

) 
I
 

v
)
 

-
a
 

w
 

m
n

 
w

 
0
 N

 
0
 

m 
O

W
 

0
 

w
o

 
0
0
 

0
0
 

0
0
 

0
0
 

r
lN

 
0

.
 

2
O

 
v
)
 

0
 

I
 

VI 
"
U

 
w

 
a

n
 

UJ 

- c >
 

W
 

L
 

u
 

4
 

k- 
J
 

w
 I1 

U
 
0
 

- 1
 

- z
 

W
 

b
- 

z
 

3
 

CL 
w

 

z
 

0
 

t
 

U
 

4
 

CL 
U

 

- n
 

I
 

- V
I 
3
 

w
 

J
 

U
 

3
 
z
 

J
 

3
 

a
 
a
 
I
 

v
)
 

w
 

ci 

W
 

4
 

U
 

v
)
 

4
 
u
 

w
 
I
 
t
 

U
 
0
 

z
 

U
 

t
 

3
 

n
 

- m 
-
I
 

(L
 

t- vl 

O
 

>
 
0
 

CY 
w

 
z
 

W
 

z
 

0
 

c
 

F
 

U
 

x
 

w
 

I
 

- a
 
- 

N
 

0
 

2
1

.
 

U
W

O
 

o
(3

 
0
 

c- 
CI 0
 

10 

N
 

4
 

0
 

+
 

0
 

L
L

 
C

 
0
 

0
 

0
 

0
 

0
 

r
t 
.. 
c

o
 

-
0
 

u
 

w
 
a
 
I
 

x
 
E
 

d
 

(
3

N
 

0
0

 
+

I
.

 
v

)
w

o
 

-
0
 

r
0

 
0
 

Z
O
 

w
o

 
>
o
 

O
m

 
r
o
 

3
 

v
)
 

- a
 

- I 
I
 

Q
N
 

0
 

V
I

.
 

U
J 0
 

0
 

0
 

0
0
 

-
0

 

N
 

0
.
4
 

0
 

n
u

 

+ +. n 
0
 

V
I
4

 
2
0
 

0
1

.
 

~
w

o
 

t
0
 

3
0
 

U
J

O
 

2
0
 

Lo 
4

-
 

N
 

0
 

v
) 
z
 

0
 

I- 

O
 
a
 

n
 

0
 

J
 

U
 

U
 

0
 

0
 

.J 
U
 

0
 

c
 

J
.

J
.

d
.

J
.

2
.

d
.

d
.

 

0
 

0
 

C
 

0
 

0
 

0
 

0
 

U
O

 
U

C
'

 
U

U
 
U

G
 

U
C

 
L

O
 

U
C

 

C
 

0
 

0
 

0
 

c 
c
 

0
 

-
I
C
 

0
 

W
 

0
 
0
 

G
 
0
 

0
 
0
 

r
t
+

 
.
C
 

0
1

.
 

L
U

C
 

m
 

P
I 

r- 
N
 

-€
 

N
 

+
 

^. 
a
0
 

n
 

LLI 

- X
 

I
 

n
 

- a
 

0
 

O
m
 

I-
0

 
m

1
.

 
-

w
o

 
I

L
n

 

G- 
%
I
o
 

W
Q

 
>

A
 

?
E

. 
3
0
 

o
m

 
r
t 

v
)
 

- m
 
0
 

I
.

 
W

O
 

Ln 
+

 
m

 
10 
0
 

0' 
01 

0
 

LLI 
u
 

U
 

v
) 
Q
N
 

u
o
 

I
.

 
-

J
w

o
 

a
N

 
+
I
O
 

0
4
 

t-r- 
0
 

r- W 

0
 

a
 

G
 

.-+ 
C
 

W
 
0
 
0
 
0
 
0
 

c
 
0
 

0
0

 

r
t 
.. 

-
0
 

0
 

x
 

r
 

CL 
0
 P
)
 

0
0
 

+
I

.
 

v
) 

U
I 0
 

I
O
 

w
e

 
>r- 
0
0
 

E
O
 

3
 

VI 

m
 

Lu 

- - a
 

.
.
A

 

r
(
 

c
ir
 

- I 
I

.
.

 
&

N
 

0
 

0
1

.
 

w
o

 
N

 

.+ 
O
G
-
 

-
1
0
 

r
l 

O
Q
 

0
 

a
,
+
 

+ .. n 0
 

v
)

r
(

 

2
0

 
0

1
.

 
l

r
w

o
 

t-m
 

3
m

 
W

\
t

 
2
0
 

m
 

0
4

 
m
 

0
 

v
) 

L
 

0
 

c
 
0
 

O
L 
a
 

-.I 

c. 
c
 

0
 

4
 

r
(
 

c
 

0
 

0
 

C
 

0
 

r
*
 

'2
 

4
 

0
 

0
 

w
 

c
 
0
 

0
 
0
 

O
T

"
 

4
G

 
.
I
 

0
 ui c

 
m

 

w
 

0
 

CI 
0
 

P
 

c
 

c
.d

 

O
U
C
 

0
 

?Y. 
0
 

C
 

c
 

C
 

0
 

0
 

0
 

0
 

C
 

0
 

c
 

N
 

-
0
 

7
 

W
 

0
 

X
 

5
 

Q
 
a
 

u
e

 
0
0
 

t
l

.
 

v
)

W
C

 
-
0

 

C
 

X
O

 

W
O

 
>
O
 

O
N
 

Z
O

 
3
 

v
)
 

I
 

c
 

r
o
 

- 

-
0
 

w
 

U
J 

0
 

X
 

'E
 

a
 

u
 

0
 

t
-

.
 

m
o

 
I
 

LY 
W

 
>

 
C
!
 

2
 

VI 

- - a
 

b
. 

z
d
 

- 

-
0
 

C" 
W

 
-ti 

a
 

U
 

W
 

a
 

- 
- 

X
 

X
 

5
 

5
 

- 
- U
 

a
 

LL 
W
 

CY 
(3

 

0
 

C
.

 E
.

 

I 
- &

 

0
.

 
0
 

0
 

b. n 
a
 0
 

+ Q
 
- r
l 

I 
- n 4

.
 

0
 

(3
 

Q
 

0
 

- 0
 

+ n
 

0
 

I
 

I 
n
 
- r

l
.

 
0
 

0
 

"
 

a
 
0
 0
 

+ H
 

a
 
0
 

I 
.. 0-N

 
0
 

0
1

.
 

w
o

 

.+ 
o
u
 

..u 
U
 

o
u
 

0
 

n
u
 

+ I
 

n
 

'-4
 

I 
- n~
 0
 

0
1

.
 

W
O

 
N

 

N
 

O
IO

 

-
r
 

a
m

 
m

 
0
 111 m

 
0
 

+
v

 
-

1
 

N
 

0
 

P
>
 

OI 

n
w

 

N
 

I 
,- 
n
 
-

.
 

0
 

0
 

P
 

0
 

I
 

0
 

+ I
 

a
 
0
 

n
 

0
 

0
 

a
 

0
 

-.I 
r
(
 

4
 



76 



PROTON CN 0 INC. K.E. (MEV)  IS 1000.0 A I S  16. Z IS P. 6 0 0 0  INC. H ISTORIES 1.1 MEV CUTOFF FN. 

THE MCMEYTUW O I S T R I B U T I O R  OF T h E  CASCACE RESIOUAL NUCLEUS 

0.8485501E 02  0.254565CE 0 3  0.4242751E 0 3  0.5939R51F 0 3  0.7616'351E 9 3  0 .9334051F  C? 'I.11737.15E 04 
0 .1272825E 0 4  0 .1442535E 0 4  0.1612245E 04 0 .1781955E 04 O. lq51665E O L  0.7171175E 04 0 .?2910@5E 04 

TOTAL CASCACE ( S U M  OVER HISTOGRAM1 IOELTA P )  
o . ~ z ~ ~ ~ ~ o E - o z  o . 2 0 ~ 0 7 6 7 ~ - 0 2  0 . 1 0 2 7 1 2 6 ~ - 0 2  0 .3320752~-03 0 . 1 6 4 7 5 ~ 5 ~ - 0 3  

0 .7722679E-05  0. 0. 0. 3 .  

1 PROTOhS 0 NEUTRONS 0 P I +  0 P I 0  0 P I -  (SUM OVER HISTOGRAM)(OELTA P) 
0.17S3340E-02 0 .3757475E-02  0.3415886E-03 0- 0. 

0 .  0. 0. 0. 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  
0.2762064E-02 0.2025514E-02 0.9206881E-03 

0. 0.  0. 

0 PROTONS 0 NEUTRONS X P I +  C P I 0  0 ?I- 
0. 0. O. 

0. 0. 0. 

SUM O V E R  HISTOGRAM)(DELTA P I  
0. 0. I 8 4 1 3 7 6 F - 0 3  

0. 0 .  

SUM OVER q ISTOGRAMl (DELTA P )  
0. 0. 

e. 3 .  

0 PROTONS 0 NEUTRONS 0 P I +  1 P I 0  0 P I -  (SUM OVER YISTOGRAM)(OELTA P )  
0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 

0 PROTONS 0 NEUTROhS 0 P I +  0 P I 0  1 P I -  (SUM O V E R  HISTDGRAML(OELT4 P )  
0. 0. 0. 0. 0. 

5. 0. 0. 0. 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  ( S U M  OVER HISTOGRAMI(DELTA P) 
0. 0.5892404E-02 0. 0. 0. 

0. 0 .  0. 0 .  0. 

1 PROTONS 0 NEUTRONS 1 P I +  C P I 0  C P I -  (SUM OVER HISTDGRA'4 ) lOELTA P )  
0.3273558E-03 0.5237692E-02 C. 3 2 7 3 5 5 8 E - 0 3  0. 0. 

0. 0. 0 .  0. 0.  

1 PROTONS 1 NEUTRONS 0 ? I +  0 P I C  0 PI- (SUM OVER LIISTOGRAM)(OELTA P )  
0.4529065E-32 0.1OS4029E-02 0.2495155E-03 0.1919350E-04 0. 

0. 0. 0 .  0. 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  (SUM OVER HISTOGRA'4 l (OELTA P 1  
0. 0.2946202E-02 0.2946202E-02 0. 0. 

0. 0 ,  0 .  0. 0. 

P DFL 0 . l 0 O O O O ~ E  01 
0 .4376184F-04  0. 0.18319-8C-04 0. 

o . i o o n w o E  01 0 OF1 

0. 0. 
0. 0. 

r ) . l O C 0 0 0 n F  01 0 OFL 

0. 0. 
0. 0. 

0. 0 OFL 

0. 0. 
(1. 1. 

0. 0 OFL 

0. 0. 
0. 0. 

0. n W L  
0. 0. 

0. 0. 

0 'IFL 0.1 ODOOOOE 01 
0. 'I. 

0. 0. 

0.?0000@OE 01 'I OFL 
0. '?. 

0. n. 

0.10eOOOOF 01 ? OFL 

0. P. 
0. 9. 

0. !000000E 01 0 OFL 

0. 0. 
0. 0. 



PROTOh CY 0 I ~ C .  K.E. ( ~ E V I  ;s 100o.o A I S  16. z I S  9. 6000 INC. ~ I S T O Q I E S  1.1 YFV CUT'IFF EN. 

THE PERPENCICIJLAR YCYtNrUY D I S T R I B U T I O h  CF THE CASCADE RESIDUAL NUCLEUS 

G.fl485501E 02  0.25456=OE C3 C e 4 2 4 2 7 5 1 E  93 0 . 5 9 3 9 8 5 l c  0 3  C.7635951E 03 0 .03y4051E 02 D.1103115F 04 
0.1272825E 04 0.1442535E 04 0.1512245E 34 0.1781955E 04 0.19516h'E 0 4  0.2171375' 34 0 .32010P5E 04 

I L I T A L  CASCACE 
0.3238377E-02 0.18C7107E-02 0.6332596E-03 

0.  0 .  0. 

0.1000000E 01 0 3 F L  
0.772767SE-C5 0.2574726F-05 

0. 0. 

1 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  C P I -  
0.187973 7E-02 0.3677078E-02 0.341 5 f l 8hF-03  

0. 0 .  0.  

(SUM OVER HISTOGRAM) (DELTA P I  
0. 0 .  

3. 0 .  

n . i o 0 0 0 0 0 ~  01 0 OFL 

0. 0. 
0.  0.  

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  
0.2762064E-02 0.2209651E-02 0 .7365505E-03 

(SUM OVER HISTOGRAM)(OELTA P I  
0.1841376E-03 0. 

0 .  0.  

0 . 1 0 0 0 0 0 9 E  01 0 OFL 

0. 0.  
0.  0. 

0. 

0 P I -  

0 .  

0 P I -  

0. 

1 P I -  

0. 

1 P I -  

0 .  

0 P I -  

0. 

c P I -  

0. 0. 

0 PROTONS 0 NEUTROhiS 1 C ' I +  C P I 0  

0. 0. 
0. 0. 0. 

( S U M  OVER ! i ISTOGRAYI(OtLTA P )  
0. 0. 

0. 0 .  

0 .  n O F L  

0 .  n. 
0. 0 .  

+ 1 P I 0  
0. 

( S U M  OVER HISTOGRPM)(DELTA P )  
0. 0 .  

0. n. 

0.  0 OFL 

0. 0. 
0. 0. 

0 PROTONS 0 NEUTRONS 0 P 

0. 0. 
0. 0. 

0 PROTONS 0 NEUTRONS 0 P 

0. 0. 
0. 0.  

+ 0 P I 0  
0. 

( S U M  OVER YISTOGRAMI(DELTA P I  
n. 0. 

0. 0.  

0. 0 OFL 

F. 0. 
0. 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  

0. 0. 
0.5892404E-02 3. e. 

(SUM O V E R  t i ISTOGRAM)(DELTA P I  
0. 0. 

0.  0.  

o.1omoroE 01 0 OFL 

0. 0. 
0. 0. 

1 PROTONS 0 NEUTRONS 1 P I +  0 P I G  

0. 0. 
0.5237692E-02 0 .6547115E-03 0. 

( S U M  OVER H I S T O G R A Y l ( 0 E L T A  P I  
0. C. 

0. 0. 

c.:onooooE 01 '3 OFL 

0. 0. 
0. 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  . 
0.4798374E-02 0.0020944E-03 0.1727415E-03 

0. 0. c. 
SUM OVER Y1STOGRAM)lDELTA P )  
0.1910350E-04 0. 

0.  0.  

c . i n o o o o n ~  01 0 OFL 

0. 0. 
0. 0 .  

1 PROTOlvS 1 NEUTRONS 0 P I +  0 P 1 0  1 P 1 -  
0. O.29462C7E-02 C. 2'946iOZE-07 

0. 0. 0. 

SljM OVER HISTOGRAMI(DELTA P I  
0. 0. 

0. 0. 

0.10000COE 01 0 OFL 

0. 0. 
0. 0. 



PROTON GN 0 INC. K.E. (MEV)  I S  1000.0 A I S  16. L IS 8. 601)O INC. H I S T O R I E S  1.1 MEV CUTgFF FNI 

T H E  PARALLEL PlCMENTUM D I S T R I B U T I O N  OF THE CASCAOE RESIDUAL NUCLFUS 

-0.22910@5E 0 4  -0.2121375E 0 4  -0.1$51665E 04 -0.1781955F 04 -0.1612245E 0 4  -0.144'535F @4 -0.1272825F n A  

0.8485501E 0 2  0 .2545650E 03 0 .4242751E 0 3  0 . 5 4 3 9 8 5 b E  0 3  0.7636951E 0 3  0.9334051F 03 0 .1103115E 04 
-0 .11031155 0 4  -0.9334051E 0 3  -0 .7536951E 03 -0.5939851E 03 -0.4242751E 0 3  -0.2545650F 03 -G.54?5501F 0 2  

0 .1272825E 04 0 . 1 4 4 2 5 3 5 F  04 0 .1612245E 04 0.1781955F 04 0.1951665E 04 0 2 1 7 1 3 7 5 F  94 f'.22Q10@5E C4 

TOTAL CASCACE 
0. 0. 0. 

0.2756996E-02 0.11 2 2 3 6 3 E - 0 2  @.4195?89E-03 
0. 0.  0. 

1 PROTONS 0 NEUTRClNS 0 P I +  0 P I 0  

0.  0.  

0. 0. 

0. 0. 0. 

0.5892404E-02 0. 0. 

0 PROTONS 1 NEUTRONS G P I +  0 P I 0  

0. 0. 
0. 0. 0. 

0.5524128E-02 0.3682752E-C3 0. 
0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0. 

1 P I +  

0 .  

0. 

0 P I +  

0. 

0. 

0 P I +  

0. 

0. 

0 P I 0  
0. 

0. 

1 P I 0  
0. 

0. 

0 P I 0  
0. 

0. 

0. 

0 P I -  

@. 
0. 

0 P I -  

0. 

0. 

D P I -  

0. 

0. 

0 PI- 

0. 

0. 

1 P I -  

0. 

0. 

0. 0. 

( S U Y  OVER HISTOGRAM)( DELTA P I  
0. 0. 

0. 0. 
0. 0. 

0. 0. 

( S U M  OVER HISTOGRAM)(OELTA P I  
0. 0. 

0. 0. 
0. 0. 

0. 0. 

( S U M  OVER H I S T O G R A M I ( 0 E L T A  P )  
0 .  0. 

0. 0. 
0. 0. 

0. 0. 

( SUM OVER HISTOGRAM) ( DELTn PI 
0.  0. 

0. 0. 
0. 0. 

0. 0. 

ISUW OVER HISTOGRAM)(DELTA P) 
0. 0. 

0. 0. 
0. 0. 

0. 0. 

n. 0. 

0..100@0@0E c1 r) OFL 

0. P. 
0. 0. 

0. 0. 

n. n. 

q . i o n n o o 0 E  01 0 OFL 

0. 0. 
0. 0. 

0. 0. 
P. n. 

0. r) OFC 

n. 0. 

0. 0. 

0. 1. 

0. 0. 

0. Q OFL 

0. 0 .  

0. 0. 

0. 0. 

0. e. 

0. 0 CIFL 

0. 0. 

n. 0. 

0. 7. 

0. 0. 

C LIFL 

0 UFL 

0 UFL 

0 UFL 

0 UFL 



PROTOX CN 0 INC. K.E. ( M E V I  i s  1000.0 A I S  16.  Z I S  8. 6 0 0 0  iNC. F I S T O R I E S  1 . 1  MFV CUTnFF EN. 

Tt iF PARALLEL MCMENTUM D I S T H I S U T I O N  O F  THE CASCADE RESIDUAL E.IUCLEUS 

-0.2291035E 34 -0 .21213755  0 4  -0.1951665E 0 4  - 0 . l 7 R I 9 ' 5 E  0 4  - C d 6 1 ? 2 4 5 E  0 4  -0 .1447E35F C4 -0 .1272825E 0 4  

C.84E5501t  0 2  0.2545650F 03 0 .4242751E 03  0 .5939551E 0 3  O.7636951E 03 0.9334051E ?3 n.11O3115F 0 4  
-0 .11n3115E C4 - r . 9 3 3 4 0 5 1 €  0 3  -0 .7636951F  O? -0.5919851E 03 -0.4242751E 0 3  -0 .75456E0E 03 -0 .Q485501E 02  

0 .1272825E 04 C.1442535E 0 4  0 .1612245E 0 4  0.17R1qfi5E 0 4  0 .1951665E 0 n  0.'171375F 04 0.7291P85E 0 4  

TOTAL CASCACE 
0. 0. 0. 

0. 0. 0. 

0 -  5 148452E-C5  0. 0. 
0.2754996E-02 0.1122363E-92 0.41 9 5 9 8 9 E - 0 3  

0 P R O T O N S  1 NEUTRONS 0 P I +  0 P I 0  1 P I -  
0. 0.  0. 

0 .  0.  0. 

0 .  0. 0. 
0. 0.5892404E-02 0. 

1 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  C P I -  

{SUM OVER H I S T 3 S R A M l l D E L T A  P1 O.lP09COOE 01 0 OFL 0 UFL  
0. 0. 0. 0. 

0. 0.10296QOE-04 0 .9009792E-04  0.1297410E-02 
0.1081175E-03 0 .6435565E-04  

0. 0 .  

SUM OVER HISTOGRAMI(DELTA P I  
0. 0. 

0. 0. 
0. 0 .  

0. 0.  

SUM O V E R  HISTOGRAYI(DELTA PI 
0. 0. 0. 0. 0. 

0.3273558E-03 0.5237692E-02 0.3273558E-03 0. 0. 
0 .  0. 0. 0. 0. 

0.  0. 0. 0. 0.  

1 oROTOhS 1 NEUTRONS 0 P I +  0 P I 0  C P I -  (SUM OVER HISTOGRAYl (DELTA P)  
0.  0. 0. 0. 0. 

0.3569990E-02 0.115161Oc-03 0.1919350E-04 0. 0. 
0 .  0. 0.  0. 0 .  

0 .  0.  0. 0. 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  (SUM OVER H I S T O G R A M I ~ O E L T A  P I  
0. 0. 0. 0. 0. 

0. 0.5892404E-02 0. 0. 0. 
0 .  0. 0. 0. 0 .  

0 .  0. 0. 0. 0.  

0.102969OE-04 9. 7 7 ? 2 6 7 9 € - 0 5  
0. 0. 

0.10000CCIE 01 0 OFL 0 UFL 
0. n. 

0. 0. 

0. 0. 
0. 0. 

0.10000COE 0 1  0 OFL 0 UFL 
0. n. 

0. 0.  

0. 0. 
0.  0. 

0 OFL 0 UFL 0. 0.1000000E C1 0. 

0. 0. 
0.2 188C50E-0 '  0.  

0. 0. 

e.1oooonoE 01 PI OFL 0 UFL 
0. 0. 

0. 0. 
0 .  0.  

0. 0. 

03 
0 



INC.  K.E. ( M E V )  I S  1000.0 A I S  16. Z I S  8. 6000 INC.  M I S T O R I E S  1.1 M E V  CUT'3FF EN. PROTOh ON 0 

CROSS SECTiUluS { M B I  FOR VARIOUS C C " I Y A T 1 O N S  OF E M I T T E D  CASCADE PA'ITICLES 
1ST NO. I S  NO. 3F PROTONS EYITTED 2NU I S  NO. CIF NEUTRONS ? R D  I S  NO. OF P I +  4TH IS NO. OF P I ?  5TY I S  NP. flF P I -  

26001 

34101 

35100 

44010 

52101 

54000 

63000 

06200 

25010 

33020 

341 00 

42200 

44000 

52010 

61100 

15100 

23110 

2 5000 

32101 

33100 

41020 

42100 

51100 

13110 

22011 

2220C 

0.14207524E-00 

0.28415649E-00 

0.42623473E-00 

0.14207824E-00 

0.14207824E-CO 

0.71039122E 00  

0.56831298E 00 

0.14207824E-00 

Ds42623473E-00 

0.14207824E-OC 

0.56831298E GO 

0.14207824E-00 

0.85246947E OC 

0.56831298E 00 

0.14207824E-00 

0.14207824E-00 

0.28415649E-00 

0.85246947~ 0 0  

0.56831298E 0C 

0.14207824E 01 

0.14207624f-00 

0.14207824E 01 

0.42623473E-00 

0.14207824E-GO 

0.14207824E-00 

0.14207824E-00 

2 51 00 

34110 

36000 

441 00 

53001 

62001 

71100 

16001 

25100 

33101 

3 5000 

43001 

51011 

521 00 

620C0 

23011 

2 32 00 

32002 

32200 

34300 

41110 

43000 

52000 

14010 

22020 

23001 

0 2 84 15 649 E -0 0 

0.142 07 82 4E-00 

0.47623473E-00 

0.71039122E 00 

0.14207894F-00 

0.28415649E-00 

0.14207824E-00 

0.2 3415649E-00 

0.2841564@E-00 

n.28415649~-00 

0.99454771E 00 

0.8524694iE 0 0  

O.I42378?4E-00 

0.7in39127~ 00  

0.56831208E 00 

0.142078?4E-C~0 

0.14207824E-00 

0.2 84 1 5  649 E-00 

0.142 0762 45-00 

0.15629606E 01 

0.284156a9E-03 

0.21311736E 01 

0.19890954E 01 

~.4~623473~-0n 

0.14207874E-00 

0.71039172E 00  

77000 

350C1 

4'110 

45000 

530 10 

62070 

72000 

16010 

2 € 0 0 ~  

74001 

42101 

47019 

51110 

53000 

i42eo 

23020 

24010 

37011 

3wni 

41002 

47001 

El001 

601 00 

14100 

221(\? 

27010 



PROTCh GN 9 IhC.  K.E. ( Y E V I  IS 1OCO.C A I S  16. 2 I S  9. 4000 INC. t + I S T ( I R I E S  1.1 M E V  CdTOFF EN. 

C R O S S  S ' C T i O h S  ( M e )  FOR VARIOUS C Q M B I ~ A T I O N S  OF EVITTEU CASCADE PARTICLES 
1ST NO. I S  hO. OF PROTONS EMITTFD 2ND I S  NC. @ F  NFUTROhS 3 R O  I S  NO. DF P I +  4TH I S  N7. OF P I 0  5TH I S  \IO. ClF P I -  

CDNTINUEO 

2 4 0 0 0  

3 1 2 0 0  

3 3 0 0 0  

4 1 1 0 0  

6 0 0 0 0  

1 2 1 0 1  

1 3 C 1 0  

2 1 0 2 0  

2 2 0 1 0  

3 1 0 0 1  

4 0 0 0 1  

02101 

1 1 0 2 0  

1 2 0 0 1  

20020 

2 2 0 0 0  

31000 

0 3 0 0 0  

I 2 0 0 0  

2 1 o c o  

01100 

10100 

3 0000 

0.18470171E 01 

0.2841 5 5 4  9E-00 

0 .12757042E 01 

0 . 5 6 8 3 1 2 a a ~  oc 

0 . 1 4 2 0 7 8 2 4 E - 0 0  

0 . 4 2 6 2 3 4 7 3 E - 0 0  

9 .85246947E 0 0  

0 . 4 2 6 2 3 4 7 3 E - 0 0  

0 .29836431E 0 1  

0 .12787042E 01 

3.14207824E-OC 

0 .14207824E-00 

0 . 2 8 4 1 5 6 4 9 E - 0 0  

3 .71039122E C 0  

'I.14207824E-OC 

0.5825208CE 0 1  

0.58252080E 0 1  

0 .42623473E-00 

0 .86667728E 01 

5.13355355E 0 2  

0 .156286055 01  

0 .255740e4E 0 1  

0.980339R9E 0 1  

3 1 0 1 1  

3 9 0 0 1  

4 0 0 1 1  

4 2 0 0 0  

0 3 1 1 0  

1 2 1 1 0  

1 3 1 0 0  

2 1 1 0 1  

221CO 

i l 0 l c i  

400 10 

o a o i o  

1 1 1 C 1  

1 7 0 1 0  

2 1 0 0 1  

3 0 0 0 1  

4 0 0 0 0  

1 1 0 0 1  

2 0 0 0 1  

3 0 0 0 0  

02000 

1 1 0 0 0  

0 .14207874E-00 

0 .42623473E-00 

0.2 8 4 1 5 6 4 9 F - 0 0  

0.156236C6E 0 1  

0 .14207824E-00 

0 .42023473E-00 

0 .26@Q4@66E 0 1  

0 . 5 6 ~ ? 1 2 a 8 ~  0 0  

0.3$79190EE 01 

0 .255740e4E 31 

0.85246'347E 0 0  

0.14207R24E-nO 

0 .71039127E 0 0  

0.26994666E 0 1  

0 .24153301E 0 1  

0 .12787042E 01 

@.7273?51 O E  01  

0.7 3 4 1 5 6 4 9 F - 0 0  

0 .22732519E 0 1  

0 .6541833QE 01  

0.198 90954 '  C 1 

0.4361A020E 0 2  

3 1 1 0 1  

3 2 0 1 0  

4 1 0 0 1  

5 0 0 1 0  

0 4 0 1 0  

1 3 2 0 0  

L 4 0 0 0  

21110 

2 3 0 0 0  

3 1 1 0 0  

4 0 1 0 9  

03100 

11110 

1210'3 

2 1 0 1 0  

3001 ' )  

02010 

1 1 0 1 0  

20010 

'31001 

1 0 0 0 1  

20000 

1 . 2 8 4 1 5 6 4 9 E - 0 0  

0.25574084E 0 1  

0 .14207824E-00 

n . 4 ~ 6 2 ? ~ 7 3 ~ - 0 0  

0 .28415649E-00 

0 - 1  4 2 0 7 8 2 4 E - 0 0  

0.568'1208E 00 

0.5683129RE 00 

n . 2 8 4 1 ~ 6 4 0 ~  n i  

9.34998778E 0 1  

0.14'07824E-00 

n.14707R74E-nO 

9.14207P24E C1 

0.79563916E ('1 

0.>6940343E 0 1  

0 .qo454771E 00 

3 .28415649E-00 

0 .10729631E 0 2  

n . c 6 q ? 1 2 ~ 7 ~  01 

0.14907524E-00 

0 .47623473F-00 

O.?IR?5526E 0 2  



PROTON ON 0 INC. K.E. (MEV) I S  1000.0 A I S  16. Z I S  8. 6000 Ih!C. HISTnRIES 1.1 MEV CUTnFF EM. 

ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM 1.00 TO 0.95 
( T H E T A  FROM o DEG. o MIN. TO 1 8  OEG. 17 YIN.I 

N ( E I  IS (FRACTION CF PARTICLES IN OELTA MU) / (OELTA MUI(DELTA E l  

EIMEVI  IS CENTER OF INTERVAL 

PROTONS 
DELTA E(MEV) 50.0 

EIMEV)  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0  

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

a75.0 

925.0 

975.0 

N ( E )  

0.294E-01 

0.173E- 0 1  

0.184E-01 

0.173E-01 

0.133E-01 

0.141E-01 

0.184E-01 

0.129E-01 

0.125E-01 

0 1 2 5 E - 0 1  

0.125E-01 

0.173E-01 

0.145E-01 

0.106E-01 

0.122E-01 

0.102E-01 

0.114E-01 

0.325E-01 

0.4Y6E-01 

0.439E-01 

NE UT R O  NS 
DELTA E(MEV1 50.0 

E(MEV1 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0  

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

425.0 

675.0 

7 2  5.0 

775.0 

825.0 

875.0 

925.0 

975.0 

N ( E 1  

0.570E-01 

0.282E-01 

0.156 E- 01 

0.125E-01 

0.106 E-01 

0.1 19 E-01 

0.150E-OI 

0.138 E-01 

0.169E-01 

0.144E-01 

0.1 75E-01 

0.194E-01 

0.294E-01 

0.2 32E-01 

0.175E-01 

0 9 39 E-Q2 

0.689E-02 

0.12 5E-01 

0.294E-01 

0 3 88E- 01 

P I +  
DELTA E(MEV) 50.0 

N I S  (SUM O V E R  N ( F ) l ( O F l T A  M U I ( 0 E L T A  E) 

E ( Y E V 1  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.9 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0  

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

N I  E t  

0.400E-01 

0.320 E - 0 1  

O . I 6 0 E - @ l  

0.16OE-01 

O e l b O E - 0 1  

0.320E-01 

0.240E-01 

0 -800 E-02 

0.400 E-01 

0.104E-00 

0.400E-01 

0. 

0.240 F-01 

0. 

0. A00 E-02 

0. 

0. 

0. 

0. 

0. 

P I 0  
DELTA E(MEV1 50.0 

E(MEVI  

25.0 

75.0 

125.0 

175.0 

725.0 

275.0 

325.0 

375.P 

425.0 

47*.@ 

525.n 

575.0 

625.0 

b75.0 

725.0 

77'5.0 

e25.0 

R7~.0  

925.0 

975.0 

Q ( F )  

C . 1  l 4 E - 0 1  

0 . '341C-01 

0 . I .14E-Ol 

0 729:-01 

0.743E-0 1 

0.457E-01 

0 .S l "F-Ol  

0. 

n .686E-01 

n .?2 SF- 0 1 

0 3 4 7 € - 0  I 

0. I 1 4 F - O l  

0. 

P.114E-01 

c. 

0. 

0 .  

0. 

0. 

0. 

OELTA E(MFV)  P I -  50.0 

E ( ' 4 E V )  

75.0 

75.0 

13*.cI 

175.0 

225.0 

275.n 

3?5.0 

375.0 

4'5.0 

475.0 

575.0 

'75.0 

625.0 

675. r  

775.0 

77'. 0 

8 3 5 . 0  

P75.C 

925.0 

975.0 

N ( E I  

0."71F-01 

0.471E-01 

0. 

0. 

0.47l.E-01 

r) .&7!. E- r! 1 

0.471F-01 

O.061 E-01. 

0.??5E-01 

0. 

0 4 7 1 =- 0 ?. 

0. 

0. 

0. 

n. 

n. 

9. 

0. 

0. 

0. 

N I S  1.000E 00 N I S  1.000E 00 N IS 1.000E 00 N I S  l.0O''F 00 



P R J T C h  C N  0 I h C .  K.E. ( K E V I  I S  ?OOO.O A I S  16. 2 I S  R. 6000 INC.  HISTf lRTES 1.1 YEV CdTPFE FN. 

E N E R G Y  S D E C T R A  O F  C A S C A D E  PARTICLES  NIT^ MU F R O #  0.96 T O  n .w 
(THETA F R O 3  1 8  OEG. I 2  MIhl.  TO 2 5  DEG. 5 1  X I N . 1  

N I E )  I S  ( F R A C T I D N  O F  PARTICLES I N  DELTA V U I I I D E L T A  Y U I ( D E L T A  E )  

E I M E V I  I S  CFPuTEP O F  INTERVAL 

P R O T O N S  
D E L T A  E l M E V l  50.0 

E (  MEV) 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

475.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

9’5.3 

N ( E 1  

0.5 6OE-01 

0.2 7 l E - 0 1  

0 . 3 1 6 F - 0 1  

0.2rjOE-01 

0 . 1 R l F - O l  

0 . 1 3 5 E - 0 1  

O.?.oOE-01 

0.135E-01 

0 . 1 Y l E - O ?  

0.1355-01 

0 .144E-01 

0 .117E-01 

0 .181E-02 

0.126E- C1 

0.163E-01 

0.370E-01 

0.325E-01 

0.299E-01 

n. ~ ~ Z E - C Z  

0.  

M i s  1.000E C O  

YE UT R 3NS 
2ELTA F I M E V )  50.0 

t ( Y F V 1  

15.0 

7q.O 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

775.0 

775.3 

P 2 5 . 0  

a7q.o 

925.0 

$75.0 

N ( E I  

0.7t ‘ lE-r) l  

0. ? 6 9 E - 0 1  

0 .295F-01 

0.28’E-Ol  

0.25e ‘-01 

0.14bE-Ol 

0 .  l t O E - O 1  

0 . l t O E - 0 1  

0 . 2 7 1 5 - 0 1  

0.1 85E-01 

0.111 E-03 

O . l l l E - 0 1  

0.1 ll E-01 

0.862E-02 

n . i 7 2 ~ - o i  

0 . i a 7 1 - 0 1  

0 .177F-01 

0.12‘E-01 

0 .246E-02 

0. 

N I S  1.0COE 00 

D I +  
DELTA E ( M t V 1  50.0 

N I S  ( S U M  OVER N ( E l l ( D E L - r A  V U I I D E L T A  E l  

E ( Y F V )  

75.0 

75.0 

125.0 

176.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

576.0 

675.0 

675.0 

725.0 

775.0 

8 2 5 . 0  

875.0 

$25 .0  

975.0  

N ( E l  

0.?314E-01 

0. 

0.314E-01 

0.392E-01 

0 .549E-01 

C.314E-01 

O.6 27E-@? 

0 5 4 Q E - n l  

0.314E-01 

0.3Q2E-01 

n. i 5 7 ~ - n 1  

0.7 64F-02 

0. 

C. 

CI. 

0 .  

0. 

0. 

0. 

0. 

Y I S  l .000E 0 0  

P I 0  
D E L l A  E t M F V )  50.0 

Frh*EVI  

25.0 

75 .0  

175.0 

17q.  0 

275.0 

275.0 

125.0  

375.n 

425.0 

475.0 

575.0 

575.c 

625.C 

675.0 

775.0 

775.0 

8 Z 5 . 0  

875.0 

975.0 

$75.1- 

N (  E )  

n . i q ~ ~ - o i  

r . i ~ 5 ~ - 0 1  
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PROTON ON 0 INC. K.E. ( M E V )  I S  10CO.O A IS 16. 2 IS 8. 6000 INC. H I S T q R I F S  1.1 MFV CtJTOFF FN. 

ENERGY SPECTRUM OF EMITTED CASCADE P I 0  

0 TO l.OO@OOOOE 0 3  V E V  0 nFL 

K.E. I S  THE CENTER CF TP'E E N E P G Y  :YTERVAL I N  M E V  N(EI IS THE FRACTION OF TOTAL NUHBFR O F  F P I T T F I  010 I DELTA E 
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PROTOk EN 0 INC. K.E. ( M E V )  IS ICOG.0 A IS 16. Z I S  R. 5000 I Y C .  H I S T D R I F S  

ENERGY SP€CTRUY OF EMITTEO C A S C A D E  PARTICLFS 

0 TO 1000 MEV 

N ( E I  IS THE FRACTION O f  TOTAL NUWBER OF EMITTEO PARTICLES/OELTA E 
K.E. IS TI'E CENTEX OF THE ENERGY INTFRVAL I N  MEV 

K. E. 
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625.0 

675.0 
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0 .12313 59E-C2 
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1.1 MEV CUTPFF FN. 

N I S  (SUM OVER HISTOGRAW FRf lH 1 TO 13PO Y E V )  (DELTA E) 
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0 . 1 2 0 7 l 7 8  E-02 
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0. 
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PROTCN 7Fr 0 INC. K.E. (MEV)  ! S  ?00@.0 A I S  16.  2 I S  8. 6 0 0 0  i h l C .  H I S T P R I F ?  

H 'J 

0.9 75 
3.925 
0.875 
0.825 
0.775 
0 .725 
0.675 
0.625 
0.575 
0.525 
0.475 
0.425 
3.375 
0.325 
0.275 
b.225 
C.175 
0.125 
0.075 
0.025 

-0.02' 
-0.075 
-0.125 
-0.1 7 5  
-0.225 
-0.275 
-0.325 
-0.375 
-0.42 5 
-0.475 
-0.525 
-0.575 
-0.625 
-0.675 
-0.725 
-0.7?5 
-0.925 
-0.875 
-0.925 
-0.975 

ANGULAK D I S T R I R U T I O h  OF E Y I T T E D  C A S C A D F  P I Y T I C L F S  

I F R A C T I O h  IN EACd I Y T E R V A L ) / I O E L T A  MU1 

MU I S  C O S I N F  SHEIA AND S P F C I F I E S  THE CENTER OF THE INTEPVAL 

PRDTON 
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I N C i D E N T  I Y C .  L A 3 .  T A R G E T  NO. OF I N C .  C U T O F F  G E O M E T Y I C  NO. OF IhC. 
P A R T I C L E  K.E. IYEV1 SYPB. A 2 P A R T I C L E S  E N . ( Y E V I  X - S E C . I M S )  P A R T .  C O L L I S I O N S  

PROTON l o o n  @ 1 6  8 0 6 0 C ?  1.11 P52.5 0?7 PQ 

S U h  OF D S I G / ( U O n E G A  X DE) X D E  E Q U A L S  0 . 6 2 5 l E  03  M 3 / S T E R A D l A N  F O P  C A S C A D E  P R O T O k  WITH T H E T A  F R O M  0. TO 10.00 DEG 

A V E K A G E  ENERGY F C U A L S  0 . 6 2 6 C 7 1 E  03 MEV F O R  C A S C A D E  PRCTON WITH T H E T A  FROM 0 .  TI? 1O.ClC OEG 

S U M  O F  C S I G / I C O M E G A  X D E )  X D E  E Q J A L S  C . 2 4 0 1 E  03  M B / S T E R A D I A N  F O R  C A S C A D E  PROSTIN W I T H  T H E T A  F R O Y  10.00 TO in.00 PEG 

A V E R A L E  E N E R C Y  E Q U A L S  0 . 4 5 9 7 4 6 F  03 MEV F O R  C A S C A D E  PROTON WITH T H E l A  F R O V  10.00 TO 20.00 DEG 



I N i  I D E N T  
P A R T I C L E  

I N C .  LAB. 
K.E. ( M E V )  

T A R G E T  
SYMB. A 2 

NO. OF I N C .  
P A R T I C L E S  

C U T O F F  G E C M E T R I C  
EN.(MEV) X - S E C . l M B )  

PROTON 1000 0 16 8 Oh000 1.11 R52.5  

( D S I G M A / I O O M E G A  X D E I  ( Y B ) / ( S T F R A D I A N - M E V l  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  (OEGI NO. OF 

90.00 30.00 T O  PROTOU 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  ? I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 

5 . 3 3 9 6 E - 0 1  2 . 7 5 4 7 E - 0 1  1.88OOF-01 1 . 4 4 9 1 E - 0 1  9 . 2 0 4 0 E - 0 2  7 . 5 0 6 8 E - 0 2  

I N T E R V A L  9 I N T E R V A L  10 T N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  '3 I N T E R V A L  1 4  

2 . 3 7 2 2 E - 0 2  2.5456E-02 1 . 7 6 2 5 E - 0 2  8 . 4 8 6 0 F - 0 3  1.3708E-02 9 . 7 9 1 5 E - 0 7  

I N T t Q V A L  1 7  I Y T E R V A L  1 8  I Y T F R V A L  19  I Y T E R V A L  2 9  I N T F R V A L  2 1  I N T E R V A L  7 2  

7 . 1 8 0 4 E - 0 3  1 . 3 0 5 5 E - C 3  1 . 9 E 8 3 E - 0 3  1 . 3 0 5 5 E - 0 7  1 . 3 0 5 5 E - 0 3  0. 

I N T E R V A L  25  

0 .  

( D S I G M A / l D O M E G A  X D E I  l M B ) / ( S T E R A D I A M - M E V l  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E Q V A L  ( D E G )  NO. O F  

P R C T O h  00.30 T O  180.09 

I h T E R V A L  1 I N T E R V A L  2 I N T E Q V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 

2 . 6 1 1 7 E - 0 1  6 . 3 3 1 5 E - 0 7  2 . 6 5 7 C E - 0 2  1 . 7 5 2 5 E - 0 2  E . 6 5 3 1 E - 0 3  5 . 6 5 3 1 E - 0 4  

I N T E R V A L  9 I N T E R V A L  1 0  I Y T E R V A L  11 I N T E R V A L  1 2  I N r E R V A L  13 I N T F R V A L  14 

0. 0. 0. 0. 0. 0. 

I N T E R V A L  17 I V T E R V A L  1 5  I Y T E R V A L  If I h T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  7 2  

0. 0. 0. 0. 0. 0. 

I N T E R V A L  2 5  

0 .  

N3. OF I N C .  
PART. C O L L I S I C I N S  

n7289 

ENERGY I N T E P V A L S  D F L T A  F ( M C V I  

7 5  4 n . 1 0 ~ ~  

I N T E P V A L  7 I N T E R V A L  P 

5.61 '%F-n2 3.5249E-02 

I N T E R V A L  l C  I U T C R V P L  16 

7-1 F 0 4 E - 3 '  0.1 3P7E-07 

I N T C R V A L  2 2  I N T F R V A L  7 4  

r. 0. 

E R F R G Y  I N T F R V A L S  D F L l A  E ( M F V I  

? 5  4o.mrn 

I N T E R V A L  7 I * I T E R V A L  8 

0. n. 

I N T E P V A L  1 5  I N T F R V A L  16 

0. 0. 

I h T E P V A L  2 3  I N T F R V P L  7 4  

n. 0. 



i N C I  D E U T  I N C .  L A B .  T A R G E T  h.10. 1 F  I Y C .  CUTOFF G E O Y E T R I C  N3. OF I G C .  
P A R T I C L E  K . E . r h l F V 1  S Y M B .  A 2 P A  2 T I c L E s E "I ( ~t v I X-s E c . < M a I P A  F. T . c-) L i I s r n % s 

P R O T O h  1000 r 1 6  8 qmno 1.'; 8 5 2 . 6  072  es 

SdM O F  D S I G / ( D O Y E G A  X 3 E )  X D E  E Q U A L S  0.613t.E 02  Y R l S T i R A D I I V  F O R  C A S C A D E  D 9 0 T 0 3  W I T P  T H E T A  F R O C  30.00 TI? 00.0C DEG 

A V E R A G E  E N E R G Y  E Q U ~ L S  0 . 1 2 1 5 4 9 ~  03  M E V  F O R  C A S C A D E  P R O T O N  WITH T H E T A  i w v  1o.nn r n  =o.po D E G  

SUM O F  D S I G / ( C O V E G A  X D E )  X D E  E C U A L S  0.1499E 02  M B / S T E R A D I A N  FOR C A S C A 3 E  PROTCIN W I T H  T H E T A  FRC'4 90.00 TD l e 0 . 0 C  DEG 

AVERAGE ENERGY EQUALS C . 4 0 7 5 4 1 E  0 2  MEV F O R  C A S C A D E  PPOTObI W I T H  T H E T A  F R O M  90.00 TI? lP@.?@ D E G  



99 

c
 

(u
 

r
(
 

I 

C
 

CO
 

r. I 
0
 
9
 

d
.

 

0
 

C
 
9
 

r
*
 

c
 

h
.

 
u
 

c
 c

o
 

r
o

 
0
 
9
 

I 

0
 

-3 

4
 

4
.

 
C

 

0
 

u
 

r
,
 

I 

0
 

-3 
4

.
 

C
 

I
L

u
 

6
'
 

0
0

1
 

U
N

 
r
:
 . r 

0
 

-J
 

A
 

c
 

I 
-
1
c
 

4
0

 
0
 

>
 

C
'
 

N
 

U
 

+
.

 
w

 
o

t
-

 
z
 

-
c

 

0
 

N
 

A
.

 

0
 

- m
 

I- 
>

 
c* 

0
 

N
 

r. 
C

C
O

 
w

m
 

I 
z
 

r- 
u
!
 

c
 

N
 
4
 

- >
 

u
 w

 
-4 

u
 E
 
i
.
 

0
-
 . 

t-. 
v-4 

3
2
 

U
U

 

W
 

c
 

0
 

r
l

.
 

r
 

o
t

-
 

c
 
0
 

d
.

 
0
 

W
 
I
 

t- 

CC 
0
 

U
 

0
-

 
0

0
 

W
 

F
d
 

t
m

 

Q
 

0
 

u
 

-
0

 
4

2
 
u
 

0
4

 
W

M
 

C
U

 
o

c
i
 

W
 

\
I

-
 

v
) 

4
 

E
D

 
0
 

0
 

U
 

0
 

0
 

I 

0
 

(
r

.
 

0
 

d
 

O
W

 
z
 U

J 
0
 

-
4
 
0
 

u
o

 
u
-
 

Q
 

o
t
-
 

0
 

Q
 

.
4

 
o
n
 

z
 

r
(
 

I 
c
 

0
0

 

m
 

m
.

 
0
 

c
n

.
 

0
 

0
 

0
0

 
m

 
0

0
 

m
 

0
 

W
 I 

0
 
9

.
 

0
 

W
 

w
 

I
.

*
 

W
 

0
2

 
o

m
 

u
 

Q
:
 

;I CC 

Q
 
a
 

N
U

 

L
 
w

a
 

0
4
 

r
(
 

CL 
a
 

4
 
a
 

n
 

A
 

w
z

 
0

0
 

0
0

 
a
t
-
 

L
 

U
 

CJ 
9
 

I
o

'
 

m
L

L
 

m
 

-
a
n
 

O
N

 
U

 
u

.
 

I
L

)
u

 

0
 

r
(
 

w
z

 
0

0
 

0
0

 
a
t
-
 

u
 

u
u

 
Q

 

I
u

l
 

m
i

x
 

..4
 

u
p
.
 

O
N

 
U

 

o
 

*r: 
u
 

L
u
 

0
 

u
 I 

V
 

0
 

U
.

 
0
 

.- 
m
>
 

U
U

J
 

-
J
X
 

-
0

 
.. 

0
 

u
w

 
0
 

Z
.
 

.-
i 

-
4
x
 

U
 

c1 
W

 
&

 
>

 
W

 
p. 

-
2

-
 

0
0

 
t- 

U
 

I
O

 
rt 

O
N

 
N

.
 

c
 

Lu 

n
 

r
*

>
 

0
0

 
I- 

* 
d

 
0

0
 

w
 

U
 

I
d

 
r
(
 

O
N

 
N

.
 

,.I 

I- 

t
-
u
!
 

z
_

I 
z
 

w
u

 
0
 

0
-
 

I- 
-
I
-
 

o
 

u
c
i 

LL 
2

4
 
a
 

-
m

 

N
 

w
o

 
W

 
>zz 

0
 

u1 
C

C
O

 
r
 

o
n
 
o
 

u
 

a
 

C
C

U
 

1 
4
 

0
-
1

 
m
w
 
o
 

4
2

 

I
-
U

 
N

 
U

 

O
L

W
 

I 
4
 

m
a

 
o
 

U
-
-
l 

4
2

 
-1

4
 

-
1

4
 



1
0
0
 

c
 

r
 

In r 
0
 

c. 

r
 

Y
 

+
 

0
 

u
 

0
 

G
 

lL
 

t- 

U
 

n
 

z
 

*.. r
.
 

G
 

Ln 
hi 

C
 

U
 
o

u
 

rf 
r
,
 

d
 

J
 
'l 

>
 
u
t
.
 

L
u

u
 

u
 

0
 

C
 

0
 

C
 

c C
 

c
 

i- 

0
 

L
i, 

hl 

0
 

I- 
0
 

L- 

L
L

 
r
 

0
 

Y
I 

r- 

L
n

 
Y

 
m

 
3
 

m
 

r- 
C

 

J
 

U
 

>
 
z
 

u1 

).- 
z
 

Y
 

J
 

U
 

>
 

C
i

 
L
u
 

I- 
z

r
f

 

>
 

0
 

0
 

w
 CL 
u
 

7
 

LL' 

pu 
3
 

I
 

N
 

C
 

>
 

w
 

CL 

Lu 
z
 

U
I 

3
 

0
 

I 
L
L
 

a
 

G
 

m
 

N
 

r
<

 
r

f
3

 
.4

 
3
 

+
 

4
 

m
 

0
 

0
 

G
 

,-
I 

0
 

L
 

LLI 
Q

 
w

u
 

r
(
 

CY U 
+ 

3
 

z
 

0
 

z
 

0
 

t- o
 

a
~
 

0
 

a
 

N
 

0
 
.
i
 

.-< 
w

 
J
 

0
 

0
 

U
 

t- 
LY 
4
 

a
 

.4
 
0
 

n
 

I
 

3
 tu

 
n
 

m
a

 
0
 

M
U

 
U

O
L

 
t-L

u
 

ffi 
G
>
 

II 
U

+
 

- 
z
n
 

-
-

 

. .- e>
 

N
 

0
 

4
 

0
 

I 
u
i 

m
 

0
 

N
 

.r 

LL 

" r- -4 4
 

r
-
 

0. 

.4
 

+ U 
W

 
v
) 

y
i
 

v
1
 

0
 

0
 

1
1

1
 

N
 

0
 

w
 

L
o
 

0
 

* 
v

1
-

 
cu 

J
r

n
 

4
.

 
3

 
1\1 

W
 

." 
0
 

Lu 
U

I 

0
 

v
1

:
 

m
 

J
O

I
 

a
.

 
3

-
4

 
0
 

W
 

L
u
 

Y
 

0
 

L
L
 
a
 

Q
 

m
 

4
 

y
i
 

a
 

0
 

L
L
 

Y
 

Y
 



INCIDENT I K C .  LAB. TARGET WfJ.  OF INC. CUTOFF GEClMETRIC NO. C F  I Y C .  
PARTICLE K.E.(YEVI SYMR. A 2 PAQTICLES EN.(MEVI X-SEC. ( Y B )  PART. C J L L I S I O N S  

PROTON 1000 0 16 6 06000 1.11 652.5 022 as 

NO. OF T I M E S  S P E C I F I E D  
PARTICLE IS EMITTED ON THE F I R S T  
INC. PARTICLE C D L L I S I O N  D I V I D E D  
3 Y  THE hU. OF T IMES THE INC. 
PARTICLE TYPE I S  EMITTED 

PROTONS D.36367E-00 

P I O N  ABSORPTION 
C R O S S  SECT. {ME) 

P I O N  CHARGE 
FXCHANGE CRCiSS SECT. (ME)  

ANGdLAR D I S T R I B U T I O N  OF TWO CASCADE PROTUNS AS A FUNCTION 3F THE ANGLE, X t  RETWEFN THEM. 

DSIGHA / DOMEGA (MR / STERADIAI\I) 

(REACTIONS CONTRIBUTE WHEN THERE ARE Ni3 P I O N S ,  UNLY TWO PROTONSI AND AKY NUYBER C f  NEUTRONS EMITTED) 

X FRCF 

0 - 20 DEG 20 - 40 40 - 6 0  60 - 60 80 - 100 100 - 120 120 - 140 140  - 160 1 6 P  - I S @  

0.1975E 01 0.2735E 01 0.2890E 0 1  0.R453E 0 1  0.9311E 01 0.2494E 01 @.255@F 01 0.1432E 01 0.74SaE 00 
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I N C I D E N T  I N C .  LAB. T A R G E T  NO. OF I N C .  C U T O F F  G E O M E T R I C  NC. OF I M C .  
P A R T I C L E  K.E.(MEV) SYMB. A 2 P A R T I C L E S  EN.(MEV) X-SEC. I M B )  PAPT. C @ L L I S l O N S  

PROTON 1000 0 1 6  8 06000 1.11 852.5 0 2 2 8 0  

S U M  O F  O S I G I ( D 0 M E G A  X D E I  X D E  E Q U A L S  0 . 4 2 4 2 E  03 M B I S T E R A D I A N  F U R  C A S C A D E  k E U T R O N  W I T H  T H E T A  F R O N  0. T O  10.00 DEG 

A V E R A G E  ENERGY E Q U A L S  0 . 5 4 0 8 4 2 E  03 MEV F O R  C A S C A D E  NEUTRON W I T H  T H E T A  FROM 0. TO 10.00 D F G  

SUM O F  O S I G / ( C O M E C A  X D E )  X D E  E Q U A L S  0 . 1 5 7 8 E  03 M B I S T E R A D I 4 N  FOR C A S C A D E  YEUTRON d I T H  T H E T A  FROP ln.00 T O  30.00 DEG 

A V E R A G E  ENERGY E Q U A L S  0.364770E 03 MEV F O R  C A S C A D E  N E U T R O N  WITH T H E T A  F R @ V  10.00 TO 30.00 DFG 

P 
0 
W 



NO. OF I N C .  I N C I D E N T  I N C .  LAB.  T A R G E T  NO. OF INC.  C U T O F F  G E O M E T R I C  
P A R T I C L E  K . E . ( M E V l  SYMB. A Z P A R T I C L E S  EN. (MEV)  X - S E C . ( M B I  PART. C O L L I S I O N S  

PROTON 1000 0 16 8 0 6 0 o n  1.11 8 5 2 . 5  022 8 9  

( O S i G M A / l O O M E G A  X D E 1  ( M E ) / ( S T E R A D I A N - M E V I  
T Y P E  OF C A S C A D E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( D E G )  NO. OF ENERGY I N T E R V A L S  D E L T A  E ( M E V )  

N E U T R C N  30.00 T O  90.00 2 5  4 0.0000 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  9 

4 . 3 6 0 5 E - 0 1  2 . 0 1 7 0 E - 0 1  1 . 1 5 5 4 E - 0 1  7 . 6 3 7 4 E - 0 2  6 . 3 9 7 1 E - 0 2  5.8749E-02 ? . 9 1 6 6 E - 0 2  2.80C.SIE-02 

IFuTERVAL 9 I N T E K V A L  1 0  I N T E R V A L  11 I N T E R V A L  1 2  I I u T E R V A L  1 3  I N T E R V A L  14  I N T E R V A L  1 5  I N T E R V A L  1 6  

1 . 5 6 6 6 E - 0 2  2 . 0 2 3 6 E - 0 2  1 . 3 7 0 8 E - 0 2  8 . 4 8 6 0 E - 0 3  8 . 4 8 6 O E - 0 3  3 . 9 1 6 6 E - 0 3  3 . 9 1 6 6 E - 0 3  6 . 5 2 7 7 E - 0 4  

I k T E R V A L  17  I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  23 I N T E R V b L  24 

3 . 2 6 3 8 E - 0 3  2 . 6 1 1 1 E - C 3  1 . 3 0 5 5 E - 0 3  6 . 5 2 7 7 E - 0 4  1 . 3 0 5 5 E - 0 3  0. 0. 0. 

I N T E R V A L  2 5  

0. 

l D S I G M A / ( D G M E G A  X D E )  ( E B ) / ( S T E ? A D I A U - Y E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. A Y G U L A 9  I Y T E R V A L  ( S E G I  NO. O F  

h E U T R O N  90.00 TO 180,OO 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  7 I N T F R V A L  4 I N T E R V A L  5 I N T E R V A L  6 

2 . 2 5 5 6 E - 0 1  5 . 5 4 0 0 E - 0 2  1 . 9 2 2 1 E - 0 2  9 . 6 1 0 7 E - 0 7  6 . 2 1 8 4 E - 0 3  1 . 1 3 0 6 E - 0 3  

I h T F R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1 4  

0. 0. 0. 0 .  0 .  0. 

I N T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  19  I N T E 9 V A L  2 0  I N T E R V A L  21 I N T E R V A L  7 2  

0 .  0.  0. 0. 0. 0 .  

I N T E R V A L  2 5  

0 .  

E h E R G Y  I N T E R V A L S  D E L T A  ( M F V )  

25. 40.00P0 

I N T E R V A L  7 I N T E R V A L  4 

5 .6 '=31E-04 0. 

I N T E R V A L  1 5  I N T E R V A L  1 6  

0.  0. 

I N T E R V A L  2? I N T E R V A L  7 4  

n. 0. 



NO. OF I Y C .  I N C I D E N T  INC. LAB. TARGET NO. OF INC. CUTOFF GEOMETRIC 
P A R T I C L E  K.E.IMEVI SYMB. A Z PARTICLES EN.(NFV) X-SEC. ( M 8 )  PART. C n L L I S I O Y S  

PROTON 1000 0 16 a 06000 1.11 857.5 022  e9 

SUM OF DSIG/(OOYEGA x >E)  x D E  E Q u n t s  0.4415~ 02 MEISTERAOTAN FOR C A S C A ~ E  NEUTRPN WITP THETLI FROP 3o.00 T O  0o.m DFG 

AVERAGE ENERGY EQUALS 0.112655E 03 MEV FOR CASCADE NEUTROY WITH THETA FROV 30.00 TO 90.00 DFG 

SUM O F  OSIG/(OOHEGA X DE)  X D E  EQUALS 0.1271E 02 MB/STERADIAN FOR C4SCADE NEUTRON W I T H  THETA FROP QO.00 TC 190.00 DEG 

AVERAGE ENERGY EQUPLS 0.397153E 02  YEV FOR CASCADE NEUTRON WITH THETA F R 3 P  90.09 TO 19O.PO OEG 
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bin. C F  1NC. I N C I D E N T  I N C .  L A R .  T A R G E T  NO. O F  I N C .  C U T O F F  S E C Y E T R I C  
P A R T I C L E  K . E . ( k F V )  SYMR. A 2 P A R T I C L E S  E N . ( M F V I  X - S E C . ( Y B )  PART.  C O L L i S i O N S  

PROTOV i n o o  0 16 8 a h 3 0 0  1. li 852.5 

hO. OF T I M E S  S P E C I F I E D  
P O R T I C L E  IS  E M I T T E D  ON THE F I R S [  
I N C .  P A R T I C L E  C O L L I S I O N  D I V I O E O  
B Y  TktE hO. OF T I Y E S  7P.E I N C .  
P A R T I C L E  T Y P E  I S  E M I T T E D  

P I O N  A B S O R P T I O N  
CROSS SCCT.  l M B l  

02729 

P I O N  CHARGE 
E X C h A N G E  CRDSS SECT. ( M E 1  

N E U T R O N S  0.2 66 7 I E- 00 



P I +  

INTERVAL 1 INTERVAL 2 

4 . ~ 2 7 0 ~ - 0 2  1 .2067~-02  

INTERVAL 9 INTERVAL 10 

3 -0 169E-02 4.2236E-02 

INTERVAL 17 INTERVAL 1 8  

6.0337E-03 0. 

INTERVAL 2 5  

0. 

TYPE OF CPSCACE P 

P I +  

INTERVAL 1 INTERVAL 2 

2.5 3 1  9 5 0 2  3.4050E-02 

INTERVAL 9 INTERVAL 10 

1.2223E-02 1.1350E-02 

INTERVAL 17 INTERVAL 1 8  

0. 0. 

INTERVAL 2 5  

0. 

INCIDENT INC. LAB. TARGET NO. OF INC. CUTOFF GEOMETRIC 
PARTICLE K.E.IMEV) SYMB. A Z PARTICLES EN.(MEV) X-SEC.lM8) 

PROTON 1000 0 16 a 0 6 0 0 0  1.11 852.5 

(OSIGMA/(DOMEGA X DE) (MB)/ (STERAOIAN-MEV) 
TYPE O F  CASCADE PARTICLE LAB. ANGULAR INTERVAL (DEG) NO. 3 F  

0. TO 25.00 

INTERVAL 3 INTERVAL 4 INTERVAL 5 INTERVAL 6 

i . a i o i E - 0 2  4 . 8 2 7 e ~ - 0 2  i . 2 0 6 7 ~ - 0 2  4 . 2 2 3 6 ~ - 0 2  

INTERVAL 11 INTERVAL 1 2  INTERVAL 13 INTERVhL  1 4  

4.2236E-02 9.4472E-02 6.0337E-02 2.4135E-02 

NO. OF INC. 
PART. C O L L I S I O N S  

02289 

FNERGY INTFRVALS DELTA E (MEV1 

7 5  40 .0000  

INTERVAL 7 INTERVAL 8 

3.6202E-02 3.6202E-0% 

INTERVAL 15 INTERVAL 16 

0. 1.2067E-02 

2 4  INTERVAL 19 INTERVAL 2 0  INTERVAL 2 1  INTERVAL 2 2  INTERVAL 2 2  INTERVAL 

6.0337E-03 0. 0. 0. 0. 0. 

(DSIGMA/fOOMEGA X DE) (YB) / (STFRADIAN-MEV)  
RT ICLE LAB. ANGULAR INTERVAL IDEG)  NO. OF 

25.00 TO 75.00  

INTERVAL 3 !NTERVAL 4 INTEr lVAL  5 INTERVAL 6 

3.3177E-02 2.0954E-02 2.0954E-02 1.4842E-02 

INTERVAL 11 INTERVAL 12 INTERVAL 13 INTERVAL 14 

4.3654E-03 2.6193E-03 1.7462E-03 0. 

INTERVAL 19 INTERVAL 2 0  INTERVAL 2 1  INTERVAL 2 2  

0. 0, 0. 0 .  

ENERGY INTFRVALS DFLT E I M E V I  

25 ~ C . O r \ O O  

INTERVAL 7 IUTERVAL 8 

2.270CIE-02 1.7462F-02 

INTERVAL 1 5  INTERVAL 16 

0. 9. 

INTERVCL ?3 INTERVAL 7 4  

0. 0. 
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I N C I D E N T  
PART I CL E 

INC. LAB. 
K.E. (MEV)  

TARGET 
SYM8.  A 2 

NO. OF INC. 
DARTICL ES 

CUTOFF SEONETRIC 
EN.(MEV) X-SEC. ( M 8 1  

PROTON 1000 0 16 8 06000 1.11 852.5 n z ~ e 9  

(DSIGMA/(OOMEGA X D E I  (HBI / (STERAOIAN-MEV)  
TYPE OF CASCACE P A R T I C L E  LAB. ANGULAR INTERVAL ( D E G I  NO. OF ENEPGY INTERVALS OELTA E (MEVI  

P I +  75.00 TO 130.00 3 5  40.0000 

INTERVAL 1 INTERVAL 2 INTERVAL 3 INTERVAL 4 INTERVAL 5 INTERVAL 6 INTZRVAL 7 INTERVAL e 

3.6993E-02 4.5771E-02 3.0723E-02 1.0032E-02 2-50805-03 I e R 8 1 0 E - 0 3  1.7E40E-03 9. 

INTERVAL 9 INTERVAL 10 INTERVAL 11 INTEPVAL 12 I N T E R V A L  13 INTERVAL 1 4  INTERVAL 1 5  INTERVAL 1 6  

0. 0. 0. 0. 0. 0. 0. n. 

INTERVAL 17  INTERVAL 18 INTERVAL 19  INTERVAL 2 0  I N T E R V A L  2 1  INTERVAL 2 2  I N T F R V A L  73 I Y T E R V A L  2 4  

0. 0.  0. 0. 0. 0. e. 0. 

I h T E R V A L  25  

0. 

(DSIGMA/(OOMEGA X DE) (MB)/( STERADIAN-4EV) 
TYPE OF CASCADE P A R T I C L E  LAB. ANGULAR INTERVAL (DEG) NO. OF ENERGY I N T E R V A L S  OELTA E (MFV)  

P I +  130.00 TO 180.00 2 5  40. oeno 
INTERVAL 1 I N T E R V A L  2 INTERVAL 3 INTERVAL 4 I N T E R V A L  5 INTERVAL 6 INTERVAL 7 INTESVAL 8 

4.2729E-02 4.1147E-02 9.49Y3E-03 1.5826E-03 0 .  0. 0. 0. 

INTERVAL 9 INTERVAL 10 INTERVAL 11 INTERVAL 1 2  INTERVAL 13 INTERVAL 14 INTERVAL 1 5  INTERVAL 16 

0. 0. 0. 0. 0. 0. 0. 0. 

INTERVAL 17 INTERVAL 1 8  INTERVAL 1 5  INTERVAL 20 INTERVAL 2 1  INTERVAL 2 2  I N T E R V A L  23 IMTFRVAL 24  

0. 0. 

INTERVAL 25 

0. 

0. 0. 0. 0.  0. 0. 
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INCIDENT 
PARTICLE 

INC. LAB. 
K.E.(MEV) 

TARGET 
SYMB. A 2 

NO. OF INC. 
PARTICLES 

CUTOFF GEONETRIC 
EM.(MEVI X-SEC.(MB) 

NrJ. OF INC. 
PAPT. C O L L I S I O N S  

PROTON 1000 0 16 8 06000 1.11 852.5 02265 

NO. OF T I Y E S  S P E C I F I E D  
PARTICLE IS EMITTED ON THE F I R S T  
INC. PARTICLE C O L L I S I O N  D I V I O E O  
BY THE NO. OF TIMES THE INC. 
PARTICLE TYPE I S  EMITTED 

P I  + 0.45266E-DO 

P I O N  ABSORPTION 
CROSS SECT. (MB) 

P I O N  CHARGE 
EXCHANGE CR@SS SECT. I M B )  

ANGULAR D I S T R I B U T I O N  OF TWO CASCADE PROTCINS AS A FUNCTION OF THE ANGLE, XI BETWEEN THEY. 

OSIGMA I OCMEGA ( M B  / STERADIAN) 

(REACTIONS CONTRIBUTE WHEN THERE ARE NO P I O N S ,  ONLY TWO PROTONS, AND ANY NUMBER OF NEUTRONS EYITTEO)  

X FROM 

80 - 100 1 0 0  - 120 1 2 0  - 140 140 - 160 160 - 180 0 - 20 DEG 20 - 40 40 - 60 60 - 80 

0.1875E 0 1  0.2735E 01 0.2890E 01 0.8453E 01 0.9311E OX 0.2494E 01 0.2550E 01 0.14y'2E 01 0.749CE 00 
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IEjC I D E N T  
P A R T I C L E  

T A R G E T  
S Y M B .  A 7. 

NO. OF I N C .  
P A R T I C L E S  

C U T O F F  G E O M E T R I C  
EN. I P E V l  X-SEC. ( P B )  

NO. OF I N C .  
PART.  c a c c I s I o w  

PROTOY 1000 0 1 6  P 0 6 0 0 0  1.11 8 5 2 . 5  022 84 

NO. OF T I M E S  S P E C I F I E D  
P A R T I C L E  I S  E N I T T E J  ON T H E  F I R S T  
INC.  P A R T I C L E  C C L L I S I O Y  D I V I D E D  
B Y  T H E  ha. OF T I M E S  T H E  ?“.Ic. 
P A R T I C L E  T Y P E  I S  E M I T T E D  

P I  0 0 . 4 9 5 1 5 E - 0 0  

P I O N  A B S O R P T I O N  
C R O S S  SECT. ( M B )  

P I O N  CHARGE 
EXCHANGE C R O S S  SFCT. ( M e )  

A N G U L A R  D I S T R I B U T I O N  O F  TWO C A S C A D E  PROTONS AS A F U N C T I O N  OF T H E  ANGLE,  X t  BETWEEN THCM. 

O S I G M A  I DOMEGA ( M E  / S T E R A D l A N )  

( R E A C T I O N S  C O N T R I B U T E  WHEN T H E R E  ARE NO P I O N S ,  O N L Y  TWO PROTONS,  AND ANY NUMBER O F  N E U T R O N S  E H I T T E O I  

X FRCM 

90  - 100 10’) - 1 2 0  120 - 140 140 - 160 160 - 180 0 - 2 0  DEG 20  - 40 40 - 60  6 0  - eo 

P 
N 
N 

0 . 1 8 i 5 E  C 1  0 . 2 7 3 5 E  01 0.2890E 01 0 . 8 4 5 3 E  0 1  0 . 9 3 1 1 E  01 0 . 2 4 9 4 E  01 0 . 2 5 5 0 E  01  0 . 1 h 3 2 E  c ) 1  0.7499E 00 



I N C I D E N T  INC. LAB. TARGET NO. OF INC. CUTOFF GEOMETRIC YO. @ F  I N C .  
PARTICLE K.E.(MEV) SYMB. A 2 PARTICLES EN.(MEV) X-SEC.(MB) PART. C O L L I S I O N S  

PROTON 1000 O 16 8 06000 1.11 052.5 O72 8Q 

(DSIGMA/IDOMEGA X DE) (MB)/(STERAOIAN-MEVl 
TYPE OF CASCADE PARTICLE LAB. ANGULAR INTERVAL (OEG) NO. OF ENERGY INTERVALS DELTA E ( N E V I  

PI- 0. TO 25.00 2 5  40.0000 

INTERVAL 1 INTERVAL 2 INTERVAL 3 INTERVAL 4 INTERVAL 5 INTERVAL 6 INTERVAL 7 INTERVAL 8 

1.2067E-02 3.6202E-02 0. 6.0337E-03 0. 1.2@67E-02 2.4135E-02 0. 

INTERVAL 9 INTERVAL 10 INTERVAL 11 INTERVAL 12  INTERVAL 13 INTEPVAL 14  INTERVAL 1 5  INTERVAL I6  

1.8101E-02 2.4135E-02 6.0337E-03 0. 6.0337E-03 6.0337E-03 0. 0. 

INTERVAL 17 INTERVAL 1 8  INTERVAL 1’4 INTERVAL 20 I N T E R V A L  2 1  INTERVAL 2 2  INTERVAL 23 INTERVPL 24 

0. 0. 0. 0. 3 .  I). 0. 0. 

INTERVAL 2 5  

0. 

TYPE OF CASCADE P A R T I C L E  
(USIGMAIIDOMEGA X DE) 

LAB. ANGULAR 
fMBI / lSTERAUIAN-MEV)  

INTERVAL (DEG) NO. OF ENERGY I N T E R V 4 L S  DELTA E (MEV) 

PI- 25.00 T O  75.00 2 5  40.0@00 

INTERVAL 1 INTERVAL 2 INTERVAL 3 INTERVAL 4 I N T E R V A L  5 INTERVAL 6 INTERVAL 7 INTFRVAL 8 

1.2223E-02 1.3969E-02 7.B578E-03 1.0477E-02 6.1116E-03 8.73ORE-04 1.7462c-03 3.4923E-03 

INTERVAL 9 INTERVAL 10 INTERVAL 1 1  I N T E R V A L  12 INTERVAL 13 INTERVAL 3 4  INTERVAL 1 5  INTERVAL 1 6  

2.6193E-03 8.7308E-04 8.7308E-04 0. 0. 9. n. 0. 

INTERVAL 1 7  INTERVAL 18  INTERVAL 19  INTERVAL 2 0  INTERVAL 2 1  INTERVAL 7 2  INTERVAL 7 3  INTERVAL 24 

0. 0 .  0. 0. 0. 0. n. 0. 

I h T E R V A L  25 

0. 



I N C I D E N T  INC.  L A 5 .  NO. O E  I h C .  C d T O F F  GEOVETTPIC YO. C F  I N C .  T A R G E T  
P A R T I C L E  K . i . ( Y E V I  SYY3.  A Z P A R T I C - E S  E k . l Y E V I  X - S E C . i R B )  PART. C O L C I S I O Y S  

PROTON 1000 0 1 6  8 06000 1.11 6 5 2 - 5  0 2 2  89 

S U M  OF DSIGIIDOMEGA x D E )  x D E  E Q U A L S  0 . 6 0 3 4 ~  01 M B / S T E R A D I A N  F O R  C A S C A D E  PI- WITH THETA F R O M  c. 'ro 25.00 DEG 

A V E R A G E  EYERGY E Q U A L S  0 . 2 4 0 8 0 0 E  07 V E V  FLlP C A S C A D E  P I -  W I T H  T H E T A  F R O Y  @. T n  25.170 OEG 

SUM O F  O S I G / ( D O M E G A  X D E )  x D E  E Q U A L S  0 . 2 4 4 5 E  01  M B / S T E R A D I A N  F C R  C A S C A D E  P I -  W I T H  T H E T A  F R O Y  2 5 . 0 0  TO 75.00 OEG 

AVERAGE ENERGY E Q U A L S  0 . 1 2 6 2 8 6 F  03 MEV F O R  C A S C A D E  P I -  W I T H  T H E T A  FROM 2 5 . 9 0  T O  75.00 OEG 



I N C I D E N T  I N C .  L A B .  T A R G E T  YO. OF INC.  C U T O F F  G E O n l E T R I C  NE. OF I N C .  
P A R T I C L E  K.E.(MEV) SYMB. A Z P A R T I C L E S  EN. (MEV)  X - S E C . ( M B l  PART. C O L L I S I O N S  

PROTON 1000 0 16 8 05000 1.11 9 5 1 . 5  0274$ 

( O S I G M A / ( D O Y E G A  X D E )  ( M B I / ( S T E K A D I A N - M E V I  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( 3 E G I  NO. OF ENERGY I N T E R V A L S  D E L T A  E ( M E V )  

P I -  75.00 T O  130.00 2 5  40.0000 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I Y T E S V A L  8 

1 . 5 6 7 5 E - 0 2  1 . 4 4 2 1 E - 0 2  8 . 7 7 8 1 E - 0 3  1 . 2 5 4 0 E - 0 3  6 . 2 7 0 1 E - 0 4  9. 6.2701E-01.  0. 

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N f E R V A L  1 2  I N T E R V A L  13 I N T E R V A L  3 4  I N T E R V A L  1 5  I Y T E R V A L  1 6  

6 . 2 7 0 1 E - 0 4  0. 0. 0. 0. 0. 0. 0. 

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  19  I N T E R V A L  2 0  I N T E R V A L  2 1  I Y T E R V A L  2 2  I N T E R V A L  2 3  I N T E R V A L  2 4  

0. 0. 0. 0. 0. 0. 0. n. 

I N T E R V A L  2 5  

0. 

( O S I G M A / ( O O Y E G A  X D E )  l M B ) / ( S T E R A D I A N - M E V )  
T Y P E  OF C A S C A G E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  I D E G I  NO. OF ENERGY I N T E R V A L S  D E L T A  E ( M F V )  

P I -  130.00 TO 180.00 2 5  40. OPP'O 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  S I N T E R V A L  5 I N T F R V A L  7 I N T E R V A L  @ 

1 . 9 9 9 1 E - 0 2  1.5826E-02 1 . 5 8 2 6 E - 0 3  0. 1 . 5 8 2 6 E - 0 3  0. n. 0. 

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  13 I N T E R V A L  1 4  I N T E R V A L  1 5  I N T E R V A L  16 

0 .  0. 0. 0. 0. 0. 0. 0. 

I N T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  23  I N T E R V A L  2 4  

0. 0. 

I N T E R V A L  25  

0. 

0. 0 .  0 .  0 .  0. 0. 



I N C I D E N T  I N C .  L A B .  T A R G E T  MO. OF I Y C .  C U T O F F  GEO' lETRIC NO. OF I N C .  
P A R T I C L E  K.E.(P!V) SYME. A Z P A ? T I C L E S  EN. !MEVI  X-SEC.(ME)  PART. C O L L I S I O N S  

PROTON 1000 0 1 6  3 OhOOO 1.11 8 5 2 . 5  0 2 2 8 9  

SUY O F  D S I G / ( O O M E G A  X D E )  X DE E Q U A L S  0 . 1 6 8 0 E  01 M B / S r E R A U I A N  FOR C A S C A D E  P I -  W I T H  T H E T A  FROM 75.00 T 1  1?0.00 OEG 

A V E R A G E  E N E R G Y  E Q U A L S  0 . 6 4 7 7 6 1 ~  0 2  M E V  FOR C A S C A D E  PI- ~ I T H  T H E T A  F R O M  75.00 r o  130.00 DEG 

SUM OF O S I G / l D C M E S A  X DE) X D E  E Q U A L S  0 . 1 5 1 c E  01 K S / S T E R A D ! A N  F O R  C A S C A 3 E  P I -  WITH T H E T A  F R D M  130.00 T O  180.00 DEG 

A V E R A G E  E N E R G Y  E C V A L S  0 . 4 6 6 6 6 7 ~  0 2  Y E V  F O R  C A S C A D E  PI- WITH T H E T A  F R O P  i3o.00 T O  1eo.00 O E G  
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NO. OF I N C .  I N C I D E N T  INC. LAB. TARGET NO. OF INC.  CUTOFF GEOMETRIC 
P A R T I C L E  K.E.IMEVI SYMB. A Z P A R T I C L E S  EY.(REV) X-SEC.lMB) PART. C O L L I S I O N S  

PROTON 1000 0 1 6  8 06000 1.11 E 52.5 022 8C 

NO. OF T I M E S  S P E C I F I E D  
P A R T I C L E  IS E M I T T E D  ON THE F I R S T  
I N C .  P A R T I C L E  C O L L I S I O N  D I V I D E D  
B Y  THE hO. OF T I M E S  T H E  INC. 
P A R T I C L E  T Y P E  IS E M I T T E D  

P I  - 0 . 2 3 1 1 8 E - 0 0  

P I O N  ABSORPTION 
CROSS SECT. ( M B I  

P I O N  CHARGE 
EXCHANGE CROSS SECT. ( M E )  

ANGULAR D I S T R I B U T I O N  OF TWO CASCADE PROTONS AS A F U N C T I O N  OF THE ANGLE, X ,  BETWEEN THEY. 

OSIGMA / OOMEGA ( M B  / S T E R A D I A N )  

( R E A C T I O N S  C O N T R I B U T E  WHEN THERE ARE NO P I O N S ,  ONLY THO PROTONS, A N 0  ANY NUMBER @F NEUTRONS E M I T T E D )  

X FRCM 

0 - 20 DEG 20 - 40 40 - 60 60 - 80 80 - 100 100 - 120 120 - 140 140 - I b O  360 - 180 

U 

0.1875E 01 0 . 2 7 3 5 E  0 1  0.2890E 01 0 . 8 4 5 3 E  01 0 . 9 3 1 1 E  01 0.2494E 01 0 . 2 5 5 0 F  01 0.1432E 01 @.7&99E QO 
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5 

4 

3 

2 
1 

DISTRIBUTICN O i  AESIDUAL F I U C L t i  F U L L W I N G  t V k P U K A T I O N  

A Z N U H i i t R  OF NUCLEI  LAUSS StCTlUN lMBI 

16 9 1 0 .14  
8 5 0  7.10 
7 1 d. 1 4  

15 9 3 0.43 
8 282 40.07 
7 312 44.33 

1 4  9 1 0.14  
8 2 2  3.13 
7 26 7 37.93 
6 32 4.55 

1 3  7 4 6  6.54 
6 127 18.04 
5 1 0.14  

1 2  7 8 1.14 
6 1 5 2  21.60 
5 11 1.56  
4 3 0.43 

11 7 3 0.43 
6 14  1.99 
5 29 4.12 
4 7 0.99 

10 6 1 9 .14  
5 4 3  6.11 
4 3 0.43 
3 R 1.14 

9 6 1 0.14 
5 9 1.28 
4 1 0  1.42 
3 3 0.43 
2 I 0.14 

8 3 9 1.28 
7 4 4 0.57 

3 n 1.14 
2 7 1  lU.OY 

6 4 1 0.14 
3 3 7  5 - 2 6  
2 2 3.28 
1 1 0.14 
3 1 3  1.85 
2 7 2  13.23 
1 22 3.13 
3 2 3  3.55 
2 70 9.95 
1 1 1  1. >6 
2 10  1.42 
1 9 1.  Zd 
1 59 3.38 
1 1 7 2  24.44 

C A S E  IUU'ldth 16 b lCl00  2 



CASE N i J M Y t H  i 6  81050 2 

M f l M F P I T S  OF T l i f  I IUE3LY U I S T R I O U T I U N 5  FOR itit F U i L t l v i I k G  EVAPLIKATIO~J P A q T I C L E S  

U t U T  R Z N  3 P R O T O N S  4 t U T t  K U U S  TK I TUNS HE3 ALPHAS 
1ST YW. a . l l L 5 6 E  00 9 .34402t  5 0  1.2UJ3<C 0 1  l . I 5 + 5 4 t  0 1  1.26527E 0 1  1.36861E 0 1  
L U D  YIJN. 1.61264E 0 2  1.81220E 0 2  2.49396E 02 L.16780E 02 L.45220E 0 2  4 . 1 8 l l r t t  0 2  
3 d U  MUY. 5.55664E 0 3  b . 1 6 3 2 7 t  U 3  7.27519E 0 3  5.d6488E 0 3  6.43503E 0 3  Z . l l d 2 4 E  0 4  

NURMALILED FVAPDRATILIN N t U T  SPECTRUH 
( t  S P t C I F I E 5  T t I E  LUWtK CiUCRGY L I M I T  OF T h E  I Y T E A V A L  I N  M t V )  

E 

0 0.162q07 0 . 1 5 r 3 7 6  0.137d42 O. ld3793 0 .179b16 0 . 1 1 2 7 ~ ~ 2  0 .183793 0 .154255 V. lLY490 0 .133667 
i 0.15a73o 0.14019Y r .1294Yo 0.112782 0 .104428 0 . 1 2 5 5 1 j  u . 0 9 6 ~ 7 4  ~ . i u o z 5 i  3.121136 0 .104428 
2 3.129490 3 .125313 ~ 1 . 0 ~ 1 ~ ~ 6  0 . 1 4 6 1 ~ ~  0 . ~ 6 0 7 4  0.09t.074 u .007719 ~ . 0 8 7 7 1 9  o.on7719 o . i o 4 ~ 2 8  
3 0.0Y6074 0.05B4dC. 0.C36074 0.142022 0.083542 u.112782 0.079365 0 .034302 0 .007719 0.096074 
4 0.071011 3 .066534 0 .006834 0.07936> 0.Ob3542 " - 0 9 6 0 7 4  d - 0 9 6 0 7 4  0 .096074 0.062657 11.1114428 
5 11.066834 0.u543L2 U.05848ii 0.062h57 6 .066834 0.037594 C.U41771 0 .096074 0 .041771 0 .025063 

7 0.067657 1 .041771 0.05d125 0.050125 1.041771 0.041771 0 .337594 0.U45948 0.037544 0 . 3 5 7 5 9 4  
8 0.1~37544 0 . 0 J 7 5 9 r  0.@33417 0.045948 G.UZ5063 U.025L40 0 .333417 0 .045948 0.032417 0 .066834 
9 0 .041771 0.029240 0 .033417 0.C5ii125 0.045948 0.U25063 0.J4>'3'+8 0.0250bj 0.34594d 0.329240 

1 2  0.325063 0.0L9240 0 .033417 3.054302 13.037594 0.U25063 d .016708 3 .041771 0.008354 3 .041771 
1 1  tJ.016708 0.025063 3.029240 3 .029240 9.041771 0.066334 3 - 0 3 7 5 Y 4  0 .022003 U.020b86 0.029240 
12 0.112531 0.025L63 0.025063 0.020Rti6 0 .012531 0.041771 0 . 0 2 0 8 8 6  0.0167tJ8 0 .629240 0.0L206j 
1 3  1.017531 1.01b708 0.010886 @.012511 0.025063 0.008354 U.008354 V.012531 O.UZ9243 0 .012531 

15 <l.P12531 'I.,L9240 Q.012531 0.016708 0 .008354 ~ . 0 1 6 7 0 8  0.025061 0 .012531 0.025063 0 .008324 
16 0.0167C8 0.J2Gl ldo 0 .025063 0.012531 0.023886 0 . 0 0 4 1 / 7  0 - 0 2 5 U 6 3  0.016708 0.016708 U.006324 
17 U.OU4177 0.1104177 I3.025U63 O.U20b86 J.O'J8554 u.- i rb354 il- 0.004177 u .012531 0.016708 
18 0 . 0 ) 8 3 5 4  O.Ulh70U P.016708 0.U36354 0.31h7U8 0.0C4177 3 -  0.020886 3.0U4177 0 .012531 
1 9  0.1~04177 0 . 1 ~ 1 2 5 3 1  O. i ' I4117 0 .  u.vO4177 U.004177 0 .020856 0.004177 U.012331 0 .3ud354 
2 0  0.008354 7 . ~ 0 4 1 7 7  0 .Lb4177 0.008354 U.LO4177 b.ul .2531 0 .304177 U.012231 b.uOd354 0 .012551 
2 1  U.616708 0 .012531 0 .004177 0 . 0 1 6 7 ~ 8  0.012531 C.3013354 0 .312531 J .  0.094177 0 .  0u4177 
2 2  0 .011531 0.004177 C.012531 0.304177 0.004177 0 .  0.012531 3.U04117 0.020d86 0.0b4177 
2 3  7. 3.  3 . ~ ~ 4 1 7 7  0.004177 o . u u a 3 ~ 4  u. U.CU4177 3.004177 3.01673d 0 .008354 

o i ) . ? b n i z 5  0.05i'175 0.i141771 0.037594 0 .058480 d.o>,a+do 0.054302 v.0220e3 0.034302 0 .083542 

14  o . o j v + i 7  J . O Z S U ~ ~  0 . 0 2 ~ 2 4 0  L . L I Z ~ O ~ ~  3 . 0 3 7 5 ~ 4  u . o ~ a a 6  o.crob354 o . o i z 5 3 i  3.012531 0 .008354 

7 4  0 .008354  0 .008354 0 .  0.008354 o . o o ~ j 5 4  o . o o d ~ 5 4  0 . ~ 4 1 7 7  0.008354 c).c04177 3 .  



C A S t  ivUHBEK I6 81000 2 

N L l F t M A L I Z E O  t V A P 6 K A T I O N  P R l l l J Y  S P t C T R U Y  
( f  S P t C I t I E S  T H t  L O M R  kNEKGY L I M I T  OF THf I N T E i t V A l  1'4 M E V l  

E 

0 0. 0. 0. 0.91111'3 O.tL7949 ii.U't47lti 0.011179 U.U53307 3.u18256 3.128563 
1 0.134153 0.136205 0.092025 0.072666 0.123563 0.123563 3.117384 0.156512 d.lU3615 0.134153 
2 0.117384 0.106205 0.111794 0.1117Y4 0.12d563 7.111794 0.1d0015 0.162152 J.117384 9.U7aL56 
3 0.055897 0.395025 0.13b205 0.095U25 3.156512 V.111794 U.117384 U.v72066 u.162102 u.37dL5b 
4 0.089435 0.U72d66 0.089435 0.C83346 9.106205 0.089435 C.678250 S.Uol487 d.095325 3.U7Loo6 
2 0.050307 3.078256 C.O>iGY7 0.072006 0.072666 0.0014d7 0.C55897 3.117334 J.072066 0.072666 
6 0.02794Y 0.055307 C.029432 O.i,9123 3.b762>b 0.378256 G.luOol5 J.07d256 J.J4471X v.321949 
7 0.C55897 0.100b15 0.055597 0.C55397 3.03'3128 J.O?Zbdb 0.367017 0.050337 3.1133538 0.3614a7 
8 0.027949 0.055897 0.067077 0.039128 0.03353h 0.J72606 0.344719 3.072606 5.1127949 0.05US57 

10 0.033538 0.022359 5.044718 0.050307 0.022359 3.027949 0.3L7943 0.033536 3.6L2359 3.J335Sd 
11 0.033538 0.044718 0.027Y49 0.339128 0.03353d 0.02794Y 0.3447111 5.044710 J.111117V 0.044718 
12 0.033538 0 . 0 2 2 3 > 0  U.Cj9128 0.0167bY 0.027949 0.b39128 u.633138 0.u503V7 J.011179 d . ~ i 5 7 0 Y  
13 3.044718 0.011179 0.039128 0.021949 0.039128 G.333538 0.322359 0.033538 J.339128 0.Olb7bY 
14 0.322359 0.005590 0.033538 0.030128 0.016769 0.022359 3.027949 3 .~2235Y 3 . ~ 1 6 7 6 9  J.U3>590 
15 0.022359 3.022359 0.011179 3.022359 0.C22339 0 . ~ 1 1 1 7 9  0 . 0 3 5 5 ~ J  0. 3.222359 J. Ul1179 
16 0.022359 0.050307 0.011179 0.022359 0.022359 0.033538 0.011179 0.027949 3.322359 J.611179 
17  0.011179 0.305590 0.011179 0.011179 0.011179 0.02L329 0.311179 0.0055YU 3.L935jd 0.02IYr9 
18 0.011179 0.022359 0.01117" 0.322353 0.005590 U.Olb769 0.022359 0 . ~ C 5 5 9 0  3 . ~ 1 6 1 5 9  3.333538 
19 0.011179 3.005590 0.022359 0.011179 0.011179 0. C .O16769 a.0 16 769 J.J 11179 O.Olb769 
20 0.005590 3.0C5590 0 . 0 3 5 5 9 ~  0.022359 0.011179 O.Olb76Y 0.01676Y 0.OU>590 J.016769 0 . ~ 1 1 1 7 9  
2 1  0.011179 0.011179 0.011179 0.011179 0.U11179 0.01117Y 0.13~5590 0.005590 0 . ~ 1 1 1 7 9  I J . o L > ~ Y I J  
22 0.022359 0.L11179 5.005590 0. 0.005590 0.011179 0.03559U 0.005590 3 . J l b f 6 9  c1. 

'J.OO>?Yd 0.00>590 0. 23  0.016759 0.611179 0.035590 L. 3 .  0. 0. 
24 0.005590 0.9055YO 0.005590 0. 0.010769 O.Oi4590 0.005590 0, 11. C. CJ5590 

9 0.022359 0.022359 c.061487 11.044 118 0.044718 0.0107b9 0 . i i 4 r t 7 ~ ~  3 . 0 ~ 6 7 6 ~  0 . ~ 3 3 5 ~  u.322359 
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INPU? 

USEO F I L E  1 

FROM CARDS 

I N C I O E N T  P A R T I C L E  PROTON I N C I O E N T  K I N E T I C  ENERGY 2000.009 MEV 

TOTAL NUMBER OF I N C I O E N T  P A R T I C L E S  6000 TARGET SYMBOL 0 

S I Z E  OF HISTOGRAMS FOR OUTGOING K.E. 25 FOR PROTI 2 5  FOR NEUTt  25 FOR P I+ ,  25 FOR P I D .  

CROSS SECTIONS WERE CALCULATE0 FOR PS MANY AS 9 EMITTED P A R T I C L E  COMBINATIONS. 

201.000 MEV INTERVAL WAS USEO IN  CALCULATING HISTOGRAM FOR h l l E * l O F  FOR TOTAL REACTION 

DELTAS FOR OUTGOING K I N E T I C  ENERGY D I S T R I B U T I O N  I N  MEV 

-.6 YU -.4 -.l #U +.1 +.4 MU +.6 +.? MU + . 9 5  
0 (K.E.1 100 0 (K.E.) 20D 

PROT9NS 200.0000 200.0000 200.0000 100. oooc 

NEUTRCNS 200 .0000  200.0000 200.0000 100.0000 

P I +  200.0000 200.0000 200.0000 10r).0000 

P I  0 200.0000 200.0000 200.0000 100.0000 

P I -  200.0000 200.0000 200.0000 100.0000 

D = DELTA, RESPECTIVE ENERGY I N T E R V A L S  OF HISTOGRAHS 

0 (K.E.1 1 0 D  0 (K.E.) 100 

2 5  FOR PI-. 

+.95 *u +l.O 
0 (K.E.1 2 0 0  

1oo.nooo 

100.0000 

100. oooc’ 

100. ocoo 

1oo.or)o0 

OUTGOING COMB I NAT IONS 10000 01000 00100 00010 00001 01001 101.00 1100n 11001. 

I N T E R V A L  FOR N I E * I D E  IN MEV 25.000 25.000 25.000 25.000 25.000 25 .000  25.000 25.000 25.000 

FROM RECORO 1 

6000 I N C I O E N T  PROTON H I T  0 TARGET WITH 16.000 MASS AN0 8.000 ATOMIC NUMBER AT 2000.000MEV. 

FROY RECORO N 

THERE WERE 2456. INC I O E N T  P A R T I C L E  C O L L I S I O N S  CREATING 2456 ESCAPING P A R T I C L E  RECORDS. THF GEOMET9IC 

CROSS SECTION UAS 852.4694612 MB. THE I N E L A S T I C  CROSS SECTICW WAS 348.9441681 MB. THE CUT DFF 

ENERGY WAS 1.1066737 MEV. 



PRDTON CN 13 INC.  K.E. ( M E V l  I S  2000.0 A I S  16. Z I S  '3. 6000 INC. HISTORIES 1.1 MEV CUTOFF EN. 

MOMENTUM OF COMPOUNO NUCLEUS 2785.731201MEV/C EXCITATION ENERGY OF COMPOUNO NUCLEUS 2006.915176YEV 

THE M A S S  OF THE RESIDUAL NUCLEUS C A S  Z E Q O  3 T I M E S ,  W A S  MINUS 7 TIMES C d T  OFF ENERGY 1.106674MEV 

FOR 3 4 4  INCIDENT PARTICLE COLLISIONS THERE M E R E  MORE TYAN 9 OUT GOING PARTICLES 

A V E R A G E  NO. 

V A R  IANC E 

AV. K.E. (MEVI 

VARIANCE 

O U T G C I N G  COMBINATION 

TilTAL C A S C A D E  
10000 
01000 
00100 
0 0 0 1 0  
00001 
01001 
10100 
11000 
11001 

EMITTED CASCADE PARTICLES 

P I +  PROTONS NEUTRONS 

0.23@8436E 01 0.1861563E 0 1  0.4100163E-00 

0.306165eE 0 1  0.31 77P89E 01 0.3078638E-00 

0.41 58400E 03 0.2942929E 0 3  0.2431016E 03 

0.3661386E 06 0.2196216E 0 6  0.5279240E 05 

co  

0.0373230 
0.0095994 
0.0108745 
0. 
0. 
0. 
0. 
0.0441803 
0.00695 8 5 
0.0305801 

RESIDUAL 

c1 

0.07455 0 9  
0.0742410 
0.081 8723 
0. 
0. 
0. 
0. 
0.0046623 
0.0397518 
0.085 1 2  52 

NUCLEUS 

ARM 

275.7421455 
2 08 9 3 0 9 7  50 
2 30 2 5277 33 

0. 
0.  
0.  
0. 

123.9541779 
133.0290337 
m5.5256081 

P I 0  PI- 

0.31718?4E-O@ 0.2259772E-00 

0.3305 842E-00 o . ~ o ~ z ~ ~ ~ E - o o  

0.2314290E 0 3  0.2076492E 03 

0.5174QR5E 05 0 . 6 6 8 1 8 ~ . 0 ~  0 5  

A R E E  

53.0770903 
17.6283439 
18.1224372 

0. 
0 .  
0. 
0. 
8.7282900 

10.3242297 
50.3606839 

A A R  

12.67?045 5 
16.0000000 
16.0000000 

17.000COOO 
17.0000000 
16.0000003 

15.0000000 
15.0000000 

17.0000000 

i6.onoooon 

C O  = ( S U N  3F PARALLEL RESIDUAL M@MENTUM/NLJMBER OF INCIDE5IT PARTICLE COLLISIONSI IM3nE~TUM OF COMPOUND NUCLEUS 

(31 = ISLM OF PERPENDICULAR RESIDUAL WOMENTUWNUMBER O f  INCIDENT PARTICLE COLLISIONSl/M@MENTllM @F COMPOUNO NUCLEVS 

A R M  = A V E R A C E  RESIDUAL MIIPENTUM I h  P E V I C  

A R E E  = A V E R A G E  RESIDUAL EXCITATION ENERGY I N  MEV 

A A R  = A V E R A G E  M A S S  OF RESIDUAL NUCLEUS FOR TOTAL CASCADE: 
A D R  = M A S S  OF RESIDUAL NUCLEUS FOR DESIGNATED OUTGOING COMBILATICNS 
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P R O T O N  CN n INC.  K.E. ( M E V I  I S  2000.C A I S  16. Z I S  8.  6 0 0 0  INC. H I S T O R I E S  1.1 MEV C U T D F F  FN. 

F X C I T A T I O N  EFiERGY D I S T R I B U T I C N  O F  T H E  C A S C A D E  R E S I D U A L  N U C L E U S  ( F R A C T I T I N  PER U N I T  EN.1 ( O E = O E L T A  E ( M E V i 1  

OEA I S  0 . 2 0 1 0 0 0 0 E  03 OEB I S  0.25OOOOOi 02 OEC I S  0 . 2 5 0 0 0 0 0 E  02  D E 0  I S  0.2500000E 02 D E E  I S  0.250COOOE 02 
D E H  I S  0 . 2 5 0 0 0 0 0 E  02  D E I  I S  0 . 2 5 0 0 0 0 0 E  0 2  D E J  I S  0 . 2 5 0 0 0 0 0 E  0 2  D E F  I S  0 . 2 5 0 0 0 0 0 E  0 2  3 E G  I S  0 . 2 5 0 0 0 0 0 E ~ 0 2  

T O T A L  C A S C A C E  ( S U M  OVER H I S T O G R A M I X ( 0 E A )  
0 . 1 4 1 7 9 9 1 E - 0 4  0. 

0. 

0 . 9 9 5 9 2 8 3 E  00 
0. 

0 .  

0 O F L  

0. 

0 O F L  

0. 

0 O F L  

0. 

0 O F L  

0. 

0 O F L  

0. 

0 O F L  

0. 

0 OFL 

0. 

0 O F L  

n. 

0 . 4 7 3 6 0 ’ 3 1 E - 0 2  
0 .  

0 . 2 0 4 5 9 5 9 E - 0 3  
@. 

1 PROTOluS 0 NEUTRONS 
0 . 2 9 8 8 5 0 6 E - 0 1  

0. 

0 P I +  0 P I 0  0 P I -  
0 . 9 6 5 5 1 7 2 E - 0 2  

0. 

( S U M  OVER H I S T O G R A M I X ( U E B 1  

0. 
0 . 4 5 9 7 7 0 1 E - 0 3  0. 

0 ~ 1 0 0 0 0 0 0 E  01 

0. 
0. 

0 PROTC!NS 1 N E U T R O N S  
0 . 3 1 6 6 6 6 7 E - 0 1  

0. 

0 P I +  0 P I 0  0 P I -  
0.8333333E-02 

0. 

( SUM OVER H I S T O G R A Y )  X (  OEC 1 

0. 
0. 0 .  

0 . 1 0 0 0 0 0 0 E  01 

0. 
0. 

0 PROTONS 0 N E U T R O N S  
0. 

0 .  

1 P I +  0 P I 0  0 P I -  
0. 

0. 

( S U M  OVER H I S T O G R A M ) X ( O E O I  

0. 
0. 0. 

0.  

0.  
P. 

P 
w 
al 

0 PROTONS 0 NEUTRONS 
0. 

0. 

0 P I +  1 ?IO 0 P I -  
0. 

0. 

( S U M  OVER H I S T O G R A M I X I O E E )  

0. 
0. 0. 

0. 

0. 
0. 

0 PROTONS 0 NEUTRONS 
0. 

0.  

0 PI+ 0 P I 0  1 P I -  
0. 

0. 

( S U M  OVER H I S T O G R A M ) X ( O E F )  

0. 
0. 0. 

0. 

0. 
0. 

0 PROTONS 1 NEUTRONS 
0. 

0 .  

0 P I +  0 P I 0  1 P I -  
0. 

0. 

( S U M  O V F R  H I S T O G R A M ) X ( O E G )  

0. 
0. 0. 

0.  

0. 
C. 

1 PROTONS 0 N E U T R O N S  
0 . 4 0 0 0 0 0 0 E - 0 1  

0. 

1 P I +  0 P I 0  0 P I -  
0. 

0. 

( S U M  OVER k i I S T O G R A Y ) X ( D E H )  

0. 
0. 0.  

C. 1OOOOOOE 01 

c. 
0. 

1 PROTONS 1 NEUTRONS 
0 . 3 5 1 3 7 2 5 E - 0 1  

0. 

0 P I +  0 P I 0  c P I -  
0 . 4 2 3 5 2 9 4 E - 0 2  

0. 

( S U M  OVER H I S T O G R A M I X ( O E ! )  0.1000000E 01 0 0 F L  

0. 0. 0. 
9.15686%7E-03 n. 3 1 3 7 2 5 5 ~ - ~ 3  r . i 5 6 f i 5 2 7 ~ - 0 3  

1 PROTONS 1 N E U T R O N S  
0. 

0. 

0 P I +  0 P I 0  ?. P I -  
0 . 2 0 0 0 0 0 0 E - 0 1  

0. 

( S U M  OVER i i I S T O C R A M I X ( D E J i  p.IoonocoE 01 n OFL 
e. 0 . 2 0 0 0 0 0 0 E - 0 1  0. 

0. 0 .  F. 





PROTON Ch 0 IkC. K.E. ( N E V I  I S  2 0 0 0 . 0  A I S  16 .  Z i S  R. 6000 I N C .  H I S T O R I F S  i.: MFV C U T O F F  CN. 

T H E  POMENTUM D I S T R I B U T I O N  OF T H E  C A S C A D E  R E S I D U A L  N U C L E U Z  

0 . 1 3 $ 2 8 6 6 E  03 0 . 4 1 7 8 5 9 7 E  0 3  C . 6 9 6 4 3 2 8 E  03 0 . 9 7 5 0 0 5 9 E  03 0 . 1 2 5 3 5 7 9 E  7 4  0 . 1 5 3 2 1 5 2 E  04  0 . 1 8 1 0 7 2 5 F  04 
0 . 2 0 8 9 2 9 8 E  04 0 . 2 3 6 7 8 7 1 E  04 0 . 2 5 4 6 4 4 4 E  04 0.2925018E 34 0 . 3 2 0 3 5 9 1 E  04 ' 2 . 1 4 8 2 1 0 4 E  04 C1.37607'7E 04 

T O T A L  CASCAOC 
0 . 2 1 7 0 4 9 5 E - 0 2  3 . 1 0 3 7 7 4 5 E - 0 2  0 . 2 5 2 0 9 1 3 E - 0 3  

0. a. 

1 PROTDNS 0 "EUTRONS 0 P I +  C ? I C  

0. 0.  
C . 2 8 C 5 7 6 0 E - 0 2  0 . 7 8 3 9 6 2 2 F - 0 3  0. 

0 PROTONS 1 N E U T R O N S  0 P I +  0 P i 0  
0 . 2 5 4 2 7 2 0 E - 0 2  0 . 1 0 4 7 C 3 2 E - 0 2  0. 

0. 

0 PROTONS 0 NELJTRONS 

0. 
0. 0. 

0 PROTONS 0 N E U T R O N S  

0. 
0. 0. 

0 PROTOKS 0 QEI ITRONS 

0. 
0. 0. 

0 PROTONS 1 N E U T R O N S  

0. 
0. 5. 

1 PROTONS 0 N E U T R O N S  

0. 
0 . 3 5 E 9 7 2 2 E - 0 2  0. 

1 PROTONS 1 NEUTRONS 

0.  

a P I +  

0. 

0 P I +  

0. 

0 P I +  

0 .  

0 P I +  

0. 

1 P I +  

0. 

0 P I +  

0 P I 0  
0. 

1 P I 0  
0. 

0 P I 0  
0. 

0 P I 0  
0. 

3 P I 0  
0. 

o p r o  

0 .  

0 P I -  

C .  

0 31- 

0. 

0 PI- 

0 .  

0 P I -  

0. 

1 P I -  

0. 

1 P I -  

0. 

0 P I -  

P. 

0 P I -  

1 PROTONS 1 N E U T R O N S  0 P I +  0 P I 0  1 P I -  
0 . 1 7 S 4 8 6 1 E - 0 2  0 . 1 7 9 4 8 t l E - 0 ?  0. 

( S U M  O V E R  t i I S T O G R A M I ( 0 E L T A  P 1  
0 . 7 1 6 ? 9 0 4 E - 0 4  C. 102?1?"E-04  

0. 0 .  

SUM OVER H i S T O G R A Y I )  ( D E L T A  P I  
0. 0. 

0. 0 .  

( S U M  OVER H I S T O G R P M I ( D E L T A  P i  
0. 0. 

0 .  0. 

( S d M  OVER H I S T O G R A M ) ( D E L T A  P I  
0. 0. 

0. 0 .  

( S U M  OVER H I S T O G R A Y i I D E L T A  P I  
0. 0 .  

0. 0 .  

( S U M  OVER H I S T O G R A Y ) ( O E L T A  P I  
0.  0. 

0.  0. 

( S U M  O V E R  H I S T O S R A M l ( 0 E L T A  P )  
0.  0. 

0 .  0 .  

( S U M  OVER H I S T O G R A M ) ( O E L T A  P )  
0. 0. 

0. 0 .  

( S U M  OVER H I S T O G R A M l ( D i L T A  PI 
0.  0 .  

0 .  0.  

i S U M  OVER H I S T O G R A Y ) ( D E L ' A  P )  
0. 0.  

0 . 9 9 5 9 2 8 3 E  0 C  0 O F L  
0 . 2 9 2 q 2 2 h F - 0 5  0. 

0.  0. 

0 O F L  

0. 0. 

0.1000003E 01 
0. 0. 

0. 0 O F L  

0. @. 
0. 0. 

0. 0 O F L  

0. 0. 
0. 9. 

e. 0 O F L  

0. 0. 
5. 0. 

0. 0 O F L  
0. 0. 

0. n. 

0.1000000E 01 0 OFC 

0. 0. 
n. 0. 

0.100000I'E 01 0 O F L  

0. 0.  
n. P. 

0.10DOCJOOE 03 0 O F L  

0. 0. 
0. 0. 

0. 0. 0 .  0. 0. 



PROTON ON il INC. K.E. I M E V )  I S  2000.0 A I S  16. 2 I S  8. 6 0 0 0  INC. H I S T 0 R I F S  1.1 MEV CUTOFF EN. 

THE PERPENGICULAR MOMENTUM D I S T R I B U T I O N  OF THE CASCADE RESIOUAL YUCLEUS 

0.1392866E 0 3  0 .4178597E 03 0 .6964328E 03 0 .975005qE 0 3  0 . 1 2 5 3 5 7 9 E  04 0 .1532157E C4 0.1310725E 04 
0 . 2 0 8 9 2 9 8 E  04 0 . 2 3 6 7 8 7 1 E  04 0 .2646444E 04 0 .2925018E 04 0 .3203591E 04 0.3482164E 34 0.37607'7E 04 

TOTAL CASCACE 
0.2656335E-02 0 .7616785E-03  0 .1526292E-03  

0. 0. 

1 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  

0. 0. 
0 . 2 8 4 7 0 2 l E - 0 2  0 . 7 4 2 7 C l l E - 0 3  0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  
0.2542720E-02 0 .1047002E-02  C. 

0. 

0 PROTONS 0 NEUTRONS 

0. 
0. 0. 

0 PROTONS 0 YEUTRCNS 

0. 
0. 0. 

0 PROTONS 0 NEUTRONS 

0. 
0. 0.  

0 PROTONS 1 NEUTRONS 

0. 
0. 0. 

1 PROTONS 0 NEUTRONS 

0. 
0 .3589722E-02  0. 

1 PROTONS 1 NEUTRONS 

0. 

1 P I +  

0. 

0 P I +  

0. 

0 P i +  

0. 

0 P I +  

0. 

1 P I +  

0. 

0 P I +  

0 P I 0  
0. 

1 P I 0  
0. 

0 P I 0  
0. 

0 P I 0  
0. 

0 P I 0  
0. 

0 P I 0  

0. 

0 P I -  

0. 

0 P I -  

0. 

0 P I -  

0. 

0 P I -  

0 .  

1 P I -  

0.  

1 P I -  

0. 

0 P I -  

0. 

0 P I -  
0 .3406716E-02  0 .1689281E-03  0 . 1 4 0 7 7 3 4 E - 0 4  

0. 0. 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  
0 .17S4861E-02 0 ~ 1 7 9 4 8 6 1 E - 0 2  0. 

(SUM OVER HISTOGRAM1lDELTA P )  
0 . 1 9 0 7 8 6 5 E - 0 4  0. 

0. 0. 

(SUM OVER HISTOGRAM)(DELTA P 1  
0. 0. 

0. 0. 

( S U M  OVER Y I S T O G R A M I ( D E L T A  P )  
0. 0. 

0. 0. 

( S u f i  OVER HISTDGRAM)(DELTA P) 
0.  0. 

0. 0. 

I SUM OVER HISTOGRAM) t DELTA P )  
0. 0. 

0. 0.  

(SUM OVER H I S T O G R A M I I O E L T A  P )  
0. 0. 

0. 0 .  

(SUM OVER H I S T O G R A M j I D E L T A  P )  
0. 0. 

0. 0. 

(SUM OVER H I S T O G R A M I ( 0 E L T A  P I  
0. 0. 

0. 0.  

( S U M  OVER H I S T 0 G R A M ) t O i L T A  P )  
0. 0. 

0. 0. 

( S U M  OVER HISTOGRAM)<OELTA P )  
0. 0. 

0 'JFL 0. l0OOOOOE 0 1  
0. 0. 

0. 0.  

0 .10000PnE 01 0 OFL 

0. 0. 
0. 0. 

0.10000F0E 01 0 OF1 

0. 0. 
0. n. 

0. r7 OFL 

0. 0. 
0. 0. 

0. 0 OFL 

0. 0. 
0. 0. 

I?. 0 OFL 

0. 0. 
0. 0. 

0. 0 OFL 

0. 0. 
0. 0. 

o.iooooonE 01 0 OFL 

0. c. 
0. 0. 

o.iooononE r~i 0 OFL 

n. 0. 
0. ?. 

0 .1000000E 01 9 O F L  

0. 0. 
0. 0. 

0. 0. 0. 0. 0. 
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PROTON CN 0 INC. K.E. (MEVI IS 2000.0 A I S  16. z IS 4. 6000 INC. HISTORIES 1.1 MFV CUTOFF EN. 

THE PARALLEL MOMENTUY DISTRIBUTION O F  THE CASCADE RESIDUAL NUCLEUS 

-0.3760737E 04 -0.3482164E 0 4  -0.3203591E 04 -0.2025018E 04 -0.2646444E 0 4  -0.2367871E 04 -3.2099298F 04 

0.1392866E 03 0.4178597E 03 0.6964328E 0 3  0.9750059E 03 0.1253579E 04 0.15’2152E C 4  0.1810725E 04 
-0.1810725E 04 -0.1532152E 0 4  -0.1253579E 04 -0.9750059E 03 -0.6964328’ 03 -0 .41785@7i  02 -0.1392PhbE 03 

0.2089298E 04 0.2367871E 0 4  0.2646444E 04 0.292531BE 04 0.3203591E 04 0 . 3 4 e Z l t 4 E  0 4  0.3760737E 3 4  

TOTAL CASCADE 
0. 0. 0. 

0.2053566E-02 0.4224062E-03 0.9500485E-04 
0. 0. 0. 

0. 

0 PROTONS 1 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

1 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0.3589722~-02 0. 

1 PROTONS 1 NEUTRONS 

0. 
0. 0. 

0. 

0 P I +  

0. 

0. 

1 P I +  

0. 

0. 

0 P I +  

G p r o  
0. 

0. 

0 P I 0  
0. 

0. 

0 P I 0  
0. 

~. 0. 

0.  0. 
0.2167910E-02 0.5630936E-04 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  

0. 0. 

0. 0. 

0. 0. 0. 

0.35897226-02 0. 0. 

0. 

1 P I -  

0. 

0.  

0 P I -  

0. 

0. 

0 P I -  

0. 

0 .  

1 P I -  

0. 

0. 

( S U M  OVER HISTOGRAM)(OELTA P )  0.95159283E OP 0 OFL 0 UFL 
0. e. 0. 0. 

0. 0 2923226E-05 0.3654037E- 04 0.9?98172E-O3 
0.1900097E-04 0.5846452E-05 

0. 0. 

( S U M  OVER HISTOGKAMI(DELTA P I  
0. 0. 

0. 0. 
0. 9. 

0. 0.  

(SUM OVER HISTOGRAMI(0ELTA P I  
0. 0. 

0. 0. 
0. 0 .  

0. 0. 

(SUM OVER HISTUGRAM)(OELTA P1 
0. 0. 

0. 0. 
0. 0. 

0. 0. 

(SUM OVFR HISTOGRAMI(0ELTA P I  
0. 0. 

0. 0. 
0. 0 .  

0. 0. 

0. n. 
0. 0. 

0. ‘2 OFL 0 UFL 
0. 0. 

0. 0. 
0. 0. 

0. 0. 

n.1.00000o~ 01 0 OFL 0 UFL 
0. 9. 

0. 0. 
0. n. 

0. 0. 

0.1000000E 01 0 OFL 0 UEL 
0. 0 .  

0. 0. 
0. 0.13655C2E-02 

0. 0. 

0.1000r300E 01 0 OFL 0 UFL 
0. 0. 

0. 0. 
0. 0. 

0. 0. 



PROTON CN r) I N C .  K.E. ( M E V I  I S  2000.0 4 I S  16. Z I S  6. 6000 INC. HISTORIES i.l YEV C U T O F F  EN. 

CROSS S E C T I C N S  I M B I  FCE V 4 R l O U S  COPBINATIONS r )F EYITTED C A S C A D E  P A R T I C L E S  
1ST NO. I S  NO. OF PROTONS EMITTED 2 Y 0  I S  NG. OK NEUTRONS 3 R D  I S  NO. OF ? I +  47H I S  Nn. OF P I C  5 T H  I S  NO. O F  P i -  

24201 

26001 

31021 

33201 

35001 

42201 

43200 

45000 

53010 

60210 

63000 

16100 

2 40 11 

25100 

32102 

33011 

34001 

41111 

42110 

43100 

52001 

61010 

14101 

22030 

23002 

23700 

0.14207824E-00 

0.2 8415649E-00 

0.14207824E-00 

0.28415649E-00 

0.28415649E-0C 

0.14207824E-00 

0.42623473E-00 

0.28415649E-00 

0.42623473E-00 

0.14207824E-00 

0.14207824E-00 

0.14207824E-00 

0.14207824E-00 

0.28415649E-00 

0.14207824E-00 

0.14207824E-00 

0.42623473E-00 

0.14207824E-00 

0.56831297E 00 

0.71039122E 00 

0.28415649E-00 

0.4242341 3E-00 

0.42623473E-00 

0.14207824E-00 

0.14207824E-00 

Cl.14207824E-00 

24210 

26010 

33030 

34011 

35100 

43011 

44001 

52101 

53100 

61101 

71100 

22112 

24101 

24000 

32111 

33020 

340 10 

42011 

42200 

44000 

52010 

62000 

14110 

22102 

2 30 l!. 

24001 

0.14207 82 4E -00 

0.14207R2LE-00 

0.142O7824E-00 

0.14207824E-00 

0.2R415649E-00 

0.14207824E-00 

0 -426 2347?E-00 

0.42623473E-00 

0.14207824E-00 

C.42623473E-00 

0.14207824E-00 

0.28415649E-00 

0.2841564qE-00 

0.56871297E 00 

0.14207R24E-00 

0.14207824E-00 

0.28415649E-00 

0.14207e24E-00 

0.142C7824E-00 

0.2 84 15649 E-0 0 

0.P5246946E 00 

0.71C79122E 00 

0.28415649E-00 

0.14207874E-00 

3.4?62347?E-00 

0.14207824E-00 

2 = 0 2 0  

26100 

33111 

34101 

36000 

43020 

440 10 

52110 

54000 

62010 

61000 

23030 

74111) 

32021 

32201 

73101 

34300 

42020 

43001 

51101 

52100 

71000 

15010 

22111 

23101 

24010 

'3.14207924E-00 

0.14707824E-00 

0.42627473E-00 

0.2 641 5649E-0 0 

0.2841 564OF-00 

0.14207824E-OO 

0.42623471~-no 

0.14707824E-00 

0.56a31297E 00 

0.14207824E-00 

0 2841 5649E-00 

0.14207824E-00 

0.47623473E-00 

0.14207624E-00 

0.14707824E-00 

0.14207924E 01 

0.09454770E 00 

0.42623473E-00 

0.14207824F-00 

0.2841564°E-00 

0 -426 2347=E-00 

0.14207624f-00 

0.14207624E-00 

0 -4 26 23 47? E -00 

0.'4?77624€ Oi 

0.9945477CE 00 

25200 

270n0 

33120 

341 10 

a27.11 

43101 

4'.11)0 

53001 

60111 

62100 

141'0 

23201 

2 5001 

32030 

33002 

33110 

95000 

42101 

43010 

5 1 1 1  0 

53000 

'3111 

1 E100 

7 2 2 0 1  

23110 

24100  

0.14207824E-OQ 

0.14207824E-00 

n.i4207~24~-0~ 

0.2841564QE-00 

0.4262347'E-00 

0.65246Q46E 00 

0.85246946E 00 

0.28415649E-00 

0.14207874F-00 

0.142P7824E-00 

o.i420782+~-00 

0.14207824E-00 

0.14207824E-00 

0.14207824E-00 

0.78415C4°E-00 

0.2841564QE-00 

0.2 84 15649 E-0 0 

0.17787041E 01 

0.85246046E OC 

0.42623473F-00 

0.42623473E-00 

0.28415649E-00 

0 -42 6 2 3471 E-00 

0.2841 564QE-00 

0.71039172E 00 

0.85246Q46E 00 



PROTCN CN 0 INC. K.E. ( M E V )  IS 2000.0 A IS 16. 2 IS 8.  6000 INC.  HISTORIES 1.1 MEV CUTOFF EN. 

C R O S S  S E C T I O N S  (ME) FOR VARIOUS COMBINATIONS O F  EMITTED C A S C A D E  PARTICLES 
I S T  NO. I S  NO. OF PROTONS E M I T T E D  2NO I S  NO. OF NEUTRONS 3RO IS NO. OF PI+ 4TH IS NO. OF P I 0  5TH IS NO. OF ? I -  

CONTINUED 

25000 

32101 

33 100 

41020 

42010 

51001 

03201 

12111 

13101 

14100 

22020 

23001 

30030 

31101 

32010 

40101 

41100 

60000 

031  10 

11111 

12101 

13010 

21011 

21200 

23000 

30101 

0.142078246-00 

0.14207824E 0 1  

0.19890954E 01 

0 2 841 5649E-00 

0.99454770E 00 

0.42623473E-00 

0.14207824E-OC 

0.28415649E-00 

0.56831297E 00 

0.85246946E 00 

0.99454770E 00 

0.28415649E-00 

0.14207824E-00 

0.17049389E 01 

0.11366259E 01 

0.14207824E-00 

0.56831297E 00 

0.14207824E-00 

0.28415649E-00 

0.14207824E-00 

0.19890954E 01 

0.71039122E 00 

0.71039122E 00 

0.14207 824E- 00 

0.18470171E 01 

0.42623473E-00 

31102 

32110 

34000 

41101 

421 00 

52000 

04020 

12201 

13110 

21102 

22101 

23010 

30111 

31110 

32100 

401 10 

42000 

02210 

03200 

11201 

12110 

131 00 

21020 

22001 

30002 

31001 

0.14207824E-00 

0.11366259E 0 1  

0.56831297E 00 

0.56831297E 00 

0.11366259E 0 1  

0.14207824E-00 

0.14207824E-00 

0.14207824E-00 

0.11366255E 0 1  

0.2 841 5649E-00 

0.11366259E 0 1  

0.12787041E 0 1  

0.14207824E-00 

0.12787041E 01 

0.14207824E 0 1  

0.14207824E-00 

0.15628606E 01  

0.1 42 07 82 4E -0 0 

0.28415649E-00 

0.28415649E-00 

0.21311736E 0 1  

0.2131173tE 0 1  

0.19470171E 0 1  

0.42623473E-00 

0.14207 82 4E-00 

0.9945477CE 00 

31201 

13001 

41002 

4111'3 

43000 

60010 

0 4 1  10 

13011 

13200 

21201 

22110 

23100 

31011 

31200 

33000 

41001 

50001 

03020 

04100 

12011 

12200 

14000 

21101 

220PO 

30011 

3101 0 

0.28415649F-00 

0.42623473E-00 

0.142rl7824F-OO 

0.56831297E 00 

O.lL207824E-00 

3.14207824E-nO 

0.14207824E-00 

0.14207924E-00 

c~.42623473~-no 

0.28415449E-00 

0.85246946E 00 

0.15628606E 0 1  

0.28415649E-00 

0.14207824F-00 

0.12787041E 01  

0.71019122F 00  

0.14207824E-Of? 

0 142078 74E-00 

n.28415649~-00 

3.18415649E-00 

0.42623473F-90 

0.99454770E 00 

0.2R415648E 01 

0.2273251GE 0 1  

0.28415649E-00 

0 . 9 ~ 4 5 4 7 7 0 ~  no 

32031 

33010 

41011 

42'201 

50110 

70000 

e47no 

13070 

14010 

22011 

2 2 2 0 0  

24000 

31070 

370'31 

40007 

41010 

5 i c o n  

03101 

ocooo 

12070 

i 3 n w  

70111 

? I l l 0  

22100 

30020 

313'lO 

O.K68?1297F 00 

0 . 9 0 4 5 4 7 7 ~ ~  oe 

0.7841 564oE-00 

0.71039122E 0 O  

0.14?07824F-00 

0.14207RZLE-CC 

0.14207P24E-00 

0.7e41564°E-00 

0.42623473E-00 

0.14707R24E-00 

0.14207824E-00 

0.857469LbE 09 

O.LZA23473F-00 

0.32787041.F 01 

o . I ~ ? c ~ R ~ ~ E - ~ o  

0.2841564CE-00 

0.42b73473E-f10 

@.14?078 74F-Of? 

0.14707814E-flC 

0.2841564QE-00 

0 . 4 2 h z i 4 7 3 ~ - ~ r  

0.7 4207824~-0n  

0.7~47 5 6 4 ~ ~  ni 

0.2841544eF 01 

o . z ~ + I E F ~ ~ c - ~ ~  

0.1059095LE 01 



P R C T G N  CY 0 INC. K.E. I Y E V )  I S  2000.0 A I S  16. Z I S  8 .  6 0 0 0  IhC. HIS?OR?FS 1.1 WEV CUTOFF EN. 

C R C S S  S E C T I O N S  ( M E )  FO'? VARIOUS C@MBIYATI@b!S O F  EVITTED CASCADE PARTICLES 
1 S T  NO. I S  NO. O F  P R O r O N S  EMITTED 2 Y O  I S  NC. CF N E U T R O N S  3R3  I S  YO. 3F P I +  4TH I S  NO. O F  P I C  5TH I S  N O .  OF P I -  

C ON T ? NU E0 

32000 

4 1 0 0 0  

02110 

1 ? 0 2 0  

1 2 0 1 0  

20011 

21001 

3 0 0 0 1  

0 2 0 0 1  

11010 

20010 

01010 

10010 

0 1 0 0 0  

0.25574083E 0 1  

0.18470171E C1 

0.42623473E-00 

0.18470171E 0 1  

0.17049389E 01 

0.56831297E 00 

0.15628606E 01 

0.71039122F 00 

o . i 4 2 0 7 a 2 4 ~ - 0 0  

0.59672861F 01 

0.20994865E 01 

0.71039122E 00 

0.1704938SE 0 1  

0.34098778E 01 

4 0 0 0 1  

50300 

02200 

211 c 1  

1 2 1  00 

20020 

21010 

3 0 0 1 0  

0 2 1 0 0  

11100 

201 00 

0 1 1 0 0  

1 0 1  00 

10000 

0.2 8415649F-00 

0.14707824F-00 

0.42623473E-00 

0.69618338F 0 1  

0.41702690E 0 1  

0.19890954E 01 

0.29836430E 0 1  

0.71039122E 00 

0.19470171E 0 1  

0.14776137E 02 

Cm42623473E-00 

0.476 23473=-00 

0.11366255E 01 

0.12360807F 02  

400 10 

02020 

03100 

1 1 1 1 0  

19000 

2 0 1 0 1  

21100 

31000 

0300') 

1 2 0 0 0  

71000 

02000 

11000 

0.78415h49E-00 

0.14207R24F-00 

0.14207824E-00 

0.65355991F 01 

0.12787041E 01 

0.18470171; 01 

0.539R9732E 01  

0.41202690E 01 

0 . 2 a 4 1 5 6 4 0 ~ - 0 0  

0.55410514E 0 1  

0.12076651E 0 2  

9.1"Eo0Q54E 01 

3.9622Q952E 02 

4 0 1 0 0  

0 2 l O l  

01.000 

1 7 0 0 1  

z o n w  

z c i i n  

22or)o 

4G000 

1 IC01 

? O V 0 ?  

3 0 0 0 0  

l C 0 0 l  

? O O O O  

0.14207824E-00 

0.147P7?24E-00 

0.28415649E-00 

0.28415649E-00 

0.14207824E-00 

0.14?07P26F-00 

0.25574083F 01 

0.56831207E 00 

0.2841564aE-00 

0.99454770E 00 

0.3Q78P9O8F 01 

0.1.2h23473E-00 

0.31115135F 07  



PROTON CN 0 INC. K.E. fMEV) IS 200e.O A I S  16. 2 IS 8. 6 0 0 0  INC. HISTORIFS 1.1 MFV CUTOFF FV. 

ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM 1-00 TO 0.95 
(THETA FROM 0 DEG. 0 M I N .  TO 1 8  OEG. 1 2  M1N.I 

N I E )  IS (FRACTION OF PARTICLES I N  DELTA MU)/ lOELTA YU)(D€LTA E l  

E(MEV) IS CENTER OF INTERVAL N IS (SUM OVER N ( E I ) ( O E L T A  MU)(OELTA E) 

PROTONS 
CELTA E(MEV) 100.0 

E(MEVI 

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

1050.0 

11 50.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N I E )  

0.192E-01 

0.113E-01 

0.715E-02 

0.458E-02 

0.51 5E-02 

0 4 8 6E- 0 2  

0.701E-02 

0.5 1 5  E- 02 

3.687E-02 

0.644E-02 

0.615E-02 

0.572E-02 

0.601E-02 

0.701E-02 

0.515E-02 

0.4 5 8 E- 02 

0.100E-01 

0.126E-01 

0.2 17 E- 01 

0.433E- 01 

N IS 1.000E 00 

NEUTRONS 
DELTA E(MEVI 100.0 

€(MEV) 

50.0 

150.3 

250.0 

350.0 

450.0 

550.0 

650.0 

750 0 

850.0 

550.0 

1050.0 

1150.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N ( E )  

0.263 E-01 

0.151E-01 

0.1  13 E- 0 1  

0.790E-02 

0.766E-0; 

0 8 1bE-02 

0.623E-02 

0.814E-02 

0.79GE-02 

0.671E-02 

0.743 E- 02 

0.766E-02 

0.743 E-02 

0.814E-02 

0.447E-02 

0.838E-02 

0.141E-01 

0.766 E-02 

0.105E-01 

0.168E-01 

N I S  1.OCOE 00 

P I +  
DELTA E(MEV) 100.0 

E(YEV1 

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

’350.0 

1050.0 

1150.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.9 

N( E)  

0.896E-02 

0.746E-02 

0.269E-01 

0.164E-01 

0.343E-01 

0 35 8 E-01 

0.254E-01 

0.239E-01 

0.119E-01 

0.2S?E-02 

0. 299E-02 

0.149E-02 

0. 

e. 

0 1 4 9  E-02 

0. 

0. 

0. 

0. 

0 .  

N IS 1.000E 00 

P I 0  
DELTA E(MEV) 100.0 

E(YEV) 

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.6 

950.0 

1050.0 

1150.0 

12‘0.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N ( E )  

0.128 E - 0 1  

0.106E-01 

0.213 E - 0 1  

0.234F-01 

0.191E-01 

O.34OE-01 

0.755E-01 

0.128 E - 0 1  

0.170E-01 

0.638E-02 

0. A5 1 F- 07  

0.639E-nT 

0. 

0. 

0.21 3 E- 0 2 

0. 

0. 

e.  

0. 

0. 

Y IS 1.000F on 

PI- 
DFLTA E(M5V) 1r)O.O 

E ( M E V )  

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

7*0.0 

850.0 

950.0 

1n50.0 

1150.0 

1 2 ~ 0 . 0  

i i 5 0 . n  

1450.n 

1550.0 

1 4 5 0 . 0  

175C.O 

1359.0 

195C.O 

N ( E )  

O.XS9E-01 

0.127E-01 

0.190F-OI 

0.222E-01 

O.952E-02 

0. 

n. 

0. 

0. 

0. 



PRSTOh CN 0 INC. K.E. I M E V )  I S  2000.0 A I S  16. Z I S  8. 5000 INC. HISTORIES 1.1 Y E V  CUT3FF EN. 

E Y E R G Y  SPECTRA O F  CASCADE PARTICLES WI-rt' Y U  F R O Y  0.05 TO 0.90 
(THETA FRGM 1 8  OEG. 1 2  YIN. TO 25 DE:. 5 1  Y 1 N . I  

N ( E )  I S  (FRACTION O F  PARTICLES TN DELTA YU)/(DELTA YUI(0ELTA E l  

E(MEV) I S  CENTER OF IYTERVAL 

PROTONS 
DELTA EIMEVI 100.0 

E (  MEV) 

50 .O 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

1050.0 

1150.0 

1250.0 

13  50 ..o 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N I E )  

0.400E-01 

0.277E-01 

0.157E-01 

0.149E-01 

0.111 E-01 

0.140E-01 

0.979E-02 

0.809E-02 

0.596E-02 

0.596E-02 

0.2 98E- 02 

0.426E-02 

0.511 E-02 

0.468E- 02 

0.851E-02 

0.979 E- 02 

0.851 E-02 

O.298E-02 

0. 

0. 

NEUTRONS 
DELTA E I M E V )  100.0 

E ( Y E V )  

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

$50.0 

1050.0 

1150.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1950.0 

1950.0 

N ( E )  

0.5 e5 E - 0 1  

0.330E-01 

0.140E-01 

0.120:-01 

0.100E-01 

0.950E-02 

0.7COE-02 

0.900E-02 

0.550E-02 

0.700 E-02 

0.850E-07 

0.700E-02 

0.900 E-02 

0.3 5@ E- 02 

0.150 E-02 

0.350E-02 

0.150 E-02 

0. 

0. 

0. 

P I +  
DELTA E(ME'J) 100.0 

hi IS (SUM O V E R  N ( E I ) ( D E L T A  MUltOELTA E )  

E(YEV) 

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

1.0 50.0 

11.50.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N( E l  

0.301 E - 0 1  

0.645 E-02 

0.323E-01 

0.387E-01 

0 .30 lE-01 

0.2 80 E - 0 1  

0.151 E - 0 1  

0.108E-01 

0.215 E-02 

0.430E-02 

0.2 15 E- 02  

0. 

0. 

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

P I 0  
DELTA F ( M E V )  100.0 

E (  M E V )  

50.0 

150.0 

250.0 

750.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

1050.R 

1150.0 

1250.0 

3350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N ( E 1  

0.189E- 0 2  

0.263E-01 

0.447E-01 

0.263E-01 

0.316E-01 

0 - 4 2  1 E - 0 1  

0 .158E-01  

C .  

0.763E-02 

0. 

0. 

0. 

0. 

0.263 E- 0 2 

0. 

0 .  

0 .  

0.  

0.  

0 .  

P I -  
DELTA E ( M E V 1  100.0 

E l  M E V I  

5o.c 

150.0 

250.0 

350.* 

450.0 

550.0 

650.0 

750.P 

850.0 

O50.0 

1050.0 

1150.0 

1750.0 

1350.0 

1450.0 

1550.0 

165P.O 

1750.0 

1850.0 

1qqo.o 

k(E) 

0.226E-01 

0.113F-Ol 

0.415E-01 

0.264E-01 

0 -41  5 E-01 

0. 151E-01 

0.264E-01 

0.377E-02 

0.'77E-02 

0.377E-02 

0. 

0.377E-02 

0. 

0. 

0. 

0. 

e. 

0. 

0. 

0.  

hi I S  1 . o o o i  00 hi I S  1 .OCOE 00 hi I S  1.000E 00  N I S  1.000E 00 N I S  1.9OOF (10 



PROTON CN 0 INC. K.E. (MEV) I S  2000.0 A I S  16. 2 IS 8. 60CO INC. H I S T O R I E S  

ENERGY SPECTRA OF C A S C A D E  PARTICLES WITH MU FROM 0.60 TO 0.40 
(THETA FROM 53 OEG. 8 MIN. TO 66 DEG. 2 5  MIN.1 

N(E)  IS (FRACTICN OF PARTICLES IN  DELTA MU)/(DELTA MU)(DFLTA E )  

E I M E V )  I S  CENTER OF INTERVAL 

PROTONS NEUTRONS 
DELTA E ( M E V 1  200.0 DELTA E ( M E V )  200.0 

E (  M E V )  

100.0 

300.0 

500.0 

700.0 

900.0 

1100.0 

1300.0 

1500.0 

17CO.O 

1900.0 

N ( E I  

0.1 ¶9E-01 

0.442E-02 

0.575E- 03 

0.3 59 E-04 

0.359E-04 

0. 

0. 

0. 

0. 

0. 

E ( M E V )  

100.0 

300.0 

500.0 

700.0 

900.0 

1100.0 

1300.0 

1500.0 

1700.0 

1900.0 

N (  Et 

0.204E-01 

0.404E-02 

0.439E-03 

0. 1 2 E - 0 3  

0. 

0. 

0. 

0. 

0.  

0. 

h' IS 1.000E 00 N I S  1.000E 00 

1.1 M E V  CUTOFF FN. 

N IS ( S U M  (IVER N(E))(OFLTA PUI(DELTA E )  

P I +  P 10 PI- 
OELTA E(MEV) 200.0 OELTA E(MEV) ?OO.O DELTA E(MEV) 200.0 

E( M E V  1 

100.0 

300.0 

500.0 

700.0 

sioo.0 

1100.0 

1300.0 

1500.0 

1700.0 

1900.0 

N( E )  

0.164E-01 

0.645E-02 

0.1?4E-02 

0 538 E-03 

0.26SE-03 

0, 

0. 

0. 

0 .  

0.  

E l  MEV) 

100.0 

300.0 

500.0 

700.0 

900.0 

1100.0 

1300.0 

15n0.0 

1700.0 

1900.0 

Y I F I  

0.142E-01 

0.923E-02 

0. I 5  4E-0 2 

0. 

P. 

0. 

0. 

0. 

0 .  

0. 

E(MEV1 

100.0 

3qO.O 

500.0 

70c1.0 

aoc1.0 

I1r)O.C 

1300.0 

1500.0 

1.700.0 

1a00.0 

N(F)  

0.210E-OL 

0.4P2E-02 

0. 

n. 

0. 

e. 

n. 

0. 

0. 

0. 

N I S  r . n c ~ ~  no N IS 1.000E 00 N IS O. lOOE 0 1  



PQOTON ON 0 I N C .  K.E. ( Y E V I  I S  2000.0 A I S  16. 2 I S  8 .  6 0 O C  I N C .  H I S T O R I E S  1.1 MEV C U T O F F  EN. 

ENERGY S P E C T R A  O F  C A S C A D E  P A q T I C L E S  d I T H  YU FROM 0.10 T 3  -0.10 
( T H E T A  FRCM 84 O E G .  I6 P I N .  T O  9 5  DEG. 44 MIN.1  

N ( E I  I S  ( F R A C T I O N  O F  P A R T I C L E S  I h  D E L T A  M U ) / ( D E L T A  Y U ) ( O E L T A  E )  

E ( M E V )  I S  C E h T E R  OF I N T E R V A L  

PROTONS 
C E L T A  E I M E V )  200.0 

E (  MZV)  Y I E I  

100.0 0.246E-01 

300.0 0 . 3 5 0 E - 0 3  

500.0 0. 

700.0 0. 

900.3 0. 

1100.0 0. 

1300.0 0. 

15CO.c) 0. 

17CO.O 0. 

1900.0 0. 

N I S  0.100E 01 

NEUTRONS 
D E L T A  E ( M E V )  200.0 

E ( M E V )  N (  E )  

130.0 0.244E-01 

300.0 0 . 6 1 0 E - 0 3  

5 0 0 . 0  0. 

700.0 0. 

900.0 0. 

1100.0 0. 

1330.0 0. 

1500.0 0. 

1700.0 0. 

1900.0 0. 

N I S  1.000E 00 

P I +  
D E L T A  E ( M E V 1  200.0 

E ( Y E V )  N1 E )  

100.0 0 . 2 1 2 E - 0 1  

300.0 0.340E-02 

500.0 0 . 3 8 5 E - 0 3  

700.0 0. 

900.0 0. 

1100.0 0. 

1300.0 0 .  

1 5 0 0 . 0  0. 

1700.0 0 .  

1900.0 0. 

h I S  ( S U M  G V E R  N ( E ) ) ( O E L T A  M U ) ( O E L T A  E l  

Y I S  1 . 0 0 0 E  00 

PI0 
D E L T A  E f M E V )  2 0 0 . 0  

E ( M E V I  N ( E 1  

100.0 0.240E-01 

300.0 0 . 9 8 0 E - 0 3  

500.0 0. 

700.0 C .  

900.0 0.  

1100.0 0. 

1300.0 0 .  

1500.0 0. 

1700.0 0. 

1900.0 0. 

N IS 1.000E 00  

P 1 -  
D E L T A  E ( M E V )  200.0 

E ( M E V I  N ( E )  

100.0 0.221E-01 

300.0 0.28RE-02 

500.0 0. 

700.0 0. 

900.0 0. 

llr30.0 0. 

1300.0 0. 

1500.0 0. 

17r)O.O 0. 

19')o.o 0. 

N I S  1.000E 00 



P R O T O N  CN 0 I N C .  K.E. ( M E V I  JS 2000.0 A I S  16. 2 IS 8. 6000 INC. H I S T O R I E S  

ENERGY S P E C T R A  OF C A S C A D E  P A S T I C L E S  W I T H  MU FROM -0.40 T O  -0.50 
( T H E T A  FROM 113 DEG. 35  M I N .  TO 124  OEG. 54 MIN.) 

N ( E i  IS ( F R A C T I O N  O F  P A R T I C L E S  I N  D E L T A  M U i / ( D E L T A  M U l ( 0 E L T A  E l  

E ( M E V 1  I S  C E N T E R  OF I N T E R V A L  

PROTONS N E U T R O N S  
D E L T A  E ( M E V )  200.0 D E L T A  E I M E V )  200.0 

E (  WEVI  

100.0 

300.0 

5CO.O 

700.0 

900 -0 

1100.0 

1300.0 

1500.0 

17CO.O 

1900.0 

N IS 

N ( E )  

0.2 50E- 01 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.100E 01 

E (  “ I V I  

100.0 

300.0 

500.0 

700.0 

900.0 

1100.0 

1300.0 

1500.0 

1700.0 

1900.0 

N I S  

N ( E I  

0.248E-01 

0.155E-03 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.100E 01 

1.1 MEV C U T O F F  FN. 

N IS ( S U M  O V E R  N ( E l I ( 0 E L T A  M U I ( D E L T A  E )  

PI+ P IO P T -  
D E L T A  E ( M E V I  200.0 D E L T A  E ( M E V I  200.0 O F L T A  E ( H E V )  200.0 

E ( M E V 1  

100.0 

300.0 

500.0 

700.0 

900.0 

1100.0 

1300.0 

1500.0 

1700.0 

1900.0 

hi IS 

N ( E )  

0 . 2 3 6 E - 0 1  

0.136E-02 

0. 

0. 

0. 

0. 

0 .  

0. 

0. 

0. 

1.000E 00 

E ( M E V )  

100.0 

300.0 

500.0 

700.0 

900.0 

1100.0 

1300.0 

1500.0 

1700.0 

190q.O 

N I S  

N ( E )  

0.244E-01 

0.441F-03 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.100E 01 

E ( M E V )  

?Q@.C 

700.0 

5 Q O . O  

700.0 

970.0 

1100.0 

1300.0 

15oo.r 

1700.0 

lcqo.@ 

N IS 

N ( E I  

0.250E-01 

0. 

0. 

n. 

0. 

0. 

0. 

0. 

0. 

0. 

1.000E 00 



INC. K.E. (YEV)  I S  2000.0 A i S  16. 2 I S  8. 6 0 0 0  I&C. HIST03IES 1.1  M E V  CUTOFF EN. 

K a t .  1 5  

K.E. 

40.00 

120.00 

200.00 

ZEO.00 

360. a0 

440.00 

520.00 

ENFRGY SJECTRUW O F  EMiTTED C A S C A O E  P93'3NS 

0 TO 0.2000000E 0 4  M E V  0 GFL 

- - -  THE CENTER O f  THE ENERGY INTERVAL I Y  M E V  N ( E )  I S  THE FRACTION 3F TOTAL NUMBER OF FMITTED D R G T O N S  /0ECTA E 

N ( E )  K.E. 

0.5455118E-02 600.00 

0.182047OE-02 680.00 

0.9270134E-03 760.00 

0.4593121E-03 840.00 

0.3397651E-03 920.00 

0.2894295E-03 1000.00 

0.2 369966 E- 03 

N( E )  K.E. 

0.1950503E-03 1O80.00 

0.14261 74E-03 1160.00 

0.1593960E-03 1240.00 

0.1 656879E-03 1320.00 

0.1300336 E-03 1400.00 

1480.00 0.11535 23E-03 

N I E )  K. E. 

0.104A658E-03 1560.00 

0.9857383E-04 1640.90 

0.1 1 3  25  50 E- F? 1720. no 

0 1048658E-  O7 1 eoo. 00  

0.  I11 1577E-03 1880.00 

O.859RQ93E-04 1960.  00 

N ( E )  

0 . 1 0 2 7 6 8 5 ~ - n 3  

0.161 49 33E-03 

0.132?309F-03 

0.1845638E-03 

0.322QRthE-03 

0.5411 074E-03 



PROTON ON 0 INC. K.6. ( M E V )  I S  2000.0 A IS 16. Z IS 8. 6000 INC. HISTORIES 1.1 Y E V  CUlnFF EN. 

E N E R G Y  SPECTRUM OF E M I T T E D  C A S C A D E  NEUTRONS 

0 TO 0.2000000E 04 M E V  0 QFC 

K.E. IS T H E  CENTER OF T H E  ENERGY INTERVAL I N  M E V  N ( E )  IS ?HE F R A C T I O N  OF TOTAL NUMBER OF EMITTED YEUTRONSIDELTA E 

K.E. 

40.00 

120.00 

200.00 

280.00 

360.00 

440.00 

520.00 

N ( E )  K .  E. 

0.620 5807E-02 600.00 

0.1807907E-02 680.00 

0.9026141E-03 760.00 

0.5115706E-03 840.00 

0.3856867E-03 920.00 

0.3080137E-03 1000.00 

0 2 3 837 5 8 E-0 3 

N( E )  K.E. 

0.200 87 85E-03 1080.00 

0.1 526677E-03 1160.00 

0.195 52 17E-03 1240.00 

0.1 3391 90E-03 1320.00 

0.1071352 E-03 1 400.00 

0.1205271E-03 1480.00 

N ( E I  K.E. 

O.I.071352€-@3 1560. Or) 

0.1124920E-03 1640.00 

0.125 8839E-03 1720.00 

0.8 30 2979 E-04 1f3oo.m 

0.8035141E-04 1E80.00 

0. E, 89243 6 E-04 1.~6o.no 

N ( E )  

0.1044568E-03 

0.1285622E-03 

P.9410007E-04 

0.5086922E-04 

C.7 2856ZZE-03 

0.1409Q9v-@3 



PROTCh CN 0 INC. &.E. ( M E V )  I S  2000.0 A I S  16. Z I S  9. 6 0 0 0  INC. t i I S T n R I E S  1.1 MEV CUTOFF E \ .  

ENERGY S P E C T R d M  OF EYITTED C A S C A O E  P I +  

0 TO 0.2000000E 0 4  MEV 0 0 F C  

K.E. I S  THE CENTER @ c  THE E N E R G Y  INTERVAL I N  M E V  N I E )  I S  THE FRACTION CF TOTAL NUMBER O F  EMITTFD P I +  I DFLTA E 

K.E. 

40.00 

120.00 

200.00 

280.00 

360.00 

440.00 

520.00 

N (  E )  %.E. 

0.4047030E-02 600.00 

0.2128713E-02 680.00 

0.1410891E-02 760.00 

0.1113861E-02 94G.00 

0.1051 980E- C2 920.00 

0.6435644E-03 1000.00 

0.7425743E-03 

N I  E )  K.E. 

0.3712871E-03 1080.00 

0.4207921E-03 1160.00 

0.2 2277 23 E-03 1240.00 

1320.00 0.1856436E-03 

1400.00 0.6 1 8 81 1 9  E-04 

0.371 28 7 1  E-04 1480.00 

N ( E )  K.E. 

0.?712871E-04 1560.00 

0.12376%4E-04 1640.00 

0. 1720.00 

0. 1 eco. 00  

0. 1 e m .  on 

0.1237624E-04 1960.00 

N ( F )  

0. 

0.  

0. 

0. 

0.  

0. 



PROTON ON 0 INC. K.E. ( M E V )  IS 2000.0 A IS 16. 2 IS 8. 6000 INC. H I S T O R I E S  1.1 MEV CIJTOFF EN. 

ENERGY SPECTRUM OF EMITTED C A S C A D E  P i 0  

0 TO O.EOOOOOOE 04 M E V  0 @FL 

K.E. IS T H E  CENTER OF THE ENERGY INTERVAL I N  M E V  N I E )  IS THE FRACTION OF TOTAL NUMBER O F  F M I T T E D  P I @  / DELTA E 

K.E. 

40.00 

120.00 

200.00 

280.00 

360.00 

440.00 

520.00 

N(Et  K.E. 

0.42036 BO€- 02 600.00 

0.2157360E-02 680.00 

0 1522843 E- 02 760.00 

0 12 531 73 E- 02 840.00 

0.8724620E-03 920.00 

0.7772843E-03 1000.00 

0.4917513E-03 

N(E) K.E. 

0.42 82995E-03 1 ORO.00 

0.301 39 59E-03 1160.00 

0.1 11 0406E-03 1240.00 

0.1 9035 53E-03 1320.00 

0.475ma3 E-04 1400.00 

0.1586294E-04 1480.00 

NtE) K.E. 

0.47588a3~-04 1560.00 

0.4758883E-04 1640.00 

0. 1 720.00 

0.1586294E-04 1 eoo. 00 

0.1566294E-04 1P83.OP 

0. 1560.00 

“]E) 

0. 

0. 

0. 

0. 

0. 

0. 



PROTON CN 0 1.1 M E V  C V T O F F  Ehl. INC. K.E. ( M E V I  I S  2000.0 A I S  16. Z I S  8 -  6 0 0 0  I N C .  HISTf lQIFS 

E Y E R G Y  SPECTRUM O F  EYITTED CPSCADE P I -  

0 TO 0.2000000E 04 M E V  0 @FL 

K.E. I S  THE CENTER OF THE E N E R G Y  INTERVbL I N  M E V  N ( E )  I S  THE FRACTION OF TOTAL NUHRER O F  EMITTED P I -  / DELTA E 

K.E. 

40.00 

120.00 

200.00 

280.00 

360.00 

440.00 

520.CO 

N (  E )  K.E. 

0.4973118E-02 600.00 

0.2016129E-02 680.00 

0.1433652E-02 760.00 

0.11648 75 E- 02 840.00 

0.8288531E-03 920.00 

0.5376344E-03 1000.00 

0.40322 58E-03 

N I E )  K.E. 

0.492 8316 E-03 1080.00 

1160.00 0.2688172E-03 

0.1344086E-03 1240.00 

0.6720430E-04 1320.00 

0.89605 74E-04 1400.00 

0.4480287 E-04 1490.CO 

N ( E I  K.E. 

0. 1560.00 

1640.00 0.2 240143E-04 

0. 1720.r)O 

0. 1800.00 

0. 1880.00 

0.2240147E-04 i s c ? . n o  

N I E I  

0. 

0. 

0. 

0. 

0. 

0. 



PROPON ON 0 INC. K.E. (MEV) IS 2000.0 A I S  16. 2 I S  8. 6 0 0 0  INC. HISTORIFS 1.1 M E V  CUTOFF FN. 

ENERGY SPECTRUM OF EMITTED CASCADE PARTICLES 

0 TO 1000 YEV 

N ( E )  IS THE FRACTION OF TOTAL NUMBER OF EMITTED PdRTICLES/OELTh E 
K.E. IS THE CENTER OF THE ENERGY INTERVAL I N  MEV N I S  (SUM OVER HISTOGRAM FROM 1 TO 1000 M E V )  (DFLTA E l  

K. E. 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

PROTONS 
N ( E )  

0.6 8859COE-02 

0.2822148E-02 

0.1684564E-02 

0.1 11 4094E- 02 

0.731 5436E-03 

0.4429530E-03 

0.3 85906CE-03 

0.33557C5E-03 

0.2751678E-03 

0.2617450E-03 

0.271 8 1  2 1  E-03 

0.181 2081E-C3 

0.187?1$5E-03 

0.1 543624E-C3 

0.1442953E-03 

0.161 0738E-03 

0.1644295E-03 

0.15771 el E-03 

0.1375839E-03 

0.114094OE-03 

N I S  0.8307046E 00 

NEUTRONS 
N ( E I  

0.7 8 8 5 1  5 1  E-02 

0.3 029784 E-02 

0.1744161 E-02 

0.9770731 E-03 

0.775 65 89 E-03 

0.531 3906 E-03 

0.4028284E-03 

0.3556889E-03 

0.3128348E-03 

0.2742661 E-03 

0.2314I20E-03 

0.2056996E-03 

0.2 2 2  8412 E-03 

0.141 4 1  85 E-03 

0.1714163 E-03 

0.1928434E-03 

0.1457039E-03 

0.1199914E-03 

0.1028498E-03 

0 1 11 420 6 E- 03 

N I S  0.8967216E 00 

P I +  
N(E) 

0.4099010E-02 

0.368316RE-02 

0 - 1 7 8 2 1 7 8  E-02 

0 .  I 4 6 5 3 4 7  E-02 

0.1366337E-02 

0.9 5049 50  E- 03 

0.1247525E-02 

0.1009901 E-02 

0.6138614 E-03 

0.7128713E-03 

0.8316832 E-03 

0.376237fE-03 

0.4356436E-03 

0 316 8 3 1 7 5 0 3  

0.3168317E-03 

0.737623 8E-03 

0.1980198E-03 

0.1?88119E-03 

0.5940594E-04 

@.5°40594E-04 

N IS 0.9940593E 00 

P I 0  
N(E) 

C.4162437E-CZ 

O.1604061 E-02 

0.2081218E-02 

C.154Q223E-02 

0 1497462E-02 

0.1294416E-02 

0.101 5228E-C2 

0.8121827E-03 

0.88R3249E-03 

0.456852PE-03 

0.6091371E-0? 

0.5076142E-03 

0.4060914E-C3 

0.25?8071E-03 

0.76 1 6 2  1 7  E-04 

C.1776650E-03 

0.1522847E-03 

C. 1522847E-03 

C. 

0.7614213E-04 

N IS 0.C8857P6E 00 

P l -  
N ( F )  

0.562734@E-02 

0.351 7 545 E-02 

0.1792115E-02 

0.1469534E-02 

C. 1 200323 E- 02 

0. 12  54480 E- 02 

0.9'189S6E-03 

0.78953P5E-03 

0.5376344E-03 

0.4701075E-03 

0.4659498E-03 

@.5017°21 E-03 

0.4301075E-03 

0.3275806E-03 

0. f 4336CZF-03 

0.3075269E-93 

0.71 6845CE-r)4 

V.7168459E-04 

0.1075769F-O3 

0.768422QE-04 

N I S  0.9046235F 00 
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I N C I D E N T  INC. LAB. TARGET NO. OF INC. CUTOFF GEOMETRIC NO. OF INC.  
P A R T I C L E  K.E.(MEV) SYMB. A 2 P A R T I C L E S  EN.(MEVI X-SEC.(MB) PART. C O L L I S I O N S  

PROTON 2000 0 1 6  B 06000 1.11 852.5 0 2 4 5 6  

( O S I G M A I  (DDMEGA X DE) IMP)/( STERAOIAN-MEV) 
T Y P E  OF CASCACE P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( D E G )  NO. OF ENERGY I N T E R V 4 L S  D E L T A  E ( M E V )  

PROTON 0. TO 10.00 2 5  8O.OOC0 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  ’r I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  R 

7 . 2 5 6 1 E - 0 1  5 . 3 9 5 5 E - 0 1  2 . 9 7 6 8 E - 0 1  1 . 3 0 2 4 E - 0 1  1 . 6 7 4 5 E - 0 1  2 . 4 1 8 7 E - 0 1  1 . 4 8 8 4 E - 0 1  2 . 7 9 0 8 F - 0 1  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  15  I N T E R V A L  16 

2 . 7 9 0 8 E - 0 1  3 . 7 2 1 1 E - 0 1  3.1629E-01 3 . 5 3 5 0 E - 0 1  3 . 9 0 7 1 E - 0 1  3 . 9 0 1 1 E - 0 1  3 . 7 2 1 1 E - 0 1  3 . 9 0 7 1 E - 0 1  

I N T E R V A L  17 I N T E R V A L  18 I N T E R V A L  1 9  I y T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  23  I N T E R V A L  24 

5.5816E-01 4 . 2 7 9 2 E - 0 1  3.5350E-01 2 . 2 3 2 6 E - 0 1  4 . 2 7 9 2 E - 0 1  2 . 7 9 0 8 E - 0 1  3 . 1 6 2 9 E - 0 1  1 . 6 9 3 1 E  00 

I N T E R V A L  25 

4.7C71E 00 

( D S I G Y A I ( D 0 M E G A  X D E )  ( M B ) / ( S T E R A D I A N - M E V )  
T Y P E  OF CASCACE P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( D E G )  NO. OF ENERGY I N T E R V A L S  OFLTA E ( M E V )  

30.00 2 5  RO.n000 PROTON 10.00 TO 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  8 

5 . 5 6 8 3 E - 0 1  3.0697E-01 2 . 6 1 1 6 E - 0 1  1 . 4 2 7 8 E - 0 1  1.3088E-01 1.2136.E-01 1 . 2 6 1 2 E - 0 1  1 . 0 7 0 8 E - 0 1  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  12 I N T E R V A L  13 I N T E R V A L  14 I N T E R V A L  1 5  I N T E R V A L  I 6  

9.2805E-02 9.0425E-02 1 . 0 7 0 8 E - 0 1  6 . 6 6 2 9 E - 0 2  6 . 4 2 5 0 E - 0 2  5 . 4 7 3 1 E - 0 2  6 . 1 8 7 0 E - 0 2  6 . 6 6 7 9 E - 0 2  

I N T E R V A L  17 I N T E R V A L  18 I N T E R V A L  1 9  I Y T E R V A L  20 I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  23 I N T E R V A L  2 4  

4 ~ 2 8 3 3 E - 0 2  6.9009E-02 4.7592E-02 8 . 8 0 4 6 E - 0 2  1 . 2 8 5 0 E - 0 1  1 . 1 4 2 2 E - 0 1  1 . 6 8 9 5 E - 0 1  1 . 4 9 9 2 E - 0 1  

I N T E R V A L  2 5  

l . l B 9 8 E - 0 2  



I N C I D E N T  I N C .  L A B .  T A R G E T  NO. O F  I N C .  C U T O F F  G E O M E T R I C  NO. OF I N C .  
? A R T I C L E  :<.E.(MEV) SYMB. A Z P A R T I C L E S  E N . ( M E V )  X - S E C . l M 8 )  PAPT.  C O L L I S I O Y S  

PROTON 2000 0 16 8 06000 1.11 8 5 2 . 5  02456 

S l j M  OF C S I G I I D O M E G A  X D E )  X D E  E Q U A L S  0 . 1 1 5 1 E  04 M B / S I E R A D I A N  FOR C A S C A D E  PROTON W I T H  T H E T A  FROM 0.  TO 10.00 OEG 

A V E R A G E  ENERGY E Q U A L S  0 . 1 3 7 4 0 2 E  04 H E V  F O R  C A S C A D E  PROTON WITH T H E T A  FROM 0. T O  10.00 OEG 

SUM O F  D S I G / ( C O M E G A  X O E l  X D E  E Q U A L S  0 . 2 5 4 3 E  03 M B / S T E R A D I A N  F U R  C A S C A D E  PROTON W I T H  T H E T A  FROM 10.00 T O  30.00 D E G  

A V E R A G E  ENERGY E Q U A L S  0 . 7 2 9 7 6 0 E  03  MEV FOR C A S C A D E  PROTON W I T H  T H E T A  FROM 10.00 TO ?D.OO DEG 



I N C I D E N T  I N C .  LAB.  T A R G E T  hl0. OF I Y C .  C U T O F F  G E 3 M E T R I C  NO. OF I N C .  
P A R T I C L E  K.E.IMEV) SYMB. A 2 ? A R T I C L E S  E N . ( Y E V )  X-SEC.(MBI  ?APT. C O L L I S I O N S  

PROTON 2000 0 1 6  8 06000 1.11 852.5 02456 

(DSIGVA! (OOMEGA X D E I  ( M B ) / (  S T E R A D I A N - M E V )  
T Y P E  OF C A S C A O E  P A R T I C L E  LAP. ANGULAR I N T E R V A L  ( D E G )  NO. OF E N F R G Y  I N T E R V A L S  O E L T A  F ( c l E V 1  

I N T E R V A L  1 

4 . 8 5 3 3 E - 0 1  

I N T E R V A L  9 

4 . 5 6 5 4 E - 0 3  

I N T E R V A L  17 

6 . 5 2 7 7 E - 0 4  

I h T E R V A L  25  

0. 

PROTON 30.00 T O  90.00 7 5  80. 00OO 

N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I Y T E R V A L  * 
1 . 8 3 4 3 E - 0 1  9 . 6 9 3 6 E - 0 2  4 . 8 6 3 1 E - 0 2  7 . 1 9 8 6 E - 0 7  3 . 4 1 5 2 E - 0 2  1.6072E-07 1 . 0 7 7 1 E - 0 2  

N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  1 5  I N T F 9 V A L  16 

5 . 8 7 4 9 E - 0 3  5 . 5 4 8 5 E - 0 3  4 . 9 9 5 8 F - 0 3  2 . 2 R 4 7 E - 0 3  1 . 9 5 P 3 E - 0 3  3.2638E-na 1 . 6 a l o E - 1 3  

V T E R V A L  18 I Y T E R V A L  19 I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  22  I N T E R V A L  Z 2  I Y ' E R V P L  2 4  

3 . 2 6 3 8 E - 0 4  6 . 5 2 7 7 E - 0 4  0. 0. 0. 0. 0. 

( D S I G M A / ( O O M F G A  X D E I  l M B ) / (  S T E R A D I A N - Y E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. A Y G U L A R  I N T E R V A L  ( D E G )  NO. OF 

PROTON 90.00 TO 150.00 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 

2.3771E-01 4.1833E-02 5 . 3 7 0 5 E - 0 3  8 . 4 7 9 7 E - 0 4  0. 0. 

I N T E R V A L  9 I N T E R V A L  10  I N T E R V A L  11 I N T E R V A L  12 I N T E R V A L  13 I N T E R V A L  1 4  

0. 0. 0 .  0. 0. 0. 

I~TERVAL 17 IYTERVAL 18 INTERVAL 19  INTERVAL 2n INTERVAL 2 1  INTERVAL 2 2  

0. 0. 0. 0. 0. 0. 

I h T E R V A L  25 

0. 

ENERGY I N T E R V A L S  D E L T A  E I M E V )  

7 5  RO.@?PO 

I N T E R V L L  7 I N T F R V A L  P 

0. 0. 

I N T E R V A L  1 5  I N T E R V A L  I5 

0. 0 .  

I N T E R V A L  23 ' L Y T E R V A L  7 4  

n. 0. 



i k C i 3 E N T  I N C .  L A a .  T A R G E T  NO. OF INC. C U T O F F  G E P M E T P I C  Nn. OF I N C .  
P A R T I C L E  K . F . ( Y F V I  SYYB.  A 2 P A R T I C L E S  E N . ( M E V I  X - S E C .  I M R )  PART. C n I l I S I O I . I S  

P Q J T U N  2000 0 ' I 6  8 3h')CO I. 11 R52.K 07456  

S J M  O F  D S I G / ( S O Y E G A  X 3 E l  X a €  EQUALS @.7415E 02 K B / S T E R A D I A N  FnR C A S C A D E  PROTON W I T q  T H E T A  FROY 30.00 TO SO.OP D F G  

AVERAGE ENERGY E G U A L S  0 . 1 4 5 5 3 5 E  07 Y E V  FOR C A S C A D E  PROTON W I T H  T H E T A  FROM 70.00 T O  CO.PO DEG 

SUM O F  O S I G / ( O O M E G A  X D E I  X D E  E Q U A L S  O . ? Z @ b E  02 M B / S T E R P D I A N  FOR C A S C A D E  PROTON W I T H  T H E T A  FROM 90.00 TI3 l @ O . C ) C  3 E G  

A V E R A G E  E ~ E R G Y  E Q U A L S  0 . 5 5 4 3 0 3 ~  0 2  M E V  F O R  C A S C A ~ E  P R O T O N  WITH T H E T A  F R O Y  90.00 T O  ? e o . n o  DEG 
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I N C I D E N T  INC. LAB. TARGET NO. OF INC. CIJTOFF GEOMETRIC NO. OF IYC.  
P A R T I C L E  K.E.IMEV) SYMB. A Z P A R T I C L E S  EN.lMEV1 X - S E C . ( M B I  PART. COLLISIONS 

PROTON 2000 0 16 a 06000 1.11 852.5 0 2 4 5 6  

NO. OF T I M E S  S P E C I F I E D  
P A R T I C L E  I S  EMITTED ON THE F I R S T  
INC.  P A R T I C L E  C O L L I S I O N  D I V I D E D  
BY THE RiO. OF T I M E S  THE INC. 
P A R T I C L E  TYPE I S  EMITTED 

PROTONS 0 .29279E-00  

P I O N  ABSORPTION 
CROSS SECT. (NB)  

P ION CHARGE 
EXCHANGF C R @ S S  SECT. (ME)  

ANGULAR D I S T R I B U T I D N  OF T k D  CASCADE PROTOhUS AS A FUNCTION OF THE ANGLE, X, RETWEFN THEM. 

OSIGNA / OCMEGA (MB / STERPOIAN)  

I R E A C T I C N S  CONTRIBUTE WYEN THERE ARE NO PICINS. ONLY TWO PROTONS, AN0 ANY NUMBER OF NEUThONS E Y I T T E D )  

X FRCP 

100 - 1 2 0  120 - 140 I40 - I 6 0  15” - l a 0  80 - 100 0 - 20 DEG 20 - 40 4 0  - 60 50 - 90 

0.3750E-00 0.1042E 01 0 .2210E 01 0.1019E 02 0.7097E 01 0 .2356E 01 0.1360E 0 1  0.5209E 00 0.749SE 00 



I YCI D E N T  
PART I C L E  

I N C .  L A B .  
K. E. I H E V  1 

T A R G E T  
SYMB. A 2 

NO. O F  I N C .  
P A R T I C L E S  

CUTf lFF G E O M E T R I C  
Fhl a ( YE V 1 X-  5 E C . < Y 5 ) 

Nrl. O F  I N C .  
DART. C c l L L I S I O V S  

PRO I O N  2 0 0 0  0 15 8 O h O O O  1.11 '352.5 0 7 4 5 6  

( D S I G C A / ( D O K E G A  X D E I  I M B I / I S T E R A D I A N - Y E V )  
T Y P E  CF C A S C A C E  P A R T I C L E  LAB. A y G U L A R  I N T E R V A L  I D E G I  YO. OF ENERGY I N T E R V A L S  D E L T A  E l M E V l  

N E i l T R O U  0. T O  10.00 2 5  80.0000 

I F I l E R V A L  1 I N T E R V A L  2 I N T E R V A L  2 I N T E R V A L  4 I N T E R V b L  5 I N T E R V P L  6 I N T E R V A L  7 IhdTERVAL 8 

6 . R 8 4 0 E - 0 1  3.1629E-01 3 . 3 4 9 0 E - 0 1  1 . 8 6 0 5 E - 0 1  Z . 4 1 8 7 F - 0 1  1 . 3 0 2 4 E - 0 1  1 . 4 9 R 4 E - f l l  7 . 4 4 2 1 E - 0 7  

I ~ T E R V A L  9 I N T F R V A L  10 I N T E R V A L  1 1  I N T F R V A L  1 2  I N T E R V A L  1 3  I N T E q V A L  ! 4  I N T E R V A L  1 5  I Y T E R V A L  16 

l . 4 8 8 4 E - 0 1  1 .8605E-01  3 . 5 3 5 O E - 0 1  1 . 4 @ 8 4 € - 0 ) .  2 . 2 3 2 6 E - 0 1  2 ~ ~ 7 6 8 E - 0 1  3 . 3 ~ q O F - 0 1  2 . 6 0 4 7 E - 0 1  

I N T E R V A L  1 7  I N T E R V A L  18 I N T E R V A L  19 I N T E R V A L  2 0  I N T E R V A I .  71 I N T E R V A L  2 2  i N T E R V A L  ??  I N T E R V A L  14 

2 . 7 5 0 8 E - 0 1  2 . 4 1 8 7 E - 0 1  2 . 0 4 6 6 E - 0 1  4 . 0 9 3 Z E - 0 1  7 . 7 5 6 1 E - 0 1  5 . 0 2 3 " E - O l  0 . 3 0 7 7 E - 0 2  4 . 4 6 F 3 E - 0 1  

I N T E ~ V A L  2 5  

1 . 0 2 3 ? E  00 

( D S I G M A / ( D O K E G A  X a € )  ( M B ) / I S T F R A O : A N - M E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAE.  4NGULAR I N T E R V A L  ( D E G )  NO. 3 F  ENERGY i N T i P V 4 L S  D E L T A  E ( M E V )  

hi FU T R ON 1o.on T O  sn. 09 2 5  m.nono 

I N I E R V A L  1 I l u T E R V P L  2 I N T E R V A L  ? I N T E R V A L  4 I N T F R V A L  5 I N T E R V P L  6 I N T E R V A L  7 I b I T F R V A L  8 

5 . 5 6 8 3 E - 0 1  Z . 7 1 2 8 F - 0 1  1 . 7 8 4 7 E - 0 1  1 . Z t l Z E - O l  9 . 0 9 4 4 F - 0 2  1 . 0 2 1 2 E - 0 1  1 . 1 1 3 4 E - 0 1  9 . 0 4 2 5 E - 0 2  

I N f t R V A i  9 I N T E R V A L  1 0  I N T E R V A L  11 I N T E R V A L  I 2  I N T E R V A L  1 3  I W E R V A L  14 I N T E R V A L  1 5  I V T E R V P L  16 

7 . 6 1 4 8 E - 0 2  9 .5185: -32  4 . 9 9 7 2 E - 0 7  7 . 1 3 R 9 E - 0 2  7 . 6 1 4 R E - 0 2  5 . 2 S 5 Z E - 0 2  5 . 2 3 5 2 E - 0 2  7 . 3 7 6 8 E - 0 2  

I N T E R V A L  17 I N T E R V A L  18  I N T E R V A L  15  I N T F R V A L  2 0  I N T E R V 4 L  21  T N T E R V A L  2 2  I N T E R V A L  7 3  I N T E R V A L  2 4  

3 . 5 6 9 4 E - 0 2  4 .045LZE-02 2 . 6 1 7 6 E - 0 2  4 . C 4 5 3 E - 0 2  2 . 1 4 1 7 E - 0 7  2 . 3 7 Q b E - 0 2  3 .331.5E-02 5.7111E-r)? 

I l v T E R V A L  2 5  

2 . 3 7 9 6 E - 0 3  
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N'1. C'F I W .  I N C I D E N T  I N C .  LAB. TARGET YO. OF I N C .  CUTCFF GEOYFTRIC 
P A R T I C L E  K.E.lnEV1 S Y M S .  A 2 P A R T I C L E S  EN.IMEVI X - S E C . ( K B )  PAQT. COLLISIONS 

PROTON Z O O 0  0 16 8 Oh000 1.11 952 .5  02456  

SUM OF D S I G I I D O M E G A  X D E )  X D E  EQdALS 0.5568E 01 M B I S T E R A D I A N  FOR C A S C A 3 E  P I 0  W I T H  THETA FROM 75.00 T U  130.00 DFG 

A V E R A G E  ENERGY E Q U A L S  0 . ~ ~ 6 4 8 6 ~  02  M E V  FOR C ~ S C A D E  PIO WITH THETA F R O M  75 .00  TLI 130.m DEG 

SUM O F  D S I G l i D O N E G A  X D E )  X D E  EQUALS 0 . 4 2 4 1 E  01 M B l S T E R A D I A N  FOR CASCADE PI0 W I T H  THETA FROM 13C.10 T O  1PO.PO PEG 

AVERAGE ENERGY EQUALS 0.638806E 02  M E V  F O R  CASCAOE P I 0  W I T F  T H E T A  FRflV 13P.On T O  180.00 DFG 
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I N C I D E N T  I N C .  LAB. TARGET NO. 3F I N C .  CUTOFF GEOMETRIC NO. Or I Y C .  
P A R T I C L E  K.E.(fiEV) SYHB. A 2 P A R T I C L E S  EN.(MEV) X-SEC.(MBI PAQT. C O L L I S I @ Y S  

PROTON 2000 0 1 6  8 O'JOOO 1.11 8C.2.5 n 2 4 ~ 6  

CROSS S E C T I O N S  ( M B )  FOR T H E  E M I S S I C N  OF K P A R T I C L E S  CF S P E C I F I E O  T Y P E  I N T O  FNERGY I Q T F F V P L S  I N D I C B T F D  

( C O N T R I B U T I O N S  TO K EQUAL ZERO ARE MACE ONLY WHEY P A R T I C L E S  CIF S P E C I F I F O  
TYPE ARE E V I T T E D  BUT ARE N@T I N  THE ENERGY I N T E R V A L S  I N O I C A T E O l  

K EQUALS 0 

1.1224E 01 

8 

0. 

K EQUALS 0 

7 . 8 9 9 6 E  01 

8 

0 .  

K EQUALS 0 

9.3772E 01 

e 

0. 

E P I T T E O  P A R T I C L E  P I  0 

1 2 

6 .c6 lRE 01 1.136CE 01 

9 10 

0. 0. 

E M I T T E D  P A R T I C L E  P I  0 

1 2 

1.4776E Cl 0. 

9 10 

0. 0. 

E M I T T E D  P A R T I C L E  P I  0 

1 2 

0. 0.  

9 IO 

0. 0. 

ENERGY I N T E R V A L  I M E V )  0 T O  50'3 

3 4 5 6 

1.4208E 00 1.4208E-01 0. 0. 

11 12 13 1. 

@. 0. 0. 0. 

0. 

500 T P  1500 ENERGY I N T E R V A L  [ME") 

3 4 5 t 

0. 0. c. 

11 

0. 

12 13 1 4  

0. 0. 0. 

0. 

11 

0. 

ENERGY I N T E R V A L  ( M E V I  1500 TI? 2000 

3 4 5 6 

0. 0. 0. 

1 2  I?  a 4  

0. 0. 7. 

7 

0. 

1 5  

0. 

7 

0. 

I C  

0. 

7 

0. 

1 5  

0. 
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I N C I D E N T  I N C .  L A B .  T A R G E T  YO. 'IF TNC. C d T O F F  G E O M E T R I C  Nr). OF I Y C .  
D A R T I C L E  I . E . ( M E V 1  SYPB. A 2 D A Q T T C L E S  EN. (YEV)  X - S E C . ( Y B l  PART. C q L L I S I O I V S  

PROTON 2000 0 1 6  8 CIS000 1.11 e52 .5  02L.56 

( D S I G M A / ( O O M E G A  X D E I  ( M B ) / ( S T E S A D I A N - M E V l  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( D E G I  NE. OF F N E R G Y  I N T F R V A L S  O F C T A  E ( V E V I  

P I -  0. TO 25.00 2 5  Rc.owc 

I N T E Q V A L  1 I h T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I h T E R V A L  7 I Y T F R V A L  8 

2 . 4 1 3 5 E - 0 2  9 . 0 5 0 6 E - 0 3  3 . 0 1 6 9 E - 0 2  3 . 3 1 8 5 E - 0 2  3 . 9 2 1 9 E - 0 2  3 . 7 1 8 5 F - 0 2  3 . 6 2 P 2 E - 0 2  4.8 '7OF-02 

I N T E R V A L  9 I N T E R V A L  10 I N T E X V A L  11 I N T E R V A L  1 2  I Y T E R V A L  17 I N T E R V A L  1 4  T N T G P V A L  1 5  I Y T C R V A L  1 5  

3 . 0 1 6 9 E - 0 2  1 . 6 1 0 1 F - 0 2  6 . 0 3 3 7 E - 0 3  1 . 2 F 6 7 E - 0 2  6 . 0 3 3 7 E - 0 3  0. '-01 h C F - 0 3  0. 

I N T E R V A L  1 7  I N T E R V A L  1 8  I Y T E R V A L  15 I N T F R V A L  2 0  I N T E Q V A L  2 1  I N T E R V A L  2 2  I N T F R V A L  73 I U T E R V A L  24 

0. 0. 3 . 0 1 6 9 E - 0 3  0. 0. 0. 0. 0. 

I N T E R V A L  2 5  

0 .  

( O S I G Y A / ( D O M E G A  X DE1 ( M B ) / ( S T E R A D I A N - Y E V l  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB.  ANGULAR I N T E R V A L  ( D E G )  NO. OF ENERGY I N T E R V A L S  D E L T A  E ( M E V l  

P I -  

I N T E R V P L  1 I N T E R V A L  2 I N T E R V A L  3 

3 . 4 4 8 7 E - 0 2  2 . 4 4 4 6 E - 0 2  1 . 7 4 6 2 E - 0 2  

I N T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  11 

8 . 7 3 0 8 E - 0 4  0. 4 . 3 6 5 4 E - 0 4  

25.00 TO 75.00 2 5  SO.@OOr) 

N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I M T S R V A L  @ 

1 . 5 7 1 6 E - 0 2  1.004CE-02 5 . 6 7 5 1 E - 0 3  2 . 6 1 9 7 E - C 3  ? . 6 1 0 3 € - 0 3  

N T E R V A L  1 2  I N T E R V A L  13 I N T E Q V A L  1 4  I N T E R V A L  1 5  I V F P V A L  16 

0. 0. 3. 0. 0.  

I N T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  20 T N T E R V A L  2 1  I N T E R V A L  2 2  I N T E Q V A L  2 ?  I Y T E R V A L  2 4  

0. 0. 0. 0. 0. 3. 0. Q. 

I N T E 9 V A L  25  

0. 
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I N C I D E N T  
P A R T  I C L  E 

INC. LAB. 
K.E. I MEV I 

TARGET 
SYMB. A L 

N t .  OF I k C .  
P A R T I C L E S  

CUTOFF GECIrETR t C  
EN.IMEV) X-SEC.IXB) 

NO. OF INC. 
PART. C O L L I S I O N S  

PROTON 2000 0 16 8 06000 I . l f  E52.5 02US6 

lOSlGMA/(DO8’EGA X C E )  I M B ) / l S T E R A C 1 4 N - M E V I  
T Y P E  OF CASCADE P A R T I C L E  LAB.  AMGULAR I N T E R V D L  ( Q E G )  NO. OF ENERGY I N T E R V A L S  D E L T A  E I W E V )  

P I- 75.00 T O  I30,OC 25 80. C O O 0  

I N T E R V A L  I I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  8 

~ . ) O ~ ~ E - C I Z  r.2106~-03 4.3890~-03 1.5675~-03 3.1350~-04 0. 0. C. 

I N T E R V A L  9 I N T E R V A L  IC I N T E R V A L  I !  I N T E R V A L  I2 I N T E R Y A L  13 I N T E R V f i L  i Q  I N T E R V A L  IS I N T E R V A L  16 

0. 0. 0. 0. 11. 0. 0.  I). 

I N T E R V A L  13 I N T E R V A L  1 8  I N T E R V A L  I 9  I N T E R V A L  20 I N T E R V A L  21  I N T E R V A L  22 I N T E R V A L  2 3  I N T E R V A L  2 4  

0. 0. 

I N T E R V A L  25 

0. 0. 0. @. 0. 0. 

a. 
(DSIGMAllOCCEGI X C E I  ( W B ) / ( S T E R A E I A N - H E V )  

TYPE OF CASCADE P A R T I C L E  LAB. BNGULAP I N T E R V A L  I E E C )  NO. OF E N f R G Y  I N T E R V A L S  D E L T A  E I U E V )  

80. OCOO PI- 130.00 T C  180.00 25 

I N T E R V A L  I I h T E R V A L  2 I N T E R V A L  3 I Y T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  8 

2.8486E-02 6.3302E-03 0. 0. a. U. a. 0. 

I N T E R V A L  9 I N T E R V A L  I0 I N T E R V A L  I I  I N T E R V A L  12 I N T E R V A L  13 I N T E R V A L  I4 I N T E R V A L  15 I N T E R V A L  16 

0. 0. 0. 0. 0. 0. 0. 0. 

I N T E R V A L  I7 I N T E R V A L  I 8  I N T E R V A L  19 I Y T E R V A L  20 I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  23 I N T E R V A L  24 

0.  0. 0. 0. 0 .  0. 0. 0. 

I N T E R V A L  25 
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NO. OF INC. I N C I D E Y T  IYC.  LAB. TARGET NO. OF INC. CUTOFF CEOPETRIC 
P A R T I C L E  K.E.1MEV) SYNB. A 2 PARTICLES EN.fMEVl  X -SEC- IMB)  PART. C O L L I S I O N S  

PHOTON 2oco a 16 a O6UUO 1 . 1 1  fl52.5 02456 

NO. O F  T I M E S  S P E C I F I E D  
PARTICLE BS E M l T T E D  ON THE F I R S T  
INC. P B R T I C L E  C O L L I S I J N  OlVIOED 
@Y THE NO. OF T I M E S  THE INC. 
P A R T l C L f  TYPE IS E N I T T E D  

P I  - 0.31362E-00 

P I O N  DBSORPTICN 
CROSS SECT. { P B l  

P I O N  CHARGE 
EXCPANGE CROSS SECT. I M B F  

AYGULAR D I S T R I B U T I O N  CF TWO CASCADE PRCTOMS AS I FUhCTIOM O f  THE A N G L E ,  X, BETWEEN THEY. 

O S I G M A  / OOMEtd  l P 8  / S T E R A O I A N )  

I R E A C T I O N S  CON+RIRUTE HWEN THERE ARE NO P I O p i S t  ONLY TWC PRCTONS. A N D  ANY NUMBER OF NEUTRONS EEt ITTEOl  

X F R O M  

I O 0  - 120 125 - 140 I 4 0  - 160 1613 - 180 0 - 23 DEG 20 - 40 40 - 60 60 - 80 80 - 100 

0.3750E-00 C.IO42E 01 0.2210E 01 C.1019E 02 0 .7097E 01 0.2356E 2 1  0.1360E 01 13.5209E 00  0.7499E 013 
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s \ t J K t N L L I L t U  tV / r l 'U i ;AT I tJ iu  T h I  r 5 N  S P E C T R U M  
( t  S P E C I F I F S  THE L C * l t R  L h t R t i Y  L I M I T  U t  THt 1 .UTEKVAL IiL MEV) 

E 
'J 'I. 'I . c . '1.04761'1 0.04 7 6  19 0.047619 0.047619 ! I .  647619 0 .b'+7619 0. U47b19 
5 1.847619 ) . ! ! 9 5 2 3 R  C.  U. 0.047619 0.190476 0 . 1 4 2 8 3 1  0. 3. 11. U47619 

bl 1i.ij47019 ,J.d47619 0. O.C47hl'? 0.0?5i138 0. 0. 0 . i i 4 r 0 i 9  3 . 0 ~ 5 ~ 5 8  O .  
1 5  1 ! . i 4 l o l Y  0 .J47619 0.:)4761Y G.'~(+7619 0 .  3. '147b l9  G .  ' ) .1+2857 9. 0 .  

2 5  )J. 0. 0. C .  U. 0 .  '3. s. 0. 0. 
3.J J . ~ I 4 7 b l ~ l  '1. 0.  0. 0. 0. 0. u. 0. 0. 
3 5  d. 'I. 'j. l .U '+ lb lL i  3. u. 0. 0. 0. 0 .  
4J 0.  0 .  c> . 0. 3. 0 .  0 .  0. 0. 0. 
4 3  '9. J .  0. 0. 3 * 0.  U. 0. 0 .  0 .  

0.047b19 0. 5.347619 0.04 7014 2,J 1:.,:41619 3. U. 0 .  ,I. (24 7 b 1 Y v . 

Y I I K N A L I L t U  t V A P d K A T I U N  H E 3  > P t L l t U J r l  
( c  S P L L 1 F l t . S  i t ' t  L U l r t R  E M K G Y  L I M I T  b F  THt I h T t S V A L  I N  M t V )  

F 
J I .  1. c .  0 .  0. 0 .  0.333533 O.0666b7 0.153333 0 . 0 3 3 3 3 3  
5 (3.133333 l . ? o b b h 7  0 . 1 1 4 3 3 1  0.066667 l i .06obb7 0.1b 0 . 1 U O O O ~  3.035333 V. U. i b b b o  7 

1'3 J.3533?3 O.U?333(3 0.066667 6 .  0. Ct.Ob6667 0.033133 0. O . l i l U O V 0  0. 
15 l'.c33333 3. 0. C.013333 0 . 0 3 3 3 3 j  0. 0.033533 0. 3. 0.066067 

2 2  0. L .  r .  0 . 0 3 3 3 3 5  c .  0 .  0 . 0 3 3 3 3 3  0 .  0 .  0. 
70 '3. 

$ 0  1. 'J . 0. 0.033333 (J. 0. U. 0. 0. L. 
5 5  0. 9. 0. < I .  3 .  0.053333 3 .  0. 0. 0. 
4 0  '7. 5.033333 C .  c .  L. 0. d .  0. 3. v. 
45  U. 3. c .  c .  0. U. (1 . 0. 3. U. 

3.333333 0. 3. 3. 0. 0.033333 0.033333 J.Ubbbb7 4. 



FROM CARDS 

USED F I L E  1 I N C I D E N T  P A R T I C L E  PROTON I Y C I O E N T  K I N E T I C  ENERGY 750.000 YFV 

T O T A L  NUMBER OF I N C I O E N T  P A R T I C L E S  6000 T A R G E T  SYMBOL AL 

S I Z E  OF H I S T O G R A M S  FOR O U T G O I N G  K.E. 2 5  FOR P R O T t  2 5  FOR N E U T I  25 F O R  P I + ,  25 F O R  P I 0 9  25 FOR P I - .  

CROSS S E C T I O N S  WERE C A L C U L A T E D  = O R  A S  M A k Y  AS C E M I T T E D  P A R T I C L E  C O M B I N A T I O N S .  

76.000 Y E V  I N T E R V A L  WAS U S E D  I N  C A L C U L A T I N G  H I S T O G R A M  F O R  N I E + ) O E  F O R  T O T A L  R E A C T I I ? N  

D E L T A S  F O R  O U T G O I N G  K I N E T I C  ENERGY D I S T R I B U T I O N  IM Y E V  

-.6 MU -.4 -.l MU c.1 c . 4  MU +.6 +.Q MU +.95 +.a= YU +7.0 
0 (K.E.1 10D 0 1K.E.) 100 0 1K.E.) 100 0 (K.E.1 200 0 (K.F.1 2 0 0  

PROTONS 75.0000 75.0000 75.COOO 37.5000 37.5000 

N E U T R O N S  75.0000 

P I  + 75.00C0 

75.0000 

75.0000 

P I 0  

PI - 
75.0000 75.0000 

75.0000 75.0000 

76.0000 

75.0000 

75. 000c 

75.0000 

37.5000 

37.5000 

37.5000 

37.50913 

37.5000 

37.5OO'l 

37.5C00 

37.5000 

0 = DELTA,  R E S P E C T I V E  ENERGY I N T E R V A L S  O F  H I S T O G R A M S  

OUTGO I Y G  COMB I N A T  I O N S  10000 01000 00100 00010 00001 01@01 10100 l l O C I 0  l l n 0 l  

INTERVAL FOR N ( E + ) D E  IN M E V  ~5.000 25.000 25.000 25.000 25.000 25.000 25.nnn 2 5 . m ~  ~ 5 . ~ 0 0  

FROM RECORD 1 

6000 I N C I D E N T  PROTON H I T  A L  T A R G E T  W I T H  27.000 MASS A N D  11.000 A T O M I C  N U Y B F R  AT 750.OCOMFV. 

FROM RECORD N 

T H E R E  r l E R E  2725. I N C I D E N T  P A R T I C L E  C O L L I S I O N S  C R E A T I N G  2725 E S C A P I N G  P A S T I C L E  RFCORDS. T H E  G E O M F T R I C  

CROSS S E C T I O N  WAS 1028.2138824 M8. T H E  I N E L A S T I C  C R O S S  S E C T I O N  WAS 466.9804764 MP. V E  C U T  OCF 

ENERGY nns 1.6374507 MEV. 



PROTON ON AL I N C .  K.E. ( M E V )  IS 750.0 A I S  27. z I S  13. 6 0 0 0  IMC. HISTORIE~ 1.6 YFV CUTOFF EN. 

MOMEKTUV OF COMPOUNO NUCLEUS 1404.4$7025MEV/C CXCITATION ENERGY OF COMPOUNO NUCLELIS 756.9151'?QCYEV 

T H E  M A S S  OF THE RESIDUAL KUCLEUS W A S  Z E R O  0 T IMES,  W A S  MIkUS 0 T IMES CU? OFF ENERGY 1.637460MEV 

FOR 6 5  I N C I D E N T  PARTICLE C O L L I S I D Y S  TdERE WERE MORE THAN 9 OUT GOING P9RTICLES 

AVERAGE NO. 

VARIANCE 

AV. K.E. ( Y E V )  

VPR IANC E 

OUTGOING CCIMBIYATI CN 

TOTAL CASCAQE 
1 0 0 0 0  

00100 
00010 
0000 1 
0 1 0 0 1  
10100 
1 1 0 0 0  
1 1 0 0 1  

o i o n o  

EMITTED CASCADE PARTICLES 

P90TONS NEUTRONS P I +  

0 .2078532E 0 1  0 .1609908E 0 1  0.19 '2294E-00 

0 .1736552E 0 1  0 .1972232c  01 D. 1 6 0 7 e 4 6 ~ - 0 0  

0 .1338501E 0 7  0. 10°1215E 123 0.1784556E 03 

0 .4405489E 05 0 .7Q56148E 05 0. C376874E 0 4  

c o  

O. iO39187  
0 . 0 3 7 9 8 3 7  
0 .03901  89 
0. 
0. 
0. 
0 .2137239  
0 . 1 6 0 4 2 6 6  
0 .0231036  
0 .1182903  

RESIDUAL NUCLEUS 

c 1  A R M  

0 . 1 5 1 4 1  58 
0.16052 5 6  
0.146 92 2 1  
0. 
0. 
0 .  
0 .3358222  
0 .0399050  

0. 1 7 0 6 7 7 @  
o .oee0099  

2 9 7 . 2 6 6 4 2 6 1  
232 .6216908  
2 2 1 . 9 5 8 0 7 6 4  

0 .  
0. 
0. 

559.078 8 4 9 8  
237 .6129150  

3 26.444 80 5 1  
147.0103844 

P I 0  

0.11q6?20E-OC 

0 .107522YE-00  

O . l l O 8 3 7 3 E  03  

0 . 1 0 6 2 5 0 5 E  0 5  

ARFF 

5 h . l 2 h 4 3 @ 6  
2 4 . 4 3 7 9 5 9 1  
?8 .6@7765P 
0. 
0 .  
0 .  

41 . =e50004  
1 6 . 2 6 7 3 8 7 3  
16.68742067 
5 6 . P 3 E l 6 4 1  

P I -  

3 . 4 7 3 3 9 4 5 E - 0 1  

0.4: P3P37E-01  

O . E ( R ~ ~ ~ I ? F  nz 

0 . 6 5 5 2 3 1 5 ~  n4  

C O  = ( S U M  O F  PARALLEL RESIDUAL YOMEhTUM/NUMBER OF I N C I D E N T  P4RTICLE COLLISIONS)/MOYENTUM OF COYPqIIND NUCLEUS 

C 1  = ( S U Y  OF PERPENOiCULAR RESIDUA: MOMENTUP/NUbWER OF IMCIDFYT PARTICLE C n L L I S I O N S ) / M @ M E Y T U ~  OF COYPrlUND NUCLEUS 

A R M  = AVERAGE RESIDUAL MCPENTUM I N  MEV/C 

AREE = AVERAGE RESIDUAL E X C I T A T I O N  ENERGY I N  MEV 

A A R  = AVERAGE MASS OF RESIDUAL NUCLEUS FOR TOTAL CASCADE 
A A R  = Y P S S  O F  RESIDUAL NUCLEUS FOR CESIGNAiEO OUTGOING COYBINATIONS 

ro 
0 
0 

A A R  

24.711 5 5 9 4  
~ 7 . 0 0 0 0 r ) O @  

28.00000CO 
~ 7 . o o o o n o o  

29 .00n0003  
2R.ooCinooo 
27.0000@0'l 
?7 .000@003  
Zh.OOOOOOO 
'5.0000000 
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I k C .  K.E. ( M F V I  I S  75@.0 A 1 5  77. Z I S  12. 6000 IhiC.  H I S T O R I F S  1 .6  Y E V  C U T O F F  EN. PROTON Ob A L  

T O T A L  C A S C A C E  [ S U M  ? V E R  H I S T O G R A M ) ( D i L T A  P I  
0 . 1 9 2 3 0 5 0 E - 0 2  0 . 2 0 1 4 “ ? 9 ? - 0 7  C . 1 5 1 8 0 6 0 E - 0 2  0 . 8 7 5 3 0 3 I E - 0 3  C . 2 7 @ R 6 1 7 E - 0 3  

0 . 4 1 8 0 5 4 3 E - 0 4  0 . 1 5 6 7 7 C 3 E - 0 4  P . 7 8 3 8 5 1 7 F - 0 5  0. 0. 

1 PROTONS 0 N E U T R O k S  0 P I +  0 P I 0  C ? I -  ( S U M  OVER H I S T O G R A Y I ( 0 E L T A  P )  
0 . 1 8 3 7 4 1 6 E - 0 2  0 . 2 9 0 9 2 4 2 E - 0 2  0 . 1 7 6 0 8 5 7 E - 0 2  0 . 6 1 2 4 7 2 0 E - 0 3  0.  

0. 0.  0 .  0. n. 

0 P R O T O N S  1 NEUTRONS 0 P I +  0 P I 0  C ? I -  ( S U M  D V E R  H I S T O G R A Y I ( 0 E L T A  P 1  
0 . 1 9 7 7 7 7 4 € - 9 ‘  0 . 1 7 ? ? 9 9 7 E - 0 2  0 . ? 1 6 4 4 3 9 E - 0 2  0 . 1 9 7 7 7 7 4 E - 0 7  0. 

0.  0. 0. 0. 0.  

0 PROTONS 0 NEUTRONS 1 P I +  C P I 0  C ? I -  ( S U M  OVER H I S T O G R A M I ( 0 E L T A  P I  
0. 0. 0. 0.  C. 

0 .  0. 0. 0. n. 

0 PROTONS 0 N E U T R O N S  0 P I +  1 PI0 CI P I -  ( S U M  O V E R  Y I S T O G R A Y I ( 0 E L T A  P I  
0. 0. 0. 0. 0 .  

0 .  0 .  0. 0. 1. 

0 PPOTCINS 0 N E U T R O N S  0 P I +  0 P I 0  1 P I -  ( S U M  3 V E R  H 1 S T O G Q A Y ) I P E L T A  P I  
0. 0. 0. 0.  0. 

0 .  0 .  0. 0. 0. 

0 P R 3 T U N S  1 N E d T R O N S  0 P I +  0 P I P  1 P I -  ( S U M  Q V F R  H I S T Q G R A Y I ( D E L T A  P I  
0. 0. 0. 0 . 7 1 . 1 9 9 9 7 E - 0 2  C. 

0 .  0. 0. 0. n. 

1 PROTONS 0 N E U T R J k S  1 P I +  0 P I 0  0 ? I -  ( S U Y  O V F Q  H I S T O G R P V ) ( O C L T A  P )  
0 . 1 O 1 7 1 4 1 G O 2  0 . 4 0 6 8 5 6 4 E - 0 2  0 . ? 0 1 7 ? L ? E - 0 2  0 . 1 0 1 7 1 4 1 E - 0 2  0. 

0. 0. 0 .  0.  0 .  

1 PROTONS 1 YEUTRONS 0 P I +  C P I 0  C P I -  ( S U M  9 V t R  H I S T f l G R A Y I ( 0 F L T A  P I  
0.42 5 4 R d 7 E - 0 2  0 . 2 2 4 5 0 4 1 E - 0 2  C!. 3 8 4 e 6 4 1 E - 0 7  0. 1 7 1 0 5 0 7 E - 0 3  C.47762hRi - ’J4  

Q. 0. C .  0. e .  

1 PROTOAS 1 N E U T R C h S  0 P I +  0 P I 0  i P I -  ( S U M  O V E R  H I S T O G R P M l ( D E L T A  P )  
0. 0 . ? 0 5 1 4 2 3 ~ - ~ 2  0 . 2 0 3 4 2 e Z F - 0 2  n . 2 o 3 4 2 f i 2 E - 0 2  0.  

0. 0. 0.  9. q. 

C . l n 0 0 0 0 O E  cI3 9 O F L  

n. (1 . 0. 0 .  

0 . 1 0 0 0 3 0 0 E  C I  0 O F L  

0. 0. 
0. 0 .  

0. 0 O F L  

9. 0. 
0. 0. 

0. u n F L  

n. 0. 
0. 0. 

cI. 0 O F C  
0. r). 

C. n. 

0.1OCOOPOE PI 0 C F L  

0. 0. 
n. Q. 

@.?00000OF 01 0 7FL 
0. 0.  

0 .  r. 



PROTON ON AL  INC. K.E. (MEVI  I S  750.0 A I S  27. Z I S  13. 6 0 0 0  INC. H ISTORIFS 1.6 YFV CUTSFF FN. 

THE PERPENDICULAR MOMENTUY O I S T P I B V T I O Y  CF THE CASCAJE 9 F S I 0 U A L  NUCLEUS 

0.7022485E 02 0.2106745E 03 0.3511242E 0 3  0.4O15740E 03  C.6?20236E 0 3  0.7724774E 0 3  3 - 9 7  2 S 7 1 1 E  9’3 
0.1053373E 04 0.1103822E 0 4  0.1334272E 0 4  0 .1474722E 04 9.1615172E 04 0.175Fh21i 0 4  0.1896n71F n 4  

TOTAL CASCADE 
0.2855833E-02 0.23097505-02 0 .1199293E-02  

0 .26129396-05  0. 0. 

1 PROTONS 0 NEUTROktS 0 P I +  3 P I 0  C P I -  
0 . 1 9 9 0 5 3 4 ~ - 0 2  0 . 2 9 ~ 5 8 0 1 ~ - 0 2  e . i 9 3 7 4 1 6 ~ - 0 2  

0. C. 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I @  0 P I -  
0 .1977774E-02 0.3362216E-02 0 .1582219E-02  

0. 0. 

0 PROTONS 0 NEUTRONS 1 P I +  O P I 0  

0. 0. 
0. 0. 0. 

0 PROTONS 0 NEUTRGNS 0 P I +  1 P I 0  

0. 0. 
0. 0. 0. 

0 PROTONS 0 NEUTRONS 0 P I +  3 P I 0  

0. 0. 
0. 0. 0. 

0 PROTONS 1 UEUTRCNS 0 P I +  0 P I 0  

0. C. 
0. 3. 0. 

1 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  

0. C. 
0.5085735E-02 0.20?4282E-02 C. 

I PRZTOhS 1 NEUTiONS 0 P I +  0 P I 0  

0. 

0 P I -  

0. 

0 P I -  

C .  

1 P I -  

0 .  

1 P I -  

0. 

0 P I -  

0. 

c P I -  

(SUM OVER HISTOGRAMIIOELTA P )  
0.5121165E-03 0.1829987E-03 

0. 0. 

(SUM OVER H I S T r G 9 A M ) l D E L r A  P I  
0.7062 36OE-0 3 0. 

0. n. 

(SUM OVER HISTOGRANI (DELTA P I  
0 .1977774E-03 0. 

0. a. 

( S U Y  OVER YISTC!GRAMI(DELTA PI 
0. 0. 

0. 9. 

(SUM OVER HISTOGRANI (0ELTA P I  
0. 0. 

0. n. 

(SUY OVER H l S T O G R f i Y ) I D F L T 4  D1 
0. c. 

0. n. 

(SUM OVER YISTOGRAM) (DELTA P )  
0.71 l a 9 8 7 E - 0 2  0.  

0. 9. 

(SUM OVER H1STOGRAM)lDELTA P )  
9. I?. 

0. 3. 

( S U Y  CVCR d IST l lGRAM)(DELTA P I  
0 .4939090E-02 0.1689126C-OZ 0. 3 4 2 1 0 1 5 E - 0 3  0 .1732880E-03  0.2133134F-04 

0 .  0. C .  0. 0 .  

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  X P I -  ( S U M  OVER Y I S T O G 9 A Y ) ( O E L r A  P I  
0.10l7141E-02 3 .3051423E-02  0.2034282E-07 0.1017141F-0 ’  0. 

0. 0. e .  e. n. 

r \ . lOCOOOOE 01 3 OFL 

0. 0. 
0. 9. 

0.10clOOPPF C1 ’I r)FL 

0. fi. 
0. 0. 

0. 3 PFL 

0. 0. 
n. 0. 

0. n IFL 
0. ‘1. 

0. 0. 

0. q n F L  

0. 0. 
0. n. 

0.1000CDCE Cl 3 OFL 
0. 1. 

0.  n. 

O. lOOOOC’1F  C.1 n n F L  

n. 0. 
0. Q. 



206 

z
 

Lu 

U
 

U
 

0
 

I- 
3
 

U
 

>
 

W
 

E
 

.0
 

r
'
 

L, U
 

ci 
0
 

I- 

- m
 

+
. 
r
 

0
 

- 0
 
c
 

0
 

G
 

rn 
i
l
 

v
i 
3
 

N
 

e
 

(
\I 

v
i 
*
 

C
 

0
 

0
 

L
r 

m
 
,- 
- >

 
LLI 

x
 
.- 
w

 

x
 

U
 

7
 

J
 

U
 

7
 
0
 

7
 

0
 

c
 

0
 

cc 
0
 

J
 

U
 

3
 

G
 

2
.

 
u

o
 

0
 

0
 

J
 

U
 

3
 

0
 

2
.

 
L

L
O

 
0
 

c
 

0
 

C
 

0
 

C
 

C
 

0
 

0
 

G
 

P
' 

J
 

0
l
f
 

.
I

 . 
m

 
4
 

m
 

0
0

'
 

G
-
3

 
IU

 
.I 

0
 

0
 

d
l

 
c
 

+
 U

I 
0
 

.L
n

. 
c
 

0
0

0
 

c
r

 
i
l
Q

 
. 

d
.
l
 

G
 

O
O

 
.

I
 . 

C
U

I
0

 
F- 
0
 

c
u

 c
 

~
r
 

r
 

- 
r

-
 

P
 

G
O
 

U
 

d
 LLJ 

I- 
.

P
 . 

J
 
o
+
c
 

o
n

 

U
I

 

L
U

N
 

r
 

I
 

- r 
r
*
 

4
.

 . 
a
G
 
0
 

0
 

t
 

m
r

r
 

c
c

 
I

I
 

w
 

,T
 

.I. . 
w

 
0

c
0

 
>

r
(

 

n
d

 
m

 
7
 

c
u

 
3
 

rn
O

 
w

.
 

.
I

 
-

0
 

G
L
U

 

.
.

 
c

c
 

.
.

 
o

c
 

3
 

C
, 

.
.

 
c

0
 

.
.

 
n

o
 

.
.

 
P

C
 

3
 

L
 

L
L

 
C
 

C
.

.
 

G
O

O
 

0
 

0
 

G
 

U
I 

C
 
C

.
.

 
c

o
c

 

C
 

0
 

e
4

 

c
.
 . 

0
0

 

c
 

.
.

 
c

o
 

.. 
c

o
 

.
.

 
c

c
 

r
*
 

C
.

 . 
G

C
 

C
.

 . 
c

c
 

c
.
 . 

0
0

 
C

.
 . 

O
C

 

- n. u
.

.
 

t
o

p
 

-J 

w
 

0
 

- 

- 0 u
.

.
 

t
C

0
 

J
 

LL 
c
 

- 
- z.

 . 
U
O
 
G
 

w
 

0
 

2
.

 . 
Q

G
 

0
 

c
i
 

w
 

E 

r
.
 . 

4
0

 
0
 

cc 
a
 

0
 

I- 

v
i 
I
 

c
 

V
I 

I
 

E
O

C
 

LL 
>

 
c1

 

- .
.

 
10 
,.. 

e
 
r
 .

.
 

H
O

C
 

u
 

>
 

(3
 

I
 

a
 
0
 

'7 
L

L
 

>
 .

.
 

e
 

z
 
3
.
 . 

w
 
C' 

0
 

I
 

L
 .

.
 

K
0

C
 

z
 

2
.

 . 
-
0

 
c
 

1
 

N
 

0
 

I 
I 

I 
- 0

.
.

 
G

O
 

0
 

- n
.

.
 

0
0

 
C

 

I
 

0
.

.
 

G
O

 
0
 

IC
 
0
 

O
d

 

C
L

U
 
0
 

0
 

-. . 
0
 

-
e

 . 
a
c
.
 

u
 

0
 

0
 
e
.
 . 

n
o
 

G
 

0
 

0
 

a
u
 

0
 

-. . 
r
(
 

G
 

a
0
 

0
 

0
 

-. . 
+ .+ 

+ r
_

 
a

.
.

 
0

0
 

r
(
 

+ .. a
,

.
 

0
0

 
c
 

+ Q
.

.
 

0
0

 
u

 

I
 

. N
 . 

L
L
 

C
'

4
0

 
C

3
.

c
 

4
m

 

n
.

.
 

0
 

c
*
 

0
 

u
.

3
 

LT 
Ln 

V
I

*
 

I
.
 . 

0
0
 

0
 

H
 

I- 
3
 

w
 

R
I 

2
0

 

V
I 

L
.

 . 
0

0
 

0
 

n
 
c
 

3
 

U
N

 
7

0
 

m
 

2
.

 . 
n

o
 

0
 

H
 
t
 

3
 

LL 

z
 

Ln 
2

.
 . 

0
0

 
0
 

cc 
t
 

3
 

U
J

 

z
 

0
 .. 
0

0
 

V
I 

;7
 

0
 
t
 

a
.
 . 

u
-

0
 

0
 

a
 

0
 

10 
2

.
 . 

O
G
 

0
 

%
 
t
 

3
 

w
 
7
 

0
 .

.
 

0
0

 

V
I 
L
 

n
 

+
 

C
)

.
 . 

Z
O

 
0
 

CL 

0
 

I 
.
0
'
.
 

0
0

0
 

4
w

 

N
 

m
 

C
IJ

 
Z

N
 

G
L

T
 

c
.

0
 

0
.

 . 
O

IO
 

0
 

a
 

0
 

I 
o

w
 

.
.

 
0
 

0
0

 
.

m
.

 
0

4
0

 
.n 
L

n
 

rn
 

c
 

N
 

.
.

 
0

0
 

a
.
 . 

-
0

 
0
 

CL 

.-
I 

0
.

 . 
M

O
 

0
 

a
 

0
 



PROTON UN AL INC. K.E. {HEVI IS 750.0 a I S  27. z I S  13. 6000 INC. HISTORIES 1-6 " IV CIJTVFF FN. 

THE PAqALLEL PIIYEhlTUM D I S T R I B U l l n N  O F  THE CASCADE RESIDUAL hUCLFbS 

-0.1896071E 0 4  -0.1755621E 0 4  -0.1615172F 0 4  -0.14747225 G4 -0.1334272E 0 4  - 0 . 1 I S 3 P Z Z E  0 4  -1.1053373F 0 4  

0.7022485E 02 0.2106745E 03 0.3511242E 0 3  0.4"15740E 0 3  0.6320236E 07 0.7724734F 03 8.9129731c 0 3  
-0.9129231E 03 -0.7724734C 03 -0.6320236E 07 -0.4C15740F 03  -'l.3511742€ 03  -0.2106745E 0 7  -0.70774aCF 07 

0.1053373E C 4  0 .11938ZZE 04  0.1334272E 0 4  0.14'4722E 0 4  0.1615172F 04 0.1755621F 04 0.1896071E 0 4  

TOTAL C A S C A D E  (SUM OVER HISTDGRAHl(0ELTA 0 )  0.1nOonnOE "I 0 OFL n UFL 

0. 0. c. 0. 0.1567703 E-04 0. I 41 e9 ?-  =- 02 c. 7 3 8 7 4 1  8 ~ - w  
0. 0. 0. 0. 0.  0. 7. 

0.2735643 i -32  0.1345612E-02 0.794303lE-03 0.36R4103E-03 P.16722i7E-03 
0 -15577 C3E-04 0.5225678E- 05 0.261 29 39E-05 0. 0 .  

0 PROTONS 1 NEUTRDhS 0 P I +  0 P I 3  1 PI- l S \ J M  9VER HISTOGRAYI(DFLTA P I  
0. 0. 0. 0. 0. 

0. 0. 0.71 1SQ87E-02 0. 0. 
0 .  0.  0 .  0. 0. 

0 .  0. 0. e. Q. 

I PKDTDNS 0 ?IEUTRDNS 1 P I +  0 P I 0  0 P I -  I S U M  OVER HISTOGRAMIIDELTA D l  

0. 0. 3. 0. e. 
0.1017141i-02 0.5CB5705E-02 O.131714lE-02 0. 0. 

0 .  0. 0.  0. 0 .  

0. 0. G .  0. 0.  

1 PROTONS 1 NEUTRONS 5 O I +  0 P I 0  0 P I -  ( S U M  OVER HISTOGRAYI(DELTA P 1  
0. 0. 0. 0. 0. 

0.3955548E-02 0.5131522E-03 0 .5414402 i -04  0. 0 - 2138134E-94 
0. 0. 0.  0 .  0.  

3. 0. 0 .  0. 0. 

1 PgOTONS I NEUTRONS 0 ? I +  0 P i 0  1 P I -  ( S U Y  OVER kiISTOGRAYIIDELTA P I  
0. 0. 0. e. 0. 

0. 0. 0. 0. 0 .  

3. 0. 0. 0 .  9. 
0.203428ZE-O2 0.3051423E-02 0.1017141E-02 0 .  0. 

0 OFL (r U F L  0.1 OfJn( r0nF e1  
0. 0. 

0. 0. 

n. 0. 

0. c. 

n.1 nrnocoE 01 0 3FL 3 UFL 
q. 0. 

0. 1. 
1. 0. 

e. 0. 

r i l  
0 
-4 



P X O T O N  3 Y  A L  INC. &.E. ( M F - V I  I S  75C.0 A I S  2 7 .  Z I S  1 3 .  t P 0 O  I Y C .  H I S T O R I F 5  1.6 MEV C J T n F F  E Y .  

C 9 1 S S  S E C T I C N S  ( 1 8 )  F r l R  VARIC'US C O Y B I N A T I O k S  r iF  E Y I F T E O  C A S C A D !  P A R T I C L E S  
1 S T  NO. I S  NO. O F  P R O T O N <  F H I T T E O  2NO I S  MI. 3F N E U T R O N S  ? R D  I S  NO. r lF  P I +  4 T H  I S  N'I. 3F  P!P 5 r ~  1s N@. OF P I -  

2 7 0 0 0  

4 3 1 1 0  

5 7 0 2 0  

5 4 0 0 0  

7 2 0 0 0  

2 4 2 0 0  

2 6 0 0 9  

3 4 1 0 0  

L 4 0 0 0  

5 3 0 0 0  

1 4 2 C 0  

2 3 0 1 1  

2 4 1 0 0  

33100 

4 2 1 0 0  

5 1 1 0 0  

7 0 0 ~ 0  

1 4 1 0 0  

23001 

32001 

41OP1 

5 0 0 0 1  

6 0 0 0 0  

0 5 0 0 0  

a 3 0 1 0  

7 1 1 1 0  

0 .342  7 9  7 9 6 E - 0 0  

0 . 1 7 1 3 6 A 9 8 E - 0 0  

0 . 1 7 1 3 6 8 9 8 E - 0 0  

0 . 2 2 2 7 7 9 6 7 E  01 

0 . 8 5 6 8 4 4 9 0 i  00  

0 .17136848F-OC 

0 .342737S6E-00  

0 . 6 8 5 4 7 5 9 2 E  OC 

0 .22277967E 01 

0 .39414865E 0 1  

0.1 713669RE-CC 

0 . 1 7 1 3 6 6 9 9 E - 0 0  

9 . 1 5 4 2 3 2 0 8 E  01 

0 . 1 7 1 3 6 8 9 8 E  0 1  

0 . 1 0 2 8 2 1 3 8 E  01 

0 . 5 1 4 1 0 6 9 4 E  0 0  

3.1 7 1 ? 6 8 $ 8 F - O @  

3 . 1 5 4 2 3 2 0 8 E  01 

C.6954759'E 0 0  

0 . 8 5 6 8 4 4 9 0 E  O C  

0 . 6 8 5 4 7 5 9  ?t O C  

n. 3 4 2 7 3  7 0 6 5 - 0 0  

0 . 3 4 2 7 3 7 9 6 E - 0 0  

0 . 1 7 1 3 6 6 9 8 E - 0 0  

9 . 2 3 5 6 4 2 7 7 F  0 :  

3 .34273796E-CC 

3 5 0 1 0  

4 4 0 0 1  

5 3 0 0 1  

67010 

1 6 1 0 0  

2 5 3 0 1  

3 3 1 1 0  

350CO 

5 1 0 2 0  

620CO 

1 5 0  10  

23110 

2 5 0 0 0  

3 4 0 c 0  

4 3 0 0 0  

5 2 0 0 0  

0 5 1 0 0  

1 5 0 0 0  

2 3 0 1 0  

1 2 1 1 0  

4 1 0 1 0  

50010 

o2; ic  

121c1 

131 C O  

2 7 2 C i J  

0.171 3689RE-00  

0 . 3 4 2 7 3 7 9 6 E - 0 0  

0.1 71 3 6 8 9  8E - 0  0 

0.342 7?  7 9 6 ~ - 0 0  

0 . 1 7 1 7 6 F 9 8 E - 0 0  

0.342 7 3  7 9  6 E-CO 

0.1 71368QEE-CO 

0 . 3 0 8 4 6 4 1 6 E  0 1  

(1.1 7 1  3 68? P 5 - 0 3  

0 . 1 0 2 8 2 1 3 8 F  01  

0.1 73 3 6 6 C 8 E - 0 0  

0. I 7 1  3 6 8 9 8 E - 0 0  

C.1 7 1 ? 6 6 @ 8 E  01 

0 .47993 '14E  0 1  

0 .EQC79142E 01 

0.257015346E 0 1  

0.17176BSPE-00 

3 . ? 4 2 7 5 7 $ 6 E - 0 0  

o . z 5 7 n 5 3 f L e ~  01 

0.2Q1??726i 01  

f ' . 1 0 2 s 2 ? ? 8 E  0 1  

0. ? 7 1 3 6 ? 9  RE-00 

0 . 1 7 l 3 h P 8 E - ? "  

0.1 77.3 6 E C  a E-o a 

o.??56n;ehE 0i 

0 .  ? 42 7 1  7 9 6  E-00 



PROTON ON AL INC. K.E. ( Y E V )  IS 750.0 A I S  27. Z IS 13. 5C00 INC. HISTORIES 1.6 M C V  CUTOFF E N .  

C R O S S  SECTIONS ( M B )  FOR VARIOUS COMBINATICNS O F  EYITTED CASCADE PARTICLFS 
1ST NO. IS NO. OF PROTONS EMITTED 2NO IS NO. OF NEUTRCINS 3 R D  IS NO. 3 F  ? I +  4TH IS UO. 7 F  P I C  c T H  I S  " O .  OF P I -  

C ONT I NU ED 

ZZlOO 

31100 

40100 

03100 

1 2 1 0 0  

2 1 0 1 0  

30010 

02010 

1 1 0 0 1  

20001 

3 0 0 0 0  

02000 

11000 

0.54838073E 01 

0.30046416E 01 

0.17136898E-00 

0.85684490E OC 

0.87398175E 0 1  

0.54838073E 01 

0.27419037E 01 

0.68547592E 00 

0.11995828E 01 

0.27419037E 0 1  

0.10282139E 02 

0.32560106E 01 

0.57065870E 02 

2 3 0 0 0  

320CO 

41000 

040CO 

1 3 0 0 0  

211co 

3 0 1 0 0  

021 00 

11010 

20010 

0 1 0 0 1  

IOOC! 

20000 

0.63406573E 01 

0.10453507E Or! 

0.39414P65E 01  

0.85684490E 00 

0.56551763E Cl 

0.e9111P68E 01 

0.51410694E 00 

0.49697004E C 1  

0.94252c39E 01 

0.56551763E 0 1  

0.171368qgE-00 

0.171 36898E-00 

0.48326052E 07 

3 1 0 0 1  

4 0 0 0 1  

50000 

1 2 0 0 1  

70110 

27000 

31000 

0?000 

1 1 1 0 0  

ZOlO0 

O l O l C  

l P O l 0  

OlOCO 

0.77777967E 01  

0 3 42 73  7 5 6  E-00 

9.171 36898E-00 

' l . l l oq5P2SE 01 

0.17136898E-00 

3.15937315E 0 2  

9.10796245E 02 

Q.856844QOE 00 

0.22752374E 0 2  

0.18850587F 01 

0.856844@0E 00 

0.685475Q2E 00 

0.6169'83?F 01 

3 1 0 1 0  

4C010 

0301 0 

l Z C l 0  

710n1 

?coon 

4 0 0 0 0  

1 @ l n 1  

i z n o n  

2 l O r ) O  

01100 

101 0 0  

1 CCO0 



PROTON ON AL I V C .  K.F. ( M E V I  I S  750.0 A I S  27. z I S  13. 6 0 0 0  I ~ I C .  PISTPRIES 1.6 MEV CUTOFF E". 

E N E R G Y  S P E C T R A  O F  C A S C A D E  PARTICLES WITE MLJ F R O K  1.00 T O  0 . 9 5  
(THETA F R O P  0 DFG. 0 M I N .  TO 1 8  OEG. 1 2  M?N.) 

N I E )  I S  (FRACTION O F  PAPTICLES IN DELTA M U ) / ( D E L T A  t4U) lDELTA E l  

E ( M E V l  I S  CENTER O F  INTERVAL 

PROTONS 
CELTA E ( Y E V l  37.5 

E (  M E V l  

13.7 

56.2 

93.7 

131.2 

163.7 

206.2 

24?.7 

281.2 

318.7 

356.2 

393.7 

431.2 

468.7 

5Ch.Z  

541.7 

5e1.2 

618.7 

656.2 

653.7 

711.2 

N ( E l  

0 .462E-01 

0 .239E-01  

0.228E-01 

0.245E-CI  

0.169E-01 

0.2 12:-01 

O.l.74E-01 

0.223E-C1 

0 .234E-C l  

0 .266E-01 

0.223E-01 

0.294F-01 

0.174E-C1 

0.12 5E-C1 

0.4 39 E- 0 2  

0.120E-01 

0.136E-01 

0.3 5 35- C 1  

0 .6475-01  

P . 7 h l E - O l  

NEUTRONS 
DELTA E ( M E V l  37.5 

E ( * I E V l  

16.7 

56.2 

93.7 

131.2 

160.7 

206. 2 

243.7 

281.2 

314.7 

356.2 

393.7 

431.2 

468.7 

506.2 

543.7 

5R1.2 

618.7 

656.2 

693.7 

731.2 

N ( E )  

0 . 7 t t  E-01 

0.37s E- 01 

0.25=E- 01 

0.713E-01 

0.245E-01 

0.1 8 2 E - 0 1  

0 .261E-01  

0.7C5E-01 

0.34CE-01 

0.427E-01 

0. ? 1 6  E-01 

0.221E-01 

O.26SE-01 

0.119E-01 

0.103F-01 

0.632E-02 

0.237E-02 

0.261 E-01 

0.292E-01 

0.3C5E-01 

P I +  
DELTA E(MEV1 37.5 

N I S  ( S U M  PVER N ( E 1 l l D i L T A  M U l ( D E L T A  E l  

E (  YEV l  

18.7 

56.? 

97.7 

131 .2  

169.7 

706.2 

343 .7  

291.2 

318.7 

356.2 

393.7 

431.2 

468 .7  

5q5.2 

541 .7  

591.2 

518.7 

656.2 

&>,03.7 

7'1.2 

h (  E l  

0 . 7 3 6 E - n I  

0. 

0.1 8 4 F - 0 1  

C). l84E-01 

0 .368€-0 '  

0.368E-01 

0.36RF-01 

0.736E-01 

0.970 E - 0 1  

0 . = 5 2 ~ - n i  

0 .552E-01  

n . i w + ~ - n i  

O . I P 4 F - 0 1  

0. 

0. 

n. 

C .  

17. 

C. 

0. 

P I C  
DFLTA E ( M E V I  37.5 

E (MEVI  

18.7 

56.3 

93.7 

131.2 

l 6 P . 7  

706.7 

243.7 

281.7 

31P.7 

3 5 6 . 7  

393.7 

431.7 

46P.7 

506.2 

54'. 7 

= e l . ?  

61R.7 

65F.Z 

6O1.7 

7 2 : . 2  

N ( E I  

0 .7hZ E - 0 1  

0 .  

0 .764E-01  

C . ? A  7 F - 0 1  

0. 

0. 

C.761F-01  

0. EOf lE-01 

C'. 1 5 4 F - 0 1  

r .102E-00 

C.508F-01  

0.5 08E-01 

C .  

c.  

P. 

1. 

q. 

c .  

0.  

C. 

P I -  
3ELTP E ( M . 1 E V l  37.5 

E I V F V l  

16.7 

56.2 

93.7 

131.7 

15fl.7 

2'16.2 

343.7 

791.2 

318.7 

3 56.2 

393.7 

431.7 

468.7 

&06.? 

541.7 

5 4 1 . 7  

h lE .7  

656.7 

6?2.7 

731 .7  

N I F I  

0.1 1 4 E - 0 0  

0.7h2E-r l  

0 .381 E - 0 1  

?.3PlF-01 

0 .762F-01  

0 . 7 6 2 E - C l  

0. 

'7.762E-91 

0. 

0. 

0. 

0.381 F-01 

'1. 

'1. 

'1. 

0. 

0.  

0. 

0. 

n. 

rc 
P 
0 

hi I S  I .000E 30  



PROTON ON AL INC. K.E. (MEVI IS 750.0 A I S  27. Z IS 13. 600C INC. HISTORIF5 

ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM 0 . S c  TO 0.9Q 
(THETA FROM 18 DEG. 1 2  M I Y .  TO 2 5  DEG. 5 1  MIN.) 

N ( E )  I S  (FRACTION OF PARTICLES I N  OELTA MUl / IOELTA MUl(0ELTA E l  

E(MEV1 I S  CENTER OF INTERVAL 

PROTONS 
OELTA E(MEV) 37.5 

E l  MEVI 

18.7 

56.2 

93.7 

1?1.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356.2 

393.7 

431.2 

468.7 

506.2 

543.7 

581.2 

618.7 

656.2 

693.7 

731.2 

N ( E )  

0.767E-01 

0.496E-01 

0.359E-01 

0.262E-01 

0.291E-01 

0.2 53E-01 

0.204E-01 

0.175E-C1 

0.194E-C1 

0.243E-01 

0.389E-02 

0.126E-Cl 

0.680E-02 

0.680E-02 

0.233E-01 

0.427E-CI 

0.563E-01 

0.437E-01 

0.971E-02 

0.389E-02 

Y IS 1.000E 00 

MUTRONS 
DELTA EIMEVI 37.5 

E(MEV) 

18.7 

56.2 

93.7 

131.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356.2 

?93.7 

4 3 1  - 2  

460.7 

506.2 

543.7 

581.2 

618.7 

656.2 

693.7 

731.2 

N ( E 1  

0.1 l 4 E - 0 0  

0 6 13 E- 01. 

0.3 85 E-01 

0.371E-01 

0.271 E - 0 1  

0.3 7 1  E-01 

0.257E-01 

0.2 14E-01 

0.242 E - 0 1  

0.1 e5E-01 

0.114E-01 

0.856 E-02 

0.570E-02 

0.570E-02 

0.185E-01 

0.257E-01. 

0.242 E-01 

0.185E-01 

0.570E-07 

0.285E-02 

N I S  1.000E 00 

1.5 YFV CUTnFF EN. 

P I +  
OFLTA E(MEV) 37.5 

N I S  (SUM OVFR N ( E l I ( 0 E L T P  MUl(9ELTA E )  

E (  YEV) 

18.7 

56.2 

93.7 

131.2 

168.7 

206. Z 

243.7 

281.2 

319.7 

755.2 

-393.7 

431.2 

468.7 

506.2 

543.7 

581.2 

4 1 8 . 7  

454.2 

693.7 

771.2 

N ( E 1  

0.368E-01 

0.5 52  F-01 

0. 

0.1 E4E-01 

0.92OE-01 

0.368E-01 

0.552 E-01 

0.552E-01 

C.920E-01 

0.552 E-01 

0.184E-Ol 

0.184E-01 

0. 

0. 

0. 

0. 

0. 

0 .  

3. 

0. 

Y I S  1.000F 00 

P I 0  
OELTA E I Y E V l  37.5 

E (  Y E V )  

18.7 

" 4 . 7  

Q?. 7 

131.2 

14P.7 

206.2 

243.7 

281.2 

31R.7 

356.2 

3Q7.7 

431.7 

46F.7 

5 0 6 . 2  

547.7 

581.2 

41R.7 

456.2 

h93.7 

721.2 

N( € 1  

r .217F-01 

0. 

0. 

c .  

0.64C)F-01 

C 853 E-0  1 

0.853E-01 

0. C.4m-01 

C 853E-01 

0.640E-01 

0.427E-'11 

C.?13F-01 

0. 

C .  

0. 

C .  

0 .  

0.  

c .  

0.  

N IS 1.COOF 00 

P I -  
3ELT9 E ( # F V )  =7.5 

F ( * F V I  

19.7 

-4.2 

93.7 

7 3 1 . 2  

168.7 

7 7 6 . 7  

241.7 

2 Q l . 7  

318.7 

2 5 4 . ?  

?93.7 

431.7 

458.7 

5'16.7 

542.7 

=91.2 

b1 9.7 

656.7 

FQ3.7 

721.7 
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P R O T O N  O N  AL I h C .  K.E. ( M E V )  I S  750.0 A I S  27. Z I S  13 .  5 0 0 0  Ih'C. H I S T O R I E S  

ENERGY S P E C T R A  OF C A S C A D E  PARTICLES W J T H  MU FROM 0.10 TO -n . io  
( T H E T A  F R @ P  8 6  OEG. 16 P I N .  TO 95 OEG. 44 M I N . 1  

N ( E )  I S  ( F R A C T I O N  OF P A R T I C L E S  I N  D E L T A  M L I l / ( O E L T A  M U ) ( O E L T A  F 1  

E I M E V )  I S  C E N T E R  OF I N T E R V A L  

P R 0 T O N S  
D E L T A  E ( M E V 1  75.0 

E (  M E V )  N ( E )  

37.5 0.532E-01 

112.5 O e l l l E - 0 1  

187.5 0.235E-02 

262.5 0. 

337.5 0. 

412.5 0. 

407.5 0. 

562.5 0. 

637.5 0. 

712.5 0. 

N I S  1.000E 00 

NE UT R O N S  
O E L T 4  E ( M E V )  75.0 

E ( M E V I  N (  E )  

37.5 0.562E-01 

112.5 0.74QE-02 

197.5 0.250E-02 

262.5 0.499C-03 

337.5 0. 

412.5 0.  

487.5 0. 

562.5 0.  

637.5 0. 

712.5 0. 

N I S  1 . 0 0 0 E  00 

P I +  
D E L T A  F I Y E V )  7c.0 

E (  M E V )  hi( F )  

37.5 0.347E-01 

112.5  0.190f-O? 

187.5 0.635E-02 

252.5 0.15qE-02 

337.5 0. 

412.5 C .  

487.5 0. 

561.5 0. 

627.5 0. 

712.5 0. 

N I S  ( S i l Y  O V E R  N ( E ) ) ( O E L T A  P U 1 1 3 ' L T A  F1 

N IS 1.000E 00 

P I 0  
D E L T A  E ( Y E V 1  75.P 

E I Y E V I  Y I f I  

37.5 P . ? ~ @ f - O l  

112.5 [l.l.C9F-01 

187.5 0. 

2 6 2 . 5  r. 

-437.5 0. 

4 I 2 a E  C. 

487.E 0. 

56?.5 0. 

637.5 0. 

712.5 n. 

hi I S  i . n o n ~  no 
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PROTON ON AL INC. K.E. (MEV) I S  750.0 A I S  2 7 .  2 I S  13. 6 0 0 0  I Q C .  HISTnRIcS ?.6 Y E V  CUTOFF FN. 

ENERGY SPECTRUM OF EMITTED CASCADE PROTONS 

0 TO 0.7500000E 03 MEV 0 3FL 

K.E. IS THE CENTER OF THE E N E R G Y  INTERVAL I N  M E V  4 ( E )  IS TWE F R A C T I O N  rlF TOTAL NUMSER O F  FMITTCT) PR?TCIYS /DELTA F 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

195.00 

N( E l  K.E. 

0.9804614E-02 225.00 

0.42725 99E-02 255.00 

0.3013183E-02 285.30 

0.2212806E-02 315.00 

0.1771422E-02 345.00 

0.1447740E-02 375.00 

0.11 5 3 4  a 4 ~ - 0 2  

N(E) K.E. N ( E )  K.E. 

C .  7 9 4 4 9  15 E-03 405.00 O.LO01883E-03 EU5.00 

O.7709?10 E-03 435.00 0.S7n856°F-0? ClS.00 

0.6061676E-03 465.00 0.3766478F-03 c45.0n 

0.66501 88E-03 4'45.0C 0.364U776E-03 t-75.0q 

O.C23P230$-03 525. cc q. '?89525~-03 705.90 

0 .  K 5 ? 7 0 1  5E-02 555. 0C 0.729566°E-0' 735. on 



" R C T O Y  GN A i  I U C .  K.E. ( N E V I  IS 75C.C A I S  2 7 .  2 I S  1 3 .  6 r ) O r )  Il.!C. H T S T O R I F S  1.6 M F V  CUT'IFF FY. 

E N F R G Y  SPECTRUM O F  E M I T T E O  CASCADE YEUTRONS 

o Tn Q . ~ ~ O Q O ~ O E  0 3  M E V  0 O F L  

<.F. IS T H E  C E N T E R  OF T H E  E N E R G Y  I N T E R V A L  I N  M E V  N l E l  IS THE F R A C T I O Y  OF TClTAL "IMBER C)F E M I T T E S  Y E U T R O N S / O F L T A  E 

K . E .  

15.00 

45.00 

75.00 

1C5.00 

135.00 

165.00 

195.00 

NI E )  K.E. 

0.11 91 3 99E- 01 22 5.00 

3.4741281E-02 255 .00  

0.?0392R3E-02 2 5 2 5 . ~ 0  

0.2446623E-02 115.00  

0.1701998E-02 345.00  

0.1261302E-02 37f .QO 

0.1040F54E-CZ 

N l  E l  K.E. 

'3.79181 17F-03 405.00 

0. c 83 SI 96  E-07 475.00 

0.600 2 5 524 E-03 4 6 5 . w  

c.5622.5 71:-n3 495.00 

C . 6  5'445PF-0? 525 .00  

C.5'1P745F-qa 555.00 

N I F )  K.F. 

0 & 4 8 7 9 4 2 E - ~  535.03 

0.3267?29E-07 61 5. Qr) 

1.?5711575-02 t45 .00  

0.27753 55 E-03 c75.90 

0. '27Q462E-03 7P5.00  

0.250740PE-f l2  7 7 5 . v  

N I F l  

0.247\ 426F-03 

0.1367677F-03 

C I .  23554445-03 

0.2355444E-03 

0.'Ch37C1E-@3 

0.2267?29€-07 



PROTON ON AL INC. K.E. (MEV) I S  750.0 A IS 77. 2 IS 13. 6000 I N C .  H I S T n R I E S  1.5 YFV CUTPFF F?4. 

ENERGY SPECTRUM OF EYITTEO CASCADE PI+ 

0 TO 0.7TCOOOOE 03 MEV 0 OFL 

K.E. I S  THE CENTER OF THE ENERGY INTERVAL I h  MEV N I E )  IS THE FRACTION OF TOTAL NClMRER OF EMITTEO P I +  I OELTb E 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

19s. 00 

N ( E 1  K.E. 

0.6077694E-02 22 5.00 

o . a 3 3 3 3 3 3 ~ - 0 2  255.00 

0.532 5 a i  ~ ~ - 0 2  285.00 

0.2566922E-C2 3 1  5.00 

0.1879699E-C2 345.00 

0.1879499E-02 375.00 

0.131 5789 E-02 

hi( E )  K.F. 

0.1. b 2  =O 73 E- 02 405.00 

o. 1 3 1  5789 E-02 4‘5.00 

0.8771530E-03 465.@@ 

0.11278?@ E-02 405.00 

C .4 3R 5 9 6 5  F-03 525.00 

0 . 2 5 n 6 ? t 5 ~ - 0 3  555.0c 



PROTSN CN A L  I N C .  K.E. ( Y F V I  I S  750.0 A I S  2 7 .  2 I S  1 7 .  60C0 TcC. SiSTORIFS ?.6 YFV CUTnFF FN. 

ENFRGY SPECTRUM OF E Y I i T E O  CASCADE P I 0  

0 T O  0.7c00000E 03 HEV 0 OFL 

K.E. I S  THE CENTER OF T Y E  E N E R G Y  INTERVAL I N  M E V  N I E I  I S  THE F 9 A C T I O N  n F  TPTAL NUMRFR r)F EYITTED P I 0  / OFLTA E 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

155.00 

N ( E I  K. E. 

0.5 930470E-02 22 5.00 

@.83@445RE-02 2 5 5 . 0 0  

0.5 7 2  5971 F- 07 295.'70 

0.2862936E-02 = I  5.00 

0.1942740E-C2 345.00 

0.14314935-02 375.00 

0.102 24  9 5 E- 02 

N( E l  K.E. 

0.153'742E-02 4 0 5 - 0 0  

0.  Z 2260q4E-W 435.00 

0 - 5  11 24 74F-0' 465.00 

0 .  6134$69F-02 49E.OP 

Q.7157464F-03 525.00 

C .  511  2474 E-03 55F."c1 

V I  E )  K.E. 

0.61'4?t9E-02 585.00 

q. 306'485F-03 615.00 

n. t45.00 

0. t75.00 

0. 705.00 

0. 7'5.07 

NCFI 

0.  

0. 

c .  

0. 

0.  

0. 
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PQCT3N OY A i  I N C .  K.E. I M E V )  I S  750.0 A I S  77. 2 I S  13. hOCO IhC.  H I S T O R I F ?  1.6 MFV C U T O F F  EN. 

ENERGY SPFC'RUM O f  EMITTED CPSCADE PARTICLES 

0 TO 1 0 0 3  MEV 

N ( E )  I S  THE FRACTION OF 
K.E. I S  THE CENTER CIF THE ENERGY IUTFRVAL IY Y E V  

K.E. 

25.0 

75.0 

125.0 

175.0 

225.0 

775.0 

325.0 

375.0 

425.0 

475.3 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

$25.0 

9 7 5  .O 

PROTONS 
N ( E I  

0 .7715395E-02 

0.302 2 5  9CF-  C2 

0. l C 0 6 7 8 0 E - 0 2  

0.135F.?72E-02 

0.812 1 4 6 ~ ~ - 0 3  

0 . 6 C 5 t 2 1 c E - 0 ?  

0.6532486E-03 

0.51?@678E-G? 

0 .5155367E-07  

0.3=663 e4E-03 

0.3354520E-03 

0 . 4 1 6 6 6 6 7 i - 0 3  

0 .4731638E-03  

0.5437855E-C3 

0 .6779661E-03  

0. 

0. 

0. 

0. 

0. 

N I S  O.OS?S??SE 00 

NFUTR3PIS 
N I E )  

0.C26 82 93 E-02 

0.2 1 2 7 4 2 2  E-02 

0.  I91 31 8"E-07 

r ? . i i 5 7 9 6 7 ~ - n 7  

0. P 1 6 0 4  74  F- 07 

0.6 5 6 4 8 5 1  E-G3 

O a t  0 6 ? ? 6 C E - 0 ?  

6. ChC 7 4 7 7  E-Q3 

C.34647R7 E-03 

0. '282425E-07 

0.273 5354E-03  

n - ? O c 7 1  05 E-03 

0.164 1 2  13E-03  

C. 2 73  53  E 4  E-03 

0.90C88SI'E-q3 

0. 

0. 

0. 

0. 

0.  

N I S  C.99C?990E 00 

r f lTAL  FUUM8ER OF F M I T T E D  PAQTICLESIDELTA E 
N I S  ( S U Y  OVER YISTOGKAM F F O V  1 TP 1003 YFV) (DFLTA F )  

P I +  
N I E )  

0 .740601KF-02  

P . + ~ R ~ z I ~ E - o ~  

0 .2218045  E-O? 

0 . 1 5 4 1  3 5 3  E- 32  

0.1 541 7 5 3  E-'l2 

0 . 1 l 2 7 8 1  E- O? 

0 .9@22556E-  03 

0 .26?157?E-03  

0 .  7 5 1 8 7 9 7 E - 0 4  

r? 3 75?  3 $3 E- F 4  

0. 

@. 
0. 

0 .  

0.  

?. 

0 .  

0 .  

p .  

0 .  

N I S  0.9SQC9CSE 93 



PROTON ON AL INC. K.E. ( H E V )  IS 750.0 A IS 77. 2 IS 13. 5 0 0 0  INC.  HISTORIES 

MU 

0.975 
0.925 
0.875 
0.825 
0.775 
0.725 
0.675 
0.625 
0.575 
0.525 
0.475 
0.425 
0.375 
0.325 
0.275 
0.225 
0.175 
0.125 
0.075 
0.025 

-0.025 
-0.075 
-0.125 
-0.175 
-0.225 
-0.275 
-0.325 
-0.375 
-3.425 
-0.475 
-0.525 
-0.575 
-0.625 
-0.675 
-0.725 
-0.775 
-0.825 
-0.875 
-0.523 
-0.975 

ANGULAR DISTRIBUTION OF EMITTEO CASCADE PARTICLES 

(FRACTION I N  EACH IUTERVAL)/(OELTA MU) 

. .  MU I S  COSINE THETA AN0 SPECIFIES THE CENTER OF THE INTERVAL 

PROTON 

0.3463983E 0 1  
0.193855% 01 
0.1362994E 0 1  
0.102401 1 E  01 
0.9322034E O C  
0.8S9&?05E O C  
0.7hC7740E 00 
0.7203390F 00 
0.720339CE 00 
0.7026836F 00 
0.6355932E 00 
0.692O904C 00  
0.557q096E 00 
C .  5296610E 00 
C. 4237288E-00 
P.388418lE-90 
0.370762 7E-00 
0.3142655t -00  
0.3531073E-00 
C.2612P94E-00 
9.2436441E-00 
0.24?644lE-00 
0.1942090E-00 
0. 2048073E-00 
0.2083333E-00 
0.1765537E-00 
0.1765537E-00 
0.190678OE-00 
0.17?07? CE-00 
0.1129944E-00 
0.1235 576E-00 
0 ~ 1 0 2 4 0 1 1 ~ - 0 0  
0.4887606E-01 
O. l I6FZ54E-00 
0 .10$4433 i -00  
0 . 1 0 2 4 0 I l E - 0 0  
C.?533898E-01 
6.7768362E-01 
0 . 9 a t 3 7 3 0 t ~ - o i  
C.9887006E-01 

NEUTQOY 

0. 3@77Z74E 0 1  
0.1705038E @l 
0.1185320E 01 
O. l lZ6054E 01 
0. I O 5 3 1 1  1 E  01 
0.8707545E 00 
0.7841349E 0 0  
0.7020743E 00 
0.5610440E 30 
0.7294279E 00 
0.6428C83E 00 
0.5881012E P O  
0.5379=3 O E  00 
0.4878049E-00 
0.42 95389E-CO 
0.423979QE-CO 
0.4467746E-GQ 

0.28?65'3F-00 
0.3 3OP P OF-03 
?. 314565 BE-Or) 
0.3191247E-PO 
0.278044a€-00 
0. 2416230E-00 
0.2872122E-00 
0.lG04445F-OO 
0. 241623CE-00 
0.1634602E-00 

0.1732391E-90 
0.1458855E-00 

0.9571741E-01 
0.17h7677F-00 
0.1641 2 1 3 C - C O  
0.1767677E-FO 
0.1094142E-CO 
0.1323088E-C0 
0.104?E53E-00 
0.5926601E-OI 

0 . 4 2 9 5 3 8 9 ~ - n o  

~ . I ~ ~ ~ c Q o E - o ~  

0. 1 0 0 7 9 6 3 ~ - n ~  

P I  + 

0.109077hE 7 1  
0.1000776E 01 
0.1015038E q 1  
0.7Rq4737E 7 0  
0.6766017E 7 0  
0.676691 75 30  
0.63Q0977E 7 3  
0 . 6 0 1 5 e v ~  no 
0 . 4 a ~ 7 2 1 ~ ~ - 7 3  
0.63C0Q77E q0 
0.563QOQPF 70 
0.501507RE 90 
0.2631 57SE-00 
0.563QCQPF '30 
0.45 1 Z 278E-00 
0.7147857E 0 0  
@.EZ6715PE 70 
0. 2631'7CE-90 
0.33fi3&5?€-30 
0.251157CF-r)0 
0.4BP721FE-30 
0.488771ZE-33 
0.22:563cE-q0 
0. 375Q'GBE-00 
0.451127PL-70 
0.4887218E-? 0 
0.417533PE-30 
F.41 757"RE-'10 
0. X9796C9E-30 
0.3?R145'=E-00 
0.7531 57cE-00 
0.37EQ 7 Q 8 E - 7  0 
0.4511278E-00 
o . > 3 a 3 4 5 9 ~ - 0 0  
0 . 4 : 7 2 3 7 ~ ~ - n o  
C. 1 1 2 7 e l c E - 3 0  
0.601 EC38F 00 
0.5763!58F 7 0  
0.41 75??eE-70 
0.3759?QRE-00 

1.5 YFV C i J T O i F  EN. 



1 N C I L ) E N T  I N C .  LAB.  T A R G E T  NO. O F  I N C .  C U T O F F  GEP".ITRIC N'I. OF I Y C .  
P A R 1  I C L E  K.E.(MEV) S Y M B .  A 2 ? A R T I C L E S  FN. (MEV)  X-SEC. IMB)  PAPT.  C O L L I S I O N S  

PROTON 750 A L  2 7  1 3  0 6 0 ' 7 0  1 . 6 4  1018.2 0 2 7 7 5  

( D S I G M A / ( O O M E G A  X D E I  ( M B l / ( S T E R A O I A N - Y E V I  
T Y P E  OF C A S C A D E  P A R T I C L E  LAB. A N G d L A R  I N T E R V A L  ( D E G )  kn. ' IC  FUCRGY I N T E R V 4 L S  D E L T A  E ( M E V I  

PROTON 0. T O  10.09 7 5  ?c.oono 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E P V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  8 

9 . 5 7 4 8 E - 0 1  6 . 5 e 2 7 E - 0 1  6 . 5 @ 2 7 E - 0 1  8.3780E-01 5 . 3 8 5 P F - 0 1  5 . 9 8 4 3 E - 0 1  G . 3 @ 5 9 F - Q 1  7.1811E-01 

I N T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  11 I N T E R V A L  1 3  I N T E R V A L  1 3  I N T F R V A L  14  I N T E R V A L  1 5  I Y T E R V A L  1 6  

7 . l e l l E - 0 1  7.lellE-01 7 . 7 7 9 5 E - 0 1  5 . 3 8 5 R E - 0 1  1 . 2 E 6 7 E  00 5 . 4 e 4 3 E - C l  X.3764F O C  9.57&@€-01 

I N T E R V A L  17 I Y T E P V A L  1 8  I N T E R V A L  19 I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  7 2  I N T E R V A L  2 2  I Y T C R V A L  2 4  

5 . 9 8 4 3 E - 0 1  7.181 1 E - 0 1  3 . 5 9 0 5 E - 0 1  0. 5 . ~ 8 4 3 ~ - 0 2  ~ . ~ S ~ Q E - O I  ?.qc?iE-o1 1 . ~ 1 5 0 ~  0 0  

I N T E R V A L  2 5  

4 . 6 C 7 9 5  00 

( D S I G M A / ( D O M E G A  X D E )  ( M B I / (  S T C R A D I A N - Y F V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. A Y G I J L A R  I N T E R V A L  ( D E G )  YO. OF F N F R G Y  I N T F R V A L S  D E L T A  E ( K E V )  

PROTON 10.00 T O  30.00 2 5  3n.nnm 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E H V A L  4 I N T E R V A L  5 I Y T E R V A L  h I N T E R V A L  7 I N T E R V A L  P 

1 . 7 2 4 1 E  00 6 . 8 1 1 S E - 0 1  5 . 1 2 3 1 E - 0 1  4.7451.E-01 4 . P @ 9 E F - 0 1  4 . 7 0 Q 6 E - 0 1  7.9P0flE-01 ? . 2 6 7 7 F - 0 1  

I N T E R V A L  9 I N T E R V A L  10 I Y T c R V A L  11 I N T E R V A L  ? Z  I N T F R V A L  13 1 N . i E R V A L  1 4  I N T E R V A L  1' I N T E R V A L  16 

3 . 5 S 7 3 t - 0 1  2 . 9 0 8 5 E - 0 1  3 . 2 9 1 2 E - 0 1  3 . 6 7 3 O F - 0 1  2 . C R 5 O F - 0 1  2.2195E-?! l  1.52n9E-01. 1.R369E-'31 

1F"TERVAL 1 7  I N T E R V A L  1 R  I N T E R V A L  1 9  I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  2 %  I N T E P V A L  Z? I Y T E R V A L  2 4  

1 . 9 S O O E - 0 1  2 . 4 4 9 2 E - 0 1  2 . 9 0 8 5 E - 0 1  4 . 7 4 5 4 E - C ?  4.898CC-01 6 . 1 2 3 1 . E - 0 1  7.5PORE-01 6 . l Z t l E - O l  

I N T E R V A L  2 5  
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I N C I D E N T  INC. LA8. TARGET NO. OF INC. CUTOFF GEOMETRIC Yr?. OF I N C .  
P A R T I C L E  K.E.(VEV) SYMB. A Z P A R T I C L E S  EN.(MEV) X - S E C e ( M 5 )  DART. C D L L I S 1 C ) N S  

PROTOQ 750 P L  2 7  13 96000 1.64 1029.7 02775 

SUM OF DSIG/(DDMEGA X D E )  X D E  EQUALS 0.574AE 01 M @ / S T E R A D I A N  FOR CASCADF P I +  WITH THETA FROM 75.00 Tr) 130.0@ DFG 

AVERAGE ENERGY EQUALS 0.585789E 02 MFV FOR CASCADE P I +  W I T H  THETA FROM 75-00 Tr) 1~0.00 DEG 

SUM OF OSIGIIOOMEGA x D E )  x D E  EQUALS 0 . 5 7 2 6 ~  01 MWSTERADIAN F O R  C A S C A D E  PI+ WITP THFTA F R O M  i3c.m TCI i e o . 0 0  OEG 

AVERAGE ENERGY EQUALS 0.462000E 0’ M E V  FOR CASCADE P I +  W I T H  T H E T A  FRnH l’P.90 T’I 1SO.CLI PEG 
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I N C I D E N T  
P A ' I T I C L E  

I N C .  LAB.  
K. E. ( Y E V )  

T A R G E T  
SYMP. A Z 

NO. OF I N C .  
P A R T I C L E S  

C d T O F F  G E C M E T R I C  
E N . ( q E V )  X - S E C . ( M S )  

NO. OF I Y C .  
PART. C f l L L I S I O N S  

PROTON 7 5 @  A L  27 1 3  06000 1.64  1028.' 0 2 7 2 5  

( D S I G Y A / ( D O M F G A  X DE) ( Y B ) / l S T E R 4 D I A Y - M E V I  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. AQGGULAY I N T E R V A L  ( 3 E G I  NO. O F  FN'RGY I N T E R V A L S  D E L T A  F ( Y E V )  

P I 0  0. T O  2 5.00 7 c  7@.?nnC 

I l V T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  6 I N T E R V A L  6 I N T E R V A L  I Y r F 9 V A L  8 

3 . 8 8 1 4 E - 0 2  0. 0. Q . 7 C 3 5 E - 0 3  2 . Q l l l E - 0 2  1 . Q 4 0 7 € - 0 ?  9.7025C-07 4.P51 R F - 0 3  

I N T E R V A L  9 I N T E R V A L  1 0  I N T E 2 V A L  11 I N T E R V A L  1 7  I N T F R V A L  13 I N T E P V A L  14  I h ' T C R V 4 L  7 5  I Y T F H V A L  1 A  

4 . 8 5 1 8 E - 0 2  1 . 5 4 0 7 E - 0 2  3 . 8 8 1 4 E - 0 2  3.881"F-r)Z 3.8814F-02 4 . P ' l Q E - 0 2  1 . 9 4 0 7 E - 0 2  'l. 

I N T E Y V A L  17 I N T E R V A L  1 8  I Y T E R V A L  1s I N T E R V A L  20  I N T E R V A L  2 1  I N T F R V A L  2 2  I N T C ' I V 9 L  3 2  I N T E R V A L  ?4 

0.  0. 0. 0. 0. 9. 0. n. 

I N T E R V A L  25  

0. 

( DS I G M A /  ( DOYEGA X DE 1 I Y P l / (  S T E S A O I A Y - V E V I  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. AYGULAR I Y T E R V A L  ( D X )  NO. DF F N F 9 G Y  I N T E h V 4 L S  Q F L T A  F ( N E V I  

75.00 2 5  3 c. on09 2F.00 T O  P I  0 

I N T E R V A L  1 I N T E R V A L  2 T N T E R V P L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  b I N T E R V A L  7 I Y T C R V A L  R 

2 . 2 4 5 6 E - 0 2  3 . 3 6 9 9 E - 0 2  3 . 0 8 9 O Z - 0 2  1 . 8 2 5 3 E - 0 7  1.8253E-02 9.8387F-03 1 . 1 7 1 3 F - r ' Z  1 . 4 0 4 1 E - 0 2  

I F l T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  11 I N T E Q V A L  1 2  I N T E R V A L  19 I N T F P V A L  1 4  I N T E R V A L  ' 5  I Y T ' = Y V A L  16 

9 . 8 2 8 7 E - 0 3  4 . 2 1 2 3 E - 0 3  2 . 8 0 8 2 E - 0 3  4 . 2 1 2 3 E - 0 3  1 . 4 @ 4 1 E - 0 3  1 . 4 0 4 1 C - 0 3  1 . 4 0 4 1 E - 0 3  r). 

I N T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  20  I N T E R V A L  2 1  I N T F R V A L  ' 7  I N T E R V 4 L  ?' I N T F P V A L  2 4  

0. 0. 0. 0. D. 0. 0.  n. 

I N T E R V A L  25 

0. 
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PROTON CFI AL INC. K.E. ( Y E V I  I S  1000.0 A I S  ? 7 .  Z I S  13. 5000 INC.  H I S T 0 R I E S  1.5 MEV C U T O F F  EN. 

YOYENTUM OF COMPOUND N U C L E U S  1 6 9 7 . 1 0 0 2 5 @ V E V / C  E X C I T A T I O N  E N C Y G Y  OF COMPnUhlO N U C L F U S  1 0 0 5 . 9 1 5 2 0 7 M E V  

THE M A S S  O F  T H E  R E S I D U A L  N U C L E U S  WAS ZERO C T I M S S ,  WAS M I N U S  3 T I Y E S  C U T  O F F  F N F R G Y  1 . 6 3 7 4 6 0 M E V  

FOR 1 6 4  I N C I D E N T  P A R T I C L E  C O L L I S I O N S  T H E R E  WERE M O R E  T H A N  9 O U T  G O I N G  P A R T I C L E S  

AVERAGE NO. 

V A R I A N C E  

AV. K.E. ( Y E V I  

VAK I ANC E 

OUTGC I FuG C OM51 N A T I  CN 

T r l T A L  C A c C A D E  
10000 
01000 
00100 
00010 
G O O 0 1  
0 1 0 0 1  
10100 
11 000 
11001 

E M I T T E O  C A S C A D E  P A R T I C L E S  

PROTOVS YEUT YONS ?It 
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PSOTON ON AL INC. K.E.  ( M E V )  I S  icoo.o A I S  2 7 .  z I S  13. 60na IXC. HISTORIES 1.5 VEV C U T I F F  FM. 

THE PARALLEL PCMENTCIP D I S T R I R U T I O N  O F  THE C A S C A D E  R F 5 I D U A L  4UCLFUS 

-0.2291085E 0 4  -0.2121375E 0 4  -0.1951665E 0 4  -0.1781955E 0 4  -C.lt l.2’45€ 04 -0.14475’qF OL -q.l27’925E 0 4  

0.8485501E 02 0.2545650E 03 0.4242751E 03 C.5°398C1E 0 3  0.7676951F 0 3  0.9a34Q51c n? l . l l l ? l l E F  0 4  
-0.11C3115E e4 -0.9334051E 03 -0.7636951E 03 - 0 . 5 9 ~ 9 9 5 1 E  0 3  -0.424’752E 0 3  -0 .7545r5rF  73 -r.949EGOIE O Z  

0.1272825E 04 0.1442535E 0 4  0.1612245E 04 0.1791955E 04 0.1951665c 0 4  O.’171’75F 04 f ’ .7Z01O85F 04  

TOTAL CASCACE (SUM O V E R  H IS fOGRAM)(OELTA P )  O.lQO0AQOF 0 1  0 LIFL 0 U F L  

0. 0. 0. 0. 0.1 Z003P7E-04 n. 7 7 4 1  PaaF-04  0.11 52675 E-P? 
0. 0. e. 0. 0. 0. 0. 

0.2490293E-02 0 . 1 0 6 8 4 0 v - 0 2  0.5741 @68f-03 C.7(’53727E-03 C. l 7 6 8 8 ? 2 E - O ?  
0.1505359E-04 C.4301025E-05 0.215051ZE-05 0. 3. 

0 PROTONS 1 NEUTROFGS 0 P I +  0 P I 0  

0. 0. 

0. 0. 

0. 0.  0. 

0. 0 . 5 a w 4 0 4 ~ - 0 2  0. 

1 P R O T i l N S  0 NEUTROhS 1 PI+ 0 P I 0  

0. 0. 

0. 0. 

0.  0. P. 

0 . 1 3 ~ 6 4 4 8 ~ - 0 2  0 . 4 5 0 5 9 5 6 ~ - ~  r. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  

0. 0. 

0. 0. 

0. 0. 0. 

0.3626095E-02 0.3777182F-07 C. 

1 PROTONS 1 NEUTRSNS 0 P I +  U P I 0  

0. 0. 

0. 0. 

0. 0. C. 

0.3682752E-02 0.1473101E-CZ 0. 

1 P I -  

0. 

0.  

0 P I -  

@. 

0. 

r PI- 

0. 

0 .  

1 P I -  

0. 

0. 

( S U Y  O V F R  Y1STOGRAY) lDELTA P )  
0. P. 

0. 0.  
0. 9. 

e. 0. 

f SUM PVER H I S T O G R A W ( 0 E L T A  P) 
0. c. 

n. e. 
0. CI. 

0. 0. 

(SUM n V C R  H I S T O G R A Y ) ( 0 5 L T A  D l  

0. 0. 

0. @. n. 3. 

n. 7. 

(SUM OVES HISTOGRAM)(DELTA P I  
0. C. 

0.736550KE-03 0. 
0. 0 .  

0. n. 

rJ.1OCQOn3F c1  0 I F L  P JFL  
0. Q.  

0. 0. 

0. 0. 

0. A. 

C . ~ O ~ A O O O E  0 1  0 ClFL UFL 
n. 3. 

0. q. 
0. 0. 

n. A. 

0 .700QrJ0nF  01 0 n F L  A UFL 
0. n. 

0. 0. 

n. 0. 
0. 0. 



1.6 Y E V  CUTnFF EN. PROTON ON AL IhC. K.E. I M E V )  I S  ?000.0 A i S  27. 2 I S  13.  6 0 0 1  I Y C .  HISTCRIES 

C R O S S  SECTIONS ( N B )  FPQ VARIOUS C O M B I Y A 7 1 0 h I S  OF EMITTED CASCADE P A R T I C L E S  
1 S T  N&. I S  NO. 0' P R C T C N S  FYITTED 21110 I S  YO. OF NEU'ROUS 3RC I S  NO. 3 G  D I +  ~ T H  I S  NO. ' 1 ~  p r r  5 r H  I S  NP. OF PI- 

17010 

26010 

34700 

3 6 0 ~ 0  

43200 

45000 

53101 

6 2001 

71010 

23210 

2 5001 

32030 

3 3020 

34C10 

42110 

43100 

520C1 

61001 

14011 

1 5 1 0 0  

2 3 7 0 0  

25005 

32112 

33103 

4 i 0 2 0  

4 2 n i i l  

0.3 4273796E-00 

0.17136898E-00 

0.1713669SE-0C 

0.856a449oc o r  

- 1 . 1 7 1 3 6 8 9 e ~ - n c  

9.6R5475C2E OG 

0.342 73 796E-GO 

0.342737965-00 

0.34273796E-0C 

0.171368$8F-C0 

0.171 36098E-CiC 

0.17136898E-00 

3.171368985-CC 

3.137095185 0' 

0.514106@4€ 00 

1.171368"VE c71 

0.1028215'3E 01, 

0 . 3 4 2 7 ~ 7 4 6 ~ - 0 n  

?.171358CBE-OC 

5.34273796E-0C 

1 . 3 4 7 7 3 7 9 c i - c c  

0 . 2 7 4 1 9 m 7 ~  c i  

0 . 5 i 4 1 0 6 ~ 4 i  no 

0.41125554L C 1  

'2.1 71 3 6 8 aE- 0 C 

'l.154232CEE 01 

7 5007 

26100 

3 5 0 0 1  

43011 

4 4 0 0 1  

5 2 0 2 0  

53010 

0 2 0 1 0  

77OCO 

24011 

2 5 0 1 0  

32111 

331C1 

3 4 1 m  

422 00 

4400C 

5 2 0 1 0  

6 i n i c  

1 4 1  G 1  

zTn2o 

7 4 0 0 1  

37011 

2 2 2 ~ ~  

3 4 0 r n  

41?1P 

I.,.rCr, 

0.171 36e"eE-00 

0.342 7 3 7 9 6 ~ 4 0  

0.1 7134P9RE-00 

0.17134898E-0C 

0 . ~ 1 4 i n 6 ~ 4 ~  0 0  

0.17136@@8E-03 

0.5@5475@7E r)n 

0.1 71368C8E-00 

0.3 4773 7"tF-OO 

0.1713685PE-00 

0.514106"4F 00 

0.177 368Q8F-00 

0.1713589PE-00 

0.20=64277€ ''1 

C . 1 7 '  35898F-OO 

P.>OP46416E 01 

r .856844cOE 00 

0.171 36R5eF-20 

0.171 3 5 Q S P F - 0 0  

0.51410094E 0 0  

0 . 5 1 4 ? n t c 4 r  P O  

0. = 4 2 7 3 7 ~ 6 ~ - ~ 0  

n. 1 7 1 7 6 8 s  PF-os  

0 . ~ S I . 1 4 P 6 5 F  0 1  

O . P C t R 4 4 @ 0 E  0 3  

C.lFiu50587F P1 



PROTON OY AL INC. K.E. ( M E V I  IS  1000.0 A I S  27. Z I S  13. 6000 I N C .  HISTn9IFS 1.6 MEV CIJT'IFF €N. 

C Q O S S  S E C T I O N S  ( Y 8 1  F@R V A R I O U S  C O Y B I N A T I D P S  OF EYITTFD CASCADE PAPTICLFq 
1ST NO. I S  NO. OF P R O T O h S  EMITTED ZND IS NO. @F NEUTRCINS 3RD I S  NC. OF P I +  4TH IS NO. O F  P I C  5 T q  I S  h l T .  1 F  P I -  

COUTINUED 

5 1 0 1 0  

7COOO 

1 3 1 0 1  

1 4 0 1 0  

22002 

2 3 0 0 1  

3 1 0 1 1  

3 2 0 0 1  

4 0 1 0 1  

4 1 1 0 0  

0 4 1 0 0  

1 2 2 0 0  

1 4 0 0 0  

21110 

23000 

31100 

4 0 1 0 0  

0 2 1 1 0  

0 4 0 0 0  

1 2 0 0 1  

2 0 1 0 1  

2 2 0 0 0  

31000 

0 2 1 0 0  

1 1 1 0 0  

20100 

0 -34273796E-OC 

0.34273796:-0C 

0.51419694E O C  

0.10252133E 01  

o . i 7 1 3 6 8 9 a ~ - o c  

0.137095135 01 

0.1 7136898E-C0 

0.15423208E 01 

0.17136898E-00 

0.119958285 07 

0.17136898E-0C 

0.171 3 6  89 a E-00 

0.85684490E 00 

0.15423208E 01 

3.37701175E C1 

0 . 3 0 a 4 6 4 1 6 ~  01 

0.342 73 796E-CO 

0.17136898E-0C 

0.51410694E CC 

0.95684490E 00 

0.51410694E 00 

0.12167197E 02 

0.68547592E 01 

0.34273796E 01 

3.21935229E 02 

0 . 1 7 1 3 6 8 9 a ~  01 

5 1 1 0 0  

0 5 0 0 1  

13110 

1 4 1 0 0  

22101 

2 3 0 1 0  

3 1 1 0 1  

3 2 0 1 0  

4 0 1 1 0  

42000 

1 1 0 3 0  

1 3 0 0 1  

2 1 0 1 1  

2 2 0 0 1  

3 0 1 0 1  

3 2 0 0 0  

1.1000 

02200 

11101 

1 2 0  10  

23001 

30001 

40COO 

0 3 0 0 0  

1 2 0 0 0  

71co0 

0.342 7 3 l Q 6 E - 0 0  

0.171 3 6 R S E - 0 0  

0.24273196E-00 

0.274190375 01 

0.68547592: 00 

C.20564277E 0 1  

0.171 368@ X E - 0 0  

0.23991657E 0 1  

0.171 568'?8E-OO 

0.49697004E 0 1  

0.171768QeE-00 

0.171368"8E-00 

0.514106C4E 0 0  

0.13709518E 01 

0.171 36808E-00 

0.6340652>E 01 

0.61692822E 01 

0.17136898E-00 

0.856R44CCF 00 

0.44555034E C 1  

0.27419037E 0'. 

0.3 4273 79 6E-00 

0.11995828F 01 

0.10287138E 01 

0 .13195411~ "2 

0.19021457E 0 2  

52900 

0 5 0 1 3  

13200 

1.5000 

77110 

27100 

31117 

7 2 I C "  

413C1 

5 1 0 0 0  

12101 

i v i n  

21020 

27013 

3 i w i  

4 0 0 0 1  

502100 

')'3010 

11110 

121cio 

21010 

3 C O l 0  

0 2 0 0 1  

Z 1 W T  

z w o i  

300c') 
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PROTON ON AL INC. K.F. ( M E V )  I S  100o.o A I S  27. z IS 13. hnco INC. PISTORIES 1.6 MEV CUTnFF Fhl. 

ENERGY SPECTRA OF CASCADE PASTlCLES WITH MU FROM 1.00 TI? 0.9= 
(THETA FRCM 0 DEG. 0 MIN. TO 1 9  DEG. I 2  M1N.I 

Y ( E )  I S  (FRACTION OF PARTICLES I N  DELTA MU)/(OELTA qUl (OELTA E )  

E(MEVI I S  CENTER OF IVTERVAL 

PROTONS 
CELTA E ( % E V )  50.0 

E(MEV) 

25.0 

75.9 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

9 7 5  .O 

N C E )  

0.3 72E-C1 

0.213E-01 

o . i 6 2 ~ - n i  

0.209E-01 

0.191E-01 

0.119E-01 

0.152E-01 

0.137E-01 

0.137E-01 

0.16Z.E-0 1 

0.101E-01 

0.134E-01 

O.l?OE-CIl 

0.105E-01 

0.6 86  E- @ 2  

0.6 14E-02 

0.137E-01 

0.2 85 E- 0 1 

0.556C-01 

0.567E-01 

NE UT RO NS 
DELTA E ( b ’ E V I  5’3.0 

E(YEVI 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775 0 

825.0 

375.0 

925.0 

975.0 

N ( E )  

0.600E-01 

9.316E-01 

O . I ~ - I E - O I  

0.1QeE-01 

O.l.23E-01 

O . l l ? E - 0 1  

0.19eE-01 

0.107E-01 

0.139 E-01 

0.134E-01 

0.166E-01 

0.187E-01 

0.25ZE-01 

0 . 2 3 0 ~ - n i  

0.177E-01 

0.046E-02 

0.102 E - 0 1  

0.17l.E-01 

0.273E-01 

O.ZC7E-01 

p I +  
DELTP E ( 3 E V )  50 .0  

N I S  ( S U Y  OVER Y I E ) ) ( O F L T A  PUItDELTA F t  

E (  Y E V l  

25.0 

75.0 

125.0 

175.0 

775.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

675.0 

675.0 

725.0 

775.0 

e25.0 

a75.n 

425.Q 

475.0 

N( € 1  

0.754E-01 

0.193E-Cl 

0.675E-02 

0 2 54 E - 01 

0.254F-01 

0 . 3 7 7 ~ - 0 1  

0 . 3 1 7 ~ - 0 1  

0.635E-(11 

0.571E-01 

C. 571E-E1 

0.190E-01 

0.2 54E-01 

0.127 E-01 

0. 

0. 

0. 

P. 

0. 

0 .  

17. 

PI@ 
O F L T P  F ( U E V )  5n.n 

E l  YEV) 

75.0 

7c.n 

175.0 

1.75.@ 

7 7 c . 0  

275.0 

32c.q 

775.0 

475.0 

475.0 

575.0 

5TC.0 

67 5. 0 

575.r) 

735.r  

775. O 

s175.r 

~ 7 5 . r  

c 2 c . n  

47q.0 

E( y r v t  

’5.0 

75.9 

1,2 c.r 

1 7 c . n  

2’5.0 

375.P 

3 7 5 . 0  

‘ 1 5 . 0  

4’5.C 

475.0 

57c.O 

575.r 

h75.n 

575.c 

7 7 E . C  

779.r  

R75.0  

47c. n 

975.0 

475.n 

hl I S  1.000E 00 N I S  1.000E 00 Iu I S  1.0noE 0 0  



1.6 YEV CJTLIFF EV. 

E N E R G Y  S P E C T R A  O F  C A S C A D E  PARTICLES WITH MU F Q O ~  0.05 T O  n.00 
(THETA FRO" 3EG.  1 2  MIN.  Tfl 7 5  DES.  51 M I N . 1  

V ( E )  I S  I F R A C T I C N  O F  PARTICLES I N  DELTA Y U ) / ( O E L T A  M U l ( D E L T A  F )  

E I M E V I  I S  CEKTER OF IYTERVAL 

PKOTOYS 
CELTA E ( b l E d 1  5C.0 

E( Y E V )  

25.0 

75.0 

125.0 

175.0 

225.0 

2 75.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

525.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

575.0 

' * ! E l  

0 .729E-91 

0.?78E-"1 

0 .254E-C l  

0 .241E-01  

0 .192E-01  

3.155F-C 1 

0 .158F-C I  

0 . 1 6 5 E - 0 i  

0 . 1 3 I E - 0 1  

0.179E-C1 

0.117E-01 

0.103E-01 

0.75hE-02 

n. I Z ~ E - C ~  

0.137E-01 

0.30qE-01 

0.35aE-C1 

0 . 1 6 5 F - C l  

0.6 a 7 ~ -  02 

0 .  

N E  UT R Oh1 S 
D E L i A  E(MEV1 50.0 

E (YEV1 

25.0 

75.0 

125.0 

175.0 

225.0 

275.C 

375.0 

375.0 

425.0 

475.0 

525 .0  

575.0 

625.0 

675.0 

7?5.0 

775.0 

625.0 

875.0 

$25.0 

975.0 

N ( E 1  

0. = 6 e  F-01 

0.95CE-01 

0.313E-01 

0 .?2? E - 0 1  

n . 2 4 0 ~ 0 1  

0.21"3E-01 

0 .203c -01  

0.147E-01 

0 .207E-01  

0.147E-01 

0.977F-02 

0.922:-32 

0.12@ E-01 

0.276 E - 0 2  

0.022F-02 

C. 1 4 7  E-@? 

O.ZG3E-01 

0.645E-02 

0.5 53E-02 

0. 

P I +  
DELTA E ( ' 4 E V I  50.0 

€ ( N E V I  

2i.C 

75.0 

125 .0  

175.0 

225.0 

27q.c  

325.0 

375.0 

425.0 

475.0 

525 .0  

575.0 

625.0 

675.0 

7ZF.0 

77K.0 

e25.0 

e75.0 

c 2 5 . 1  

$75 .0  

h (  E) 

0.533E-0: 

0. E R S F - C Z  

0.8EOE-02 

C.355E-01 

0. I 7 8  E - 0 1  

0.6 2 2 F - 0 1  

0.355E-01 

0.672 E-ni 

r . ? 5 5 ~ - 0 :  

0.2t7f-01 

0.356 E-01 

il. 8 9 9 ~ - 0 2  

0. 

0.SP9F-02 

0 .  

7. 

0. 

0. 

0. 

c. 

P IO 
DELTA E ( Y F V )  50.0 

F ( Y E V I  

z5. r  

75.0 

125 .0  

175.C 

275.0 

275.0 

325 .0  

375.0 

425.0 

475.0 

5?5.0 

575.0 

625.0 

675.0 

775.0 

775.0 

875.0 

875.0 

9?5.0 

975.0 

Y ( E I  

n. 5 n q ~ - c  1 

C. 5 0 0 F - 0 1  

0. v 5 ~ - n i  

" . 750E-01  

C .750E-01  

0. 75E-  0 1 

C.17EF-01 

O.'?OF-Ol 

c . = ~ ~ - n i  

r. 5noE-01 

0 .757F-01  

c. 

e. 

c .  

0. 

c. 

0. 

0. 

0. 

0. 

P I -  
OFLTA ' (MEVI  50.0 

E IMEV)  

75.0 

7 ~ . r  

125 .0  

175.C 

7 2 5 . n  

275.0 

7'75.0 

775.p 

4'5.0 

475.0 

574.n 

57fi .n 

c.76.c 

675.C 

7 7 5 . c  

77E.C 

925 .0  

Y75.G 

9 2 5 . n  

~ 7 5 .  n 

h i (  E l  

o. inc;c-n3 

n.421 E - n i  

0 .711E-01 

0 .421E-C l  

0.42 1 F-0 1 

0- ?11 E-01  

0.471E-01 

0. 

0 . 4 2 i F - n l  

0 . 4 2 i ~ - r i  

0. 

0. 

0. 

0. 

'7. 

0. 

0. 

0.  

0. 

0. 

hi I S  1.000E 0 0  N I S  1.OOOE 0 0  N I S  1 .000F  eo 



PROTON CN AL INC. K.E. (MEVI  15 1C00.0 A I S  27. Z I S  17. COP0 INC.  P I S T O R I F S  

ENERGY SPECTRA O F  CASCADE PARTICLES WITH MU FPOM 1.60 TO 0.40 
(THETA FROM 53 DEG. 8 MIN. TO 66 O E G .  2 5  MIN.) 

N ( E )  15 (FRACTION OF PARTICLFS IY OELTA V U I / I O E C T A  M U I ( 0 E L T A  E)  

E(MEV) I S  CENTER OF INTERVAL 

PROTONS 
OELTA E(MEV) 100.0 

E(MEV) N( E) 

50.0 0.312E-01 

150.0 0.12ZE-01 

250.0 0.513E-02 

350.0 0.107E-I)Z 

450.0 0.333E-03 

550.0 0.657E-04 

650.0 0. 

750.0 n. 

859.0 0. 

950.0 0. 

N I S  1.000E PO 

NEUTRONS 
DELTA E ( M E V I  100.0 

E(MEV)  N( C )  

50.0 0.344E-01 

150.0 0.Q64E-02 

250.0 0.467F-02 

350.0 0.700E-n3 

450.0 0.3eOE-03 

550.0 0.156E-37 

650.0 0. 

750.0 0. 

850.0 0. 

950.0 0. 

N I S  1.COOE 00 

?.h YEV ClJTClFF FM. 

P I +  
OELTA E ( Y E V )  100.0 

E (  MEV) N ( E )  

53.0 0.299€-01 

150.0 e . i r 5 ~ - 0 1  

250.3 0.855E-CZ 

350.0 O.IC~E-~Z 

450.0 0. 

550.0 0. 

650.D 0. 

7 5 1 . 0  0 .  

8 ~ 0 . c  r. 

0w.o 0 .  

N IS (SUM CVFR Y ( E I I ( 0 ‘ L T A  MU)(DELTL\  E )  

F.1 I S  l.QC@E 0c 
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0.9045E 00 0 . 2 3 5 6 E  0 1  0.37$3€ 01 0.1245E 02 0 . 1 2 6 4 E  02 0.509BE 01 0 . 7 7 6 9 E  01 n . lFT1F  0 1  01’?61F PI 
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CASE iYUMBEn 27 1>1Du,(i 2 

YOMLNTS OF IhE ENERGY CIbTRIdUTIUhS FUR THE F J L L O w I Y G  C V A P J K A I I u N  P A K T I L L E S  

NE U T R CY S PRO TO h 5 D t U T t RUNS ~ ~ ~ I T O N S  t i t3  ALPHAS 
1 S T  M J M .  7.90C43F 00  Y.4416Ot d 0  1.15fl34E 0 1  9.36418f Od 1-43766E C 1  Y.29456E 50 
Z N O  MJH. 1.35289t  9% 1.64810€ 0 2  2.3117Rt 32 1.646obt  0 2  3.22115E U2 1 .4o719t  3 2  
3RO MUM. 3.76627E U3 4.72180E 0 3  7.3b375t  03 3.03176t  03  1-01870E 04 3 - t i l 8 U l t  03 

NJKHALIZtO E V A P ( I K 4 T I L N  k E O T  SPECTHUM 
( t  S P E C I F I E S  T H t  L U N t R  t N E R G Y  L I M I T  LF T t i t  I N T E R V A L  I N  N E V I  

E: 

0 0.074057 'l.136236 C.127173 0.13U?32 3.115521 U.ll255Y 3 .15921s  3 .121445 U.13921d C . 1 0 ~ 7 ~ 1  
1 '~ .124400 3 .115521 0.156991 ~3.115521 3.OdH863 3.115>21 il.12737~1 3.14.2110 11.133294 u.103073 
2 0 .133073 3 . 1 3 3 2 4 4  C.1dOll:  G.lJJ673 6.103673 O.OdbYo3 0.0947d7 0.109597 tJ.G77014 c.u659UO 
3 0.100711 1 . 0 9 1 e 2 5  C.103675 3.145142 3.07Y976 U.Ja2Y30 u.0YlbZ5 0.112555 u.u,Ylk25 u.379576 
4 O.t17+052 1 .047393 1'.089ii63 0 .08d l lb4  i1.10b635 0.341393 0.O63128 O.Ua8128 u.Lo2204 u.062166 
5 3.0b516h 3 . 3 ~ 2 3 3 6  U.il502dv 0.06>166 0.050355 O.Ob2990 O.G41*69 3.C82YJM 3 . C 8 2 3 j J  S . O o S l i o  
6 13.077014 5 .047393 C.@202d3 0.07Y97h 0.153318 0.U562d0 1J.06516b 3.U5YL42 d .c59242 r).u74O52 
7 3 .332503 O.0562dC C.056280 0.0414S9 0 .044431 0.059242 0 .335545 U.047395 U.L5331d d . L ~ d 5 0 f  
3 3.956283 0.0414109 C.047393 0 . 0 ~ 5 1 6 6  0 .041469 u .032583 u.044431 3.038507 U.O.29621 u.03d5u7 
ir 3.726659 '-'.Cl26659 C.LJ8507 C.041469 0.150355 0 . ~ 4 1 4 6 0  0 . J 3 2 3 6 3  O.ir2u735 J .v23697 S.u35245 

11 0.038507 3 . 3 2 5 6 5 9  0.0325d3 9 . 0 3 2 5 0 3  0.035545 0.1735545 0 .035245 3.323621 U.317773 O.OLvoL1 
12  0 .017773 u .017773 0.0OYad6 0.1717773 0.OUd886 0 . 0 2 6 0 > 9  U.b14UlO 3 . ~ 2 3 0 G 7  3.01481ci u.LLd739 
1 3  0.911845 0.011d4d (7.C17773 0.0236'47 b.329621 Ci.017773 0.0236'17 0 .633545 3.C26659 u.UL3697 

1 5  3 .611348 3.d0Zch2 u.CLY621 U.017773 S . C l l S 4 8  3 .323735 0.017775 i . u 3 2 2 8 3  U.32h53Y U.uZ5097 
16 0.IidddRh 3 .323097 C.014610 17-01+61C t ~ e I J 2 6 6 ~ 9  3.01184d 0 .014~310 3 .011648 3.011848 U.0118411 
1 7  S.014d10 iJ.Ur146Y 3 . 3 1 + d l  I i l . i )2173>  O.nllH4d J.Ol4Slb U.01+815 )-0145113 d.d i4a lLi  U . ~ ~ l + t l I b  
1 8  ii.Ji)5Q24 3 .  bb.Olld45 0.Ofldridb 3.n1184U U . 0 ~ 3 8 3 6  C.017773 5 .005924  J .d l4 t i IO u . u l 7 7 7 3  
19 J .0059?4 J.035424 0.011346 C.OOXq96 0.011848 O . C O 3 b d 6  3 .517773 0 .020735 O.CZ3735 0.~14813 
2 0  3.COHH96 J.01184tJ 'l.L!~J295? O.dUaHd6 u . U O ~ 7 2 4  0 .005924 3.020735 d.OOHJJ6 3.03d8do U.UlIa4tt. 
2 1  3 . 3 0 5 9 2 4  3.014d13 C.Ci738do 0.105924 0 . 0 1 4 8 1 ~  0.01144d 5.302962 tJ).OC?5724 O.Cl4dIO 3 ) . L i , L Y 6 2  
22 3 .005924 n.uozqh% 3.Ol)Bnah 0. 0.011u49 U.Ol4Hlu 0.2U5924 0.0059L4 0.clLbZl86 U.Ll184b 
2 3  0.00R80h 0.008ti66 0.00SY24 0.3:>4L't U.OOi iBH6 c? .d1883b  0.335324 0.C325b2 3.Udb8S6 0 . ~ ~ 2 9 6 2  
2 4  3.5G2Y67 0 .  0. 0.032'802 O.005324 U.OJ29L4 3.Jdbbtb 3.Ui5924 3-CL5924 0. 

i u  0 .317713 o . c 2 0 6 5 ~  0.033537 o . o j a 3 q 7  0 . 0 z j 6 9 7  0 . 3 3 ~ 5 3 7  d . 0 3 z 5 t i ~  u.0325 I3 u . ~ 4 7 3 9 ~  J . O L J ~ Y I  

1 4  0.026659 0 . 3 2 - 7 3 5  c .017773 0.C17773 3.011846 u .017?73 0.017173 0 . ~ 1 7 7 7 5  ~ . 0 2 b o 5 9  u . ~ ~ n n h h  
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1.5 * F V  C U T O F F  EM. P R O T O N  ON A L  INC. K.E. ( M E V )  IS 200c.o A I S  2 7 .  z I S  17. 6 0 0 0  INC. HISTORIE~ 

MOMENTUM O F  COMPOUND N U C L E U S  2 7 8 5 . 7 3 1 2 0 1 M E V I C  E X C I T A T I O N  E Y F R G Y  OF COMPOUh'D Y U C L E U S  ; O n S . 9 1 5 1 7 6 Y E V  

T ~ E  MASS OF T H E  R E S I O U A L  N U C L E L S  WAS ZERO 0 T I Y E S ,  WAS K I N U S  0 T I M E S  C U T  O r F  ENERGY 1 . 6 3 7 4 h O P E V  

FOR 

AVERAGE NO. 

V PR I ANC E 

AV. K.E. I Y E V )  

V A R I A N C E  

6 3 6  I N C I D E N T  P A R T I C L E  C O L L I S I O N S  T H E R E  WERE MORE T H A N  9 O U T  G C I N G  P A R T I C L F S  

E M I T T E D  C A 5 C A O E  P A R T I C L E S  

PROTONS NEUTRONS ?I+ 

0 . 2 8 6 6 4 3 2 E  01 0 . 2 5 3 8 1 3 7 E  03 0 . 4 3 3 0 4 0 4 E - 0 0  

0 . 4 5 4 0 3 3 2 E  01  0 . 5 6 4 8 1 9 4 E  01 0 . ? 4 1 P 2 5 7 E - 0 0  

0 . 3 2 9 2 9 5 5 E  03 0 . 2 2 3 7 F 4 6 E  03 0. 2281841E 03 

0 . 2 8 8 8 5 6 8 E  06 0 . 1 6 1 1 1 6 6 E  05 0 . 5 6 4 9 2 1 9 E  0 5  

O U T G G I N G  C O M B I N A T I  GN CO 

T O T A L  C A S C A D E  0 . 0 5 8 6 3 1 2  
10000 0.0148899 
01000 0.0115712 
00100 0. 
00010 0. 
00001 0. 
01001 0. 
10100 0 . 0 5 1  5 7 4 8  
1 1 0 O D  0.0082147 
11001 0 . 0 4 3 3 1 2 5  

R E S  I D U A L  N U C L E U S  

C l  P R Y  

0.0042839 
0 . 0 6 5 2 5 9 4  
0 . 0 7 5 0 6 1 6  
0. 
0. 
0. 
0. 
P . C O 3 6 8 0 4  
0.04376 2 5  
0 . 0 4 8  1@E3 

3 6 2 . 6 2 8 7 3 8 0  
24? .? l f+q84°  
212.1844406 

0. 
0. 
0 .  
0. 

144.0944n 61  
1 3 9 . 2 2 5 * 2 4 9  
180.37'0743 

C O  = (SbH O F  P A R A L L E L  R E S I O U A L  MOMENTUY/NUHBER OF I N C I D E N T  P A R T I C L E  C c 1 L L I  S I O N S l  I Y O M F N T U M  gF CCMMPOUNr) Y U C L F U S  

C1 = ( S L Y  O F  P E R P E N D I C U L A R  R E S I 3 U A L  MOMENTUM/NUMBFR O F  I N C I D E N T  P A Q T I C L F  C ~ L L I S I C N S I I Y O Y F N T U ~  C F  C@YPOULJO lr lUCLEUS 

A R Y  = AVERAGE R E S I O U A L  M 3 P E N T U M  I N  P E V / C  

A R E E  = PVERAGE R E S I O U A L  E X C I T A T I O N  E N E R G Y  I k  MEV 

AAR = A V E R A G E  M A S S  OF R E S I O U A L  N U C L E U S  FOP T O T A L  C A S C A D E  
AAR = M A S S  O F  R E S I D U A L  N U C L E U S  F O R  C F S I G N A T F D  O U T G O I N G  C O Y B I U A T I 2 N S  
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I..& MFV C U T O F F  EN. P R O T O N  OY a L  INC. K.E. ( M E V )  I S  2000.0 A I S  27. Z I S  13. 6 0 n 0  INC. H I S T O R I F S  

E X C I T A T I O N  ENERGY D I S T R I B U T I O N  O F  T H E  CASCADE R E S I D U A L  N U C L E U S  ( F 3 A C T I C N  P E R  U N I T  F Y . )  t O F = g E L T A  E I C E V ) )  

DEA IS 0 . 2 0 1 o o o o ~  03 DES IS O . Z ~ O O O O O E  nz DEC I S  0 . 2 5 0 0 3 0 0 ~  c z  O E D  IS O . ~ ~ O Q C ~ O E  07 DEE I S  0.7voor-m nz 
D E F  I S  0.2500000E 0 2  DEG I S  0 . 2 5 0 0 0 0 0 E  07 

T O T A L  C A S C A C E  
0 . 4 1 8 2 9 5 2 E - 0 2  0 . 6 8 0 2 5 4 3 E - 0 3  

0. 0. 

( S U M  OVER H I S T @ G R A C ) X ( D E A )  0 . t@OO@OOE 0 1  
0 . 1 9 1 4 2 6 1 E - 0 3  3 . 1 0 4 9 2 3 5 F - r 4  r. 

0. n. 

C OFL 

0. 

7 OFL 

0. 

0 D F L  

0. 

7 O F L  

n. 

O n F L  

c. 

r! OFL 

n. 

n OFL 

0. 

n T)FC 

0. 

n OFL 

0. 

0 r )FL 

n. 

1 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  0 P I -  
0 . 2 4 6 1 5 3 8 E - 0 1  O . l l O 7 6 9 2 E - C l  

0 . 6 1 5 3 ~ 4 6 ~ - 0 3  0. 

1 SUM OVER HISTClGP A # ) X  ( D E B  ) 0 . 1 0 @ P " 0 0 E  01 

0. 0 .  
0 . 2 4 6 1 5 3 R F - 0 2  0.12 3C76 9F-? 2 c .  

0 PROTONS 1 NEUTRONS 
0 . 2 4 0 0 0 0 0 E - 0 1  

0. 

o P I +  o PIo c PI- 
0 . 1 6 0 0 0 0 0 E - 0 1  

0. 

O . ~ O O O O O O E  n i  ( S U M  O V E R  H 1 S T O G R A M ) X I D E C )  
0. 0. C .  

0. 0. 

0 PROTONS 0 NEUTRONS 
0. 

0. 

1 P I +  c P I 0  0 P I -  
0. 

0. 

( S U M  O V F R  H I S T O G R A M ) X ( O E O I  0. 

0 .  e. 
0. 0. c. 

w 
w 
P 

0 PROTONS 0 NEUTRONS 
0. 

0. 

0 P I +  1 P I 0  0 P I -  
0. 

0. 

1 SUM O V E R  H I S T O G R A M ) X ( O E E I  P. 

@. 0 .  
0. 0. 0. 

0 PROTONS 0 NEUTRONS 
0. 

0. 

0 P I +  0 P I 0  1 P I -  
o. 

0. 

r. 

0 .  n. 

( S U M  7 V E R  H I S T C I G R A V ) X ( ! I E F )  
0. 0. 0. 

0 PROTONS 1 NEUTRONS 
0. 

0 .  

e P I +  0 P I 0  1 P I -  
0. 

0. 

( S U M  OVER 4 I S T O G R P M ) X I D E G I  n. 
0. 0. C. 

0 .  P. 

1 PROTONS 0 NEUTRONS 
0 . 4 0 0 0 0 0 0 E - 0 1  

0. 

1 P I +  0 P I 0  c P I -  
0. 

0. 

( S U M  D V E R  H I S T O G R A M I X ( D E H )  n . lononcw r i  

0. P. 
0. 0. C .  

1 PROTONS 1 NEUTRONS 0 P I +  3 P I 0  0 P I -  
0 . 3 3 9 8 3 7 4 E - 0 1  0 . 4 2 2 7 6 4 2 E - 0 2  

O . l t 2 6 0 1 6 E - C 3  0. 

( S U M  OVER H I S T O G R A M I X ( D E 1 )  o . i w o q c o E  n'. 
0.1300q13C-02 0.12 5203 7 ~ 4 3  c. 

0. 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 PI- 
0 . 4 0 0 0 0 0 0 E - @ 1  0. 
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2 5 0 1 0  

321.11 

3 3 0 0 2  

3 3 1 1 0  

3 5 0 0 0  

4 1 1 1 1  

4 2 1 0 1  

0.17136898E-00 

0.17136898E-O@ 

0.510106Q4E 00 

0.171368s8E-00 

0.51410694E 00  

0.171 368CeE -00 

0.142 73 796E -00 

0.51410604E 00 

0.171 3 6  89 BE-00 

0.34?7?7%E-00 

0.102R2136E 0 1  

0.171368°8E-00 

0.51410694E 00 

0.856 844R9E (10 

0.342737Q6E-OO 

0.34273 P 6 E - 0 0  

0.17136808E-00 

0.17136e9BE-00 

0.1 7136R96E-00 

0.51410694E 0 0  

0.1 71 36F98F-00 

0.171 368ceF-00 

0.11Q05628F 0 1  

0.10282178E 01  

0.342 7770 6E-00 

0.13709518E 01 

1 5 1 1 1  

2'121 

2 4 2 0 1  

2 = 1 c 1  

26100 

3'021 

3 4 0 2 0  

3 c 0 1 0  

47030 

4 3 1 0 1  

440 10 

52011 

5 2 2 0 0  

540C0 

67010 

720CO 

I E Z O ' )  

23111 

24020 

?E100 

-42120 

3 3 0 1 1  

340@1 

4 1 0 2 1  

41201 

421 10 
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PROTON CW AL INC. K.E. I M E V )  I S  2OCO.O A I S  77. 2 I S  13. 6000 INC. HISTnRIES 1.6 M E V  CUTCIFF EN. 

CROSS SECTIONS ( M E )  FOR VARIOUS COMBINATIONS OF EYITTEO C A S C A O F  PARTICLES 
1ST NO. I S  NO. OF PROTONS EMITTED 2NO I S  r10. OF NEUTRDYS 3RO IS  NO. OF PI+ 4 T H  IS  hlO. 9 F  P I 0  5TH I C  Y q .  0F P I -  

CONT I W E 0  

$1010 

03110 

11201 

12110 

13100 

21101 

22100 

30101 

31100 

02020 

04000 

11110 

12100 

20101 

Zl100 

30100 

02100 

11100 

20100 

01100 

10100 

10000 

0.68547592E 00 

0.34273796E-00 

0.1713689a~-oo 

0.35987485E 01 

0.23991656E 01 

0.32560106E 01 

0.49697003E 01 

0.34273796E-00 

0.23991656E 01 

0.171 3639 a€-00 

0 342 7 3 7 9 6 5 0 0  

0.37701175i 01  

0.39414865E 01 

0.35987485E 01 

0.39414865E 01 

0.51410694E 00  

0.20564277E 01 

0.14394994E 02 

0.1028213a~ 01 

0. 34273796E-00 

0.13709518E 01 

0.11138983E 0 2  

41100 

03200 

12011 

12200 

14000 

21110 

23000 

30110 

32000 

02110 

11011 

11200 

13000 

20110 

27000 

31000 

0?3CO 

12000 

21000 

0 2 0 0 0  

1lOCO 

0.85684489E 00 

0.34273746E-00 

0.34273796E-00 

0.68547592E 00  

0.85684499E 00 

0.2741903tE 01 

0.29132776E 01 

0.17136E"8E-00 

0.49697003E 01 

0.51410694E 00 

0.1 7136t398~-00 

0.5141C694E @0 

0.2913272tE 01 

0.342 73 74 6E-00 

0.66833CQIE 01 

0 . 5 ~ 7 9 1 4 2 ~  n i  

0.51410t04E 00 

0.754023EOE 01 

0.12'38566E 0 2  

0.10282138E 01 

0.42156769E 02 

42000 

04100 

12020 

1WCl  

21011 

72001 

300 1 I 

31PCI 

400 10 

07700 

i i o m  

l 2 0 P l  

2n011 

21001 

'CC)GI 

400CO 

1 lor 1 

20001 

? C O O 0  

10001 

200C!o 

w 
W 
u3 



P R O T O N  ON AL INC. K.E. (PEV) I S  7000.0 A I S  27. 2 I S  13. 6000 I N C .  HISTPRIFS 1.6 M E V  CUTJ iF  EN. 

ENERGY SPECTRA O F  C A S C A D E  PAYTICLES WITH MU FROM ?.OO T O  0.95 
(THETA FROM 0 DEG. 9 MIN. TC 16 DEG. 1 2  MIN.) 

h ( E 1  I S  (FRACTION DF PARTICLES I N  D E L T A  YUI/(OELTA MU)(OELTA E )  

E(MEV) I S  CENTER O i  IbTERVAL 

PROTONS 
OELTA EIMEV) 100.0 

E (  M E V )  

50.0 

150 .O 

250.0 

350.0 

450.0 

550.0 

550.0 

750.0 

850.0 

950.0 

1050.0 

11 50.0 

1 2  50.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.3 

1953.0 

N I E I  

0.256E-01 

0 .1zo i -01  

0.934E-02 

0.783E-02 

0.555E-02 

0.568E-02 

0.460E-02 

0.581E-02 

0.758E-02 

0.644 E- 02 

0.707E-CZ 

0.657E-02 

0.593F-02 

0.505E-02 

0.39 1 E- 02 

0.561E-@7 

3.101E-01 

3.111E-Cl 

0.182E-C1 

0.3 56 E- C1 

4E UT RCINS 
0ELT4 E ( M E V I  100.0 

E l  M E V l  

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

$50.0 

1050.0 

1150.0 

1250.0 

1350.0 

145C.0 

1530.n 

1650.0 

1750.0 

1"sC.O 

:. 3 50.0 

h ' f F l  

0.4 06 E- 01 

0.163F-OI 

0.95C.E-02 

0.722E-02 

0 .425F-02  

0.7 P6E-92 

0.84CE-07 

0.764 E - 0 2  

C .  786E-02 

0.7C1E-02 

0.. 7 86 E- 0 2 

0.531'-02 

0.4L6 F -07  

0. 8 b C F -  32 

0. CE5E-01! 

0.87nE-02 

o.sCRF-n? 

c i .743 r -02  

0.P7CF-07 

0.177F-71 

P I +  
DELTA = ( M E V )  100.0 

E (  " E V I  

50.0 

150.0 

250.0 

350.9 

450.0 

550.0 

650.0 

750.0 

950.0 

950.0 

1051.3 

11 50.0 

i i 5 n . o  

i = w . o  

1451.0 

1550.n 

l 6 5 0 . Q  

i 7 5 n . n  

1R50.0 

l C F Q J . O  

mi( E )  

0.161E-01 

C. 1 7 1  F-01 

0 .  I 3 4 E - 0 1  

0.134E-@l 

0.295 E - 0 1  

0.322E-01 

0 -26°F-01 

0.215E-01 

0.134E-01 

c. 1 2 1  E - 0 1  

0.537E-02 

0 .1?4€-02 

0. 

0. I 7 4 E - 0 2  

0-1.34 E -02  

0 .  

0 .  

0 .  

0. 

0 .  

P I @  
DELTA E ( M E V I  100.0 

E(YEV) 

50.0 

150.0 

7'0.0 

3'0.0 

450 .0  

55g.n 

650.0 

750.c 

a50 .n  

0'0.C 

1050.0 

115C.O 

1750.0 

12v.n 

145C.0  

i 5 5 r . o  

1650."  

175C.Q 

1 8 5 0 .  n 

?@En.@ 

Y I  E l  

0. Cq4E- n 2 

0.121E-01 

0.149F-01 

0.7C5F-CI 

n . 7 7 9 ~ - n i  

C. n 0 F - 0 1  

P.713E-01 

0 . 2 0  2F-0  1 

0.131 E - f l l  

0 .CQ4F-07  

P.La2F-02 

0. 

0. 

C. 3 2  Q F - 0 2  

~ . = ? P F - o ?  

0. 

L7. 

0. 

r .  

r .  

PI- 
DELT4 E(MFV) 100.0 

E f Y E V l  

50.0 

15C.O 

750.0 

250 .0  

45r1.0 

' 5 0 . 0  

650.P 

7 5 0 . 0  

850.C 

C5C.0  

l "50 .0  

I 1  50.n 

1250.0 

1?5@.0 

1450.0 

1550.n 

i55o.n 

1750.C 

l ~ " 0 . 0  

1G50.0 

N i E I  

0.4t7E-01 

0.61.5E-02 

0.777 F - P l  

0.246E-01 

7.777F-01 

n.='cq=-oi 

9.123E-91 

fl.615E-02 

fl.208F-07 

0.023E-07 

A. ? O @ E - O ?  

n. 

n. 

0 . ? 0 ~ ~ - n 2  

0. 

n. 

n. 

0. 

0. 

0.  

W 
c 
0 

\i 1 5  1.000! 0 0  N I S  1.00CF C 0  



PROTON CN AL INC.  K.E. ( Y E V I  I S  2000.0 A I S  27. Z I S  13. 6 0 0 0  I K .  HISTnRIES 

E N E R G Y  S P E C T R A  O F  C A S C A D E  PARTICLFS WITH M J  FROP 0.05 TC n.00 
(THETA FROP 18 DEG. 1 2  M I W .  TCI 25 DEG. 51 4 I N . I  

N ( F )  I S  (FRACTION OF PARTICLES I N  OELTA Y U I / ( O C L T A  PU)lOFLTA c l  

E ( M E V )  IS CENTER OF IVTERVAL 

PROTONS 
CELTA E ( M E V I  100.0 

E(MEV1 

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

950.0 

950.0 

1050.0 

1150.0 

12  53.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N( E l  

0.586E-01 

0.2 76 E - 0 1  

0.192E-01 

0.1 12E-01 

0.136E- C 1  

0.899E-02 

0.899E-02 

0.589E-02 

0.4 96 E- 02 

0.589E-02 

0.372E-02 

0.713E-02 

0.341 E-02 

3.186E-C2 

0.527E-02 

0.6 20E-02 

0.589Z-02 

0.124E-02 

0.310E-03 

0. 

NEUTRDNS 
OELTA E ( l n E V )  100.0 

E(MEV) 

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

550.3 

750.0 

850.0 

950 e 0  

1050.0 

1150.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.7 

1950.0 

R ( E l  

0.6 @OE- 31 

0.321E-01 

0.172E-01 

0.101 E- 0 1  

0.10IE-01 

0.710E-02 

3.52lE-02 

0.673F-02 

3.7LSF-07 

0 .56 lF-02  

0.523E-02 

0.523E-02 

0.636F-07 

0.331.F-02 

0.4 11 F-02 

0.224E-02 

0.224E-07 

c.74e E - 0 3  

0 . 7 4 8 5 0 3  

0. 

1.6 Y E V  C l l T l F F  chi. 

P I +  
DELTP FtMEV) 100.0 

N I S  ( S U M  O V F 4  N f F I ) [ D F L T A  M U l ( D E L T 4  E l  

E(YFV1 

50.0 

150.0 

250.0 

350.0 

45c.0 

550.0 

5Sn.c 

750.0 

550.0 

C50.r )  

1nm.o 

1150.0 

1259.0 

1350.0 

1450.0 

i55n.o  

1650.0 

1. 5 0.0 

1850.C 

lQ50.C 

N( E) 

0.743E-01 

0.101 E-01. 

0.243 E-01 

0.3?0E-01 

0.435E-01 

0.174E-01 

0.?26E-CI 

0.31.8F-02 

0 .  I 7 4 E - 0 2  

0 - 5 7 2  E-02 

0.174E-nZ 

0.174E-02 

0. 

0. 

0.174r-n7 

0 .  

0 .  

0. 

0. 

0 .  

P I 0  
DELTA E!MFV) 100.0 

EfYEVI  

50.v 

150.C 

250.0 

750.0 

450.0 

550.0 

451.0 

7co. 0 

R ~ C .  r 

95n.o 

10.0.0 

1150.0 

12zn.0 

l ? E I ) . C  

1450.0 

1 K C @ .  c 

l b C " . O  

175".0 

?950.(! 

i95n.n 

N I S  I.0COE 00 FJ IS I.OCOF no 



P R O T O N  C Y  4 L  I N C .  K.F. ( M E V l  I S  7 0 C O . C  & I S  27. Z I S  1’. 6CnO IN<. H I S T n R I F ?  1.6 M E V  C U T P F F  EN. 

E Y E R G Y  S P E C ’ R A  CIF C A S C A D E  P A Q T I C L E S  W I T H  M U  F R U M  0.6? T U  P.40 
( T H E T A  ‘?OM f.3 DFG. 6 YIY. rQ 6 5  DEG. 7 5  Y 1 Y . 1  

V ( ! )  I S  ( F R A C T I I I N  Oi P A P T I C L F S  I h  D E L T A  Y d I / ( D E L T A  Y U ) ( D E L T A  F l  

t l M E V )  : S  C E Y T E R  PF I N T E 9 V A L  N IS ( 5 U V  O V F 9  N l F l l ( D ! = L T A  P U ) ( D E L T A  E l  

P R O T S N S  
D E L r A  E I M E V )  20C.0 

E (  N E V I  V I F )  

1 C 3 . S  9 . 2 1 O E - C I  

3C0.Cl 0.339E-CZ 

50’3.0 0.580E-03 

7CO.O 0 .264E-04  

9CO.O 0.264E-C4 

1103.0 0. 

1 3 C l . O  0. 

1 5 C O . O  0 .  

1 7 C O . O  0. 

1901.9 0 .  

N C U T R O V S  
D E L T A  E I M E V )  200.0 

t( NIE J i  N ( E )  

100.0 0 . 7 O C C - 0 1  

330.3 O.?EOE-O% 

5m.n o . ~ z ~ E - o ~  

730.0 o . R ~ ~ E - c ~  

030.0 0 . ? 7 c F - n 4  

1109.0 a. 

11oo.n 0. 

1500 .0  0.  

1700.0 n. 

i ~ n 0 . 0  n. 

w 
+- 
!X 
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PROTON ON A L  INC. K.F. I Y E V J  IS 2OOO.c' A I S  77. Z I S  13. hCOn INC. HISTf lRIFS 

ENERGY SPECTRUM OF EMITTED CASCADE PROTONS 

0 TO 0.200009OE 04 MEV 0 PFL 

K.E. I S  THE CENTER OF THE E N E R G Y  INTERVAL I N  Y E V  N ( E 1  IS THE FRACTION @F TOTAL NUPEER OF EMITTED DROTONS /DELTA F 

K.E. 

40.00 

120.00 

200.00 

280.00 

360.00 

440.00 

520.00 

N l  E l  K.E. 

0.6179725E-02 600.00 

0.1885346E-02 680.00 

0 875 2299E-03 760.00 

0.473 6358E- 03 840.00 

0 3433476E- 03 920. C O  

0.2697731E-C3 1000.00 

0.1431330E-03 



P R O T O N  GN 4L INC. K.E. ( V E V )  I S  2CCO.O A I S  27. Z I S  1 3 .  6 0 0 0  ! Y C .  HISTORIES 1.6 YFV CUTnFF EN. 

E h i F R G Y  ' P F C T R U M  flF EYITTEO CASCADE YEUTPOMS 

o TO o .zoowooE 04 M E V  0 DFL 

K.E. I S  T H E  CEYTER OF T H E  E N E R G Y  INTERVAL I N  Y E V  N I F I  I S  TbIE FRACTION OF TOTAL NUMBER O F  EMITTED NEUTRONS/DELTA F 

K.E. 

40.00 

120.00 

2l30.00 

280.00 

360.03 

440.00 

52c.00 

N ( E )  K . E .  

O . ~ O ~ ~ R ~ O E - O P  6OP.rlO 

0.187820?E-02 680.00 

7.8 15313 O3E-03 760.00 

0.5175876E-C3 84C.00 

0.3219776E-03 020.00 

0.1$387905-03 1 ooc. 00 

0.1990722E-C3 

N I  E )  K.E. 

0.1 3 6 7  5 3 9 E - 0- 1080.00 

0.11 2 5 1  W E - 0 3  1?60.00 

C .  1263675F-03 1240.0n 

0.131 5407F-07 1320 .0C 

0.1004016 E-03 140P.00 

@.a520942F-04 9490.00 

N ( E 1  K. E. 

3.6751!47€-04 1 Ebrl. 00 

3.6757 141E-04 1 w n . 0 0  

0 .568561 iE-04 l720.00 

0.778978OF-04 1 e m .  no 

1ee0.00 

1560.00 

0.6924240F-OL 

0 . 6 4 ~ 4 ~ 3 0  =-na 

w 
c 
m 



P R O T O N  0'4 AL INC. K.E. l Y E V l  IS 2000.0 A I S  z 7 .  Z I S  17. 6000 J k C .  HISTflRIFS 1.6 M E V  CUTnFF =hl. 

ENERGY SPECTRUM OF EMITTED CASCADE P I +  

0 TO 0.2000000E 04 MEV 0 OFL 

K.E. I S  THE CEYTER OF THE E Y E R G Y  INTERVAL I N  M E V  N(El IS THE FRACTION 0 F  T@TAL NUMBER OF € P I T T E D  P I +  / D E L T A  F 

K.E. 

40.00 

120.00 

200.00 

280.00 

360.00 

440.00 

520.00 

N (  E )  K.E. 

0.46 802 76E-02 600.00 

0.1917614E-02 68C.00 

0.1278409E-02 760.00 

0.9 7402 6OE-03 84C. 00 

0.85 227 2 7E-03 926.00 

0.6087662E-03 1000.00 

0.5986201E-03 

N( E )  K.E. 

0.5478896 E-03 1080.00 

0.2232143E-02 1160.00 

0 2 33 36 C4 F-03 1240.00 

O. l l lC071E-03 1320.00 

0.1420455E-03 1400 .OC 

0.405 8442 E-04 1480.00 

Y l F 1  

0. 

c. 

0. 

0. 

n. 

0. 

w 
.r 
-4 



P R g i O h  ON A L  IIUC. K.E. ( M E V )  I S  200D.C A I S  77. Z I S  13. 5 0 0 0  I U C .  HISTCRIFS 1.6 M E V  CU'OFF EN. 

h.C. 1 3  

K . E .  

40.00 

120.00 

200.00 

28C.00 

350.00 

440.00 

520. C O  

E Y E R G Y  S P E C T R U M  O F  E M i T T E O  CbSCADE ? I D  

0 TO C . 7 C O O O O O E  04 M E V  0 O F L  

I C  T H E  CEYTER OF T H E  E Y E R G Y  INTERVAL I N  M E V  V ( E I  I S  THF FRACTION CF T07AL NUMBEQ O F  E I l I T T E D  P I 0  / DFLTA E ,I r 

N l  E l  K.E. 

0.5097336F-CZ 600.00 

o . i q a 5 1 4 3 ~ - 0 ?  68C. 00  

0.1191085E-CZ 760.00 

0.8068648E-03 8Lci.00 

0 -922 131ZE-03 --0.00 

0.6559835E-03 1D30.00 

0.5122951E-03 

N ( € )  K.E. 

P . 4 3 5 4 5 C A E - 0 3  I*k@.OO 

0.?07?771E-03 i i 6 n . 0 0  

1240.00 0.1 S 2 1 1  O7E-07 

0.140881lF-O? 1?20.00 

0.7684426E-C4 1400.00 

r .5 12 2 0 5 1  E-04 14qO.OC 

U(EI K . F .  

I) -51 2 29 5 1 E-04 1 =60. 00 

n, 1?8O7?8E-@4 l t 4 0 . 3 0  

0. 1720.00 

0.7561475E-04 lFO3.13ri 

0.2551475 E-04 I E ~ O .  qn 

0 .  IWO.  on 



PROTON ON AL INC. K.E. ( M E V )  I S  2000.0 P I S  27. Z I S  13. 6 0 O C  I N C .  HISTnPIES 1.6 MFV ClJTflFF EN. 

ENERGY SPECTRUM O F  EMITTED CPSCAOE P I -  

0 T0 0.2000000E 04 '4FV 0 TFL  

K.E. IS THE CENTE? OF THE ENEGGY INTERVAL I N  MEV Y I F )  IS THE F R A C T I O N  3 F  TFTAC NUMBFR O F  EYITTED P i -  / DFLTd E 

K.E. 

40.00 

120.co 

200.00 

280.00 

360.00 

440.00 

520. GO 

N I  E )  K.E. 

0.5859375E-02 600.00 

0.2072011E-02 680.00 

0.1137S38E-02 760.00 

0.1103940E-02 840.00 

0.6963315.E-03 920.00 

0.5434783E-03 1000.00 

0.4755435E-03 

N ( E )  K.E. 

0.2 547554E-03 1080.00 

C.lA68207F-03 1160. 00 

0 5 I F 5 7  00 E -04 1240.00 

0.7300730 E-04 1?20.00 

0.7 396739 E-04 140@.00 

0.3 3967 39  E - 0 4  1480.00 

N(EI 

0. 

0. 

0. 

n. 

r .  

n. 



PROTO% GN AL IQC. K.E. IYEVJ I S  200C.0 A I S  27. 2 I S  13. 6 0 0 0  INC. HISTPRIFS 1.6 YFV CUTOFF EN. 

ENFRCY SPECTRUY 3F r M I T T E O  CASCADE PAQTICL€S 

0 TO 1 0 0 0  Y E V  

N ( E 1  I S  THE FRACTIOlu @ F  TOTAL NUMRER O F  EMITTFO PARTICLES/DELTA F 
I(.€. I S  THE CENTER OF THE EYERGY INTERVAL I N  MEV N I S  ( S U Y  O V E Q  HISTPGRA" FR'7I.I 1 T O  1000 MEV) (DELTA F )  

K. E. 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.iJ 

825.0 

875.0 

$25.0 

$75.0 

PROTONS 
N I E  1 

0.7894543E-02 

0. ZC944 E Z E - C Z  

0.1790313E-C2 

0.1047?05F- 02 

0.6793378E-03 

0.488C441 E-03 

0.4022071E-03 

0.318822FE-02 

0 . 2 7 9 5 e 3 1 ~ - 0 3  

0.2207235E-C? 

0.2133660E-03 

0.159411LE-03 

0.1 ~ ~ ~ C I V + E - O ~  

0.1692213E-03 

0 .147149( r~-c3  

0.95646 84E-04 

3.122t242E-C7 

0.125@766E-C3 

0.1005518E-C3 

0.5?15436E-04 

N I S  9.R745554E C 0  

N f  UTRONS 
N I E )  

O.CZ72'254E-02 

0.3'M 11 30 E-')? 

C .  1 7 5 0 4 5 0  E-02 

0.10C5401E-07 

0.64534OOE-03 

0.5W4793E-03 

D.3999367E-03 

n. 26  866 OA F-03 

0.2 049 5 7P E- 03 

0.182POCZ E-03 

0.2104971E-03 

0.12571 53 E-C? 

0.120 1 7 5 q ~ - n ?  

0.1701 7 ~ E - 0 3  

CI. i n 8 0 1  83 E-03 

o . i z 7 4 0 6 z ~ - n 3  

0.1 1 7 5 5 7 7 ~ - r ?  

C. 1 4 1  2547E-03 

@.QQ7@916 E-?4 

C.@O'212PF-@4 

N I S  C.C30342nE 0'2 

P I +  
N ( E )  

0.498?766E-0? 

0.3'347403 E-02 

0.181f! lP2 E-02 

0.1263636F-02 

0.116P931E-OZ 

0.1022727E-02 

0.730 5195 E-03 

0.9090909E-03 

C . 665 5 54L F -01  

0.649350hE-03 

D .4545455 E-03 

0.568 1 e1 P F-0' 

0.5357143E-0' 

0.2110390E-03 

C .2272727E-Oa 

0.2272727E-03 

0.1298701 E-03 

0.9 11 6 8 8 3  E-04 

0 .194605 iE-07 

0 .?2467 53 €-04 

Y I S  0.OCIC713E 00 



PROTON ON AL INC. K.E. (MEV) IS 2000.0 A I S  77. 2 I S  13. 6000 INC. HISTDRIES 

ANGULAR DISTRIBUTION OF EMITTEO CASCADE PPRTICLES 

MU 

0.975 
0.925 
0.875 
0.825 
0.775 
0.725 
0.675 
0.625 
0.575 
0.525 
0.475 
0.425 
0.375 
0.325 
0.275 
0.225 
0.175 
0.125 
0.075 
0.025 

-0.025 
-0.075 
-0.125 
-0.175 
-0.225 
-0.275 
-0.325 
-0.375 
-0.425 
-0.475 
-0.525 
-0.575 
-0.625 
-0.675 
-0.725 
-0.775 
-0.825 
-D. 875 
-0.925 
-0.975 

(FRACTIOh I N  EAC-I  INTERVAL)/(DELTA M U )  

VU I S  C O S I h E  TeETA AND SPECIEIES THE CEWTER OF THE 

PROTON 

0.3884733E 01 
0.1581852E 01 
0.1231146E 0 1  
0.9564684E 00 
0.7161251E C O  
0.7136726E 00 
0.6351931E 00 
0.6180257E 00 
0.58E5959E 00 
@.598'.059E 00 
0.5763335E 00 
C.5610186E 00 
0.5542612E 00 
0.5346413E 00 
3.5052115E 00 
0.4022072E-00 
3.4022072E-00 
0.33 8447 ?E- C C 
0.3384427E-00 
0.35e0625E-@0 
0.34 €2526E-C0 
0.29 4298 CE-00 
0. 2403437E-00 
0.26 $7 7 1  1 E- 0 0 
0.237890SE-00 
0.23789045-0C 
C. 1839362E-OC 
0.2756284E-00 
O. lQ37462E-00 
0.1740313E-00 
0 .1741263 i -00  
0.1643164E-OQ 
@ . l 7 4 I 2 6 ? E - 0 0  
0.164316"E-OO 
0.1446965E-00 
0.1422440E-00 
0.13$7915~-00 
0. 1201717E-00 
0.122624ZE-OD 
0.14i14?CE-00 

NFUTRCN 

0.2609057E 01 
0.1491.78SE 0 1  
0.1156C43E 0 1  
0.R863033E 00 
0.8586068i  0 0  
O.8502077E 00 
0.7810553E G O  
0.70627'4E 0 0  
0.628721RF 00 
0.6037945E 03 
O.6481097E 00 
0.6342612E 00 
0.6037945E 00 
0.497006 5E -00 
0.487467fE-00 
0.5179338E 00 
0.432 0731E-00 
C.4182246E-00 
0. 4209943E-CO 
0.3406730E-00 
C,. ?406730E-00 
0.2991275E-00 
0. 27696°?E-@@ 
0.3185154E-00 
0.3385154E-00 
0.2520427E-00 
0.26 86609E-00 
0.240Q63?E-0@ 
c. 2 0 2 1  es lE -00  
0.1994164E-00 
0.224345 7E -00 
0.2077275E-00 
@.1634123E-@0 
0.1883396E-00 
0.1606426E-00 
0.1440244E-00 
O.l9'R79@E-O0 
0.1521335E-30 
@. 1246365E-O@ 
0.1551@32E-0@ 

PI+ 

0.2418831 E 0 1  
0. I566883E 01 
0.1217532E 91 

0.99'TlQ09E 0 0  
0. @ l l 6 @ 3 2 F  00  
0.65F5844E 00 
0 . 6 4 9 3 5 0 6 i  0 ' )  
Oeh006403E CIJ 
0.5032467E 00  
0.5194805E 00 
0.5194805E 00 
0.4870170E-0'3 
0.2qZZC78E-30 

C. 2272777E-17 
0. 3BC6104E-00 
0.2110390F-70 
0.4358442E-00 
0.357142QE-00 
0.357147$€-00 

0 . 2 9 7 2 0 7 8 ~ - 0 0  
0.38S6104E-OO 
0. ?5°740?E-10 
0.17?57'nE-10 
0.38$6?,34E-?O 
0.357142QE-'30 
0.1948@5ZE-)O 
0. ?24675?E-30 
0.7435065E-00 
0. 1623177E-30 
0. 2272727E-00 
0.1785714E-00 
C .  ?OP46l6E-00 
0.2272727E-30 
0.22727?7€-30 
0.37q4416E-"O 

0.25C740?E-00 

L I Z O I Z Q Q E  n i  

0 . 4 5 4 5 4 5 5 ~ - 0 0  

0. z ~ i n 3 9 n c - q o  

c . I ? & ~ c ~ z E - ~ o  

I N T  EPVAt 

P I @  

1.6 MFV CUTOFF Fb'. 



I Y C I D E N T  I N C .  LAB.  T A R G E T  NO. OF IYC. C U T O F F  G E O M E T P I C  No. OF I N C .  
P A R T I C L E  K.E.(MFV) SYMB. A Z P A R T I C L E S  E N . ( Y E V I  X - S E C . ( Y R l  PART. C O L L I S I l l N S  

PROTON 2000 AL 27  1 3  0 6 0 r n  1 . 6 4  1 0 7 p . 2  0 7 ' 3 4 5  

T Y P E  3 F  C A S C A C E  P A R T I C L E  
( DS I G M A /  ( DO MEGA X DE ) ( M B )  /I q T E R A D I  A b - Y  EV 1 

LAR. A Y G J L 4 s  I Y T E R V A L  ( D E G I  NO. O F  E b F R G Y  I N T E K V A L S  D F L T A  E I M E V l  

PROTCN 0. T O  10.00 ' 5  8n.r)ono 

I h T E R V A L  1 I N T E R V A L  2 I N T F R V A L  3 I N T E R V A L  4 I Y T E R V A L  5 I N T E R V A L  6 I N T c R V A L  7 I Y T F R V A L  8 

1.166SE 00 6 . 0 5 9 1 F - 0 1  5 . 8 3 4 7 E - 0 1  3 . 1 4 1 7 E - 0 1  4 . 4 9 9 2 E - 0 1  ' - 1 4 1 7 E - 0 1  3 . 8 1 5 O E - 0 1  2 . 3 6 6 1 E - C t  

I N T E R V A L  0 I N T E R V A L  L O  I N T c R V A L  11 ' N T E R V A L  1 2  I Y T E R V A L  1 9  I N T E R V A L  I 4  I N T E R V A I  lE I N T F R V A L  1 6  

5 . 1 4 1 7 E - 0 1  3 . 8 ? 5 0 E - 0 1  5 . 6 1 0 2 E - 0 1  3 . ' 1 1 5 7 E - 0 1  h . 5 0 7 9 E - 0 1  5 . 3 3 5 F E - n l  5. h34 7F-01 4 . 5 3 7 0 F - 0 1  

I N T E S V A L  1 7  I Y T E R V A L  1 9  I N T E R V A L  lC T h T F R V A L  1 0  I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V 4 L  2 3  I N T T E 9 V A L  94 

4 . 7 1 2 6 ~ - 0 1  4 . 0 3 9 4 ~ - 0 1  4 .7126~-c? i  4 . 4 8 8 2 ~ - 0 1  h . 5 0 7 ~ ~ - 0 1  ~ . P I ~ ~ E - P I  3. B i T n E - n i  i , 9 0 7 5 ~  00 

I N T E K V A L  2 5  

5 . l t 1 4 E  00 

( D S I G M A / ( O @ M E G A  X D E I  ( M P l / ( S T E F A O I A N - M E V )  
r Y P E  OF C A S C A C E  PARTICLE LAS.  AYGULAR I N T F R V A L  ( 3 E G l  N@. OF F N E R G Y  I N T E F V A L S  D E L T A  € ( Y E V )  

PRCTON 10.00 i@ 30.00 ' 5  8c.nqoo 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I Y T E P V A L  4 I I J T E R V A L  5 I h T E R V A L  h I F I T c R V b L  7 I h l T C R V A L  P 

1 . 1 6 5 3 ~  no ~.S~I?F-O: 3 . 8 4 6 1 ~ - 0 1  2 . ~ 4 1 = ~ - n 1  ? . 4 3 5 7 ~ - n i  7 . 1 2 4 s ~ - o 1  I. 5 4 q q ~ - ~ i  1 . 5 z i 2 c - 0 1  

I N T E P V A L  9 I Y T E R V A L  IO I N T E R V A L  1 1  I N T E R V A L  1% I N T E R V A L  l 2  I N T E P V A L  3 4  I N T E R V A L  1 5  I Y T C R V A L  16 

1 . 5 7 6 6 E - 0 1  l . l l 5 4 F - 0 1  1 . 3 4 C O E - P l  1 . 0 7 3 3 E - 0 1  O . 1 8 4 6 F - 0 2  ' .nq07F-01 1 . 1 4 P I F - 0 '  6 . h 0 1 4 E - 0 2  

I N T E R V A L  1 7  I b i E R V A L  1 8  I N T E R V A L  l C  I Y T F R V A L  2 f l  I M T F R V A L  23  I N T E P V A L  7 2  I N T E Q V A L  71 I Y T F R V A L  2 4  

7 .4625: -02  6 * 6 C 1 4 ' - 0 2  6 . 3 1 4 4 E - 0 2  9 . 1 8 4 6 E - P 7  1 . h 6 3 8 F - 0 1  1 . 6 0 3 4 E - 0 1  1 . 8 2 6 q C - O l  1 . 7 E 0 8 F - @ 1  

I N T E R V A L  2 5  

1 . 7 2 2 1 E - 0 2  
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I N C I D E N T  I N C .  LAB.  T A R G E T  NO. OF I N C .  CUTClFF G E O M E T R I C  NO. OF I W .  
P A R T I C L E  <.E. I Y E V )  SYMS.  A 2 P A R T I C L E S  EN. . (YEVl  X - S E C . ( V B l  PART. C " L C T ? I I Y S  

PROTON 2000 AL 2 7  13 04000 1.64 102e. 2 0 2 3 A 5  

CROSS S E C T I O N S  IY8I FCIR T H E  E M I S S I O N  O F  K P A R T I C L E S  CF S P E C I F I E D  T Y P E  I N T O  F Y E R G Y  I Y T C Q V A L S  I N 9 I C A T E O  

I C O N T R I B U T I C N S  TO K E Q U A L  Z E R O  ARE Y 4 C E  ONLY WHFN P A R T I C L E S  P F  S P E C I F I E D  
T Y P E  AQE E P I T T E O  B U T  ARE NDT I N  T H E  FNERGY I Y T E R V A L S  I V D I C A T E @ I  

K E Q U A L S  0 

8 . 1 5 7 2 E  0 1  

8 

6 . 3 4 0 7 E  00 

K E Q U A L S  0 

3 . 2 7 1 4 E  0 2  

e 

0. 

K E Q U A L S  0 

3 . 5 5 5 9 E  02 

8 

0. 

E M I T T E D  P A R T I C L E  PRGTCN 

1 2 

1 . 4 2 5 8 E  02  e.OO29E 01 

9 10 

3 . 0 8 4 6 E  00 3 . 0 8 4 6 E  GO 

E M I T T E D  P A X T I C L F  P R C T P N  

1 2 

1 . 3 9 4 9 E  0 2  6.854@€ 00 

9 10 

0. 0 .  

E M I T T E D  P A R T I C L E  P R O T O N  

1 2 

1 . 1 8 0 7 E  02 0. 

9 

0. 0. 

10 

F U E R G Y  I N T E Q V A L  I M F V )  0 TO 5 C O  

3 4 5 6 7 

5 e Y 1 2 4 E  01 7 . 7 7 0 1 E  01 2 . 7 7 4 7 E  0 1  2 . 3 7 1 4 ~  01 i . 4 n ~ 7 ~  p i  

1 I I 2  13 1. 4 1 q  

2 . 0 5 6 4 E  00 P . 5 6 9 4 E - 0 1  5 . 1 4 1  1 E- 01  1.7137F-01 0. 

E Y E R G Y  I N T E R V 4 L  ( M F V )  5 P 0  TO 1503 

3 4 5 6 

0. 0. C .  1 . 7 1 3 7 E - 0 1  

11 1 2  1' I4 

0. 0. 0. 0. 

ENERGY INTEPVAL ( M E V )  2500 TO 7 c m  

3 4 5 6 

0. 0. n. 0. 

11 1 2  1 3  1. 4 

0. 0. n. 0. 

7 

C .  

0. 

7 

0. 

1 5  

n. 
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L I I .  PF I V C .  I N C I D E N T  I N C .  LAB. T A R G E T  NO. OF I N C .  C U T O F F  GEClMETRIC 
P A R T I C L E  K.E.(MEV) SYMB. A 2 P A R T I C L E S  EN. (MEVl  X - S E C . ( v B )  PART. C O L L I ' i I O N S  

PROTON zoo0 A L  27 13 0 6 0 r ) O  1.64 1028.7 3 7 8 4 5  

( O S I G Y A T ( O 0 3 E G A  X D E I  ( Y B l / l S T E R A O I A h - M E V )  
T Y P E  OF C A S C A D E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  f 3 E G )  YO. ' lF  € N E R G Y  I N T E R V A L Y  D E L T A  E I M F V )  

hlEUTROV 0. T O  10.03 7 5  R C . ~ C I O O  

I l v T E R V A L  1 I Y T E R V A L  2 I N T E R V A L  ? I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I I I T E R V A L  7 I N T C R V L L  R 

1 . 1 2 2 0 E  00 4 . 0 3 9 4 E - 0 1  4 . 7 1 2 6 E - 0 1  1 . 7 0 5 3 E - O ?  ? . 0 1 9 7 E - P L  I . l ? Z O F - C l  7 . 4 c R 5 F - 0 1  3 . 4 0 2 c F - 3 1  

I N T E R V A L  9 I N T E R V A L  10 I Y T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1' I N T F R V A L  1 4  I N T C P V A L  I Y T C R V A L  1 6  

3 . 3 6 6 1 E - 0 1  3.5S06E-01 1 . 7 4 5 3 E - 0 1  1 . 9 1 5 0 E - 0 1  2 . 6 9 7 5 E - 0 1  ? .C177F-@l  S.S lEnE-@l  2 . E S C F . F - 0 1  

I h l T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  1 9  I V T E R V A L  90 I Y T E R V A L  2 1  I N T E R V A L  2 2  I N T ' R V 4 L  7 3  T Y T E P V A L  2 4  

4 . 4 8 8 2 E - 0 1  5 . 1 6 1 4 E - 0 1  3.8150E-01 6 . 2 8 3 5 E - 0 7  7 . 8 5 4 ' E - O l  4 . L S 9 2 E - n l  1 . 5 7 n q F - n l  5.0147C-01 

I N T E R V A L  25  

1 . 0 7 7 2 E  00 

( D S I G M A / ( O O M F G P  X D E I  ( M B l / ( S T E R A O I A h l - M E V )  
T Y P E  3F C A S C A C E  P A R T I C L E  LAB. AUGULAR I N T F R V A L  IC lEG1 YD. OF F N E R G Y  I Y T C P V 4 L S  D E L T A  E f Y F V 1  

NEUTROhr ln.00 TO 3o.w 7 c  u o . m v  

I N T E R V A L  1 I l v T E R V A L  9 I Y T E R V A L  2 I N T E R V A L  4 I N T E R V A L  5 I Y T E R V A L  6 I N T F R V A L  7 I h l T C R V A L  9 

1.0735s 0 0  4 . 7 0 7 1 E - 0 1  3 . 1 5 7 2 E - 0 1  2 .P6 t *E -01  1.6073E-01 1.11°4€-C1 1.6077F-01 l.OOL6F-02 

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I V T E R V A L  I ?  I N T E R V A L  13 I N T E R V A L  1 4  I N T E R V A L  Ifi T W C Q V A L  1 6  

8 . 0 3 6 5 E - 0 2  1 . 1 7 6 8 E - 0 1  1 . 4 0 6 4 E - 0 1  4 . 1 3 4 6 E - 0 2  ?.n33?E-n1 6 . 0 2 7 4 E - 0 ?  E . 7 L ~ q 4 r - 1 ) 2  4 . 5 7 0 2 F - r ) 7  

INTERVAL 1 7  INTERVAL 1 8  INTERVAL i o  INTERVAL 20 IYTFRVAL 7 1  INTERVAL 7 7  I~TCRVAL ? ?  IYT~RVAL 7 4  

7 . 1 7 5 5 E - 0 2  4 . 5 9 2 3 E - 0 2  5 . 7 4 0 4 f - 0 2  4 . 5 9 2 3 E - 0 7  3.4447c-32 I . Z S 6 2 E - 0 2  c.1664F-0i 5.lb6aF-02 

I N T E R V A L  25  

2 . 8 7 0 2 E - 0 3  
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I N C I D E N T  I N C .  LAB. T A R G E T  NO. OF INC. C U T O F F  G F O M E T R I C  Nfl. P F  I N C .  
PARTICLE K.E.IMEV) s w e .  A z P A R T I C L E S  E N - I M E V I  X - S E C . ( " B I  D A R T .  C r J L L I S I O Y S  

PROTON 2000 A L  27  1 3  OhOClO 1.64 l n z 8 . 2  72R45  

l O S I G M A . I (  DOMESA X DE) IYR) / <  S T E P A D I A N - 3 E V )  
T Y P E  OF C A S C A D E  P A R T I C L E  LAB. ANGULAR I N T E Q V B L  I O E G )  "J. O r  F Y r 9 G Y  I N T F c V 4 L S  D F L T A  E ( Y E V )  

N E U T R O N  30.00 T G  0o.no 2 5  BC. nnon 

I N T E R V A L  - 1  I Y T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V 4 L  6 I h T F P V A L  7 I Y T C R V A L  R 

8 . 9 7 1 7 E - 0 1  2 . 7 7 9 3 E - 0 1  1 . 2 4 0 1 F - 0 1  8 .&245E-C2 4 . 7 6 3 4 E - 7 2  2 . 6 7 7 O F - 0 3  1 .SR%C-02  1.75Q7F-07 

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I W T E R V A L  13 I N T E R V i L  14 I N T E Q V 4 L  1 5  I N T ' Q V A L  If, 

8 . 6 6 0 7 E - 0 3  6 . 2 Q 8 7 E - 0 3  7 . 4 7 9 7 E - 0 3  3.543OE-03 2 . 7 5 5 7 E - 0 3  1 . 0 6 9 4 E - 0 3  7.R734F-n'. 3 . 9 7 6 7 C - 0 4  

I N T E R V A L  1 7  I N T E R V A L  1 8  I V T E R V A L  19 I N T E R V A L  20  I V T E R V A L  71 I k T F R V A L  2 2  I N T E s V A L  7' I V T F R V P L  2 4  

0. 3 . 9 3 6 7 E - 0 4  0. 0. 0. 0. n. n. 

I N T E R V A L  25 

0. 

( O S I G M A l  I OOMEGA X DE I I MB)  / (  S T E 9 A O I A h - Y E V I  
T Y P E  OF C A S C A D E  P A R T I C L E  LAB. ANGULAR I N T S R V A L  I3EGI h9. 3 F  Eh!€QGY I h I T F F V A L S  D F L T A  F ( M E V )  

NEUTRON SO.00 T O  130. o n  ' 5  eo. ncno 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 ! N T E Q V A L  6 1 4 T c P V a L  7 I Q T ' R V A L  P 

4.6 8 0 9 E - 0 1  6.7 1 6 3 E - 0 2  9.5 23 2F-03 1 7 C 4 6 E - 0 3  0. 0. P. n. 

I N T E R V A L  9 I N T E R V C L  1 0  I N T E Q V A L  11 I N T E R V A L  12 I N T E R V A L  1' I N T E R V A L  1 4  I Y T C R V 4 L  l f i  I h I T F P V A L  16 

0. 0. 0. 0.  0. 9. PI. n. 

I N T E R V A L  17  I N T E R V A L  1 8  I V T E R V A L  1 C  I N T E s V A L  2 0  I U T E R V A L  71 I N T E R V A L  7 7  I h ' T C R V A L  2 2  I V T C R V P L  7 4  

0. 0. 0. 0. 0. 0. n. n. 

I h T E R V A L  2 5  

0. 

W 

P 
m 



I N C I D E N T  I N C .  LAS.  T A R G E T  YO. OF INC.  CUTL)FF  G E O M E T R I C  N’3. @ F  1 ° C .  
P A 9 T i C L t  K . E . ( Y E V )  SYMB. A Z P P R T I C L E S  E h - l M E V )  X - S E C . i Y h l  PART.  C O L L I S I O Y S  

PRflTDFv 2000 A L  2 7  1 3  06000 1.44 1028.2 02 P 4 ?  

SUM O F  O S i G / l O O Y E G A  X 3 E I  X D E  E Q U A L S  0.1217E 03 P B / S T E R A U I A N  F 3 P  C A S C A J E  N E U T R C Y  WITH T H E T P  FROM 39.00 “ 0  Q@.OO D E G  
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P H O T O Y  C N  PB INC.  K.E. I M E V )  I S  750.0 A I S  207.  Z I S  82. 4 0 0 0  IF1C. H ISTORIES 6.7 YEV CUTOFF FN. 

ilOMENTUM 3F  COMPUUNO NUCLEUS 1 4 0 4  4Q7025MEV/C EXCITATION ENERGY OF COMPIlUND NUCLEUS 75h.Y15lQ?MEV 

TYE Y A S S  O F  THE RESIDUAL NJCLEUS H A S  Z E R C l  0 T I F E S ,  WAS MIhUS 0 T I M E  CUT O F F  FNFRGY 6.583136MEV 

FCR 

AVERAGE NU. 

VCR IANC E 

AV. K.E. (MEVI  

V AR I ANC E 

COTGOING COMBINATION 

TJTAL CASCA3F 
l o o 0 0  
0 1 0 0 0  
0 0 1 0 0  
O O O l C  
00001 
01901 
l O l 0 l  
1 1 0 0 0  
1 1 0 0 1  

2 7  I N C I a t N T  PARTICLE COLL IS IOVS THERE WERE WORE THAN 9 GUT GOING P4RTICLES 

EMITTED CASCADE PAPT ICLES 

PROTONS NEUTRONS P I +  

0 .1752767E 0 1  0 .2453574F  01 0.1267592=-00 

0 .1329e lCE 01  fl.2642707c 01  0 .1121584E-00  

0.1358140E 0' 0 .8730047E 07 0.90776Y7E 07 

0.3005741E 0 5  0 . 1 5 3 6 V 2 E  0 5  0 .7881547F  0 4  

C O  

0 .3345510  
0 .0957860  
0 .115?224  
0. 
0. 
0. 
0. 
0.2000049 
0.104c3 8 8  
0 .6731505  

R E S I n U 4 L  NUCLEUS 

c 1  A R M  

0 .2672750  6 5 ? .  2 5 0 0 ? ? 9  
C.Z1?6911 117 .89528  87 
0.2 1 6 4 2  50 366.31 01383 
0. 0. 
n. c .  
n. 0. 
0. 0. 
0 .0760599  311 .5003738  

0.3957669 11 08.7476639 
0 .1721623  323 .3408356  

? I O  P I -  

0 .6300663F-01  0 . 1 0 7 2 2 1 8  F - 1 0  

0.5?C?68OE-@l 0 .98677Q7 E - 3 1  

0 . 7 7 8 6 7 1 2 ~  nz 0.534970PE 0 2  

0.31 E 5 4 F l t  0 4  0.62 '03820F 0 4  

4 R F E  

e l . S P 5 5 3 5 7  
0. 
0 .  
0. 
0. 

44.657 '3Q54 
71 .8269565  

371 .247769  n 

C O  = (SbM 3 F  PARALLEL RESIDUAL MOMENTUM/NUMBER O F  I I \ ' C I D E N T  PARTICLE COLLISIOkSl /MOklEhTUM OF C O M P O U h D  NlJCLEUS 

CI = ( S L M  OF PERPEUUICULAR RESIOUAL MOMFkTUP/VUMBER OF I N C I D E h T  PARTICLE C f lLL IS IO~S l /MCMENTL lM CF COYolUhiD NUCLEUS 

A R M  = AVERAGE RESIOUAC MOMENTUM I h  YEV lC  

AKEE = t V E X A G t  RESIDUAL E X C I T A T I f l b i  ENERGY i k  V E V  

A A R  = AVERAGE M A S S  3F R E S I D i l A i  NLJCLEUS FnR TOTAL CASCADE 
A P R  = M A S S  OF RESIDUAL NUCLEUS F 3 3  CESIGVATED UUTG3IYG Z?YBIKATIOVS 



PROTON ON P B  I N C .  K.E. ( N E V I  I S  750.0 A IS 2 0 7 .  2 I S  82. 4000 INC. H I S T O R I E S  6.7 MFV C U T O F F  FN.  

ANGULAR O I S T R I a U T I O N  OF T H E  CASCADE N U C L E U S  ( F R A C T I O N  I N  D E L T A  M U I / ( D E L T A  MU1 

-C.9000000E 00  - 0 . 7 0 0 0 0 0 0 E  00 -0.500000CE 00 - 0 ~ 3 0 0 @ 0 0 0 € - 0 0  - r .  ioqooonF-oo 
0.1000000E-00 0.3 000000E-00 0.500eooo~ on 0. 7 0 n 0 0 0 0 ' ~ :  on n . ? @ o 0 ~ c o E  n o  

TOTAL CASCACE R A T I O  OF FORWARD /BACKWARD 0.1050P30E 0 2  
0.3316138E-01 0 . 6 2 6 3 8 1 7 E - 0 1  0 . 7 0 ' 3 0 7 ? 7 E - 0 1  0 . 1 0 6 8 5 3 4 F - C O  

0 . 3 1 @ 7 1 7 8 E - C O  0.4716286E-00 0 . 6 ? ? 2 7 7 e ~  00 

1 PROTONS 0 NEUTRONS 0 P I +  C P I C  C P I -  R A T I O  OF FCRWARD /BACKWARD 
0. 0. 0. 0. 

0.1305524E 01 0.2202381E 01 0.95238@9E 00 

0 PROTONS 1 NEUTRONS 0 P I +  C P I 0  C P I -  R A T I O  OF FCRWARD /BhCKWARD 
0. 0. 0. @. 

0 . 1 5 6 2 5 0 0 E  01 0 . 1 9 7 9 1 6 7 E  01 0 . 1 0 4 1 6 6 7 E  01 

0. 

0.2083333E-00 
c. 

0 PROTONS 0 NEUTRONS 
0. 

0. 

1 P I +  0 P I 0  0 P I -  
0. 

0 .  

R A T I O  OF FCRWARO /E?ACKWARD 
0. 0. 

0. 

0. 

0.  
0. 

0 PROTONS 0 NEUTRONS 
0. 

0. 

0 P I +  1 P I 0  0 P I -  
0. 

0. 

R A T I O  DF FCRWARD /BACKWAR0 
0. 0. 

0 .  

0. 

0. 
0. 

0 PROTONS 0 NEUTRONS 
0. 

0. 

0 P I +  0 P I 0  1 P I -  
0. 

0. 

R A T I O  OF FORWARD /BACKWARD 
0. 0. 

0. 

n. 
e. 

0.  

0 PROTONS 1 NEUTRONS 
0. 

0. 

0 P I +  0 P I 0  1 P I -  
0. 

0. 

R A T I O  O F  FORWARO /DACKWAOO 
0. 0. 

0. 

P. 

0 .  
c. 

1 PROTONS 0 NEUTRONS 
0. 

0. 

1 P I +  0 P I 0  0 P I -  
0. 

0 .  

R A T I O  OF FORWARD / B A C K W A R 9  
0. 0. 

0.  

1 PROTONS 1 NEUTRONS 
0 . 1 5 8 7 3 0 2 E - 0 0  3 . 2 3 8 0 9 5 2 E - 0 0  0. I 3 2 2 7 5 1 E - O O  0. 7 6 4 5 E 0 3 E - 0 0  C.4751 QOCF-f'0 

c ) . ~ z o ~ o ~ ~ E  co 0 . 7 1 4 2 8 5 7 E  00  O . @ 2 5 V 5 Q F  00 0 . 6 3 4 9 7 C 5 E  00 n . 6 3 4 0 7 P h F  " 0  

0 P I +  0 P I 0  0 P I -  R A T I O  OF FCqWARD /B4CKWARD 

1 PROTONS 1 Y E J T R O N S  0 P I +  C P I 0  1 P I -  R A T I O  OF F O R h A R O  /BACKWARD n. 
0. 0.  0. 0. C. 

0. 0. 0. P.200nOOQE 01 C . q r o n v n F  01 



PROTOiU ON P B  I h C .  K.E. ( M E V )  I S  750.0 A i S  7 0 7 .  Z I S  8 2 .  4000 INC.  H I S T O R I E S  6.7 M F V  C U T C l F F  EN. 

E X C I T A T I O N  E N E R G Y  O I S T R I B U T I C N  O F  THE C A S C A D E  R E S I O U A L  N U C L E U S  ( F R A C T I O H  P E R  U N I T  EN.) ( D F = D E L T A  E ( M E V ) )  

DEA I S  0 . 7 6 0 0 0 0 0 E  0 2  DEB I S  0 .2EOOOOOE 02 OEC I S  O . 2 5 0 0 0 F O E  0 2  D E 0  I S  C.2500000F 02 D E E  I S  0 . 2 5 0 0 0 0 0 E  02 
3 E F  I S  0 . 2 5 0 0 0 0 0 E  02 0 E G  I S  0.2500000E 02 D E H  I S  0 . 2 5 0 0 0 0 0 E  0 2  D E I  I S  0 . 2 5 0 0 0 0 O E  0% D E J  I S  0.2500000E 0 2  

T J T A L  C A S C A C E  ( S U M  O V E R  H I S T D G R A M ) X ( D E A )  0. I 0 O D O O O E  9 1  0 P E L  
0 . 3 1 9 9 7 8 3 E - 0 2  0.2302 8 7 4 E - 0 2  9 . 2 i n 4 1 0 0 ~ - 0 2  0 . 1 7 7 4 4 2  5 E - 0 2  C . 1 6 1 S 2 9 4 E - 0 2  

0.1 1 5  8 7 C 9 E - 0 2  0 . 6 3 9 9 5 6 6 E - 0 3  0 . 2 8 1 1 9 3 0  E - 0 3  0.6 30 2 607 E - 0 4  0 . 1 4 5 4 4 4 7 E - 0 4  

1 P H O T O N S  0 N E U T R O N S  0 P I +  0 P I C  C P I -  ( S U M  O V F R  H I S T O G R P M l X ( D E 3 )  0 . 0 6 4 2 R E 7 E  C O  3 OFL 
0 . 1 1 9 0 4 7 6 E - 0 1  '3. d 5 7 1 4 2 8 E - 0 2  0. ? 2 3 8 0 q : E - 0 2  0 . 4 7 5 1 9 ~ 5 ~ - 0 2  0.1 9 0 4 7 6 7 E - 0 7  

0 . 9 5 2 3 P l O E - P ?  0 . 2 8 5 7 1 4 3 E - 0 2  n . ~ 5 ~ 3 8 1 0 ~ - 0 3  0 . 9 5 2 3 R l O E - 0 3  0.4 76 19 0 5  E-03 

0 P R O T O N S  1 N t U T R O N S  0 P I +  C P I 0  0 P I -  ( S U M  O V E R  H I S T O G R P Y l X ( 0 E C I  0 . C l h 6 6 6 7 E  C O  4 DFL 

0 . 1 6 6 6 6 6 7 E - 0 2  0.2 5 0 0 0 0 0 E - 0 2  0. -8 3 ' 3 2 2 3 E - 0 1  0. 
0 ~ 1 5 0 0 0 0 G E - 0 1  0. a 1 t 6 6 6 7 E - 9 2  0 . 3 3 3 3 2 3 3 E - 0 2  0 . 2 ~ 0 O O @ O E - C 2  0 . 1 6 6 6 6 6 7 F - 0 7  

0 P R O T O N S  0 N E U T R O N S  1 P I +  C P I 0  C P I -  ( S U M  O V E R  H I S T l l G R A M I X ( O F D 1  0 .  0 (IFL 
0. 0. 0. 0. 9. 

0. 0. 0. 0. 0. 

0 PROTONS 0 N E U T R 3 h S  0 P I +  1 P I 0  0 P I -  ( S U M  O V E R  H I S T O G R A M I X  
0. 0. 0. 

3 .  0. 0.  

0 P R O T O N S  0 N E i l T R O N S  0 P I +  0 P I 0  1 P I -  ( S U M  O V E R  Y I S T O G R A M I X  
0. 0. 0. 

0. 0. 0 .  

D E E )  0. 0 OFL 
0. C. 

r. n. 

OEF)  0 .  

0 .  
0. 

0 O F L  

0. 
0. 

0 P R O T O N S  1 N E U T R O N S  0 P I +  C P I 0  1 P I -  ( S U M  O V E R  H I S T O G R A M ) X ( D E G l  0.  0 OFL 
0. 0. n. 0. 0.  

0. 0. 0 .  0 .  0.  

1 PROTONS 0 N E U T R O N S  1 P I +  0 P I C  0 P I -  ( S U M  TIVER H I S T O G R A M I X ( O F H 1  0.1000000E 01 r) n F L  
0 . 2 6 6 6 5 0 7 E - 0 1  0 . 3 3 3 3 3 3 3 E - 0 2  0. 0 . 3 ? 3 ? 3 = 3 ~ - r z  C .  

0 . 3 3 3 3 3 3 3 E - C 2  @ . 3 3 3 3 3 ? ?  E-02 0. 0. n. 

1 P R O i f l N S  1 N E U T R O N S  0 P I +  0 P I C  C P I -  ( S U Y  O V E R  t i I S T O G R A Y I X ( 3 E I )  o . ~ = 6 5 n 7 9 ~  00 1 2  O F L  
0 .  1 ~ 8 1 . 4 8 l F - 0 7  0 . 1 9 0 4 7 6 % C - O 1  0. 5 9 2 5 9 7 h E - 0 2  0 . 4 4 4 4 4 4 4 E - 0 2  0 . 3 1  7 4 6 0 3 E - 0 2  

0.6 3 4 C 2  O t E - C 3  0.211 6402 : -03  0.1 i h s 8 4 1 E - 0 2  r . 0 3 4 Q 7 0 s F - c 9  n . 6 ? 4 o z c o ~ - n 3  

i P R O T O N S  1 I I E U T R O N S  0 P I +  C P i 0  1 P I -  ( S U M  OVER H I S T O G R A M l X ( 3 E J )  ~ . ~ O O O O P O F - C ~  a O F i  
0. 0. !I. c. 80000n0c-02 c. 

0. 0 .  0.8 000000 E - 0 2  0. n. 
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P R O T O A  CN p e  1"Ic. K.E. I M E V I  I S  750.0 A I S  207 .  2 1 5  6 2 .  4 0 0 0  INC. k ~ l S T O Q I E S  6.7 MEV Cc lTOFF EN. 

THE MOMENTUM D I S T R I B U T I O N  OF THE CASCADE RESIDUAL NUCLEUS 

0.7022485E 02 0.2106745E 0 3  C.351124ZE 0 3  0.4015740E 5 3  0.6320236F 0 3  0 .7724774F  07 0.Q129231E 07 
0.1053373E 0 4  0 .1143322E 0 4  0 .1334272F  0 4  0.1.474722F 0 4  0 .1615172E 0 4  @.17E56Z1E 74 0 .1896071E 0 4  

TOTAL LASCACE ISUY OVER t i ISTOGRPM) l2ELTA P I  O.?OO009i)F 0 1  0 ClFL 
0.6217527E-03 0.831627OE-03 0. Q 6 8 3 5 5 0 E - 0 3  0 .9470579E-03  0.  E81472ZE-0 '  0 .7806522F-0 '  0 .65061A4E-03 

0.5640372E-03 0 .4249955E-03  0 .7728366E-03  0 .1511715E-03  3 .8137630E-04  O.qh72801F-04 7 . 1 R a t 4 0 0 F - 0 4  

1 PROTONS 0 NEUTRONS 0 P I +  C P I 0  0 P I -  (SUM OVER HIST0GRAM) lDELTA P I  
0.678094OE-03 0 .2712776F-02  C. ' l94a520F-02 0 .8476175E-03  0 .5533322E-03  

0.8476175E-04 0 .  0. 0. 0 .  

0 P R O T O h S  1 NEUTRONS 0 P I +  C P I 0  0 P I -  (SUM DVER HISTOGRAMI (DELTb  D )  
0.741665 3E-03 0.28 1 6 3 2  w - 0 2  P. 1 6 3 1 6 6 4 ~  -02  0.503 3 322 E - 0 3  c. z ~ 6 6 6 h i  E - 0 3  

0. 0. 0. 3.14P3331E-03 0. 

0 PROTONS 0 NEUTRONS 1 P I +  C ?IO 0 P I -  I S U M  nVER HIST@GRAYI (DELTA D )  
0. 0. 0. 0. 0 .  

0 .  0. 0. 0. 0 .  

0 PROTONS 0 NEUT4ONS 0 P I +  1 P I 0  0 P I -  (SUM OVER HISTOG9AYI (DELTA P I  
0. 0. 0. c .  0. 

0. 0. 0. 0. 0. 

0 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  I P I -  (SUY OVER HISTOGXA' I l lDELTA P I  
0. 0. 0. 0. 0. 

0 .  0. 0 .  0. 0 .  

0 P X O T O N S  1 NEUTQONS 0 P I +  0 P I 0  1 P I -  (SUM O V E R  H ISTOGRAHI (0ELTA P I  
0. 0. C. 0. 0. 

0 .  0 .  0 .  0. fl. 

1 PROTONS 0 NEUTRONS 1 P I +  C P I 0  0 P I -  (SUM O V E R  H ISTOGRAMI (0ELTA P I  
0. 0 .4746658E-02  0.11 R 6 t 6 4 F - 0 2  0. 0 .1186654E-0 '  

0. 0 .  0. 0 .  p. 

1 PROTONS I NEUTRONS 0 ? I +  0 P I 0  C. P I -  (SUM OVER HISTOGPAMI(GELTA P f  
0 . 2 4 8 5 3 4 5 t - 0 2  0.1722907E-02 C.cO41253E-03 C .  8 6 5 4 5 1 4 E - 0 3  C .4143908F-03  

0.1883594E-C3 G.7534377E-04 0. 0 .3767 :89~-04  n. 

1 PSOTO\S 1 h E U T R O N S  0 P I +  0 P i 0  1 P I -  (SUM O V E R  H!S'OGQAMI(OELTA D l  

0. 0. C.1423°97E-02 0. 0. 
0.14239S7E-02 0 .14239$7E-07  0. 0.2847995E-02 0 .  

0.10000COE 01 0 OFL 

0. 0. 
0.8476175E-01 0.15952'5F-03 

0 . 1 0 0 0 0 0 ~ €  01 0 OFL 

0. 0. 
0.74 I 6 6 5 '= - 03 n. 7.4 R 3 3 3 I E - o 3 

0. 0 O F L  

0. n. 
n. r ) .  

0 .  r )  OFL 

0. 0. 
0. 0 .  

0 .  n O F L  
0.  0.  

0 .  0.  

0. 7 n = L  

3. 0. 
0.  q. 

0.100000r)E 01 Q OFL 

n. P. 
Q. 9. 

n.ionononE GI 0 OFL 

0. P. 
O. lE8?5?4E-07  0.2?50313F-03 

0 .10n0000E 0 1  0 OFL 

0. n. 
0.  7 .  
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PROTON CY P E  INC. K.E. (MEV)  I S  750.0 A I C  207. Z I S  e2. 4 0 0 0  I h C .  HISTORIES 6.7 MEV CUTPFF FN. 

THE PARALLEL MCMENTUM D I S T R I S U T I O N  O F  THE CASCADE RESIDLJAL F!UCLEUS 

-0.1896071E 0 4  -0.1755621E 0 4  -0 .1615172E 0 4  - C a 1 4 7 4 7 Z Z E  0 4  -0.1334272E 0 4  -0 .1193322E C 4  -0 .1053373E 0 4  
- 0 . 9 1 2 9 2 3 1 ~  03 - 0 . 7 7 2 4 7 3 4 ~  0 3  - 0 . 6 3 2 0 2 3 h ~  0 3  - 0 . 4 9 1 5 7 4 0 ~  0 3  - 0 . 3 5 1 1 2 4 2 ~  0 3  - 0 . 2 1 0 6 7 4 5 ~  0 3  - 0 . 7 n z z 4 ~ 5 ~  0 2  

0 . 7 0 ~ ~ 4 8 5 ~  02 0 . 2 1 0 6 7 4 5 ~  03  O.I?~I~~&ZE 0 3  0 . 4 9 1 5 7 4 0 ~  0 3  0 . 6 3 2 0 n ~ ~  03 0 . 7 7 2 4 7 3 4 ~  0: 0 . 9 1 7 9 2 3 1 ~  n3 
0.1053373E 0 4  0 .1193822F  0 4  0 .1334272E 04 0 .1474722E 0 4  0 .1615172E 0 4  0.1.7556.21! 3 4  V.1896071F 0 4  

1 PROTONS 0 YEUTRONS 0 P I +  0 P I 0  C P I -  ( S U M  OVEQ HISTDGRAY) (DELTA P )  
0.  0. 0. 0. 0. 

0.4746658E-02 0.1525711E-02 0 .5085705F-03  0 .1695235E-03  0.1695235E-03 
0. 0. 0 .  0. 0 .  

0 .  0. 0. 0.  rl. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  (SUM OVER HISTOGRAP) (OELTA P )  
n. 0. C. 0. 0. 

0 .474h658E-02 0 .889998 fE-03  C .  8 8 9 9 q e 1 E - 0 3  0 .4449902E-03  0. 
0 .  0.  0.  0.  0. 

0 .  

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0.  0.  

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0 .  0.  

0. 

1 P I +  

0. 

0. 

0 P I +  

0. 

0.  

0 P I +  

0. 

0. 

0 P I 0  
0. 

0. 

1 P I 0  
0. 

0. 

0 P I 0  
C. 

0. 

0.1483331E-03 0. 0. 

0 P I -  (SUM OVER HISTOGRAM)(DELTA P )  
0. 0. 

0. 0.  
C .  0. 0. 

0 .  n. 0. 

0 P I -  (SUM CIVER HISTOGTAM)(DELTA P )  
0. C. 

0. P. 
0 .  0. n. 

0 .  0 .  0 .  

1 P I -  (SUM 3VER HI5TOGRAM)(DELTA P )  
0. 0. 

0. 0. 
0 .  0. q. 

0 .  0.  0 .  

n . i n n n o r o E  01 0 CFL 
n. 0. 

0. 0. 
0.  0. 

3. 0. 

n . i o o 3 o o n E  “1 0 OFL 

0. 0. 

0. 0. 

0.  0.  

0.  0. 

0. 0 QFL 

0. 0. 

0. 0. 

0.  ?- 
0. 0. 

0. q n F L  

0. 0. 

0. 0. 

0. 0.  

0. 0. 

0. 7 f lFL 

3. 0. 

0. 0.  

0. 0. 

0 .  0. 

r UFL 

0 UFL 

r UFL 

CI UFL 

0 UFL 

r- 
0 
0 



PROTON 'JN P€! INC. K.E. {MEV) IS 750.0 A IS 207. Z IS 82. 4 0 0 0  INC. HISTORIES 6.7 Y E V  CUTOFF EN. 

THE PARALLEL MCMENTUM DISTRIBUTION OF THE CASCADE RESIDUAL NUCLEUS 

-0.1896071E 04 -0.1755621E 04 -0.1615172E 0 4  -0.1474722E 0 4  -0.1334272E 0 4  -0.1193822E 04 -0.1053373E 0 4  

0.7022485E 02 0.2106745E 93 0.3511242E 03 0.4915740E 03 0.6320236E 03 0.7724734E 03 1.917973l.E 0 3  
-0.9129231E 03 -0.7724734E 01 -0.6320236E 03 -0.4C15740E 03 -0.3511242E 03 -0.2106745E Q3 -@.7022485E 02 

0.1053373E 04 0.1193822E 04 0.1334272E 04 0.1474722E 04 3. lb15172E 04 0.1755621.F 0 4  0.1B06071E 0 4  

TOTAL CASCALE (SUM OVER HISTOGRAM)(OELTA P I  0.100@000E 01 0 OFL 0 UFL 

0. 0. 0. e. 0.131 1715 E-04 0.86 5 7 1 1 t  E-04 0. 51943aOE-03 

0.37252 69E-03 0.2308618E-03 0.1495355E-03 0.9444345E-04 0.5771 544E-04 0.1574057E-04 0. 

0. 0. 0. 0.  0. '3. 0. 

0.1251 376E-02 0.9601751E-03 0.8447442E-03 0.7896522E-03 0.7398070F-03 0.54567?3E-O? 0.44R6064E-03 

0 PROTONS 1 NEUTRONS 0 P I +  C P I 0  1 P I -  (SUM OVER HISTOGRAM)(OELTA P )  0 .  0 OFL C UFL 

0. 0. 0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 0. 0. 

0. 0.  0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 0. 0. 

1 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  0 P I -  (SUM OVER HISTOGRPYI(0ELTA P) ~ . 1 0 0 0 0 0 0 E  c 1  0 OFL 0 UFL 
0. 0. 0. 0. 0. 0. 0. 

0. 0 .  0. 0. 0. 0. 0. 

0. 0 .  0. 0. 0. 0. 0. 
0. 0.4746658E-02 0.1186CC4E-02 0.1186664E-02 0. 0. 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  (SUM OVER HISTOGRANI(0ELTA 3 )  0.1000000E 01 0 PFL C UFL 
0. 0. 0. n. 0. 0. 0. 

0.2976079E-02 0.1017141E-C2 0.4897345E-03 0.1506875E-03 0.3390470E-01 0.1R83594F-03 0.37671495-06 
0. 0. 0. 0. 0. 0.7534377c-04 0.1732007E-02 

0.3767189E-04 0.37671 B9E-04 0.37571 89E-O-% 0. 0. 0. 6. 

.r 
0 
I- 

1 PROTONS 1 NEUTRONS 0 PI+ 0 P I 0  1 P I -  (SUM OVER HISTOGRAM)(OELTA P I  0.1000000E 01  O OFL O UFL 

0. 0. 0. 0. 0. 0. 0. 

0. 0.1423997E-02 0. 0.1423997E-02 0. 0. 0. 

0. 0. 0. 0. e. 0. 0. 

0. 0. 0.1423997E-02 0. 0. 0. 14239°7E-02 0.1423997E-02 



PROTOk GY " 0  I N C .  K.E. ( M E V )  I S  750.0 A I S  207. z I S  87. 4000 IYC. ~ I S T ~ ~ R I F S  6.7 M F V  CUTOFF E Y .  

C R O S S  S E C T I O N S  I M B I  = O R  VARIOUS COMBINATICNS O f  EYITTED C A S C A C E  PARTICLFS 
1ST YO. I S  NO. OF P R O l O N S  EYITTED 2NO I S  NP. OF NEUTROhS 3 R O  I S  NO. 3F P I +  4TH I S  NO. O F  P I 0  5 T H  I S  N@. F F  P I -  

09000 

27000 

4 4 0 0 1  

08000 

1 6 1 0 0  

25100 

34010 

4 3 0 1 0  

52010 

06001 

15010 

24010 

33001 

4 2 0 0 1  

51100 

05010 

1 3 1 0 1  

14100 

23010 

3 20  10 

4 1 1 0 0  

03101 

0 4 0 1 0  

1 2 1 0 1  

1 3 1 0 0  

2 2 0 0 1  

0.61396712E 00 

0.49117369E 01 

0.12279342E 01 

0.61396712E 00 

0.18419013E 0 1  

0.18419013E 01  

0.61396712E 00 

0.61396712E 00 

0.61396712E 00 

0.12279342E 0 1  

0.12279342E 0 1  

0.92095067E 0 1  

0.12279342E 0 1  

0.61396712E 00 

0.12279342E 01 

0.30698355E 0 1  

0.18419013E 0 1  

0.79815725E 0 1  

0.11051407E 02 

0.67536382E 01 

0.18419013E 01 

0.61396712E 00 

0.36838027E 01  

0.61396712E 00 

0 . 1 4 7 3 5 Z l l E  02 

0.10437441E 02 

18000 

3 5 0 1 0  

44100 

1 5 1 0 1  

1 7 0 0 0  

2 6 0 0 0  

3 4 1  00 

43100 

521CO 

0 6 0 1 0  

1 5 1 0 0  

2 4 1 0 0  

33010 

42010 

52000 

05100 

1 3 1 1 0  

1 5 0 0 0  

2 3 1 0 0  

3 2 1 0 0  

42000 

0 3 1 1 0  

0 4 1  00 

1 2 1 1 0  

1 4 0 0 0  

22010 

0.12279342E 0 1  

0.61396712E 00 

0.61396712E 0 0  

0.61396712E 00 

0.61396711E 01 

0.85955306E 0 1  

0.18419013F 01 

0.12279342E 0 1  

0.61396712E 00 

O.hl.396712E 00 

0.30698355E 0 1  

0.67536382F 0 1  

0.24558684E 0 1  

0.12279342E 0 1  

0.85955396E 01 

0.24558684E 0 1  

0.61396712E 00 

0.25796619E 0 2  

0.10437441E 0 2  

0.42977698E 0 1  

0.19032981E 0 2  

0.61396712' 09 

0.5 52 57 04 OE 0 1 

0.12279342E 0 1  

0.55257040E 0 2  

0.18419C93E 0 2  

2 6 0 0 1  

35100 

45000 

1 e001 

2 5 0 0 1  

33110 

35noo 

44000 

53000 

0 7 0 0 0  

1 6 0 0 9  

25900 

3'100 

47100 

6lOCO 

0 6 0 0 0  

1 4 0 0 1  

2 2 0 1 1  

24000 

33000 

51000 

032CO 

05000 

1 3 0 0 1  

z i n i i  

22100 

0.61'96712E 00 

9 . 1 2 2 7 9 ~ ~ ~  n i  

0.73676054E 0 1  

'7.1841SO17F 0 1  

9.18419013F 0 1  

0.61396712E 00 

0.1789330Qc 0 2  

0.15?49177F C Z  

0.70915725E 0 1  

n .12279342~ CI 

3.14121743E 07 

3.27014553F C Z  

3.55257040C 01 

0 . 6 1 7 ~ 6 7 1 2 ~  no 

0.1227Q342E 0 1  

0.67536282E C1 

0.36838027E 01 

0 . 1 ? 2 7 9 2 4 2 ~  n i  

0 . 5 5 2 5 7 0 4 ~ ~  r 2  

0.38679928E 0 2  

3.479775Q8E 0 1  

0.61396712C 00 

0.10477441F 0 2  

0.79815725E 0' 

0.61796712E 00 

0.184190'3F 0 2  

c 
0 
iu 



6.7 Y E V  CUTOFF EY.  PROTON CY P 9  INC. K.E. ( P E V )  I S  75@.@ A I S  207. Z IS 87. 4 0 0 0  I N C .  VISTORIES 

C R O S S  SECTIONS ( M E )  FOR VARIOUS COMBINATIONS OF E C I T T E O  CASCADE P A R T I C L E S  
1ST NO. IS NO. OF P R O T O N S  EMITTED 2NO I S  NO. OF NEUTROhlS 3RO I S  NO. OF P I +  4TH I S  NO. OF P I 0  5TH I S  NO. OF P I -  

CONTI NUEO 

3 1 0 0 1  

4 0 0 0 1  

5 0 0 0 0  

0 4 0 0 0  

1 3 0 0 0  

2 1 0 1 0  

3 0 0 1 0  

0 2 0 0 1  

1 0 0 2 0  

12000 

2 1 0 0 0  

02000 

1 1 0 0 0  

0.42977698E 01 

0.61396712E 00 

0.18419013E 01 

0.21488845E 02 

0.56484974E 02 

0.98234738E 01 

0 .45117365 i  01 

0.24556684E 01 

0.61396712E 00 

0.77359857E 02 

0.58940843E 02 

0.23944718E 02 

0.11603978E 03 

3 1 0 1 0  

400 1 0  

03001 

1 2 0 0 1  

2010s 

2 1 1 0 0  

3 31. 00 

0 2 0 1 0  

1 1 0 0 1  

2 00 01 

3 0 0 0 0  

100 01 

20000 

0.73676054E 01 

0.61396712E 00 

0.24558684E 01 

0.73676054E 02 

O.Cl396712E 00 

0.16577112E 02 

0.61396712E 00 

0.55257040E 01 

0.30698355E 01 

0.30698355E 0 1  

0.15349177E 02 

0.30698355E 01 

0.03238613E 0 2  

3 1 1 0 0  

4 0 1 0 0  

0 3 0 1 0  

1 2 0 1 0  

202@0 

22000 

310@0 

9 2 1 0 0  

1 1 0 1 0  

2 0 0 1 0  

0 1 0 1 0  

1 0 0 1 0  

ozooo 

0.55257040E 0 1  

0.61396712E 00 

0.61396711F 0 1  

9.1289330SE P2 

0.61396712E 00 

0.72448120E 02 

0.2762R520E 02 

0.1289310PE @2 

0.20874882E @ 2  

0.67536362E 01 

0.49117369E 0 1  

3.49117369E 01 

0.2947C421E 02 

72000  

41000 

0 3 i o n  

i z i o n  

'1001 

3CCOl 

4COQO 

O ~ P O O  

1 1 1 3 0  

201 00 

O l 7 ' l O  

10100 

7 0 0 0 0  

0.44819599E 02 

0.98234738E 01 

0.11051407E 0. 

n.*2893109E 07 

0.79815725E 07 

0.18419013E 01 

0.24558684E OS 

0.221@2816E 9 7  

0.31312323F 07 

0.745586PaF 01 

n . 4 2 9 7 7 6 0 8 ~  01 

0.73676054f 01 

0.515732-8E 0 2  

.r 
0 
W 



PROTON ON P B  INC. K.E. ( Y E V I  I S  750.0 A IS 207. z I S  82. 40170 IPJC. H I S T O R I F T  5 . 7  Y F V  CUTPFF EN. 

ENERGY SPECTRA OF CASCADE P4RTICLES W I T H  MU FROM I.@? TO n.05 
[THETA FROY 0 DEG. 0 M I \ .  T O  1 8  DEG. 1 2  M1N.I 

h ( E 1  I S  (FQACTION OF PA9TICLFS I N  DELTA YU) / IDELTA MUI(3ELTA F l  

E ( M E V I  I S  CENTER OF IKTERVPL 

PROTONS 
DELTA EIMEY) 37.5 

E I M E V I  

18.7 

56.2 

93.7 

131.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356.2 

343.7 

431.2 

468.7 

506.2 

543.7 

5ei .2 

6ia.7 

656.2 

693.7 

731.2 

NL E l  

0 . 7 a i ~ - o i  

0.332E-01 

0.176E-01 

0.205E-01 

0.195E-01 

0.322E-01 

0.274E-01 

0.195E-01 

0.166E-01 

0.2 54E- 0 1  

0.2 3 4  E- 0 1  

0.195E-01 

0.684E-02 

0.147E-01 

0.137E-01 

0.977E-02 

0.977E-02 

0.332E-01 

0.5676-01 

0.557E-01 

N I S  1.000E 00 

NEUTRONS 
DELTA EIPEVI  37.5 

E ( M E V )  

18.7 

56.2 

93.7 

131.2 

168.7 

206.2 

243.7 

281.2 

316.7 

356.2 

393.7 

431.2 

468.7 

506.2 

543.7 

581.2 

618.7 

656.2 

693.7 

731.2 

N l E l  

0.129E-00 

0.804E-01 

0.443E- 0 1  

0.2 10 E - 0 1  

0.2C1 E-01 

0.2 5 t E -  01 

0.210E-01 

0.2 10 E- 0 1  

P.21OE-Ol 

0.728E-01 

0.12@E-01 

0.174E-01 

0.913E-02 

0.12 8 E-01 

0.457E-02 

0.913E-03 

0.100E-01 

0.1 LSE-01  

0.146E-01 

0.2@3E-01 

N I S  1.OOCE 00 

P I +  
DFLTA EIMEV) 37.5 

N I S  ( S U M  O V E R  Y ( E ) I ( D E L T A  MUI(DFLTA E )  

E (  M E V l  

18.7 

56.2 

93.7 

131.2 

l6A.7 

206.2 

242.7 

281.2 

318.7 

356.2 

393.7 

431.2 

468.7 

506.2 

543.7 

581.7 

618.7 

656.2 

693.7 

731.2 

NL E )  

P.107F-00 

0. 

0. 

0. 

0.2 67 E-01 

F.533E-01 

0.1.33E-00 

0.533E-01 

P. 5>3E-C1 

0.533E-01 

0.533 E-01 

0. 

0. 

0. 

0. 

0 .  

0.  

0 .  

0. 

0 .  

N I S  0.10PE 0 1  

P I r  
D F L T A  E(YFV1 27.5 

E(MEV1 

18.7 

56.2 

93.7 

131.2 

lh8 .7  

?06.2 

241.7 

281.2 

318.7 

356.2 

=97.7 

431.2 

46P.7 

506.2 

543.7 

581.7 

618.7 

656.2 

693.7 

731.2 

h i ( E l  

0.160F-00 

0 .  

P. 

c. 

0. 

C.513F-01 

0. 

P.713E-Ofl 

0.  

0.573F-01 

P. 537i-01 

0. 

0. 

0 .  

3. 

P. 

0. 

C .  

0. 

0 .  

P I -  
qELTA E(MEV1 77.E 

E (  Y F V )  

1R.7 

E h .  2 

73.7 

131.2 

168.7 

706.7 

743.7 

7R1.7 

318.7 

= 5 4 . 7  

393.7 

431.7 

468.7 

5q6.7 

543.7 

591.2 

616.7 

656.2 

693.- 

731.2 

N I S  1.PQPE 0” 



PROTON ON P B  I N C .  K.E. ( M E V I  I S  750.0 A I S  207. Z IS 82. 4 0 0 0  INC. HISTORIES 6.7 MEV CUTOFF EM. 

ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM 0.95 TO 0.90 
(THETA FROM 1 8  DEG. 1 2  MIN. TO 25 DEG. 5 1  M1N.I 

N ( E )  IS (FRACTION OF PARTICLES I N  DELTA MUl/ IOELTA MUl(DELTA E)  

€ ( N E V I  I S  CENTER OF INTERVAL 

PROTONS 
DELTA EIMEV) 37.5 

E l  N E V )  

18.7 

56.2 

93.7 

131.2 

163.7 

206.2 

243.7 

281.2 

318.7 

356.2 

3s3.7 

431.2 

468.7 

506.2 

543.1 

5E1.2 

618.7 

656.2 

6Y3.7 

731.2 

N I E I  

0.11 5E-00 

0.499E-01 

0.438E-01 

0.408E-01 

0.242E-01 

0.222E-01 

0.3DZE-01 

0.272E-01 

0.181E-01 

0.106E-01 

0.166E-01 

0.907E-02 

0.166 E - 0 1  

0.453E-02 

0.166E-01 

0.1 81 E- 01 

0.347E- 01 

0.272'E-01 

0.755E-02 

0.151E-02 

N IS 1.000E OD 

NE UTRO rYS 
DELTA E(MEV) 37.5 

E( ' lEV1 

18.7 

56.2 

93.7 

131.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356 .2  

393.7 

431.2 

468.7 

506.2 

543.7 

581.2 

618.7 

656.2 

693.7 

731.2 

M(EI  

0.154 E-00 

0.874E-01 

0.481 E-01 

0.431 E- 01 

0.20?E-D1 

0.190E-01 

O.29lE-01 

0.152E-01 

0.633E-02 

0.139E-01 

0. E 33 E- 0 2 

0.760E-02 

0.507E-02 

0.507E-02 

0.5 07  E- 02 

O e E 3 3 E - 0 2  

0.@87E-0? 

0.887E-02 

0.3 80E-02 

0. 

N IS 1.000E 00 

P I +  
DELTA E(MEV) 37.5 

N I S  (SUM OVER N ( E ) ) ( D E L T A  MU)(DELTA E l  

E(MEV) 

18.7 

5 4 . 2  

93.7 

131.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356.2 

393.7 

431.2 

468.7 

506.2 

5 4 3 . 7  

581.2 

616.7 

656.2 

693.7 

7 3 1  2 

N (  E l  

0.7 11 E-01 

0. 

0.107E-0@ 

0. 

0. 

0.3F6E-01 

0.356E-01 

0.1C7E-00 

0.107E-00 

0.356 E-01 

0.356E-01 

0. 

0. 

0. 

0. 

0. 

0 .  

0. 

0. 

0. 

N IS 1.OGOE 00 

P I C  
DELTA E(MEV1 37.5 

EIMEVI 

18.7 

56 .2  

99.7 

131.2 

168.7 

206.2 

243.7 

281.2 

318.7 

356.2 

393.7 

431.2 

468.7 

506.2 

543.7 

581.2 

618.7 

656.2 

693.7 

731.2 

N ( F )  

0. 

c. 

0. 

0. 

0. 

0.593E-03 

c.1mE-on 

0.119E-00 

0.593E-01 

0.11 9F-00 

0. 

0 .  

0.  

0. 

0. 

0. 

0. 

0. 

0. 

0. 

N I S  1.OOOE 00 

P I -  
9 E L T I  E(MEV) 37.5 

E( MEV) 

18.7 

56.2 

93.7 

131.2 

168.7 

206.? 

243.7  

281.7 

318.7 

356.2 

303.7 

431.2 

468.7 

506.2 

543.7 

581.7 

628.7  

656.2 

693.7 

731.2 

N ( € l  

0. 

0.178E-00 

0. 

0. 

0. 

0. 

0.178 E-00 

0.178E-00 

0. 

0. 

0. 

0. 

0.  

0. 

0. 

0. 

0. 

0. 

0. 

0. 

N IS 1 . D O O E  00 



PROTON C Y  P B  INC. K.E. ( M E V I  I S  750.0 A IS 207. 2 I S  82. 4000 INC. H I S T e R I E S  6.7  "FV C U T O F F  EM. 

ENERGY SPECTRA O F  CASCADE PARTICLES WITH MU FROM 0.5Q TO 0.40 
(THETA FROM 53  DEG. R Y I N .  TO t4 DEG. 7 5  MIN.) 

N ( E I  I S  (FRACTION OF PARTICLES I X  DFLTA \ I U ) / ( D E L T A  Y U I ( D E L T A  E )  

E (MEVl  I S  CENTER O F  INTERVAL 

PROTONS 
DELTA E IMEV)  75.0 

E( HEVI N ( E 1  

37.5 0.353E-01 

112.5 0.159E-01 

187.5 o . i 0 4 ~ - 0 1  

262.5 0.309E-02 

337.5 0.170E-02 

412.5 0.299E-03 

407.5 0. 

562.5 0. 

637.5 0. 

712.5 0. 

NEUTRONS 
DELTA E(MEV)  75.0 

E(MEV1 N (  E l  

37.5 0 .4 t6E-01  

112.5 O a l l S E - 0 1  

187.5 0.491E-02 

262.5 0.246E-02 

337.5 0.772E-03 

412.5 0. 

487.5 0.702E-04 

562.5 0. 

637.5 0. 

712.5 0. 

P I +  
DELTA E t Y E V l  75.0 

E ( Y E v l  N( E l  

37.5 0.359E-01 

112.5 0.188E-01 

187.5 O.lO3F-01 

262.5 0.171E-02 

3'7.5 0. 

412.5 0. 

487.5 0. 

562.5 0. 

637.5 0. 

712.5 0. 

N I S  (SUM @VER N ( E I I ( D E L T A  MU) (DELTA E l  

P I 0  
DELTA E(MEVI  75.0 

E ( M E V l  Q ( E l  

37.5 0.385E-01 

112.5 " . Z ~ J ~ E - O I  

1 8 7 . E  0.769E-02 

267.5 0. 

377.5 c. 

417.5 0. 

487.5 P .  

502.5 C .  

617.5 0. 

712.5 n. 

01-  
D f L T 4  E I M C V I  75.0 

E- IYEV) h > ( F ; l  

37.5 O.cEPE-nl 

112.5 o . l h 7 E - n l  

187.5 n.417E-02 

247.5 0. 

137.= G. 

412.5 0. 

487.5 n. 

542.5 0. 

677 .5  0. 

712.5 C .  

N IS 1.000E 00 N IS 1 . O C O E  00 N I S  1.000E 00 N I S  1.000E 00 N I S  i . r)cnE n o  



PROTON ON P 8  INC. K.E. ( M E V i  I S  750.0 A I S  207. Z I S  82. 4 0 0 0  INC. HIS.rORIES 

ENERGY SPECTRA OF CASCADE PEIRTICLES N I T 4  MU FQOH 0.1C T f l  -0.10 
(THETA FROM 8 4  DEG. 16 MIV. TO O5 DEG. 4 4  41'4.) 

N ( E )  I S  ( F q A C T I O N  OF PARTICLES I N  DELTA MU) / (DELTA MU)(OELTA F )  

E ( M E V )  I S  CENTER OF INTERVAL 

PROTONS 
DELTA E(MEV1 75.0 

E (MEVi  V (  E l  

37.5 0.528E-01 

112.5 O . l lOE-01  

187.5 0.178E-02 

262.5 0.889E-03 

337.5 0.178E-03 

412.5 0. 

487.5 0. 

562.5 0. 

637.5 0.  

712.5 0. 

N I S  1.003E 00 

&E UTRONS 
DELTA E(MEV)  75.0 

E (MEVI  hI E )  

37.5 0.54 E-01 

112.5 0.94 E-02 

1'37.5 O.224E-02 

252.5 0.125E-03 

337.5 0. 

412.5 0.125E-03 

487.5 0. 

562.5 0. 

637.5 0. 

712.5 0. 

N I S  1.000E 0 0  

b.? MEV CUTnFF EN. 

P I +  
DELTA E(MEV)  75.@ 

E (  M E V )  N (  E l  

37.5 0.485E-01 

112.5 0.162E-01 

187.5 0. 

262.5 0.202E-02 

337.5 0. 

412.5 0 .  

487.5 0. 

562.5 0. 

637.5 0. 

712.5 0. 

N I S  (SUM OVER N l E ) I ( D F L T A  MU) (DELTA E )  

N IS 1.OOOE 00 

P IO 
DELTA E(MFV1 75.0 

E (  Y F V I  N ( E I  

37.5 C.b69€-01 

112.5 C.148E-01 

187.5 0.494F-02 

267.5 0. 

337.5 0. 

412.5 C. 

487.5 0. 

562.5 C. 

537.5 0. 

712.5 c. 

N IS 1.000E 00 

P I -  
DELTA E ( 4 E V I  75.0 

E f Y F V )  N f E )  

3 7 . 5  0.593E-01 

112.5 0.741E-07 

197.5 0. 

252.5 n. 

337.5 0. 

412.5 0. 

487.5 0. 

542 .5  0. 

637.5 0. 

712.5 0. 
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5.7 MEV CUTOFF EN. PROTON ON P 8  INC. K.E. ( M E V )  I S  750.0 A I S  207. 2 I S  82. 4 0 0 0  INC. HISTORIES 

ENERGY SPECTRUM OF ENITTED CASCADE PROTONS 

0 TO 0.7500000E 03 NEV 0 OFC 

K.E. I S  THE CENTER OF THE ENERGY INTERVAL I N  M E V  N ( E I  IS THE FRACTIOY OF TOTAL NUMBER OF EMITTED PROTONS /DELTA E 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

195.00 

N ( E )  K.E. 

0.1120454E-01 225.00 

0.2304464E-02 255.00 

0.3244342E-Q2 285.00 

0.2 389461E- 02 3 1  5.00 

0.1765819E-02 345.00 

0.1198234E-02 375.00 

0.1093126E-02 

N l  E) K.E. 

0.1016046E-02 405.00 

0.7427651 E-02 435.00 

0.5745918E-03 455.0@ 

@.53?5485E-03 495.00 

0.50451 97E-03 525.0@ 

0.43444 75 6-03 555.00 

N I E )  K. E. 

0.36437 5 3  E-03 585.00 

0.2943031E-03 615.00 

9.280 2887E-03 645.00 

0.2382454E-03 675. no 

0.2242310E-03 705.00 

0.16 81 7 3 2  E-03 735.00 

N(E)  

0.21021 65E-07 

0.2P72959E-03 

0.257755, 8E-03 

0.3503609~-03 

0.32039"2f-63 

0 . 3 2 9 3 ~ 2  E-0'1 



PROTON CN P 8  IhlC. K.E. (MEV) IS 750.0 A IS 207. Z IS 82. 4000 I W C .  HISTC'I 'IIES 6.7 M F V  C U T O F F  EU. 

ENERGY SPECiqUM OF E Y I T T E O  C A S C A D E  NEUTRLlKS 

0 TO 0.7500000E 03 M E V  0 F F L  

K.E. I S  THE C E N T E R  OF T H E  ENERGY I N T E R V A L  I N  MEV N ( E I  I S  T H E  F R A C T I O N  O F  T O T A L  NUMBER O F  E ' 4 I T T E r )  Y E U T R O N S / D E L T A  E 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

195.00 

N ( E 1  K.E.  

0.142 51 39E-01 225.00 

0.6447415E-02 255.00 

0.3559093E-02 285.00 

0.2 127447E-02 31 5.00 

0.1461681E-02 345.00 

0.9761226E-03 375.00 

0.8209441 E - 0 3  

N (  E) K.E. 

C.5556390E-03 405.00 

0.5 506332E-03 435.00 

C .  3 7543 17E-0'1 465.00 

0.2 803224E-07 495.00 

0.2 9033 39E-03 52 5.00 

0.26530 51 E-03 555.00 

N I E )  K.F. 

0.1701957E-03 585.00 

0.1701957E-03 615.00 

0.120 1 3 8 2  E-03 c45.00 

0.1501727E-0? 675.33 

0.3. I5 1 3  24 E-03 7 c 5 .  00 

0.11 01 266 E - 0 3  775.0(! 



PROTON CN PB INC. K.E. (MEV) IS 750.0 A IS 207. 2 IS 82. 4 0 0 0  IVC. PISTFRIES 6.7 M E V  CUTCFF EN. 

ENERGY S P E C T R U M  O F  EMITTED C P S C A O E  p r +  

0 TO 0.75000COE 03 M E V  0 OFC 

K.E. IS THE CENTER OF THE ENERGY INTERVAL I N  MEV N ( E )  IS THE FRACTION O F  TOTAL NUMBER O F  EYITTEO P I +  / DELTA E 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

195.00 

N ( E )  K.E. 

0.7267442E-02 225.00 

0.119 1 8 6 0  E-01 255.00 

0.3779070E-02 285.00 

0.2519380E-02 315.00 

0.1162791E-02 345.90 

0. I O 6 5  891E-02 375.00 

0 106 5 8 9 1  E- 02 

N ( E I  K.E. 

0.775193AE-03 4'35.00 

0.1453488E-02 435.00 

0.9689923E-03 465.00 

0 5 81 3 9  54 E-03 495.00 

0.3875Ph9E-03 525.00 

0.2 906977 E-03 555.00 

N ( E )  K.E. 

0.968992?E-04 585.00 

n. 615.0r) 

9. 645.00 

0. 675.30 

0. 7c5.00 

0. 7 3 5 . m  

N < E )  

0. 

0. 

0. 

D. 

0. 

0. 



PROTJh CN " 8  INC.  K.E. ( M E V )  I S  750.0 A i S  2 0 7 .  Z I S  E!2. 4000 i Y C .  bISTD?iFS 6.7 Y F V  ilJTl'CF =h'. 

ENFQGY SPECTRUM 3F E M I T T E D  C P S C A U E  

0 TO 0.7500000E 03 M E V  0 O F 1  

K.E. I S  THE CENTER OF T t , E  ENERGY IhTERVAL I N  M E V  NCEI I S  T - l t  FRACTZON O F  TOrAL NlU4JER I F  E Y I T T F l  O I O  / O C L ' C  E 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

195.00 

h!(  E l  K.E. 

0.1076747E-01 2 2  5.00 

0.8476518E-02 255.00 

0.4696449E-02 28 5.00 

0.3321879E-CZ 315.00 

0.1260023E-02 345.00 

0.103092 $E-02 375.00 

0.9 163603E-03 

V I E )  K.E. 

0.572 73 77 E- 03 405.00 

0.5727377E-03 435.00 

0.57273 77E-03 465.00 

n . 3 4 3 ~ 2 6 ~ - 0 1  495.00 

0.5727177E-03 525.00 

0.72YOq51 E-03 555.00 

0. 

0. 

p. 

0 .  

0 .  

0.  

N I E )  K.F. 

5 ~ 5 . n ~  

61 5-00 

645.0"  

675.00 

7c5.  0q 

7?5.00 



P R O T 3 N  GN P B  IkC. K.E. ( M E V I  I S  750.0 A IS 207. Z IS 8%. 4000 I N C .  YISTORIES 6.7 M E V  C'JTO'F FN. 

ENERGY SPECTRUM OF E M I T T E D  C P S C A O E  P I -  

0 TO 0.7500000E 03 M E V  0 OFL 

K.E. I S  THE CENTER OF THE ENERGY INTERVAL I F ;  MEV N ( E )  IS THE FRACTION OF TOTAL NUMBER O F  E M I T T E D  P I -  / DELTA E 

K.E. 

15.00 

45.00 

75.00 

105.00 

135.00 

165.00 

155.00 

N ( E I  K.E. 

0.1364522E-Gl 22 E. 00 

0.1072125E-01 255.00 

0.44a3431~-02 285.00 

0.1559454E-02 315.00 

0.389 8636E-03 345.00 

0 - 5  847553E- 03 375.00 

0.1797271E-03 

N I E I  K.E. 

0.1949318E-03 405.00 

12 5 8479 53 E-03 435.00 

0.3898636E-03 465.00 

C. 495.00 

0. 525.00 

0. 555.00 

0. 

0. 

0. 

0. 

0.  

0. 

N(E) K.E. 

585.00 

615.00 

t45.00 

t.75.0cI 

7c15.00 

735.30 

N I F I  

0. 

0. 

0. 

n. 

c. 
0. 



P R O T O h  GN P E  I ~ C .  K.E. i M E v )  I S  750.0 A I S  2 0 7 .  z I S  8 2 .  4 n c o  INC. H I S T C R I F S  5.7 P r V  C U T n F F  EN, 

ENERGY SPECTRUM O F  E M I T T E D  C A S C A D E  P A R T I C L F S  

0 TO 1010 MEV 

N ( E )  I S  THE F R A C T I O h  C F  T O T A L  NUMaE? O F  E Y I T T E D  P A R T I C L E S / D S L T A  E 
K.E. I S  T H E  CENTE'I OF THE ENERGY 

K.E. 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0  

875.0 

925.0 

975 -0 

PROTONS 
N ( E )  

0.9043515E-C2 

0.33634t4E-CZ 

0.193E1 S6E-02 

0.1185621E-02 

0.9712003E-63 

0.61803 t6E-03 

0.521 33 70E-C3 

0.4330460E-03 

0.3237334E-03 

0.2522598E-03 

0.2228255E-03 

0.1976035E-03 

0.2648728E-03 

0.3447551E-03 

0.3195291E-03 

0. 

0. 

0. 

0. 

0.  

N I S  0.9999999E 00 

' I  N T E R V A L  I N  MEV 

NE U rRONS 
N ( E )  

0 . 1 1 3 9 8 l l E - 0 1  

0.362 e l  72 E-02 

0.1681934E-cZ 

0.92 eo673 E-03 

0.6006908E-03 

0.4385043 E-03 

0.2 883316E-03 

0.243 2798E-03 

0.1742003E-03 

0.1383589E-03 

0.126 I 4 5 1  E-03 

0.6607599E-04 

0.8 7 1 0 0 1  6 E-04 

0.8169336E-04 

0.1 20 1 3  82 E- 03 

0. 

0. 

0. 

0. 

0. 

N ' I S  0.9999999E 00 

P I +  
U(EI 

0.9883721F-02 

0 - 4 3 6 0 4 6 5  E-02 

0.17441 8 6  F -07  

0. L046512E-07 

C.9883721E-03 

0.116 2 7 9 1  E-07 

0.52325 58  E-03 

0.2325531 E-03 

0.5 813953 E-04 

0. 

0. 

0. 

0 .  

0 .  

0 .  

0 .  

0. 

0 .  

0. 

0. 

N I S  1.0000000E 00 

P I 0  
V I E )  

0.9QC5616E-PZ 

0 - 5  ZCZOQ6E-CZ 

0.1855670E-C7 

O.Q6?1993E-C3 

0.6?372852F-C3 

0.54°p'8?E-C1 

0.48 10907 E-02 

0.2061 8 56 F-03 

0. 

CI. 

c. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 .  

N IS I .@OOOOOOE 00 



D R O T O k  ON P B  INC. K.E. ( M E V )  I S  750.0 A I S  207. 2 IS 62. 4 0 0 0  INC. HISTORIFS 6.7 MEV CUTOFF EM. 

M U  

0.975 
0.925 
0.875 
0.825 
0.775 
0.725 
0.675 
0.625 
0.575 
0.525 
0.475 
0.425 
0.375 
0.325 
0.275 
0.225 
0.175 
0.125 
0.075 
0.025 

-0.025 
-0.075 
-0.125 
-0.175 
-0.2 25 
-0.275 
-0.325 
-0.375 
-3.L25 
-0.475 
-0.525 
-0.575 
-0.625 
-0.675 
-0.725 
-0.775 
-0.825 
-0.875 
-0.925 
-0.975 

AhGULAR DISTQ SRUTION OF ENITTED CASCADE PARTICLES 

( F K A C T I C ”  I N  EACH INTERVALI/(DELTA MU) 

MU I S  C O S I N E  THFTA AND SPECIFIES THE CENTER OF TYE ICITERVAL 

PRCTON 

0.2295564E 01  
G.1484129E 0 1  
0.13622G3E 0 1  
O.l@46878E 0 1  
0. 8576E34E 00 
0.9165440E 0 0  
C. 803C271E 00 
0.7651 8 8 l E  00 
0.6979l89E 00 
C. 72?1448E 0 0  
C. 782005% O C  
0.6054236E 00 
0.5633803E 00 
C. 5087240E 0 0  
0.4372504E-00 
0.5423586E 00 
0.4078201 E-00 
0.3615724E-00 
0.47508G3E-00 
0.4120244E-00 
0.3867984E-00 
0.3027118E-0G 
0.2985075E-00 
0.2816901E-00 
0.2396468E-00 

0.2354425E-00 
G. 1933992E-00 
0.1765El4E-00 
0.1807862E-00 
0 .1933¶92€-00 
0. 1976035E-00 
0.1471516E-@0 
0.1261295E-OC 
0.1471516E-00 
0.1345386E-00 
0.1135169E-00 
0.1345386E-00 
0.1387429E-00 
0.105108?E-00 

0. 2 1 e 6 2 5 z ~ - o o  

NEUTRON 

0.1754017E 0 1  
0.1264454E 01 
0.1120288E 01 
0.0941433E 00 
0.9851329E 00 

0.810932 bE 00 
0. 86 75982 E 00 
0.78OE98CE 00 
F.7748911F 00 
0.6397357E 00 
0.6577564E 00 
0.6127046E 0 0  
0.5496321F 00  
0. 5496321E 00 
0.4895630E-00 
0.4865505F-00 
0.453521 5E -00 
0.3784352E-00 
0.4734870E-00 
C .  4174801E-00 
0.3874456E-00 
0.3874456E-00 
F. 2312660E-00 
@.26430?9E-00 

C . ~ I ~ ~ ~ O O E  0 0  

@.2883?16E-00 
C. 258297CE-00 
0.24 32 79 8E -0 0 
0. 258297CE-00 
0.2162487E-00 
0.2042349E-00 
0.18O2072E-00 
0.1711969E-00 
0.1591 831E-C0 
0.1501727E-00 
0.1411b23E-00 
0 . I231416E-00 
0.1501727E-00 
C. 1531762E-CO 
O.I@81243E-@O 

P I +  

0.1162791E 0 1  
0.8720930E 00 
0.6976744E 30  
0.5813954E 90 
0. ?4@8372E-30 
0.174418fE-00 
0.8720930E 00 
0.40 69767E-00 
0.406976TE-00 
0.5813054E 30 
C.5813$54E 00 
0.6976744E 70 
0.523.2558E 00 
0.7558140E 00 
0.4651163E-00 
0.4651163E-90 
0.4069767E-00 
0.5313954E 90 
0.2906977E-00 
0.5232558F 00 
0.7558140E 00 
0.3488372E-00 
C. 4069767F-00 
0.4060757E-00 
0.6395349E 09 
0.29C6977E-00 
0.23 25 5 8 1E-00 
O.3488377E-00 
0.34P8?72E-00 
C.5813954E 00 
0.4069767E-00 
0.40 69767E-00 
0.6395349E 00 
0.2325581E-00 
0.5232553E 00  
0.5813954E 3 0  
0.2906977E-70 
0.4069767E-90 
0.4069757E-00 
0.3488372E-00 

P I 0  

0.6872852E 00 
0.6185567E 0 0  
0.48 1G997E-00 
0.9621003E 00 
0 . 5 ~ 9 8 2 8 2 ~  n o  
n.6185567F 0 0  

0. 4 a 1 0 ~ 9 7 ~ - 0 0  

0.481@997€-00 
0 4P 10 9?7F-00 

0.4810$97E-00 
0.54Q8P87E 00 
0.2749141E-00 
0.4773711 E-00 
0 .417371 lE-00 
0.41 2 3 7 1  1 E-00 
0.2749141 E-00 
0.4810997E-00 
0.3L36426E-00 
0.6185567E 00 
0 . 2 0 6 1 8 5 6 ~ - 0 0  
e. 61855675 no 
@ . 4 1 2 ? 7 l l E - 0 0  
0.6185567E 00 
0.2067 856E-00 
0.61855675 00 
0.4810097E-00 
@.274?141E-00 

0.6185567E 00 
0.3436436E-GO 
0.48lP907E-00 
0.4121711E-00 
0.1374570E-00 
0.7560137E 00 
0.6185567E 00 
0.549F282E 00 
0.7560137E 00 
O.6E72852E 0 0  
0.5e72852E 90 
0.48109Q7E-00 

0 . 4 1 2 3 n i ~ - n o  

PI- 

0.4678363E-00 
0.3508772E-170 
0.q356775E 00 
0.5847953E 00 
0 . 8 1 8 7 1 7 4 F  00 
0.1169591E-00 
0.4678363E-00 

0.46783b2F-00 
0.350F772E-00 
0.5847953E 00 
9.467036 3F-OP 
0.4675363E-00 
0.467R363E-00 
3.  
0.7017544F 00  
0.1160591 E-OP 
0.7017544E “0 

0.4675363E-OC 
0.467836yE-00 
0.35987 7 2E-00 
0.7017544E 00 
0.5847953F PO 
0.7017544E r)C 
0.8187134E 0 @  
0.3508772E-00 

0.733913XE-OC 
‘3. %33s l81E-?Q 
0.3508772E-OP 
0.46783635-00 
0.9107334E r)0 
0.3508772E-00 
0.5847953E 00 
0.701754aE 0 0  
0.467836 3 E-@ 0 

0. 3 5 0 8 7 7 2 ~ - 0 ~  

0 . 9 1 0 7 1 3 4 ~  no 

0.2339181~-no 

0.7017544~ no 
0 . 9 3 5 6 7 2 5 ~  nv 
0.2339191E-00 



I N C I O E N T  
PART I i L E  

I N C .  LAB. 
K.E. L E V I  

T A R G E T  
S Y M 3 .  A 2 

NO. O F  I N C .  
P A R T I C L E S  

CUTOFF G E O M E T R I C  
E N . ( P E V I  X - S E C . ( M B )  

NO. O F  INC.  
PAPT. C ' J L L I S I O Y S  

PROTON 750 P B  207 8 2  040P3 6.68 2 4 5 5 . 0  02714 

( O S I G M I / ( D @ M E G A  X D E )  ( M Y I / ( S T E R A D ! A h - Y E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. A N G U L I R  I N T E R V A L  I D E G )  lull. OF E N E Y G Y  I N T F R V 4 L S  L IELTA F ( Y F V l  

PROTOY 0. T O  10.0'1 7 5  =n.n000 

I N T E R V A L  1 I N T E R V A L  2 I V r E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E Q V G L  7 I V T C R V b L  EC 

3 . 6 4 4 8 ~  0 0  3 .0016~  0 0  1 . 2 8 0 4 ~  0 0  i . 0 7 2 0 ~  0 0  1 . 2 9 6 4 ~  0 0  1 . 5 0 0 8 ~  c o  1 . ~ 8 6 4 ~  o c  1 . 5 ~ ~ 8 ~  no 

I N T E R V A L  9 I N T E R V A L  10 I h l T E A V A L  11 I N T E R V A L  1 2  I N T E R V A L  17 I N T E R V G L  14  I N T E R V P L  I C  I Y T E P V A L  1 5  

1 . 5 0 0 8 E  00  1 . 0 7 2 0 E  00 1 . 2 8 6 4 E  O C  1.5008E 0 0  7 . 5 7 2 8 E  0 0  1 . 9 2 9 6 F  0 0  1 . $ 7 0 h F  00 R . 5 7 6 0 E - 0 1  

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  19  I N T E R V A L  2 0  I Y T E R V A L  2 1  I N T E R V A L  2 2  I 4 T E R V A L  7 7  I V T C 4 V A L  2 4  

1 . 7 1 5 2 E  00 1 . 5 0 0 8 E  0 0  6 . 4 3 2 0 E - 0 1  2 .1440E- f 'L  4 . 2 8 8 0 E - 0 7  3. 4.7Pf3OE-01 7 . 7 R 7 2 E  00 

I N T E R V A L  2 5  

6 . 8 6 0 8 E  00  

( O S I G M A / ( O @ M E G A  X @ E l  ( Y B I / ( S T F R A D I A ~ l - M E V )  
T Y P E  O F  C A S C A C E  P A R T I C L E  LAB. A N G U L A R  I N T E R V A L  ( D E C - I  YO. OF E N E R G Y  I N T E R V A L S  D f L T A  F ( Y E V )  

P R O T O N  10.00 T O  30.00 7 =  2o.oorn 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E P V A L  6 I N T E R V A L  7 I N T E R V A L  

4 . 4 4 2 3 E  00 2 . 4 9 5 4 E  00 1 . 2 0 6 6 E  00 1 . 3 4 3 7 E  00 1 . 3 4 3 7 E  0 0  7 . 4 0 2 8 E - 0 1  1 . 0 6 9 4 F  O C  1 . 0 4 2 0 F  0')  

I N T E R V A L  9 I N T E R V A L  1 0  I Y T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  13 I N T E R V A L  14  I N T E R V A L  1 5  I U T E R V A L  1 6  

1 . 0 6 9 4 E 0 0  7 . 6 7 8 1 E - 0 1  6 . 8 5 5 4 E - 0 1  5 . 2 1 0 1 E - 0 1  6 . 0 3 2 8 E - 0 1  6 . 6 5 5 4 E - C l  4 . 3 8 7 5 F - q l  4 . 7 R 7 5 E - 0 1  

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  1 9  I N T E R V A L  2 0  I Y T E R V G L  2 1  I N T E R V A L  3 2  I N T F R V A L  2 2  I Y T E R V A L  2 4  

3 . 8 3 9 0 E - 0 1  5 . 4 8 4 3 E - 0 1  4 . 6 6 3 7 E - 0 1  7 . 4 0 3 8 E - 0 1  Y . 3 2 3 4 E - 0 1  Y . 8 7 1 8 E - 0 1  1 . 3 1 6 2 E  00 Q . 1 2 3 4 E - 0 1  

I N T E R V A L  2 5  

4 . 1 1 3 2 E - 0 1  



I N C I D E N T  IN!. LAB.  T A R G E T  NO. OF I N C .  C U T O F F  G E C Y E T R I C  NO. @F T N C .  
? A R T I C L E  K.c . (XEVI  SYPB. A Z P A R T I C L E S  EM. lMEV)  X-SEC. IMB)  p 4 R T .  C O L L I S I O N S  

PROTOV 750 P @  207 82 04000 6.68 2455.9 02714 

SUM O F  D S I G / ( O O N E G A  X D E I  X D E  E Q U A L S  0 . 1 2 5 4 E  04 M B / S T E R A D l A N  FOR C A S C A D E  PROTON W I T H  T H E T A  FRPP 0. TO 10.00 D E G  

A V E R A G E  ENERGY E Q U A L S  0 . 3 7 5 1 5 4 E  03 MEV FOR C A S C A D E  PROTON W I T H  T H E T A  FROM 0. T O  10.06 OEG 

SUM O F  3 S I G / ( C O M E G A  X D E )  X D E  E Q U A L S  0.7684E 03 M B / S T E R A D I A N  FOR C A S C A D E  PROTON W I T H  T H E T A  F R O 6  10.00 TO 30.00 DEG 

AVERAGE ENERGY E Q U A L S  0 . 2 7 9 9 8 9 E  03 MEV F O R  C A S C A D E  PROTON W I T H  T H E T A  FR@M 10.00 TO 30.00 DEG 



I N C I D E N T  I k C .  LAB.  T A l G E T  NO. OF IYC. C U T O F F  G F O M E T R I C  N;I. nF I K .  
P A R T I C L E  K.E. lMEV)  SYEB. A Z P A R T I C L E S  EN. (HEV)  X - S E C a t M B I  PAQT.  COLL!S:OhlS 

PROTON 7 5 0  P e  207 8 2  0 4 0 0 3  6. c6 2 4 5 5 . 9  0 2 7 1 4  

( 3 S I G M A / ( D O M E G A  X D E )  ( M B ) / l S T E X A 3 I A W Y E V I  
T Y P E  OF C A S C A D E  P A R T I C L E  LAB. A N G U L A S  I N T E R V A L  ( 3 E G I  NO. OF ENERGY I N T E R V A L S  D E L T A  F i Y C V 1  

I N T E R V A L  1 

3 . 2 3 0 8 E  00 

I N T E R V A L  9 

2 . 1 8 1 4 E - 0 1  

I N T E R V A L  1 7  

4 . 5 1 3 3 E - 0 2  

I N T E R V A L  25  

0. 

T Y P E  

PROTON 30.00 T O  90. g0 7 c  7o.nnpo 

N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I \ I T E R V A L  5 I N T E P V A L  6 I N T E R V A L  7 I N I T F R V A L  8 

1 . 6 4 7 4 E  00 ?.2562E 00 @ . 6 3 8 h E - 0 1  6.8076E-01 4 . 7 7 6 6 E - 0 1  4 . O C Z O E - 0 1  33.6b8a'F-11 

N T E R V A L  10 I N T E R V A L  1 1  I N T E R V A L  1 2  I Y T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  1 5  I N T F R V I L  l h  

1 . 8 4 2 9 E - 0 1  1.6925:-01 1 . 7 3 0 1 E - 0 1  1 . G 5 3 1 E - 0 1  6 . 7 7 0 n E - C Z  6 . 3 9 7 ' a F - 0 7  7.5773F-r)? 

N T E R V A L  1 8  I Q T E R V A L  19 I N T E R V A L  2 0  I N T E R V A L  21  I N T E R V A L  ? 2  I N T E R V A L  2 3  I Q T F R V P L  74 

i . a e 0 5 ~ - 0 2  1 . 5 0 4 4 ~ - 0 2  7 . 5 2 2 2 ~ - 0 3  i . 8 8 0 5 ~ - 0 2  o. 0. 0. 

( D S I G M A / ( D O M E G A  X O E )  ( H E ) / ( S T E R A O I A N - M F V )  
OF C A S C A C E  P A R T I C L E  LAR. A N G U L I R  I N T E R V A L  ( O E G I  'do. OF ENERGY I N T E R V h L S  D E L T A  E ( Y E V I  

PROTON 90.00 T O  i 8 o . n o  2 5  3 r . o ~ ~  

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N S E R V A L  4 I N T E R V A L  5 I N T E R V A L  5 I N T F R V A L  7 I N T F R V A L  9 

1 . 8 2 7 3 E  00 6 . 9 7 0 4 E - 0 1  2 . 5 7 3 2 E - 0 1  1 . 6 9 3 7 E - 0 1  5 . 2 1 1 5 E - 0 2  3 . 2 5 7 2 E - 0 ?  0.7714F-0' 9 . 7 7 1 6 E - 0 3  
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I N C I D E N T  I N C .  L A B .  l A R G E T  NO. UF I N C .  C U T O F F  G E O Y E T R I C  NQ. CF I N C .  
PART IC LE K.E.(MEV) 5YMS. A Z P A R T I C L E S  E N . I Y F V I  X - S E C . ( T B )  PART. C F L L I S I O N S  

PROTON 7 5 0  PB 207 52  '34000 6.6e 2 4 5 E . 0  0271L 

NO. OF T I M E S  S P E C I F I E D  
P A R T I C L E  IS E M I T T E D  ON THE F I R S T  
I N C .  P A R T I C L E  C O L L I S I O N  D I V I D E D  
B Y  T H E  hO. O F  T I M E S  T H E  I N C .  
P A R T I C L E  T Y P E  IS E N I T T E D  

P I  - 0 . ¶ 9 4 1 5 E - D 1  

PICFJ A B S O R P T I O N  
C R O S S  SECT. ( M B )  

P I O N  CHARGE 
F X C H A N G E  C R O S S  SFCT.  ( V @ )  

ANGULAR D I S T R I B U T I O N  OF TWO C A S C A D E  PROTOYS A 5  A F U N C T I O N  O F  T H E  PNGLE.  X ,  B E T W F F N  TYEY.  

O S I G M A  I DOMEGA ( N B  / S T E R A D I A N )  

( R E A C T I O N S  C O N T R I B U T E  WHEN T H E R E  ARE NO P I O N S ,  O N L Y  TWO P R O T O N S ,  AND A k Y  NUYBER O F  N E U T R C N S  E M I T T E D )  

X FROM 

6 0  - 50 80 - 100 IC@ - 120 170 - 140 1.~0 - 160 16r) - lpc! 0 - 2 0  OEG 20  - 40 40 - 60 

c 
Lr 
0 

0 . 3 5 6 5 E  02 0 . 2 2 5 1 E  02 0 . 2 6 8 1 E  02 0 . 3 9 8 2 F  01 0 . 4 2 2 0 E  02 0 . 2 0 6 6 E  0 2  0.2777E 0 2  0.2CP2E '77 0.c733F 01 
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z c 4  

L O 2  

( 0  1 

201' 

199 

198 

1 9 7  

196 

1 9 5  

6 
9 
1 
ii 

9 1  
9 0  

n 
3 7  
2 7  

6 
J 

3 3  
1 3  

5 
9 

7 5  
1 5  

5 
1 
h 

2 0  
1 4  

1 
10 
2 3  
1 8  

5 
7 

5 1  
b 
h 
4 

2 0  

9 
4 

2 4  
1 9  
Y 
1 
1 
7 

2 3  
2 3  

6 
1 
9 

7 
2 1  

9 
3 
5 

2 1  
2 6  

h 

2 0  

3.69 
5 . 5 3  
O.bl 
5 . 5 5  

55.87 
55 .26  

4.91 
22.72 
16.58 

3.6s 
5 . 5 3  

2 2 .  I h  
1.95 
3.c7 
5 . 5 3  

1 5 . 3 5  
9 . 2 1  
3 .07  
0 . 6 1  
3.09 

15.90 
h . 6 d  
3.68 
J . Q l  
0.14 

14.12 
11 .05  

3.07 
4.32 

19.03 
3.6R 
3.68 
2.46 

15 .96  
i2.2R 
5 . 5 3  
2.46 

1 4 . 7 s  
11.05 
4.91  
3.61 
0.61 
4.30 

14.12 
14 .12  

3 . 5 0  
0.61 
5.53 
4.30 

12.89 
> . 5 3  
1.64 
3.07 

1 2 . 0 9  
15.96 



C A S E  NUMBtK 207 82 750 2 
O I S T K I Y U T I U C  i lf RESIDdAL U u C L E I  FOLLLlkIYG EVAPLJKAT1;IIY 

P 

145 

I94 

193 

I S 2  

14 1 

1YCI 

ld9 

1 8 b  

107  

1 Yb 

1 6 5  

i 04 

Z 

30 
79 
7a 
d 3  

ill 
YO 
78 
8 3  
8 2  
8 1  
S O  
1 9  
78 
82 
a 1  
89 
79 
78 
$ 2  
d l  
b 0  
79 
78 
7 7  
8 2  
A 1  
8 0  
7 9  
7 8  
3 2  
01 
b0 
79 
7 6  
0 2  
81 
8 3  
7 9  
73  
s i  
H O  
79 
78 
D l  
d o  
71 
73 
11 
3 ii 
79 
7 8  

ZL 
HI) 
79 

a2 

N U M H t K  OF NUCLEI 

10 
1 
1 
4 

3 5  
17  
18  

1 
4 

14 
2 2  
2 0  

3 
2 

16 
23 

9 
4 
1 

14  
29 
19  
6 
1 
1 

1 3  
2 9  
34  
4 
2 

10 
26 
1 9  
H 
1 
5 
16 
3 0  
1 Y  

2 
2s  
32 
14 
5 
12 
33 
7 2  
5 

16 
34 
29 
3 
5 

24 
31 

CROSS SECTION I M B I  

6.14 
0.61 
0 . b l  
2.46 

21.49 
13.44 
11.112 
0.61 
2.40 
8.60 
13.51 
12.28 
1.84 
1.23 
4 . h L  
14.12 
5.53 
2.40 
0.61 
8-60 
17.81 
11.67 

3.68 
0.61 
0.61 
7.98 

17.81 
211.87 

2.46 
1 - 2 5  
4.14 

15.96 
11.67 
4.91 
0.61 
3-07 
q.82 
18.42 
11.67 

1.23 
17.19 
14.0> 

d.60 
1.54 
7.37 

Z0.26 
13.51 
3.U7 
' 3 .82  

2 3 . 9 4  
17-31 
l.S+ 
5 - 2 7  

15.Yb 
l Y . U 3  



A 

i Y4 

1 x 3  

1 x 2  

I d 1  

180 

1 7 9  

178 

1 7 7  

176 

1 7 5  

174 

1 7 3  

172 

z 

7 n  
77 
9 1  
8 Id 
7 9  
7 8  
77 
H 1  
30 
7 3  
7 6  
77 
i i0  
79 
76 
17 
76 
U 0  
79 
7 8  
77 
76 
8 0  
79  
78 
77 
76 
79  
7 6  
7 7  

7 9  
78 
77 
76  
75 
7 4  
78 
7 7  
76  
I3 
73 
7 7  
7 6  
7 5  
74 
77 
7 6  
75 
74 
77 
7 6  
7 5  
1 4  
76 

70 

~ l ~ l > t i  O F  I . I I C L C I  

9 
1 
3 

2 0 
2 i  
1 2  

2 
4 

l b  
3 9  
11 

7 
2 7  
2 5  

6 
? 
3 

1 6  
2 6  
13 

3 
1 
9 

3 5  
2 0  

4 
5 

2 2  
2 6  
11 

1 
I 5  
30 

1 
1 
4 

2 9  
7 5  

9 
1 

2 2  
2 6  

9 
2 
7 

4 1  
1 5  

6 
1 

72 
22 

8 
H 

i r  

C K t J b S  I E C I - I U i u  ( M h I  

2 . 5 3  
O . * l  
1.J4  

12.28  
ii. 3 9  

7 . 3 /  
1 - 2 3  
2.40 
9 - 6 2  

2 3.5'4 

1.23 
4 - 3 8  

10.38 
15.35 
3 - 0 8  
1.23 
1 .64  
9.82 

15.96 
7.98 
1 . 8 4  
11.61 
5 . 5 3  

21.49 
12.28 

2 .40  
3.37 

15.51 
15.96  

0 .75  
0 . 6 1  
9 . 2 1  

lY.42 
10.44 
3-61 
0 . o i  
2.40 

17 .81  
15.35 

5 . 5 3  
O . h l  

13.51 
15.96 

5 .53  
1 . 2 3  
4 .50  

25 .1  I 
9 . 2 1  
3 .63  
0.61 

13.51 
1 3 . 5 1  
4 . 9 1  
4 . 9 1  

D. 75 
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C A S E  rUM6tK 2 3 7  B L  ?50  L 

% u e Y A L I l t U  t V A P 3 K A T I O h  l K l l l l N  b P c C T R U M  
I t  S P E C I F I E S  T F l t  L O - t k  E Y E R G Y  L I i ' l I T  UF T H i  I t v T t A V A L  1 q  Y L V I  

t 
0 0. I ) .  n. 0 .  0 .  0. 0. 0 . 3 . J. 
5 0. 0. e .  0. U. d. U. 0 . C l 3 o s L  i i . U o l r 3 j  3 .U61433  

1 0  0 . 1 1 6 0 4 1  0 . 0 7 5 0 8 5  u .122807  0 .12Q643  0 .C35563  0 . 1 1 6 0 4 1  U . 1 2 2 3 b 7  3 .06dL5Y 3 . 1 1 6 3 4 1  d.ul(b737 
1 5  U . l d 2 3 8 9  v.368259 L.961453  U.04L950 J.LH1911 U .35460d  (1.327304 d - 3 Z t i 4 7 H  U.62ci478 b.U75UL(3 
2 0  3 .047782  lJ.UJ4130 C.020478 L.C27334 d . 0 3 6 b 2 6  0.0273t14 0 . 3 1 3 6 5 2  0 . O O ~ 8 2 6  J.c i50b26 U.ULl jLJ4 
2 5  0 . 0 1 3 6 5 2  0. O . G O b 6 2 6  0. G .  n .  Ii . 3. 3. ( r .  J U 6 8 2 b  
3 0  0. U. c. 0 .  3. L .  'J . 5 .  I .  t i . J b b 8 L O  

7 5  0. 3. 0.  0.C06ML6 LJ. 0 .  0. 0 .  J. 0 .  
4 3  0.  0 .  0. 0.  0 . 0 .  U. U. J. 0.  
4 5  0. 0 .  L .  0 .  3 .  0 . 0 .  0. 0 . 0 .  

( E  
E 
3 0. 0. 
5 a. 0. 

1 0  0. 0. 
1 5  0 .  3 .  
2 3  0. U. 
2 5  0 .105263  1;. 

3 0  0. 0. 
3 5  0. u. 
40 0. 0 .  
45 0. 0. 

V U ' I M A L I Z E D  C V P P U R A T I U N  h t 3  S P C C T R U Y  
S P t C l F l t S  THE LUWtH t N t Y G Y  L i M l T  U t  T H t  I Y T E K V A L  I N  M C V )  

0 . 0. 
c . c. 
0 .  (!. 

r .  0. 
0. 0 . 
C.21.1526 C.421L53 
G.105263 0. 
1; . 0. 
0. 0. 
0. 0. 

0. 0.  0. 0 . 
cj. 0 * 0 .  0. 
(! * I' . 0 .  $1 . 
e. U. U. 0 .  
J . 0.313783 3.3157!19 3 .  
2 . 1 0 5 2 6 3  0.  0. I). 
0 .  0. 3. 0 .  
I) . U. 3 .105263  0. 
ci. lJ - 3. 3 .  
0. 0. 0 .  0. 

J . b. 
0 .  U. 
0. b .  
U.1d32bj ti. 

3.105203 0. 
J. U.lL5203 
<I . U. 
3. 0 .  
L. 0. 
U. 0 .  



I N P U l  

U S E O  F I L E  1 

FROM C A R D S  

I Y C I O E N T  P A R T I C L E  PRDTON I N C I D E N T  K I N E T I C  E N E F G Y  1000.000 MEV 

T A R G E T  SYMBOL P B  T O T A L  NUMBER OF I k C I D E N T  P A R T I C L E S  1000 

S I Z E  OF H I S T O G R A M S  FOR O U T G O I N G  K.E. 35 F O R  PROTI 25 F O R  N E U T ,  25 FOR Pl+, 25 F O R  P I q .  

C R O S S  S E C T I O N S  WERE C A L C U L A T E D  F O R  AS MANY AS 9 E M I T T E D  P A R T I C L E  C O M B I N A T I O N S .  

101.000 M E V  I N T E R V A L  WAS USEO I h  C A L C U L A T I N G  H I S T O G R A M  FOR N ( E * ) D E  F O R  T O T A L  R E A C T I O N  

D E L T A S  F O R  O U T G O I N G  K I N E T I C  ENERGY 3 I S T R I B U T I @ N  I N  MEV 

- e 6  MU -.4 -.1 MU +.1 + e 4  MU +.6 +.9 MU +.95 
0 1K.E.) 100 0 (K.E.) I O D  0 (K.E.1 100 0 fK.E.1 E O 0  

100.0000 5c.0000 PROTONS 100.0000 100.0000 

N E U T R O N S  100.0000 100.0000 100.0O00 50.0000 

P I +  100.0000 100.0000 100.0000 50,0000 

50.0009 P I 0  100.0000 10O.O00@ 

P I -  100.0000 100.0000 100.0000 50.0000 

C = D E L T A ,  R E S P E C T I V E  EYERGY I N T E R V A L S  O F  H I S T O G R A M S  

100.0000 

25 F O R  P I - .  

+.95 MU +1.0 
0 (K.C.1 200 

50.0000 

50.0000 

50.0000 

SO.000~ 

50.00CO 

O U T G O I N G  C O M B I N A T I O Y S  10000 01000 00100 DO010 00001 01001 10100 11000 1.1001 

I N T E R V A L  FOR N ( E * I O E  I N  MEV 25.000 25.000 25.000 25.000 25.000 25.000 25.000 25.000 ZE.OOO 

FROM RECORD 1 

3000 I N C I O E N T  PRC'TON H I T  P B  T A R G E T  W I T H  207.000 MASS A N D  82.000 P T O M I C  NUMBER A T  1 0 0 0 . 0 0 0 M E V .  

FROM RECORD N 

THERE WERE 2045. I K  I D E N T  P A R T I C L E  C O L L I S I O N S  C R E A T I N G  2 0 4 0  E S C A P l N G  P A R T I C L E  RECORDS. T H E  G E C M E T R I C  

CROSS SECTIO% W A S  2 4 5 5 . 8 6 8 5 3 0 3  Ma. T H E  I N E L A S T I C  CROSS S E C T I C N  WAS 1 6 7 7 . 3 5 8 2 0 0 1  MR. T H E  C U T  O F F  

E h E R G Y  h A S  6 . 6 8 3 1 3 6 0  MFV. 



PROTON ON PB INC. K.E. ( M E V I  I S  1000.0 A I S  207.  Z I S  e?. 3 0 0 0  INC. H ISTORIES 5.7 MFV CUTOFF EN. 

MOMENTUM OF COMPOUND NUCLEUS 1697.100250MEV/C F X C I T A T I G N  ERERGY OF COMPOUND YUCLEIIS 10O6.@lC207MEV 

THE MASS O F  THE RESIDUAL YUCLEUS W A S  ZERO 0 T IMFS,  WAS MIYUS 0 T I Y E S  CUT O F F  ENEPGY 6.633136MFV 

=OR 1 4 0  INCIOEhiT PARTICLE COLL IS IONS TYERE #ERE MJPE THAN 9 CUT GOING PARTICLFS 

EMITTED CASCADE PARTICLES 

PROTONS NEUTRONS P I +  

AVERAGE NO. 0 .2050268E 01 0 .2967301E 31 0 . 1 9 1 5 5 2 0 ~ - 0 0  

V A R  I ANC E 0.1858381E 01 0.3977545E 01  @ . 1 6 1 2 8 0 0 E - ~ 0  

AV. K.E. (MEV) 0.1513785E 0 3  0.9S05618E 0 2  0.$820'.56E 02 

VARIANCE 0.4866577E 0 5  0.2390913E 0 5  n . i o 7 0 8 1 3 ~  0 5  

OUTGCING COMBINATION 

TOTAL CASCADE 
10000 
01000 
0 0 1 0 0  
00010 
00001 
0 1 0 0 1  
1 0 1 0 0  
11000 
1 1 0 0 1  

G O  = (SUM OF PAR LLEL  RES DU 

R E S 1  OUAL YUC LEUS 

co c1 

0 .2985347  0 - 2 4 5 9 3 7 5  
0.045751 8 0 . 1 6 2 4 3 9 8  
0.0532345 0 .1525953  
0. 0. 
0. 0. 
0. 0. 
0 .2818204  0 .0923238  
0 .1481740  0 . 1 @ 2 7 1 3 9  
0 .0582176  
0.29733:  

L MOMENTUM/NUMBER OF INCIDENT P A R  

ARM 

715.35877.89 

278 .5335732  
287 .93548  5 8  

0. 
0. 
0. 

503.2 8 8 0 0 9 6  

+- 
m 
0 

3 2 0 . 6 8 4 7 9 1  b 46.1 7 3 7 0 0 7  707.0n0~oc0 
266 .6343269  60.1 5 6 9 3 1 9  7o5.nooonco 
7@2.0O31128 227 .7031174  ~ o 6 . o o o ~ c o ~  

I C L E  COLL I  SIONS)/MOMEYTUM OF COMPOUNll NUCLEUS 

C 1  = (SUM OF PERPENDICULAR RESIDUAL MOMEATUWNUMBER O F  IYCIDENT PARTICLE C f lLL IS I0NS) IYOMENTUY OF Cf3MPOUND MUCLEUS 

ARM = AVERAGE RESIDUAL POMENTUM I k  MEV/C 

AREE = PVERAGE RESIDUAL EXCITATION EhERGY I N  YEV 

AAR = AVERAGE MASS OF RESIDUAL NUCLEUS F O R  TOTAL CASCADE 
AAR = MASS O F  RESIDUAL NUCLEUS FOR DESIGNATED OUTGOING COMBTYATIONS 
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PROTOlu CN 2 8  INC. <.E. I M E V I  I S  1000.0 A I S  207.  Z I S  82. 3 0 0 3  I U C .  H I S T O R I F S  6.7 HEV C i l i l F F  FN. 

T q E  MClMENTUY D I S T R I B U T I O Y  OF TPE CASCADE R E S I D d A L  NUCLEUS 

0.8485501E 0 2  0 .2545650F  0 3  0 . 4 2 4 2 7 5 1 E  0 3  0 . 5 c 3 9 8 5 1 E  03 0 .7636Q51E 0 3  0 . 9 3 3 4 G C l F  C 3  n . l L 0 3 1 1 5 F  0 4  
0 .1272825E 0 4  0 .1442535E 0 4  0 .1612745E 0 4  0 .1781955E 0 4  0 .1S51665F  0 4  9 .2121775E '3L 0.7291'7F5F c 4  

TOTAL CASCACE (SUW OVER HISTOGRAM)(DELTA P) 0.10000COE 31  0 OFL 
0.5952794E-03 0 .8483451E-03  0 .8569723E-03  0 .7591970E-03  0 .7160608E-33  0 .603°067c -03  0 .5233858E-03  

0.3479653E-03 0 .3C48291E-01  0 .1955507E-03  0 .747694OF-04  0 .431361QE-04  0 . ' 7 2 5 4 4 8 r - 9 4  0.57 '1402E-n5 

1 PROTONS 0 NEUTRONS 0 P I +  0 P I C  0 P I -  (SUM OVER H I S T O G R A M I ( 0 E L T A  P I  
0.11 11774E-02  0 .2779436E-02  0 .1556484E-02  0 . 4 4 4 7 0 9 7 E - 0 3  0. 

0 .  0 .  0. 0. 0. 

0 PROTDhS 1 NEUTRONS 0 P I +  0 P I @  0 P!- ( S U M  OVER H I S T 0 G R A M ) I O E L T A  P I  
0 .1625491E-02 0.243823EE-02 '2 .1422304E-02 0. 0.40 6 3  7 2  7E-03  

0. 0. 0 .  0. c. 

0 PROTONS 0 NEUTRONS 1 P I +  C P I 0  0 P I -  ISUM OVER H1STOGRAM)IOELTA P I  
0. 0. 0. 0 .  0. 

0. 0. 0.  0. 0.  

0 PROTONS 0 NEUTRONS 0 P I +  1 P I 0  0 P I -  ( S U M  OVER HISTGGRAM)(OELTA P )  
0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 

0 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  1 P I -  ( S U M  OVER H I S T @ G R A M ) ( O E L T A  P I  
0. 0. 0. 0. 0. 

0. 0. 0 .  0. 0 .  

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  ( S U M  OVER HISTOGRAfl 
0. 0. 0 .5892404E-02  0. 0. 

0. 0. 0. 0. 

1 PROTOkS 0 NEUTRONS 1 P I +  C P I 0  C P I -  ( S U M  OVER HISTOGRAM 
0.1964134E-02 0 .9820673E-03  0 .1964134E-02  0 .9820673E-03  (1. 

0. 0. 0. 0. 

(DELTA P )  

0. 

( D E L T A  P )  

0. 

1 PROTONS 1 NEOTRONS o PI+ o P I O  c PI- ( S U M  OVER HISTOGRAM)(DELTA PI 
0 .2303394E-02  0 .203555EE-02  0. 8 5 3 0 7 6 9 E - 0 3  0.42 8 5 3 8 4 E - 0 3  0 . 1 6 0 7 0 1 9 F - 0 3  

0 .  0. 0. 0. 0. 

1 PROTOhS 1 NEUTR3*uS 0 P I +  0 ? I O  1 P I -  ( S 3 M  O V E i l  HIS 'OG?AM)(OELTA P I  
0. 0 .2525316E-02  0 .8417720E-03  0. 0 . 8 4 1 7 7 2 0 E - 0 1  

0. 0 .8417720E-03  0.841772OE-03 0. a. 

0 GFL 

0. 0. 

0.1030000c 01 
0. 0. 

0.10000CQE C 1  0 OFL 

0. 0. 
0 .  0. 

0. 0 OFL 

0. 0 .  
0. 0. 

0. 0 OFL 

0. 0. 
0. n. 

0. 0 OFL 

0. 0. 
0. n. 

0.1O0?000E C1 0 OFL 
0. 0. 

0. p. 

9 O F i  

0 .  c. 

0.1CO0000E 0 :  
0. 7 .  

c 
cn c 



PROTON CN PB INC. K.E. ( Y E V )  IS 1000.0 A IS 207. 2 I S  82. 3 0 0 0  IkC.  H I S T D R I E S  6.7 MEV CUTOFF EN. 

THE PERPENCICULAR MOMENTUM D I S T R I B U T I O N  OF THE CASCAOE RESIDUAL NUCLEUS 

0.8485501E 02 0 .2545650E 03 0.4242751E 0 3  0 .5939851E 03 0 .7636951E 0 3  0.5334051E 0 3  O.l l . f l3115E 04 
0 .1272825E 04 0 .1442535E 04 0.1612245E 0 4  0.1781955E 0 4  0.1751665E 04 0 .2121375F  0 4  0.2291085E 0 4  

TOTAL CASCACE (SUM OVER HISTOGRAM1 (DELTA P I  
0 .1098535E-02 0 * 1 5 2 1 2 ? 0 E - 0 2  0 .1325719E-02  0.9806294E-03 C.. 5 2 9 1 3 7 3 F - 0 3  

0.2013022E-04 0.8627238E-05 0.2875746E-05 0. 0. 

1 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  C P I -  (SUM OVER HISTOGRPHl fOELTA P I  
0 .1111774E-02 0 .3001790E-02  0.1556484E-02 0.2223549E-03 0. 

0. 0 .  0. 0. 0 .  

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  
0 .20?1863E-02 0.2641422E-CZ C. 8 1  2 7 4 5 3 F - 0 3  

0. 0. 0. 

0 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  0 P I -  
0. 0. @. 

0. 0. 0 .  

SUM OVER HISTOGRAMI (0ELTA P )  
C. 20 3 I 8 6 3  E-0 3 0.2 0 3  1 86 3E-03 

0. 0. 

SUM OVER HISTOGRAMI (0ELTA P I  
0. 0. 

0. 0.  

0 PROTOkS 0 NEUTRghiS 0 P I +  1 P I 0  0 P I -  (SUM OVER HISTOGRAYI (DELTA P )  
0. 0.  C. 0. 0. 

0. 0. 0. 0. 0. 

0.  0. 0. 
0. 0.  0. 

0. C. 
0. 

0 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  1 P I -  [ S U M  OVER HISTOGRAM)(DELTA P1  

0. 

0 PROTONS 1 VEUTRONS 0 P I +  0 P I 0  1 P I -  
0 ~ 5 8 5 2 4 0 4 E - 0 2  0. 0. 

0. 0. 0. 

1 PROTONS 0 NEUTROkS 1 P I +  0 P I 0  0 P I -  
0 .2946202E-02 0.1964134E-02 0. 9 8 2 0 6 7 3 E - 0 3  

0. 0. 0. 

SUM OVER HISTOGRAY 
0. 0. 

0. 

SUM OVER HISTOGRAM 
0. 0. 

0. 

(DELTA P I  

0. 

(DELTA P )  

0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  (SUM OVER HISTOGRAMI (0ELTA P )  
0.3106904E-02 0.1553452E-02 C J 4 9 9 4 2 3 E - 0 3  0.321403AE-03 0.16C7019E-03 

0. 0. 0. 0. 0.  

1 PROTGNS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  ( S U M  OVER HISTOGRAM)(OFLTA P 1  
0.84 1772OE-0 3 0.33 6 7  C8 BE- 02 C. 0 .8417720E-03  0 .8417720E-03  

0. 0. 0. 0.  0. 

0. lOOO0nOE 01  0 OFL 
0. n 6 0 7 i 6 ~ - 0 3  0 . 1 2 9 4 0 e 6 ~ - 0 3  

0. 0. 

0.1000000E 01 0 @FL 

0. 0. 
0. 0. 

0.1000000E 01 0 OFL 

0. 0. 
0. 0. 

0. 0 OFL 

0. 0. 
0. 0. 

0. 0 OF1 

0. 0.  
0. 0. 

0. 0 OFL 

0. 0. 
0. 0. 

0.10000POE 0 1  0 O F 1  

0. 0. 
0. 0. 

0.IOOOOOOE 01 0 OFL 

0. 0. 
0. 0. 

0.XOOOOOOE 0 1  0 OFL 

0. 0. 
0. 0. 

0.1000000E 01 0 OFL 

0. 0. 
0. 0. 



INC. K.E. (MEV)  I S  1000.0 A I S  207 .  Z I S  e ? .  3000 IhC.  H I S T O R I F S  6.7 YFV TUTQ'F EN. PROTJlu ON PB 

THE P A R A l L E L  MCMENTUM D I S T R I B U T I O N  OF THE CASCADE RESIDUAL NUCLEUS 

-0.2291085E 0 4  -0 .2121375E 0 4  - 0 . 1 9 5 1 t t 5 E  0 4  -0 .17R1955E 0 4  -0 .1612245E 0 4  -0 .1442535E 0 4  -0 .1272575E 0 4  

0.8485501E 0 2  0.2545650E 0 3  C.4242751E 0 3  0 . 5 9 3 9 8 5 1 E  0 3  0 . 7 t 2 6 9 5 1 E  03 0.93'4051E 0 3  0.1?'l3115€ '14 
-0.1103115E 04 -0 .9334051E 03 -0 .7636951E 0 3  - 0 . 5 9 3 9 8 5 1 €  03 -0 .42427515  0 3  -C.75456cCF ?? -n .84855015  32  

0 .1272825E 0 4  0 . 1 4 4 2 5 3 5 E  0 4  0.1612245E 0 4  0 .1781955E 0 4  0 .1951665F  04 0.?1?1?7FC ?4  C.72°1065F 0 4  

TOTAL CASCACE (SUf l  OVER HISTOGRAMI (9ELTA P I  n. i m o o o o F  01 0 OFL 0 UFL 
0. 0. 0. 0. 0. 0. '1- 

0.1153174E-02 0.9547477E-03 0 .7131e50E-03  0 . 6 2 1 1 6 1 1 E - 0 3  0 .4517526F-07  0.416°R?2E-0? 0 -  3 5 h 5 ° 2 5 € - 0 1  
0. 0. 0. 0 .5751492E-05  " .8627238E-05 0 . E 4 6 1 9 1 7 F - 0 4  0 .5147685F-03  

~~ 

0.2 3 9 6 a 6 9 ~ - 0 3  0.17542 0 5 ~ - 0 3  o ,10927 a 3 ~ - 0 3  3 .5176343  E-04 0.172 5 4 4 8  E-04 0.57 5 1 4 ~ 7 ~ - ' ? 5  0.7  8 7 5 7 4 6  c-05 

1 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  0 P I -  (SUM OVER ' i ISTOGRAY\ (OELTA P I  
0. 0. 0. 0. 0 .  

0. 0. 0. 

0 .  0. 0. 
0.54476$4E-02 0 .4447057E-03  0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  
0. 0. 0. 

0. 0. 0. 
0.5079658E-02 0.6095590E-03 0 .2031863E-03  

0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0. 

1 P I +  

0. 

0. 

0 D T +  

0. 

0. 

0 P I +  

0. 

0. 

0 P I 0  
0. 

0. 

1 P I 0  
0. 

0. 

0 P I 0  
0. 

0. 

0.  

0 P I -  

0. 

0. 

0. 

0. 
0. 0. 

SUM O V E R  HISTOGRAM 
0. 0. 

0. 0. 
0. 

0.  

SUM OVER HISTOGRAM 
0. 0. 

0. 0. 
0. 

0. 

0 .  

0.  

(DELTA P I  

0. 

0. 

(DELTA P I  

0. 

0. 

0 P I -  (SUM OVER HISTOGRAM)(OELTA P I  
0. 0. 

0. 0. 
0. 0. 0 .  

0 .  0. 0. 

1 P I -  (SUM OVER H I S T O G P A M I ( 0 E L T A  P I  
0. C. 

0. 0. 
0. 0. 0 .  

0. 0. 0. 

0 . 1 0 0 ~ 0 0 0 E  01 n O F L  

0. n. 
0. 0 .  

0. 0 .  
0.  0. 

0 . 1 0 0 0 0 0 0 E  0 1  0 OFL 

0. 0. 

n. 0. 

0. 3. 

0. 0. 

0 .  0 O F L  

0. P. 

0. 0. 

0. 0 .  

0. 0.  

0. 0 OFL 

0. 0.  

0. 0. 

0. 0.  

0. 0. 

0.  0 OFL 

0.  0. 

0. 0. 

0. 0. 

0. 0. 

c UFL 

0 UFL 

0 UFL 

0 UFL 

0 UFL 



PROTON CN P B  INC. K.E. (NEVI  IS 1000.0 A IS 207. Z I S  82. 3 0 0 0  INC. HISTORIES 6.7 MEV CUTOFF EN. 

THE PARALLEL MCMENTUM DISTRIBUTION OF THE CASCADE QESIDUAL NUCLEUS 

-0.2291085E 04 -0.2121375E 0 4  -0.1951t4SE 0 4  -0.1781955E 04 -0.1012245E 04 -0.1442535F 04 -0e1272R25E 04 

0.8485501E 0 2  0.2545650E 0 3  0.4242751E 03 0.5939851E 0 3  0.7636951E 03 0.9334051E 03 O.llCl311C.E 0 4  
-0.1103115E 04 -0.9334051E 03 -0.7636951E 03 -0.5939851E 03 -0.6242751E 0 3  -0.2545650E 03 -0.8485501E 02 

0.1272825E 04 0.1442535E 04 0.1612245E 04 0.1781555E 0 4  0.1951665E 0 4  0.2121375F 0 4  0.2291085E 0 4  

TOTAL CASCACE (SUM O V E R  HISTOGRAM)(DELTA PI 0. I O O O C B O E  01 0 OFL 0 UFL 
0. 0. 0. 0. 0. 0. 0. 

0. 0. 0. 0.5751492E-05 0.P627238E-05 0.546391-F-04 0.51475 85E-03 

0.2386869E-03 0.1754205E-03 0.1092783E-03 0.5176343E-04 0.172544PE-04 0.57514$7F-05 0.2875746E-05 
0.1153174E-02 0.9547477E-03 0.7131850E-03 0.6211611E-03 0.4417526E-03 0.4169832F-03 n. 3565925E-03 

0 PROTOhrS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  (SUM OVER HISTOGRAM)(DELTA P I  0.1000000E 01 0 OFL 0 UFL 

0. e. 0. 0. 0. 0. 0. 

0. 0 .  0. 0. 0. 0. 0. 

0. 0. e. 0. 0. 0. 0. 

0. 0. 0.5892404E-02 0.  0. 0. 0. 

1 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  0 P I -  (SUM OVER HISTOGRAM)(DELTA P I  O.lO00000E 01 0 OFL 0 UFL 

0. 0. 0. 0. 0. 0. 0. 

0. 0. 0. 0 .  0. 0. 0. 

0.  0. 0. 0. 0. 0. 0. 

0.1964134E-02 0.2946202E-02 0.9820473E-03 0. e. 0. 0. 

1 PRCTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  (SUM O V E R  HISTOGRAM)(DELTA P )  0.1000000E 0 1  0 OFL 0 UFL 
0. 0. e. 0. 0. 0. 0. 

0.2356961E-02 0.1178481E-02 0.4285384E-03 0. 0.5356731E-04 0. 0. 
0. 0. 0. 0. 0. 0. n.1874856~-02 

0. 0.  0. 0. 0. 0. 0. 

1 PROTONS 1 VEUTRONS 0 P I +  0 P I 0  1 P I -  (SUM OVER HISTOGRAMI(0ELTA P1 0.100r)000E 01 0 OFL 0 UFL 
0. 0. 0. 0. 0. 0. 0. 

O s  8 4 l 7 7 2 0 E - 0 3  0.1683544E-02 0.8417720E-03 0. 0. 0. 0. 
0. 0. 0. 0. 0. 0. 0. P417720E-03 

0.8417720E-03 0.8417720E-03 0. 0. 0. 0. 0. 



6.7 P E V  CUTPFF 'hi. PROTON GN P 8  INC. K.E. ( M E V I  I S  1000.0 A I S  207. 2 I S  82. 3000 I N C .  hISTORI€S 

C R O S S  SECTIONS ( M B )  FOR VARIClUS C O M B I N A T I O N S  O F  EYITTED C A S C A O F  PARTICLFS 
1 S T  NO. IS NO. OF PROTONS EMITTED 2 N D  I S  NC. OF U F U T 9 0 h S  3R3 I S  NO. OF P I +  4TH IS NO. OF " I O  5 T H  I S  MO. O F  P I -  

09000 

2 5002 

2 6 0 0 1  

3 4 0 1 1  

36000 

44010 

53010 

63000 

0 7 1 0 0  

1 5 2 0 0  

17000 

2 5001 

3 3 0 1 1  

34100 

43010 

52100 

06010 

1 4 1 0 1  

1 6 0 0 0  

24100 

3 2 1 0 1  

33100 

4 2 1 0 0  

04110 

06000 

1 3 1 1 0  

0.81862283E 0 C  

0.81862283E 00 

0.16372456E 0 1  

0.81862283E 00 

0.16372456E 02 

0.40931141E 0 1  

0.24558684E 0 1  

0.32744913E 01 

0.16372456E 0 1  

0.16372456E 0 1  

0.11460719E 02 

0.40931141E 01 

0,81862283E 00 

0.73676054E 01 

0.16372456E 01 

0.81862283E 00 

0.81862283E 00 

0.16372456E 01 

0.21284193E 0 2  

0.81862282E 01 

0.24558684E 01  

0 .40931142 i  01 

0.16372456E 0 1  

0.81862283E 00 

0.16372456E 01 

0.81862283E 00 

1 7 0 1 0  

2 50 20 

2 6 0 1 0  

3 5 0 0 1  

4 3 1  01 

441 03 

53100 

7 2 0 0 0  

C8000 

1 6 0 0 1  

24101 

25010 

3 3 1 0 1  

35000 

431 00 

53000 

0 61 00 

1 5 0 0 1  

23101 

2 5000 

3 2 2 0 0  

3 40 CO 

4 3 0 0 0  

04200 

12210 

140 01 

0.16372456E 0 1  

0.81862283E 00 

0.81862283E 00 

0.32744913E 0 1  

0.16372456E 01 

0.16372456E 01 

0.16372456E 0 1  

0.81862283E 00  

0.16372456E 0 1  

0.24558684E 0 1  

0.81862283E 00 

0.73476054E 0 1  

0.81862283E 00 

0.27014554E 9 2  

0.245586fl4E 0 1  

0.11460719E 0 2  

0.81862283E 00 

0.16172456E 01 

0.24558684E 01 

0.35200781E 0 2  

0.81862283E 00 

0.26195931E 0 2  

0.19646948E 0 2  

0.81562283E 00 

0.81862283E 00 

0.0823473 EE 01 

1 7 1 0 0  

2 5 2 0 1  

26100 

35010 

43200 

45000 

54000 

0 6 0 1 1  

1 5 0 1 1  

16010 

24110 

25100 

3 4 0 0 1  

470 11 

44000 

62000 

07000 

15010 

24001 

3 2 0 1 1  

3 3 0 0 1  

42001 

51001 

0 5 0 0 1  

1 3 0 1 1  

14010 

n . 1 6 ~ 2 4 5 6 ~  "1 

O.PlQ6Z283E 0 0  

0.3774401.3E 01 

0.81P622R2E 01 

0.81862283E 0 0  

0.16372456E 0 2  

0.98234738E 01  

0.81P622t?3E 0 0  

0 . 8 1 P 6 2 2 P q E  00  

0.43931141E 01 

0.16377456E 01. 

0.57303597E 0 1  

0 . 6 5 4 8 9 8 2 6 ~  n i  

9.81862283F 00  

0.1°t46948E C 2  

0.24558694E 01 

0.491173t95  01 

0.49117369E 01 

0.90C48511E 01  

0.81863?83F cn 

0.24558684F 01 

9.3274h913 i  01 

0.81862283E 00 

'3 .S iR62?93 i  00  

0.16372456E 01 

C I . I ~ ~ ~ Z P C ~ E  n z  

c 
cn co 



PROTOY ON P 8  INC. K.F. ( M E V )  I S  1000.0 A IS 207. 2 IS 82. 3000 INC. HISTGRIES 6.7 MEV CUTOFF EN. 

CROSS SECTIONS ( M B I  FOR VARIOUS COMBINATICNS OF EMITTED CASCADE PARTICLES 
1ST NO. IS NO. OF PROTONS EMITTED 2NC IS N@. OF NEUTRON5 3RO I S  NO. OF P I +  4TH IS NO. OF P I 0  5TH I S  NO. OF P I -  

15000 

2 2 2 0 0  

2 4 0 0 0  

3 2 0 0 1  

4 0 1 0 1  

4 2 0 0 0  

0 3 1 0 1  

05000 

1 2 1  10 

1 3 1 0 0  

2 1 1  10 

22100 

3 1 1 0 0  

4 1 0 0 0  

0 3 0 1 0  

1 1 1 0 1  

1 2 1 0 0  

2 1 0 0 1  

3 0 0 0 1  

4 C O O O  

0 3 0 0 0  

11100 

2 0 1 0 0  

01010 

1 0 0 1 0  

0 1 0 0 0  

0.26195931E 02 

0.16372456E 01 

0.35200781E 0 2  

0.65489826E 01 

0.81862283E 00 

0.20465571E 02 

0.81862283E O C  

0.57303597E 01 

0.24556684E 01 

0.14735211E 0 2  

0.24558684E 0 1  

0.12279342E 02 

0.57303597E 0 1  

0.90048511E 01 

0.40931141E 01 

3.57303597E 0 1  

0.13097965E 0 2  

0.65489826E 01  

0.24556684E 01 

0.40931141E 0 1  

0.11460719E 02 

0.36019404E 0 2  

0.32744913E 0 1  

Ca32744913E 01  

0 . 6 5 4 8 9 8 2 6 ~  01 

0.23740061E 02 

22020 

2 3 0 0 1  

3 0 0 2 1  

3 2 0 1 0  

4 1 0 0 1  

51000 

0 4 0  01 

12002 

1 2 2  00 

1 4 0 0 0  

2 1 2 c o  

2 30  00 

3 2 0 0 0  

5 0 0 0 0  

0 3 1 0 0  

11110 

13000 

2 1 0 1 0  

3 0 0 1 0  

0 2 0 0 1  

1 0 0 2 0  

1 2 0 0 0  

2 1000 

0 1 1 0 0  

10100 

1 0 0 0 0  

CONTINUED 

0.81862283E 00 

0.65489826E 01  

0.F1862283E 00 

0.81862282E 01 

0.81862283E 00 

0.16372456E 3 1  

0.81862283E 00 

0.16372456E 0 1  

0.16372456E 01  

0.32744913F O ?  

0.E1862283E 00 

0 .40931141~ 02 

0.27014554E 0 2  

0.81862283E 00 

0.409‘1141E 0 1  

0.24558684E 0 1  

0.40?31141E 0 2  

0.9823473RE 01 

0.16372456E 01  

0.16372456E 01 

0.81862283E 00 

0.37563536E 0 2  

0.39293896E 02 

0.49117369E 0 1  

0.491 1736 9E 0 1  

0.4338701 OE 0 2  

2 2 1 0 1  

23010 

3 1 0 1 1  

3 2 1 0 0  

4 1 0 1 0  

60000 

04010 

1 2 0 1 1  

1 3 0 0 1  

21002 

2 2 0 0 1  

31001 

4 0 0 0 1  

0 2 1 0 1  

04000 

1 2 0 0 1  

2 0 0 1 1  

21lOO 

301Ul 

0 2 0 1 0  

11001 

2 0 0 0 1  

30000 

02000 

11000 

0.40931141E 0 1  

0.9004R511E 01  

0.8186?283E 00 

0.73676054E 0 1  

0.91962PE3E 00 

9.31862283E 00 

0.32744913E 0 1  

0.16372456E 01 

3.98234738E 0 1  

‘7.818622B3E 00 

0.57303597E 01 

0.49117369E 01 

3.16372456E 01 

9.81R62283E 00 

0.98234738E 01  

0.40931141E 01 

0.16372456E 03 

0.15553834E 02  

0.81P62283E 00 

0.4’9117369E 0 1  

0 . 5 7 3 n 3 5 9 7 ~  01 

n.24558684E 01 

0.573035?7E 0 1  

0.12279342E 02 

0.9004S511E 02 

2 2 1 1 0  

2 3 1 0 0  

3 1 1 1 0  

‘3000 

4 1 1 0 0  

03011 

0 4 1  00 

1 2 0 7 0  

13c10 

2 ? 1 0 1  

2 2 0 1  0 

3 1 0 1 0  

4 0 1 0 0  

03001 

l l c l l l  

1 Z O l O  

2 0 1 0 1  

2 2 0 0 0  

3 1 0 0 0  

02100 

1 lCZ0 

70010 

01001 

i c v i  

Z w n n  

0.81862287E 00 

0.’28234738r 01 

o . e i ~ 6 7 2 8 3 ~  00 

0.357007RlE 02  

0.24qE9684E 01 

0.1637745tE 01 

0.409?1141E 0 1  

0.81861283E 0 0  

0.13097965E 07 

0.32744913E 01 

0.13097Q5cE 07 

0.q004e511E 01 

0.81862283E 00 

0.163724FhE 0 1  

0.745586634F 0 1  

0.278”3176F 02 

0.81862783F 00 

0.1683Q017E 0 2  

0.17279342E 0 2  

0.1146071CE 0 2  

0.73740061E 0 2  

0.9R734738E 01 

0.81862283E 0 0  

0.24558684F 0 1  

0.49935992E 07 



PROTDX Clu P B  INC. K.E. (MEVI I S  1000.0 A I S  207. Z I S  e2. 3000 I N C .  H I S T C R I E S  6.7 M E V  CUTPFF Fh. 

ENERGY SPECTRA O F  C A S C A D E  PARTICLES WITH MU FROM 1.CO TO 0.96 
(THETA FROM 0 OEG. 0 MIN. TO 1 8  CEG. 12 W l h 1 . 1  

N(E1 I S  (FRACTION O F  PARTICLES I N  DELTA MUl/(DELTA YU)IOELTA € 1  

E ( M E V 1  I S  CENTER OF INTERVAL 

PROTONS 
DELTA E(MEV) 50.0 

E (  M E V )  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

N ( E )  

0.595E-01 

0 3 2 1  E- 0 1  

0.211E-01 

0.250E-01 

0.172E-01 

0 . l l O E - 0 1  

0.133E-01 

0.196E-01 

0.110E-01 

0 . l lOE-01 

0.10%E-01 

0.141E-01 

0.110E-01 

0.149E- 0 1  

0.180E-01 

0.861E-02 

0.5 48E-02 

0.149 E- 01 

3.384E-01 

0 .438E-01  

N E  UT RONS 
DELTA EfHEV) 50.0 

E I M E V )  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

72 5.0 

775.0 

825.0 

875.0 

925.0 

975.0 

N ( E 1  

0.120E-00 

0.524E-01 

0.317E-01 

0.170E-01 

0.1 e5 E-01 

0.155E-01 

0.959E- 02 

0.155E-01 

0.140E-01 

0.11 1 E-01 

0.369E-02 

0.148 E-01 

0.125E-01 

0.1 ll E-01 

0.886E-02 

0.6 b4E-02 

0.590E-02 

0.590E-02 

0.11 8 E-01 

0.140E-01 

P I +  
OELTA E I M E V I  50.0 

N IS ( S U Y  O V E R  N ( F ) ) ( D F L T A  I”U)(DFCTA E l  

E( MEVl 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

3’5.0 

425.0 

415.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

N (  E) 

0.6b7E-01 

0.222E-31 

0.667E-01 

0. 

0.444F-01 

0. 

0.444E-01 

0. 

0.889 E - 0 1  

0 6 b7 E-0 1 

0. 

0. 

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

0 .  

P I 0  
OELTA F ( Y F V I  50.0 

E ( M E V I  

7c.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

37E.0 

425.0 

475.0 

525.0 

575.0 

625.” 

675.0 

725.0 

775.0 

825.0 

875.0 

“25.0 

975.0 

N ( F 1  

0.125F-00 

0.71 1 E-0 I 

0.211E-01 

o . ~ I I E - ~ \  

0.211 E-01 

C.421E-01 

O.211F-01 

0 - 2  11 E - 0 1  

0. 

0.4’1E-0 1 

c . 6 3 2 ~ - 0  1 

0 .  

C .  

0 .  

0 .  

0 .  

0 .  

0. 

C. 

C. 

P I -  
DELTA E(HFV1 50.9 

E( Y F V )  

’5.0 

75.0 

125.0 

175.0 

725.0 

275.0 

375.0 

375.n 

4’5.0 

475.0 

5ZC.0 

575.@ 

625.0 

675.r  

775.0 

7 7 s .  0 

R 2 C . 0  

87C.0 

975.0 

015.0 

P I (  E )  

0. 471E-01 

’3.7ChE-01 

0. 

9.735:-01 

0.7P6F-01 

0.7C6F-01 

0.735E-Cl. 

n.471 E-01 

n.7=5E-ni 

0. 

0. 

0. 

0. 

0 . 7 3 5 ~ - n 1  

0. 

n. 

0. 

0. 

n. 

0. 

N 15 1.000E 00 N lS P.OOOE 0 0  k I S  1.000E 00 



PROTOlU CN P @  INC.  K.E. (MEVI I S  1000.0 A I S  207. 2 I S  82. 3 0 0 0  INC. HISTORIES 

ENERGY SPECTRP O F  CASCAOE PhRTICLES kITH MU FROM 0.9F TO 0.90 
(THETA FROM 18 DEGI 1 2  MIN. TO 2 5  DEG. 5 1  N!N.I 

N ( E I  I S  (FRACTION OF PARTICLES I N  DELTA MU)/(DELTA MU)(OELTA E l  

E(MeVI IS CENTER OF INTERVAL 

PROTCl NS 
DELTA E(YEV) 50.0 

E( M E V )  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

N ( E l  

0.108E-CO 

0.495E-01 

0.302E-01 

0.242E-01 

OmZ13E-01 

0.205E-01 

0.157E-01 

0.145 E - 0 1  

0.145E-01 

0.109E-01 

0.846 E- 02 

0.483 E-02 

0.725E-02 

0.604E-02 

0.133E-01 

0.133E-01 

0.2 30E-01 

0.121E-01 

0.242E-02 

0. 

NEUTRONS 
OELTA E(MEV) 50.0 

E(HEVI 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

525.0 

975.0 

N l  E )  

0.140E-00 

0.606E-01 

0.404 E- 0 1  

0.263E-01 

0.232E- 01 

0.232 E - 0 1  

0.152 E- 01 

0.121 E - 0 1  

0.808E-02 

0.707E-02 

0.707 E-02 

0.8CSE-02 

0.6CeE-02 

0.404 E-02 

0.3@3 E-02 

0.5 05  E- 02 

0.404 E-02 

0.505 E-02 

0.101 E-02 

0. 

6.7 MEV CUTOFF EN. 

P I +  
DELTA E(YCV) 50.C 

N I S  (SUM DVER N t E ) I ! D E L T A  In,U)tDELTA E) 

E ( M E V )  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

?75.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

675.0 

925.0 

975.0 

N ( E )  

0.667 E-01 

0.667E-01 

0 4 4 4  E- 01 

0.222E-01 

F .444E-01 

0.444E-01 

0. 

@.h67E-01 

0. 

0.444E-01 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 .  

0. 

010 
DELTA FIMFVI  50.0 

E (  MEV) 

25.0 

75.0 

175.0 

175.0 

2'5.0 

275.0 

325.0 

375.@ 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

375.0 

925.P 

975.0 

Y ( F )  

n. 

0.7?7E-01 

@.364E-01 

0. 

0. 364E-0 1 

0. 

0.145E-cO 

0.364F-01 

0.727E-01 

0. 

0. 

c. 

0. 

0. 

0. 

0. 

0. 

0 .  

0. 

P. 

P I -  
DELTA E(MFVI 50.0 

E(YEV)  

25.0 

75.0 

125.0 

175.0 

725.0 

775.0 

325.0 

375.0 

425.0 

475.0 

575.0 

575.0 

675.0 

675.0 

'2C.O 

775.0 

8?5.0 

875. c 

925.0 

975.0 

hl( E )  

0.120E-00 

0. 

0. 

0.400E-01 

0.120E-00 

0 .POOE-01  

O.L@OE-Ol  

0. 

0. 

n. 

0. 

0. 

0. 

0. 

0. 

n. 

0. 

0. 

0. 

0. 

N I S  1.000E 00 N I S  1.000E 00 N I S  1.000E 00 N I S  I.OOOE 00 N I S  1.000E 00 



PROTOY CN PB INC. K.E. ( Y E V )  I S  1000.0 A I S  207. Z I S  82. 2 0 C 0  IWC.  HISTOQlES 6.7 PFV CUTflFF FN. 

ENERGY S P E C T R A  CIF C A S C A D E  P A R T I C L E S  WITY MU F R O M  n.60 T O  n.40 
(ThETA FROM 53 DEG. 8 M I N .  TO 6 6  DEG. 2 6  Y I N . )  

N ( E )  I S  (FRACTICN 3F PAQTICLFS I N  DELTA MU)/(OFLTA YUI (0ELTA F )  

E ( M E V )  IS CENTER OF INTERVAL 

P R O T O Y S  
DELTA El  UEV) 100.0 

E (  C E V )  ! ( E )  

50.0 0.331E-01 

150.0 0.112E-01 

250.0 0.406E-02 

350.0 0.130E-02 

450.0 0.345E-03 

550.0 0. 

650.0 0 .  

750.0 0. 

850.0 0. 

950.0 0.  

N I S  1.000E 00 

NE UT RONS 
DELTA € ( R E V 1  100.0 

E l  MEV) N (  E l  

50.0 0 . 3 8 3 ~ - n i  

150.0 0.739E-02 

250.0 0.303E-02 

350.0 0.821E-03 

450.0 0.442E-03 

550.0 0. 

650.0 0. 

750.0 0. 

850.0 0. 

950.0 0.  

N IS 1.000E 00 

P I +  
DELTA E(MEVI 109.0 

E ( M E V I  N( E )  

50.0 0.263F-01 

150.0 0.145E-01 

250.0 0.921E-02 

350.0 0. 

450.0 0. 

550.0 0. 

650.0 0. 

750.0 0. 

850.0 0. 

950.0 0. 

N I S  ( S U M  O V E R  N I E ) ) ( D F C T A  MU)(DFLTA E )  

N I S  0.100E 01 

P I 0  
D E L T A  E ( Y E V I  inn.0 

E ( M f V )  Y ( E 1  

50.0 0.?70€-01 

150.Q P.IOOE-01 

250.C C.40CE-07 

350.0 0.700F-07 

45P.O 0.200E-02 

550.0 c. 

650.0 0. 

75C.O 0. 

850.C 0. 

950.0 n. 

N I S  1.000E 0 0  

P I -  
OFLTA F(MEVI 100.0 

F(MEV) N (  E )  

5o.n c . = s ~ E - o ~  

15o.n 0.118c-ni  

25o.n 3. 

95r.n 0. 

450.0 n. 

c50.n 0. 

650 .0  n. 

75O.O 9. 

Q50.C n. 

950.0 0. 

N I S  O.10OE 9 1  
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PROTON ON P B  INC. K.E. I M E V )  IS 1000.0 A IS 207. Z I S  82. 3000 INC.  HISTORIES 6.7 MEV CUTOFF FN. 

ENERGY SPECTRUM OF EMITTED C A S C A D E  PROTONS 

0 TO 1.00000OOE 03 M E V  0 OFL 

K.E. IS THE C E N T E R  OF THE ENERGY INTERVAL I N  M E V  N (E)  IS THE FRACTION @F TOTAL NUMBER O F  EMITTED PROTONS /DELTA E 

K.E. 

20.00 

60.00 

100.00 

140.00 

180.00 

220.00 

260.00 

N l  E )  K.E. 

0 102 2376E- 01 300.00 

0.4332302E-02 340.00 

0 2 30 302 3 E-02 38C.00 

0 1541300E- 02 420.00 

0.120 8046E-02 460.00 

0.7676744E-03 500. @O 

0.5117829E-03 

N I  E) K.E. 

0.571 2926E-03 540.00 

0.42.251 a 5 ~ - 0 3  580.00 

0.3451559E-03 620.00 

0.2 975482 E-07 660.00 

0.2 oa2837~-03  700.00 

740.00 0.1 606760E-03 

N I E )  K.F. 

0.142823?E-03 783.00 

0.1963e18~-03 e m .  00 

0.142R231E-03 860.01) 

0.1 3092 I?€-03 =pa. 00 

0.2320876 E-03 $40. no 
0.1666270E-03 SR0.00 



INC. K.E. I M E V )  I S  1000.0 A I S  207. 2 I S  82. 3003 I N C .  H I S T O P I E S  5.7 MFV ClJTOFF Fb!. PROTON CN P B  

ENERGY SPECTRUM OF E M I T T E D  C A S C A D E  NEUTROMS 

0 TO 1.0000000E 0 3  M f V  r) f F L  

K.E. 15 THE CENTER @F T H E  ENERGY I N T E R V A L  I h  MEV N ( E 1  I S  T H E  F i l A C T I O N  CF T O T A L  YUMYER OF F M I T T E I l  Y E U T Q @ Y S / D E L T A  E 

K.E. 

20.00 

60.00 

100.00 

140.00 

180.00 

220.00 

260.00 

N I E )  K.E. 

0.1258635E-01 300.00 

0.4564145E-02 340.00 

0.22491 78E-02 380.00 

0.127 87 83E-02 420.00 

0.9375000E-03 460.00 

0.6 825 6 5 8E- 03 500.00 

0.4810855E-03 

N(E)  K.E. 

0.3536184E-03 540.0@ 

0.3 042763 E-03 580.00 

0.2055921 E-03 620.00 

0. I768092 E-03 660.00 

C.15625COE-03 70C.00 

0.1 315789E-03 740.00 

N ( E )  K.€. 

0.781 2 500 F-04 7 ~ n .  00 

0.1110197E-07 P'Q.00 

0.1774671 E-C? ef.n.nn 

n .7812-00 € 4 4  CFO. nn 

0 .O04505? 5-04 9 ~ 0 . 7 0  

0.7401316c-C4 ten. 00 



P R O T O N  CN P8 INC. K.E. (MEV) 1 5  1OCO.O A IS 207. Z I S  P Z .  3000 INC. HISTORIES 6.7 MFV CUTOFF EN. 

EVUERGY SPECTRUM OF EMITTED C A S C A D E  P I +  

0 TO 1.00000COE 03 MEV 0 OFL 

K.E. IS THE C E N T E R  OF THE ENERGY INTERVAL I N  M E V  N ( E )  I S  THE FRACTION OF TOTAL KUMBER OF FMITTED P I +  I DELTA F 

K.E. 

20.00 

60.00 

100.00 

140.00 

180.00 

220.00 

260.00 

Y ( E l  K.E. 

0.9005376E-02 300.00 

0.6451613E-02 340.00 

0.2 956989E- 02 350.00 

0.13440 E6E-C2 42 0.00 

0.1344086E-02 460.00 

0.1478495E-02 500.00 
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NIE) K.E. N ( E )  
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0.3360215E-03 580.00 0. 
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0.20161 29E-03 700.00 0. 

0.2688172E-03 74C.00 0. 

K.E. 

780.00 

ezo. 0 0  

Pb0. n3 

soo. or) 
aan.00 

seo.00 

N ( E )  

0. 

0. 

0. 

0. 

0.  

0. 

r 
-4 
-4 



5.7 P F V  C d T ? F F  Fb:. P R C T O k  ON ? E  IkC. K.E. ( M E V I  i S  1000.0 A I s  207. I S  @ Z .  ' 0 0 0  !NC. k ISTORIFS 

ENERGY SPECTRUM O F  EMITTED CASCADE P I 0  

0 TO 1.000000OE 03 M E V  C n F L  

K.E. I S  THE CENTER OF T H E  ENERGY INTERVAL I N  Y E V  W ( E l  I S  THE F R A L ' I C N  3 F  TOTAL l'lUMr3E3 P F  F M I T T F O  O l f '  / D E L T h  F 

K.E. 
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0.6878648E-02 340.00 
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0 . 2 9 5 8 5  GOE-03 5R0.@@ 
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0.369PZ25E-03 660.00 

0.73964 50E-04 700.0@ 

0.221 8935E-03 740.00 

N ( E )  K.F. 

c! 7 7 s  b4 50 E-04 7e0.0n 

0 .  670. qn 

0. P f  0.00 

0. con. 3'1 

0. $4" .  ' I O  

0. S P O . 0 0  

N I F )  

0. 

0. 
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P R O T O N  CN PB INC. K.E. (MEVI I S  1OCO.O A ! S  707. Z i S  @ Z .  3000 :hi. H I S ' C l R I F S  6.7 Y E V  C U l i 7 F F  F". 

EUERGY SPECTRUM O F  EMITTED C A S C A D E  PARTICLES 

0 TO 1000 WEV 

N ( E I  I S  THE FRACTION O F  TOTAL NUMBER OF EYITTFO PARTICLFSIDELTA E 
K.E. I S  THE CENTER OF THE E N E R G Y  INTERVAL I N  M E V  

K.E. 

25.0 

75.0 

125.0 

175.0 
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725.0 
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925.0 

975.0 
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N I E )  

0.9 20 7332 E- 02 

0.3451 559E-C2 

0.1794811E-02 

0.1233040E-02 

0.7141157E-03 
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0.2 5086 84 E-03 
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n. z b * a i  72 ~ - 0 3  
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0.3 27 5 806 E- 03 
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0. 

0. 

0 .  
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0. 

0. 

N I S  0.9999999E 00 

P I 0  
N ( E I  
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0.177514RE-02 

0.1471) l lP E-07 

0.8 2P4O?4E-C3 
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0.473 3 77 9 E-03 

C - 2  5 5 C 2 S h  E-07 

0.7Cc85 806-03 
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n. 1 7 7 5 1 4 8 ~ - 0 3  

r. 

0. 

c. 

n. 

0. 

0 .  
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0 . 
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N IS 0.9S099Q9E 00 



PROTOh CN PB INC.  K.E. (NEVI  IS 1OOC.O A I S  207. Z I S  82. 3000 I N C .  HISTORIES 

nu 

0.975 
0.925 
0.875 
0.825 
0.775 
0.725 
0.475 
0.625 
0.575 
0.525 
0.475 
0.425 
0.375 
0.325 
0.275 
0.225 
0.175 
0.125 
0.075 
0.025 

-0.025 
-0.075 
-0.125 
-0.175 
-0.225 
-0.275 
-0.325 
-0.375 
-0.425 
-0.475 
-0.525 
-0.575 
-0.625 
-0.675 
-0.725 
-0.775 

-0.875 
-0.925 
-0.975 

- 0 . a ~  

ANGULAR OISTRIBUTION OF EMITTED C A S C A O E  PARTICLES 

(FRACTION I N  EACH INTERVALt/(OELTA MU) 

MU I S  COSINE THETA AN0 SPECIFIES THE CENTER OF THE INTERVAL 

PROTON NEUTROY P I +  P I @  

0.2432754E 0 1  0.1782R95E 01 0.9677419E 00 0.1124360E 0 1  
0.1575815E 0 1  0.1302631E 01  C.96'7419E 00 0.6E08e76F 00 
0.1156 867C 0 1  0.11 25000E 0 1  0.5913C79E 00 0.4142012E-00 
0.1018805E 01  0.9506579E CO 0.5376344E 00 0.82R4074E 00 
0.8426565E O C  
0.8093311E 00 
0.8426565E 0 0  
0.7141157E 00 
0.6950726E 00 
C.7474411E 00 
0.6503118E 00 
0.623661 CE 00 
0.6189003E 00 
0.4713164E-00 
0.4465556E-00 
0.4903554E-00 
0.3903 Y32E-00 
0.4237086E-00 
0.341Pla6E-00 
0.4046656E-00 
0 .414187 lE-00 
0.3046 894:-00 
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0.2570616E-00 

0.26660~7E-CO 
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0.18567ClE-00 
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0 . 2 3 e 0 3 8 6 ~ - 0 0  
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0.4078 94 7E -0 0 
0.78 8 1  F79E-00 
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0.3059?10E-@O 
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P. 2006579E-00 
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0.1507895E-00 
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0.1?43421E-G0 
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I N C I D E N T  
P A R T I C L E  

T A R G E T  
SYMB. A 2 

NO. DF INC.  C U T O F F  G E O M E T R I C  
P A R T I C L E S  EN. (MEV)  X-SEC.(MB)  

NO. O F  I N C .  
PART. Ccl L L I S IONS 

P R O T O N  1000 PB 207 8 2  030no 6.60 ?455.9 020LC 

( D S  I G M A / l  DOMEGA X 0') (ME31 / (  S T E R A D I A N - M F V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( D E G )  NO. OF E N F R G Y  I N T C h V 4 L S  D E L T A  E ( M E V )  

P I 0  75.00 TO 130.00 2 5  40.nmv 

I N T E R V A L  1 I Y T E R V A L  2 I N T E R V A L  3 I N T F R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I U T F R V A L  7 I Y T F R V A L  8 

2 . 1 6 7 6 E - 0 1  1 . 4 4 5 1 E - 0 1  6.1415E-02 3 . 9 7 3 9 E - 0 2  2.1676E-02 7 . 6 1 2 7 E - 0 3  7 . 6 1 7 7 E - O ?  n. 

I N T E S V A L  9 I N T E R V A L  10 I N T E R V A L  1 1  I N T F R V A L  1 2  I N T F R V A L  1 3  I Y T E R V A L  1 4  I N T E R V A L  ?f I N T F R V A L  16 

0. 0. 0. 0. 0. 0. 0. 0. 

I N T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  20 I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  7 3  I Y T F R V A L  74 

0. 0. 0. 0. 0. 0. c. 0. 

I N T E R V A L  2 5  

0 .  

{ D S I G M A / ( D O M E G A  X D E )  ( M B ) / ( S T E R A D I A N - M E V I  
T Y P E  OF C A S C A D E  P A R T I C L E  LAB. ANGULAR I N T E R V 4 L  ( D E G I  NO. OF E N F R G Y  I N T E R V A L S  D E L T A  E ( M E V )  

PI0 130.00 T O  180.00 2 5  40.0030 

I h T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I b T E R V P L  7 I N T E R V A L  E. 

2 . 9 1 7 9 E - 0 1  2.4620E-01 1 . 8 2 3 7 E - 0 2  0. 0. 0. 0. 0. 

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  15 I Y T C R V A L  16 

0. 0. 0. 0. 0. 0 .  0. rl. 

I h T E R V A L  17 I N T E R V A L  18 I N T E R V A L  19 I N T E R V A L  20 I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  2 3  I N T C R V A L  2 4  

0. 0 .  

I N T E R V A L  2 5  

0. 

0. 0. 0. 0. 0.  0. 

u 
0 
u 



I N C I D E N T  I N C .  LA$. T A R G E T  NO. C)F I N C .  C I J T O F F  G E P Y E T R I C  NO. nF I h I C .  
P A R T I C L E  K . E . ( M E V I  SYYS. A 2 ? A R T I C L E S  E N . l M F V I  X - S E C . ( M B I  PART. C O L L I S I F N S  

PHOTON 1030 PB 2 0 7  8 2  n 3 o w  6. O P  2 4 5 5 . 9  02049 

SUM OF C S I G / ( O f l M E G A  X D E I  X O E  E Q U A L S  0.1965E 02 M B I S T E R A D I 4 N  FOR C A S C A D E  P I 0  WITH T H E T A  FROM 75.0P T’3 17C.CO DEG 

A V E R A G E  E V E R E Y  E Q U A L S  0.617647F 0 2  M E V  FOR C A S C A D E  PI0 W i T H  T H F T A  F R O M  75.00 T O  110.00 D F G  

SbM O F  U S I G / l L O M E G A  X D E I  X D E  E Q U A L S  0.2225E 02 M E / S T E R A O I A h  FOR C A S C A D E  P I 0  W I T H  T H E T A  FROM ??C.DO T C  19@.C’7 DFG 

A V E R A G E  ENERGY E Q U A L S  0 . 4 C 3 2 7 9 E  0 2  M E V  FOR C A S C A D E  P I 0  W I T H  T H E T A  FROM 130.00 T O  180.00 DEG 
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M O Y t E I T S  O F  THC EYERGY O I S T K I H U T I L N S  F O R  T H t  F O L L J W l h G  t V 4 V O H A T I J N  P h l i T I C L E S  

YE U T k ON 5 P h!J TC h S t j  EUT t Ki] N 5 TR1 TONS HE3 ALPH4S 
1ST NOM. 4.57232t d u  1.352Y5E U 1  1 . 4 7 6 2 2 ~  01  1.526r32t 01 2.8oYl3t 0 1  2.6840+L ul 
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( E  SPECIFltb THt L U H t K  E N E R G Y  L M I T  T W t  I N T E K V A L  I N  M t V )  
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0 0.063310 0.392755 0.110744 0.141372 0.15064H O.lbb64U 3.162162 0.176555 0.172397 O . l B l Y Y >  
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2 0.170418 9.151921 0.162802 J.150968 0.146490 0.145230 0.126659 0.142012 0.14L33L U.133050 
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7 0.047477 U.04190) O.L.482Y7 L.')4569il . ! .U4J3\?1 3.U4JY43 0.044779 d . 0 3 3 3 4 1  U . ~ 4 0 3 d l  11.03Y3ri 
8 0.040940 0.U37422 0.032823 5.033584 'I.C,319&5 3.1)34224 0.031545 0.Clj32b4 i).~,3LLbb 0.U191d6 
9 0.026227 0.030705 C.030066 0.326861 0.027187 3 .027187 0.026867 0.026367 3.021110 0.3287bb 

10  0.522069 3.025227 L.UL3669 L.uL1187 0.021750 0.519511 0.UZ23.39 U.dZ143ci  J.020470 0 . ~ 1 ~ 1 9 1  
11 0.020150 0.021750 0.016632 0.C17272 0.021150 0.015353 0.017272 0.017592 0.(1137>3 U.Ul2474 
12 0.015992 0.014713 O.Ql63i2 G.OlaQ52 0.011514 0.011414 0.512154 3.01bS32 J.011234 0.012154 
13 0.007356 3.007676 0.310525 U.JO6717 0.611834 v - L u d j l b  0 . 0 ~ 9 5 9 5  O.utJ3915 0.0;8316 0.SuY276 
14 0.306597 3.017356 0.0j9915 d.JJb95o 5.007676 d.009276 3.0J4030 3.J36397 S.t.ObY56 0.~05757 
1 5  0.007676 0.036717 O.Odb'156 0.907354 O.OJ't478 3.032437 0.006717 0.005437 3.006077 O.LU5437 
16  O.GO3198 0.004798 0.004798 0.000397 0.LO5757 11.007356 O.UC4158 u.005757 5.005757 0.bCZ879 
17 0.904158 0.00351e 0.00odr7 0.004798 0.004158 0 . 0 ~ 3 5 1 8  0 . 0 ~ 1 9 1 ~  c . ( L I ~ R ~ ~  3.11333153 (l.io5437 
18 0.001279 0.002559 0.0JL879 0.002879 0.002559 0.C34478 3.003516 0.daAJlY 0.094478 u.OL.1919 
19  0.00351E 0.002559 0.003518 O . C O l Y 1 9  0.003518 d.902239 b.003198 0.30159Y 0.udlL79 u.JU1919 
2 3  0.002239 5.001599 0.nJ2559 C.001919 0.002239 0.005320 0.0c11219 0.001599 0.1100960 0.001279 
2 1  0.003198 0.002239 O.OCOY)GO 0.001919 3.00223Q O.GDL'540 0.300645 O . ? O l Y l Y  O.Od2559 0.001599 
22 0.000960 0.001279 C.001599 0.000320 0.000960 3.000320 O.00096J 0.302559 O.UuLYbD J.UUJ640 
2 3  0.000640 0.001599 0.000960 0.000640 0.002559 0.000900 O.CO1919 0,000960 0. 0. 
24  0.001279 0.001>99 C.030320 0.000640 0.000960 0.U01919 u.OOuY60 0.001279 0.001599 0. 



CASE FlLJMbER 207 82100U L 

Y ’ J R F l P L I Z E 0  E V A P O A U T I U h  PXIJTON b P t C T R U H  
( t  S P E C I F I E S  THE L O * E K  t n E 9 L Y  L M I T  OF T H t  I P I T t l l V A L  IN M E V l  

t 

0 3 .  3 .  0 .  0 .  0 .  0.  0.  0 .  0. 0.  
1 0.  0 .  0 .  c .  0 .  0. 0 .  0. 0. 0.  
2 0 .  0.  0 .  0.  0 .  0 .  0 .  0 .  0 .  0 .  
3 0. 0.  C. 0. 0. 0 .  0 .  0 .  0 .  0 .  
4 il. 0 .  0 .  0.  0. 0 .  0 .  0 .  0.  0 .  
5 0 .  0.  0 .  0. e. 0 .  0. 0 .  0 .  0 .  
6 L. 0. 0.  0 .  0. 0 .  0 .  0 .  0 .  0. 
7 u .  0 .  0 .  0 .  0 .  0.  0.0bZL63 U.ULi678Y U.U l8104 0.UO4520 
3 0.2129418 J .024893 0.L4Y785 0 .045259 0 .095044 0.09957J O.lOd622 d .090518 O.Co3729 0.124463 
9 0.14C.355 ~ ) . ‘ ~ 3 1 2 5 1  C . l h 4 7 2 2  0.151618 0.181036 3.15161H U.149355 3.15B497 0 .147092 0.126726 

1 0  0 .160670 0.158407 0.163722 0.113148 0 . 1 4 ~ 5 0 3  0.14Y355 0 .142566 0.133514 0.128988 0 .107459 
1 1  0 .108622 3.117674 L1.115411 0.133514 0.144829 0 .1063>9 0.104096 3.138340 0.113148 O. lC4096 
12 3.081466 0.135177 0 .124403 0.1LO622 U.110885 0.1L1833 3.080255 0.10o35Y O.lGd622 0.085729 
13 0 .091466 P.104096 0.07467R u.07Y203 0 .007989 0 . 0 8 8 2 5 5  0.070152 0.090518 0.088255 0 .679203 
1 4  0 .052048 0 .108622 0.003363 0.C72415 0 .067889 0 .042946 0.052348 0.081466 0.U54311 0.072415 
15 0.0746713 3.372415 1.067889 0.054311 0.061100 0.640733 U.038473 J . L b r 3 1 1  0.058837 0.040733 
1 6  9.040733 0 .038470  n.031681 0.040733 2.C54311 i3.64b733 O.OZY418 0.U49785 0 .C316d l  U.U52648 

18 0 . 6 1 5 8 4 1  3 . 3 3 3 Y 4 4  0.036207 0.U27155 u.315841 0.036207 0.031681 U . b l 5 8 4 1  0.U2263C 0.022630 
19 0.029418 0.027155 0 , 0 3 6 2 0 7  0.024893 0 .031681 0.022630 0 .022630 0.020367 0.024893 U.022630 
2 0  0 . 0 1 8 1 b 4  0 .024893 C.022630 0.029418 3.G22630 0.015841 0.022b30 0.031681 O.Gl3578 0 .027155 
2 1  0 .922630 L1.02263C 0.011315 0.013578 O . L l d 1 0 4  0 .015841 0.011315 0.009052 O.Ul3578 0.cl045.26 
2 2  9 .018104 0 . 0 1 5 8 4 1  0 .  0.L11315 0.011315 0 .009052 0 .011315 0 .J04526 0.013578 0.u11315 
2 5  0.009052 J.0J4C52 0.011315 0.015578 U.OOb789 0 .009052 3 .011313 3.006789 0.004526 0.c109052 

1 7  0.033944 ~ . ~ 4 0 7 3 3  c . 0 2 ~ 4 1 8  o . 0 ~ 4 7 0  0 . c 3 i 6 a i  i . 0 3 3 9 4 4  0.052048 9 . 0 2 9 4 i t :  0 . 6 2 ~ 6 3 3  ~1.047522 

2 4  0.006789 o . o i i 3 1 5  ~ . 0 0 6 7 8 9  0 .311315 O . O O Y O S Z  ( i .uo9352 0 . ~ 1 8 1 0 4  3 . ~ 4 5 ~ 6  u . u u 6 r a 9  0.004526 
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i V 0 R M A L l Z E O  t V A P U R A T I O N  O t U r  S P E C T R U M  
I E  S P E C I F I E S  T H E  LOWER E N E R G Y  L I M I T  OF T d t  I N T E n V A L  I N  M t V )  

E 
0 0. 0.  0 .  0. 0 .  0 .  0 .  0.  0 .  5. 
5 0. 0 .  0 .  0. 0.  0.003309 0.014888 0.084307 0 .076096 0.117452 

10 0.112490 0 .105373 O.i.95947 0.086022 0.107527 0.115798 0.104218 0.076096 0 .086022 0 - 0 0 7 8 2 5  
15  0.061208 0.084367 0.051282 0.038C4B 0.039702 0.052936 0.039702 0.054739 0 .024814 0.rr23loO 
20 0.028122 0.021505 0.026468 0.018197 0.014888 0.014851 O.Lllb197 0.016543 0.016543 O.Ol4ii i lB 
25  0 .008271 u.008271 0.bG9926 0.006617 0.004963 O.OU3309 0 .004063 0 .009326 O.JO6617 Y . b C i 3 3 U 9  
30 0 .003309 ’3.001654 0.004963 0.004963 0 .004963 0. 0 .  0.003309 0.003309 0. 
35 0 .  0. r. 0.004963 3. 0.001054 0.  3 .001654 0. 0. 
4 0  0. 0 .  0 .  0. 0 .  0. 0. 0. 0.  0 .  
45 0 .  0 .  0 .  0. 0. 0 .  0.  0. 0 .  0 .  

N O K W A L I L E D  E V A P O R A T I O N  T R I T O N  S P E C T R U M  
( E  S P E C I F I E S  THE LOWER E N E R G Y  L I M I T  O F  T H E  I N T t R V h L  I N  M t V )  

E 
0 0.  0. 0. 0. 0. 0 .  0. 0. 0. 0. 
5 0. 0 .  0. 0. 0. 0 .005050 0.011299 0 .016949 0 .079046 O.rr7YO96 
10 0.124294 0.090395 0.112994 0.C90395 0.090395 0.084746 0.090395 0.084746 0.050497 U.002147 
15  0 .124294 0.067797 0.033R98 0.050847 0.062147 0 .079096 0.0,0847 0 .022599 0.039548 0.050647 
20 0 .039548 0.050847 0.016949 0.022599 3.016949 0 .016949 0.005650 0.016949 0 .011299 O.OU5630 
25 0 .011299 U.016949 0.005650 0.011299 0.011299 0. 0.005650 0 .005650 0. 3 .  
30 O.GO5650 0 .016949 0.005050 0.005650 0. 0. 0 ,  0. 0 .  0. 
35  0 .005650 0.00565C 0. 0. 0.005650 5. 0.005650 0. 0 .  0. 
4 0  0.005650 0.  Q.005650 0. 0. e. 0. 0. 0.  0. 
4 5  0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 

N O K M A L I L E O  E V A P O R A T I O N  HE3 S P E C T R U M  
( E  S P E C I F I t S  Tt iE  LOW€K t N E K G Y  L I M I T  (IF T H E  I N T E R V A L  I N  M e V )  

E 
0 5. 0 .  0. 0. 0. 0 .  0. 0 .  0.  0 .  
5 0. 0 .  0. 0. 0.  0. 0. 0. 0. 0. 

1 0  0. 0.  0. 0 .  0. 0 .  0. 0 .  0. 0. 
15 0. 0. 0. 0 .  0. 0. 0. 0 .  0. 0. 
20 0. 0. 0.105263 0.052632 0.210526 0.157d95 0.052632 0 .  0 .  G . 0 5 2 6 j 2  
2 5  0.052637 0.552632 0.105263 0. 0.105263 0.210526 0. 0. 0.105263 L.Cr52632 
30  0. 0.105263 0.052632 J. 0.052632 OeU52632 0.105263 0. 0.052632 0 .  
35  0.052632 0 .  0. 0. 0. 0 .  0. 0 .052632 0 .  0.052632 
40 0. 0 .  0. 0 .  0. 0. 0.052632 0 .  0. 0 .  
4 5  0. 0. 0. 0.  0.  0. 0. 0 .052632 0 .  0. 

N L I K M A L I Z E D  E V A P U K A T I O N  A L P H A  S P E C T R U M  
I E  S P E C I F I E S  THE L O w t K  t N E R G Y  L I M I T  UF T H t  I h r T t k V A L  I N  M t V )  

E 
0 0. 0 .  0.  0. 0. 0. 0 .  0. 3.  0 .  
5 0. 3 .  0. 0.  0.  0.  0. 0.  U. 0. 
10 0.  0.  0. 0. 0. 0. 0. 0 .  0 .  0. 
15 0. 0.  0. 0. 0. 0 .  0 .  0 .  3 .004975 0 .  
20 0 .009950 0.019905 0.054726 0.0bY652 0.069652 0.134328 0 ,144219 0 .119403 0.134328 0 . 1 L 4 3 7 6  
25 0.089552 0.079602 0,089552 r).Oa9522 0.059701 0.069622 0.024876 0.054726 9 .J69652 0.05Y701 
3 0  0.029851 0 .049751 C.034826 0.014925 0.059701 0 .024676 C.039601 0.029851 0.029851 0.U09930 
35 0 ,014925 0.014525 0.034950 J.009950 0.014925 0.  0. 0 .  5 . 0 ~ 4 9 7 5  O.COY975 
40 0. O.OC4975 C.CO9950 0 .  0.004975 0.  0.  0 .  J. 0. 
.r5 0. 0. 0 .  0 .  0. 0.004975 0. 0 .  0.004972 0. 



I N P U T  

U S E C  F I L E  1 

FROM C A R D S  

I N C I D E P J T  P A R T I C L E  P R O T f l N  I N C I 3 E N T  C I N E T I C  ENERGY 2 0 0 C . 0 0 0  V E V  

T C T P L  NUMBER OF I h C I D E N T  P A R T I C L E S  2 5 0 0  T A R G E T  SYMBOL pa  

S I Z E  @F H I S T J G R A M S  FOQ. O U T G O I N G  K.E. 2 5  FOP P R O T t  2 5  F O R  N E U T ,  2 5  FOR P I + ,  7 5  FOR P I 0 7  

C R O S S  S E C T I O N S  WERE C A L C U L A T E D  F O R  P S  MANY AS 9 E M I T T E D  P I R T I C L E  C O V B I h A T I O N S .  

201.000 MEV I N T E R V A L  WAS U S E D  I h  C A L C U L A l I N G  H I S T O G R A M  F O R  N ( E * ) D E  F D R  T O T A L  R E A C T I O N  

D E L T A S  F O 9  O U T G O I N G  K I Y F T I C  ENERGY D l S T R  I R U T I O N  I N  MEV 

- a 6  MU - - 4  -.l nu +.l +.4 VU +.6 +.9 MU + .95  
0 (K.E.1 1 0 D  0 (<.E.)  I O D  0 (K.E.)  1 0 D  0 ( K . C . )  2 0 0  

PRO TONS 2 0 0 . 0 0 0 0  2 0 0 . 0 0 0 0  200.  onp0 100.00fl0 

NEUTRCNS 200.0000 2 0 0 . 0 0 0 0  2 0 0 . 0 0 0 0  1 C 0 . 0 0 0 0  

P I +  2 c 0 . 0 0 0 0  2 0 0 . 0 0 0 @  200.0000 100.0000 

P I 0  200.0000 2 0 0 . 0 D 0 0  200.0000 100.0000 

P I -  2 C O .  0000 2 0 0 . 0 0 0 0  200.0000 100.0000 

C = DELTA,  R E S P E C T I V E  ENERGY I N T E R V A L S  O F  H I S T O G R A M S  

2 5  F O R  P I - .  

+ . Q 5  MU +1.0 
0 IK.F.1 2 0 0  

1ao.cnoo 

100.0000 

100.0000 

100.0000 

100.0000 

OUTGO 1NC- COMB I N A T  I O N S  100@0 01000 00100 00010 00001 01001 10100 11000 11001 

I h T E Q V A L  FOR N ( E * ) D E  I N  Y E V  25.000 25.000 25.000 25.000 25.000 2 5 . C 0 0  25.000 25.000 2 5 . 0 0 0  

CROH RECORD 1 

2500 I N C I D E Y T  PROTOI’I H I T  P B  T A R G E T  W I T h  207.000 MASS A N D  82.000 A T O M I C  NUMBER AT 2 0 0 0 . q D 0 M E V .  

FROM RECORC N 

T H E R E  WERE 1 7 6 8 .  I N C I D E N T  P A R T I C L E  C O L L I S I C N S  C R E A T I N G  1768 E S C A P I N G  P A R T I C L E  RFCDRDS. TME G E C M F T R I C  

CROSS S E C T I O Y  k A S  2 4 5 5 . 8 6 e 5 3 0 3  VB. T b E  I N E L A S T I C  CROSS S E C T I C N  W P S  1 7 3 6 . 7 9 0 2 C 6 9  MB. THE C U T  OFF 

ENERGY h A S  6 . 6 8 3 1 3 6 0  M E V .  



PROTON CN PB INC. K.E. (MEV) IS 2OCO.O A IS 207. 2 IS ? 7 .  2500 INC.  HISTORIF7 6.7 MEV CUTI’FF FN. 

MOYENTUM OF COMPOUND NUCLEUS 2785.731201MEV/C EXCITATION ENERGY OF COMPOUND NUCLFUS 20?6.91517CM€V 

THE M A S S  i)F THE RESIDUAL NUCLEUS kAS ZERO 0 TIMES, WAS MINUS 0 TIMES CUT OFF FNERGY 6.683136MFV 

FOR e46 INCIDENT PARTICLE COLLISIONS THERE W E R E  CORE THAN 9 OUT G F I h l G  PARTICLFS 

EMITTED CASCADE PARTICLES 

PROTONS NEUTRONS P I +  

AVERAGE NO. 0.3131272E 01 0.491911RF 01 0.3552036E-00 

VARIANCE 0.4039342E 01 0.1122705E 0 2  C. 2 Q 5 7 7 6 l E - 0 0  

AV. K.E. (MEVI C.1941302E 03 0.1720020E 03 C. 1 E 5 9 7 1 E  0 3  

V I R  I ANC E 0.1412579E 0 6  0.6399431E 05 0.4622121E 0 5  

CUTGGING COMeINATION 

TOTAL CASCADE 
10000 
01000 
0 0 1 0 0  
00010 
0 0 0 0 1  
0 1 0 0 1  
10100 
11000 
11001 

co 

0.2429035 
0.01 99846 
@. 0217263 
0. 
0. 
0. 
0. 
0.0590356 
0.0109167 
0. 

RESIOUAL 

Cl 

0.207 0423 
0.0?26153 
0 - 0 7 7  2 1  07 
0. 
0. 
0. 
0. 
0.0223202 
0.0642917 
0. 

NUCLEUS 

A R M  

969.2544556 
264.39 2 4942 
237.491a709 

0. 
0 .  
0. 
0 .  

186.0681Q73 
2~7.0541306 
0. 

C O  = (SUM OF PARALLEL RESIDUAL MOMENTUM/NUMBER OF INCIDENT PARTICLE COLLISIOMS)/MOMENTUM O F  COPPOUND NUCLEUS 

C 1  = (SUM OF PERPENDICULAR RESIDUAL MOMENTUM/NUMBER OF INCIDENT PARTICLE COLLISIDNStIMOMENTUM OF CCYPOUYO bUCLEUS 

A R M  = AVERAGE RESIOUAL MOMENTUM I N  PEV/C 

A R E E  = DVERAGE RESIDUAL EXCITATION ENERGY I N  YEV 

A A R  = AVERAGE M A S S  OF RESIOUAL NUCLEUS FOR TOTAL CASCADE 
A A R  = M A S S  OF RESIDUAL NUCLEUS FOR DESIGNATED OUTGOING COMBINATIONS 

A R E E  

453.7063942 
35.2980242 
46.5 63359’  
0. 
0. 
0. 
0. 

z . . 6 3 i a 5 7 9  
31.3338027 
0.  

A A R  

190.94965Q7 

707. 00C’OOOO 

209.0000000 

307. oonoooo 

208. coo ow^ 

3 w. 0om00n 
707. m m o o n  
707. ooconoo 
306.  0 0 0 0 0 0 0  
Zn6.0000000 



PROTON CN P B  INC. K.E. ( M E V I  I S  2000.0 A I S  207. Z I S  82.  2500 I N C .  H I S T O R I E S  4.7 MFV C U T O F F  EN. 

A h G U L A R  O I S T R I B U T I O N  OF T H E  C A S C A D E  N U C L E U S  ( F R A C T I O N  I N  D E L T A  M U I / ( O E L T A  M U )  

- 0 ~ 3 0 0 0 @ 0 0 F - 0 0  -0.  i n o c o o o F - o o  -C.9000000E 00  -C. 70COOOOE 00  -0.5003000E 00 
0.9COflOOOE 00 0.1000000E-00 0.3 000000E-00 0.500COOOE 00 0 . 7 0 n o o 0 0 ~  00 

T O T A L  C A S C A C E  R A T I O  OF FORWQRO /BACKWARD 0.8641202F 01 
0.678733OE-01 0.5656108E-01 0.9332579E-01 0.1216063F-0@ 0.1781574F-00 

0.3535058E-00 0.4 807692 E-00 0.7522424E 00 0.1776018F 01 

0.  

0.5555556E 00 

0. 

0. 

0. 

0. 

0.3888889E 0 1  

1 PROTONS 0 N E U T R O k S  0 P I +  C P I 0  0 P I -  R A T I O  OF FCRWARD /BACKWARD 
0.  0. 0. C .  

0.3285714E C l  0.17142P6E 01 0. 

c .  

0.  
0. 

0 PROTONS 1 N E U T R O N S  0 P I +  0 P I 0  0 P I -  R A T I O  OF F C R H A R O  / B A C K W A R D  
0. 0. 0. 0. 

0.2777778E C1 0.166bb67E 01  0. 

0 .  

0. 
0. 

0 PROTONS 0 N E U T R O N S  
0. 

0.  

1 P I +  c P I C  0 P I -  
0. 

0.  

R A T I O  OF FCRWARO / B A C K W A R D  
0. 0. 

0. 

0 .  

0 .  
0. 

0 PROTONS 0 N E U T R O N S  
0. 

0 .  

0 P I +  1 P I 0  0 P I -  
0. 

0. 

R A T I O  OF FCRWARO /BAC<WARD 
0. 0. 

0. 

0 .  

0 .  
c. 

0 PROTONS 0 N E U T R O N S  
0. 

0 .  

0 P I +  0 P I 0  1 P I -  
0. 

0. 

R A T I O  OF FORWARD /BACKWARD 
0. 0. 

0 .  

0. 

0. 
0. 

0 PROTONS 1 N E U T R O N S  
0.  

0 .  

0 P I +  0 P I 0  1 P I -  
0. 

0. 

R A T I O  O F  FORWARD /BACKWARD 
0. 0. 

0. 

0. 

0. 
0. 

1 PROTONS 0 N E U T R O N S  
0. 

0. 

1 P I +  0 P I 0  0 P I -  
0. 

0 .  

R A T I O  O F  FORWARD /BACKWARD 
0. 0. 

0. 

0 .  

O . L l 1 1 I l l E  01 
0. 

1 PROTONS 1 N E U T R O N S  0 P I +  0 P I 0  0 P!- R A T I O  OF FCRWAPO /BACKWARD C.1347857E 01 

0.426P2$3E-On 
0.6097561: 00 0.1219512E-00 0 . 3 9 4 ~ 7 t 3 0 ~ - 0 0  0.670731 7E 00 0.4268293E-0P 

0.  Z L  79024:-00 0.2439024E-00 0.10975t’lE 01 0.3536585E 00 

1 PROTONS 1 N E U T R O N S  0 P I +  0 P I 0  1 P I -  R A T I O  OF FORWARD /BACKWARD 0. 
0. 0. 0. @. 

0 .  0. 0 .  0.  
0. 

0. 



PROTON t ly P B  INC. K.E. ( M E V I  I S  2000.0 A I S  2 0 7 .  2 I S  82. 2 5 0 0  INC.  H I S T O R I E S  h.7 MEV CUTOFF FN. 

E X C I T A T I O N  ENERGY O I S T R I E U T I C N  OF T H E  CASCADE R E S I D U A L  NUCLEUS ( F R A C T I O N  P E 9  U N I T  EN.) ( C E = D E L T A  E I M E V I I  

OEA I S  0 . 2 0 1 0 0 0 0 E  03 D E 6  I S  0.2-EOOOOOE 02 OEC I S  0.2500000E C7 O E O  I S  0.2500000E C 2  D E E  I S  0.750010CIF 07 
O E F  I S  0 . 2 5 0 0 0 0 0 E  02 OEG I S  0.2500000E 02 OEH I S  0.2500000F 02 D E I  I S  0 . 2 5 0 0 0 0 0 E  02 D E J  IS 0 .250000(1~  C!? 

T O T A L  C A S C A C E  ( S U M  OVER H I S T O G R A Y l X ( 0 E A I  0. l O O O O O O E  01 0 OFL 
0 . 1 6 0 9 5 9 9 E - 0 2  0 . 8 3 0 1 2 5 4 E - 0 3  0 . 8 2 7 3 1 1 4 E - 0 3  0.73444?9F-03 r .562796w-03 

0 . 3 2 0 7 9 4 2 E - 0 3  0 . 8 1 6 0 5 5 5 E - 0 4  0 . 8 4 4 1 9 5 3 E - 0 5  0. 0. 

0 OFC 

0. 

0 O F L  

r. 

0 ClFL 

0. 

0 OFL 

0. 

0 O F L  

0. 

0 O F L  

0. 

0 O F L  

C .  

0 OFL 

1 PROTONS 0 NELiTRONS 
0 . 2 1 7 1 4 2 9 E - 0 1  

0. 

0 P I +  0 P I C  0 P I -  ( S U M  OVER H I S T O G R A M I X ( 0 E B )  o.iooooow 01 
0 . 4 5 7 1 4 2 9 E - 0 2  0 . 8 0 0 0 0 0 0 E - 0 2  0 . 5 7 1 4 2 8 h E - 0 2  0. 

0. 0. n. 

0 PROTONS 1 NEUTRONS 
0 . 1 7 7 7 7 7 E E - 0 1  

0. 

0 P I +  0 P I 0  0 P I -  ( S U M  OVER H I S T O G R A M ) X ( O E C )  O . l O n 0 0 C O E  03 
0.86813889E-0? 0.8898889E-02 P. 0. 

0 . 4 4 4 4 4 4 4 E - 0 2  0. 0. 

0 PROTONS 0 NEUTRONS 
0. 

0 .  

1 P I +  0 P I 0  0 P I -  
0. 

0. 

( S U M  OVER H I S T O G R A Y l X ( O E 0 )  

0. 
0. 0. 

0. 

0. 
0. 

0 PROTONS 0 NEUTRONS 
0. 

0. 

0 P I +  1 P I 0  0 P I -  
0. 

0. 

( S U Y  OVER H I S T O G R A Y I X ( 0 E E l  

0. 
0. 0. 

0. 

0. 
0. 

0 PROTOKS 0 NEUTRONS 
0. 

0. 

0 P I +  0 P I 0  1 P I -  
0. 

0. 

( S U M  ClVER H I S T O G R A M I X ( 0 E F l  

0. 
0. 0. 

0. 

0. 
0. 

0 PROTONS 1 NEUTRONS 
0. 

0. 

0 P I +  0 P I 0  1 P l -  
0. 

0. 

( S U M  OVER H I S T 0 G R A H ) X I O E G I  

0. 
0. 0. 

0. 

C. 
0 .  

1 PROTONS 0 NEUTRONS 
0 . 2 2 2 2 2 2 2 E - 0 1  

0. 

1 P I +  0 P I C  0 PI- 
0 . 1 3 3 3 3 3 3 E - 0 1  

0. 

( S U M  O V E 3  H I S T 0 G R A M ) X I D E H )  

0. 
0 . 4 4 4 4 4 4 4 E - 0 2  0. 

0.1 OOOOOOE 01 

@. 
0. 

1 PROTOkS 1 NEUTRONS 
0 . 2 6 8 2 9 2 7 E - 0 1  0 . 3 4 1 4 6 3 4 E - 0 2  

0 . 4 8 7 8 0 4 9 E - 0 3  0 . 9 7 5 6 0 9 7 E - 0 3  0. 

0 P I +  0 P I C  C P I -  ( S U M  OVER H I S T O G H A K 1 X I D E I I  0 . 1 0 0 0 0 0 0 E  03 

0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  [ S U M  OVER H I S T O G R A M I X ( 0 E J I  c. 
0. 0. 0. 0. 

0. 0. 0.  0. 

0 O F L  

0. 
0. 
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PROTON CN PB INC. K.E. (MEV) IS 2000.0 A I S  207. Z IS 87. 2 5 0 0  INC. H ISTORIFS 6.7 MEV CUTOFF EN. 

THE MOMENTUM D I S T R I B U T I O N  O F  THE CASCADE RESIDUAL NUCLEUS 

0.1392866E 0 3  0.4178597E 03 0 .6964328E 03 0 .9750059E 03 0 .1253579E O b  0.1532152F C4 0.1810725E ‘34 
0.2089298E 04 0.2367871E 04 0 .2646444E 0 4  0.2925018E 04 0.32’335qlE 0 4  0.34F2164F 04 0.3750737E 0 4  

TOTAL CASCACE ( S U M  OVER HISTOGRAM) (DELTA P )  0.2000000E 01 0 OFL 
0.6355107E-03 0.5847511E-03 C.5075964E-03 0 .4791710E-03  0.4304417E-53 0.3512567E-03 n a 2 4 1 6 1 5 9 E - 0 3  

0.2030386E-03 0.8527620E-04 0.5075964E-04 0 .1624308E-04  0.2030386E-05 0. c . ~ c ~ o ? P ~ E - ~ ~  

1 PROTONS 0 NEUTRONS 0 P I +  C P I C  0 P I -  
0 .1948706E-02 0.1538452E-02 0.10254?5E-03 

0. 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  

0. 0. 
0.199429OE-02 0.1595432E-02 C. 

0 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  

0. 0. 
0. 0. 0. 

0 PROTONS 0 NEUTRONS 0 P I +  1 P I 0  

0. 0. 
0. 0.  0. 

0 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  

0. 0. 
0. 0. 0. 

o PROTONS 1 NEUTRONS o PI+ o P I o  
0 .  0. 0. 

0. 0. 

1 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  

0. 0. 
0.2792006E-02 0.7977159E-03 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  ~ ~ 

0 .2626626E-02 0.7442106E-03 b l 7 5 1 0 8 4 E - 0 3  
0 .  0.  0.  

0. 

0 P I -  

0 .  

0 P I -  

0. 

0 PI- 

0. 

1 P I -  

0. 

1 P I -  

0. 

0 P I -  

0. 

0 P I -  

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  
0. 0. 0. 

0.  0. C. 

(SUM OVER HISTDGRAMI IOELTA P I  
0. 0. 

0. 0. 

SUM OVER HIST0GRAM) IOELTA P I  
0. 0. 

0. 0.  

SUM OVER HISTOGRAM)(OELTA P I  
0. 0.  

0. 0 .  

(SUM OVER HISTOGRAMI (0ELTA P I  
0. 0. 

0. 0.  

( S U M  OVER HISTOGRAM) (DELTA P )  
0. 0. 

0. 0. 

(SUM OVER HISTOGRAMI (0ELTA P I  
0.  0. 

0. 0 .  

(SUM OVER HISTOGRAYI (DELTA P )  
0. 0. 

0. 0. 

SUM OVER HISTOGRAM)(DELTA P )  
0 .437770SE-04  0. 

c. I). 

SUM OVER HIST0GRAM) lOELTA P i  
0. 0. 

0. e. 

0.1000000E Cl 0 OFL 

0. 0. 
0. 0. 

0.10FOOOOE 01 0 n F L  

0. I?. 
0. 0. 

0. 0 OFL 

0. 0. 
0. 0. 

0. ‘3 OFL 

n. 0. 
0. 0. 

0. r) OFL 

0. 0. 
0. 0. 

0. 0 OFL 

0. 0. 
0. 0. 

0.1000000F 01. 0 OFL 

0. 0. 
0. 9. 

0.1000C0nE e1 0 OFL 

0. 0. 
n. 0. 

0. n nFL 
0. 0. 

e. 0. 

wl 
w 
I-J 
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PROTON ON P B  INC. K.E. (MEV) i s  2000.0 A I S  207.  2 I S  P Z .  ?:no INC. HISTORICS 5.7 MEV CUTnFF FN. 

THE PARALLEL MCNENTUM O I S T R I B U T I O N  OF THF CASCADE R E S I O U I L  NUCLEUS 

TOTAL CASCACE (SUM OVER HIST@GRAM)(OELTA P )  0. i o o o r n o E  01 0 OFL 0 UPL 
0. 0. c. 0. 0. 0. 0. 

0 .9664635E-03 0.5441433E-03 C.4141967E-03 0.3979556E-03 0.3248617E-03 0 . 2 t l l 6 0 l F - G 3  3.b695720c-07 
0. 0. 0. 0. 0. n . 2 6 = ~ 0 4  E-04 r . v 5 1 6 = 6 ~ - 0 3  

0.9542612E-04 0.6091157E-04 0.2842540E-04 0 .40607716-05  n.20’0396E-05 0. 0. 

1 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0 .358W22E-02  0. 

0 PROTONS 1 NEUTRONS 

0. 

0. 

0. 0. 

0.35E9722E-02 0. 

0 PROTONS 0 NEUTRONS 
0. 0. 

0. 

0. 
0. 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PI+ 

0. 

0. 

0 P I +  

0. 

0. 

1 P I +  

0. 

0. 

O P  

0. 

0. 

O P  

0. 

0. 

0 PI0 
0. 

0. 

0 P I 0  
0. 

0. 

0 PI0 
0. 

0. 

1 P i 0  
0. 

0. 

0 P I 0  
0. 

0. 

c P I -  

0. 

0. 

0 P I -  

@. 
0. 

0 P I -  

0. 

0. 

0 P I -  

0. 

0. 

1 P I -  

0. 

0. 

SUM OVER HIST0GRAM) IOELTA P I  
0. 0. 

0. 0. 
0. 0. 

0. 0. 

SUM OVER HISTOGRAM)(DELTA P )  
0. c. 

0. 0. 
0. 0. 

0. 0.  

(SUM DVER HISTOGRAMI lDELTA P I  
0. e. 

0. 

0. 
0. 0. 

SUM OVER HISTOGRAM 
c. r?. 

0. d. 
0. 

0. 

SUM OVER IHISTOGRAM 
0. 0. 

0. 0. 
0. 

0. 

0. 

0. 

(DELTA P I  

3. 

0. 

(DELTA P )  

0. 

0. 

0.1Clf’nOCCE 01 0 OFL 

0. 0. 

0. I?. 

3. 0. 

0. 9. 

o . i o n w @ n E  e1 r) OFL 

n. 0. 

0. 0. 

0. 0. 

0. 0. 

0. Q OFL 

0. P. 

0. 0. 

0. n. 

0. 0. 

C. 0 OFL 

0. 0. 

0. 0. 

0. 0. 

0. 9. 

0. 3 OFL 

0. 0. 

0. C. 

0. 0. 

0. 7 .  

r UFL 

0 UFL 

0 UFL 

0 UFL 

r UFL 
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P R O T O N  CN p a  INC. K.E. (MEVI IS 2000.0 A I S  207.  Z I S  82. 7500 INC. H I S T V R I F S  6.7 Y E V  CUTOFF EN. 

CROSS SECTIONS ( M E )  F O R  VARIOUS COMBINATIONS O F  EMITTED C A S C A D E  PIRTTCCFS 
1ST NO. IS NO. OF PROTONS EMITTED 2Y0 I S  YO. OF NEUTROVS 3PD IS NO. OF P I +  4TH I S  NO. O C  P I C  ' T H  IS NO. flF P I -  

0 7 1 0 1  

25002 

25200 

27000 

34020 

35001 

42030 

44001 

52101 

6 2 0 0 1  

06011 

15011 

16 lCO 

2 4 1  10 

26000 

33002 

33200 

35000 

4 2 1 1 0  

44000 

53000 

1 4 0 2 0  

15001 

22030 

23011 

2 3 2 0 0  

0.98234740E 0 0  

0 .1964694a '~  01 

0.98234740E 00  

0.49117369E 0 1  

0.1S646948E 0 1  

0 . 6 8 7 6 4 3 1 7 ~  01 

0.98234740E 00  

0.58940843E 01 

0.98234740E 0 0  

0.98234740E OC 

0.15646948E 0 1  

0.19646948E 0 1  

0.98234740E 00  

0.29470421E 0 1  

0.39293896E 0 1  

0.98234740E 00  

0.98234740E 00  

0.88411265E 0 1  

0.15646948E 0 1  

0 . 7 a 5 8 7 7 5 i ~  01 

0.98234740E 0 0  

0.98234740E 0 0  

0 . 1 5 6 4 6 9 4 a ~  01 

0 . 9 8 2 3 4 7 4 0 ~  00 

0 . 1 5 6 4 6 9 4 8 ~  0 1  

0 . 1 5 6 4 6 9 4 8 ~  01 

0 7 1 1 0  

25020 

2 6 0 0 1  

33021 

34101 

35010 

43002 

44010 

53001 

6 2 1 0 0  

Ob020 

1 5 0 2 0  

23102 

25001 

32030 

33011 

34001 

41102 

43001 

52001 

05110 

1 4 1 0 1  

1 5 0 1 0  

22102 

23020 

2 4 0 0 1  

0.98234740E 00 

0.98234740E 0 0  

0.88411265E 01 

0.19646548E 01 

0.39293896E 01 

0.39293896E 01 

0.29470421E 0 1  

0.8a4112e.5~ 01 

0.19646Y48E 01 

0.98234740E 00  

0.98234740E 00  

0698234740E 00 

0.S8234740E 00  

0.49117369E 0 1  

0.9823474OE 00 

0.19646948E 0 1  

0.29470421E 0 1  

0.98234740E 0 0  

0.29470421E 0 1  

0.99234740E 00 

0.98234740E 00  

0.29470421E 01 

0.08234740E 00  

0.98234740E 0 0  

0.98234740E 00 

0.39293896E 01 

16002 

25101 

26010 

33102 

34130 

35103 

4 3 0 2 0  

44100 

53010 

63C)FO 

07100 

€ 5 1 0 1  

24020 

25010 

32102 

3 3 1 0 1  

34010 

42011 

43010 

52010 

06010 

1 4 1 1 0  

l.5100 

2 2 2 0 1  

23101 

24010 

0 . 9 9 2 3 4 7 4 0 ~  r o  

0.39253856E 01 

0.4Q1177t9E d l  

0.992?474CE 00 

0.29470421F 01 

3.68764?!7E 01 

0.98234740E 00  

0.68764317E Q l  

0.98234740E 00  

0.98234740E 0C 

0.98234740E 00  

0.19646948E 01 

0.19646948E 0 1  

0.58940843E 01 

0.98234740E 0 0  

0.196459L8E 0 1  

9.29470421F 01 

0.98734740E 00  

0.29470421F 0 1  

0.9@234740E F0 

0.58234740E 00  

5.?9473421E 0 1  

0.29470421E 0 1  

0.98234740E 00  

0 . 3 9 2 ~ 3 ~ 9 6 ~  n i  

0.59940843E 0 1  



5 . 7  M € V  CIJTOFF E N .  P R O T O N  CN P @  INC. K . E .  (YEVI  I S  20C0.0 A I S  2 0 7 .  2 I S  82 .  2503 I N C .  4ISTCRIES 

C R O S S  S E C T i O N S  ( M e 1  F O R  VARIOUS COF43INATI3NS OF EYITTEO C A S C A D E  PARTICLES 
1.57 hO. I S  NO. O F  PROTONS EMITTED Z N O  I S  N0. OF NEUTR3kS 3R3 I S  NO. O F  P I +  4'" I S  h0. O F  P I C  5 T H  I S  NO. O F  P I -  

C OMT ? "1U ED 

25000 

32101 

33100 

42010 

51001 

a2111 

1 3 1 1 0  

14100 

22020 

23001 

301CZ 

31110 

33000 

03101 

05000 

12200 

140 00 

21110 

23000 

31100 

5 0 0 0 0  

03010 

11110 

1 3 0 0 0  

20101 

22000 

0.49117369E 0 1  

0.98234740E 00  

0.58940843E 01 

0 . 1 ~ 6 4 6 9 4 e ~  01 

0.98234740E GO 

0.982347405 0 0  

0.15646948E 01 

0.5 8940843E 01 

0.39293896: 0 1  

0.49117369E 01 

0.9823474CE 00 

0.15646948E 0 1  

0.78587791E 0 1  

0 ,19646948:  01 

0.98234740E O C  

0.982347405 0 0  

0.5 8940843E 01 

0.15646948E 0 1  

0.13752863E 02 

0.39293896E 01 

0.9823474CE G O  

0.15546948E 0 1  

0.58940843E 01 

9.12770516E 02 

0.39293896E 01 

C.19646948E 0 2  

31030 

32110 

34000 

47100 

51100 

1 2 1 2 0  

1 3 2 0 0  

1 5 0 0 0  

22101 

23010 

31011 

32001 

4 0 1 1 0  

03110 

1 2 0 2 0  

1 3 0 0 1  

2 1 0 1 1  

22001 

30101. 

32000 

3 2 1 0 1  

03100 

12901 

20002 

2 0 1 ? 0  

30001 

0.S8234740E 0 0  

0.19t4h048E 0 1  

0 .4911736% O? 

0 . 9 3 ~ 3 4 7 4 n ~  00 

0.4823474CE 0 0  

0.96234740F 0 0  

0.98234740F GO 

0.54940843E 0 1  

0.49117369E 0 1  

0.29470421E 01 

0.48234740E 0 0  

0.58940843E 01 

0.G8234740E 00  

0.19646948E 01 

0.29470421E OX 

0.98234740E 0 0  

0.19646?48E 0 1  

O.?9293RSbE 01 

0.19646948E 01 

0.29470421E 01 

0.G873474OE 0 0  

0.29470421E 01  

0.19646948E 0 1  

0.C9234740E 0 0  

0.9823474CE O C  

0.196469485 0 1  

32011 

3 3 0 0 1  

41110 

43000 

0 4 0 2 0  

a ?020 

1 4 0 0 1  

27 1 0 2  

22110 

231.00 

31020 

32010 

41001 

04010 

12101 

1'010 

2 1 0 2 7  

22010 

310CI 

40100 

02110 

11020 

1 2 0 1 0  

zoo11 

21001 

30010 

0.39793RShE 0 1  

Q.5EQ40343E 01 

0.1@646a48E 01. 

0 . 6 ~ 7 6 4 3 1 7 ~  n i  

0.98234740E 0 3  

0.9823474OE OI? 

q.S8234740€ 0 0  

q.19646948E 01 

0.45117369E 01 

0.79293896F 01 

1 . 3 9 2 0 3 8 9 6 ~  (11 

0.39293PC6E 01 

o . 9 8 2 3 4 7 4 n ~  0 0  

0.50646948E 0 1  

0 .68764317;  0 1  

0.68764317: 0 1  

7.29470421E 01 

0.392938C6E P1 

0.9823474CF 0 0  

o . 9 8 7 3 4 7 a o ~  n o  

0 .QE734740 i  0 0  

7.29470421F 0 1  

cl.982347365 0 1  

0 . ~ 8 2 3 4 7 4 3 ~  no 

0.39293955E 0 1  

~ . z w + 7 0 4 2 1 ~  n i  



PROTON CY p a  INC. K.E. (MEVI 15 2000.0 A I S  207. Z I S  82. 2 5 0 0  INC. HIZTC'RIES 6.7 YFV CUTVFF FN. 

CROSS SECTIOhS ( V B I  FOR VARIOUS COMBINATIONS OF EMITTED CASCADE PARTICLFS 
1 S T  NO. I S  NO. OF PROTONS EMITTED 2ND I S  YO. OF NEUTRONS 3RD IS NO. O F  P I +  4 T H  I S  Nl. O F  P I 0  5TH IS UO. OF PI- 

CONT INUEO 

40000 

10110 

2 0 0 0 1  

30000 

10001 

20000 

0.98234740E 00 0 2 0 1 0  

0 . 9 e z 3 4 7 4 0 ~  0 0  1 1 0 1 0  

0.19646948E 01  20010 

0.98234740E 00 0 1 0 1 0  

0.39293 896E 0 1  10010 

0.35364506E 02 01000 

0.29470421E 0 1  02100 

0.48764317E 0 1  11100 

0.29470421E 0 1  20100 

0.19646Q48E 01 OX1.FO 

0.39293896E 01 10100 

0.e8411265E 0) 1cooo 

0.785877Q1E 0 1  ')3cr)9 

0.23576337F 02 12C3n 

0.98234740E DO 21090 

0.29470421E 01  9 m n o  

0.88411265E 0 1  llnOO 

0.34?82159€ 0 2  

0.29470421F 01 

0.?3E76217F 0 3  

0 . 3 7 6 @ 2 2 5 3 €  07 

0.7$470421 F 01 

0.PnE5'4RCF '27 

wl 
W 
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P R O T O N  CN P @  INC. K.E. ( P E V I  I S  2OC0.0 A I S  207. 2 I S  82. 7 5 0 0  I N C .  H ISTLPIFZ 5.7 M E V  CUTCFF EN. 

E Y E R G Y  S P E C T R A  OF CASCADE PARTICLES WITH MU FROM 1.00 T O  0.95 
(THETA f R O V  0 OEG. 0 MIN. TO 1* DEG. 1 2  M I N . 1  

N(E1 IS (FRACTION OF PARTICLES I N  C)ELTA MU)/(OELTA MUIIOEL'A F l  

E I M E V I  IS CENTER O f  I N T E R V A l  

PROTONS 
E ( H E V  \ 

E l  M E V I  

50.0 

150.3 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

650.0 

950.3 

1050.0 

1150.0 

1250.0 

1350.0 

1450.0 

1550.0 

16 50.0 

1750.0 

1850.0 

1950.0 

100.0 

Y ( E )  

0.4 9 2 E- 0 1 

3.227E-01 

0.115E-01 

0.5 6 1  E- 02  

0.872E-02 

0 .498 i -02  

0.498 E-02 

0.561E-02 

0.374E- 02 

0.40 8 E-02 

0.436E-02 

0.4 35 E- 02 

0.561F-02 

0.2 1 BE-02 

0.542E-02 

0.374E-02 

0.779:-02 

0.654E-02 

0.11 5 E-OP 

0.2 59E-01 

N I S  1.000E 00 

NEUTRONS 
DELTA EIMEV) 100.0 

E(MEV) 

50.0 

150.0 

250.0 

350.0 

450.0 

550.3 

650.0 

750.0 

850.0 

950.0 

1050.0 

1150.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1950.0 

1950.0 

N ( E I  

0.752 E-01 

0.241E-01 

3.147E-01 

0.102 E-01 

0.591E-02 

C .636E-02 

0.387E-02 

3.526E-02 

0.553E-02 

0.526E-02 

0.553 E- 02 

0.526E-02 

0.387E- 02 

0.301.E-02 

0.277E-02 

0.415 E-02 

0.526E-02 

0.332E-02 

0.415E-02 

0.636 E-02 

N I S  1 . f l C O E  0 0  

P i +  
D E L T A  E ~ M E V )  100.0 

N I S  ( S U Y  CVEX N ( E I I l f l E C T A  MU)IOFLTA E l  

E I M E V I  

50.0 

150.0 

250 .0  

350.0 

450.0 

550.0 

459.0 

750.0 

85n.o 

950.0 

1050.0 

1150.0 

1250.0 

1 Z 5 0 . C  

1450.0 

1550.0 

1650.0 

1750.0 

1950.0 

1950.0 

N ( E I  

0 - 1 ZOE-01 

0. 

0 . 2 P O E - 0 1  

0.280 E-01 

C.240E-01 

0.320E-01 

0.800E-02 

0.12OE-01 

0.280 E-01 

C1.120E- 0 1  

0.800 E- 02 

0.400 E-02 

0.400E-07 

C .  

0. 

0. 

0. 

3. 

0. 

e. 

N I S  1.000E 0 0  

P I 0  
D F L T A  E(MEV) 100.0 

E (  MEV 1 

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

i050.0 

1150.0 

1250.n  

1350.0 

145o.n 

1550.0 

165C.O 

1750.n 

1850.0 

1950.C 

N ( E 1  

0.375E-01 

0.41 7E-GZ 

0.250E-Cl 

0.7925-01 

0.775F-0 1 

0.167F-01 

0.250E-01 

0.417E-0 2 

0.833E-02 

C.417E-02 

0.417E-07 

0.417E-32 

0. 

n. 
0.  

n. 

0. 

0 .  

0 .  

q. 

N I S  1.noo~ 0 0  

P I -  
DELTA EIMFVI  100.0 

C I Y E V )  

50.0 

150.0 

250.C 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

1C50.0 

115o.c 

1750.0 

1350.0 

1450.0 

1 ~ 5 0 . n  

'454.3 

17c3. -1 

I9 50.0 

1950.0 

N f E )  

0 . 2 2 4 ~ - n i  

0. 

n . 4 ~ ~ - 0 1  

0.486E-01 

O.lh2E-01 

0.162F-01 

n.162~-01 

0. 1 0 8 E - P l  

0. 

0.541F-02 

0.5"1 F-C2 

0.541 E-02 

0. 

n. 

0. 

0. 

0. 

0. 

n. 

0.  

N I S  1.000E q0 



PROTOh CN P E  INC. K.E. ( M E V I  I S  200@.0 A I S  207. Z IS 82. 2500 INC. HISTORIES 

ENERGY SPECTRA O F  CASCADE PARTICLES WITH MU F R O M  0.95 TO 0.90 
(THETA FROM 18 DEG. 1 2  MIN. TO 25 OEG. 52 MIN.1 

N ( E )  IS (FRACTION OF PARTICLES I U  DELTA YU)/ IOELTA YU)(DELTA E )  

E(MEV) I S  CENTER OF INTERVAL 

PROTONS 
DELTA E(MEV) 100.0 

E C M E V )  

50.0 

153.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

1050.0 

1150.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N( E )  

0.8 8 1  E-01 

0.324E-01 

0.202 E-01 

0 101 E- 01 

0.690E-02 

0.690E-02 

0.584E-02 

0.637E-02 

0.371E-02 

0.31Ri-02 

0.371E-02 

0.318E-02 

0.159E-02 

0.265E-02 

0.1 O6E-02 

0.212E-02 

0.106E-02 

0.106E-02 

0. 

0. 

N IS 1.00Gf 00 

NEUTRONS 
DELTA E(MEV) 100.0 

EIMEV) 

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

1050.0 

1150.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N ( E )  

0.986E-01 

0.315E-01 

0.192E-01 

0.106E-01 

0.368E-02 

0.859E-02 

0.532E-02 

0.409 E-02 

0 .409~-nz  

0.327E-02 

0.2 e 6 ~ - 0 2  

0.123E-02 

0.818E-03 

0.204E-02 

0.1 64E-02 

OeP64E-02 

0. 

0.818E-03 

0. 

0. 

N I S  1.000E 00 

5.7 M F V  CUTOFF EN. 

P I +  
DELTA E ( Y E V )  100.0 

N I S  (SUM O V E K  N f F ) ) ( D E L T A  PC'I(DFLT4 E )  

E (  M E V I  

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

950.0 

950.0 

1050.0 

1150.0 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N ( E 1  

0.341 E - 0 1  

0.976E-02 

0.976E-02 

0.203E-01 

0.243E-01 

0.293E-01 

0.3SOE-OX 

0.195E-01 

0. 

0. 

0. 

0. 

0. 

0. 

0.  

0 .  

0 .  

0 .  

0 .  

0. 

N IS b.000E C O  

E( NEVI 

50.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

1050.0 

1150.@ 

1250.0 

1350.0 

1450.0 

1550.0 

1650.0 

1750.0 

1850.0 

1950.0 

N (  E l  

C.3qnE-01 

C .a76 E-0'  

0.793F-01 

0 744F- 01  

0.6P'E-0 1 

0.1'J'F-01 

0. 

C. G7CF-02 

0. 

0. 

0. 

C .  

0. 

0. 

0. 

0. 

0. 

n. 

0. 

3 .  

N I S  1.000E 00  

E ( V E V 1  

50.0 

1'0.0 

250.c 

350.0 

450.0 

c5c.n 

65o.n 

750.0 

R 5 0 . C  

050.0 

1CKC.C 

1'50.0 

12'0.0 

135n.r  

1450.0 

159C.0 

lt5C.O 

3.7 50.0 

1P50.0 

lSS0.C 

Ln 
W 
W 
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PROTON ON PB INC. K.E. (HEV) IS 2000.0 A IS 207. 2 IS 82. 7 5 0 0  I N C .  HISTPQIES 4.7 M p V  CUTriFF FN. 

E N E R G Y  SPECTRUM OF E Y I T T E O  CASCAOF P R f T O N S  

0 TO @.200OOOOE 04 REV 0 OFL 

K.E. IS THE CENTER OF THE ENERGY INTERVAL I N  MFV N(E)  I S  THE FRACTZON OF TOTAL NUMPEP OF FMITTE9 PRCITOUS /DELTA E 

K.E. 

40.00 

120.00 

200.00 

280.00 

360.00 

440.00 

520.00 

N( E )  K.E. 

0.7467034E-02 600.00 

0 20479 59E- 02 680.00 

0.7970557E-03 76’2.00 

0.4809429E-03 840.00 

0.2754697E-03 920.00 

0.1716040E-03 1000.00 

0.1309610E-03 

N ( E I  K.E. N ( E )  K.F. M I F )  

0.9934071E-04 1080.00 0.4741691E-04 i56n.00 n . 2 7 0 9 5 ? ~ ~ - 0 &  

llhO.OO 0.4741691E-04 l t 4 0 . 9 n  n.47416C1F-n4 O.RR05097E-04 

@. 8 805997c-04 1240.00 0.4064306F-O4 177Q.0” C.47414ClF-Q4 

0.8 12 e613 E-04 1370.00 n.31hi! ~ ~ - 0 4  1 pro.nr, n . b 0 ~ t 4 m ~ - r 4  

0.4967486 E-04 1400.C0 0.36?2717E-04 i e w . n n  C . ~ S L P C ~ ~ E - O ~  

0.5644870E-04 1480.00 0.4741491E-04 i v ~ . o n  n.i67npo7E-r,3 

Ln 
c 
w 



PROT0F.r C Y  P 6  INC. K.E. ( H E V I  I S  2000.0 A I S  707. 2 I S  e2. ? 5 0 0  [ N C .  H I5Tf lR IES 6 . 7  FlcV CUTf lFF EN. 

EYERGY Si'ECTRJFl OF EMITTED LASCACE NEUTRCNS 

0 T S  0.200C300E 04 M E V  0 F=L 

K.E. I S  THE CENTER C F  T h E  E Y E R G Y  INTERVAL I h  Y E V  N ( E )  I S  THE FQACTIOR OF TOTAL NUMBER IIF EMITTED YEUTROYSlDFLTA F 

K.E. 

40.30 

120.00 

200.00 

280.00 

360.00 

440.00 

520.00 

N (  E )  K.E. 

0.3586294E-02 600.00 

0.1842589E-02 680.00 

0.6740630E-03 760.00 

0 .3650684t -03  840.00 

0.21271 70E-03 920.00 

0.1250431E-C3 1000.00 

0.9 62 9758E- 04  

N ( E I  K.E. 

0.7473642 E-04 10QO.00 

0.5317926E-04 :1ho.o0 

C .  t 32 4020 E-Q4 1240.00 

0.474?015 E-04 1320.00 

1400.00 

0.344?465€-04 14'30.00 

0.47 4 30  1 5 E- 04 

4 ( F )  

0.1591no5E-na 

C.215C916E-04 

n.l f i68LhOE-04 

0. 1 4 3 7 7 7 7  E-04 

0.2 15 5026 F-04 

0.2587099E-04 



PROTON (IN P E  INC.  K.E. ( M E V )  IS 2OCO.O A I S  207. Z I S  e 2 .  2500 INC. H I S T n R I E 5  

ENERGY SPECTRUM OF EMITTED CASCADE P I +  

0 TO 0.20000OOE 04 Y E V  0 PFC 

K.E. IS THE C E Y T E R  OF T H E  ENERGY INTERVAL I k  Y E V  N ( E I  IS THE F Q A C T I O N  CF TOTAL NUb’SER P F  E Y I T T E D  P I +  / 0 f L T A  E 

K.E. 

40.00 

12c.00 

200.00 

280.00 

360.00 

44c. 00 

520.00 

N ( E I  K.E. 

0.66 082 80E-02 600.00 

0.1592357E-02 680.00 

0 . 8  160828E- 03 760.00 

0.1094745E-02 84C.00 

0.6?67516E-03 920.00 

0.4578026E-03 1000.00 

0.33837 58E-03 

N( E l  K.E. N(E) K.E. 

0.2 1894COE-03 1080.00 0. I E60. qr! 

0.2 3 8 85 35 E-03 1X6@-00 0.1$9044hE-04 I t 47 .  on 

0. 1393312E-03 1240. OC 0.1900446€-@4 1770. ’ I O  

0.1791401E-03 1320.00 0. 1PC.O. OC 

0.3980892 E-04 140P.00 0. 1 e e r l . v  

0.5 97133 8 E-04 1480.00 0- i c 6 n . w  

N ( € I  

0. 

0. 

0. 

c. 

0. 

0. 



6 . 7  M E V  C d T O F F  FN. P R O T O N  :N P B  I N C .  K.E. ( P E V )  I S  2000.0 A I S  2 0 7 .  Z I S  82. 7 5 0 0  IhC. HISTPRIET 

ENERGY S P E C T R U M  3 F  E M I T T E D  C A S i A D t  P I 0  

0 ?O 0.2000000E 04 MEV 0 CFL 

K.E. IS T h E  C E N T E S  OF T H E  ENERGY I N T E R V A L  I N  Y E V  h l ( E l  I S  T h E  F R A C T I O N  O F  T O T A L  N U M P E P  O F  E N I T T E 3  P I 0  / D E L T A  E 

K.E. 

40.00 

120.00 

200.00 

ZhO.90 

360.00 

440.00 

520.00 

N I E I  K.E. 

0.7260726E-02 600.00  

( 1 . 1 4 8 5 1 4 9 E - 0 2  680.00 

0.1031353E-02 76C. 0 0  

0 721 9472E-C3 84C.00 

0.4 33 16 8 3 E- 03 '320.00 

0.7 8382 84E-03 1000.00 

0.268151 B E - 0 3  

N(  E )  K.E. 

0.14438 94 E-03 108O.OC 

1160.00 0.1650165E-03 

C.RZ50825E-04 1240.00 

0 . 4 1 2 5 4 1 3 E - 0 4  132'2.00 

0.206 27 06 E-04 14C10.00 

0.2 0627 C6 E-04 1480.00 

N ( E l  K.E. 

0.2062706E-04 1 7 6 0 .  00 

0.2962706E-04 ? t 4 q . @ 0  

0 .  1720.00 

0. i e o n .  oc) 

(?. ?FPO.OO 

0. i c t x n o  

Y ( E )  

0.  

0.  

0. 

0. 

0.  

c. 



PROTON CN PB INC. K.E. t P E V )  IS 2000.0 A I S  207. 2 IS e 2 .  ?500 INC. HISTORIEC 4 . 7  MEV CUTOFF FN. 

E N E R G Y  SPECTRUM O F  EMITTED CASCADE P I -  

0 T O  0.20000POE 04 MEV 0 OFL 

K . E .  IS THE CENTER OF THE ENERGY I N T E R V A L  I N  MEV N ( E 1  I S  THE FRACTION OF TOTAL NUMREP O F  F Y I T T E Q  P I -  I DFLTA F 

K.E. 

40.00 

120.00 

200.00 

280.00 

360.00 

440.00 

520.00 

N (  E )  K.E. 

0.77741 O2E-02 6O0.00 

0.1465028E-02 680.00 

0 -92155 0 1  E-03 760.00 

0 -68525 52E-03 840.00 

0.7088847E-03 920.00 

0.3308129E-03 1000.00 

0.21266 54E-03  

N( E l  K.E. 

0.118 1474E-O? 1080.00 

0.0451796E-04 1150.00 

0 11 8 14 74 E-03 1240.00 

0 .  1320.00 

0. 1400.00 

0.472 58 98 E-@+ 1480.00 

N ( E I  K.F. 

0.2362949E-04 1562.00 

9. l t 40 .00  

r). 1770.00 

0. 1eoq. 00 

0. 1 P P O . O r )  

1sc.0. 00 0. 

Y(FI 

0. 

0. 

C .  

c. 

0. 

A .  



PROTDN ON P B  I N C .  K.E. ( M E V )  I S  20C0.0 A I S  207. Z I S  8 2 -  2 5 0 0  INC. diSTr?RIES 4.7 M F V  CUTOFF € Y .  

ENERGY SPECTRUM O F  EYITTEO CbSCAOE PARTICLES 

C T O  10700 YE'J 

N I E I  I S  THE FRAC'iON OF TOTAI NUMBER OF E Y I T T E O  DARTIClFS/OELTA E 
' *  T H E  C E N T E R  OF THE ENERGY INTERVAL I N  M E V  ., 

6.t. 1 5  

K. E. 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

a25.0 

675.0 

525.0 

975.0 

?ROTONS 
k ( E )  

0.9483381E-02 

n . 3 5 5 4 9 1 3 ~ - 0 2  

0.1907514E-02 

0.10440 75F- C Z  

0.6535017E-03 

0.4913255E-03 

0.3106936E-03 

3.2637283E-03 

0.1585595E-03 

0.1842486E- 03 

0 . 1 1 5 6 0 6 9 ~ - 0 3  

0.1047688E-G3 

0.8670520E-04 

O . l l l S 9 4 2 E - 0 3  

0.7225433E-04 

0.9031792E-04 

0.8309249E-04 

0.68641EZE-04 

0.43352 tOE-04 

0. t532890E-04 

N I S  0.5447254E 00 

N E U T R O N S  
N(i1 

0.1131195E-01 

0.3451765 E-02 

0.1690238E-02 

0.84R5685E-03 

0.574910"€-03 

0 - 3 74 84 1 9  E-03 

0.2 32 2640 E-03 

0 2 0446 83  E-03 

0 1 2  8 8 00 E- 03  

0.0 888467 E-04 

0.1:72818€-05 

0.7 3 E e 8 59 E-04 

0.6209038 E-04 

0.6209038E-04 

0.7128895 E-04 

0.4 5992 R7 E-04 

0.45992 87 E-04 

0.5 0 5 9 2  16 E-04 

0 . 4 1 3 9 3 5 8 ~ - 0 4  

0.45592 E7 E-04 

Y I S  0.9764555E 00 

N I S  ! S J M  O V E X  HISTOGQAM FROM 1 TO 1 0 0 0  M E V I  (DELTA E) 

P I +  
N ( E )  

0.  7 ~ 2  9936 E-oz 

0.3407643E-02 

0.16247 O4F-02 

0.6050955E-03 

0.1178344 5-07 

0.9564140E-03 

Oe9554140E-03 

0.6050955 E-03 

0.6050Q 5 5  E- 03 

D.222929° E-03 

0.382 1 6 5 6  E-03 

0.2866242E-03 

0.222929CE-03 

0.19?0828E-03 

0.1 91 0 8 2 8 E- 0 3 

0.12738 85 E-03 

0.95541 40E-04 

0.1910928 E-03 

0.318471? E-04 

0 -636O427E- 04 

N I S  0.9936305E 00 

" I O  
N f i )  

0. P 1 8 7 8 3  9E-C2 

0.4059406E-07 

n. 1 4 5 2 1 4 5 € - @ 2  

n. 7Szn792F-o'  

0.?1551lKE-PZ 

0. 7760776E-C? 

O.4629462 E-C3 

0.4620662E-03 

P.9570957E-03 

0 . 4 9 5 0 4 ~ 5 ~ - 0 3  

o. 1 3 2 0 1  3 ? ~ - ~ 3  

n . 2 6 4 0 2 6 4 ~ - 0 3  

0.1'201??F-O3 

0.1$601QRE-G3 

0.3 3 0 0 3 3 0 ~ - ~ 4  

D.C503990~-@4 

0.6600660E-04 

O. 

0.3300330 E-04 

0.2300330E-C4 

N I S  0.9C46996z 00 

P!- 
U ( E 1  

0.C754753E-02 

0.2620490E-02 

o. 1 2 0 9 9 i n ~ - 0 7  

0.962986eE-03 

0 . 9 0 7 3 7 2 4 ~ - 0 3  

O.5671077E-03 

0.7183365E-03 

0.77 R3'65E-03 

0 . ? 7 ~ n 7 i a ~ - n >  

C.2266431E-03 

0.1890259F-03 

C.169035QE-03 

0.1134315E-07 

0.1134215E-03 

0 7 5 6 7.4 9 7 E- 0 4  

C.1134215F-03 

0. 

0. 

17. 

0 . 3 7 ~ 0 7 1  RF-04 

Y I S  O.GC621Q2E 07 



PROTON CN P 8  INC. K.E. (MEV) I S  2000.0 A I S  207. Z I S  PZ. 7 5 0 0  I N C .  HISTORIES 6.7 Y E V  CUTPFF EN. 

MU 

0.975 
0.925 
0.875 
0.825 
0.775 
0.725 
0.675 
0.625 
0.575 
0.525 
0.475 
0.425 
0.375 
0.325 
0.275 
0.225 
0.175 
0.125 
0.075 
0.025 

-0.025 
-0.075 
-0.125 
-0.175 
-0.225 
-0.275 
-0.325 
-0.375 
-0.425 
-0.475 
-0.525 
-0.575 
-0.625 
-0.675 
-0.725 
-0.775 
-0.825 
-0.875 
-0.925 
-0.975 

ANGULAR DISTRIBUTION O F  EYITTEO CASCADE PARTICLES 

(FRACTION I N  EACH INTERVALI/ IOELTA MU1 

nU I S  COSINE THETA AND SPECIFIES THE CEYTER OF THE I N T E R V A L  

PROTON 

0.2319364E 01  
0.1361994E 0 1  
0. L098266E 0 1  
0.0537572E 00 
0.8995665E 0 0  
0.8526012E 00 
0.6972543E 0 0  
O.6358382E 00 
0.59S7110E 00 
0.8020291E 00 
0.6864162E 00 
0.5888728E 0 0  
C.5816474E 00 
0.5382948E 0 0  
0.5816474E 00 
0.4443642E-00 
0.41 54624E-00 
0.4046243E-00 
0.4443642E-00 
0.3721098E-00 
0.3468208E-00 
0.3034682E-00 
0.2962428E-00 
0.401011 6E-00 
0.3395954E-00 
0.32 51445E-CO 
0.2239864E-00 
0.25 6502 FE- 00 
O.267341CE-OC 
0.166185CE-00 
0.231213 9E-00 
0.2276012.E-00 
0.1697977E-OC 
0.1806358E-00 
0.1734104E-00 
0.21 31 503E-00 
@e 19F6994E-00 
0.1517341E-00 
0.11 56069E-00 
0.1336705E-00 

NFUTRON 

0. I 6 6 2  h42E 0 1  
0.1124526E 0 1  
0.1016442E 0 1  
0.9474531E 00 
0.8094745E 0 0  
0.8347706E 00 
0. 8163735E 00 
0.81 86731E 00 
C.7450845E 00 
O.h3010?3E 00 
0.6094055E 00 
0. 597907?E 00 
0.6324CZcE 00 
0.5450155E 00 
0.5818098E 00 
0.4P75244E-00 
0.5243187E 00 
0.482@251E-00 
0.457629115-00 
0.43 46326E-00 
0.4530298E-00 
0.3311487E-00 
0.40 0 1  3 8CE -00 
0.31 96504E-00 
0.3012533E-00 
0.2759572E-00 
0.2805565E-00 
0.2@51558E-00 
0.2046683E-00 
0.2805565E-00 
0.278256SE-00 
0.2552604E-00 
0.1577693E-00 
0.1885708E-00 
0.22 76647E-00 
0.2046683E-00 
3.2 0 926 76  E-00 
0.1862711E-00 
0.1e16718E-00 
0.179372 Z E - 0 0  

P I +  

0.1592357E 0 1  
0.1305732E 0 1  
0.8558726E 3 0  
0. 3280755E 00 
0.95541.4CE 0 0  
0.5414013E 00 
0.7324841E 3'3 
0.31 84713 E-00 
0.7961783E 00 
0.31 84713E-00 
0. ? 8 2 l 6 5 6 E - 0 0  
0.5732484E 00 
0.3821656.E-00 
0.2547771E-00 
0.191082AE-00 
0.4140127E-00 
0. 57?2484E 90 
0.1592357E-00 
0.3821656E-00 
0.4140 1 2  7E-0 0 
0.4 140 1 2 7  E-0 0 
0.4459599E-00 
0.41 40 12  7E -0 0 
0.3503185E-00 
0.5095541E 00 
0.57324fi4E 00 
0.3821656E-OO 
0.31&4713E-?O 
0.35031 85E-00 
0.3821656E-00 
0.1592357F-'30 
0.41 40 1 2 7 i - 0  0 
0.5732494E 00  
0.2866242E-00 
0.3503!. 85E-00 
0.3184713E-00 
0.3821656E-00 
0.4777070E -00 
0.4777C70E-00 
0.445859QE-00 

P I 0  

0.158415qE 01 
0.13 53195F '71 

0.561C5'1E 00  
0.7500759E " 0  
0.4G'r495E-00 
0.6c30693E 00 

c. 9240924: qn 

0 . 7 6 4 " 7 6 4 ~ - n o  
r). 6 6 0 0 6 6 0 ~  on 
o. 5 1 . 1 0 5 6 1 ~  n o  
0 . 5 ~ 4 0 5 9 4 ~  00 
0.396C396E-00 
C. 40 2C46 2 F-r) 0 
n. 2310731E-PO 
0.429C4WE-OO 
3 .  7h30363E-00 
n. 4 t  2 r 4 0 2 ~ - 0 0  
0.797C207E-00 
C.627"627C 00 



I Y C  I O E N T  
P A S T  I C L  E 

I N C .  LAS. 
K.E. I M E V I  

T A R G E T  
SYMB. A Z 

NC. OF I V C .  
P A R T I C L E S  

C U T O F F  G E C M C T P I C  
E N a ( Y E V 1  X - S E C . ! Y R )  

NO. cc I W C .  
PART.  C ? L L I S I P Y S  

PROTON m o o  PP 207 fi7 0 2 5 0 0  6 - 6 8  2 4 5 5 . 9  0 1 7 6 8  

( D S I G M A / ( O O M E G A  X 3 E I  ( M B I / l S T E R A O I A N - M F V l  
T Y P E  O F  C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ! O E G l  NO. OF F M E R G Y  I W T E R V A L S  D E L T A  E ( M E V )  

PROTON 0. TO 10.00 2 5  8o.noco 

I N T E R V A L  1 I h i T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E Q V A L  7 I N T F R V P L  8 

5 . 9 1 7 4 E  00 1 . 5 4 3 7 ~  00  1 . 6 7 2 3 E  O D  1 . 2 ~ 6 4 ~  0 0  1 . 0 2 9 1 E  0 0  1 . 1 5 7 8 ~  00 6 . 4 ~ ~ 3 ~ - c l i  5 . 1 4 5 6 ~ - ~ 1  

I N T E R V A L  9 I N T E R V A L  10 I h T E R V A L  1 1  I N T E R V A L  1 2  I Y T E R V A L  1 3  I N T E S V A L  1 4  i N T E R V A L  1 5  I N T E R V A L  2 6  

2 . 5 7 2 8 E - 0 1  1 . 0 2 9 1 E  00 9 . 0 0 4 8 E - 0 1  7 . 7 1 R 4 E - 0 1  1 . 2 8 6 4 5  00  6 . 4 3 2 0 E - 0 1  1 . 0 2 O 1 E  0 0  7 . 7 1 F 4 E - 0 1  

I Y T E R V A L  1 7  I k I E R V A L  1 8  I N T E R V A L  10 I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  1 3  I Y T E R V A L  73 I N T F R V A L  24 

5 . 1 4 5 6 E - 0 1  1 . 1 5 7 8 E  00 9 . O C 4 4 E - 0 1  6 . 4 3 Z O E - 0 1  1 . 2 8 6 4 E  00 7 . 7 1 8 4 E - 0 1  7 . 8 5 0 7 E - 0 1  1 . 5 4 ? 7 F  00 

I N T E R V A L  2 5  

9 . 2 6 2 0 E  0 0  

T Y P E  O F  C A S C A C E  P A R T I C L E  
! D S I G H A / l O O M E G A  X 3 E I  ( M B I / ( S T E R A D ! A k - Y E V )  

LAB. A N W L A R  I Y T E P V A L  ( D E S I  NO. OF E h F R G Y  I N T E R V A L S  D E L T A  E I M E V )  

30.0') ? 5  Pc.0ono 10.00 TO P Y O T O N  

I N T E R V P L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  R 

5 . 3 4 7 2 E  00 2 . 4 6 7 9 E  00 1 . 0 E 5 9 E  00 1 . 0 6 9 4 E  00 5 . 0 2 3 1 E - 0 1  4 . 9 3 5 9 F - 0 1  4 . 2 7 7 k E - 0 1  3 . 7 8 4 2 E - 0 1  

I H T E R V A L  9 I N T E R V A L  10 I N T E R V A L  1 1  I N T E R V A L  1 2  I N T E R V A L  1 3  I N T F R V A L  14 I N T E R V A L  1 5  I N T E R V A L  16 

+ . I ~ ~ ~ E - o L  ~ . Z ~ O ~ E - O I  3 . 1 2 6 1 ~ - 0 1  I.RO~RE-OI 2 . 1 3 8 9 ~ 0 1  i.t453~-ni 1. ~ ~ S ~ F - O I  I.~O~RF-OI 

I V T E R V A L  1 7  I N T E R V A L  1 8  I h T E q V A L  19 I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  2 ?  I N T E R V A L  2 4  

1.3152E-01 9 . 8 7 1 8 E - 0 2  2 . 1 ? E 9 E - 0 1  9 . 8 7 1 B E - 0 2  1 . 8 0 9 E E - 0 1  2 . 4 6 7 9 E - 0 1  ' . 9 L 9 7 E - 0 1  2 ~ 7 ~ 7 0 F - 0 1  

l N T E R V A L  2 5  

3 . 2 $ 0 6 € - 0 2  

wl 
wl 
0 



I N C I D E N T  I N C .  LAB. T A R G E T  NO. OF IYC. CUTOFF G E C i Y E T R I C  Nn. O i  I Y C .  
P P R T I C L E  K . E . I M E V I  SYMB. A Z P A R T I C L E S  EN. lMEV1 X - c E C . I M R 1  PART. COLLISIEQS 

PROTON 2000 PB 207 8 2  nz5c0 6.68 245E.9  n17ce  

SUM O F  D S I G / ( D O M E G A  X D E I  X DE E Q U A L S  0.2954E 04 M B / S T E R A D I A N  F O R  C A S C A D E  P R O T O N  W I T H  T H E T 4  F R O Y  0. TO IO.nl7 DEG 

A V E R A G E  E N E R G Y  E Q U A L S  0.105686~ 0 4  M E V  F O R  C A S C A D E  P R O T O N  WITH T H E T A  F W M  0. TO 7n.oo DEG 

SUM OF OSIG/lDDYEGA X D E )  X DE E C U A L S  0 . 1 2 4 0 E  04 V R / S T E R A D I A N  FOR C A S C A D E  PROTON k I T H  T V E T P  FQOM 10.00 T P  F n . @ C  D F G  

A V E R A G E  E ~ E R G Y  EQUALS 0.417919~ 03 MEV F O R  C A S C A D E  PROTON WITH V E T A  F R O M  1c.m TD 30.00 DEG 



NO. LIF I N C .  C U T O F F  G E O H F T R I C  Na. CIF I Y C .  I Y C I  D E N T  I N C .  LAB.  T A R G E T  
PART I C L  E K.E.ICIEV) SYMR. A 2 P A R T I C L E S  E N . ( M E V )  X - S E i . ( Y B I  " A Q T .  C O L L I S I O N S  

PROTON 2000 P8 2 0 7  8 2  025qO 6.68  2 4 5 5 . 9  f 7 1 7 t U  

f O S I G Y A / ( O O M E G A  X D E I  ( M 8 l / (  S T E R A D I A N - Y E V )  
T Y P E  O F  C A S C A D E  P A R T I C L E  LAB.  ANGULAR I N T E R V A L  I D E G )  NO. OF F N E R G Y  I N T E R V A L S  D E L T A  E f M 5 V )  

? R O T O N  30.00 T O  90.00 ? 5  P@.ClOfiQ 

i N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 N T E R V A L  4 I N T E R V A L  5 I V F R V A L  6 I N T E R V A L  7 I N T E R V A L  9 

4.1410E 00 1 . 2 7 7 3 E  00  5 . 7 3 1 9 E - 0 1  2 . 9 7 f i 8 E - 0 1  1 .737hE-01.  R . 3 4 9 h E - O ?  6 . 0 ? 3 0 E - 0 2  3 . R ? 6 3 E - 0 2  

I h T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  1 1  N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  14  I N T E R V A L  1 5  I N T E R V A L  1.6 

2.7CBOE-02 2 . 4 e 2 3 E - 0 2  2 . 2 5 6 7 E - 0 2  1 . 1 2 8 3 E - 0 2  4 . 5 1 3 3 E - 0 3  1 . 3 5 4 0 E - 0 2  6 . 7 7 0 0 E - 0 3  2 . ; 7 6 6 7 E - Q 1  

I N T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  20  I N T E R V A L  ? 1  I Y T E R V A L  2 2  I N T E R V A L  73  I N T E R V A L  2 4  

4 . 5 1 3 3 E - 0 3  2 . 2 5 6 7 E - 0 3  2 . 2 5 6 7 E - 0 3  2 . 2 5 4 7 E - 0 3  0 .  0 .  0. n. 

I N T E R V A L  2 5  

0. 

1 N T E R V A L  

2.151 7E 

? N T E R V A L  

0.  

I N T E R V A L  

0.  

TNTERVAL 

0. 

T Y P E  OF C A S C A C E  P A R T I C L E  

PROTON 

1 I N T E R V A L  2 I N T E R V A L  

00  3 . 4 C 8 2 E - 0 1  3 . 9 0 8 6 E  

9 I N T E R V A L  1 0  I N T E R V A L  

0. 0. 

1 7  I N T E R V A L  18 l N T E R V A L  

0. 0. 

2 5  

( O S  I G f l A /  I DOME GA X DE I f Y E 1  / ( S T  E R A 0 1  A N - M E V I  
L A B .  ANGULAR I N T E R V A L  I O F G I  Nr3. OF 

90.00 T O  180.30 

3 IFUTERVAL 4 I N T E R V A L  5 I N T E R V A L  6 

-02  1 . 1 7 2 6 E - 0 2  1 . 9 5 4 3 E - 0 7  0. 

11 I N T E R V A L  1 2  I Y T E R V A L  1 3  I N T E R V A L  1 4  

0. 0. 9. 

1s I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  2 2  

0 .  n. 0.  

F N F R G Y  I N T E R V A L S  D E L T A  E I M E V I  

2 5  u c . w c ~  

I N T C R V A L  7 I N T F Q V A L  P 

O. 0. 

I N T E R V A L  1 5  I N T E 9 V A L  1 6  

e. 0. 

!h rTERVAL 2 3  I Y T F R V A L  2 4  

e. 0. 
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I N C I D E N T  
P A R T I C L E  

I N C .  LAB. 
K.E. lMEV) 

T A R G E T  
SYMB. A Z 

NO. OF I N C .  
P A R T I C L E S  

C U T O F F  G E O M E T R I C  
EN. I Y E V )  X-SEC.(YB) 

NO. OF INC.  
PART. C f l L L I S I C Y S  

PROTON 2000 P B  207 8 2  02500 6.68 2 4 5 5 .  C 0 1 7 6 8  

( D S I G M A / ( D O M E G A  X D F I  ( M B I / ( S T E R A O I A N - M E V I  
T Y P E  3 F  C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( 9 E G )  N@. 3F E N E R G Y  I N T E R V B L S  D E L T A  F ( Y F V I  

N E U T R O N  0. T O  10.00 2' 8o.onno 

I k T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E Q V A L  7 I N T C R V A L  @ 

1 . 0 5 4 8 E  0 1  3 . 3 4 4 6 E  00 1 . 6 7 2 3 E  00 1 . B O l O E  00 1 . 0 2 9 1 E  00 5 . 1 4 5 6 E - 0 1  Q . 0 0 4 8 E - 0 1  7 . 7 1 8 4 F - 0 1  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1" I N T E R V A L  1 5  I N T ' R V A L  16 

3 . 8 5 9 2 E - 0 1  9 . 0 0 4 8 E - 0 1  1 . 2 8 6 4 E  0 0  Q . 0 0 4 8 E - 0 1  9 . 0 0 4 8 E - 0 1  1 . 5 4 3 7 E  09 C . 0 P a 8 E - 0 1  7 a n 2 Q l E  CIO 

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  la I N T E R V A L  20 I Y T E R V A L  2 1  I N T E R V A L  2 2  I V T E R V A L  2 =  I N T E R V A L  2 4  

5.1456~-01 7.7184~-01 1.0291~ 00  5.1456~-01 1.4159~ 00 1 . 2 8 6 4 ~  0 0  3 . R 5 q z E - 0 1  1 .4150~  0 0  

I N T E R V A L  2 5  

2 . 1 8 6 9 E  00 

I O S I G M A / (  OOMEGA X DE 1 ( M B )  / (  S T E R A D I A N - M E V I  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( O E G )  NO. OF E N E R G Y  I N T F R V A L S  D E L T A  € I M E V )  

N E U T R O N  10.00 T O  39.00 2 5  QO. OOnn 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I U T E Q V A L  4 I N T E R V A L  E I N T E R V A L  6 I h T F R V A L  7 I N T E R V A L  8 

8 . 9 5 0 4 ~  OD 2 . ~ 7 9 3 ~  O D  1.7440~ 00 1 . 1 8 4 6 ~  00  8 . 7 2 0 1 ~ - 0 1  5 .5w+o~-n i  5 . 4 2 9 5 ~ - 0 1  =.~OC~F-PI 

I N T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  1 5  I Y T C R V A L  1'- 

2 . 4 6 7 S E - 0 1  4 . 1 1 3 2 E - 0 1  2 . 4 6 7 9 E - 0 1  3 . 1 2 6 1 E - 0 1  2 . 1 3 8 9 E - 0 1  3 . 2 9 0 6 F - 0 1  1 . 6 4 5 7 E - 0 1  1 . 1 5 1 7 F - 0 1  

I N T E R V A L  17 I N T E R V A L  18 I N T E R V A L  15 I N T E R V A L  2'3 I N T E q V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  22 I N T E R V A L  24  

1 . 3 1 6 2 E - 0 1  4 . 9 3 5 9 E - 0 2  1 . 9 7 4 4 E - 0 1  1 . 1 5 1 7 F - 0 1  6 . 5 8 1 2 E - 0 2  4 . Q 3 5 q E - 0 2  1 . 1 5 1 7 E - 0 1  6.5RIZF-02 

I N T E R V A L  25 

1 . 6 4 5 3 E - 0 2  
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I Y C I D E N T  IN!. LAB. T A R G E T  ?YO. OF I N C .  C J T G F F  G E O M E T R i C  
P A R T I C L E  K . t . ( M E V I  SYMB. A Z P A Q T I C L E S  EN. (MEV)  X-SEC.(MB) 

PROTON 2000 PB 207 82 02500 6 . 6 ?  2455.9 

( D S I G M A / (  DOMEGA X D E  1 ( M B )  / (  S T E S A O I A N - Y E V I  
T Y P E  OF C A S C A C E  D A R T I C L E  LAB.  ANGULAR I N T E 9 V A L  ( O E G )  N@. OF 

N E U T R O N  30.00 T O  QO.00 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I Y T E R V A L  5 I N T E R V A L  6 

7 .5959E 00 1 . 8 5 9 5 E  00 7 . 1 5 3 6 E - 0 1  3 . 6 5 5 8 E - 0 1  1 . 9 4 0 7 E - 0 1  1 . 1 0 5 R E - 0 1  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  13 I N T E R V A L  14  

4 . 2 8 7 6 E - 0 2  2 . 7 0 8 0 E - 0 2  1 . 8 0 5 3 E - 0 2  1 . 5 7 9 7 F - 0 2  9 . 0 2 6 6 E - 0 3  4 . 5 1 3 3 E - 0 3  

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  IC I N T E R V A L  2 0  I N T E Q V A L  2 1  I N T E R V A L  2 2  

2 . 2 5 6 7 E - 0 3  0. 0. 0. 0. 0. 

I N T E R V A L  2 5  

0. 

( D S I G M A / ( D G M E G A  X D E )  ( Y B ) / ( S T E S A O I b N - M E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( O E G I  "7. Of  

NEUTRON 90.00 T O  190.00 

I H T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I Y T E R V A L  6 

3 . 8 7 3 5 E  0 0  5 . 0 2 2 6 E - 0 1  6 . 4 4 9 2 E - 0 2  1 . 1 7 2 6 E - 0 2  1 . 9 5 4 3 E - 0 3  0. 

I N T E R V A L  9 I N T E R V A L  10 I N T E 9 V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1 4  

0. 0. 0. 0. 0. 0. 

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  1 9  I N T E R V A L  2 0  I N T E R V A L  ?1 I N T E R V A L  7 2  

0. 0. 0. 0. 0. n. 

I N T E R V P L  25 

0. 

NO. f'F I Y C .  
PART. C O L L I S I O W S  

0\7C8 

E N F R G Y  I M T F P V A L S  D E L T A  E ( U E V )  

2 c  ac .cmm 

I N T E S V A L  7 I Y T E R V A L  R 

6.0"'OE-02 1 d 8 5 O F - 0 2  

I N T E R V A L  IC I N T E R V A L  16 

4 . 5 1 7 7 E - 0 1  2 . 2 E C 7 E - 0 3  

I Y T E R V P L  2 ¶  I N T C R V P L  2 4  

0. 0. 

E N F R G Y  I N T E R V A L S  D E L T A  f ( M E V )  

2 =  80.0000 

I N T E R V A L  7 I N T F R V A L  E 

0. 0. 

I N T E R V A L  1 5  I N T E R V L L  1 6  

0. 0. 

I N T E R V A L  2? I Y T E P V A L  2 4  

0. 0. 



I NC I OENT I N C .  L A B .  T A R G E T  NO. OF I N C .  CUTOFF G E O H E T R I C  NO. OF i K C .  
P A R T I C L E  K . E . ( Y E V l  SY3FI. A 2 P A R T I C L E S  E N . l M F V 1  X-SFC.  ( M B 1  P A R T .  C!JLLIS!ONS 

P R O T O N  2000 PR 2C7  8 2  0 2 5 0 0  6.68 -7455.9 017tR 

S U M  O f  U S I G / I C O M E G A  X D E )  X U E  E Q U A L S  O . @ 8 5 0 E  03 M H / S T E R A D I A N  F O R  C A S C A D E  N E U T R O N  W I T H  T H E T A  FROW 30.00 T O  90 .CO DFG 

A V E R A G E  E N E R G Y  E Q U A L S  0.546716E 07  Y E V  FER C A S C A D E  NEUTROFJ W I i L l  T H E T A  F R f l P  30.00 T @  qO.00 D E G  

S U E  O F  D S I G / ( C O M E G A  X D E )  X D E  E Q U A L S  0.3563E 0 3  H R l S T E R A D I A N  F O R  C A S C A D E  N E U T X O N  ,AITH T H E T A  FROV 90.00 T O  180.00 DFG 

A V E R A G E  E h E R G Y  E Q U A L S  0.521106E O? M E V  F O R  C A S C A D E  h E U T R 0 N  WITH T H E T A  F R O C  90.00 T O  18n.00 DFG 



C
 a 

z
 

C
 

(0
 

r
l 

I 

0
 

.0
 

C
.

 

0
 

C
 
9
 

+
.

 
0
 

c
 

C
N

 
P

O
 

C
 

rg 

I 

r
:
 

I
W

 
n
 

0
 

C
I

 
u

r
 

-
4

.
 

N
 

0
 

.t 

r
t

 . 0 
c
 

>
 

W
 
r
 

0
 

J- 
I
 

4
 

0
 

U
 I 

r
(
 

0
 

w
 

.
t

N
 

E
 

A
0

 - 
G

 
I
 

2
0

 
4

0
 

>
N

 
rr 

0
 

N
 

,
-

I
.
 

w
 

c
k

-
 

z
 

"
Z

 

G
 

I
W

 
2

0
 

PI 
4
 

u. 
0
.
0
 

W
-

t
 

N
O

 
u
 

.-(. w
 

m
k

-
 

z
 

r
c

 

0
 

N
 
*

.
 

0
 

>
 
0
 

a
0

 
w

o
 

I 
z

m
 

W
d

 

0
 

N
 

r
(
 

0
 

N
 

,-I I 

0
 
0
 

4
.

 
0
 

W
 

0
 

0
 

.
-
I
.
 
I
 

o
l

-
 

e
 

>
 

u
w

 
(0

 
U

E
 

ro 
0

-
 

. 
e
.
 
9
 

3
2
 

v
u

 
LI1 

-
0

 
4

2
 

LL 
w

a
 

E
D

 
U

J
r

 

0
4

 
O

M
 

w
 

\
l

-
 

v
)
 

4
 
I
\
 

v
1

I
 

E
rn

 
a

-
 

a
 
0
 

U
 

U
 

:: 
0
 
0
 

..* 
0
 

0
 

3
 

O
N

 
0

0
 

w
 

r
(
 

I 

0
 

w
.

 
0
 

I 
1

-
4

 
* 

0
0

'
 

Q
.

 
Lo 

0
 

m
.

 
0
 

LL 
.U

 
O
.
%
 

z
 

N
 

0
0

 

w
 

I
d

 
w

 
u

2
 

0
9

 
u
 

a
.

 - LL 
4
 

m
 

r
e

 

a
 

0
 

m
 

I 
0
 

r
o

.
 

0
 

N
N

 
W

 
w

 

t- W
I

C
 

o
u
 

0
 

E
N

 

b- 
a
 

w
z

 
0

0
 

U
L

L
 

u
t
.
 

v
)

3
 

u
w

 
u

z
 

m
 

w
z

 
0

0
 

n
o

 
U

L
L

 
w

 
v

l
-

 
9
 

0
0

 
I

Z
 2

2
 

u
z

 
u

.
 

d
u

.
 

0
 

W
 

P
 

m
>

 
0

0
 

I- 
.* 

w
 

1
:

 
0

.
4

 
N

.
 

..I 

w
z

 
0

0
 
0

0
 

u
c

c
 

w
 

v
c

 
9
 

a
 

u
w

 
0

.
t

 
o

z
 

u
.

 
N

U
 

0
 

i
m

 
v

1
3

 

0
 

9
 

I 

0
 

u
.

 
0

 
.- 
m
r
 

4
 UI 

A
%

 
-

0
 

.. 
0
 

o
w

 
0
 

2
.
 

N
 

r
*
 

U
 
0
 

w
 

a. 
>

 
l- 

u1 

0
 

0
0

 

W
 

U
 1

2
 

0
0

 
N

.
 

U
 

N
.

 
*
 

m 
w

o
 

w
 

t
S

T
 
0
 

u1 
Q

O
 

tc 

C
Y

 
N

 
U

 
a

w
 

I 
d
 

u
-l 

A
4
 

u
a
 
o
 

YI 

*. 
m
w
 
o
 

a
z
 

N
 

-
0

 



5 6
2

 

m
 

r(, 

r
(
 
r
 

c
 

m 10 
U

I 

N
 

\f 

m
 
4
 

a
 

0
 
0
 

ul 
N

 
0
 

N
 

m
 

r
 
0
 

r.
4 

m
 

a
 

0
 

0
 

0
 

N
 

z
 

0
 

I- 

:: 

N
 

0
 

w
 

m
 

ul 
U

 
m

 

4
 

N
 

C
 

Lu 
r

4
 

N
 

Y
, 

U
l 

r
(
 

N
 

0
 

w
 

m
 

U
 

0
 

r- 

N
 

0
 

w
 

C
 

yr 

0
 

ln
 

d
 

N
 

0
 

w
 

m
 

N
 

r
(
 

U
, 

n
 

N
 

0
 

w
 
0
 

.-
I 

4
 

a
 

r
(
 

N
 
0
 

W
 

* U N
 

N
 

N
 

r
l 
0
 

Iu
 

.o 
t- m 
0
 

0' 

U
. 

r
l 

U
 
d
 

m
 

n
 

N
 

.+ r
i
 
4
 

0
 

r
(
 

01 

(u
 

C
, 
0
 

w
 

U
 

u N 
01 

rn 

0
 

e
 

U. CT 
a, 

"
I 

m
 

r
 

r
(
 

O
 

w
 

(1
 

4
 

Y
i 

4
 

r
 

4
 
0
 

IL
I 
e
 

0
 

U
 

,- m
 

4
 
0
 

Lu 

m
 

N
 

N
 

m
, 

U
 

d
 
0
 

U
I 

In
 

m
 

m
 

.f 

a
 

N
 

0
 

w
 

N
 

01 
Ln 
4
 

n
 

N
 
0
 

Lu 

r
(
 

,..I 

rn 

0
 

n
 

r
 

L
p

 

+
 

0
 

0
 

r
 

LT 
4
 

0
 

0
 

c
 

0
 

0
 

d
 

4
 
0
 

w
 
u
 
0
 

0
 

r
l 

m
 

N
 

0
 

U1 

u
 
u
 

N
 

m
 

n, 

m
 
0
 

W
 

z "1
 
N
 

4
 

U
 

4
 

m
 

n
 

N
 

*
 

4
 

,..I 

0
 

4
 

Q
I 

m
 

0
 

ni o
 

VI 
J
 

a
 

3
 
0
 

w
 

Y
 

0
 

n
 

0
 



I N C I D E N T  INC.  LAB. TARGET NO. OF INC. CUTOFF GEOMETRIC NO. OF I Y C .  
PARTICLE K.E.(MEV) SYMB. A Z PARTICLES EN.(MEV1 X-SEC.(MBI PART. COLLlSIONS 

PROTON 2000 PB 207 82 02500 6.68 2455.. 9 01768 

NO. OF T I H E S  S P E C I F I E D  
P A R T I C L E  IS EMITTED ON THE F I R S T  
INC.  PARTICLE C O L L I S I O N  D I V I D E D  
BY THE hO. OF T I M E S  THE INC.  
P A R T I C L E  TYPE IS EMITTED 

NEUTRONS 0.40129E-01 

P I O N  ABSORPTION 
CROSS SECT. ( M E )  

P l O N  CHARGE 
EXCHANGE CRPSS SECT. ( H E 1  



KO. CF I N C .  I N C I D E N T  : V i .  LAB.  T A 3 G E T  NO. OF I N C .  C U T O F F  G E O M E T R I C  
P A R T I C L E  K . E . ( # E V )  SYMB. A 2 P A R T I C L E S  E N . ( M E V I  X - S E C . ( M B I  P 4 R T .  C O L L I S I C N S  

PROTON 2000 PB 207 82 f32500 6.68 2 4 5 5 . 9  017ce 

T Y P E  G i  C A S C A C E  D A R T I C L E  
( D S I G Y b / ( D C N F G A  X O F 1  

LAR. ANGULAR 
( M B I / ( S T E R A D I A N - M E V )  

I N T E R V A L  ( 3 E G )  NO. UF F N E R G Y  I N T E  RV A L  S D E L T A  F I M F V I  

25.00 2 5  eo.0roo 0. T O  P I +  

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  8 

1.6657E-01 4 . 1 7 1 8 E - 0 2  2 . 0 8 5 9 E - 0 2  2 . 2 9 4 5 E - 0 1  1 . 8 7 7 3 E - 0 1  l . 8773E-01  2.5011E-01 1.4601€-0? 

I N T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  I1 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  1.5 I N T F R V A L  16 

1.5697E-01 1 . 0 4 2 9 E - 0 1  1 . 4 6 0 1 E - 0 1  4 . 1 7 1 8 E - 0 2  6 . 2 5 7 7 E - 0 2  0 .  ?.OR59F-02 2.085SF-97 

INTERVAL 1 7  INTERVAL 18  INTERVAL 19  INTERVAL 70 INTERVAL 21 INTERVAL 2 2  INTERVAL 2 3  IQTERVAL 74 

0 .  0 .  0. 0. 0. 0 .  n. 0. 

I l u T E R V A L  2 5  

0. 

l D S I G M A / ( D O M E G A  X DE) I M R I / l S T E R A D I A N - ~ E V l  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( O E S )  NO. OF ENERGY I N T E R V A L S  D E L T A  E ( v € V )  

P I +  25.00 T O  7 5 . 0 0  2 5  ac.ocon 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I Q T E R V A L  6 I N T E R V A L  7 I Y T E R V A L  8 

2 . 5 3 5 4 E - 0 1  1 . 0 5 6 4 E - 0 1  7 . 2 4 3 9 E - 0 2  9.h586E-02 5 . 6 4 0 3 E - 0 2  4 . ? 2 5 6 E - O ?  1 . 5 0 9 Z E - O i  1 . 2 0 7 3 E - 0 2  

I k T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  11 I Y T E R V A L  1 2  I h i T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  1.5 I N T E R V A L  I6 

1 . 2 0 7 3 E - 0 2  6 . 0 2 6 6 E - 0 3  6 . 0 3 6 6 E - 0 3  0.  0 .  0. n. e. 

I N T E R V A L  17 I N T E R V A L  l e  I N T E R V A L  19  I N T F R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  2 3  I N T E R V A L  24  

0. 0 .  

I N T E R V A L  2 5  

0.  

a. 0. 0. 9. 0. 0. 
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NEUT ON 0 INC. K.E. I M E V I  IS 1000.0 A I S  16. Z I S  8. 6000 INC. H I S T O R I E S  1.1 MEV CUTOFF FN. 

THE PERPENDICULAR MOMENTUM O I S T R I B U T I O N  @F THE CPSCAUE RESIDUAL NUCLEbS 

0.8485501E 02 0 .2545650E C3 0 .4242751E 03 0 .5979951E O ?  0.76‘6551E 0 3  0 .9334051E 0 3  0.110311F.F 04 
0.1272825E 04 0 .1442535E 04 0 .1612245E 0 4  0 .1781955E 04 0 .1951665E 04 0.2121375C 04 0.2291C85E 0 4  

TOTAL CASCACE (SUM OVER HIST@GRAM)(OELTA P )  
0 .3266032E-02  0.1846236E-02 C.6321353E-03 0 .1178982E-03  0 .2257626E-04  

0. 0. 0. 0. 0. 

1 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  0 P I -  (SUM OVER H I S T O C P A M I ( 0 E L T A  P I  
0 .2244725E-02  0 .3086497E-02  C.2805407E-03 0 .2805907E-03  C. 

0. 0. 0. 0. 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  C P I -  (SUM OVER HISTOGRAM)(DELTA P )  
0 .2045973E-02  0 .3273558E-02  0 .5728726E-03  0. 0. 

0. e. 0. 0. 0. 

0. 0. C. 
0. e. 0. 

0. 0. 
0. 

0 PROTONS 0 NEUTRONS 1 P I +  0 PI0 0 P I -  (Sun OVER HIST0GRAM) fDELTA P)  

0. 

0 PROTONS 0 NEUTRONS 0 P I +  1 P I 0  0 P I -  
0. 0. 0. 

0.  0. 0. 

0 PROTONS 0 NEUTRONS ir P I +  0 P I 0  I P I -  
0. 0. 0. 

0. 0. C. 

SUM OVER HISTOGRAM) 
0. 0. 

0. 

SUM OVER H I S T O G R I Y I  
e. 0. 

0. 

DELTA P I  

0. 

DELTA P I  

0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  (SUM OVER HISTOGRAM)(OELTA P I  
0 .4629746E-02  0. e 4 1 7 7 2 0 E - 0 3  0.42CBebOE-03 0. 0. 

0. 0. c. 0. 0. 

1 PROTONS 0 NEUTRONS 1 P I +  C P I 0  0 P I -  (SUM UVER HIST0GRAM) lDELTA P )  
0. 0 .5892404E-02  0. 0. 0. 

0. 0. 0 .  0. 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  0 P I -  
0 .4922536E-02  0.8051732E-03 0 .1463951E-03  

0. 0. 0. 

1 PROTONS 1 NEUTRDNS 0 P I +  0 P I 0  1 P I -  
C.5012369E-02 0.6417720E-O? C. 3 8 2 6 2 3 6 E - 0 4  

0. 0 .  0. 

SUM CVEP H I S T O G R A Y I ( 0 E L T A  P I  
0 .1829939E-04  0. 

0.  0. 

SUM OVER HISTOGRAM) (DELTA P )  
0. P. 

0. 0. 

0. i n o o o o e F  01 0 OFL 
0 .5016946E-05  0.2508473E-05 

0. n. 

0.10CIOOOOE 01 0 OFL 

0. 0. 
0. n. 

0 .1000000E 01 0 OFL 

0. 0. 
0. 0. 

0. 0 OFL 

0. 0. 
0. n. 

0. 0 OFL 

0. 0. 
0. 0. 

0. 0 OFL 

0. 0. 
0. 0. 

O. lOO000 ’0E 01 9 OFL 

0. 0. 
0. 0. 

0.10000@0E c 1  0 OFI: 

0. c. 
0 .  0. 

0 .1000000E 01 0 OFL 

0. 0. 
0. 0. 

0.1000000E 0 1  0 OFL 

0. 0. 
0. q. 

cn 
0 
P 



N E U T  ON 3 INC.  K.E. ( Y E V I  I S  1000.0 A I S  16.  2 I S  R. 6 0 3 0  i hC .  P I S T O R I E S  1.7 MEV CIITPFF Et'. 

T H E  P A R A L L E L  MCMENTUY D I S T R I R U T I O N  OF T H E  C A S C A D E  R E S I D U A L  L U C L E U '  

-0.2271085E 04 -0.2121375E C4 - 0 . 1 9 5 1 C 6 5 E  0 4  -0.1781955E 0 4  -C. l612245E 04 -0 . lL42535F 0 4  -0.1272825E 04 
-0.1103115E 0 4  -0 .933405 lE 03 -0.7636951E 03 - 0 . 5 9 3 9 9 5 1 i  0 3  -0.4247751E 0 3  -n .?5456E0c 0 1  -0.848EG01E 07  

0 . 1 2 7 2 8 2 5 E  04 0.1442535E 04 0.1417245E 34 0.1781955E 04 r).1951665E (34 p.21 2 I 2 7 5 E  0 4  0 . 7 2 Q ' C F S F  nb 
0 . 8 4 8 5 5 0 1 ~  0 2  0 . 2 5 4 5 6 5 0 ~  c 3  0 . 4 2 4 2 7 5 1 ~  03 0 . 5 9 3 9 8 5 1 ~  0 3  0 . 7 6 3 6 9 5 1 ~  02 0 . 9 = 3 4 3 5 1 ~  02 o . i i m i ' 5 ~  na 

0. 

1 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0.5892404E-02 0. 

0 PROTONS 1 NEUTRONS 

0. 

0. 

0. 0. 

0.5892404E-02 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 N E U T R O N S  

0. 

0. 

0. 0. 

0. 0 .  

0. 

0 P I +  

0. 

0. 

0 P I +  

0. 

0. 

1 P I +  

0. 

0. 

0 P I +  

0. 

0. 

@ P I +  

0. 

0. 

0 P I 9  
0. 

0. 

0 P I 0  
0. 

0. 

0 P I 0  
0. 

0. 

1 P I 0  
0. 

0. 

0 P I 0  
0. 

0. 

0 .  

@ P I -  

0 .  

0.  

0 P I -  

0 .  

0.  

0 P I -  

0. 

0. 

c P I -  

0 .  

0. 

1 P I -  

@. 

0. 

n. 0.  
0.1578994E-03 0.4260777E-04 

0. 0. 

( S U M  O V F R  H I S T O G R A M )  ( D E L I A  P I  
0. 0. 

0.  0. 
0. 0. 

0. 0. 

( S U M  CIVER H I S T C l G R & M ) ( O E L T A  P I  
0. 0. 

0. 0. 
0. 0 .  

0. 0. 

( S U M  O V E R  H I S T P G R A M I < D E L T A  P I  
3. 0. 

0. 0. 
0. 0 .  

0. 0. 

( S U M  O V E R  H 1 S T O G R A M ) I D E L T A  P I  
0. 0. 

0. c. 
0. 0 .  

0. 0. 

( S U M  OVER H I S T O G R P M I ( 0 E L T A  P I  
0. 0.  

c. 0. 
0.  0.  

0. 0 .  

n. iooor)nnE 01 r l  9 F L  

0. 0. 

0. 0. 

0.  0 .  

0. 0. 

n . i o o o o n n E  01 0 O F L  
0. 

0 .  
0 .  

0. 

0.  
0. 

0. 
0. 

0 .  

0.  
3. 

n. 
0 .  

0.  

0 .  
0.  

?. 
0 .  

0 .  

0. 

0. 
P. 

0. 

0 O F L  

0. 

P. 

n. 

9. 

0 3 F L  

0. 

0. 

3 .  

r). 

1 r l F L  

0. 

0. 

0. 

n. 

0 U'L 

0 U F L  

r UFL 

P U F L  

P U F L  



NEUT CN 0 INC. K.E. ( M E V )  IS 1000.0 A IS 16. Z IS 9. 6000 INC.  HISTORIES 1.1 MEV CUTOFF EN. 

THE PARALLEL MCMENTUM DISTRIBUTION OF THE CASCAOE RESIDUAL NUCLEUS 

-0.2291085E 0 4  -0.2121375E 04 -C. I951t65E 04 -0.1741955E 0 4  -0.1612245E 0 4  -0.1442535E 04 -0.1272825E 0 4  

0.8485501& 0 2  9.2545650E C3 0.4242751E 03 0.5939851E 0 3  0.7635951E 03 0.9334051E C1 0.1103115E 0 4  
-0.1103115E 0 4  -0.9334051E 03 -0.7636951E 03 -0.5939851E 03 -0.4242751E 01 -0.2545650E 03 -?.8485501E 0 2  

0.1272825E C 4  0.1442535E 04 0.1612245F 04 0.1781955E C4 0.1951665E 0 4  0.7121375E r)4 0.72910P5E 04 

TOTAL CASCACE 
0. 0. 

0.286975 8E-02 0.%45913€-0? 
0. 0. 

0. 0. 

0 PROTONS 1 NEUTRONS 0 PI+ 
0. 0. 

0.8417720E-03 0.4625746E-02 
0.  0. 

0. 0. 

1 PROTONS 0 NEUTRONS 1 P I +  
e. 0. 

0. 0. 

0.  0. 
0. 0.5892404E-02 

1 PROTONS 1 NEUTRONS 0 P I +  
0. 0. 

0.3659878E-02 0.2012933E-03 
0. 0. 

0. 0 .  

1 PROTONS 1 NEUTRONS 0 P I +  
0. 0. 

0.3902761E-02 0.3826236E-03 
0. 0. 

0. 0.  

ISUW OVER HISTOGRAM)(OELTA P I  0.9991493 E 00 0 OFL 0 UFL 

0. 0. Q. 12531 70E- 04 0.70 177 50 E- 04 0 * 1 2 9 5 7  77 E- 02 

0. 0. 0. 0. C .  

0. 0. 0. 0. 0. 

C.4361030E-03 0.1578904E-03 0.4260777E-04 9.1503804E-04 0.2506339c-05 

0 P I 0  1 P I -  (SUM OVER HIST0GRAq)lDELTA P) o.1onooonF 01 0 OFL C UFL 
0. 0. 0. 0. 0. 

0.4208860E-03 0. 0. 0. 0. 
0. 0. !I. 0. 0. 

0. 0. 0. 0. 0 .  

c PIO e PI- ( S U M  O V E R  HISTOGRAM)(OELTA P I  0.~000000E 01 0 OFL C UFL 

0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 

0. 0. 0. 0. Q. 

0. 0. C. 0. 0. 

0 P I 0  C P I -  ISUY VIER HISTOGRAM)(DELTA P) 0.1000000E 01 0 OFL 0 UFL 
C. 0. @. 0. 0. 

0. 0.1829939E-04 0. 0. 9. 
0. 0. 0. 0. 0.201 2033 E-0'2 

0. 0. 0. 0. n. 

0 P I 0  1 PI- (SUM OVER HISTOGRAH)(OELTA P )  0.1000000E 01 0 OFL @ UFL 
0. 0. 0. 0. 9. 

C.7652472E-04 0. 0. 0. 0. 
0. 0. 0. 0. 0.1530494E-02 

0. 0. 0. 0. 0. 

a\ 
0 
W 
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NEUT CN 0 INC. K.E. (MEVI IS 1000.0 A I S  16. 2 I S  8. 6 0 0 0  I N C .  HISTORIES 1.1 M E V  CUTOFF EN. 

CROSS SECTIONS (MBI FOR VARIOUS COMBINATIONS OF EMITTFD CASCADE P A 9 T I C L E S  
1ST NO. I S  NO. OF PROTONS EMITTED ZND I S  NO. OF NEUTROYS 3RO I S  NO. OF P I +  4TH IS NO. OF P I @  5TH I S  NO. OF P I -  

CONTINUED 

3 2 0 1 0  

4 1 0 0 1  

50001. 

0 3 1 1 0  

1 2 0 1 1  

1 3 0 0 1  

21002 

2 2 0 0 1  

3 0 0 1 1  

3 1 1 0 0  

4 1 0 0 0  

0 3 0 1 0  

1 1 0 1 1  

12010 

2 0 1 0 1  

22000 

4 0 6 0 0  

0 3 0 0 0  

1 2 0 0 0  

2 1 0 0 0  

02000 

11000 

O.PS454770E 00 

0.42b23473E-00 

0.2841564SE-00 

0.28415649E-00 

0.71039122E 00 

0.19890954E 01 

0 2 8 4  1 5 64  SE-C 0 

0.45465037E 01 

0.14207824E-00 

0.14207824E-00 

0.71039122E 00 

3.99454770E 00 

0.85246946E 00 

0.55410514E C1 

0.2 841 5649E-00 

0.52514426: 01  

0.2841564?E-O0 

0.56831297E 01 

0.13213276E 07 

0.75722251E 0 1  

0.37366577E 02 

0.45749194E 02 

3 2 1 0 0  

4 1 0 1 0  

51000 

04001 

l Z 0 Z O  

1 3 0 1 0  

2 1 0 1 1  

2 2 0 1 0  

30110 

32000 

02020 

0 3 1 0 0  

1 1 0 2 0  

1 2 1 c o  

21001 

3 0 0 0 1  

0 2 0 0 1  

1lOOZ 

2 0 0 0 1  

300CO 

l O O O 1  

20000 

0. 85246946E 00 

0.71O39122E 00 

0.28415649E-00 

0.42623473E-00 

0 . 4 2 6 2 3 4 7 3 ~ - n o  

0.22132519E 01 

0.14207874E-00 

0.25574083E 01  

0.14707824E-00 

0.3551956OE 0 1  

0.2841564%-FO 

0.56831297E 00 

0.14207824E-GO 

0.18470171E 01 

0.73R806R6E 01 

0.85246946E 00 

0.71039122E 00 

0.71e80049E 0 2  

0.32677995E 0 1  

0.71035122E 00 

0.11366255E 0 1  

0.15623t06E 01  

3'000 

4 1 1 0 0  

030F2 

r)4100 

1 2 1 0 1  

13100 

21020 

2 2 1 0 0  

3 x 0 0 1  

40OF1 

0 2 1 0 1  

0 4 0 0 0  

11101 

11900 

Z l O l O  

300 10 

02010 

11010 

20010 

O l O C I l  

10010 

01000 

0.31257213E P 1  

0.14707824E-00 

0.14207924F-00 

0.1420?824E-00 

0.12717041E 01 

0.q9454770E 0 0  

9 14207324E-00 

0.14207924F 01 

0.31257213E 91 

0.1420782"E-ClO 

O.?A41544QE-00 

0.11?4625QE 01 

0.56e31297E C O  

0.62514426€ C 1  

0.35519560F 0 1  

0.42623473E-00 

3.52568949: 0 1  

0.90434598E 01 

0.42623473E-00 

0.19890954E 01 

0 . 7 1 0 3 9 1 2 ~ ~  no 

0.1W219533E 02 

4 0 0 0 2  

4 2 0 0 0  

0 3 1 0 1  

0 5 0 1 3  

1 2 1 1 0  

1 " O O O  

2 1 1 n 1  

23000 

3 1 0 1 0  

4 o o i n  

o ? o n i  

1 1 0 0 2  

1 2 0 ' ) l  

2 C c l I l  

21100 

3 1 0 0 0  

02100 

1 1 1 3 0  

20100 

0 1 0 1 9  

1 0 1 0 0  

1 @ D W  

o . i 4 2 0 7 8 2 4 ~ - 0 0  

0.1704938sE 01 

0 . 2 8 4 1 5 6 ~ 9 E - 0 0  

O.Ze415649F-On 

O. 163@7824E-00 

0.713117'hE 01 

0 . ~ 8 4 1 5 6 4 9 ~ - n o  

0.41202690E 0 1  

n . 7 1 0 3 9 1 7 ~ ~  0 0  

0.14207824E-00 

0.99454770E 00 

0.14207824E-00 

0.88088509E 01 

0.142@7824€-00 

0.2R41564QF-00 

0.22732519E 01 

P.2R415648E 01 

0.42623473E-00 

0.14207824E-00 

0.85246946E 00 

0.14207824E-00 

0.2983 643OC 01 

0 
11 



NEUT Ck 0 INC. K.E. ( M E V I  I S  1000.0 A I S  16. Z I S  8 .  6 0 0 0  I N C .  H I S T O R I E S  1.1 WFV CUTOFF FM. 

ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM 1.C0 TO 0.05 
(THETA FROY 0 DEG. 0 M I N .  TO 1 8  OEG. 1 2  MIhi.) 

N ( E )  I S  {FRACTI@N OF PARTICLES I N  DELTA M!J)/(DELTA MU)(OELTA € 1  

E ( M E V )  IS CENTER OF INTERVAL 

P R O T O N S  
DELTA E(MEV1 50.0 

E l  N E V I  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

N( E) 

0.614E-01 

0.260E-01 

0.171E-Ol 

0.124E-01 

0.130E-01 

0.159E-Ol. 

0.136E-01 

0.177E-01 

0.171 E - 0 1  

0.153 E-01 

0.183E-01 

0.236E-01 

0.212E-01 

0.248E-01 

0.105E-01 

0.767E-02 

0.1 24E- 01 

0.11 8 E-01 

0.27lE-01 

0.271 E - 0 1  

N IS 1.000E 00 

NEUTRONS 
DELTA EIMEV) 50.0 

E(#EV)  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

N ( E )  

0.360E-01 

0.132E-01 

0.178E-01 

0.120E-01 

0 1 I 6  E- 01 

0.108E-01 

0.108E-01 

0.128E-01 

0.1 01 E- 0 1  

0.190E-01 

0.124E-01 

0.852 E-O? 

0.194E-01 

0.968E-02 

0.12OE-01 

0.92SrE-02 

0.132 E-01 

0.298E-01 

0.573 E-01 

0.743E-01 

N I S  1.000E 00 

PI+ 
DELTA E(ME'J) 50.C 

E (  UEV) 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

R75.0 

925.0 

975.0 

N( E )  

0.800E-01 

0.2 67 E-0 I 

0. 

0.533E-01 

0.267E-01 

0.267 E - 0 1  

0.800 E-01 

0.267E-0 I 

0.267E-01 

0.533E-01 

0. 

0. 

0. 

0 .  

0.  

0 .  

0 .  

0 .  

0. 

0 .  

N I S  1.000€ 00 

P IO 
DELTA E ( M E V )  50.n 

E I W E V I  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

476.0 

525.v 

575.0 

625.0 

675.0 

725.0 

775. c 

825.r 

875.0 

925.0 

975.0 

N I F )  

0.11 9E-01 

0.471E-01 

0.11 R E-0 1 

0.11PF-01 

O.c88E-01 

0.706F-OI 

C.118E-01 

C.588E-01 

C .  253E-01 

0.5 P 8 E - 0 1  

0.118F-01 

0. 

cI .118F-n l  

@. 

0. 

0. 

0. 

0 .  

0. 

v. 

N I S  1.000E 00 

PI- 
DFLTA E ( M E V )  5 @ . @  

EIYFVJ 

?5.0 

75.0 

125.n 

175.0 

325.0 

275.0 

7 3 . @  

7 7 5 . 0  

475.0 

475.0 

575.0 

57E.0 

625.0 

075.r 

775.0 

775.0 

875.0 

875.9 

935.0 

075 .O 

N l F l  

0.1 R O F - @ I  

0.279E-01 

0.1 P6E-01 

'7.372E-CI 

0.1 @6F-n¶  

0 . 2 7 9 ~ - 0 1  

O.?@6F-01 

0.4tSF-01 

0. c 5 1  F - S 1  

7.779E-nl  

0.772F-01 

O.lP6E-fl l 

0.772E-01 

0. 

0. 

0. 

0. 

0. 

0.  

ci. 



NEUT CN 0 INC. K.E. I M E V )  IS 1000.0 A I S  16. Z I S  8. 6000 INC. HISTORIE5 1.1 MEV CUTOFF EN. 

ENERGY S P E C T R A  OF C A S C A D E  PARTICLES WITH MU F W Y  0.95 TO 0.90 
[THETA FROM 18 DEG. 12  MIN. 70 2 5  DEG. 5 1  YIN.) 

N ( E )  I S  (F?ACTION O F  PARTICLES I N  OELTA MU)/ lOELTA YU)(DCLTA E )  

EfMEVI  I S  CENTER O F  INTERVAL 

PROTONS 
GELTA E ( M E V )  50.0 

E ( M E V I  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675 -0  

725.0 

775 .O 

825.0 

675.0 

925.0 

975 .o 

N( El 

0.890E-01 

0.317E-01 

0.256E-01 

0.244E-01 

0.232E-01 

3.23?E-01 

01223E-01 

0.134E-01 

0.207E-01 

0.159E-01 

0.134E-01 

0.195E-Cil 

0.610E-02 

0.9 76E- 02 

O.1ZZE-01 

Oef71E-01 

0.122E-01 

0.159E-01 

0.366E- 02 

0.122E-02 

NEUTRONS 
DELTA E I M E V )  50.0 

E (  M E V I  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

52 5.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

S25.0 

975.0 

N ( E l  

0.672E-01 

0.351.E-01 

0.2 5 0  E-01 

0.216E-01 

0.19OE-01 

0.155E-31 

0.124:-01 

0.138E-01 

0.1 5 5 E- 01 

3.147E-01 

0 1 29 E-01 

0.690E-02 

0.776E-02 

0.103E-01 

0.172E-01 

0.388E-01 

0.345 E-01 

0.207 E-0 1 

0.1 03 E-01 

0. 

P I +  
DELTA EIMEVI 50.0 

N I S  (SUM OVFR N(f))(DELTA CU)IOELTA F1 

E( MEV) 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

575.0 

575.0 

675.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

N( F )  

0.500E-01 

0.500E-01 

0. 

0. 

0 5 00 E - 0 1  

0.100E-00 

0.500E-01 

0.100E-00 

0. 

0. 

0. 

0. 

0. 

0 .  

0. 

0 .  

0 .  

0.  

0. 

0 .  

P I 0  
DELTA E ( M F V I  50.0 

E I Y E V I  

25.0 

75.0 

175.0 

175.0 

225.0 

275.0 

325.0 

775.0 

425.0 

475." 

525.0 

575.0 

62 5.0 

676.0 

775.0 

775.0 

875.0 

875.0 

925.P 

975.0 

N I F I  

0.444E-01 

0.503F-01 

C.796F-01 

P 2 9 6 F - 0 1  

0.296'-01 

0.444E-01 

0.14RE-01 

0 . 2 ~ 6 ~ - 0  1 

0.593E-01 

0.593E-0 1 

0. 

0. 

0 .  

0. 

0 .  

0 .  

n. 
0 .  

0. 

0 .  

P I -  
DELTA E(M?V) 50.0 

E (  Y E V l  

75.0 

75.0 

125.0 

175.0 

225.0 

?75.n 

325.0 

375.0 

425.0 

475.0 

5ZE.@ 

575.0 

625.P 

675.0 

725.0 

775.0 

v 5 . 0  

875.0 

925.0 

975.0  

N ( E )  

0.255E-01 

0.170€-@1 

0. l70E-01 

0.255E-01 

0.511E-01 

0.766E-01 

0.596E-Pl 

0.255E-01 

0.340E-01 

d.426E-01 

0. 

0.17nc-01 

0.851F-02 

0. 

0. 

0. 

n. 

0. 

0. 

0. 

Y 1 5  1.000: 03 N I S  1.000E 00 N I S  1.CIOOF 0 0  N IS 1.0CDF 00 



NEUT CN 0 IhC. K.E. ( M E V )  IS 1000.0 A I S  16.  2 I S  8. 601rO INC. H I S T O P I F 5  1.1 YFV CUTOFF EFJ. 

ENERGY SPECTRA OF CASCADE PARTICLES WITH MU FROM 0.60 T O  0.40 
(THETA FRflM 53 DEG. 5 MIN. TQ 0 6  OEG. 2 5  MIhi.1 

N ( E 1  IS (FRACTION OF PARTICLES I N  DELTA M U I / ( O i L T A  MU) (OELTA E )  

E IMEV)  I S  CENTER OF INTERVAL 

PROTONS 
DELTA E I H E V )  100.0 

EIMEVI N I E I  

50.0 0.344E-01 

150.0 O.112E-01 

250 .0  0.29SE-02 

350.3 O.11ZE-02 

450.0 0.248E-03 

550.0 0.124E-03 

650.0 0. 

750.0 0. 

850.0 0. 

950.0 0. 

N I S  1.000E 00 

NEUTRONS 
DELTA EtMEV) 100.0 

E IMEVI  N ( E I  

50.0 0.290E-01 

150.0 0.130E-01 

250.0 0.600E-02 

350.0 0.135E-02 

450.0 0.421E-03 

550.0 0.842E-04 

650.0 0.842E-04 

750.0 0. 

850.0 0. 

950.0 0. 

N rs 1.000~ 00 

P I +  
DELTA E fMEV)  100.0 

E l  MEV) N I E I  

50.0 0.25OE-01 

150.0 0.125E-01 

250.0 0.100E-01 

350.0 0.250E-02 

450.0 0. 

550.0 0 .  

650.0 0. 

750.0 0. 

850.0 0 .  

950.0 0 .  

N I S  (SUM OVER Y I E I ) l D F L r A  P U ) ( D E L T A  F )  

N IS 1.000E OC 

P I 0  
DELTA E ( P E V )  lO‘l .@ 

E(!4EV) hi( E )  

50.0 0.297E-01 

150.0 0 . l r J 9 F - O ?  

250.0 0 .469F-0?  

750.0 C V ? 1 2 E - 0 7  

450.0 0 .156F-02  

550.0 0. 

650.0 0. 

750.0 0 .  

850.0 0. 

950.0 n. 

N IS 1.OflOE 00 

P I -  
D E L T ~  E ( M E V )  1 w . 0  

E (  MEV) Y I F )  

50.0 0.770E-01 

150.0 ’3.156F-01 

950.0 n.5Q2E-02 

‘50.P 0 . 6 E R E - C 3  

450.0 0.6=@E-r)3 

=qo.n 9. 

650.0 n. 

75o.r n. 

350.0 n. 

9 5 0 . 0  0. 

N I S  i . c o o F  on 
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N E U T  CN 0 INC.  K.E. ( M E V )  IS 1000.0 A I S  16. Z I S  8. 5000 I h C -  H I S T O Q I E C  1.1 Y c V  CUTOFF EN. 

ENERGY S P E C T R A  OF C A S C A D E  P A R T I C L E S  W i T H  MU F R O M  -0.40 T O  -n.F@ 
( T V E T A  FROM 113 DFG. 35  M r W .  TO 326 OEG. 54 M!hl.l 

N ( E )  IS ( F R A C T I O N  O F  P A R T I C L E S  I N  D E L T A  Y U I / ( D E L T A  M U l ( 0 E L T A  E )  

E I M E V l  I S  CENTER OF I N T E R V A L  

PROTONS 
D E L T A  E ( M E V 1  100.0 

E l  H E V l  NlEI 

50.6 0 . 4 6 6 E - 0 1  

150.0 0 . 3 3 7 E - 0 2  

250.0  0. 

350.0 0. 

450.0 0. 

550.0 0- 

65'2.0 0. 

750.0 0. 

850.0 0. 

950.0 0. 

N I S  0 . 1 0 0 E  01 

NEUTRONS 
D E L T A  E I M E V )  100.0 

E ( Y E V )  N I E )  

50.0 0 . 4 6 7 E - 0 1  

150.0 0.250E-02 

250.0 0.833E-03 

350.0 0. 

450.0  0. 

550.0 0. 

650.0  0. 

7 5 0 . 0  0. 

850.0 0. 

$50.0 0. 

N IS 1.OCOE 00 

P I +  
D E L T A  E ( M E V )  100.0 

E ( M E V )  N l E I  

50.0 0 . 4 3 7 E - 0 1  

150.0 0 . 6 2 5 E - 0 2  

7 5 0 . 0  0. 

350.0 0. 

450.0 0 .  

5 5 0 . 0  0. 

650.0 0. 

150.0 0. 

850.0 0. 

950.0 0. 

N I S  ( S U M  O V E R  N l E l I ( 0 F L T A  C U I I D E L T A  F )  

N IS 1 . 0 0 0 E  CO 

P I 0  
~ F L T A  E l H F V l  100.0 

E l  Y F V l  Y l F l  

< O m 0  0.458E-01 

150.0 @.?3@c-07 

250. r  o . m 9 ~ - " 2  

350.0 i. 

450.0 ?. 

E5C.O 0 .  

650.0 0. 

750.0 C .  

850.0 0. 

950.0 0. 



NEUT CN 0 I N C .  K.E. ( M E V J  IS borc.0 A I S  16. z I S  R. 6000 INC. HISTORIPS 1.1 MFV CUTOFF EN. 

ENERGY SPECTRUM OF EMITTED CASCADE PROTONS 

0 TO 1.0000000E 03 M E V  0 OFL 

K.E. IS THE CENTER OF THE ENERGY INTERVAL I N  MEV N ( E I  IS THE FRACTION OF TOTAL N U t 6 B E R  OF EMITTED DROTUNS /DELTA E 

K.E. 

20.00 

6C.00 

10G.00 

140.00 

180.00 

220.00 

260.00 

N ( E 1  K.E. 

0.9043763E-02 300.00 

3.3722649E-@2 340.00 

0.2273373E-02 3a0.00 

0.1449275E-C2 42@. 00 

0.1072748E-02 460.00 

0.9312021E-03 500.00 

0 . 7 ~ 3 5 7 6 3 ~ - 0 3  

lu( E l  K. E. N ( E )  K.F. N(E1 

0.511*090€-03 540.00 0.26996?1E-03 780.00 0.1 84Tl lbE-@3 

0.4 8304 1 8  E-03 'SC. '30 '3.413048Q E-03 ezq.00 n . i94a815~-01  

0.47598 75 E-03 620.00 n.z4865nz~-03 P60.09 0.2131287E-C? 

r . 3 ~ 0 7 3 6 0 ~ - 0 3  66c1.00 0.3694231E-03 COO.OO 0.284171 6E-Ol 

94'3.00 0.26996?1€-03 0.4333618E-01 70C.00 0.2171267E-03 

C e419 15 32E-03 740.00 0.255754" E-03 580.00 0.7486*02E-C3 
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NEUT CN 0 INC. K.E. CMEVI IS 1000.0 A I S  16. Z I S  8. 6000 I N C .  H I S T n R I E S  1.1 M F V  CUTOFF EN. 

ENERGY SPECTRUM OF EMITTED C b S C A C E  P I +  

0 TO 1.00000OOE 03 HEV 0 OFL 

K.E. IS THE CENTER OF THE ENERGY I N T E R V A L  I k  MEV N t E I  I S  THE F R A C T I O N  OF TOTAL N U M e E R  OF EMITTFr )  P I +  I DELTA E 

K.E. 

20.00 

60.09 

100.00 

140.00 

180.00 

220.00 

260.00 

N ( E )  K.E. 

0.7579787E-02 300.00 

0.8 11 1702E-02 340.00 

0.2127600E-02 38C.00 

0 132'?7@7E-C2 420.00 

0.1728723E-02 460.00 

0.5319149E-O? 500.00 

0.132 C787E-02 

h ( E l  K.E. 

0.3?88$342E-03 540.00 0. 

0.93085 11 F-03 580.00 c. 

0.?99??62E-03 620.00 0. 

0.132C787E-03 460.00 0. 

0.2659575E-03 700.0fl 0. 

0.1 3 2  ?7 87 E-m 740.00 0. 

K.E. 

7 ~ 9 .  n3 

~70.00 

e60.00 

coo. 00 

S49.00 

=9 0.00 

N ( E )  

0. 

0. 

0. 

P. 

0. 

0. 



NEUT ON 0 INC. K.E. ( M E V )  I S  1OCO.O A I S  16. 2 I S  8 .  6CCO I N C .  HISTORIC5 1.1 MFV C l l T O F F  EN. 

ENERGY SPECTRUM OF EMITTED CASCADE P i 0  

0 TO 1.0000000E 03 MFV 0 n=L 

K.E. I S  THE CENTER OF T H E  ENERGY INTERVAL I N  M E V  N ( E )  I S  ?ME FRACTION DF TOTAL NUMSER n F  FMITrEr) 010 / D E L T A  E 

K.E. 

20.00 

6'2.00 

100.00 

146.00 

180.00 

220.00 

260.00 

N r E )  K.E. 

0.5976864E-02 300.00 

0.6105399E-02 340.00 

0.3084833E-02 380.00 

0.2313625E- 02 420.00 

0.1735219E-@2 460.90 

0 102 8 2  7RE-02 500.00 

0 122 10 80E-02 

N ( E )  K.F. 

0.10282 78E-02 540. CO 

0.5784062E-03 580.  0 0  

0.6426735E-03 620.0C 

0.2 5706 9 4  E-03 660.00 

0.4498715E-03 700.00 

0.4498715 E-03 740.00 

N ( E I  

0. 

r. 

0. 

0. 

0. 

n. 



NEUT CN 0 INC. K.E. ( M E V I  I S  1000.0 A I S  16. 2 IS 8. 6000 INC. HISTORIES 1.1 YFV CUTOFF FN. 

EVERGY SoECTRUY OF EMITTED CASCAOE P I -  

0 TO 1 ~ 0 0 0 0 0 0 0 E  03 MEV 0 OFL 

K.E. IS THE CENTER OF THE ENERGY INTERVAL I h  YEV N(E1 IS THE FRACTION OF TOTAL NUMBER OF EMITTED P I -  I OECTA E 

K.E. 

20.00 

60.00 

100.00 

14C.00 

180.00 

220.0') 

260.00 

N ( E I  K.E. 

0.5159332E-62 300.00 

0.6107739E-02 340.00 

0.34901 37E-02 380.00 

0.2200304E-92 420.00  

0 .14415 78E-0% 460.00 

0 125 18S7E-02 50C.00 

0.1100152E-02 

N( E) K.E. 

0.9 1047 C4E-03 540. OC 

0 -9 863430 E-(13 580.0C 

0.6 82 85 2 8 E 4 3  62O.OC 

0.531 1077 E-03 660.00 

0.3793627E-03 700.00 

0.20349 0 1  E-03 740.00 

N ( E 1  K.E. 

0.1178C8RE-03 780.90 

0.15 1 7  451 E-03 e 2 0 . 0 0  

0 .I 896 8 l ? E - 0 3  e6o.00 

3. 900.00 

0. 940.00 

0. $80. on 

N ( E )  

0. 

0. 

0. 

0. 

0. 

0. 



NEUT C Y  0 I N C .  K.E. ( M E V I  I S  lCOO.O A I S  16. Z I S  E. 6 0 0 0  IPJC.  HISTORIES 1.1 Y E V  CUTOFF Ch'. 

EYFRGY SPECTGUM OF E M I r T E O  CASCADE PAR1ICLES 

0 TO 1000 PFV 

Y ( E )  I S  THE FRACTION O F  TJTAL hUP'BEP O F  EMITTE3 PARTICLFS/DELTA E 
K.E. IS THE CENTER OF THE ENERGY INTERVAL I N  M E V  

K. E. 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

915 -0  

PROTONS 
Y ( E )  

0.8167093E-02 

0.3046320E-02 

0.1705030E-02 

0.1131003E-C2 

0.8C70474E-03 

0.6?90622E-03 

0.511 5089E-03 

0.4546746E-03 

0.4092072E-03 

0.392156SE-03 

0.358C563E-03 

Ce3807900E-03 

0.261 4379E- 03 

0.3296391 E-03 

0.2557545E-03 

0.1705030E-C3 

0.181 86SRE-03 

0.1S32367E-03 

0.2784882E-C3 

0.2671213E-03 

N I S  0.9999999E 00 

NEUTRONS 
N ( E I  

O.7006211 E-02 

0.2778468E-02 

0.1929607 E-02 

0.1118012E-02 

0.9399586 E-03 

0.5 83 850$E-03 

0.4 ME61 28 E-03 

0.401 6 5 63  E-03 

0.3436853E-03 

C.4265010E-03 

0.331 2629E-03 

0.2 1532 09 E-03 

0.3436853E-03 

0.2567288E-03 

0.2815735€-0? 

0.3436853 E-03 

0.331 2629E-03 

0.4223602 E-03 

0.6 62 52 59 E- 03 

0.7950310E-03 

N' I S  C.9999999E 00 

N I S  I S U Y  OVER HTSTflGRAM FROM 1 TI? 10' lq M E V I  (DELTA E l  

P I +  
FJ4 E l  

0 . 8 1 9 1 4 8 9 ~ - n 2  

0.542 5532 F-02 

0.13R297SE-07 

0 . 1 7 0 2 1 2 ~ ~ - 0 2  

0.7446808E-03 

0.9510638E-03 

c . 7 ~ 4 ~ 9 n b  E-03 

0.531 9 1  4QE-07 

O.IO6383O E-03 

0.31914RSE-03 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0 .  

0. 

N I S  0.9S9C999E 00 

P I 0  
N ( E l  

o . ~ o i 5 4 7 4 ~ - c 7  

0.5 14118R E-'2'' 

0.2 = 10 2 en E - ~ Z  

0.1696658F-02 

'2. 1 070 6 O1 F -@7 

n . i 7 7 3 ~ 3 ' ~ - r 7  

P.7la7943E-C2 

? 5655527E-C3 

0.411 31 1 n ~ - n =  

n . 5 1 4 1 3 9 ~ ~ - 0 3  

0,51413885-04 

0. 

r).514138t?E-04 

0. 

c. 

0. 

n. 

C. 

n. 

0. 

N IS 0.9Q999QaE 00 



NEUT CN 0 INC. K.E. ( M E V )  IS 1CCO.O A I S  16. 2 IS P. 5000 I N C .  HISTORIES 

MU 

0.975 
0.925 
0.875 
C.825 
0.775 
0.725 
0.675 
0.625 
0.575 
0.525 
0.475 
0.425 
0.375 
0.325 
0.275 
0.225 
0.175 
0.125 
0.075 
0.025 

-0.025 
-0.075 
-0.125 
-0.175 
-0.225 
-0.275 
-0.325 
-0.375 
-0.425 
-0.475 
-0.525 
-0.575 
-0.625 
-0.675 
-0.725 
-0.775 
-0.825 
-0.875 
-0.925 
-0.975 

ANGULAR OISTRI8UTIOY n F  EMITTED CASCADE PARTICLES 

(FRACTION I N  EACH INTERVALI/(OELTA MU1 

M U  IS COSINE THETA AND SPECIFIES THE CENTER OF THE INTERVAL 

PROTON 

0.3853367E 0 1  
0.1864166E 01 
0.1375391E C 1  
C. 1034385E 0 1  
0. 8639818E 00  
0.8411481E 3 0  
0.76' 5800E 00 
0.6535948E 00 
0.7217960E 00 
0.4837752E-00 
0.522P75PE 00 
0.5565754E 0 0  
0.572875@E c o  
0.5740267E 00 
0.4887752E-00 
0.3807900E-00 
0.35 €05635-00 
0.3523728E-OC 
0.3580563E-OG 
0.2671215E-00 
0.272804PE-CIO 
0.2159704E-00 
C.2955385E-00 
C.2443876F-00 
0.2330207E-00 
C. 1761864E-00 
0. i330207F-OC 
0.1477692F-00 
0.1534527E-CO 
0.1477692E-00 
0. 1 0 2 3 0 1  RE-00 
0.102301 RF-00 
0.1932367E-00 
0.7388463'-01 
0.9641 836E-01 
0.9093492E-01 
0.7956806E-01 
0.1193521E-00 
0. 1 0 2 3 0 1  8E-00 
0.7956806E-01 

NEUTRON 

0.4277433E 01 
0.102132 5E 0 1  
0.1262@40E 01 
0.1018633E 01 
0.799171 PE O C  
0.8654244E 00 
0.6666667E 0 0  
0.72049691: 00 
C.6583851E 00 
0.6045 549E 00 
0. 592132 5E 00 
0.4045545E 00 
0 4 1  40 7 8 7E- 00 
0.5300?07€ CC 
0.38 92 340E -0 0 
0.3R50"32E-00 
0.3768116E-00 
0.4@57971€-00 
0.3436853F-00 
0.2111801E-00 
0.260R696E-00 
0.2484472E-00 
0.2$31366E-00 
C .  1780538E-00 
0.1904762E-00 
0.2153209E-00 
0 .15320s lE-00 
C.1449275E-00 
Q. l44?275E-00 
0.1366460E-00 
0. 1118012E-00 
0.1C35197E-00 
0.111~0121:-00 
0.8281573E-01 
0.9523809E-01 
0.1242236E-00 
0.1283644E-CO 
0.7867495E-01 
0.7857495'-01 
0.662525 9E - 0 1  

P I +  

C. 1595745E 0 1  
0.851063AE 0 0  

0.9574468C 00 
0.1063830E 0 1  
0.7446POOE O D  
@.6382"7QE 70  
0.8510638E 00 
0.744680QF 00 
0.638Z07@E 00 
0.425531QE-00 
0 . 3 1 0 1 4 9 9 E - ~ 0  
0.6182979E 00 

C.633P257SE 00 
0.212766OE-70 
0.42 55?1SE-'l0 
0.851063RE 0 0  
0.212766PE-00 
0.1063P30E-00 
0.1063 P30E-00 
0.3191489E-00 
0. 
0.31@148"E-g0 
0.21276hOE-70 
0.3191489E-00 
0.3191 4P9E -70 
0.1063830E-'I0 
0.5319149E 30 
0.4755719E-00 
0. ?127660c-00 
0.511914QE 70  
0.7191 489E-00 
0.1063F3OE-00 
0.2127660E-00 
0.6382579E 00 
0.9574468E 3 0  
0.1063830E-00 
0.531914QE 0 0  
0.1063 P 3 O E - 0 0  

0 . 1 3 a 2 5 7 ~ ~  0 1  

0.3101499~-no 

P I 0  

0.1748072E r ) l  
0.1388175E 01 
0.12P'347E 01 
0.822627XE 00 
0.77120RZE 00 
0.5655527F 00 
0.7197C43E n 0  
0.5141388E 00 
0.4627249E-00 
0.4627249E-00 
0.2056555E-qO 
0.51413P9E 00 
0.5655527E 00 
0.1542416E-00 
0.4627249E-00 
0.616S666E 00 
0.3084823F-00 
O.616"666E 00 
0.4627249E-00 
0.1542416E-00 
0.5141389E 00 
0.2570604E-00 
0. 4627?4°E-00 
0.?5QR972E-00 
0.3578972E-00 
0 4 6  7724s E-00 
0.35q8972E-CO 
0.411? 11 IF-00 
0.1547416E-nO 
0.4627249E-C0 
0. ?57@694E-00 

0.1542415E-00 
0.7197943E P O  
O.ZO56555E-00 
0. 2034833E-00 
0.5683805F P O  
3.2570604E-00 
0.2570604E-00 
0.70565"5E-00 

0 . 3 5 ~ 8 9 7 2 ~ - 0 0  

1.1 Y E V  CUTOFF EN. 

P I -  

0. 1305008E 0 1  
0.14264Q94E 0 1  
0.112291?F C 1  
n.1213960' 01 

0.8194734F 0 0  
0.606980ZE O C  
0.9711684E 00 
0.72P7763E 90 
0.4552352E-00 
0.567h7R3E 00 
0.45523521:-00 
0.6069RO3E 00 
0.4855847E-00 
0.3945372E-0@ 
0.4855842E-00 
0.15 17451 E - 0 0  
7.5452822E 00 
1.3338391E-00 
0.2 1 2 4 4 3 1  E- OP 
0.424R862F-00 

0.4855842'-00 
0.4552352:-00 0.2731411E-OC 

0.151745lF-00 

0.3338391E-00 
0.2477921F-00 
0.273141lE-OC 
0.303490LF-00 

0 . 7 ~ 9 0 7 4 4 ~  n o  

n . 3 0 3 4 9 o i ~ - e o  

7.3338391 E-00 

n . ~ o 3 4 9 0 1 ~ - 0 0  

0.3338391'-OC 
0.3034901E-00 
0.30349PlE-00 
0. I 2 l ? 9 6 0 € - 0 0  
9,4552352'-00 
0.3945372E-00 
0.2124431E-00 
0.2174431E-00 



I N C I D E N T  I N C .  LAB.  T A R G E T  F!O. OF IYC. C d T O F F  G E O M E T R I C  
PART:CLF: K.E.(MEVI sYMa.  A 2 P A R T I C L E S  Ehi.(l"EV) X - S E C . ( M B )  

N E U T  1000 0 16 e 05000 1.11 852.5 

( D S I G Y A / ( D U M F G A  X D E I  ( M B I / ( S T E R A D I A N - Y E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  I D E G )  NC. OF 

1O.r)O n. T O  PROTON 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 

1 . 3 7 6 8 E  00 6 . 6 9 7 9 E - 0 1  4 . 4 6 5 3 E - 0 1  3 . 3 4 9 0 E - 0 1  2 . 2 3 2 6 E - 0 1  1.1 1 6 7 E - 0 1  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 7  I Y T E R V A L  1 4  

4 -093 2E-0  1 3 . 3 4 9 0 E - 0 1  3.721 1 E - 0 1  3 . 7 2 1  1 E - 0 1  3 . 7 4 9 0 E - 0 1  4 .Cc' 2 E - 0  1 

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  2 0  I N T E R V A L  21 I N T E Y V A L  2 2  

1 .228OF 00 6 . 3 2 5 8 E - 0 1  7 . 0 7 0 0 E - 0 1  2 . 9 7 6 8 E - 0 1  l . l l b ? E - O l  l . l l 6 ' E - O l  

I N T E R V A L  2 5  

l . l l 6 3 E  00 

( O S I G M A / f  DOMEGA X D E )  ($8) / (  S T E Y A O I A N - Y E V )  
T Y P E  O F  C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( D E G )  NO. OF 

PROTON 10.00 T O  30.00 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 

7 . 9 0 0 3 E - 0 1  2 . 9 0 3 1 E - 0 1  2 . 1 8 9 2 E - 0 1  1 . 8 5 6 1 E - 0 1  ? . l @ 9 ? E - 0 1  1 . 5 2 3 0 E - 0 1  

I N T E R V A L  9 I N T E R V A L  1 3  I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  13 I N T E R V A L  14  

1 . 1 4 2 2 E - 0 1  1 . 5 2 3 C E - 0 1  1 . 1 4 2 2 E - 0 1  1 . 6 6 5 7 E - 0 1  1 . 7 6 0 9 E - 0 1  e . 5 6 6 6 E - 0 ?  

I N T E R V A L  17 I N T E R V A L  18 I N T E R V A L  19 I N T E R V A L  2'3 I N T F R V A L  2 1  I N T E R V 4 L  2 2  

7 . 6 1 4 8 E - 0 2  4 . 7 5 9 2 E - 0 2  7 . 6 1 4 8 E - 0 2  8 . 5 6 6 6 E - 0 2  7 . 6 1 4 8 E - 0 2  1 . 2 3 7 4 E - C l  

I N T E R V A L  25 

2 . 3 7 9 6 E - 0 2  

PF I Y C .  
PA::: CCILLISICIYS 

07151 

E N F Q G Y  I N r F G V A L S  D F L T A  E ( M F V )  

2 5  40. nooo 

I M T E R V A L  7 I N T E R V A L  P 

a . 0 9 ' 2 F - 0 1  1.9605E-01 

I N T E R V A L  1 5  I N T E R V A L  1 6  

R . Q 2 0 5 E - f l l  7 . 8 1 4 2 E - 0 1  

I N T E R V A L  2 3  I Y T E R V A L  2 4  

5.6 81 6 F  -0 1 7.447 1 E - 0 2  

E Y F R G Y  I N T F F V A L S  O F L T A  E ( M E V )  

2 5  4o.oono 

l M T E R V A L  7 I N T E R V A L  8 

1 . 1 4 1 7 E - 0 1  1 . 4 2 7 8 E - 0 1  

I N T E R V A L  1 5  I N T F R V A L  16 

1 . 4 7 5 4 C - 0 1  5 . 2 7 * ? F - 0 2  

I N T E R V L L  7'  I N T E R V A L  2 4  

1.0Q4 h E - 0 1  1 POP 5 E-0 1 



V
I 
z
 
0
 

V
V

I 
2
.
-
 

c
-
l
 

-
I 

U
C
 

o
v

 

o
+
-
 

Z
U

 

4
 
a
 

.
I
 

.. - m
 

V
X

 

a
.
 

t
U
 

W
W

 
E
W
 

0
1

 
w

x
 

0
 

_- 

c
 

>
 

u
w

 
U
I
 

0
-
 

I
-
*
 

3
2
 

v
w

 

V
IA

 
z

w
 

1
2
 

U
 

U
- 

O
l- 
U
 

.
4

 
o
a
 

z
 N
 

l- 
W

 

m
a

 
U
 

a
 

l- m
 
5
 

>
 

VI 

.- m
s

 
e

I
W

 
-
I!€

 

u
 w

 
2
-
 

-
2
 

- .. 

+
-W

 
z
-1

 
w

v
 

w
l- 

V
o

l 
Z
U
 

0
-
0
 

a
-
 

4
 

U, 
11, 
N
 

Q
 

In
 

N
 

m
 

W
 

4
 

d
 

..I 

0
 
0
 
0
 

ro 
0
 

W
 

Q
 

.-
I 

u
 

0
 
0
 

0
 

.-
I 

I- 
3
 

W
 

z
 

c
)
 

W
 

n
 

0
 
0
 

0
 
4
 

G
 

+ 0
 

S
 
0
 

U
 

U
 

4
 

+- W
 
I
 

I- 

S
 

3
 

z
 
0
 

+- 
0
 

0
: 

P
 

W
 

0
 

4
 

V
 

VI 
4
 

V
 

U
 
0
 

U
 

z
 

4
 

0
 

4
 

0
: 

W
 

I- 
VI 
\
 

E
 

m
 

0
 

u1 
+

 
0
 
0
 

Ln 

0
 

Y
 

- m
 VI 
2
 

4
 

13 
0

 
ut 
W

 
0
 

X
 

- W
 
a
 

a
 

X
 

m
 

W
 

S
 
0
 
0
 

\
 
0
 

VI 
0
 

U
 
0
 

EI 
3
 

I
 

3
 

VI 

c
)
 

W
 

0
 

(3
 
0
 

0
 

d
 

0
 

t
 

0
 

5
 
0
 

U
 

U
 

l- 

I
 

t
 

S
 

3
 

z
 
c
 

I- 
O

 
ri 
0

 

W
 

0
 

4
 

V
 

V
I 

4
 

V
 

DL 
0
 

Y
 

>
 

W
 

5
 

A
 
0
 

W
 

01 
r
(
 

4
 

0
 

0
 

0
 

a
 

W
 

t. u
, 

VI 
2
 

4
 

3
 

0
 

W
 

>
 

c
)
 

ci 
W

 

i
 

W
 

W
 

w
 

U
 

,Y 
u1 

>
 

4
 

c3 
W

 
0
 

0
 
0
 

0
 

F. 

0
 

+- 
0
 
0
 

0
 
. +
 

r
 
0
 

U
 

4
 

I- w 
I
 

+ 

a
 

r
 

I- 

z
 

2
 

0
 

I- O 
D

: 

w
 

a
 

W
 

D
 

4
 

V
 

VI 
4
 

V
 

U
 
u
 

U
 

2
 

Q
 

D
 

4
 

U
 

W
 

t
 

V
I 
\
 

r
 

In
 
0
 

01 
0
 

Q
 

- 0
 

,.. m
 

U
I 

W
 
2
 

-
l
 

3
 

0
 

W
 

W
 
a
 

X
 

I
 

W
 
a
 

X
 

4
 

c
)
 

W
 

S
 

0
 
0
 

\
 

c
)
 

w
 

v1 
u

 

U
 
0
 

x
 

3
 

VI 

- 

0
 
4
 

0
 

0
 

c
 

0
 

111 

G
 

* 0
 
0
 

0
 . c r
 
0
 

a
 

U
 

U
 

t
 

w
 
I
 

t- I
 

z 
z
 
0
 

I- 
O

 

rr 
P

 

W
 

0
 

4
 

U
 

V
I 

4
 

V
 

U
 
0
 

U
 

>
 

W
 

L
 

r". 
0
 

L
y
 

N
 

N
 

W
 

Ln 
J
 

A
 

0
 

t; v
, 

-1
 

U
 

3
 

U
 

W
 

>
 
0
 

cr 
W

 
z
 

W
 

u
 

(3
 

4
 

U
 

W
 

>
 

4
 



620 

- >
 

W
 

E
O

 
-

c
 

0
 
0
 

C
 

Ci 

G
 

Q
 

U
. 

U
 

I- 
.A 
lL

 
0
 

C
 
c
 

0
 
.
i 

oc 
fi I 

0
3
 

C
 I 

W
 

I- 
a
 

0
 

Q
 

n
 

w
 

U
 

a
 

a
 
4
 

U
 

N
 

+ J L
 

C
 

... U >
 

6Y U
 

i
 

U
 

7
 

CL 
W

 

J
 

U
 

>
 

CL 
U1 

J
 

U
 

>
 

m
 

LL 

_
I 

>
 

LL 
w

 

a
 

Y
) 

7
 

G
 

V
V

r 
I
C
 

.
C
 

C
 

C
 

0
 

t- 
z
 
c
 

I- 
z
 

c
 

t- 
z
 

- P
l 

N
 

I- 
z
 

c
 

I- 
z
 

c
 

e
 
z
 
I
 

VI 
Y

) 

J
 

4
 

J
 

4
 

>
 

-
2
 

i
 

U
. ri 

G
U

 

c
 

c
,
 

N
 

0
 

n
 

u. 
t- 
7
 

r
 

n
 

0
 

I 
U c 

4
 

<
.I 

C
 I 

lL 
.. 

e
I- 

r
a
 

U
 

a
 

C
 

J
 

U
 

>
 

LL 
W

 
I- 
z
 

J
 

U
 

>
 

d
 

U1 

+ z
 
c
 

m
 

a
 

“
I 
” 

J
 

U
 

>
 

U
 

w
 

k
 

z
 

0
 

LT 

4 
>

 
w
 

CY w
 

z
 

W
 

C
 

I- 
+

 
c
 

.- 
w

 
c
 

c
 

.- 
L
 
c
 

5
.

 
u
o
 

z
z
 

- 
Q

 
n
,
 

0
 

I 
W

 
+

 
N

 

C
I 
C
 I 

u1 
0
 

U
 
c
 

N
 

no 
Q

 
0
 

I 
w

 
r- 

-8 tr 

c
 

r- 

a
 

U
 

A
 

N
 

Ln 

bl 

2
.
 

w
 r, 

a
.
 

I-
U

 
W

 us 
x
v
i 

0
1

 
U

J x
 

P
 

..l 
Q

 

>
 

a
 

u1 

J
 

>
 

X
 

w
 

I- 
z
 

a
 

.- 

J
 

U
 

>
 

L
I 

w
 

I 
z
 

Q
 

o
w
 

u
 tu

 

x
n
 

W
-

r
 

m
-

 

N
 

N
 

Le 

m
 

Y
l 

0
 

0
 

t- 
7
 

.- 
I- 
z
 

C
 

0
 

C
 

0
 

0. 

c
 

c
 

o
 

m
 

r
l
 

>
 

Y
 
LU

 

Y
’E

 
0
-
 

b- . 
3

%
 

u
w

 

I- 
Y

)
l

 
I-, 
c
 I 

L
L

 
ti 

Y
i 

m
 

r
l 

m
 

0
 

I 
LL 
r. c
 

J
 

>
 

a
 

U
J 

a
 

-1
 

>
 

K
 

w
 

a
 

-.I 
U
 

>
 

a
 

Y
 

ro 
.t m

 

Ln 
v
‘ 

U
V

I 
z

w
 

-... U
 

u
-
 

rn!- CL 
-
a
 

O
n
 

z
 

G
 

b
- 

0
 
0
 

0
 

I” 

0
 

0
 

b
- 

0
 

0
 

0
 

01 

c
 

0
 

0
 

0
 

C
 

Q
 
0
 

I- z 
c
 

N
 

r
l 

-
c
i
 

L
u

U
 

0
2
 

3
 

X
I3

 
z
 

4
4

 
a
 

Lu 
x 
0
.
 

n
5

 

I- z 
.- 

U
 

t- 
z
 
- 0
 

N
 

N
 
0
 

c
 

N
 

I 
W

 
4

 
0
 

L
n
 

m
 

J
 

U
 

>
 

J
 

U
 

>
 

CL 
w

 
I- 
z
 

m
 

.A
 

4
 

>
 

ci 
y
l
 

I- 
z
 

A
 

>
 

ci 
w

 

I- z 

a
 

J
 

U
 

>
 

n
 

w
 

c
 
z
 

J
 

>
 

ci 
u
 

c
 
z
 

a
 

a
 

L
L

 

c
 
z
 

c
 

u
 

Ln 
m

 
N

 

t
 

w
 

01 
0
 

0
 

0
 

n
 

” 
.- 

.- 
a
 

4
 

W
U
 

a
 

0
: 

Lo 
a
 

m
 

r
l 
0
 

N
 

0
 

01 
r
i 

m
 

N
 

I w 

0
 

IT1 

a
 

m
 

:
 

N
 

r
l 

r
(
 

Ip
 

r
l 

0
 

I 
U

I 

r
 

r- 
N

 

c
 m

 
x > 

W
 

9
 

0‘ 
N

 
U

 

w
 

m
 

0
 

r
 

m
 

r
l 

2
 

-a 
>

 
J
 

4
 

>
 

-1
 

>
 

d
 

w
 
c
 

%
 

a
 

M
 

.A
 

U
 

>
 

A
 
U
 

>
 

CY w 
I- 
z
 

.- 

V
 

u
) 

J
 

U
 

I- OI 

4
 
n
 

”
 

u
) 

u
 

V
 

Lo 

4
 

U
 

Y
 

a
 

0
 

w
 

.L
 

>- 
I- 

w
 

_
I 

V
 
I
 

d
 

LL! 
I- 
z
 

- 
In 
d

 
K

 
w

 
I- 
z
 

,4
 

0
 

0
 

d
 

!- 
d
 

U
 
n
 

.- 
0
 

+
 

J
 

m
 

4
 

m
 
0
 

N
 

0
 

r
(
 

-1
 

a
 

>
 

O
I 

w
 

!- 
z
 
,. 01 

m
 

r
(
 

-
I 

>
 

0
: 

a
 

u
1
 

4
 
0
 

I 
W

 
01 

N
 

4
 

N
 

N
 

0
 
0
 

0
 

z
 

0
 

I- 
a
 

U
J 
u
 

4
 

U
 

v
)
 

4
 

U
 

D
 

w
 
n
 

>- 
I- 

LL 

z
 
0
 

k
 

0
 

.. 
U

W
 

2
.
 

M
Y

 

w
 

m
 

m
 

tr 
01 

J
 

U
 

>
 

C
L 

Lu 

ci 
CL 

K
 
a
 

0
 

0
 

b
- 
z
 
I
 

t
 
z
 

- 
4

 
c
 
z
 

- 
m
 
0
 

I 
U

J 
m

 

m
 

In 
01 

.4 

Ln 
N

 
In

 
N

 
c
 

d
 

N
 
0
 

I 
w

 

r
l 

.
-
I
 

0
 

I w
 

IC
 

3
 

u
) 

z
 

J
 

>
 

c
i
 

w
 

I- 
z
 

a
 

M
 

.-I 

N
 

aJ d
 

N
 

_
I 

>
 

O
I 

w
 

a
 

J
 

>
 

K
 

Y
I 

a
 

J
 

4
 

>
 

d
 

w
 

I- 

Q
 

In
 
4
 

N
 

0
 

0
 

0
 

0
 

c
 
z
 

w
 

t- 
L

 
3
 

c
 
z
 

- 
I- 
z
 

- 



NO. @F IYC. I N C I D E N T  INC. LAB. TARGET NO. @F INC. CUTCFF GEOMETRIC 
P A R T I C L E  K.E.(MEV) SYMB. A Z P A R T I C L E S  EN.(MEVI X-SEC.lM8) PART. C O L L I S I O N S  

NEUT 1000 0 1 6  8 06000 1.11 852 .5  023C1 

SUM O F  D S I G / ( D O H E G A  X DE1 X DE EQUALS 0.4653E 02 M B I S T E R A D I A N  FOR CASCADE PROTON W I T H  T H F T A  FROM 30.90 TO 00.00 DEG 
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I N C I D E N T  I N C .  L A B .  T A R G E T  NP. OF INC.  C U T O F F  G E O M E T R I C  NO. OF I N C .  
P A R T I C L E  K.E. (YEVI  SYMB. A Z P A R T I C L E S  E N . l M E V )  X-SEC.(MB)  PART. C O L L I S I O N S  

N E U T  1000 0 1 6  8 06000 1.11 852.5 07351 

I D S I G Y A I I D O M E G A  X D E I  ( M B ) / ( S T E R A D I A N - Y E V l  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. AVGULAR I N T E R V A L  IDEGI NO. OF ENERGY I N T F R V A L S  D E L T A  E ( M E V I  

h E U T R O N  0. TO 10.00 7 5  w. o o m  

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T F R V A L  8 

1 . 1 1 6 3 E  00  4 . 0 9 3 2 E - 0 1  5 . 5 8 1 6 E - 0 1  4 . 8 3 7 4 E - 0 1  4 . 4 6 5 3 E - D l  5 . 5 8 1 6 E - 0 1  2.2376E-01 4 . 4 6 5 q E - 0 1  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  13 I N T E R V A L  14 I N T E R V A L  1 5  I L J T F R V A L  16 

2 . 6 0 4 7 E - 0 1  2 e976 8 E - 0 1  1 . 1 1 4 3 E - 0 1  7.442 1E-OX 3 a771 1 E - 0 1  4 m 4 6 5 3 E - 0 1  4.0@32 E - 0 1  3.1 8 6 3 E - 9 1  

I N T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  2 0  I N T E R V A L  21 I Y T E R V A L  2 2  I N T E R V A L  2 3  I N T E R V A L  24 

5 . 9 5 3 7 E - 0 1  6 . 3 2 5 8 F - 0 1  7 . 0 7 0 0 E - 0 1  5 .5@16E-Ob 1 . 7 2 L l E - 0 1  2.2326E-01 2 . 2 3 2 6 F - 0 1  2.083EE 00 

I N T E R V A L  2 5  

4 . 4 6 5 3 E  00 

( D S I G M A / ( D O Y F G A  X DE) ( Y B I / I S T E R A D I A N - M E V )  
T Y P E  O F  C A S C A C E  P A Q T I C L E  LAB. ANGUL4R I N T E R V A L  I D E G )  ND. OF ENERGY I N T F R V A L S  D E L T A  E ( M E V )  

30.09 % =  40.0000 in.oo T O  N E U T R O N  

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I Q T E R V A L  8 

7 . 9 4 7 9 E - 0 1  3 . 1 8 8 7 E - 0 1  3 . 0 9 3 5 E - 0 1  2 . 7 1 2 9 E - 0 1  2 . 0 4 6 5 E - 0 1  1 . 9 5 6 1 E - 0 1  1 . 7 9 5 0 E - 0 1  ? . 8 5 6 1 E - 9 1  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  12  I N T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  1 5  I N T E R V A L  16 

1 . 9 5 1 3 E - 0 1  1 . 7 6 0 9 E - 0 1  1 . 5 7 0 5 E - 0 1  1 . 8 0 8 5 F - 0 1  1 . 8 5 6 1 E - 0 1  1 . 2 8 5 0 E - 0 1  R.0907E-02 1.3802E-01 

I k T E R V A L  1 7  I N T E R V A L  18 I Y T E R V A L  15 I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  ? 3  I Y T c R V A L  2 4  

1 . 3 3 2 6 E - 0 1  1.3802E-01 1 . 5 2 3 0 E - 0 1  2 . 4 2 7 2 E - 0 1  7 . 3 3 2 O E - 0 1  7 . 4 7 4 2 E - 0 1  9.8550E-OI 4 . 5 6 8 9 F - 0 1  

I N T E R V A L  25 

1 . 6 1 8 1 E - 0 1  



Nn. I?F IVC. I N C I D E N T  I N C .  LAB. T A R G E T  NO. OF I N C .  CUTflFF G E O N E T R I C  
P A R T I C L E  K.E. (MEVI  SYKB. A Z P A R T I C L E S  E N . ( P E V )  X -SEC. (MB)  PART. C O L L I S I C I Y S  

N E U T  1000 O 1 6  8 06000 1.11 352.5 023  51 

SUM O F  D S I G / l C D M E G A  X D E I  X D E  E Q U A L S  C . 7 C 2 5 E  03 M B / S T E R A D I A N  F O R  C A S C A Q E  NEUTRUV W I T H  T H E T A  F R f l M  0.  T O  10.00 DEG 

AVERAGE ENERGY E Q U A L S  0 . 6 3 5 1 6 9 E  07 MEV FOR C A S C A D E  NEUTRON W I T H  T H E T A  FROP 9. T D  10.r0 DEG 

SUM O F  O S I G / ( D O M E G A  X D E )  X D E  E Q U A L S  0.2357E 03 M S / S T i R A @ I A N  FOR C A S C A 3 E  NEUTRON W I T P  T H E T A  F R n V  1 O . ' V  TO 70.r0 OEG 

A V E K A G E  ENERGY E Q U A L S  0 . 4 6 8 3 3 0 E  03 MEV F 3 R  C A S C A D E  NEUTRON W I T H  T H E T A  FROP 10.Q0 T D  7 q . C O  DEC. 
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SUM OF O S I G / ( O O M E G A  X D E )  X D E  E Q U A L S  0.132SF. 01 M B I S T E R A O I A N  F 3 R  C A S C A D E  P I +  W I T H  T H E T A  FPOM 75.00 T O  130.00 DEG 
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I N C I D E N T  I N C .  L A B .  T A R G E T  NO. OF I N C .  C U T O F F  G E O M E T R I C  NP. O F  I Y C .  
P A R T I C L E  K.E.(MEV) S Y M R .  A Z P A R T I C L E S  F h . ( M E V )  X - S E C . ( M b I  PART. C O L L I S I O N S  

Y E U T  1000 0 1 6  8 O h O O O  1.11 852.5 027 51 

NO. OF T I M E S  S P E C I F I E D  
P A R T I C L E  I S  E M I T T E D  ON T H E  F I R S T  
I N C .  P A R T I C L E  C O L L I S I O N  D I V I D E D  
E t  T H E  h 3 .  OF T I M E S  T H E  I N C .  
P A R T I C L E  T Y P E  I S  E M I T T E D  

P I  + O a Z 5 2 5 5 E - 0 0  

P I O N  A B S O R P T I O N  
C R O S S  SECT. I Y B I  

P I O N  C H A P G F  
F X C H A N G E  C R C S S  Sc'CT. I M P )  

A k G U L A R  D I S T R I B U T I O N  OF TWO CASCAOE PROTONS A S  A F U N C T I O N  OF T H E  ANGLF,  XI RETWFFN THFY. 

D S I G M A  I QCYEGA (MB / S T E R A O I A Y )  

( R E A C T I O N S  C O N T R I B U T E  WHEN T H E R E  ARE NO P I O N S ,  O N L Y  TWO PROTONS,  A L D  ANY NUMBER O F  Y E U T R O N S  E M I T T E D )  

X F R O M  

0 - 2 0  DEG 20  - 40 40 - 60 60  - 80  B O  - 109 100 - 120 1 2 0  - 140 140  - 160 160 - 1 8 0  

0 . 3 3 7 5 E  C 1  0 . 5 2 0 9 E  00  0 . 1 8 7 0 E  01 0 . 2 4 9 4 E  01  0.3125F 01 0 . 2 4 9 4 5  0 1  G . 1 7 7 E E  0 1  0.1041E 0 1  0.150nF 01 



NP. O F  I N C .  I N C I D E N T  I N C .  L A B .  T A R G E T  NO. OF I N C .  C U T O F F  G E O M E T R I C  
P A R T I C L E  K . E . ( Y E V I  SYHB. A Z P A R T I C L E S  EN. (MEV)  X - S E C . ( M B )  DART. C O L L I S I O N S  

N E U T  1000 0 1 6  8 06000 1.11 852.5 073 51 

( D S I G H A / ( O O M E G A  X D E )  ( M B I / ( S T E R A D I A N - M E V )  
T Y P E  OF C A S C A D E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( D E G I  NO. O F  E N F R G Y  I Y T E R V A L S  D E L T A  E ( M E V I  

P I 0  0. T O  25.00 2 5  40.0000 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I Y T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  8 

1 . 8 1 0 1 E - 0 2  3 . 6 2 0 2 E - 0 2  1 . 8 1 0 1 E - 0 2  2 . 4 1 3 5 E - 0 2  1 . 2 0 6 7 E - 0 2  2 . 4 1 3 5 E - 0 2  4 . 8 7 7 O F - 0 2  3 . 6 2 0 2 E - 0 2  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  12 I N T E R V A L  12 I N T E R V A L  14 I N T E R V A L  1 5  I N T E R V A L  16 

0. 4 . 2 2 3 6 E - 0 2  1 . 8 1 0 1 E - 0 2  3 . 6 2 0 2 E - 0 2  3 . 6 2 0 2 E - 0 2  6 . 0 3 3 7 E - 0 3  0. 6 . 0 3 3 7 E - 0 3  

I k T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  19  I Y T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  7 2  1 N T E R V A L  23 I N T E R V A L  24  

0. 0. 0. 0. 0. 0. F. 0. 

I N T E R V A L  25  

0. 

T Y P E  

I N T E X V A L  1 

2 . 0 S 5 4 E - 0 2  

I N T E R V A L  9 

7 . 8 5 7 8 E - 0 3  

( O S I G M A / ( O O M E G A  X D E I  ( M E ) / ( S T E R A D I A Y - Y E V )  
OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( O E G )  NO. OF F N E R G Y  I N T E R V A L S  D E L T A  E ( M E V I  

PI0 25.00 TO 7 5 . 0 0  2 5  40.0000 

N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  8 

1 . 8 3 3 5 E - 0 2  1 . 4 8 4 2 E - 0 2  1 . 6 5 8 9 E - 0 2  1 . 7 4 6 2 E - 0 2  7 . 8 5 7 8 E - 0 3  R . 7 3 0 8 E - 0 3  8 . 7 3 0 8 E - 0 3  

N T E R V A L  1 0  I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  1 5  I N T E R V A L  16 

2 . 6 1 9 3 E - 0 3  8.7?!08E-04 8 . 7 3 0 8 E - 0 4  8 . 7 3 0 8 E - 0 4  0. 0. 0. 

I N T E R V A L  1 7  I N T E R V A L  1 8  I V T E R V A L  19  I N T E R V A L  20 I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  23  I N T E R V A L  24  

0. 0. 0. 0. 0. 0. 0. 0. 

I N T E R V A L  25  

0. 

ch 
W 
W 



I N C I D E N T  I N C .  LAB. TARGET NO. OF I N C .  ClJTOFF G E O h ( E T P I C  Nn.  IF I u c .  
P A R T I C L E  K.E. :YEV)  S Y M B .  A 2 PARTICLFS FN.IMEV) x - 5 ~ c . i ~ ~ )  P A R T .  cnLLisrnQs 

NELJT 1000 0 16 9 7 6 0 3 0  1.11 552.5 0i351 

SUM OF D S I G / ( D O Y E G A  X D E )  X D E  E Q U A L S  0.1448E 02 Y B / S ' E ? A D I A N  FOR C A S C A D E  P I 0  IVITH T H E T A  F R O M  C. T O  7q.00 PEG 

A V E R A G E  ENERGY E Q U A L S  0 . 2 8 7 3 3 3 ~  07 M E V  FUR C A S C A D E  P I O  w I n  T H F T A  F R O M  0. T O  75.00 D F G  

SUM O F  D S I G / ( O f l M E G A  X D E )  X D E  E Q U A L S  0.5064E 01 M B / S T F R A D I A N  F O P  C A S C A D E  P I 0  WITH T H F T A  F R I M  25.'1@ T(! 75.nfl DEG 

AVERAGE E k E R S Y  E Q U A L S  0.157655E 03 MEV F O R  C A S C A D E  P I 0  WITH T d E T A  F R O M  2F.00 TO 75.00 D E L  



641 

#. >
 

W
 
r

o
 

-
0

 
0
 

u
o

 
t

-
3

 

w
~

r
n

 

>
 

Y
 

x
o

 
-

0
 

0
 

U
l

0
.

s
 

4
t

 
Q

 
r
*
 

.t 
N

 
Q

 
,- 

ct 
N

 

l- -I 
W

 

0
 

2
 

>
 

&
 

U
 

c- 
z
 

a
 

c
 

J
 

Q
 

>
 

ci 
U

, 

t- 
z
 

-I 
W

 
n
 

v
)
 

2
 

0
 

V
v

, 
z
.
-
-
 

-
2

 

-1
 

U
@
 

o
u
 

0
6
 

z
w

 

a
 

.
c
 

.. a
 

0
 

0
 

c' 
c
 

v
)
 

J
 

4
 

>
 

a
 

W
 

I- 
7
 

... >
 

0
 

&
 

tu 
z
 

W
 

U
 

a
 

m c 
i
 

c
 

VI 

d
 

I
 

Ln 
m
 

.-4 
N

 

>
 

W
N

 

I- z 
- 

-
I 

>
 

ci 
>

 
lL

 
.

W
 

.
w

.
 

W
 

U
 

t
-

c
c

c
t

-
c

 
z
 

W
 
z
 

w
 

a
 

u
i 

r
 

J
 

4
 

>
 

&
 

-1
 

U
 

>
 

C
L

 

a
 

z
 

c
 

z
 
I
 

.-- 

Ln 
N

 
r- 

* 0
 

I W 
4
 

0
 

J
 

a
 

>
 

ci 
w

 

A
 
d
 

>
 

O
L 

LU 

I- z 
... 

r- N
 

Q
 

>
 

&
 

w
 

t- 
z
 
I
 

t- 
z
 

c
 

Ln 

N
 

Ln 
m

 

.n 
N

 
N

 
.n 

.t 
r
l 

N
 

N
 

-J
 

4
 

>
 

C
L 

U
J
 

t- 
z
 

... 
-
I 

>
 

CT 
Y

, 

t- 
z
 

a
 

3
 

-
I 

4
 

>
 

ci 

I- 
z
 

L
u
 

.-- 
0
 

G
 

0
 

c
 

I- 
z
 

.-- V
I 

M
 

t- z 
- Ln 

- >
 

U
W

 
u

z
 

G
I

 
t-. 
3
7
 

v
w

 

0
 
0
 

0
 

c- 
'-4 

Is- 
m

 
0
 

I 
Lu 

0
 

ln
 

P) 

i
 

N
 

m
 

+
 

.rl 
N

 

-1
 

4
 

>
 

ci 
w

 
t- 
z
 

3
 

J
 

>
 

a
 

W
 

+- z a
 

b-4 

2
 

U
 

>
 

CT 
w

 
t- 
z
 

... 
J
 

4
 

>
 

a
 

W
 

V
v

,
 

Z
W

 
-
2

 

U
 

U
3

 
@

I- a 
.
U

 
D
C
L
 

z
 

0
 

t- 
0
 

0
 

D
 

t- 
0
 

C
 

0
 

0
 

0
 

0
 

0
 

ln
 

t- 

0
 

0
 

r
, 

.c 0
 

N
 

r
*
 

0
 

N
 

0
 

N
 

-
I 

rn 
4
 

-1
 

>
 

a
 

J
 

s 
-I 
4
 

>
 

a
 

w
 

b- 
z
 

- 
r- 
4

 

3
 

r
 

a
 

>
 

t- z 
c
 

-
a

 
.J
 

4
 
E
 

2
 

c
i

N
c

i
 

ci 
W

 
.

W
 

.
w

.
 

C
Q

I
-

O
b

0
 

7
 

7
 

7
 

w
 

I
 

.-- 
0
 

t- W
Q

 
w

u
 

4
 

a
 

v
)
 
0
 

- 
.. 

01 
V

I 
n
 

r
n

m
-

 
- 

o
r

l
 

-' 
I 

c
 m

 
E
 
>

a
 

v
)
 

W
 

-1
 

u c
 
a
 

m
 

a
 

.
C

 

m
>

 
u

w
 

-
1
x
 

-
0

 
.. 

0
 

v
w

 
0
 

Z
.

 
4
 

C
Y

 

G
 

3
 

a
 

N
 

N
 

0
 
0
 

4
 

L
y
 
0
 

U
 

U
 

v
)
 

4
 

V
 

-
I 

U
 

>
 

&
 

W
 

2
1

0
-

1
 

>
 

w
 

.
w

 
.

u
1

.
 

t
-

N
t

-
O

t
-

C
 

7
 

z
 

z
 

u
n

 
u
 

v
)
 

u
 

U
 
0
 

<
m

a
 

J
 

4
 

>
 

ci 
W

 

t- 
z
 

... 
LL 
W

 

t- z 
M

 

0
 

0
 

U
 

n
 

M
 

M
 

e
 

L
u 

>
 

t- 

a
 

VI 
N

 
r- r(

 
d

N
O

1
 

0
 



642 

N
a

,
 

c
 

L
L

I
Q

 
o
c
z
 

.-+ 
cc 
2 rn 
5
 
>

o
 

V
I 

.- 
a
>
 

e
a

 
+

I
-

 
U

L
l

.
 

I
I

 
+

I
-

 

I
i

 
I
-
I
-
 

3
3

 

0
0

 

-
e

 

I
#

-
 

a
n

 
U

I 
w

 
n

o
 

v
u

 
m

m
 

u
u

 
U

U
 

a
a

 

o
w

 
D

O
 

u
u

 

r
(

Q
 

0
.

 
0
 

W
 

Q
 

m
m

 
r

n
2

 
.

I
 

o
w

 
LLI 

m
a

 

L
u

w
 

U
 

X
C

L
 

w
 

-
>

 

n
o

 

w
a

 
a
 

X
 

0
0

 
c

o
 

G
O

 
.

.
 

0
0

 
a

a
 

w
 

U
J

 
n

c
 

u
a

 
iJ

 
U

 
m

V
1

 
a

a
 

u
u

 
e

n
 

0
0

 
u

u
 

m
 

N
V

I
 

N
A

 

.
3

 
0

0
 

-1 
a
 

w
 

U
L

U
 

o
w

 
U

 

x
n

 
LL 

-
>

 
u

a
 

n
 

X
 



643 

0
 

-
0

 
m

o
 

0
 

m
 

4
 

C
 

m
 

r
(
 

I 
I

W
 

I 

0
 

ro 
r

(
.

 
0
 

In 
o

r
 

a
m

 
0
 

9
 

d
.

 
0
 

+
.

 
.-I 

0
 

r
o

o
 

r
(

c
 

0
 

Q
 
4
 

I 

0
 

Q
 
4

.
 

0
 

0
 

ro 
n

 
w

 
2
 

ci 

I 0
 

U
 

4
.

 
0
 

.. 
c
+
 

Z
O

L
 

a
 

0
 

U
 I 

r
(
 

a
 

0
 

I 
4

0
 

4
 

0
 

s
2

 
N
 

r
(

.
 

w
 

o
t

-
 

z
 
"

0
 

t
 

>
 

w
 

0
 

N
 

* 
a

0
 

w
w

 
I 

Z
P

-
 

W
 

W
 

c
 
0
 

?
I

.
 
I
 

o
b

-
 

* 2 "
0

 
t- 

>
 

w
 

W
O

 
W

 
z
 

W
 

0
 

>
 

N
O

 
C

J
 

H
C

 
L

K
O

 
w

l
n

 
I

W
 
f
"
'
 

9
 

C
N

 
O

m
 

w
 

0
 

N
 

n
 

I 

5
 

u
-w

 
4
 

u
x
 

r
(
 

0
-
 

. 
t-. 

r
(
 

3
2

 
V

W
 

tu 
I
 
t
 

r
(

.
 

I
 

m
t

 

K
 

-
0

 
a

z
 
u
 

z
n

 
0

4
 

o
a

 
o

a
 

u. 
\

t
 

Y
I 

W
c

l
 

a
 

K
 

e 
0
 
0
 

.+ 
z: 

0
0

 
0

0
 

c
 
0
 

.
"
 

V
V

I 
z

w
 
0
 

-
2
 

0
 

v
o

 
U

"
 

9
 

o
t
-
 
0
 

@
z 

.
4

 
0
%
 

z
 

w
 

n
 

I 0
 

(
O

.
 

0
 

I 0
 

a
.

 
0
 

m
.

 
m

 
4
 

E
.

 

W
 

-
m

 
w

z
 

n
-

 
0
 

o
c

 
(D

 
W

 
I

*
 

W
 

r
o

d
 

o
*

 
u
 

a
.

 - 
m

+
 

a
 
a
 
0
 

r
(
 

0
0

 
Q

I
 

W
 

I
N

 
w

 

0
 

Q
 

I 0
 

9
.

 
0
 

W
 

-I 
V

 

+ Q
: 

4
 

- a
 

m
 

II 
>

o
 

w
 

w
 

n
o

 
a
 

v
-

 
0
 

Q
 

I 
0
 

u
.

 
0
 

W
 

0
.
 

o
>

 
0

0
 

+ 
V

 
W

 

1
2

 
0
 

-3 I 
o

m
 

m
 

N
.

 
0
 

N
.

 
0
 

W
 

W
 

>
E

 
0
 

L
K

V
 

0
-
 
0
 

b
-U

 
N

 
4
 

g
y

 
I 

0
 

m
a

 
o
 

*
z
 



644 

Y
I 

7
 

C
' 

U
V

I 
7

-
 

"
J

 
4
 

i
 

u, 
Y

 c
 

IC
. 

G
C

 
N

 
t
 

.- .. 
r, + a

 
z
o
 

a
 

L
 

"- 
L

,x 
u 

-- . 
V

.
 

N
 

t
u
 

u-' 
LL L

' 
m

 
x
u
-
 

C
I

 
"J x

 
o
 

t- . 
r
.
 

2 :,
 z

w
 
cl 

-
2
 

0
 

u
c

 
Y

o
- 

Q
 

o
t
 
c
 

a
 

0
.
3
 

z
 .
a
 N

O
)

 

I- 
w

.
0

 

S
 

U
 

+ o
a
 

r
(
 

m
 

z
 

>
u

 
Y

, 

.^ 
m

>
 

a
 U

I 
L
E
 

-
0

 
.. 

0
 

0
 L

u
 

0
 

Z
.

 
r
(
 

-
Y

 

0
 

0
 

C
 

0
 

0
 

C
' 

w
 

v
 

r- 
U
 

W
 

A
 

.
-
i
 

0
 

u
1
 

r-! 
F

 

F.4 
r
 

U
 

0
 
0
 

w
 

U
 

m
 

0
 

W
 

OI 

c
 

Y
 

P
 

C
J 
t
 

c
 

" n - >
 

Lu 

r
 

- 2
 

4
 

>
 

a
 

U
' 
t
 

z
 
I
 

>
 

W
 

LLI 

z
 

L
u
 

0
 

n
 
I
 

w
 

_
J
 

U
 

t
 

a
 

0
 

I
 

a
 

n
 

u
 

t- 
b- 

I: 
.-, 
L
u
 

C
 

G
 

C
 

0
 

0
 

0
 
0
 

W
 

.t m
 
0
 

m
 

OI 

,-
I 
0
 

Lu 
m

 
4
 

u
 

m
 

U
 

Y
 

0
 

0
 

0
 

0
 

0
 

0
 

.-I 
0
 

u1 
r
(
 

N
 

* m
 

Ln 
0
 



NO. OF I Y C .  I N C I D E N T  INC. LAE. TARGET NO. OF INC.  CUTOFF GEOYETRIC 
P A R T I C L E  K . E . ( M E V )  SYMB. A 2 P A R T I C L E S  EN.(MEV) X-SEC.(MB) PART. C O L L I S I O N S  

NEUT 1000 0 16 e 06000 1.?1 P52 .5  02351 

h0. OF T I Y E S  S P E C I F I E D  
P A R T I C L E  IS E M I T T E D  ON T H E  F I R S T  
I N C .  P A R T I C L E  C O L L I S I O N  D I V I D E D  
B Y  THE HO. OF T I N E S  T H E  INC. 
P A R T I C L E  TYPE IS E Y I T T E D  

P I  0 0 . 4 6 5 3 0 E - @ 0  

P I C N  ABSORPTION 
CROSS SECT. ( M B )  

P I O N  CHARGE 
FXCHANGE CROSS SFCT. ( M E )  

ANGULAR D I S T R I B U T I O N  OF THO CASCADE PPOTOYS AS A F U N C T I O N  OF THE ANGLFI X I  BETWEEN THFY. 

DSIGMA I DOMEGA I M B  / S T E R A D I A N )  

( R E A C T I O N S  C O N T R I B U T E  MHEN THERE ARE NO P I O N S ,  ONLY TWO PRQTONSI AND ANY NUMBER OF NEUTRONS E Y I T T E D )  

0.3375E C 1  0.52bSE 00 C.1870E 01 0.2494E 0 1  0 . 3 1 2 5 E  01 0 . 2 4 9 4 E  01 0.1275F 01 0.2042E 01 0.1500E 01 



646 

J
 

>
 

a
 

u
i
 

C
 

n
 

m
 

r- 4
 

J
 

>
 
e
 

u
 
t
 

7
 

a
 

c
 

LL 
01 
Q

 
4
 

0
 

rn 

J
 

U
 

>
 

n
 

LLI 

e
 
z
 

c
 

m
 

N
 

J
 

U
 

0
 

J
 

iL1 

n
 

m
 

_
1
 

a
 

>
 

CL 
u
1
 

Lo 
J
 

4
 

r
 

Iu
 

C
 I 

w
 

9
 

I
p
 

Ln 
r
. 

t- z 
t
 

.. 
C

F
 

L
a
 

d
 

J
 

U
 

>
 

d
 

LL: 

J
 

>
 

LL 
W

 

a
 

J
 

>
 

LL 
W

 

a
 

-1
 

U
 

>
 

n
 

W
 

L
 

J
 

4
 

>
 

m 
W

 
t- 
z
 

c
 

F
 

J
 

U
 

>
 

E
 

LL 

+ z 

nt Q
 

4
 

a. 
>

 
0
 

P
 

U
 
z
 

W
 

n
 
ni .f 

>
 

0
 

d
 

U
 

z
 

W
 

r- 
n

 
Q

 
G

 
c
 
z
 

,.- 
t- 
z
 
.. 

t
 

c
 

z
 
e
 

4
 

c
 

U
 

0
 

P. 0
 

I 
u
 

r- 
N

 

r
. 

nl m
 

4
 

N
 

N
 

0
 

I 
u
 

m
 
0
 

2
.
 

W
O

 
T
Z
 

I 
z
 

U
 
e
-
 

n
w
 

E
n

 
4

W
 

w
- 

c
 

L
o

J
 

-
a
 

J
 

>
 

n
 

W
 

a
 

-1
 

>
 

n
 

w
 

+ z a
 

- 
m m

 
r- 

0
 

t- 
z
 
e
 

G
 
0
 

(c
 
c
 

N
 

0
 

I 
w

 
0
 
d
 

" K
l 

Ln 
m

 
4

 
n
 

0
 

I 
tu N

 

9
 

rt 
r- 

c
 

N
 

-.>
 

-
e
 

C
O

W
 

5
c
 

-
2
 

c
 

J
 

a
 

>
 

n
 

w
 

-1
 

U
 

>
 

cL 
W

 

t- z 
- 

n
 

t
 

N
 

4
 

c
 

e
 
z
 
I
 

0
 
0
 

m
 

N
 

N
 

0
 

w
 
d
 

" d
 

rn 

rt 

N
 
d
 

m
 
0
 

u
 

N
 

9
 

rt 

0
 

N
 

J
 

>
 

a
 

J
 

U
 

>
 

e
 

w
 

L
 

J
 

U
 

>
 

CL 
W

 

t- 
z
 
r
 

d
 

CL 
w

 

I- 
z
 

0
 

z
 
c
 

m
 

N
 

0
 

I 
W

 
N

 
"2 

r
(
 

3
 

m
 

0
 

I 
W

 
9
 

0. 
d
 

W
 

J
 

V
 
c
 

4
 
0
 

.f 
k
 

z
 

r
 

e
 
z
 

I
 

e
 

oc 
U
 

a
 

N
 
0
 

t y1
 

01 
m

 
9
 

0
 

Ln 

0
 

d
 

m
 
0
 

I 
W

 

0
 

m
 

IC
 

Q
 

m
 

m
 

,4
 

w
 
u
 - a 

U
 

U
 

*?
 

U
 
" 

J
 

>
 

n
 

W
 

a
 

4
 

4
 

>
 

cL 
w

 

J
 

4
 

>
 

M
 

w
 

U
 
0
 

Lu 

>
 

a
 

e
 
z
 
3
 

+ z I
 

+ z c 

01 
d
 

N
 

0
 

N
 

0
 

r- d
 

tn N
 

c
 

0
 



I N C I D E N T  I N C .  LAB.  T A R G E T  NO. Of I N C .  C U T O F F  G E O M E T R I C  NO. OF I N C .  
P A R T I C L E  K.E.IMEV) SYMB. A 2 P A R T I C L E S  EN. (MEVI  X-SEC.(MB) PART. C O L L I S I O V S  

N E U T  1000 C 1 6  8 Oh000 1.11 852.5 023 5 1  

SUM O F  D S I G / ( D O H E G A  X D E 1  X D E  EQUALS 0 . 2 1 0 0 E  02 M B ~ S T E R A D I A N  F O R  C A S C A D E  PI- W I T H  T H E T A  FROM 0. TO 25.00 OEG 

A V E R A G E  ENERGY E Q U A L S  0.325287~ 03 M E V  FOR C A S C A D E  PI- WITH THETA F R O M  0 .  T O  75.00 DEG 

SUM O F  C S I G / ( O O M E G A  X D E )  X D E  E Q U A L S  0 . 1 0 7 0 E  02 M B i S T E R A D I A N  F O R  C A S C A D E  P I -  W I T H  T H E T A  FROM 25.00 T O  75.00 DEG 

A V E R A G E  ENERGY E Q U A L S  0 . 1 6 0 0 6 5 E  03 MEV F O R  C A S C A D E  P I -  W I T H  T H E T A  FROM 2 5 . 0 0  T O  75.@0 DEG. 



6 118 

L
 

0
 

0
 
c
 
0
 

u, 

a
 
c
 

(r 
.f 
n
 J
 

>
 

a
 

4
v

 
F

 
5

 
2
 

LL 
n

 
J
 

LU 
0
 

J
 

4
 

>
 

n
 

L
L

 

e
 

z
 
c
 

J
 

4
 

>
 

&
 

.
L

u
 

0
l

-
 

z
 

J
 

4
 

J
 

U
 

>
 

>
 

J
 

U
 

>
 

E 
.

E
 .

E
.

 
e

O
c

0
F

0
 

z
 

z
 
I
 

7
 

3
 

- 
Q, 

.
u

 
c

c
 

7
 
c
 

m
 

-J
 

"
 

J
 

4
 

>
 

a
 

L
L

 

c
 

1
 

m
 

N
 

m
 

d
 

>
 

w
 

C
I' 

l- 
z
 

r
 

J
 

2
 

J
 

O
L 

u
i 

r
 

a
 

a
 

a
 

>
 

>
 

>
 

CL 
>

 
a
 

a
 

CL 
u1 

.
L

L
 

.
w

.
 

0
 

t
-

G
t

-
C

>
+

G
 

z
 

2
 

z
 

u
 

I
 

z
 

Lu 

I
 

- 

"I 

N
 

_
J
 

a
0

 
v
u
 

e
 
z
 

C
 

.. 
C

?
c
 

z
a
 

4
 

n
 

2
 

U
 

>
 

a
 

w
 

Q
 

t
 

c? 
LL 
LJ. z 
L

L
 

>
 

a
 

.
L

u
 

G
I

-
 

z
 
I
 

a
 

c
 
2
 
I
 

L
L

 
0
 

>
.
 

L
U

O
 

x
z
 

- 
N
 

N
 

Q
 

u
.

f
 

V
"

 
I 

w
 

+
A

 
0

4
 

r
-

>
 

N
C

I
 

.
w

 
a

b
 

z
 
c
 

m
r

r
 

o
r

(
 

r..
 

N
 

i
 

d
 

2
 

U
 

>
 

a
 

LL 

c
 

z
 

... 
J
 

U
 

>
 

EL 
"J 

J
 

>
 

a
 

w
 

a
 

J
 

U
 

>
 

a
 

w
 

>
 

a
 

,
1

1
1

 

O
F

 
z
 
3
 

0
 

w
-
 

o
w
 

U
L
L
1 

E
n

 

0
 

t- 
z
 

C
 

Y
I 

t- 
z
 

... 
0
 

0
 

0
 

m
 

0
 

0
 

0
 

m
 

w
-

 
L
 

4
 

r
. 

3
 

c
 

u-, 
4

 
N

 

J
 

4
 

>
 

m
 

0
 

LL 
.n 
N
 

m
 

Y
I 

d
 

N
 

I 
Lu 
c

-
 

m
u

 
m

>
 

J
 

>
 

CL 
LL 

e
 
z
 

a
 

t
l
 

2
 

U
 

>
 

J
 

>
 

a
 

w
 

+ z
 

a
 

e
 

J
 

U
 

>
 

n
 

w
 

I- 
z
 
3
 

.
-
L
K
 

.
w

 
r

n
C

 
z
 

... 
a
 

.
w

 
c

c
 

z
 
I
 

0
 

I- 
0
 

0
 

t- 
0
 

0
 

0
 

10 
c, 

-
&

 
W

U
 

3
 

x
o

 
z
 

w
 

Lu 

a
J

 

a
a

 

0
.

 
o

m
 

-
C
L
 

UI 
4
 

D
J

 
3
 

x
w
 

z
 

w
 

Lu 

z
 

0
.

 

a
a

 

n
m

 
-
a

 
.J

 
U

 
r
 

0
 
0
 

0
 

m
 

4
 

0
 

0
 

0
 

N
 

U
 

N
 

4
 

0
 

N
 

i
 

U
 

>
 

J
 

U
 

>
 

J
 

>
 

CL 
w

 
c
 
z
 

a
 

3
 

J
 

>
 

a
 

tu a
 

4
 

>
 

CL 
w

 

b
- 
z
 

- 
-
a
 

a
 
.i E
 

w
 
I
 

CL 
w

 
c
 
z
 

(L
 

.
L

u
 

o
e

 
z
 
3
 

N
 

0
 

0
 

t- 
z
 
3
 

P- 
W

 

a
 

L
 

w
a
 

a
 

v
i 
a
 

- 
m

 
01 
.-
(
 

m
 

ZE 
>- 
v
)
 

J
 

J
m

-
J

 
>

 
>

N
>

 
C

L
e

a
 

O
I 

U
I 

.
L

u
 

.
w

.
 

I
-

-
e

o
+

c
 

z
 

z
 

w
 

a
 

a
u

u
 

2
 

- 
3
 

- 
J
 

>
 

EL 
w

 

a
 

r
l

a
 

m
 

>
 

r
l

a
 

.
w

 
N

b
 

z
 

r
 

0
 

U
J 
J
 

2 c &
 
a
 

n
 

w
 

u
 

U
 

L? V
 

U
 

0
 

w
 

>
 

c
 

a
 

a
 

n
 

W
 

J
 

0
 

I- EL 
- a
 

0
 

t- 
z
 

w
 

N
O

 
0

-
 

N
 

m
 

4
 

0
 

0
 
0
 
4
 

I 
... a 

I 
W

 
Q

J
 

Q
>

 
N
o
!
 

.
w

 

U
F

 
z
 

m
a

 

I
 

_
1
 

Lu 
J

r
-

J
 

V
 

a
P

-
a

 
w

 
4
 

>
.

f
>

 
U

 

u
 

0
 

a
n

 

a
 

>
 

C
L

r
-

a
 

CL 
w

 
.

w
 

.
L

u
.

 
+

u
b

-
o

c
o

 
z
 

z
 

z
 

2
 

>
 

a
 

a
 

111 

J
 

>
 

EL 
.

w
 

O
F

 
7
 

a
 

I
 

m
r

-
 

0
 

t- z 
... d
 

- 
... 

3
 

Lu 

In 
N
 

n
 

d
N

@
 

r
 

0
 

I 

J
 

Q
 

_
1
 

>
 

i
.

t
i

 
>

 
a

m
u

 
a( 

>
u

J
>

 
E

L
t

n
E

L
 

K
 

w
 

.
w

 
.

w
 

.
u

I
 

c
-

.
s

F
o

b
-

o
l

-
 

L
 

z
 

>
 

F
 

w
 

a
 

H
 

z
 
I
 

z
 

... 
- 

I- 3
 

w
 

z
 

N
0

1
 

0
 

L
n

 
N

 

w
 
r

i
 

m
a

 
.
t
u
 

N
>

 

.
w

 
m

b
-

 
z
 

Y
 

J
 

>
 

K
 

.
w

 

O
F

 
z
 

a
 

I
 

0
 

0
 



2
:

:
 

o
o

 
a

w
 

w
w

 
a

n
 

0
0

 
0

0
 

0
0

 
(

n
m

 
,
-
I
d

 

.. 
0

0
 

0
0

 
.. 
X

8
 

d
r

.
 

V
I 

4
 

c
 

U
v
) 

2
-
 

-
2
 

r
(
 

J
!

n
 

u
o
 

rn 
o
u
 

N
 

G
 

.
C

 

o
c

 
F

I
-

 
0

0
 

I
-

+
-

 
G

O
 

c
c

 
Ln 

Ln 
r

-
f

-
 

E
E

 
O

D
 

i
r

e
 

u
u

 

.. 
.. 01- Z& Q

: 
a
 

w
w

 
I

S
 

l
-

c
 

- m
 

u
5
 

!n
 

-
1
 . 

a
.
 

N
 

+
-v

 
!n
 

LU
LL, 

m
 

I
v
)
 

G
I

 
w

x
 

c? 

I
I

 
I
-

+
-

 

z
x

 
-

&
-

.
 

L
?
,
 

n
a

 

o
n

 

u
a

 

i
r

a
 

W
U

I
 

4
4

 
u

v
 

v
)
v
)
 

u
u

 

0
0

 
u

u
 

w
w

 
u

u
 

u
u

 
W
v
)
 

4
4

 
u

u
 

n
a

 
c
 

3
. 

u
w

 
4
 

u
z
 

4
 

0
-
 

+
-
.
 

.-I 
z
3
z
 

u
w

 
L

I
&

 
D

O
 

U
U

 

z
>

 
C

l
X

 

d
C

 
w

 

a
w

 
n

 
a
~
 

I
-

w
 

V
I

P
 

\
r

+
 

E
d

 
U

 
,
-
I
n
 

0
.

 
C

 
w

 
*

v
)

 
m

-
I

 
.

3
 

0
0

 

m
u

 

m
 

u
a

 

N
W

 

c
 m

 
E
 

>
.
o
 

v
)
 

V
I

>
 

d
W

 
4

r
r

 
3

w
 

O
L

 
w

w
 

.- m
>

 
u

w
 

-
J
T
 

-
0

 
.. 

0
 

u
w

 
0
 

2
.
 

F
4

 
-
x
 

w
w

 
0

0
 

x
i

r
 

Lu 

-
>

 
w

u
 

a
 

n
 

X
 

u
1

w
 

n
u

 
Q

 

x
i

r
 

W
 

-
>

 
w

a
 

n
 

X
 

+
-W

 
Z
d
 

W
U

 

-+- 
3

 
u

ir 
w

 
n

-
 

c
 

z
a
 
z
 

-
n

 

- \ a 3 v
)
 

a
 

u
 
0
 

E
 

3
 

y
1
 

IL
 
0
 

E
 

3
 

V
I 



G
 

r
r

o
 

a
o

 
C
 

Lc 

3
 

I 

0
 

Q
 

4
.

 
c
 

0
 

a; 
3
 

I
L

L
 

I 
lr 

C
N

 
Q

Q
 

e
.

 
N

 

0
 

Q
 

.- I 

>
 

r: 
- 

c
 

I 
J

O
 

0
 

>
d

 
N

 
m 

A
.

 
w

 
G

i
-

 
z
 

a
0

 

- 
r, 

t
 

z
 

-
0

 

t
 

w
 

L
L

C
 

w
 
z
 

w
 

w
 
r
 

c
 

0
 

N
 

v-4 I 

Q
 

u
 

U
 

= 0
 

U
 

0
0

 
0

0
 

0
 

0
 

4
 

U
v
,
 

z
u

,
 
0
 

-
2
 
0
 

u
o

 
U

-
 

Q
 

c
c
 
0
 

CL 
m
a
 

o
n

 
z
 

LU
 

I
O

 
r- 

o
o

 
m

.
 

Y
I 

- 
0
 

w
.

 
0
 

0
 

0
0

 
m

 

l
r

-
 

U
J 

LU
 

4
 

0
0

 
L

C
I

 
0
 

m
 

"
W

 
LL, 

m
J

 

a
.

 - 
-

4
i

-
 

I
Q

 
W

 

o
m

 
u
 

I 
Q

J
 

0
0

 
u
 

a
.

 - 0
: 

r
i

-
 

0
 

Q
.

 
0
 

a
 

a
 

a
 

a
 
a
 

c
 m

 
5
 
>

o
 

v, 

U
J

 
0

,
 

o
w

 
0

0
 

n
i

 
a
 

w
 

u
.

.
 

1
0

1
 

m
a

 
m

a
 

o
m

 
u
 

Q
 

u
.

 
m

u
 

0
 

o
w

 
U
 

w
 

u
-

 
I

Y
i

 
W

Q
 

m
a

 
o

w
 
u
 

e
.

 
r

(
u

 
0
 

0
0

 
.
a
,
 

Q
 

0
 
a
 

d
 

0
 

e
.

 
0
 

U
 

0
 

w
 

>
 

n
 

W
 

Q
 

o
>

 
G

O
 
t
 

U
 

w
 

1
-

 
9
 

o
u

 
N

.
 

m
 

0
 

rf I 
0
 

N
.

 
0
 

t
 

0
 

w
o

 
d

 
w

o
 

U
I 

>
x
 
0
 

w
 

C
L
O

 
L

n
 

C
J

C
L

 
0
 

N
 

>zz 
0
 

w
 

M
O

 
U
 

o
x

 
0
 

P
 

c
u
.
 

N
 

m
 



V
I 

r
(
 

r
 

0
 

0
 

n
 

U
I 

I- 
4
 

U
 

0
 

z
 
c
 

I- 

m
 

A
 

Ln 
0
 

0
 

o
 

Ln 
0
 

U
 

h
a

 
.f 

r
a

 
U
 

G
Q

 
>

 
r
(
 

r
(
 

r
l
 

U
 

4
 

%
$

 
0
 

6 
0
 

e
 

d
 

0
 

P
-

 
z

u
 

0
 

c
 

-
r

 
0
 

v
+

 
I- 

b- 
>

 
UI 

w
a

 
n
 

w
- 

0
 

0
 

0
 

w
n

 
ln 

L
p

 
z
 

u
w

 
N

 
r- 

w
 
o
c
 

.. 
O

C
 

zrr a 
Q

 

d
 

m r( 
Y

 
m 
4
 

C
 

N
 

r
t
 

0
 

- 
0
 

0
 

>
 

W
 

1T 
I
 

>
 

W
 

L
u
 

a
 

>
 

L
 

E
L

“
 

U
J
 

Q
U
 

5
 

c
 

A
 

4
 

>
 

e
 

W
 

I- 

0
 

w
 
I
 

U
 
c
 

u
 

w
 

” a 
I- 
2

4
 

>
 

0
 

0
 

w
 

N
 

w
 
7
 

w
 

N
 

d
 

r
 

N
 
a
z
 

I
-

-
 

E
O

 
u
 

C
L
c 

a. 
w

o
 

N
Z

 

2
w

 
Y

 

u
 

U
L

Y
 

0
 

3
3

4
 

0
 

z
 

u
+

-
 

0
3

 
- 

x
m

 
0
 

VI 
LO

 
o

n
 

I 
.. 

I-w
 

m
 

x 
$

-
I
 m 

w
m

~
-

a
~

r
 

o
 

Z
r

 
N

d
 

L
u
 

0
%

 .w
 

I
 

I
W

 
_

J
 

N
 

0
 

t
-

b
-

 
U

 
3

w
 
c
 

0
 

-
4

 
Lz 

F
W

 
Q

 
- 

z
a
 

0
 

E
 

u
+

 
w

 
W

 
o
)
 

N
 

-
-

 
I- 
C

 
VI 

-
,

l
m

 
01 

z
 

E
 

0
 

U
 

w
 

,T
I 

r
l
 

r
(
 

0
 

0
 

c3 

L
u
 

M
 

m
a
 

b- 

u
r

r
 

a
 

m
 

D
>

 
n

 
r
t
 

IC
 

0
 

I
 

L
 

r
(
 

r
(
 

m
 

d
 

0
 

.4 .4
 

c1 

0
 

I 
I 
- Q

N
 

0
 

r
(
 

W
 

J
 

0
 

u
 

,- 

m
 

r
 
>

a
 

VI 

I
 

n
c

u
 

0
 

r
(
 

Lu 
_

J
 

0
 

0
 

U
 
I
 

b
- 

Q
 

a
 

r
. 
0
 

w
 

0
 

w
 

.f 
U> 

I- 
b
- 

“
r

(
r

-
 

o
)
 

E
 

m
 

w
 

a
 

4
 

0
 

t- 
CL 

Q
 
a
 

.- 
m

s
 

u
 U
’
 

J
X

 
-

0
 

.. 
0
 

u
w

 
0
 

n
 

W
 

b
- 
I- 
-

E
-

 
0’ 

5
 

Lu 
D

 

v
 

w
 

Y
I 

.-I 
0

 

W
 

m
 

N
 

0
 

v
)
 

”> 
O

D
 

4
 
0
 

W
 

u
 

* 
0
 

.-I 
0
 

w
 

0
 

:
 

w
.

4
 

m
J 

J
N

 
a

.
 

3
i

-
 

0
 

0
 

w
 

v
)
v
.
 

a
,
 

A
0

 

3
0
1
 

0
 

W
 

a
.

 
J

4
,
 

4
.

 
2

-
l

 
0
 

a
 

W
 

Y
 

Y
 

Y
 



C
 

a
r

 
r
'
 

c
 

I
L

L
 

0
 

c
0

 

c
 

U
I 

G
 

a
 

L- 
v
,
 

H
 

0
 

F
 

a
 

11 
w

 
+

 
111 

v, 
I 

I- 
7
 

z
 

0
 

0
 

T
 

P
 

.f 
e 

U
 

3
 

z
 

,-4 

Y 
2 

u, 
U
 

0
 

.
f

+
 

r
.

0
 

L
c 

C
 

0
 

C
 

I
 

0
 

F
u

r
r

 
I- 

z
 

3
0

 

w
 

c
 - >

 
u

u
l 

4
 

U
X
 

.-.I 
c
-
 . 

+ . 
c
 

3
3

 
u
 
U8 

U
v
)
 

Z
U

I
 

0
 

-
2
 

0
 

0
0

 
u
-
 

\o
 

D
+

 
n

 
K

 

w
 

rt 
01 
+ N

 

0
 

.
u

 
r) CI 
L
 N

 
m

 

ro 
r
(
 

.f N
 

0
 

w
 

w
u

 
ir 

U
 

I- m
 

r
 

>
 

V
I 

.4 0
 

.-. 
m

>
 

u
w

 
A
T
 

u
w

 
2
.
 

..x - .. 
u
 

0
 

0
 

0
 

A
 

0
 

0
 

I 
W

 

0
 

r
(
 

r- m 
rt 

0
 

L
y
 

In
 

P
 

m
 

m
 

0
 

0
 

N
 

r
 

0
1

 

L
L

O
 

- a 
x

 



C A S E  I'rUMBtR 16 6 1 0 0 0  1 
A= 16 
7= 8 
KINETiC ENtRCY ( M E V ) =  LOOO.00 
NEUT 
GEOYETRIC CROSS SECTION ( M H ) =  652.47 
CUTOFF tNtRGY ( M E V ) =  1.11 

6007 CASE HlSTOKItS 
I N E L A S T I C  C R J S S  5 E C T I U N  IMS) 3 3 4 . 0 3  

A V E R A t t  E V A P U H A T I O N  YIELD P t R  I N C L A S T I C  t V E N T  

NEUTRONS P K U T C N S  OEUTERUNS TKITL1P4S htrl ALPHAS 

0.7941302 0.8664398 0.1148447 0.025J957 0.0301548 0.3831461 



A 

16 

15 

1 4  

13 

12 

11 

10 

0 

8 
7 

6 

z 

8 
7 
Y 
8 
7 
b 
8 
7 
6 
5 
8 
1 
6 
5 
7 
h 
5 
4 
7 
6 
5 
4 
7 
6 
5 
4 
3 
b 
5 
4 
3 
3 
5 
3 
2 
4 
3 
2 
3 
2 
3 
L 
2 
1 
1 
1 

QUYIYER OF N U C L E I  

4 4  
4 

3LJY 
30Y 

I 
37 

176 
4 4  

1 
10  
2 1  
06 

4 

4 1  
116 

b 
1 

2 4  
4 9  
2 3  

1 
1 
6 

3 7  
3 
1 

4 3  
2 
6 
1 
5 

20 
10  

2 
1 

b 5  
1 
9 

2 1  
9 1  
54  

6 
2 

1 2 0  
4 a  

CKUSS StCTIUN ( M B )  

6 . 2 5  
0.5  7 
0.14 

43.9d 
43 .30  

14 
5 . 2 0  

22 .01  
0.23 
0.14 
1.42 
1.25 
< I .  38 
b . 5 7  
5.43 

10.46 

0 .14  
3.41 

3.27 
0.14 
J. 14 
3.u5 
5.26 
u.43  
0 . 1 4  
6.11 
J.28 
0.h5 
0.14 
d.71 

1.42 

0.14  
3.24 
0.14 
1.14 
2 .98  

12.93 
7.67 
0 .  a 5  
1.28 
0.d1 

17.90 

].a5 

6.90 

z . n 4  

d . L n  



CASE NUMBEH 16 81000 1 

MCfHENrS UF T t i t  E : l t R G Y  IJISTRIOUTIUNS F U R  THE FOLLUWING tVAPOKATION PAKTICLES 

hi t U T R 0 f l S  P R U T U N S  U t U T t A O N S  TRITONS HE3 ALPHAS 
1 S T  NUP. S . l h 6 C R C  00 8.74451E 00 1.19750t 01 1.2164YE 01 1.54346t 01 1.19G62t 0 1  
2UO MOM. 2.101GZE 0 2  L.57714E 5 2  2.53722E 02 Z.15L65t 02 1.991395E 0 2  3.33673E 02  
7K0  MOM. 7.5S547t 0 3  4.66036E 33 7.62070t U3 4.81818E 03  5.83347E 03 1.82463k 04 

NJKCALIZEO kVAPIlKATIUFU N C U T  5PECTRUk 
( t  S I ' C L I F I E S  TtiE L U n E K  ENEhGY L I M I T  OF T h E  I N T E R V A L  I N  N E V )  

t 

0 3.075935 b.134340 C . l l ~ I 9 b l  u.093455 U.116822 0.u81716 0.105143 0.134346 0.L700Y3 b.1285iJ5 
1 ~1.154346 0 .163551  O . t J S l 3 4 1 1  0.LHI617 3.122644 0.0h7617 0.1)7110'33 0.110981 0.122664 0.12b505 
2 C.187617 0.122404 0.09429? 0.6992YY d.WJ45H 0.0584l l  O.UY9299 0 . ~ 8 1 7 7 6  0.081776 u.Jo425L 
5 0.046729 0.G58411 11.G75955 0.L52570 U.OY1176 0.081776 0.070093 0.t158411 0.llodZZ u.0117617 

5 P.081776 O.oS1776 C.Od7617 0.055047 3.UH7617 0.05M411 0.051176 13.046729 J.UZ9206 0.U22570 
6 3.09Y2'IY *'.I'TIC'YJ 0.004252 ir-PLY206 0.U46729 0.U7i)0?3 0.04672'1 0.04C8118 0.052370 0.U70UY3 
7 0 . 0 4 0 9 8 R  L.U64252 U . 0 7 Y 2 9 7  0.U4Oetj8 J .064252 3.952573 d.046723 3 . ~ 4 6 7 2 9  O.b+672Y 0.0.54.252 
8 3.093458 9.S4672Y C.cLc120b i?.r91776 3.033U47 0.035047 0 . 0 2 3 3 4 4  u.34672Y 0.65L570 0.040888 
9 0.G17223 0.617523 0.3975711 9.<>4672Y L1.040729 0.393438 0.040otid 0.035047 0.U23j64 0.i29206 

10 0.?35)47 tl1.346 l 2 9  C.b35U47 G. 11752, U.UJ3047 i J - 3 2 Y L r 6  3.017523 3.C4b888 0.L29200 u.uZ92Oo 
11 r?.017523 3.035C47 0.07U093 i.035047 U.(017523 0.011632 0 . 0 4 C B Y 8  0.023304 0.U29236 0.U17523 
1 2  P.L75047 2.04iu3i l  0.J35047 U.017523 3.029706 3.0292U6 0.0Z3304 O . C Z 9 2 0 6  0.U23364 c1.029206 
13 C.Cllhu2 C.0116r12 0.035047 0.035047 O . G ~ U U Y B  3.017523 iJ.317573 0.U292b6 iJ.035047 b.329206 
1 4  0.052270 U.Ollo8Z 0.035047 0.017523 0.046729 0.025364 0.017523 3.0292U6 J.023364 0.U1166L 
15 C>.GZ33h4 jJ.1117323 C . O L 9 2 J b  0.317523 17.0116b2 5.017523 3.017523 3.34Ud88 3.023344 0.023364 
16 0.035047 0.01752I C.Dl752;r 0.023364 0 . 3 1 f b U 2  3.005641 0.023364 OmGI7523 0.U17523 O.OCi5841 

117223 3.923364 0.005641 0.L35047 O . 0 2 3 3 b 4  3.0116dL 0.C17523 G.Lu584i 
19 C.005841 0.017523 9.011682 9.017523 0.011682 0.023364 C. 3.029206 0.005841 0 .u l l6d2  
L O  0.?116?7 3.0d5841 0.C29206 0.011682 d.011682 0.C05841 0.0172L3 0.0llodL O.Lll68L i r .Ul l682  
7 1  0.C05841 5.1105841 0.002341 0.011082 0.0056141 0.005841 0.0ir5841 0.~051141 0.ub5641 0.005841 
22  0.023364 0 .  0.005841 0.011662 0.005841 0.005841 0. 0.011682 U. o.uu5J641 

4 3 . b ~ r 6 1 7  3.d447LS 0 . ~ 4 6 7 2 ~  ~ . 0 9 3 + 5 ~  0.0d7617 u . 3 5 ~ 5 1 ~  u.381774 u . i i w a i  0.093458 u.081776 

0.335047 0. O . O l l 6 d L  0.0~3~04 3.017523 0 . ~ 1 7 3 2 3  0.317523 

23 C.,005841 0.017523 (1.C05841 0.017523 0.005841 0.0U5841 0. 0.0G5841 0.005841 0.005641 
24 0. g.011682 b.005841 0.017523 0.317523 0. 0.017523 0.  0.U116d2 0.005d.*l 
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CASE N U H B t K  1 6  81030 1 

N L k M A L I Z E J  EVAPORATIOY DEUT SPECTt7UM 
I t  S P E C I F I t S  THE LOWtK tNERbY L I M I T  I?F THE INTLKVAL I N  H k V I  

t 
0 3.307463 0 .014$25 L.067164 3.d22358 0.067164 0.044776 0 .0d955L 3.104478 3 . ~ 6 7 1 6 4  0.0820YO 
5 J.067164 3.104478 C.059131 0.059701 0.029851 5.374627 0 .059701 0 .067164 0 .059701 0.037313 

I @  3.0223138 0.014925 L.U4477b 0.007403 0.029851 U-014925 3.052239 d.044776 0 .029851 0.014925 
15 7.014925 u . o z s e ~ 1  0.022368 0.037313 J . O Z L ~ H ~  0. 0.007463 0 .037313 0.607463 0.i14925 
20  P.014925 0.307463 0.014925 0.014925 3.007463 0.0223dR 0 . 0 t 1 4 6 3  0.014925 0 .007463 0.014Y.25 
25 C.014925 3.014525 0 .007463 U.007463 0 . 0 0 7 4 0 3  0. 0.  U. 0.  0. 

U.007463 3 0  0.007463 0.322386 0.007463 0 .  0.022388 0.007463 0. 3. 0. 
35 0.037403 0 .  0 .077463 0.007463 0.014925 0.007465 0. 5.007463 0. 0. 
4 3  0.007463 0.  U. 0.  0.UJ7403 0.037463 0 .  3. 3.007463 0.  
4 5  0 .  0 .  0 .  0. 0. t i07463 U. 0. 5. 0 .  0.  

NJRMAL I L E ~  EVAPORATION T K  I TCN sPEcrKus 
It b P L C I F l E 5  THE L O W E R  ENEAGY LIMIT UF THE I N T t K V A C  IN H i V i  

E 
0 9. 3 .033896  0.067797 q .  u.0338Y8 0. 0.035898 3 .101695 0.033898 0.U33898 
5 C.2C3393 J.C33896 O.Cb7797 3.1455Y3 ti. 0. u .067797 0.0338Y8 0.101b95 0.  

10 3.L133848 3 . 0 3 3 8 S 8  0.  0.0338YY 0 .  0 .033898 0. 0.0677 97 0.0 3 3b9d 0.0677Y7 
1 3  0.0338913 u . ~ u i 6 9 5  ~ . i o ~ m 5  3. C’ . 0.J33d98 0.067797 0 .  0 .033898 0. 
20  0.367797 3 .  0.067797 0. 3. 0. 0.0333113 3.0338Yd 0 .  0. 

0 .  25 3. 3 .  0 .  0.  3. 0 . 3 3 3 8 9 8  3.  
3 0  0. 3 .  0. 0. ci . 0. 0. 0. 0. 0 .  
3 5  u .  0 .  0 .  3.  0. 0. 0 .  0 .  0. 0. 
4 0  J. J .  0 . 0 3 3 ~ 9 a  0 .  0. 0. 0.  0. 0 .  0. 
45 0 .  U. 0.  0. 0.  0. 0.  0.  0 .  0. 

3.06Y7Y7 0. 

N O H M A L I Z t 3  €VAPORATION HE3 b P k C T R U M  
[ E  SPtCIFIES THt LbHtK tNERbY L I M I T  Uf T l i f  INTERVAL IN MEV) 

E 
0 0.  3 .  0. 0.047C59 0.070588 0.117647 0.094116 0.141176 3.117647 0.117647 
5 0.1;0411’1 d . 5 2 3 5 2 9  C!.W7(15~1 U.0705dd 0.047059 0.070583 G.G7Q>aB 0.117647 3.023529 0.323529 

10 0.0+7(159 3.247059 0. 0.C47059 0.023529 0 . 0 r 7 0 5 9  0.047059 0. J. i l .347059 
0.O235ZY 15 3.U2352Y 0 .  C.023524 0 .023529  0 .023529 0. 0. 0.  0 .  

2-1 ‘1.347059 3 .  0.0L3524 C. 0.  0 .047059 0. 0. 0.C23529 0 .  
25 3. 0 .  0.023529 0. 3 .  U. 0.02352Y 0. 0. U. 
30 ii. 0. 0 . 0 2 3 5 Z 9  C. 0.  0. 0. 0 .  0. 0. 
3 5  0. 0 .  0. 3 .  6. 0. 0. 0 .  0 .  0. 
40 0. 0 .  0. 0. 0 .  0 .  0. 0.024529 0. 0 .  
45 0. Ll* 0. 7.023579 0.  0 .  0 .023529 3 .  3 .  0. 

h t O K Y A L l Z t O  t V A P J K A T I U N  ALPtlA 5 P t C T R J M  
I t  b P t C I k i t b  1hE LOWEI( ENERGY L I d I T  U t  T t i t  INTEdVAL I N  H E Y )  

k 
3 3. 0 .  0. 0 .017937 0.067265 0.13Z207 0.170404 3.133045 J.365202 0.121076 
5 0 . ~ 3 2 ‘ ? 6 @  U.u57265 0.36u53n 0.062730 C.069507 U.073991 0.067265 5 .035874 0.LJ56054 0.029148 

1 0  9 .02242?  J.LJ2914tI 0.b426~11 0.033652 0.026906 0.020179 O.UZbY06 J.022422 3.020179 0 .022422 
1 5  3.013453 ~ . : 0 4 4 d 4  c .72242? O.c044t$4 0.013453 0 .00d963 0 . 0 1 1 2 1 1  0 .011211 J.01>6.)5 0.0U6726 

3J 0.394484 0.,34484 0 .017937 0.l)OLYoY U.032242 0. O.Oc16Y69 J. 3 .  0.3044a4 

2 3  U.(35969 J.317437 C.03b726 a.013453 0 . 0 1 1 2 l l  0.0844d4 3.008969 0 .017937 0.0c18969 0. 
2 5  c .322422 j . L J 9 9 h Y  U.aJ6242 0. 0.011211 3.003969 0 .  0 .  0 .013453 ~8.604484 

75 0.003‘469 3.004q39 C. 0.011453 LJ. 3. 3 .  0 .  U.034484 U .  

411 3.5C4484 J .  3 .  3.CO396Y ti. b. u.002242 2. 3 .  u.dLi44b’l 
4 5  0.  13.331464 0 .  7 .  9. 0. u.00b969 0 .  3 .  0. 
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NEUT ON AL INC. K.E. I M E V )  IS 1000.0 A I S  27. Z I S  13. 6 0 0 0  INC. HISTnRIFS 1.6 YEV CUTOFF EN. 

MGMENTUM OF COMPOUND NUCLEUS 1697.100250MEV/C EXCITATION ENERGY OF COMPOUND NUCLEUq 1006.Q15207MEV 

THE M A S S  OF THE RESIDUAL NUCLEUS WAS Z E R O  0 TIMES, WAS MINUS 0 T I Y E S  CUT @FF ENERGY 1.637460YEV 

FOR 

AVERAGE NO. 

VARIANCE 

AV. K.E. (NEVI 

VARIANCE 

1 8 4  INCIDENT PARTICLE CCLLISIONS THERE WERE MORE THAN 9 OUT GOING PARTICLES 

EMITTED CASCADE PARTICLES 

PROTONS NEUTRONS P I +  

0.165502 OE 01 0.2426390E 0 1  0.8033442E-01 

0 . 2 3 1 3 7 4 e ~  n i  0.2632077i  0 1  0.7533482E-01 

0.1611862E 03 0.2061€!1@E 03 0 . 1 0 9 1 6 a 8 ~  03 

0.5%01436€ 0 5  0.7700179E 0 5  0.1347657F 0 5  

P I 0  P I -  

0.1509418E-00 0.2726281E-@@ 

0.15 1 0 8 1 6  E-OP 0.2201123E-00 

0.14?7'216F 03 0.1271106E 0 3  

0.1633616E 05 0.1855854E 05 

RESIOUAL NUCLEUS 

OUTGO1 hG COMBINATION co  C 1  ARM AREE AAR 

TDTAL CASCADE 0.0527692 0.1360497 321.5870651 65.6L23712 23.87855C4 
17.1819811 27.7000000 10000 0.0195277 0.1145359 197.4591 72% 

01000 0.0265626 0.1209557 213.6197991 25.2472010 27.0000000 
28. D000000 00 lOD 0. 0. 0. 0. 

00010 0. 0. 0. 0. 78.0000000 
00001 
0 1 3 0 1  
10100 
11000 
1 1 0 0 1  

0. c. 0. n. %9.000000', 
27.0000000 0.1279824 0 . 0 2 i 3 1 w  222.2293968 18.325983R 

0. 0 .  0. 0. 27.0000000 
12.7284867 0.0192146 0 -07432 44 146.7359333 

0.031 1 8 9 0  0.05618O1 145.0760937 13.1603067 26.0000000 
25. ooooocn 

C O  = I S U Y  OF PARALLEL RESIOUAL M@MEhTUM/NUMBER O F  INCIDEUT PARTICLE COLLI SIONSl/MOMFWTUW rlF CnMPflUNO NUCLEUS 

C 1  = (SLIM C)F PERPENDICULAR RESIDUAL POMENTUY/NUMBER OF INCIDENT PARTICLE COLLISIONS)/M@MENTUY OF C O Y ~ r J U U O  NUCLEUS 

AQN = A V E R A G E  RESIDUAL MOMENTUM I N  M E V K  

AREE = AVESAGE RESIOUAL EXCITATIOY ENERGY I N  MEV 

AAR = AVERAGE M A S S  O F  7ESIDUAL N K L E U S  FOR TOTAL CASCADE 
A A R  = M A S S  OF RESIDUAL NUCLFUS FOR DESIGkATED flU+GOING CClMBINATIONS 



1.6 Y'V CILTDFF CN. N E U T  C T  A L  INC. K.C. ( M E V )  IS  ioc0.0 A I S  27. z I S  1 3 .  6 0 0 0  I N C .  H:STWIFS 

ANGULAR O I S T R I B b T I O h  CF T H E  C A S C A D E  NUCLEUS I F R A C T I 7 Y  I N  D F L T A  M U I / I O E L T A  MU1 

-c. 19')7o00F-nc - C . 3 9 0 0 ~ " 0 F - 0 0  -C.SOOOOOOE 00 - 0 . 7 0 C 0 0 0 0 E  0 0  -0 .  ~ O O O ~ D O E  eo 
0.1000000E-00 0.30n0000E-CO 0 . 5 0 n 0 0 0 C E  Ciq 9.7nnonnn~ OP 0 . S e o o n o ~ ~  0 0  

T O T A L  C A S C A C i  R A T I O  OF FOQWARO / 3 A i K W A R O  0 . 2 6 Q 4 6 3 9 C  91 
0 . 1 2 9 0 4 4 0 E - 0 0  C i . 1 3 S 9 4 9 1 E - 0 0  7 . 1 S 6 Z 0 2 3 E - 0 0  0.23 2 6 4 2  7 F - P O  c.  2671 1 9 7 ~ - ~ 0  

O . P 7 & 0 4 5 ? F  PC 0 . i ~ 7 ~ c 7 2 r  q 0 . 5 7 4 3 3 6 6 E  00 0 . 6 3 3 6 7 9 7 E  00 1 . 7 7 7 P 9 9 C E  00 

1 PROTOhS 0 NEUTRONS 0 P I +  C P I 0  0 P I -  R A T I O  OF FORhl4RO /@ACKWARO 0 .  

0. 0.  0. 0. 
0 . 4 0 0 0 0 C O E  0 1  i . n o C o o 0 o E  00 n. 0. 

0 PROTONS 1 N E U T R O N S  3 P I +  0 P I 0  0 PI- RATIO OF F O R W A R D  / B A C K W A R D  n. 
0. 0. 0. 0. 

0 . 3 2 2 7 5 4 8 E  0 1  0 . 1 6 4 5 5 7 0 E  01 0. 0. 

0 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  0 P 1 -  R A T I O  OF FCRWARD / B A C K W A R D  C .  
0. 0. 0. 0 .  

0. 0.  0.  n. 

0 PROTONS 0 NEUTRONS 0 P I +  1 P I 0  0 P I -  R A T I O  OF FORWAPO / @ A C K W A R D  0. 
0. 0. 0. 0. 

0. 0. 0. 0. 

0 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  1 P l -  R A T I O  OF FORWAR3 /BPCKWARO 0. 
0. 0. 0. 0. 

0.  0. 0 .  P. 

0 PROTONS 1 N E U T R O N S  0 P I +  0 P I 0  1 P I -  RATIO OF F C R W A R D  / B A C K W A R D  n. 
0. 0. 0. 0. 

0 .  0. 0 .  0. 

1 PROTOhS 0 NEUTRONS 1 P I +  0 P I 0  0 P I -  R A T I O  OF FCRWAPD / B A C K W A Q O  n. 
0. 0. 0. n. 

0. 0. 0.  c .  

C .  
c. 

c. 

n. 

f?. 

c. 

c. 

c. 
n. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  C P I -  R A T I O  OF FCRWARO / B 4 C K W A Q O  0.2071KOC.E C l  
0 . 1 2 4 5 5 5 2 E - 0 0  0 . 2 1 3 5 2 3 1 E - 0 0  0 . 4 2 7 0 4 6 3 E - O @  @ . 2 7 e c 7 e 3 ~ - n ~  C.~C.?S~)I~E r c  

0 . 6 5 3 q 5 0 2 E  0C 0 . 7 4 7 3 3 0 0 E  00 0. e71 P n 6 l  E 03 r . C = F 7 + = o E  co n . 3 7 3 6 6 5 ~ . ~ - 0 0  

1 P R J T O k S  1 NEUTRONS 0 " I +  0 P I 0  1 P I -  R A T I O  '3F Fi iRWARD /8ACL(WARD ~ . ? t C 1 4 6 ~ l E  n l  
0 . 2 2 5 8 0 6 4 i - 0 0  0 . 1 9 ? 5 4 8 4 E - 0 0  0 . 2 7 5 8 0 6 4 E - 0 0  ~ . = ~ ~ P = P ~ F - c o  r. 7 8 7 n ~ h . e ~ - ~ 1 0  

0 . 4 5 1  6 1 2 " E - O O  o . ~ ~ c . I ~ I ~ E  nn n . 7 4 1 0 3 5 5 ~  no P.C03775RF 09 C . 8 7 O S 6 7 7 F  00 
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N E U T  C V  AL I N C .  K.E. I M E V I  IS 1OCO.O A I S  27. Z I S  1 3 .  6000 I V C .  H I S T O Q I E S  1.6 YEV C U T l l F F  F N .  

THE MCHENTUM D I S T R I B U T I O N  O F  T H E  C P S C A O F  R E S l D U A L  N U C L E U S  

0.6485501E 0 2  0.2545650E C3 0.4242751E 03 0.5939851E 0 3  0.7635951F 0 3  0.9334051F C3 0.1103115E 0 4  
0.1272825E 04 0.1442535E 0 4  0.1612245E 04 0.1781955E 0 4  0.1951665E 0 4  0.71213755 04 0.2291085E " 4  

T O T A L  C A S C A C E  ( S U M  OVER H I S T O G R A M I ( 0 E L T A  P I  
0.1852755E-02 0.182705ZF-C2 0.11502@1€-02 0.5311945E-03 0 .?084355€-03 

0.2141913E-04 0.1070957E-04 0.2141913E-05 0. 0. 

1 PROTONS 0 N E U T R O N S  0 P I +  0 P I 0  0 P I -  ( S U M  OVER H I S T O G R A H I I O F L T A  P I  
0.2749788E-02 0.274478FF-02 0.3928265E-03 0. 0 .  

0 .  C. 0 .  0. 0. 

0 P R O T O h S  1 NEUTRONS 0 P I +  0 P I 0  0 P I -  ( S U M  OVER H 1 S T O G R P M ) l D F L T A  P )  
0.23E6796E-32 0.2759733E-02 0.7458739E-03 0. 0. 

0. 0. 0. 0. 0. 

0 PROTONS 0 N E U T S O N S  1 P I +  0 P I C  0 P I -  ( S U Y  OVER H I S T O G R A M I ( 0 E L T A  P I  
0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 

0 PROTONS 0 NEUTRONS 0 P I +  1 P I 0  0 P I -  ( S U M  OVER H I S T O G R A M I ( @ E L T A  P I  
0. 0. 0. 0. 0. 

0. 0. 0. 0. 0. 

0 PROTONS 0 N E U T R q N S  0 P I +  0 P I 0  1 P I -  ( S U M  O V F R  Y I S T O G R A Y I I D E L T A  P I  
0. 0. C. 0. 0. 

0. 0. r. 0. 0. 

0 PROTONS 1 YEUTRONS 0 P I +  0 P I 0  1 P I -  ( S U M  OVER H I S T O G R A M I ( D E L T A  P I  
0.1178481E-02 0.4124683E-02 0.5892404E-03 0. C. 

0. 0 .  0. 0. 0. 

1 PROTONS 0 N E U T R O h S  1 P I +  C P I C  0 P I -  ( S U M  OVER H I S T O G R C M I ( D E L T A  P 1  
C. 0. C. 0. 0. 

0.  0. 0. 0. 0. 

1 PGOTONS 1 VEUTRONS 0 P I +  0 P I 0  C P I -  ( S U M  O V E R  ' i I S T O G R A M I ( 0 E L T A  P I  
0.4151943E-02 0.13839RIE-02 0.2726023E-0' 0 . 8 3 8 7 7 6 3 i - 0 4  0. 

0 .  0.  0 .  0. 0. 

1 PROTONS 1 NEUTRONS 0 P 1 +  0 P I 0  1 P I -  ( S U M  OVER H I S T O G S A M l ( O E C T 4  ? I  
0.4371783E-02 0.1026419E-02 C.3901551E-03 0.7603102E-04 0.3f i01551E-04 

0 .  0. 0 .  0. 0. 

0.1000000E c1  c) ? F L  
0 . 1 4 5 6 5 0 I c - 0 3  0.4291427E-04 

0. 0. 

o.ionooonE 01 0 OFL 

0. 0. 
0. 0. 

0.1?000C'?E 01 0 OFL 

0. 0. 
0. I). 

0. 0 (IFC 

0. c.. 
0. '). 
8 .  0 OFL 

0. C. 
0. 0. 

0. 0 O F L  

0. 0. 
0. 9. 

Ci .LO0000PE 01 0 f l F L  

0. C. 
0. 0. 

0. 0 O F L  

0. A. 
0.  0. 

@.~0000C'0E 01 0 OFL 

0. 0. 
I). 0. 

0.10000POE 01 9 O F L  

0. 0. 
0. 9. 



N E U T  CN A L  IM. K.E. ( M E V )  I S  ~.ooo.o A I S  27 .  z I S  13. bono INC. HIST~RIFS 1.6 Y F V  CUT’JFF Eh!. 

T H C  P F R P E N C I C d L A R  MOMENTUM D I S T R I B U T I O Y  OF T H E  C A S C A O F  P c S I P U P L  YUCLEL‘S 

0 . 8 4 8 5 5 0 1 ~  02 0 . 2 5 4 5 6 5 0 ~  c3 0 . 4 2 4 2 7 5 1 ~  02 0 . 5 9 3 9 8 5 1 ~  03 0 . 7 6 3 6 5 5 i r  0 2  n.oX‘4o5iF n? ~ ) . I I ~ ? I ~ G F  n 4  
0 . 1 2 7 2 8 2 5 E  0 4  0 . 1 4 4 2 5 3 5 E  0 4  0 . 1 6 1 2 2 4 5 E  0 4  0 . 1 7 8 1 9 5 5 E  0 4  0 .1951645E n 4  9 ) . ’ 1 7 1 ’ 7 5 F  3 4  0 . 7 7 Q l C P F F  0 4  

T O T A L  C A S C A C E  
0 . 2 6 3 4 5 5 3 i - 0 2  0 . 1 9 0 6 3 0 3 E - 0 2  C s 9 2 3 1 6 4 7 E - 0 3  

0 .2141913E-05  C .  0.  

1 PROTORS 0 NEiJTRONS 0 P I +  3 P I 0  C P I -  
0 .2749788E-02  0 . 3 1 4 2 6 1 5 E - 0 2  0. 

0. 0 .  0. 

0 PROTONS 1 N E U T R O N S  0 P I +  C P I C  0 P I -  
0 . 2 5 3 5 9 7 1 ~ - 0 2  0 . 2 6 8 5 1 4 6 ~ - 0 2  ~ . 6 7 i 2 e 6 5 ~ - 0 9  

0. 0.  

0 PROTOFtS 0 NEUTRONS 1 P I +  0 P I 0  

0. 0. 
0. 0. 0. 

0 PROTONS 0 N E U T R O N S  0 P I +  1 P I 0  

0. 0. 
0. 0. 0.  

0 PROTONS 0 N E U T R O N S  0 P I +  0 P I 0  

0. 0. 
0. 0. 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  

0. 0. 
0 .5557783E-02  0 .2946202E-03  0. 

1 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  

0. 0. 
0. 0. 0. 

0 .  

0 P I -  

0 .  

0 P I -  

0. 

1 PI- 

@. 
1 P I -  

0. 

0 P I -  

0.  

( S U M  OVER H I S T 0 G R A M ) I C E L T A  P )  
0. 0.  

0 .  9 .  

( S U M  OVER H I S T O G R A Y ) ( O F L T A  P )  
0. c. 

0. 0 .  

( S L J M  O V E R  Y 1 S T D G R A M ) I D E L T A  P )  
0. 0 .  

0. 0.  

( S U M  O V E R  H I S T O G Q A M ) ( O E L T A  P )  
0. 0 .  

0. 9 .  

( S U M  OVER H I S T @ G R A M ) ( O E L T A  P )  
n. 0. 

0.  0 .  

( S U M  O V E R  H I S T O G R P V I I O ‘ 5 L T A  P )  
0. 0. 

0. 0 .  

( S U M  O V E R  H I S r O G Q A Y ) ( O E L T A  P I  
0. 0. 

0. 9 .  

1 PROTONS 1 NEUTRONS 0 P I +  C P I C  C P I -  ( S U M  OVER H I S T O G R A M ) ( O F L T A  P )  
0 .4424545E-02  0 .1132348E-02  0 . 2 9 3 5 7 1 7 F - 0 3  0 .4193RBZE-04  C. 

0. 0. 0. 0. 0.  

1 PROTONS 1 N E U T R O N S  0 P I +  0 P I 0  1 P I -  ( S U M  OVER H I S T 9 G R A M ) ( D E L T A  P l  
0 .4751939E-02  0 . 8 7 4 3 5 6 7 E - 0 3  C e 2 2 8 0 9 3 0 E - 0 3  0.38015‘1E-04 0. 

0. 0. 0 .  0. 0. 

n. n.l.orononF CI 7. 9 O F L  

0. 0.  

9. n OFL 
0. n. 

0. 0. 

n. n O F L  

9 .  P. 
n. 0.  

0. r )  3 F L  
n. 9. 

e. p. 

n. 0 n F L  
0. 0. 

0. r .  



kEUT ON AL INC. K.E. ( M E V I  I S  1000.0 A I S  27. 2 I S  13. 6 0 0 0  INC.  HISTORIFS 1.5 MFV CUTOFF EN. 

THE PARALLEL WOMENTUM OISTQI@UTION OF THE CASCADE RESIDUAL NUCLEUS 

-0.22S1085E 04 -0.2121375E 04 -0.1951665E 0 4  -0.1781955E 04 -0.1612245E 0 4  -0.144253FE 04 -0.1277825E 04 

0.8485501E 0 2  0.2545650E C 3  C.4242751E O ?  0.5Q79851E 0 3  0.7636951E 03 0.0334051F 02 0.1103115F 04 
-0.1103115E 04 -0.9334051E 0 3  -0.7636951E 03 -0.5939851 E 0 3  -0.4242751E 02 -0.7C45550E 03 -0.8495501E 02 

0.1272825E O+ 0.1442535E 04 0.1612245E 04 0.1781945F 0 4  0.1051605E 0 4  0 J 1 7 1 3 7 5 E  04 0.2291085E 0 4  

TOTAL CASCACE (SUM OVER HISTOGRAM)(DELTA P )  0.100000OF 01  0 OFL 0 UFL 
C .  0. C .  0. 0. 0. 0. 

0. 0. 0. 0. 0 .642574n~-05 o . I o ~ ~ ~ ? R E - o ~  n . i 1 4 3 7 A Z ~ - o z  
0.51405Q7F-04 9.3641253F-04 

0. 0. 
0.2553161E-02 0.1070957E-02 0.5226269E-63 0.2579296E-03 ?.13?2244€-03 

0.6425740E-05 0. 

1 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  

0. 0. 

0. 0. 

0. 0. 0. 

0.58424042-02 0. 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  

0. 0. 
0. 0. 0. 

C.5743229E-02 0.1451748E-03 0. 
3.  

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 NEUTPONS 

0. 

0. 

0. 0. 

0. 0. 

0 PROTONS 0 NEUTRONS 

0. 

0. 

0 .  0. 

0. 0. 

0. 

1 D I +  

0. 

0. 

0 P I +  

0. 

0. 

0 P I +  

0. 

0. 

0 P I 0  
0. 

0. 

1 P I 0  
0. 

0. 

0 P I 0  
0. 

0. 

0. 

a P I -  

0. 

0.  

0 P I -  

@. 
0. 

0 P I -  

0. 

0. 

0 P I -  

0. 

0. 

1 P I -  

0. 

0. 

0. 9. 

(SUM OVER HISTOGRCM)(OELTA P )  
0. 0.  

0. 0. 
0. 

0. 

(SUM OVER HISTOGRAM) 
0. 0. 

0. 0. 
0. 

0. 

(SUM OVER HISTOGRAM) 
0. 0. 

0. 0. 
0 .  

0. 

0. 

0. 

DELTA P I  

0. 

0. 

DELTA P)  

0. 

0. 

(SUM OVER HISTOGRAM)(OELTA P 1  
0. 0. 

0. 0. 
0. 0. 

0. n. 

(SUM OVER HISTOGRAM)(DELTA P )  
0. 0. 

r). 0. 
0 .  0. 

0. n. 

O.IOOO0COE C 1  Q OFL 
0. 0 .  

0. 0. 
n. 0. 

0. 0. 

0.1000OOnE 01 0 OFL 

0. 0. 

0. 0. 

0. 0. 

0. 0. 

0 .  0 OFL 

0. 0. 

0. 0. 

0. 0. 

0. 0. 

0. 0 CFL 

0. 0. 

0. 0. 

0. 0. 

0. 0. 

0. 0 OFL 

0. 0. 

0. 0. 

0. 0. 

0. 0. 

C UFL 

0 UFL 

0 UFL 

0 UFL 

n UFL 



NEUT ON AL INC. K.E. ( Y E V I  I S  1000.0 A I S  27. 2 I S  13. 4000 I h l C .  H I S T 0 R I F 5  1 .4  YFV CUTOFF FN. 

THE PARALLEL MCCENTJM O I S T R I E U f I O Y  OF THE CASCADE RESIDUAL hllCL!=US 

-0.2251085E 0 4  -0.2121375E C4 -0 .1951 tC5E 0 4  -0.17P195qE 0 4  -C.1617245€ "4 -0 .1447V:F 0 4  - ' l .P72R75F 0 4  

0.8485501E 0 2  0.254505OE C3 0.4242751E 03 0.5979R51E O ?  0 .7634551E 0 3  n.Q?14'l51F 0 3  0.11"3115c 0 4  
-0.1103115E 04 -0 .9334051E 03 -0 .7636951E 03 - 0 . 5 9 3 9 8 " l E  O? -5 .4247751F  0' -@. '545hCOC 03 -0.R455601F 07 

0 . 1 2 7 ~ 8 2 5 ~  04 0 . 1 4 4 ~ 5 3 5 ~  04 0 . 1 6 1 2 2 ~ 5 ~  04 0 . 1 7 8 1 9 ~ 5 ~  0' 3 . 1 9 : 1 6 6 ~ ~  04 o . 2 1 7 1 ~ 7 ~ ~  0 4  r . 7 2 9 i n q 5 ~  04 

TOTAL CASCACE (SUM OVER HISTOGRAM)(nELTA P )  0.100CCOCE 0 1  0 O F L  0 UFL 
0. 0. 0. 0.  P. 0. Q. 

0.2553161E-02 0.1070957E-02 0.5226269E-03 0 .2570294E-03  0 .1392244F-03  
0 .  0. 0 .  0. 

0.6425740E-05 0. 0. 0. 0 .  

0 PROTOhS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  ( S d M  OVER MISTOGRAf l l (0ELTA P )  
0. 0. 0. 0. 0. 

0.117848 1E-02 0.4419303E-02 0.2946202E-03 0. 0. 
0. c. 0 .  0. 0.  

0.  0. 0.  0 .  0 .  

1 PROTONS 0 NEUTRONS I P I +  0 P I 0  0 P I -  (SUM OVER HISTOGRAM)(OELTA P1 
0. 0. 0. 0.  0. 

0. 0. 0. 0. 0. 
0 .  0. 0. 0. 0 .  

0 .  0.  0. 0.  0. 

1 PROTONS 1 NEUTRONS 0 P I +  C P I 0  0 P I -  (SUM OVER HISTOGRAY) (DELTA P) 
0. 0. 0. 0. 0. 

0.3690016E-02 0.2306635E-07 0. 0 .2096941E-04  0. 
0. 0. 0.  0. 0.  

0. 0. 0. 0. 0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P1-  ( S u n  OVER HISTOGRAMIIOELTA P )  
0. 0. 0. 0. C .  

0.3611473E-02 0.5702326E-03 0.74031CZF-04 0. 0. 
0. 0. 0. 0. e. 

0. 0. 0. 0. 0. 

0. n O F L  C IJFL 
0 -  0. 

0. n. 
0.  0.  

CI. n. 

'3.100000CE 01 0 OFL C UFL 
0. 7. 

0. q. 
0 .2006941E-94  @.15?9?@6E-02  

n. 0. 

0.1CO00OOE 01 n OFL 0 UFL 
0. 0. 

0. n.3 t . 3 4 6 6 7 ~ - 0 7  
0. n. 

0.  0. 



NEUT 0 Y  AL INC. K.E. (MEVI I S  1C00.0 A I S  27. Z I S  13. 5000 IMC. HISTORIF5 1.6 ‘4FV CUTr lF f  FN. 

CROSS SECTIONS (M01 F O R  VARIOUS COMBINATIONS 3F EYITTE3 C A S C A D E  PAQTICLES 
1ST NO. I S  k0. OF P R @ T D N S  EVITTED 2VO I S  W. CF N F U T R O V J S  3 R 0  IS NO. 7 F  P I +  4TH I S  NO. OF P I C  5TH I S  NO. OF P I -  

1 6 0 0 0  

2 6 0 1 0  

3 4 0 1 1  

3 5 1 0 0  

4 4 0 1 0  

5 3 0 1 0  

6 2 1 0 0  

1 5 0 2 0  

24020 

2 5 1 0 0  

3 3 1 1 0  

3 5000 

4 3 1 0 0  

5 20 10 

05020 

1 4 0 1 1  

1 5 1 c o  

2 3 0 2 0  

24100 

3 2 0 2 0  

3 3 0 1 0  

4 1 0 1 1  

4 3 0 0 0  

0 4 0 2 0  

0 5 1 0 0  

13011 

0.17136898E-00 

@.51410694E 00 

0.34273796E-00 

0.34273 7 9 6 5 0 0  

0.10282138E 01 

0.3427379bE-00 

0.17136898E-00 

0.17136898E-00 

0.17136898E-00 

0.51410554E 0 0  

0.51410694E 00 

0.37701175E 01 

0.68547592E 00 

0.34273796E-00 

0.17136398E-00 

0.5141D694E 00 

0.3 4273 7 9 6 i -  00 

0.34273796E-00 

0.17136898E 0 1  

9.17136898E-00 

0 .15423208 i  01 

0.17136898E-0C 

0.32560106E 0 1  

0.34273796E-00 

0.342 73 796E-CG 

0.17136898E-OC 

2 5 0 1 1  

270CO 

74101 

3 6 0 0 0  

4 4 1  GO 

53100 

63000 

160Cl 

2 4 1 0 1  

260CO 

3 4 0 0 1  

420 02 

4 4 0 0 0  

521PO 

0 5 1 0 1  

1 4 1 1 0  

1 6 0 0 0  

2 3 1 0 1  

250GO 

3 2 1 0 1  

3 3 1 0 0  

4 2 0 0 1  

5 2 0 0 0  

0 4 1 0 1  

0 6 0 0 0  

1 3 0 2 0  

0.34273796E-00 

0.51410694E 00  

0.342 77 796E-00 

0.1028213 8E 01 

0.69547592E 00 

O.E56844@OE 00 

0 . 5 1 4 1 0 6 ~ 4 ~  00 

0. P5684a90E 00 

0.171368°@E-00 

0.171368QEF 01 

C.29132726E 01 

0.17136@Q8E-00 

0.25705246E 01 

0.3427179CE-00 

0.17136@98E-00 

0.171368Q6E-00 

0.1370951 8E 0 1  

0.17136898E-00 

0.22277@67E 0 1  

0.514106Q4E 00 

0.11995878E 0 1  

0.171368qRE 0 1  

0.P5684490E 00 

0.17136PsSE-00 

0.685475Q2E 00 

0.51410694E 00 

2 5 1 0 1  

3 3 1 0 2  

3 m o i  

43002 

4 5 0 0 0  

5 4 0 c o  

7 2 0 0 0  

24002 

2=001 

33031 

3 4 0 1 0  

4 3 0 0 1  

5 1 1 0 1  

53000 

0 6 1 0 0  

1 = 0 0 1  

23002 

2 4 0 0 1  

32002 

3 2 1 1 0  

3 4 0 0 0  

42010 

61000 

0 4 1 1 0  

12201 

1 3 1 0 1  

0.171?68@8E-00 

0.171358CRE-00 

0.58547592: 00 

0 . 1 7 ? 3 6 ~ ~ e ~ - m  

0.11995828E 0 1  

0.16423208E 01 

‘3.17136R9@€-0Q 

3.17136PCEE-00 

0.1199582AE 9 1  

0.1713689flF-f’O 

0.15423208E 01 

0 . ~ 5 7 ~ 5 3 4 6 ~  0 1  

0.17136998F-PO 

0.15423708E 01 

0.34273706E-00 

0.11995828E O! 

0.1713 6Ro8E-00 

O.ZC564277E 01 

O.A85475Q?E 0 0  

0.171358QSE-PO 

0.44555074F 01  

0 . 8 5 6 8 4 4 ~ 0 ~  n o  

Cl.1713h*98F-00 

3.17176PqSF-00 

0.17136R9PE-00 

0.3427’37Q6E-00 

Z C 0 q l  

3 4 ~ 0 ~  

35010 

“4001 

5 1 0 0 1  

6 7 ~ 1 0 1  

1 FP07 

2401’. 

2 5010 

33101 

3 4 1  00 

4 P 0 1 0  

5 2 c 0 1  

6 1 0 0 1  

1 L O O 2  

1 5 0 1 0  

2 3 9 1 1  

2 4 0 1 0  

32011 

??071 

41PflZ 

4 2 1 0 n  

0 4 0 0 2  

05010 

12007 

1 3 1 1 0  



NEUT C"i A L  I N C .  K.E. ( M E V )  I S  1000.0 A I S  77. 2 I S  13. 60FO INC. VISTCIRIFc 1.6 Y F V  CUTCFF FN. 

C R O S S  SECTIOhS IN61 FOR VARIOUS COMBI\ATIOhS O F  EMITTED CASCADE PARTICLFS 
1 S T  h'0. IS PUO. OF PRCTDNS EMITTED 2NU3 I S  NO. OF NFlJTT93YS 3 R D  I S  NO. 1 F  P I +  4TH I S  hl3. i)F P I T  STH I S  Yfl .  PF P I -  

C 0 NT I N U  E 0 

13200 

15000 

2 2 1 0 1  

24000 

32010 

4 1001 

50901 

03110 

12011 

1 3 0 0 1  

2 1002 

22010 

30020 

31100 

5 0 0 0 0  

03001 

11002 

1 2 0 0 1  

21001 

300'21 

0 2 0 0 1  

1 1 0 0 1  

20001 

01001 

1 0 0 0 1  

01000 

0.17136898E-C0 

0.25705346E 01 

0.13709518E 01 

0.34273796E 0 1  

0.13709518E 01 

0.68547592E 00 

0.17136898E-00 

0.51410694E 00 

0 . 6 8 5 4 7 5 9 2 ~  00 

0.46269624E 01 

0.34273796E-00 

0.41128554E 01 

0.171 368S8E-00 

0.51410694E O C  

0.17136898E-00 

0.154232OBE 01 

0.17136898E-00 

0.90825558E 0 1  

0.66833901E 0 1  

0.85684490E 00 

0 . 1 5 4 2 3 2 0 a ~  01 

0.26562192E 02 

0.32560106E 01 

0.34273796E 01 

0.17136898E 02 

0.13535149E 02 

1 4 0 0 1  

22002 

2 3 0 0 1  

31002 

32100 

4 1 0 1 0  

51000 

040 01 

1202 0 

1 3 0 1 0  

2 1 0 1 1  

2 2 1  0 0  

3 0 1 0 1  

320co 

02020 

03010 

11011 

1 2 0 1 0  

2 1 0 1 0  

300 1 0  

0 2 0 1 0  

1 1 0 1 0  

20010 

01010 

l oo10  

1 0 0 0 0  

0.15473208E 01 

C. 342 7 37@6F-00 

0.342737@6E 01 

0.17136808F-00 

0.10282139E 01  

0.171368°8E-00 

0.111?68@eE-00 

0.171 3 6 e 9 8 ~ - 0 0  

0.514106Q4E C O  

0.30846416E 01 

o . i 7 1 3 6 8 ~ 8 ~ - 0 n  

0.13709518E 01  

O.I11368$8E-00 

0.54838073E 0 1  

0.17136898E-00 

0.18@505@7E 01 

0.514?0tC4E 0') 

0.63406573E 0 1  

0.34273796E 01  

0 .51410604~ Po 

n . 5 1 4 1 0 6 0 4 ~  01 

0.e7398179E 0 1  

0.34273796c-00 

0.51410694E C O  

0 . 1 1 9 9 5 e 2 ~ ~  0 :  

0.25705246E 0 1  

14010 

2 2 0 1 1  

23010 

31920 

~ 7 0 0 0  

411 00 

03029 

'34100 

1 2 1 0 1  

1 3 1  00 

7 1 1 C 1  

z3noo 

310G1 

400C1 

02101 

03109 

1 1 1 0 1  

12100 

21100 

3 i o m  

02109 

11100 

710PO 

011 oo  
1 1 0 0 0  



kEUT CY AL I h C .  K.E. IMEVI  I S  1OCO.0 A I S  27. 2 I S  13. 6000 INC. HISTORIES 1.6 MFV CUTOFF EN. 

ENERGY SPECTRA OF CASCADE PARTICLES WITH M U  FROM 1.00 TO 0.95 
(THETA FROH 0 DFG. 0 YIN. TO 18 DEG. 1 2  M I N . )  

Yli) IS (FRACTION OF PARTICLE5 I N  DELTA MU)/(OELTA MUI(DELTA E l  

EIMEV) I S  CENTER OF INTERVAL 

PROTONS 
DELTA EIMEVI 50.0 

E l  M E V l  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

Nl E )  

0.675E-01 

0 216E-01 

0.251E-01 

0.142E-01 

0.102E-01 

0.142E-01 

0.905C-02 

0.142E-01 

0.155E-01 

0.193E-01 

0.216E-01 

0.170E-01 

0.2 10E- C 1 

0.250E-GI  

0.182E-01 

0.63 1 E-02 

0.738E-02 

0.187E-01 

0.210i-C1 

0.3 C1E- 0 1  

N I S  1.000E 00 

NEUTRONS 
DELTA E(MEVI 50.0 

E(MEVI 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

525.0 

675.0 

725.0 

775.0 

82 5.0 

375.0 

$25.0 

975.0 

N ( E )  

0.417E-01 

0.2 11E-01 

0.18ZE-OT 

0.130f-01 

0.157E-01 

0.13SE-01 

0.1 l e  E-01 

0.153E-01 

0.150E-01 

0 1 2 1  E-01 

0.103E-01 

0 11 1 E-01 

0.107E-01 

0.128E-01 

0.821E-02 

0.111 E-01 

0.141E-01 

0.32PE-01 

3.450E-01 

0.649E-01 

N I S  1.000E 00 

P I +  
DFLTA E I Y E V I  50.0 

N I S  (SUM OVER N ( E I ) ( O E L T A  MUIIDF-LTA E) 

E l  VFV) 

25.0 

75.0 

125.0 

175.0 

275.0 

775.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

6'25.0 

575.0 

725.0 

775.0 

825.0 

875.0 

925.0 

Q75.0 

hi( E )  

0.421E-01 

0.421F-01 

0. 

0.421E-01 

n. 421 E-01 

0.27 1E-01 

0.421E-01 

@. 842 E - 0 1  

0. 

0.63ZE-01 

0. 

0.211E-01 

0. 

0. 

0. 

0 .  

0 .  

0 .  

0. 

0. 

N I S  L.0COF; nP 

P I 0  
DELTA E(MEV1 50.0 

E ( Y E V )  

25. n 

7 5 . 0  

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

475.0 

775.0 

775.0 

825.0 

875.0 

925." 

975.0 

NIEI 

0.1 00E-01 

0 600E-0' 

0.106F-01 

P . ~ O O E - O ~  

n. iocE-ni 

0 - 5 1 0  E-O 1 

0 400 F - 0  1 

P . 1 3 f l F - 0 1  

0.500E-0 1 

c . 'OOE-0 1 

~ . Z O ~ F - O I  

0.100E-01 

D. 1 OOE- 01 

0.1nOF-01 

0. 

0. 

0. 

0. 

0.  

0. 

P I -  
9ELT4  F(RFVI  50.0 

F IVEV)  

75.0 

75.0 

1'5.0 

175.0 

725 .0  

175.0  

375.0 

375.0 

475.0 

475.c 

q75.0 

575.n 

575.P 

675.n 

715.0 

775.0 

925.0 

P7K.F 

9 2 5 . 0  

975.0 

N ( E I  

0.127E-01 

0 . 1 2 7 ~ - 0 1  

0.177E-01 

0.lQOE-01 

0.3 P 1 E- 01 

0.317f-01 

0.5C8E-01 

0.571 E-n1 

O.571E-Ql 

0.317E-01 

o.snaE-0'1 

0. 1 7 7 ~ - n i  

0.635E-07 

n. 6 ac. F-n? 

n. 

0. 

0. 

0. 

n. 

0. 



NEUT CN A i  INC. K.E. (MEVI  I S  ZOC0.C A I S  77. Z I S  13. 6 0 0 3  I h C .  HISTnqTFS 

E M R G V  S P E C T R A  OF C A S C A D E  PARTICLES WITH M U  F R C Y  0.- TO n .c r  
[THETA FROW 1 8  OEG. I 2  M I N .  TO 75 DEG. 5 1  YIN.1 

N ( E 1  I S  [FRACTION OF PARTICLES I &  G E L T 4  Y U J ) / ( O C L T A  Y J ) ( O F L T P  E )  

E ( M E V I  I S  CENTER OF INTERVAL 

PROTONS 
DELTA E I M E V I  50.0 

E ( M E V )  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475  - 0  

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875 .o 

925.0 

975.0 

N I  E )  

0.101 E-00 

0.342E-01 

0.332 E-01 

0.280E-01 

0.207E-01 

0.176E-01 

0.187E-01 

0.249E-01 

O.228E-01 

0.176E-01 

0.114E-01 

0.518E-02 

0.933E-02 

0.622E-02 

0.104E-01 

0.145E-01 

0.145E-01 

0 a 725E-02  

0.311E-02 

0. 

NE UT R O N S  
DELTA E(MEVJ) 5C.0 

E (YEV1 

25.0 

75.0 

125.0 

175.0 

225.CI 

275.0 

325.0 

375.0 

42  5.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

9Z5.0 

975.0 

N ( F 1  

0.674’-01 

0.357E-01 

0.218E-01 

~ .?c~E-o I  

0.179E-01 

0 .185E-q l  

0.158 E-01 

0.132E-01 

0.11aE-01 

0. I 1 2  E-01 

0.926 E-07 

0 1 Ot E -  0 1  

0.926E-02 

0.1 O6E-CII 

0.114E-01 

O.27AF-01 

0.410 E-01 

0.231E-01 

0.860E-02 

0. 

P I +  
OFLTA E ( Y E V I  50.0 

E (  YEVJ) 

25.0 

75.0 

125.0 

175.0 

225.0 

?75 .0  

375.0 

375.0 

4’5. r) 

475.0 

525.0 

575 .0  

675 .0  

675 .0  

725.0 

775.0 

825.0 

875.0 

925.0 

475.0 

Y ( E 1  

0 .1e7F-00  

P. 

0 .267E-Ol  

0. 

0. 

0.800E-01 

0. 

0.267E-01 

0.5’3E-01 

0.267 F-01 

0. 

0. 

0 .  

0. 

0 .  

9. 

0. 

0 .  

0 .  

0 .  

EIMEVl  

25.0 

75.e 

I?=.(! 

17c.p 

227.0 

27c.0 

775.0 

775.c 

425 .0  

475.0 

525.0 

575.0 

625 .0  

675.0 

795.0 

775.n 

A75.0 

~ i 7 c . n  

9?5.0 

07c.o 

=I McV l  

’5.0 

75.0 

’?F..O 

1’5.C 

775.0 

375.n 

275.n 

77c .n  

4 7 i . n  

475.0 

C 7 5 . P  

575.0 

575.P 

675.0 

7 7 5 . P  

775.0 

3 7 5 . 0  

975.0 

Q”.0 

975.n 

N IS 1.000E 00 N I S  1.000E 0 0  N I S  1.000E O’l 
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NEUT CN A L  I N C .  K.F. ( M E V )  IS 1OCO.O A I S  27. 2 I S  13. 6000 INC. H I S T O R I E S  

ENERGY S P E C T R A  OF C 4 S C A D E  P A R T I C L E S  W I T H  M U  FROM -0.40 T O  -0 .40  
( T H E T A  FROM I13 DEG. 3 5  M I N .  TO 1 2 6  DEG. 54 WIN.) 

N [ E I  IS ( F R P C T I O N  O F  P A R T I C L E S  I N  D E L T A  M U ) / ( O E L T A  M U I t D E L T A  5 )  

E ( X E V )  I S  C E N T E R  O F  I N T E S V A L  

PROTONS NEUTRONS 
D E L T A  E [ Y E Y I  100.0 D E L T A  E ( M E Y 1  1OC.O 

E l  M E V )  

53.0 

150.0 

250.0 

350.0 

450.0 

550.0 

650.0  

750.0 

850.0 

950.0 

N I S  

N ( E )  

0.460E-CI 

0.399E-02 

0. 

0. 

3.  

0. 

0. 

0. 

0. 

0. 

0.100E 01 

E ( M E V )  

50.0 

150.0 

250.0 

350.0 

450. 0 

550.0 

650.0 

750.0 

850.0 

950.0 

N IS 

N ( E )  

0.46 a E-o I 

0.320E-02 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

l . O O 0 E  00 

1.6 MEV CUTf!FF EN. 

N 1 5  [ S U M  OVER N l F ) ) ( D E L T A  P U I ( D E L T A  E) 

P I +  P I 0  PI- 
D E L T A  E ( M E V 1  1CO.O D E L T A  E I Y E V )  100.0 0 E L T 4  E ( M E V 1  !Ofl.fl 

E ( Y E V I  

50.0 

150.0 

250.0 

250.0 

450.0 

550.0 

650.0 

750.0 

850.0 

950.0 

N I S  

N l  E )  

0.458E-01 

0 . 4 1 7 E - 0 2  

0. 

0. 

0 .  

0 .  

0 .  

0. 

0. 

0. 

1.000E 00 

E [ W E V )  

5 C . 0  

150.0 

250.0 

350.0 

450.0 

550.0 

650.0 

750.0 

350.0 

9 5 0 . 0  

N 1 5  

W ( E )  

C.L4 8 E - 0 1  

0.517E-0? 

0. 

0. 

P. 

0. 

n. 

0 .  

0. 

0 .  

1.000E 00  

E ( M E V 1  

50.0 

150.0 

2 50.0 

750 .C  

450.0 

550.0 

b50.P 

750.0 

n50.0 

Q S O . 0  

N IS 

h'( E l  

0 . 4 1 0 E - 0 1  

0. R97E-02 

0. 

0. 

0. 

0 .  

0.  

0. 

e. 

C. 

1.000E or! 



NEUT Ok A i  INC. K.E. ( M E V I  I S  1000.0 A IS 27. z IS 13. 6000 INC. HISTXIFS 1 . 6  Y E V  C!JTnFF = N .  

E N E R G Y  SPECTRUM O F  FYITTED CASCADE P R O T O N S  

o TO 1.ooononoE 03 M E V  0 n F L  

K.E. IS T H E  C E N r E R  OF THE ENERGY iNTERVAL I Y  M E V  N I E I  I S  THE FRACTION O F  T@TAL NUMRFR n F  EWITTFO P R O T O h ' S  IDELT4 F 

K.E. 

20.00 

6 0.00 

100.00 

140.00 

190.00 

22G.00 

260.00 

N ( E )  K.E. 

0.1074416E-01 300.00 

0 - 3372293E-02 340. n o  

0.2117735E-02 380.00 

0.1501 1 7 9 ~ -  az 420.00 

0.10401 03E-02 460.00 

0.836 37 15E-03 500.00 

0.6594467E-03 

N( E l  K.F. 

0.45571 5ZE-03 540. on 

0 . 4 4 4 9 9 2 5 ~ - n 3  E30.OC 

0.369?335E-0? 6ZC.OC 

0.3 645772 E-07 66C.00 

0.3 860 1 76 E -  03 7on.00 

0.2573451F-03 740.00 



N E U T  OY A L  INC. K.E. I M E V )  IS 1000.@ A IS 27. 2 IS l q .  6000 INC. HISTORIES 1.6 MEV CUTnFF EN. 

ENERGY SPECTRUM OF FMITTED CASCADE NEU7RONS 

0 TO 1.0030000E 03 MFV 0 O F L  

K.E .  I S  T H E  C E N T E R  O F  T H E  E N E R G Y  I N T E 9 V A L  I N  MEV N ( E I  IS T H E  F R A C T I O N  OF T D T A L  NUWEER OF EMITTEO YEUTR@NS/DELTA E 

K.E. 

20.00 

6 c. 00 

1oc.00 

14c.00 

180.00 

270.00 

26C. 00 

N(E)  K.E. 

0.9295880E-02 300.00 

0.3408240E-OZ 340.00 

0.228839OE-02 380.00 

0 1516854E- 02 420.00 

0.1071161E-02 460.00 

3.7565543E-C3 500.00 

0.6966292E-03 

N ( E l  K.F. 

0.50561 80E-03 540.00 

0.4531835E-03 580.00 

e. 4 3445 69 E-03 620.00 

0.3333333F-03 66C.00 

C 2771536 F-03 700.00 

0.2509363E-03 740.00 

Y ( E l  K.E. 

0.23?70O4E-03 780.00 

0.27'2 ZOq7E-O? R70.r)0 

0.2'2 7 C S 7  E- 03 Phn. 30 

0 - 2  2m73P E-02 "00. DO 

? 4 P .  00 0 . 7 2 4 7 1 9 1 F - O ?  

0.  ~ 0 5 ~ 2 2  5 ~ - e 3  ?PO. 00 

N t E l  

0.2 546RthE-03 

O.?I83571 E-03 

n.= ~ 2 0 7 7 5 ~ - 0 3  

0.3483146E-03 

0.4981273E-03 

0.5543071E-03 



N E U T  ON LiL :NC. K.E. I M E V I  I S  1ooo.r A I S  77.  z I S  13. h w n  INC. P I C T O P I E S  

ENE?GY SPECTRUM ;IF E r I T T E O  C P S C A C E  P I +  

0 TO 1.0000000E 0 3  Y E V  

K.E. I S  T H E  C E N T E R  OF T H E  E N E R G Y  I N T E R V A L  I N  M E V  N(E I  IS rb iE  F Q A C T I ~ N  r r  T P T A L  U I I Y B = R  O F  F M I T T F )  F 

<.E. 

20.00 

60.00 

100.00 

140.00 

180.00 

220.00 

26C.00 

N l  E l  K.E.  

0.8257919E-02 300.00  

0.7126697E-02 340.00 

3 2 1 4  93 2 1 E- C2 380.00 

0 1923077E-02 420.00 

0.1244344E-02 460.00 

0.678733OE-03 500.00 

0.6787330E-03 

N ( E )  K.F. 

0.67R7330E-03 54c. 00 

0.1018100E-07 5 8 o . m  

0.4524P P7E-03 670.00 

C.2262443F-03 t 6 0 . 0 0  

0.1 131722 E-03 700.00 

C.3393665E-03 7 4 o . r o  

0 O F 1  

‘ I -  F / ‘IFLTA F 

NJIF)  

n. 

0.  

n. 

0. 

r. 

r. 



1.6 VFV CUTnFF E Y .  NEUT ON AL I N C .  K.E. ( M E V )  IS l(00.0 A 1 s  27. Z IS 1.3. 6000 IVC. H I S T O R I F S  

ENER Y SPECTRUM OF EMITTEO CPSCADE ?iC 

0 TO 1.009’lOOOE 03 YEV n OFC 

K.E. IS THE CENTER OF THE ENERGY I N T E R V A L  I N  MEV N ( E )  IS THE FRACTION OF TOTAL NUMBER O F  E M I T T E D  ?IO I DELTA E 

K.E. 

20.00 

60.00 

100.00 

140.00 

180.00 

220.00 

26C.00 

N ( E )  K.E. 

0 . 6 5 3 4 0 9  1E-02 30C.00 

0.7102273E-CZ 340.00 

o . ~ 5 o o o o o ~ - n 2  380.00 

0 .1704545E-02  420.00 

0 .1761364E-02  460.00 

0 119 3 1 82E- 02 500.00 

0 7 9 5 4 5 4 6 E - C 3  

N ( E )  U.E. 

0 .681 8182E-0?  540.00 

P. 5 6 9 1 8  1 8  E-03 580.00 

C.h25000@E-O? 020.OC 

0. e a i  81 82 5 0 3  660.0C 

0 -5  11 ?636F-03 700.00 

0 .5h81R l@E-04  740.00 

N ( E )  K.E. 

3.1 l ?  61 64E-03  780.00 

o . s ~ ~ I ~ ~ R E - o ~  e z o .  99 

0 .568181RE-04  

0. ?OO.OO 

0 5 6  8 1 8  1 8  E-04 043.09 

0. ?80.00 

eco.on 

N f E )  

0. 

0. 

0. 

P. 

n. 

0. 



&EUT CN A L  I N C .  K.E.  I M E V )  I S  1000.0 P I S  77. Z I S  13. 60n3 :NC. HISTORIES 1.6 M F V  C.lJTPFF E N .  

FNFRGY SPECTRUM OF EYITTEO CASCPDE P I -  

0 TO 1.00000COE 03 YFV n P F L  

K.E. IS THE CENTER !JF THE E N E R G Y  IYTERVAL 1 h  M E V  N ( F )  I S  THE F R A C T 1 3 N  OF TOTAL NU'.IPCrl O F  F M I T T F Q  D I -  / r)[TLTA F 

K.E. 

20.00 

60.00 

100.00 

14C.00 

180.00 

220.00 

260.00 

N (  E )  K.E. 

0.5466667E-02 300.00 

0 .6433333E-02  34C.CO 

0~3100000E-0? 380.00 

0 .1733333E-02  420.00 

0 1 6 3 3  333 E-02 460.00 

0 .1033333E-02  500. C O  

0.1000000E-02 

N (  E )  K.F.  

0.1166667E-07 54@. OC 

0.9333733 E-03 590.00 

0.8333334F-03 62c1.00 

0.5333333E-03 C C 0 . 0 C  

0 ~ 4 0 @ ~ 0 0 0 € - 0 3  700. PO 

0 ~ 4 0 0 0 0 0 0 ~ - 0 7  74c. oc 



NEUT ON A L  INC. K.E. ( Y E V )  I S  1000.0 A I S  27. 2 I S  12. 6000 I # C .  HISTORIES 1.5 MFV CUTPFF EN. 

ENERGY SPECTRUM OF EMITTED CASCAOE PAQTICLES 

0 TO 1000 MFV 

N ( E l  I S  THE FRACTION OF TOTAL NUMBFR OF EMITTED PARTICLES/DELTA E 
K.E. IS THE CENTER OF THE ENERGY INTERVAL I N  MEV N IS (S IJM OVER HISTOGRAY FRrJM 1 TO 1 0 0 0  M E V l  (DELTA E l  

K.E. 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375 -0  

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

PRCTOYS 
N I E  I 

0.S405962E-02 

0.2826506E-02 

0.1702766E-02 

0.10851 38E-02 

0.8 1 4 0 2  60E-03 

0.57044 e2E-03 

0.407463GE-03 

0.4203302E-03 

0.3 5 1  7 0 4 9  E-03 

0.34312 67F-03 

0 2 9 1  6 5 77C- 03 

0.1887197E-P3 

0.2616341 E-03 

0.2497669E-03 

0.2144542E-03 

0.1372507E-03 

0.141 5358E-03 

0.1 844306E-03 

0.1758524E-C3 

0.2273215E-03 

N IS 0.949599SE 00 

NE UT R O  NS 
N ( E )  

0.8 2 5 468 2 E-O? 

0.291 8357 E-02 

0.1 P03745E-02 

0.1087640E-e2 

0.74C0637E-03 

0.6 O @  2397 E-03 

0.4983895E-03 

@.47146@7 E-03 

G.3415730E-03 

0 2 576779 E- 93 

0.2337079 E-03 

0. 2307116 E-03 

0.2337079 E-n3 

0.2 496966 E-03 

0.1917603€-03 

0.24569ZQE-03 

0.3355805 E-03 

0.3 R35206E-Q3 

0.4134833 E-03 

0.5483146E-03 

N I S  0.9999999E 00 

P I +  
N( E) 

0 9 23  6 2 94 E-02 

0.5748P6QE-02 

@. 1 7 1 0 4 5 7  E-O? 

0.1357466 E-02 

0 6 33 4842 E-03 

0.8 1 4 4 7 9 6  E- 03 

0.8144796E-67 

0 5429 R64E-03 

O.180995C E-03 

0.36 1 9 9 0 9  E-03 

0. 

0.904S774E-04 

0. 

0 .  

0. 

0. 

C. 

0. 

0 .  

0 .  

N IS 0.9?99995€ OD 

PI0 
N I E I  

~ . ~ ~ I R I R Z E - O Z  

e. 5 2272 7 3 f - n ~  

0.20454EEE-C2 

0.15Q090oF-C? 

0.10a04@9E-O> 

C @ 1 PI 81 R E  -03 

0.6363636E-03 

0.54E4545E-C2 

0.6 € 1 8 1  87€-O3 

n. 2 7 7 7 2 7 3 ~ 4 3  

o . i 3 6 3 6 3 6 ~ - c 3  

0 4 5 a5454E - C 4  

C.4545454E-04 

0.4545454E-04 

0. 

0. 

0. 

0. 

0. 

n. 

N IS 0.0°0qQQ9€ 00 

P I -  
N ( € )  

0.576@O?OE-02 

0.5 2 7 h 6 6 7  E-C7 

0.2 1600 nn F- 0 2  

0.1546667€-0? 

0.1 ~ ~ O ~ Q O E - O E  

0.93377'3E-03 

0.1093'27E-07 

0.8256647E-03 

0.5600n@OE-n3 

n . i 7 n o 0 0 0 ~ - ~ 3  

0.?200OCOE-03 

O.5373233E-04 

0.5323333F-04 

0 .?666667€-O4 

c. 
0. 

rl. 

0. 

0. 

0 .  

N I S  0.90990QOE 00 



hEUT CN AL I h C .  K.E. I M E V )  I S  l C O O . O  A I S  77. 2 I S  l?. 5 0 0 0  TNC. ~ I S T n R I F S  

ANGULAR OISTRIBUTIOU O F  EMITTED CASCADF PAYTICLES 

MU 

0.975 
0.925 
0.875 
0.825 
0.775 
0.725 
0.675 
0.625 
0.575 
0.525 
0.475 
0.425 
0.375 
0.325 
0.275 
0.225 
0.175 
0.125 
0.075 
0.025 

-0.025 
-0.075 
-0.125 
-0.175 
-0.225 
-0.275 
-0.325 
-0.375 
-0.425 
-0.415 
-0.525 
-0.575 
-0.625 
-0.675 
-0.725 
-0.775 
-0.825 
-0.875 
-0.925 
-0.975 

(FRACTION I N  EACH INTERVAL)/(OELTA MU) 

VU I S  C O S I Y E  THETA AND SPECIFIFS THC CFhlTER CF T4C 

PROTON 

0.3C23t304E 0 1  
0.1655587E 01 
0.1296735E 01 
0.S907785E 00 
0.9736221E 00 
0.8020588E 00 
0.7291443E 00  
0.6277933E O C  
0.6347845E O C  
0 .643362tE 0 0  

0.6176281E 00 
0.45e532CE-00 
0.5189792E 00 
0.45 C3 538E-00 
0.4160412E-00 
0.3817285E-00 

0.3988848'-00 
0.3903067E-00 
0.3345486E-00 
0.31 31031E-00 

0.253056CE-00 
0.2573451E-00 
0.2316106E-00 
0.2401 887E-00 
0.2144542E-00 
0.2144542E-C0 
0.1930088E-00 
0.132961tE-00 

n. 5 8 7 6 0 4 5 ~  0 0  

0.4203303~-00 

n. 2 6 5 9 2 3 2 ~ - 0 0  

0.1586961F-00 
C.15C1179E-00 
0 . 1 5 4 4 0 7 0 ~ - 0 0  
0.9864894E-01 
0.1415398E-00 
0.111 51 62E-00 
0.102038CE-00 
0.1072271E-00 
0.1158053E-90 

NEUTRON 

0.335R801E P 1  
O.lQ12734E 0 1  
0.1135EROE 01  

0.997752 e E  0 0  

0.7820725F 00  
0.6P014°8E 00 
0.6172285E 00 

c. 1 0 6 ~ 1 6 7 4 ~  01 

0 . 8 1 7 9 7 7 5 ~  no 

0.6711 6 1  OE 00 
O.5423221E 00 
0.5932584E 00 
0.5213483E 00 
0.50337CPE 00 
0.4644155E-00 

0.41047Q4F-CO 

0.4044944E-00 
0.34 15 73  OE -00 
C. 3385768E-00 
0.2666667E-00 
0.2936370E-00 
0.2157303E-00 
C.7367041E-PO 
0.2007491E-00 
0.1887040E-00 
0. 149F12'E-OO 
C. 1797753E-00 
0.1558052E-03 
0.1288389E-00 
C. l 4382O7E-00 
0.1378277F-00 
0.14382nZE-00 
@.1528090€-00 
0.719101 1 E - 0 1  
0.116853SE-00 
O. lPlP7?7E-00 
0.10187Z7E-00 
0.11985O2E-00 

0 . 4 5 2 4 3 4 5 ~ - n o  

n. 3 8 0 5 2 4 3 ~ - 0 0  

P I +  

0.1? I$457E 01 
0.1357466F 0 1  
0.72398lCE 0 0  
0.8144796F 3 0  
0.54"9P64E 00 
0 . 4 5 7 4 8 ~ 7 ~ - 0 0  
D. 5 4 2 0 ~ 6 4 ~  no 
0. @049774E ClO 
0.63'4e42E 'IO 
0. ? 7 14932E-10 
0.45 24Q R7E-00 
0 . 7 7 3 9 8 l Q E  00 
0. 6134842E 00 
0.6334R42E 00 
0.5429P64E 00 
0.18C0S55E-QO 
0.452hPR7E-00 
0.4524P87E-00 

0.5479864E 0 0  
0.5429864E 00 
0.4524FR7E-00 

0.'619SlCE-00 
0.?714937€-'30 
0.9049771.E-01 
0.3619SlOE-00 
0.72a98l0E 0 0  
0.2714@32€-00 
0 .271493?€-00 
0.2714932E-00 

0.4574887F-00 
c. e 1 4 4 7 0 6 t  30 
0.2714C32E-00 
0.2714932E-'I0 
0.2714932E-00 
C.361Qc1Ct-'33 

0.004q771.E-01 

0 . 1 9 0 9 ~ 5 5 ~ - 0 0  

0 . 4 5 7 4 ~ 8 7 ~ - 7 n  

0.2?1403?E-q0 

0 . 3 6 ' a c i o E - g n  

INTERVAL 



I N C I D E N T  INC. LAB. T A R G E T  NO. flF IYC. C U T O F F  G E O M E T R I C  Nq. P F  I Y C .  
P A R T I C L E  K.E. (YEVI  SYMB. A Z P A R T I C L E S  E Y . l P E V )  X - 5 E C . ( Y B I  DART. C n L L I S I O N S  

YEUT 1000 A L  27 13. ObOC? 1.64 102e.7 07751 

( D S I G F A / ( D f l M E G A  X D E )  ( M @ I / ( S T ~ R A O I A Y - Y E V )  
T Y P E  OF C A S C A D E  P A R T I C L E  LAP. AUGULAR I N T F R V A L  I D E G )  ND. OF E N F R G Y  I N T E C V A L S  D E L T A  E ( M E V l  

4o.onnn PRCTfl iU 0. T O  10.00 2 5  

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 T Y T C 9 V A L  A 

1.6157~ 00 7 . i ~ i i ~ - o i  6 .7323~-01 4 .?394~-n i  3 . 5 0 0 6 ~ - ~ 1  1 . 1 4 6 5 ~ - ? 1  = .1417~-0 i  4 . 4 9 ~ 2 ~ - 3 2  

I N T E R V A L  9 I N T E R V A L  10 I Y T E R V A L  II I N T E R V A L  1 2  I N T E R V A L  1% I N T E P V A L  14 I N T E R V 4 L  1 5  T Y T K 9 V A L  16 

3 . 5 F O 6 E - 0 1  2 . 2 4 4 1 E - 0 1  4 . 0 ? " 4 E - 0 1  6 . 2 8 3 5 E - 0 1  4 . 4 8 9 7 E - Q I  7 . 1 8 1 1 E - 0 1  4 . 4 8 8 2 F - 0 1  G.R74?E-01 

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  1 0  I N T E R V A L  2 0  I N T E R V A L  7 1  I N T E R V A L  7 7  I N T E R V A L  Z Y  I N T C P V A L  24 

1 . 0 7 7 2 E  00 9 . 8 7 4 0 E - 0 1  5 . 3 8 5 8 E - 0 1  2 . 6 9 2 9 E - 0 1  2 . 6 9 2 c E - 0 1  0. R. 9 7 6 4 ~ - 0  2 7 . 2 4 4 1  F-n i  

I N T E R V A L  2 5  

1 . 4 8 1 1 E  00 

( D S I G Y A / I D O M E G A  X 051  ( M G I / ( S T E R A Q I A N - M E V l  
T Y P E  3F C A S C A C E  P A R T I C L E  LAB. A Y G U L A R  I N T E R V A L  l 3 E G )  NO. OF F N F R G Y  T N T E P V A L S  D F L T A  E I M E V I  

PROTCN 10.00 T O  =0.00 2 5  40.0000 

I N T E R V A L  1 I N T F R V A L  2 I Y T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I i U T E R V A L  6 I N T F R V A L  7 I N T E R V A L  P 

1 . 1 7 1 0 E  00  4 . 1 9 0 5 E - O \  3 . 7 3 1 3 E - 0 1  2 . 9 2 7 6 E - 0 1  7 . 9 1 2 P E - 0 1  7 . 1 8 1 3 E - 0 1  7.3526E-01 l.Q517F-01 

I N T E R V A L  9 I N T E R V A L  10 I Y T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  ' 4  I N T E R V A L  l C  I h J T C R V A L  16 

2 . 2 9 6 2 E - 0 1  2 . 2 9 6 2 E - 0 1  2 . 0 6 6 5 E - 0 1  2 . 4 1 1 C E - 0 1  l . 6 0 7 ' 1 E - 0 1  1 . 6 9 2 5 E - 0 1  1 . 1 4 8 l F - 3 1  4 . 7 5 8 7 F - 0 2  

I N T E Q V A L  17 I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  20 I h l T E R V A L  2 1  I Y T E R V A L  7 2  I N T F R V A L  23 I Y T E R V A C  74  

1.2 6 2 9 E - 0 1  1 .0?3?E-Q 1 9 . 1 8 4 6 E - 0 2  1 . 0 9 0 7 E - 0 1  9 . 7 5 8 7 E - 0 2  1 a 7721 E - 0 1  7 O665E-01 1.3777F-01 

I N T E R V A L  2 5  

8 . 0 3 6 5 E - 0 2  
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I N C I D E N T  I N C .  L A B .  T A R G E T  NO. OF I N C .  C U T O F F  G E O M E T R I C  h"l. PF INC. 
P h R T I C C E  K.E. (YEVI  SYMB. A 2 P A R T I C L E S  € N . I M F V I  X-SEC.(WBI P A F T .  CPLLISIONS 

N E U T  1000 P L  77  13 06000 1.64 1028.2 02751 

( D S I G M A / (  OOMEGA X OF 1 ( Y B 1 / (  5 T E R A D I A Y - Y E V  1 
f Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( D E G I  NO. OF E N F R G Y  I N T E F V 4 L S  D E L T A  E ( M E V I  

PROTON =o.no TO 90.03 2 5  40.f'OOf' 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T F R V A L  9 

8 . 4 8 4 4 E - 0 1  3 . 2 2 8 1 E - 0 1  2 . 0 5 5 ' 2 E - 0 1  1 . 4 e 9 1 E - 0 1  1 . 0 2 3 5 E - 3 1  9 . P 5 4 4 E - 0 2  5 .8743F-07  3 . 9 ? 6 7 € - 0 2  

I F v T E R V A L  9 I I U T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I h d T E R V A L  13 I N T E R V A L  1 4  I N T F R V A L  l E  I Y T C Q V A L  15 

2 . 7 5 5 7 E - 0 2  1 . 8 P 9 6 E - 0 7  1 . 8 1 0 9 E - 0 2  1 . 2 5 9 7 E - 0 2  7 . 8 7 3 4 E - 7 3  7 . 8 7 3 4 E - 0 3  3 . 1 4 9 4 E - 0 3  7.8734F-97 

I N T E R V A L  17 I N T E R V A L  1 9  l N T E R V A L  19 I N T F P V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  7 2  T N T E R V A L  23 I N T E R V A L  34 

3 . 9 3 6 7 ~ - 0 3  I. 5 7 4 7 ~ - 0 3  i . s 7 4 7 ~ - 0 ?  3 . 1 4 9 4 ~ 4 3  1 . 5 7 4 7 ~ - m  i .a734~-n+ 0. 0. 

I N T E R J A L  2 5  

0 .  

( D S I G S A / ( O O Y E G A  X D c I  ( Y R I / (  S T E Y A O I A N - M E V )  
T Y P E  O F  C A S C A C E  P A S T I L L E  LAB. ANGULAR I N T E R V A L  ( J E G I  NG. O F  E N E S G Y  I N T E R V A L S  D E L T A  E ( M C V )  

PROTON 9fl.Oq TO 190.00 2 5  40.0000 

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T F R V A L  4 I N T E R V A L  5 I Y T F R V A L  6 I N T E R V A L  7 I N T E R V A L  3 

4 . 5 0 7 1 ~ - 0 1  ~.EV+IE-OZ ~ . ~ W O E - C Z  Z . I : ? W - O ~  4.773n~-o3 o. 6 . 8 1 R 6 E - 0 4  0. 

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I ' I T E R V A L  13 I N T E R V A L  1 4  I Q T F Q V A L  1 5  I N T E R V A L  1 6  

0. 0. 0. 0. 0. P. 0. 0. 

I N T E R V A L  17 I N T E R V A L  1 8  I Y T E R V A L  19 I N T E R V A L  2 0  I M T E R V P L  2 1  I Y T E R V A L  2 2  I N T E R V A L  23 I Y T E R V A L  ? A  

0. 0. 0. 0. 0. 0. 0. rJ. 

I N T E R V A L  2 5  
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Nn. PF I W .  I N C I D E V T  INC. LAB. TARGET NO. OF INC. CUTOFF GEOYFTRIC 
PARTICLE K.E.(MEV) SYMB. A Z P A R T I C L E S  EN.(M€V) X-SEC. ( P B )  PART. C O L L I S I O Y S  

NEUT 1000 AL 2 7  1 3  0600C 1. b4 10?*.2 02751- 

NO. OF T I Y E S  S P E C I F I E D  
P A R T I C L E  I S  E M I T T E D  ON THE F I R S T  
IYC. P A R T I C L E  C O L L I S I O N  D I V I D E D  
BY THE NS. O F  T IMES THE INC. 
P A R T I C L E  TYPE I S  EMITTED 

PROTONS 0 .38872E-00  

P I O N  ABSORPTION 
CROSS SECT. ( M B I  

P I O N  CHART,€ 
FXCHANGE CROSS SFCT. ( M e )  

ANGULAR D I S T R I B U T I O N  @ F  TWO CASCADE PROTONS AS A FUNCTION OF THF PNGLE. X t  BETWFEN THEM. 

DSIGMA / OCMEGA ( M R  / S T E P A D I A N I  

(REACTICNS CDNTRIBUTE WHEN THERE ARE NO P IONS,  ONLY TWO PROTCNS, AN0 ANY NIJRBER OF NEUTRONS EMITTED)  

X FRCM 

0 - 2 0  D E G  20 - 40 40 - 60 6 0  - 80 90 - 100 lor) - 320 120 - 140 14fl - 160 1 6 0  - I P r )  

0.3166E 01 0.21CSE 01 0.2665E 01 0.442cE 01 Q . 7 9 P 4 E  01 Q . P 5 1 0 E  f?l 0.2665E 01 0.2S84E 01 0.3166E 01 



UO. DF I Y C .  NO. I F  I N C .  C U T O F F  $ E D M E T R I C  I N C I D E N T  I N C .  LAB. T A R G E T  
P A R T I C L E  K.E.(MEVI SYMB. A Z P A R T I C L E S  F N . ( M E V I  X - S E C . ( M 9 )  PART. C O L L I S ! f l ~ I S  

N E U T  1000 AL 2 7  13 0 6 0 ' 3 0  1.t4 1 0 2 E . 7  077'1 

( D S I G Y A / ( D O M E G A  X D E I  l M B l / ( S T C R A D l A N - Y E V I  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB.  ANGULAR I h r T E P V A L  ( T ) E G )  N@. OF E h F R G Y  I N l F P V 4 L S  1 E L T A  F ( M F V I  

NEUTRON 0. TO 10.0) 2 5  4c.nnno 

I h T E R V A L  1 I Y T E R V A L  2 I N T E R V A L  3 T N T F R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I h T E R V A L  7 I \ I T E P V A L  8 

1 . 2 1 1 8 E  0 0  7 . 1 5 1 1 E - 0 1  7 . 1 8 1 1 E - 0 1  5 . 3 8 5 P E - 0 1  4 . 9 3 7 0 5 - 0 1  4 . 0 ? 7 0 E - 0 1  7 . 5 0 0 6 E - O !  5.7R5eF-01 

I N T E R V A L  9 I N T E R V A L  10 I N T E Q V A L  11 I N T E R V d L  1 2  I N T F R V A L  12 I N T E R V A L  3.4 I Y T C P V A L  1' T Y T t R V A L  I h  

7 . 6 2 4 9 E - 0 1  5 . 3 8 5 E E - 0 1  7 . 6 2 Q 9 F - 0 1  7 . 1 8 1 1 E - 0 1  4 . 9 3 7 0 5 - 0 1  5 . 3 8 5 8 E - 0 1  4 . h P S 2 E - C l  R . r ) 7 n 7 E - 0 1  

I N T E R V A L  17  ! N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  2'J I N T E R V A L  2 1  I N T E R V A L  7 7  I N T F R V I L  7'- I Y T C R V P L  24 

8 . 0 7 8 7 F - 0 1  8 . 5 2 7 6 E - 0 1  6 - 2 6 3 5 E - 0 1  6 - 2 9 1 ' E - C l  7 . 1 4 1 7 E - 0 1  1 . 5 9 0 5 E - 0 1  2.tC79F-0l 1 . 5 7 0 @ E  nfl 

I N T E R V A L  2 5  

5 . 2 5 1 2 E  00 

T Y P E  OF C A S C A C E  P A R T I C L E  
( O S I G M A / (  OOMEGA X DE I ( M B )  / (  S T F R A D I A N - Y E V )  

LAB. ANGULAR I N T E Q V A L  ( O E G )  NO. OF F N F R G Y  I N T E P V P L S  O F L T A  I Y F V I  

30.00 7 5  4 r . o w n  10.00 T O  N E U T R O N  

I N T E R V A L  1 I N T E R V A L  2 I Y T E R V A L  3 I Y T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T C R V A L  7 I U T c X V A L  

1 . 3 3 7 5 E  00 6 . 1 4 2 2 E - 0 1  5 . 0 5 1 5 E - 0 1  4 . I Q 0 5 E - 0 1  4 . 1 3 3 1 E - 0 1  3 . 3 2 9 4 F - 0 1  3 . 4 4 h Z E - 0 1  Z.9Qcf'F-Ol 

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I Y T E R V A L  1 3  I Y T E R V A L  1 4  I N T F Q V A L  If. T Y T C R V A L  16 

2 . 2 9 6 2 E - 0 1  2 . 6 7 0 2 E - 0 1  7 . 1 8 1 3 E - 0 1  1 . 4 2 5 1 E - 0 1  2 . 0 0 9 1 E - 0 1  1 . 7 7 9 E . F - 0 1  1 . 7 7 ° 5 c - 0 1  1.0907'-01 

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  19  I N T F R V A L  2 0  I N T E X V A L  '1 i N T F R V A L  2 2  I N T E R V I L  2 3  11JTCRV4C 74 

1 . 6 0 7 3 E - 0 1  1 . 8 3 6 Q E - 0 1  1 . 8 O 4 3 E - 0 1  2 . 0 8 5 0 E - 0 1  4 . 3 0 5 3 E - 0 1  5. "06OE-01 a . @ c 4 1 r - C l  5 . 6 Z E b E - r ) l  

I N T E R V A L  25  

1 . 7 7 9 5 E - 0 1  



I N C I D E N T  I N C .  L A B .  T A 2 G E T  NO. OF INC. C U T O F F  G E O Y F T R I C  NO. @F INC.  
P A R T I C L E  K . E . ( M E V I  SYMB. A Z P A R T I C L E S  EN.(MEV) X-SEC.(MB) PAFT.  C O L L I S I O N S  

NEUT 1000 A L  2 7  1 3  Ob000 1.64 1028.2 02751. 

SUM OF O S I G / ( D O M E G A  X D E I  X DE E Q U A L S  0.8330E 03 M B I S T E R A O I A N  FOR C A S C A D E  NEIJTRON WTTH T H F T A  FROM 9. TI3 1C.00 nCG 

A V E R A G E  ENERGY E Q U A L S  0 . 6 0 4 9 1 4 E  0 3  Y E V  FOR C A S C A D E  NEUTRON WITH T H E T A  FROM 0. T O  1fl.00 DFG 

SUM O F  D S I G / ( O O M E G A  X D E )  X D E  E Q U A L S  0.3541F 02 M B / S T E R A O I A N  FOR C A S C A D E  N E U T R O N  W I T H  T H E T A  FROP 10.n0 TL! 30.00 OEG 

A V E R A G E  ENERGY E Q U A L S  0 . 4 7 8 0 6 7 E  r)3 NEV F O R  CASCACIE N E U T R O N  H I T H  T H E T A  FROM 10.90 TO 30.00 OEG 
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I Y C I O E N T  I N C .  LAB.  T A R G E T  NO. OF I N C .  C U T O F F  G E O Y E T R I C  "3. OF I N C .  
P A R T I C L E  K.E.(MEV) S Y V 8 .  A Z P A R T I C L E S  EN.(MEV) X-SEC. lMB)  PART. C O L L l S I c l Y S  

N E U T  1000 A L  2 7  13 06000 1.64 1028.2 02751 

SUM J F  D S I G / ( D O M E G A  X D E )  X D E  E Q U A L S  O.11OBE 01 M B / S T E R A D I A N  FOR C A S C A D E  N E U T R O N  W I T H  T H E T A  FROM 7Q.90 TO 9n.OO'DFG 

AVEGAGE ENERGY E Q U A L S  0.115323E 03 MEV F O R  C A S C A O E  NEUTROY W I T V  T H E T A  F R n C  70.00 T O  90.00 REG 

SUN O F  D S I G / ( D O P E G A  X D E )  X DE E Q U A L S  0.2137E 02 N B / S T E R A D I 4 N  F O R  C A S C A D E  N E U T R O N  W I T H  T H E T A  FROM 90.0n T O  ? 9 @ . 0 0  D E G  

A V E R A G E  EYERGY E O U A L S  0.393043E 0 2  Y E V  FOR C A S C A D E  NEUTRON W I T P  T H E T A  FQOP 90.00 T C  130.00 OEG 
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CASC NUMBER 27 131OUU 1 

: 4 0 M t l \ l T S  iJF THE tNidbY OISTKIHUTIVNS *Lid THE F J L L U ~ I N G  tVAPURATION PAaTICLES 

N E U T R OMS P3UT;liuS 3 t l l l E K i l N S  TK I T O h S  HE3 kLPHAS 
1 S T  C!)H. q.00435E 9 0  q.54610E 00  1 . Z l I 0 6 t  0 1  1.15565E 0 1  1.35483€ 01  8.83440E 0 3  
Z N J  Y U X .  1 . 3 2 4 8 3 ~  C2 1.6Y611F 0 2  2.31703t 0 2  2.4638kE 02 L.Bau36E 6 2  1 .35543t  d 2  
I K D  hUH. 3 . 3 4 C l 5 t  0 5  4.7610Pt 33 5.99'394E 03 Y.23401t 0 3  Y . 5 b S l H E  2 3  4.07174t  L J ~  

r 

J d.'>59855 l ) . l3h869 0.1>1121, 0.119703 0.105355 0.128315 S.122612 5.116909 5.153978 0.151126 
1 3.3998'3 O.:L55G3 1.111236 0.125465 U.114ii58 L.148275 d.399dUU 0.134i318 U.128315 u.U963+Y 
2 l . i l Y 7 5 0  IJ.1iP3i5 1.125463 9.125453 J.091245 0.362692 0.S99800 3.0383415 3.102622 b.U1)40L3d 
3 J. 11495d 3 . 0 7 6 9 8 9  1.3>1246 9.J79540 I'.OJR395 IJ.074137 0 .379840 J.09124b U.094098 0.079943 
4 0.1171266 0.L71236 J.105533 0.038435 C.076989 0.e71286 J.357324 3.074137 0.071280 u.U313b6 
5 0.365513 5. 35YJ00 3 .165533  0.3o5555 0.0bd435 0.051326 0.068435 3.082092 0.062752 J.05-177 
6 ( ,At15583 0.379840 0.062732 C.042772 0.0399LO 0.071286 U - 0 > 1 3 2 6  0.051526 0.076989 !~.G45625 
7 J .03 '9420  O.C45hL3 0 . Q 5 7 0 ~ 9  0.328514 (1.045623 C.374137 0.042772 3.04d474 J.0513b6 LJ.042772 
d @ . ' I 4 2 7 7 2  0. J31360 0 . l o 4 4 3 5  i . 0 4 5 6 2 5  u.051326 0.C28314 0.039920 0.039920 0.037069 0.031366 
9 0.019960 J.059880 0.042772 3.029514 3.G43474 3.J31366 0.U42772 J - 5 2 2 6 U 3  J.034217 0.339920 

i n  9.077069 J . J 3 4 2 1 7  G.7045aZ3 ~ ~ 0 2 3 5 1 4  J .52Lb lL  C.024514 0.014257 3.034217 J.1125663 0.U313bb 
11 9.034117 J.JZL612 0.031366 J.329663 U.037369 3.042772 0.03992U 5.594217 0 . 0 5 Y Y Z O  U.JL5bb3 

15 0 . 0 ~ 1 4 3 6  0.325S63 0.01'281) @ . 0 1 > 9 b 3  3.U17109 iJ.014257 3.072812 5.922812 3.325663 U.322812 
1 4  ~ . ; 2 2 8 1 2  J.325663 0.331566 0.L28514 3.034217 0.008254 J.022812 0.031366 dJ.c125b63 0.017109 
1 5  0.(2565,1 J.019965 0 . ~ ' 1 7 1 0 9  O.ul0960 0.319960 9.025663 J.022612 0.017139 J.005703 U.320314 
16 7.017109 'I.JZ2012 0 .028514  0 . 3 1 4 2 ~ 7  0.01 1109 O.OZLBI2 Q.011406 5.925653 5.31YY60 d.52Zi312 
1 7  0 .J14257 O . U l l 4 J b  .1111406 0.J17109 U.017109 0.014257 0.d22812 0.011436 0.00ti554 0.01710Y 

5.014257 0. 017109 1 8  J . G l l 4 U 6  O . r l Y 9 6 0  . b l 5 7 O j  0.514237 0.025663 0.605703 3 . 3 2 2 d l 2  0. 
19 9 .01425f  3.002851 C.035703 P.3118554 O.dd5703 0.005703 v.002t i51 0.03ti554 3.S38554 U.005703 
23 0.314257 U.311406 O.COLd51 0.011406 5.019960 0.036554 0.011436 0.511406 0.035703 0.0G2851 
2 1  O.ofl5703 I)..lJ2851 \).0114i)5 O.Jfl5733 0.011406 5.002b51 d.UJd554 5.016257 O.b l1406 0.d05703 
22 0.511406 0.u0Ld5l C.312851 0.n05703 0.011406 3.011406 0.019960 c1.0051703 0.058554 0.011436 
23 0.0557703 3.~17100 5.  3.0J2851 0.033554 3 . ~ 0 8 5 5 4  0.008524 3.00855+ J .  U.Ul14Ob 
2 4  0.'1?14Cb ~ . ? 5 : > 5 4  0 . 0 l i 4 J 6  0.035755 0.070d554 0.30Zb51 3.005733 O.UU2651 3.355703 O.GOB554 

12 ~ . 0 3 7 3 6 9  d.017109 0 . n 5 4 ~ i r  ~ ' . ~ z L ~ I L  0.~111406 d.331360 ~ . u z 5 0 6 3  3 . 3 2 ~ 8 1 2  9 . 0 ~ ~ 8 1 2  u . d i y 9 6 0  



EJI! K M A L  I L t 3 E V A P J K A T 1 13 N Pic 0 TU # Y  S ? t L T XU CI 
! E  SPkCIFlkS T H t  L U h k H  E N E R G Y  L I l r l T  O F  i n t  I N Y E R V 4 L  I N  M t V J  

E 

0 0. 'J . 0 . 0. u.032996 J.11~2996 U.0~11987 d . U i l Y 8 3  0 .0LL971 O.uUJY.57 
1 0.C41941 5 .041341 0 . 3 5 ~ 9 2 9  0.C59916 3.113841 U . l l 3 8 4 1  0.n8ut id1 d.Ob9814 0.Cb5YU3 v.1288L0 
2 0.113341 0 .104653 d.143795 0.151813 3.12ZdZd O . l l 3 b 4 5  U.101837 3.161774 0.LdbH78 U.lci764Y 
3 0.137807 0.125b24 0.146794 0.092Y70 O.I'tY7Yu U . i L L l b L o  J . l O l H 5 7  J.308404 J.104855 U.014b15 
4 C.074895 0 .134653 O.CY88S2 0.089874 0.095866 0,074893 O.CY5d66 3.1C7845 i l .107849 L .074895 
5 0.n80887 : . 0 5 0 4 2 0  3.077391 O.CRObd7 O.(dfJY87 G.0'32873 0.066Y34 'J.017891 3.063904 0.374i195 
b 0.056923 3.06R404 ).071Y)9 0.05YY16 U . O 6 2 9 1 2  J.L4'933 3.0.3dY45 J.Od6878 0 . ~ 4 4 3 5 7  v.uo5YUb 
7 0.062312 3.017891 0.1'77891 O.ChZ911 ~ . C 4 4 Y 3 7  Ci.O7;829 0.U77891 1 . 0 6 2 9 ~ 2  0.b44957 u .062912 
8 0.047933 3 . 0 ~ 3 9 2 5  1 . 3 4 1 9 r l  0.0535125 O.CbYY04 0.J ' t7933 C.053'125 ).O639ub U.d4lY41 U.U>595J 
9 0.1t47935 U.074895 0.C62912 O.0539r5 0.044937 J.uo5538 J s d 4 4 9 3 7  J.02YY5b u .u5Z j54  u .341941 

10 3.050929 7.535S5C u.041941 0.OZY95d 3.L3d945 0.C38945 L .341741 3.047933 3 . ~ 2 9 9 5 8  b . u 4 1 9 4 l  
11 3.123966 J.032954 0.L3h > 4 5  0.045Y5d 0.G47933 U.055925 0.055950 d . u Z o Y 6 ~  U.035~5LJ 0.320971 
12 3.026967 d .0239hh CI.Cj595O 0.044937 0.053925 L .332454 iI.02U171 J .041441 3.b11983 b.uLY958 
I 3  0.U138987 3.017915 O . J l 4 9 7 )  0.026962 0.032954 L.020.)71 L . 0 2 b Y 6 L  O.Ci2690Z d.OjLY54 U . J L Y Y ~ I I  
1 4  0.032954 U.026967 ~ . 0 5 0 9 2 9  I).LOdYo7 d.029958 L ~ . c ) ~ Y 9 J ~  U.c179?5 JsU239b6 U.02YY58 U.b l447Y 
1 5  0.017375 0.011975 C.03395C 0.026962 0.020971 C.002Y96 0 .0119Aj  3.bli963 u.JL1-971 u.ULjYo6 
16 3.017915 ci.014979 0.C2d971 0.02L97L L.020971 0.3145179 C.023Y66 J . O l l Y 8 3  3 . c i O d ~ b 7  0 . ~ 1 1 9 8 3  
1 7  0.023966 0.L1497Y C.014979 0 .035951~ C.TZ6962 O.O179T> U.325958 3 . ~ 1 1 3 8 5  U.iJ359'112 J . u l ' t Y 7 9  
1 5  0.014'179 0.014979 0 . C l i 9 Y 3  O.O2c)95Y V.020971 b .1~17975 0 - 0 2 b 9 7 1  3 . C 1 1 9 ~ 3  u .u l4Y79 ~ ~ d L U 9 7 ~  
1 9  0 . 0 1 1 9 8 ~  d.032996 b.UI1983 0 . 0 2 u Y l I  d.CO5992 n . C l 4 5 7 9  J.705Y92 lO.Ll-9b3 ir.OLd971 U.Ui4YIY 
2 3  0.0119Hj  9 . r I l lY83 U.Ll7Y15 0.0119b3 3.0OM9.57 L.dOdYd7 3.JG599L J . 0 0 2 7 ~ 6  J.uOiY92 O . d U ~ 9 9 6  
2 1  O.OC89Z17 3.014979 0 . 0 0 ~ 9 9 2  O.Oi ldYb7 0.011983 0.005992 0.02'0971 d.CSd9Y7 3.11U279b U.uL5992 
2 2  0.011463 u.JU5912 0.011YP3 L . ~ 5 2 Y 3 6  1.COb967 0.U119Y3 dI.00ZYY6 5 .220971 3 . ~ U 8 9 t i 7  u.bCaYii7 
23  0. 0.017975 c. G.014979 0. 0.014'1/Y U . L ' 0 8 Y b 7  d.CIl2'jYb U.6Udg67 L . U l 7 9 7 5  
2 4  0.008987 0 . 0 0 8 9 8 7  0. 1.032996 i1.073966 3 . C u 5 9 Y ~  0.011933 0 . L ~ 5 3 L - 2  5.3U59YL L.U(i59'rZ 



C A S €  i\rU;1BtK L7 1 3 1 0 0 0  1 

' 4 IJ ;YACI IEO t V A P O 2 A T I C N  OLUT SPECTRUM 
tt S P E C I F I t S  I l it  L i l r l t h  L N E k G Y  L I A I T  OF T P E  I N T E R V A L  I N  PIEV)  

E 
0 ,.PO3247 0. 0.025Y74 O . L j B Y 6 1  C'.OZY221 0.0487J1 0.071429 0.071429 0.097403 0.J74675 
2 3 .?64935  J . 0 b l b J t i  u . f .48701 3 . 0 > a ' l u l  0.071Y22 0.064935 U.071429 5.051948 0.051948 L . J b b l J 2  

10  2.045455 0.038961 C.036961 C.0422Uu 0.03d961 0.02Y221 0 .022727 J.025974 0.b42455 J.uj.2468 
15 0.035714 0.032468 0 .0 lY431 0.035714 0 ,029221 U.OlY4.31 0.022727 O.OOY740 0.G194dl 0.0194U1 
7 0  0.( 72727 0.516234 0.Pl6234 0.0Q64Y4 d.012987 d.005247 (3.029221 0.006494 3.012987 0.016294 
25 0.O8974C 0.112987 C.011974~ 0.006494 0.006494 0.095247 a .bu974u J.d(r5494 0.L105247 o.iJ03.247 
3 0  C.012937 d.016234 C.01Y491 C.033247 ii. Z 3 2 4 7  0.003L47 0.003247 J.0097+0 0.003247 b .003241 
3 5  0.005247 3. O.L,5247 0.003247 3. 0.0C3247 3.003247 3. 0. 0.303247 
4 0  rl. 0.  13.033247 c. 0.006494 0. 0. 0. 0.  0. 
4 5  3. 3.0~13247 0. i i .003247 0.003247 0. 0. 0. 0.U03.247 0. 

N U K M A L I Z E J  E V A P O R A T I O N  T R I T O N  SPECTRUM 
( L  S P t C I F I E S  THE L O W t R  t N E R G Y  L i M I T  JF THE I N T E R V A L  IN M E V )  

E 
u 0. 0.L113333 0.04JiOV 0.013353 0.066667 C. l i lb667 0.146667 0.013335 0.0$000C 0.12OU00 
5 3 . 7 8 3 3 3 3  0.b13335 0.013333 ~ I . J Y 3 3 3 3  i).u26657 0.340300 0.0206b7 O.ud0030 i).040000 U.U26607 

10 c. 0.b60C00 b.1253333 3.953333 0.041000 0 . 0 1 3 3 j ~  0.066667 5.0800d0 O.br0000 0.013333 
1 5  0 .  0.P13333 C.026607 0. 0.04iJOOO 0.026667 0.026667 0.013333 0.040000 6. 
2 0  0.026667 U . J l 3 7 3 3  0. 3.01'1333 0. U.013333 d.  0 .  0.013333 0. 
2 5  0. C.013333 0.  0.013333 0.U15333 L'. 0. 0.013333 0. 0. 
30  0.0266h7 0. 0. 0.013333 n. 0. 0.013333 0. 0. 0.013333 
35  0. 0. U.013373 0. 3. 0. 0.013333 0. 0. 0. 
40 0. 0 . 0. 0. 0.013333 0.  0. 13. J. 0. 
45  0. 0. 0.  d. 0. 0. 0. 0 .  0 .  0. 

I h U K R A L I L t I )  EVb.PUHATIUN HE3 S P t L T R U M  
( F  S P f C I k I E 5  THE L O W t K  t N E K G Y  LIHlT UF T H E  I U T t K V A L  IN M E V J  

0 C. 0.  0. 0. 5. 0.012195 0.024390 J .073111 0.u365H5 0.000976 
5 C.109756 J . 0 ~ 5 3 6 6  O.Ob5366 O.l(J975b 3.097501 0.003970 U.04i1785 3.0243Y0 0.085366 U.Ud5366 

1 0  b.11121Y5 3.C24300 C . ~ 7 3 1 7 1  ~ . 0 4 2 7 3 3  0.024390 0.04Y730 0.0411783 0.097761 tJ.024390 u.3+8780 
15 0.U85365 0. J.0121Y5 0.  U. 0.0243YO 0.0121Y5 0 .  0.024590 0.073171 
LO 1.3121Y5 J.012103 O.012195 0.012195 0. 0. 0.024390 i). 0. 11.0305d5 
21, u . 0 1 ~ 1 ~  ~ . u i ~ i ~ 1 5  0 . 0 1 2 1 ~ 5  ~ . d i 2 1 9 : ,  o. 0. 0. 0. 13.012 195 0.  0121Y5 

35 0.  0. (1 . 17.012195 0. 0.u24390 0.  0. 3.G12192 0.024390 

45  0. 3. 0. U. 0. 0 .  0 . 3. 0. U.012195 

30  P. 0. 0.(117195 0.312195 U. 0. 0. 0 .  0. 0. 

4 u  0. '1 . 0 .  0. 0. 0 .  0.0243YU 5. 0. 0. 

N I ~ % N A L I L E U  E V A P O X A T I U N  ALPHA S P E C T K W  
( E  S P E C l F i E 5  T t i t  LCihtii t l ' iEkGY L I M I T  Clt- T H t  1 N l E : l V A L  i N  NEVI 

E 
3 J. 0. r. 0.01162h5 0.041425 0.076222 U.122618  0.150787 3.11101Y 0.122618 
5 3.115'193 i ? . l Z Z t . l E  0.1:.)77u5 u.C7ZYUd w.U9Y420 O.C!89't7t? S.0Z6396 3.'349710 J. i i74565 0.939768 

13 i,.I?4Y710 S.C57995 U . O Z 3 l ~ o  I ? . C L S l h ' >  0.G36454 0 . 0 1 6 j 7 0  0.033140 3.333140 3.0L.t855 0.d13256 
1 5  !).C23Lo9 >.Cil5YS C.ti0YzlvZ L . C l 4 q l 5  O.3ClhoZH 0 . 0 0 8 2 0 3  0.01491) ,3.1133314 0.008285 0.304Y71 
26 3.011599 0.LC3314 O.ii3662a U..'O!657 0.0CB235 0.bUYY42 d.UL9942 J.001657 0.033314 0.001657 

0 . 0.01133Lr 5.0u3314 

3 5  il. d .  L. O.bL3314 0. i: . o.001637 U. 0.003314 0.005314 
4iJ 3. O.?:i33!4 3 .  0 .  c'. C'. b.001657 ' 2 .  U. iJ . 0 L  1 5 5 1  
4 5  0. 3 .  c. . 0. U. 3. 0 .  I) * 0 .  0 .  

L'.33497 I LJ. 5 0 6 0  7 1 0. 3. 
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6.7 M E V  CUTOCF EN. NEUT Ch PB IhC. K.E. L M E V )  I S  1000.0 A I S  207. Z IS 82. 3000 I N C .  HISTORIES 

YOMENTUM OF COMPOUND NUCLEUS 1647.100250MEV/C EXCITATION ENERGY OF COMPOUND NUCLEUS 1006.91*2@7MEV 

THE PASS OF THE RESIDUAL NUCLEUS N n S  Z E R O  0 TIMES, WAS PINUS 0 TIMES CUT OFF ENERGY 6.69'135MEV 

FOR 

A V E R A G E  NO. 

V A X  IANC E 

AV. K.E. ( M E V I  

VPR IANC E 

OUTGOING COMBINATION 

TOTAL CASCADE 
l a O O O  
01000 
00100 
00010 
00001 
0 1 0 0 1  
1 0 1 0 0  
11000 
1 1 0 0 1  

1 5 7  INCIDENT PARTICLE COLLISIONS THERE WERE MORE THAN 9 OUT G O I N G  PARTICLES 

EMITTED CASCA9E PARTICLES 

PROTONS NEUTRONS P I +  P I 0  PI- 

0.245597°E-00 0.1673040E 01 0.3357553E 0 1  0.5401530E-01 0.1443595F-00 

0.1832868E 0 1  0.4055713E 01 0.5109764E-01 0.1?308OOE-q0 0.2034949E -0 O 

0.1038090F 0' 

0.3320765E 0 5  0.3583411E 0 5  0.5850453E 04 0 . 1 3 3 n ~ z 6 ~  O F  0.126797tE 05 

0.1103*f39E 0 3  0.1228565E 0 3  0.1176753E 03 0 . 8 6 3 3 ~ 0 7 ~  02 

c o  

0.2985509 
0.0604125 
0.0632919 
0. 
C. 
0. 
0.1395384 
0. 
0.0320167 
0.06672 94 

RESIDUAL 

C l  

0.2399193 
0.1897944 
0.1597429 
0. 
0. 
0. 
O .c1439128 
0. 
0.1021927 
0.1011055 

NUCLEUS 

A R M  

71O.2424950 
343.7489510 
301.4572868 

0. 
0 .  
0.  

0. 
258.903?432 

201.2335052 
232.7&1413? 

G O  = ( S C M  OF PASALLEL RESIDUAL MOMENTUM/kUHBER O F  INCIDENT PARTICLE COLL1SIONS)IMOMENTUM CiF COMPOUND NUCLEUS 

C 1  = (SLM O F  PERPENDICULAR QESiDLiAL MOMENTUM/kUMBER O F  IYClDENT PARTTCLE COLLISIONSl/MC'MENTUM GF COMPOUND NUCLEUS 

A R Y  = A V E R A G E  RESIDUAL YEWENTUN I k  PEV/C 

AREE = AVERAGE RESIDLJAL EXCITATION ENERGY f N  MEV 

A A R  = AVERAGE Y A S S  O F  3ESIDUAL NUCLEUS FOR TOTAL CASCADE 
A J R  = M A S S  O F  RESIDUAL PIC'CLEUS F 3 R  SESIGkihTED OLJTGOING COMBINATIONS 

-l 
Iu 
w 

AREE 

263.9389075 
55 -0  596 5 81 
65.7981482 
0. 
0. 
0. 

34.0662973 
0. 

42.011 2233 
42.CC36020 

p. 4R 

202.969Nl€? 
207.n0POC00 
2 0 7 ~ 0 0 0 0 0 0 0  
208.00@0000 

zo8.oooocoo 
707.~0000C0 
2 0 7 . Q O C O O O O  
EOh.00000CO 
206.00@Cn@O 

~ ~ ~ . O O O O O C ~  





NEUT GN PO INC. K.E. ( M E V )  IS 1000.0 A I S  207. Z I S  82. 3000 I N C .  HISTORIES 6.7 NEV CUTDFF EY. 

EXCITATION ENERGY OlSTRIBUTICN OF THE CASCADE RESIDUAL NUCLEUS (FRACTION PER U N I T  EN.) (OE=DELTA E(PEV1)  

OEA IS O.1010000E 03 DEB I S  0.2500000E 02 DEC IS 0.2500000E 02 DE0 1 S  0.2500000E C 2  DEE I S  0.750OnOOE n2 
DE7 i s  0.2500000E 02 DEG I S  0.2500000E 02 OEH IS 0.2503000E 0 2  D E I  IS  0.2500000E 0 2  OEJ 1 5  0.7500?O@E 0 2  

TOTAL CASCAEE (SUM O V E R  HISTOGRAMIX(0EA) 0.?0@00DOE 01 0 DFL 
0.2891733E-02 0. I647010E-02 0.1415103E-02 3.1325180E-02 0.1069610F-02 

O.8661000E-03 0.459 OB 03  E-03 0.1703R03E-02 0.5679344E-04 

1 PROTONS o NEUTRONS o P I +  a P I O  c PI- ( S U M  OVER HISTOGRAM)X(OEB)  0.1000000E 01 
0 . l l l l l l l E - 0 1  0. f!8@8889E-O2 0.1333333E-01 0.22 222  2 2 F-02 C. 

0.2222222E-CE 0. 0.2222222 E-02 0. 

o P R O T O ~ S  1 NEUTRONS o ? I +  o PI0 o PI- ( S U M  O V E R  HISTOGRAM)X(DEC) 0.9661017F 00 

0.2033898E-02 0.6779661 E-03 '2.6779661 E-03 0.1355032E-02 
0.1423729E-0; 0.949152 5E-02 0.7457627E-02 0.2711864E-02 0. 

0 PROTONS 0 NEUTiiONS 
0. 

0. 

0 PROTONS 0 NEUTRONS 
0. 

0. 

0 PROTOhS 0 NEUTR@NS 
0. 

0.  

0 PROTONS 1 NEUTRONS 
0 .2000000 i -c1  

0 .  

I PRDTOhS 0 NEUTRONS 
0. 

0. 

1 PROTONS 1 NEUTRONS 
0.2666667E-01 

1 P I +  0 P I 0  0 P I -  
0. 

0.  

0 P:+ 1 P I 0  0 P I -  
0. 

0. 

0 P I +  0 P I 0  x P I -  
0. 

0. 

0 P I +  0 P I 0  1 P I -  
C. 1000000E-01 

0.  

1 P I *  0 P I 0  0 P I -  
0. 

0. 

( S U M  OVER HISTOGRAM)X(DEO) 0. 

0. 0. 
0. 0. 

C. 

0 .  0. 

( S U M  OVER HIST0GRAM)XlDEE) 
0. 0. 

( S U M  OVER HISTOGRAM)X(DEF) 0. 

0. 0. 
0. a. 

c. 

0. 

0. 

{ S U M  OVER HISTOGRAH)X(DEG) 0.1OO00OOE 01 

0. (I. 
0.5005000E-02 0.500300OF-02 C.  

(SUM O V E R  HISTOGRANIXIOEH) 0. 

0. 0. 
0. 0. C .  

O. 

0 OFL 

0. 

2 OFL 

0. 

0 OFL 

0. 

0 OFL 

n. 

0 OFL 

0. 

0 DFL 

c. 

OFL 

0. 

3 ClFL 0 P I +  0 PIG 0 P I -  (SUM OVER HISTOGRAM)X(DEI l  O.SC66667F 00 
0.2666667E-02 0.4444444E-02 0 . 4 4 4 4 4 4 4 E 4 3  C .  8888889E-O? 

0.1333333E-02 0. e m a ~ 8 9 ~ - 0 3  0.9888889 E-03 n.  0.4444444E-03 

1 P k O T O h S  1 KECITRCNS 0 P I +  0 P I 0  1 P I -  ( S L I M  O V E R  h IST3GRAM)X(DFJI  0.9726027E 00 2 'JFL 
0.2520548E-01 0.2739726E-02 0.60273975-02 0.21917YlE-02 0. 

0.1095890E-02 O.IO958OO E-02 a. 0. 0. 54794=?€- '03 
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NEUT CN P E  INC. K.E. I M E V I  I S  1000.0 A I S  207 .  2 I S  82. 3 0 0 0  INC. H I S T O R I E ?  6.7 MEV CUTOFF EN. 

THE VDMENTUM D I S T R I B U T I O N  OF THE CASCADE RESIDUAL NUCLEUS 

0 .8485501E 0 2  0.2545650E C3 (3.4242751E 0 3  @.59?9851E 03 0.763.6951E 0 3  0 * 9 ? 3 4 0 5 1 E  0 3  0 .1103115E 04 
0 . 1 2 7 2 8 2 5 f  0 4  0 .1442535E 0 4  0 .1612245E 04 0.1?R1955E 0 4  0 .1951665E 0 4  0 .21213755  04 0 .2291085E 0 4  

TOTAL CASCACE (SUM OVER HISTOGRAV) (DELTA P )  0.100OOOOF 01 C OFL 
0 .7182423E-03  0 .7604919E-03  0 .8365411E-03  0 .8163746E-03  0 .5759928E-03  0 .5C71?70E-03  0 .49A5447E-03  

0 .35771  28E-03  0 .2703971  E-03 0 .1915313E-03  0.965 8228 E-04 ‘3.5069946 E-04  0.16 8998ZE-04  0.2 8 1 6 6 3 7 E - 0 5  

1 PROTONS 3 NEUTRONS 0 P I +  0 P I 0  0 P I -  (SUM OVER MISTOGZAYI (DELTA P )  
0.98 2 0 6 7 3 E - 0 3  0 .1636779E-02  0 .2946202E-02  0. 0 .3273558E-03  

0 .  0. 0. 0. 0 .  

0 PROTONS 1 NEUTRGNS 0 P I +  0 P I 0  0 P I -  
0 .?989700E-03 0.3295751E-02 0 .1298326E-02  

0. 0. 0. 

0 PROTONS D NEUTRONS 1 P I +  0 P I 0  C P I -  
0. 0. 0. 

0. 0. 0. 

SUM OVER HISTOGRAM)(DELTA P I  
0 .199742SE-03  0 .199742  5F-03 

0. 0. 

SUM OVER HISTOGRAM)(DELTA P )  
0. 0. 

0. 0. 

0 PROTONS 0 NEUTRONS 0 P I +  1 P I 0  0 P I -  (SUM OVER HISTOGRAM) 

0. 0. 0. 0. 
0. 0. 0. 0. 0. 

0 PROTONS 0 NEUTRONS 0 P I +  0 P I 0  1 P I -  (SUM OVER HISTOGRAM) 

0. 0. 0. 0. 
0. 0. 0. 0. 0.  

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  
0. 0 .5155853E-02  0 .7365505E-03  

0. 0. 0. 

1 PROTONS 0 NEUTRONS 1 P I +  0 P I 0  0 P I -  
0. 0.  0. 

0. 0. 0. 

DELTA P I  

0. 

OELTA P I  

0. 

SUM PVER H I S T O G R A 3 ) l D E L T A  P )  
0. 0. 

0. 0. 

SUM OVER HISTOGRAM)(DELTA P )  
0. 0. 

0. 9. 

1 PROTONS 1 NEUTRONS 3 P I +  0 P I 0  0 P I -  ( S U M  OJER H ISTOSRAY) (OELTA P I  
0 .3+699?1E-02 3 .1178481E-02  0 .5511250E-03  0 .3273556E-03  0 . 6 5 4 7 1 1 5 E - 0 4  

0 .  0. 0. 0.  0.  

1 PRDTONS 1 NEUTRCNS 0 P I +  0 P I 0  E ? I -  (SUM OVER H1STOGRAY) lCELTA ? I  
0 .3147995E-02  0 .1452921E-02  0 .7264607E-03  0 .3226714E-03  0 .1614357E-33  

0. 0. 0 .8071786E-04  0. 0. 

O. IO0000OE 01 0 OFL 

0. 0. 
0. 0. 

0.1000000F 0 1  0 OFL 

0. 0. 
0. 0 .9997125E-04  

0. c) OFL 

0. 0. 
0. 0. 

0. 0 (IFL 

0. 0. 
0. 0. 

0. 0 OFL 

0. 0. 
0. 0. 

0.10@0000E 01 0 OFL 

0. 0. 
e.  0. 

0. 0 OFL 

0. 0. 
0. 0. 

0.10000(lOE 01 0 OFL 

0. 0. 
0. 0 .  

O.POOOOO0E 01 0 n F L  

0. 0. 
0. cl. 
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NEUT 3 N  PB INC. K.E. (MEVI  I S  1000.0 A I S  207. 2 I S  82. 3 0 0 0  INC.  H I S T O R I E S  5.7 M E V  CUTOFF EN. 

THE PARALLEL MCMENTUM OISTRISUTION O F  THE CASCADE RESIDUAL NUCLEUS 

-0.2251085E 04 -0 .2121375E C 4  - 0 . 1 9 5 1 t t 5 E  04 -0 .1781955E 0 4  -0 .1612245E 04 -0 .144253PE 0 4  -0.1272825E 04 

0.8485501E 02 0.2545650E 03 0.4242751E 0 3  0.5939851E 0 3  0.7hQ6S51E 03 0.9334051E 03 0 .1?03115E 0 4  
-0.1103115E 0 4  -0 .9334051E 03 -0.7636951F 03 -0 .5939851E 03 -0.4242751E 03 -0.254555OE 03 -0.6485501E q 2  

0.1272825E 0 4  0 .1442535E 04 0.1612245E 0 4  0 .1791955E 0 4  0 .1951665E 0 4  0.2121375E 04 0.27910F5E 0 4  

TOTAL CASCACE (SUM OVER HISTOGRAM)(OELTA P )  O.lO000OOE 01 0 OFL 0 UFL 

0.1261853E-02 0.81S6412E-03 0 .7210590E-03  0.611; 
0 .2788470E-03 0 .1830814E-03  

1 PROTONS 0 NEUTRONS 0 P I +  C P I 0  

0. 0. 

0. 0. 

0. 0. 0. 

0.4910336E-02 0.9820673E-03 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  

0. 0. 
0. 0. 0. 

0.4893691E-02 0.7989700E-03 0. 
0 .  

0 PROTONS 0 NEUTRONS 

0. 

0. 

0. 0. 

0. 0. 

o PROTONS o NEUTRONS 
e. 0. 

0. 0. 
0 .  

0 .  

0 PROTONS 0 NEdTRONS 

0. 

0. 

0. 0. 

C. 0. 

0 .  

1 P I +  

0. 

0. 

0 P I +  

0. 

0 .  

0 P i +  

0. 

0. 

0 P I 0  
0. 

0. 

1 P I 0  
e. 

0. 

0 P I 0  
0. 

0. 

0 .1070322E-03  0 .5069946E-04  0 .2816637E-04  0 .5633273F-05  0 .  

0 P I -  

0. 

0. 

0 P I -  

0.  

0. 

0 PI -  

0. 

0. 

c P I -  

0.  

0. 

1 P i -  

0. 

0. 

(SUM OVER HISTOGRAY) (OELTA P )  
0. 0 .  

0. 0. 
0. 0.  

0.  0 .  

(SUM OVER HISTOGRPY)(OELTA P )  
0. 0. 

0 .1997425E-03  0. 
0. 0 ,  

0. 0.  

( S U M  OVER HISTOGRAMI (0ELTA P )  
0. 0. 

0. 0. 
0. 0 .  

0. 0. 

( S U M  OVER HISTOGRAMI( t7ELTA P) 
0. 0. 

0. 0. 
0. 0 .  

0. 0 .  

( S U M  OVER HISTCGRAMl (DELTA P1  
0. 0. 

0. 0. 
0. 0.  

0. 0 .  

0 .1000000E 01 '3 OFL 

0. 0. 

0. e .  

0. 0. 

0. 0. 

0.1000000E 01 0 OFL 

0. e.  

0. 0 .  

0. 0. 

0. 0. 

0. 0 OFL 

0. 0. 

0. 0. 

0. 0. 

0. 0. 

0. 0 OFL 

0. C. 

0. 0. 

0. 0. 

0. 0. 

0. 0 'IFL 

0. C. 

0. 0. 

0. 0. 

0. 0. 

0 UFL 

0 UFL 

C UFL 

0 UFL 

C UFL 



SJIEUT O N  ? B  I N C .  !(.E. I M E V I  I S  1000.0 A I S  207.  2 I S  82. 7 0 0 0  IUC. H:STORIFq 5.7 M E V  Cd'9FF FN. 

THE PARALLEL PCMENTIIM O I S ' R I B U T I L J N  CF T h E  CASCAgE RETIUIJAL NUCLFL 'S  

-0 .2291085~  0 4  - 0 . 2 1 2 1 3 7 5 ~  0 4  - 0 . 1 9 5 1 t t 5 ~  0 4  - n . i 7 ~ 1 9 5 5 ~  c 4  - 0 . 1 6 1 ~ 2 4 5 ~  0 4  - o . i 4 4 2 5 1 = ~  O L  - 0 . 1 7 7 ~ ~ 2 5 ~  n 4  

0.8485501E 0 2  0.2545650E C3 0.42427511: 3 3  0 .593985 iE  0 3  0 . 7 6 3 6 9 E l E  0 3  0.9334051'  C 1  1.1103115E n 4  
-0.11031:5E 0 4  -0 .9334051E 03 - 0 ~ ~ 6 3 6 ~ 5 1 E  0 3  -0.5q39R51E 0 3  - 0 . 4 2 4 7 7 5 l E  O?. -0 .7545650C 19 -0 .34855C lF  - 7  

0.1272325E 04 0.1442535E 0 4  0 . I 6 1 2 2 4 5 E  0 4  0 . 1 7 R 1 9 5 5 ~  0 4  0 . 1 9 5 1 6 6 5 6  OL: n .?171375c  0 4  r . ? Z q l r P 5 F  0 4  

TLJTAL CASCADE ( S L M  O V E R  HISTOGRAMI (0ELTA P )  O . I O O O O O O E  n i  0 7 F L  0 ~ J F L  

0. 0. 0. 0 .5633273E-05  0.e449C10E-OC 0.61966CnE-04 0 .CPQ8112E-03  
0. 0. 0. 0. 0. 0. 0. 

0 PROTONS 1 NEUTRONS 0 P I +  0 ?KO I ?I- ( S d K  O V E R  H ISTOGRAMI (0ELTA P I  
0. 0. 0. 0. 0. 

0.7365505E-03 0.4419303E-02 0 .7365505E-03  0. 0. 
0 .  0 .  0. 0. 0 .  

0 .  0. 0 .  0. 0. 

1 PROTiJlvS 0 NEUTRONS 1 P I +  0 P I 0  0 P I -  (SUM OVER HISTOGRPM)(DELTA P I  
0. 0.  0. 0 .  0.  

0. 0. 0. 0. 0. 
0. 0 .  0. 0. 0. 

0. 0. 3 .  0. q. 

1 PHOTOhS 1 NEUTROkS 0 P I +  0 P I 0  0 P I -  (SUM r,VER H1STOGRAM)lOELTA P I  
0. 0. 0. 0. 0. 

0.1535442E-02 0 . 4 5 8 2 5 e l E - 0 3  0 .6547115E-04  0 .6547115E-04  0. 
0.  0. 0.  0.  0.  

0 .  0. 0 .  0.  0. 

1 PROTONS 1 NEUTRONS 0 P I +  0 P I 0  1 P I -  (SUM OVER H I S I O G R P Y ) ( D E L T A  P) 
0. 0. 0. 0. 0. 

3.3632304E-02 0 .4843071E-03  0.4035893E-O? 0.1614357E-03 0. 
0 .  0 .  0. 0. 0. 

0 .8071786E-04  0. 0. 0. 0 .  

0.1 000000E 0 1  o n F L  c UFL 
0.  0. 

0. ?. 
0. 0. 

0 .  r. 

0 .  0 g F L  0 IJFL 
0.  r). 

0.  1. 
0. 0.  

0. n. 

o.irqop0nE ni 1 OFL r U F L  
0. Q .  0 .1767721F-07  

0.  

r;. 0. 
1. 0. 

o.ionioroF 01 cl O F L  G UFL 
n. 1. 

0. 1. 
0. 0.1 ? 10n5nE-CZ 

n. r. 

-4 
w 
0 



hEUT CN PB INC. K.E. I M E V )  IS 1000.0 A IS 207. Z I S  82. 3 0 0 0  INC. HISTORIES 6.7 MEV CUTOFF EN. 

C R O S S  SECTIONS ( M B I  FOR V A R I O U S  COMBINATIONS OF EMITTED CASCADE PARTICLES 
1ST NO. I S  NO. OF PRDTUNS EMITTED 2 N O  I S  NO. OF NEUTRONS 3RO IS NO, OF P I +  4TH I S  NCI. O F  P I C  5TH I S  YO. CIF P I -  

08001 

1 7 0 0 1  

2 6 0 1 0  

3 5 0 0 1  

4 3 1 0 1  

5 3 0 0 1  

0 7 0 1 0  

1 5 1 0 1  

1 7 0 0 0  

25100 

3 3 1 0 1  

3 5000 

4 4 0 0 0  

6 2 0 0 0  

0 6 0 1 0  

1 4 0 1 1  

15100 

2 3 1 0 1  

25000 

3 3 1 0 0  

4 2 0 0 1  

5100i 

0 4 0 1 1  

0 5 1 0 0  

13101 

15000 

0.81862284E O C  

0.40931141E 01 

0 . ~ 4 5 5 8 6 8 5 ~  01 

0 . 6 5 4 8 9 8 2 7 ~  01  

0.81862284E 00 

3.24558685E 01 

0.16372456E 01 

0.81862284E 00 

0.17191079E 02 

0.40931141E 01 

0.16372456E 0 1  

0.23740062E 0 2  

0.19646948E 02 

0.81862284E 00 

0.16372456E 0 1  

0.31862264E 00 

0.32744914: 01 

8 . 2 4 5 5 8 6 8 5 ~  01 

0.40931141E 0 2  

0.24558635E 01 

0.32744914E 01 

0.81862284E 00 

0.b1862284E 00 

3.16372456E 01 

0.81862284E 0 0  

0.3765665CE 3 2  

C8010 

1 7 1  00 

26100 

3 5 0 1 0  

4 4 0 0 1  

53010 

C8000 

1 6 0 0 1  

24002 

2 60 00 

3 4 0 0 1  

4 2 0 1 1  

5 2 0 0 1  

0 5 0 1 1  

061 00 

14101 

160CO 

2 4 0 0 1  

3 2 0 1 1  

3 4 0 0 0  

4 2 9 1 0  

51810 

041 01 

360CO 

1 4 0 0 1  

21113. 

0.16372456E 0 1  

O.El862284E 00 

0.81862284E 00 

0.491 1777CE 0 1  

0.40931141E 01 

0.918627P4E 00 

0.32744914E 01  

0.4911737CE 01 

0 . 8 1 8 6 2 2 e 4 ~  00  

0.27014554E 0 2  

0.65489827E 0 1  

0.81862284E 00 

0.32744914E 0 1  

0.81862284E 00 

0.81852284E 00 

0.24558685E 0 1  

0.18828325E 02 

0.16377456E 0 2  

0.81E62284E 00 

0.27P3?l76E 0 2  

0.81862284E 00 

0. E1862284E 00 

0.16372455E 01 

0.$82347&0€ 0 1  

0.15553834E 02 

0.~1L8622O4E 0 0  

09003 

18000 

27000 

3'100 

44'210 

54000 

1 5 0 ~  

16010 

2 5 0 0 1  

33002 

34010 

4 7 0 0 1  

52010 

0 5 1 0 1  

07000 

1 5 0 0 1  

23002 

24010 

33001 

4 1 0 2 0  

42100 

52000 

05001 

1?@02 

1n0ro  

72002 

0.16372456E 0 1  

0.90048511E 0 1  

0.20465573E 02  

0.24558685E r ) l  

0.32744914E @1 

0.4911737OE 01 

0.51862284E 00 

0.49117370E 01  

0.55489877E 0 1  

0.81862284E 00 

0.40931141E 0 1  

0.16372456E 0 1  

~ 1 . 8 1 8 6 2 2 8 4 ~  00  

0.81962284E 00 

0.65489827E 0 1  

0.90048511F 0 1  

0.81862284E 00 

n . 4 ~ 3 1 1 4 1 ~  01 

0.98234740E 0 1  

0.81867284E 0 0  

0.81862284E 00 

0.49117370E 01 

0.90348511E CI 

O."Pf367254E C O  

0.106420Q6E 0 2  

0.24558685E 01  

l t C l l  

2 6 0 0 1  

3 4 1 0 1  

360r)O 

450530 

7 2 0 0 0  

1 5 P l l  

1 6 1  00 

2 5010 

3 1 0 1 1  

3 4 1 0 0  

4 3 0 1 0  

5 3 0 0 0  

0 6 0 0 1  

14002 

1 5 0 1 0  

2?01.1 

2 4 1 0 0  

3 3 0 1 0  

41101 

4 3 0 0 0  

6 1 0 3 0  

0 5 0 1 0  

1 ? 0 1 1  

1 4 1 0 0  

2 2 0 1 1  

0.P1862286E o n  

0.818622RaE 0 0  

0 . 8 1 P 6 2 ~ 8 4 E  00 

0.16372456E 02 

0.1146071CE 02 

0 . 8 1 8 6 2 7 8 ~ E  0 0  

o.Fl96278aE 0 0  

0.49117370F C1 

0.65489877E 01 

0.81862284E 3 0  

0.24558685E 01  

0.40931141E 0 1  

0.9Q048511E 01 

0.32744914F 01 

0.16372456E @l 

0.73676055E 01 

0.22744914E 01  

0.40931141E 0 1  

n . h 5 4 8 9 8 2 7 ~  01 

0.P18622P4E On 

@.7367605EE 07. 

0.81862284E 00 

0.24556tqEE 01 

0.1637245hF 01 

O.C54EQ@27€ 01 

0.PlPh?2P4F 0P 



NEU'I OY P B  INC.  K.E. IMEV) IS lOC0.0 A I S  207. Z I S  8 2 .  3000 !NC. H : C T @ R I E S  5.7 M E V  CIJTCFF EN. 

C R O S S  S E C i I C M S  ( K B I  F O R  VARIOdS C C Y B I X A T X C N S  O F  E M i i T r C  CASCADE P A q T I C L F S  
1ST NO. iS NO. OF PROTUNS EMITTED 2VO I S  NO. 3F N E V T R O N S  3 2 0  I S  NO. CIF P I +  4TH I S  N;I. D F  P I 0  5TH I S  YO. ? F  P I -  

C0N.r I N i l  EO 

22020 

23010 

32010 

4 2 0 0 0  

0 3 1 0 1  

04100 

1 2 1 1 0  

14000 

2 2 0 0 1  

31001 

50000 

0 3 0 1 0  

11002 

1 2 0 1 3  

21010 

30010 

0 2 0 5 1  

10002 

11010 

20100 

010?0 

11000 

0.91862284E 00 

0.57303598E 0 1  

0.73676055E 01 

0.12279342E 0 2  

0.16372456E 01 

0.32744914E 0 1  

0.81862284E 0 0  

0.37656650E 0 2  

0 . 2 1 2 a 4 1 9 4 ~  0 2  

0.90048511E 01 

0.81862284E 00 

0.57303598E 0 1  

0.81862284E 00 

0.18E28325E 02 

0.90048511E 0 1  

0.81862264E 00 

0.8P862283E 0 1  

0.81862284E 00 

0.15646948E 0 2  

0. i6372456E 01 

0.32744914E 0 1  

0.73676055E 02 

2 2 1 0 1  

23100 

3 2 1 0 0  

50010 

0 3 1 1 0  

0 5 0 0 0  

1 3 0 0 1  

21002 

22010 

3 1 0 1 0  

0 2 0 1 1  

0 3 1 0 0  

1 1 0 1 1  

1 2 1 0 0  

21 lCO 

3 1 0 0 0  

0 2 0 1 0  

10011 

11100 

2 1 0 0 0  

0 2 0 0 0  

2 0 0 0 0  

0.16372456E 01 

0 . 2 4 5 5 a 6 8 5 ~  01 

0.24558085E 0 1  

0.16372456E 0 1  

0.81862284E 00 

0.18009702E 0 2  

0.14735211E 0 2  

0.24558685E 0 1  

0.11460719E 0 2  

0.40931141E 01 

0.16??2456E 0 1  

0.16372456E 01 

0.81P62284E 00 

0.1637245hE 0 1  

0.24558655E 0 1  

0.81862283E 01  

0.98234740E 0 1  

0.81862284E 00 

0.16372456E 0 1  

0.19646948E 0 2  

0.8186228iE 0 2  

0.32744914E 0 1  

22110 

24000 

33000 

0 2 1 2 0  

0 4 0 0 1  

1 2 0 1 1  

1 3 0 1 0  

2 1 0 1 1  

22100 

3 2 0 0 0  

0 2 0 2 0  

0 4 0 0 0  

1 1 1 0 1  

i w o n  

22000 

40C00 

021 00 

10101 

12000 

3000'3 

l C 0 O l  

01000 

3.16372456c 0 1  

0.41749764E 0 2  

0.21284194E 0 2  

0.81862284E 00 

0.81P52283E P I  

0.24558685E 0 1  

0.15553874E C 2  

0 . 2 4 5 5 8 6 8 5 ~  n: 

0.16Z72456E 0 1  

0.171Q1079E ('2 

0.24558685E 0 1  

0.19646043E 0 2  

0.81862734E 0 0  

0.43740764€ 0 7  

0.27833170E C 2  

0.91R52284E 00 

0.49117170E 0 1  

O . ~ ~ R C ? ~ E ~ E  no 

0.51C73239E 0 2  

0.16372456E 3 1  

0.40931141E 0 1  

0.4829c7A7E 0 2  

i 
ti' 
rc 



6.7 YEV CUTOFF EN. NEUT DN P B  INC. K.E. (MEVI  IS 1OCO.O A I S  207. 2 I S  82. 3000 INC.  HISTORIET 

ENERGY SPECTRA O F  CASCAOE PARTICLES W I T H  MU FROM 1.00 TO 0.95 
(THETA FROM 0 DES. 0 M I Y .  T3  18 DEG. 1 2  MIN.) 

N ( E I  IS IF9ACTIOh OF ?ARTICLES I N  DELTA YU) / (OFLTA MU)(OELTA E l  

E ( Y S V 1  IS C E k T E R  OF INTERVAL 

P RU T O  hi S 
DELTA ELMEVI 50.0 

E (  M E V  I 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

625.0 

575.0 

925.0 

975.3 

Y (  E l  

8.796E-01 

0.35YE-01 

0.338E-01 

0.276E-01 

0.164E-01 

C. l 6 4 E - O I  

0.51 2 E- 02 

0.9 21E- 02 

0.102E-01 

0.143E-01 

0.205E-01 

0.215E-01 

0.205E-01 

0.245E-01 

0.12 3 E- 01 

0.512E-02 

0.6 1 4  i- C2 

0.5 9 2 E-02 

0.194E-Ci 

0.164E-01 

NEUTRONS 
DELTA EIMEV) 50.0 

EtMEV) 

25.0 

75.0 

125.0 

175.0 

22 5.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.3 

575.0 

625.0 

675.0 

725.0 

775.0 

825.3 

875.0 

925.0 

575.0 

h i ( E )  

G.96?E-O1 

C.334E-Cl 

0.279E-01 

0.192E-01 

0.17CE-01 

0.16LE-01 

0.930E-02 

0.115E-01 

0.137E-01 

0.159E-Gl 

C.930E-02 

0.10YE-01 

0.821 E-02 

0.8 2 3. E-02 

0.602E-02 

0.766E-02 

0.104E-01 

0.15CE-01 

0.2$5E-01 

0..134€-01 

N I S  1 .OCOE 00 

P I +  
DELTA E ( M E V )  

N I S  (SUM OVER N ( E l ! ( D E L T A  FL')(DELTA E) 

50.0 

E( MEV! 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

775.0 

775.0 

875.0 

875.0 

925.0 

975.0 

k (  E l  

0. 

0.100E-00 

0. 

0.500 E - 0 1  

0. 

0 5 00 E-O 1 

0. 

0 100 E-00 

G.500E-01 

0.500 E-01 

0. 

C .  

0. 

0 .  

0 .  

(r. 

0 .  

0 .  

0. 

0. 

V I S  ?.OGOE 00 

P I0  
DELTA F(MEVI 50.0 

EIMEV) 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

975.0 

425.0 

L75.0 

525.0 

575.0 

625.0 

67=.n 

725.0 

775.0 

P25.0 

875.0 

925.0 

975.f- 

Y ( E )  

0.571E-01 

0.5715-01 

C. 2 8 6  F - 0 1  

0. 

0.571E-0 1 

0.857E-01 

0.571E-01 

0. 

0.2 B6E-0 1 

0.2 86E-0 9 

0. 

0. 

0. 

0. 

0. 

0. 

9. 

0. 

0 .  

0. 

N I S  1.003E 00 

P I -  
DELTA E(MFVl  50.0 

E(YEV)  

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.c 

425.0 

475.0 

575.0 

575.0 

625.0 

675.0 

715.0 

775.0 

825.0 

875.0 

975.0 

'376.0 

hI ( E )  

0. 

0. 

0.364E-01 

0.364E-01 

0.3t4F-01 

0. 

0.72 7E-C1 

0.364E-01 

0.127E-00 

0.545E-01 

9. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0.  

N I S  i .000E 03 

-4 
w 
W 



NEUT Chi P B  INC. K.E. IMEV) I S  900C.O A I S  207. 2 i S  82.  3030 I N C .  W I S T r l R I E '  4.7 MFV CUTf lFF EN. 

ENERGY SPiCT'lA O F  CASCADE PARTICLES W!TH MU F R O M  0.95 T O  0.90 
(THETA FROF" 1 8  DEG. I 2  M!k. T8 25 PEG. 5 1  MIN.1 

N ( E 1  I S  (FRACTION OF PARTICLES l h ,  DELTA YUI / (OELTA MU)fDFLTA E l  

E(MEVl I S  CENTER OF INTERVAL 

PROTONS 
CELTA E(MEVI 50.0 

E(MEVl 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

875.0 

925.0 

975.0 

hi( E l  

0.11 8 E-00 

0.51bE-01 

0.403E-01 

0.290E-Cl 

0.177E-01 

3.255E-01 

0.129E-01 

0.177E-01 

0.129E-01 

0.968 E-02 

0.645E-02 

0.806E-02 

3.806E-02 

0.484E-02 

0.484E-02 

0.177E-01 

0.r84E-CZ 

0 . 4 a 4 ~ -  02 

0.484E-02 

0. 

NEUTRONS 
DELTA E(MEV1 50.0 

E(MEV) 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

825.0 

975.0 

525.0 

975.0 

N ( E 1  

0.13@E-00 

0.620E-01 

0.341E-01 

0.253E-01 

0.279 E - 0 1  

0.1 14E-01 

0.148 E-01 

0.114E-01 

0.611E-02 

0.873E-02 

0.61 1 E - 0 2  

0.78C.E-02 

0.437E-02 

0.6 11 E-02 

0.699E-02 

0.961E-02 

0.148E-01 

0.873E-02 

O.349E-02 

0. 

N 

P I +  
DELTA E(MEY1 50.0 

E (  M E V I  

75.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

625.0 

875.0 

925.0 

975.0 

& ( E l  

0.286E-00 

0 - 5 7 1  E - 0 1  

0. 

0. 

e. 

0. 

@. 

0.571E-01 

0. 

0. 

0. 

0 .  

0 .  

n.  

0. 

0 .  

0 .  

0 .  

@. 
0 .  

r S ( S U Y  O V F R  N ( E ) I ( O E L T A  CUl(r)FLTA E l  

P I 0  
DELTA E I Y F V I  5O.n 

E(MEV1 

25.0 

75.c 

125.0 

175.0 

725.0 

775.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

775.c 

775.0 

825.c 

e75 .0 

025 .0  

4 7 5 . 0  

N (  E l  

0.267E-Cl 

0. 

0. a00E-01 

0. 

0.267F-01 

0.533E-01 

0.197E-00 

0. W3C-01 

0.267E-01 

9.767'-01 

e. 

0. 

0. 

0 .  

0. 

c. 

0 .  

0. 

0. 

C. 

E (  YEVt 

75.0 

75.0 

175.0 

775.c. 

275 .0  

775.0 

325.n 

375.0 

4?5.cI 

475.0 

575.c 

575.0 

675.0 

67=.0 

775.0 

775.0 

975.0 

:75.0 

q7c .0  

$75.0 

N IS 1.300E 00 Q i s  1.300E 00 L.1 I S  1.000E 00 



6.7 M E V  NEUT CN P B  I N C .  K.E. ( N E V I  I S  lCOO.O A I S  2 0 7 .  Z I S  82. 30CO I N C .  HISTORIES 

E N E R G Y  SPECTRA OF CASCbOE PARTICLES WITH MU FROM 0.60 TO 0.40 
(THETA FROM 57 OEG. 8 MIN. TO 6 6  OEG. 25 M I N . )  

% ( E l  i s  (FRACTION OF PARTICLES I N  DELTA MdI / (DELTA YU)(DFL'rA F )  

E ( M E V I  I S  CENTER O F  ILTERVAL 

PROTOUS 
DELTA E ( M E V I  100.0 

E(MEV1 N ( E 1  

50.0 0.373E-01 

150.3 0.921E-C2 

250.0 0.270E-02 

350.0 0.562E-03 

450.0 0.225E-03 

550.0 0. 

650.0 0. 

750.0 0. 

850.0 0. 

950.0 0. 

N IS 1.OOOE 00 

NEUTRONS 
DELTA E I P E V I  100.0 

E t  NEVI N( E )  

50.0 0.359E-01 

150.0 0.882E-02 

25C.O 0.406E-02 

350.0 0.862E-03 

450.0 0.304E-03 

550.0 0.507E-04 

650.0 0. 

750.0 0. 

850.0 0. 

950.0 0. 

N I S  1.000E OD 

P I +  
DELTA E(MEVI 100.0 

E(MEVI Y t  E )  

50.0 0.38SE-01 

150.0 0.556E-02 

250.0 0.556E-02 

350.0 0. 

a50.0 0. 

550.0 0. 

650.0 0. 

750.0 0 .  

850.0 0 .  

950.0 0. 

N IS I S U H  OVER N ( E I ) ( D E L T A  P U ) ( D E L T A  E 

N I S  1.000E 00 

P I C  
DELTA E f Y E V )  100.0 

E ( M E V 1  b4f E )  

50.0 0.3?OE-01 

150.0 @.lbOE-01 

250.0 0. 

350.0 G.2OGE-02 

450.0 0. 

550.0 @. 

550.0 0 .  

750.0 0 .  

F50.0 0. 

950.0 0. 

N I S  1.000E 00 

CUTnFC EV. 

P I -  
DELTA EfMEV) 100.0 

EIMEV) N t € )  

50.F 0.314E-01 

150.3 0.102E-01 

250.0 0.5*6€-02 

350.0 OeQ25E-03 

450.0 ~ . Q Z S E - O ~  

550.0 0. 

550.0 0. 

750.0 0. 

850.0 0. 

950.0 C. 

N IS 1.000E 00 

-4 
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6.7 W F V  c u r n C F  F F . .  NEUT CN P B  I N C .  K.E. (MEV) I S  1000.0 A i S  207. 2 I S  82. 3300 I N C .  hISTPRIFC 

ENERGY SPECTRLIM OF E M I T r E O  CASCADE P R O T O K S  

0 TO 1.0300000E 02 MFV 0 OFL 

K.E. IS T H E  C E N T E R  @ F  THE ENERGY INTERVAL I N  MEV N ( E I  I S  THE FRACTION OF TOTAL NUMPER OF FMITTFD PRClTONS /DELTA E 

K.E. 

20.00 

60.03 

100.00 

140.00 

180.00 

220.00 

260.00 

N (  E l  K.E. 

0.1147 8 57E- 01 300.00 

0.4207143E-02 340.00 

0 . 2 2 7 a 5 7 1 ~ - 0 2  380.03 

0,1435714E-02 420.00 

0 1 1 9 2  8 57E - 02 460.00 

0.7714286E-03 500.00 

0.57142 86E-03 

N(E1 K. E. 

o . 4 1 4 2 a 5 7 ~ - 0 3  540.00 

0.2 7142 86E-33 580.00 

0.27R5714E-03 620.03 

0.2 3571 43 E-03 660.00 

0.19285 71  E-03 700.00 

0.1785714E-03 740.00 

N I E I  K.E. 

0.171 4286E-02 783.03 

0.2142857F-03 P7'1.01 

0.2265714E-03 ?CO.O3 

0.1'57147E-O? $00.90 

0 -1 7 1 4 2  865-03  ~ 4 0 .  nr) 

0.8571429E-04 cpo. on 



I\EUT ON p a  INC. K.E. ( M E V )  IS ICOO.0 A I S  2 0 7 .  Z I S  82. 3000 I N C .  H I S T O R I E S  6.7 MEV C U T n F F  EN. 

ENERGY SPECTRUM OF E M I T T E D  CASCACE NEUTRONS 

o TO 1.oooooonF 03  M E V  0 OFL 

K.E. IS TdE CENTER OF T H E  ENERGY I N T E R V A L  1 %  MEV N ( E 1  IS THE F R A C T I O N  OF TOTAL NUMRER O F  E M I T T E D  NEUTRGNS/DELTA E 

&.E. 

20.00 

6 c. 00 

1oc.00 

140.00 

1RC. 00 

220.00 

260.00 

N (  E l  K.E. 

0.1187358E-01 300.00 

0.4409880E-02 340.00 

0.2470!. 03E-02 380.00 

0 145  928 ZE-C2 420.00 

0.9 18 28 02E-03 460.00 

0.6584567E-03 500.00 

0.4449032E-03 

N ( E )  K.E. 

0.3 772779E-03 540.00 

0.2740604E-03 580.00 

0.2 094943E-03 620.00 

0,202 8759E-03 660.00 

0.181520SE-03 700.00 

740. C O  0.12lO137E-03 

N I E l  K.E. 

0.1245729E-03 780.00 

0.13 8 8 0 0 8  E-01, e20.00 

0.8542141~-04 e.50.00 

0.11033606-03 ?OO.OO 

O.RR98064E-04 940.00 

0 6 0 5 0 6  8 3 E-04 SRO. 00 

N ( E )  

0.85421 41E-04 

0.1 13R%2E-O3 

0.1 I ~ ~ ~ S Z E - P ~  

0.1281321E-03 

0. 1 81 57 05 E-03 

0.1672836~-03 



NEUT CN P 8  I N C .  K.E. I M E V I  :S 1000.0 A IS 2 0 7 .  2 I S  82. 3000 I N C .  H I S T O P I E S  6.7 Y F V  CiJTr lFF EV. 

E N F R G Y  S P E C T R U M  O F  F Y I T T E O  C A S C A D E  P!+ 

0 TO 1 . 0 0 0 0 0 0 0 E  03 MEV 0 O F i  

K.E. I S  THE C E N T E R  OF T H E  ENERGY I N T E R V A L  I k  MEV N I E )  I S  THE F R A C T I O N  OF T O T A L  W M P F R  nF € M I T r C D  D I +  / D F L T P  E 

K.E. 

20.00 

60.00 

100.00 

140.00 

180.00 

220.00 

260.00 

N l  E l  K.E. 

0.1017699E-01 300.00 

0.7 964602E-02 340.00 

0 ~ 1 5 4 8 6 7 3 E - 0 2  jaC).oo 

0.1327434E-C2 420.00 

0.1327434E-C2 46G.00 

0. 500.00 

0.8849558E-03 

hl  E )  K.E. 

0.4424779E- 03 540.00 

0.221 23 S9E-03 580.00 

C. 442 4779 E-03 620.00 

0.4424779E-03 660.00 

0. 70P. 00 

0 .2212389E-03 7aC.00 

0. 

0 .  

r l .  

0 .  

0. 

0 .  

N l E I  K.E. 

760.00 

ezo .oo  

e6n.no 

soo. o n  

S40.00 

9 ~ 0 .  nn 

h ’ ( F 1  

0. 

0. 

c .  

n. 

0. 

0. 



I Y C .  I(.€. ( M E V )  I S  lDOO.O A I S  207.  Z I S  82. 3000 I N C .  H I S T D R I F S  5.7 MEV C U T O F F  EN. h E U T  ON P B  

ENERGY SPECTRUM OF E M I T T E D  CASCADE P I 0  

0 T O  1.0000000E 03 MEV 0 O F L  

K . E .  I S  T H E  C E N T E R  O F  T H E  E N E R G Y  I N T E R V A L  r N  M E V  N ( E )  I S  THE F R A C T I O N  @ F  T O T A L  N U M B E 9  O F  EMITTED P I 0  / D E L T A  E 

K.E. 

20.00 

60.00 

100.00 

140.00 

180.00 

220.00 

260.00 

N ( i )  K.E. 

0.836C927E-02 300.00 

0.6208609E- CZ 340.00 

0.3228477E-02 38C. 00  

0.1738411E-02 42C.00 

0.827 81 46E- 03 460.00 

0.4966887E-03 500.00 

0.8278 146E-03 

N (  E )  K.E. 

0.1407285E-02 540.00 

0.49668 87E-03 580.00 

0.57947C2F-03 620.00 

0.4139073E-03 660.00 

0 - 2  483444E-03 700.00 

0.6278146E-04 740.00 

N ( E I  K.E. 

0.  82781 4 6  E-04 780.90 

0. e20.00 

0. P60.00 

0. O@O.  00 

0. 5.40.00 

0. 580.00 

N ( E 1  

0. 

0. 

0. 

0. 

0. 

0. 



V E U T  ON P B  I N C .  K.E. ( f l E V )  I S  1OOC.O A I S  207.  Z I S  8 2 .  1000 I N L .  hIST@RIFS 5.7 MEV C c l T n F i  Fhl. 

ENERGY S P E C T R U M  OF E M I T T E D  CASCADE P I -  

0 i n  1.0000000~ 03 M F V  0 O F L  

K . E .  I S  THE C E N T E R  OF T d E  E Y E R G Y  I N T E R V A L  I h  MEV V I E )  IS T H E  F R A C T I O N  3 F  T O T A L  FIUMHER O F  E Y I T T E D  P I -  I D E L T A  E 

K.E.  

20.00 

60.00 

100.00 

140.00 

180.00 

220.00 

260.00 

N ( E )  K . E .  

0.9046693E-02 300.00 

0.6 6 6 3 4 2 4 E- 0 2 340.00 

0 - 2 8  210 12E- 02 380.00 

0.111 8 6 7 7 E - 0 2  420.00 

0.6 7546 64E- 03 460.00 

0.6268463E-03 50C. 0 0  

0.1070039E-02 

N( E) K.E. 

0.826 8 4  83E-03 540.00 

@.t322957E-03 580.00 

0.24 31 907 E-03 620.00 

0.34 046 69 E-03 660.00 

0.3404669E-03 7 C 0 . 0 0  

0.9727627E-04 740.00 

N ( E )  K . E .  

@ . & 8 6 3 8 ? 3 E - 0 4  7R8.00 

0. 870.0" 

0.4 863  8 13 E-04 F6n. 00 

0 .  $09.00 

0. =4n. 00 

0. 980.00 



NEUT CN P B  INC. K.E. ( M E V I  I S  1000.0 B IS 207. Z I S  82. 3000 I N C .  HISTOSIES 6.7 Y E V  CUTOFF EN. 

ENERGY SPECTRUM OF E M I T T E D  C A S C A D E  P A R T I C L E S  

0 TO 1000 M E V  

N(E)  I S  THE FRACTION OF TOTAL NUMBER OF EMITTED PARTICLES/OELTA E 
K.E. I S  THE C E N T E R  OF T H E  E N E R G Y  INTERVAL I N  MEV 

K. E. 

25.0 

75.0 

125.0 

175.0 

225.0 

275.0 

325.0 

375.0 

425.0 

475.0 

525.0 

575.0 

625.0 

675.0 

725.0 

775.0 

525.0 

875.0 

$25 0 

975.0 

PROTONS 
N ( E )  

0.1024000E-C1 

0.3405714E-02 

0.1045714E-02 

0 11 8 28 57E- 02 

0.725 71 43E-03 

0.542 8571E-C3 

0.2800000E-03 

0.297142 8E-03 

0.21 142 86E- 03 

0.1771429E-03 

0.211 428tE-C3 

0.19428 57E- C3 

0 205 7 1  43E- 03 

0.1657143E-03 

0.9714286E-04 

0.97142 S6E-04 

0.5142857E-04 

0.5142857E-04 

0.1257143E-03 

0.9142857E-C4 

N I S  3.SS99999E 00 

NEUTRONS 
N(E)  

0.1070900 E-01 

0.3439635E-02 

0.1 79 3 850 E- 02 

0.9 6241 46 E-03 

0.6548975 E-03 

0.4 10022 8 E-03 

0.2676537E-03 

0.2 39 1799 E-03 

0.1 850797E-03 

0.1907745E-03 

0. SlX0478E-03 

0.1281321 E-03 

0.9 3? 63 55 E- 04 

0.1025057E-03 

0.7118451E-04 

0.7 68 7927 E- 04 

0.1053531 E-03 

0.1195900E-03 

0.155 l4&l  E-03 

@. 173 6902 E-03 

Ir: I S  O.S99999?E 00 

N I S  ( S U M  OVER HISTnGRBH FROM 1 T@ 1000 Y E V )  (DELTA E )  

P I +  
N ( E )  

0.1044248E-01 

0 495 5 75 2 E-02 

0.1415929E-02 

0.1061947E-02 

0.17699 11 E-03 

0.7079646 E-03 

0.1769911 E-03 

0 5309734E-03 

0,3539823 E-03 

0.17699IlE-03 

0. 

e. 

0. 

0. 

0. 

0. 

0 .  

0. 

0 .  

0 .  

N I S  0.9?9599SE 00 

PI0 
N ( E )  

0.8344371 E-CZ 

0.4635767E-02 

0.2450331 E-C.2 

0.8609271E-03 

0.5960265E-03 

0.7947020E-03 

0.112582BE-02 

0.5ma013~-03 

0.4035762E-03 

0.13245@3E-V 

0.6622516E-04 

0. 

0. 

0. 

0. 

0. 

C. 

0 .  

0.  

0. 

4 I S  0.9999999E 00 

P I -  
N ( € )  

0.8949416E-l12 

0.5019455F-02 

n. I 5953?1 E-02 

0.8560?11E-03 

0.77a2101 E-03 

0.9727626E-03 

Pe8949416F-03 

0.2334630E-OJ 

0.3501945E-03 

0.2334630E-03 

0.77827 015-04 

n. 

0.389lC 5?F-  04 

0. 

0. 

0. 

0 .  

0. 

0. 

0. 

N IS 1.0n00@00E 00 



NEUT C Y  P 8  IMC. K.E.  ( M E V )  IS 1000.0 A I S  707. z I S  6 2 .  3000 i h c .  ~ I S ~ I I R I ~ S  

ML; 

0.975 
0.925 
0.875 
0.825 
0.775 
0.725 
0.675 
0.625 
0.575 
0.525 
0.475 
0.425 
0.375 
0.325 
0.275 
0.225 
0.175 
0.125 
0.075 
0.025 

-0.025 
-0.075 
-0.125 
-0.175 
-0.225 
-0.275 
-0.325 
-0.375 
-0.425 
-0.475 
-0.525 
-0.575 
-0.625 
-0.675 
-0.725 
-0.775 
-0.825 
-0.875 
-0.925 
-0.975 

AhGULAR DISTRIBUTION O F  EPITTED CASCADE PAPTICLES 

( F K A C T I C N  I N  EACH INTERVALl / (DELTA MU1 

MU I S  COSINE T i l E i A  AND SPECIFIES THE CFNTF-K  OF ? Y E  INTERVAL 

PROTON 

0.22342 F t E  C1 
0.1417143E 0 1  
0.1228571E 01 
0.1040000E 0 1  
0.977142qE 00 
0.96 C O O O O E  00 
0.8342857E 00 
0.7657143E 00 
0.6857143E 00 
0.6500000E O D  
0.6457143E 00 
C. 5314286E CO 
0.5257143E 00 
0.4057143E-00 
0.457142 9E-OD 
0.4971429E-00 
0.4571 42 9E-00 
0.4171429E-00 
0.400000CE-00 
0.3828571E-00 
0.37142 e6E-CO 
0.4057143E-00 
0.2800000E-00 
0.3142 857E-00 
0.2342857E-00 
0.2800000E-00 
O.2685714E-00 
0.1942857E-03 
0.2114286E-Oo 
0.2514286E-00 
0. 2171429E-00 
0.2457143E-00 
0.1428571E-00 
0.1942E57E-00 

0.1714286E-00 
0.16COOOOE-00 
0.1314286E-00 
0.1371429E-00 
0.131428CE-03 

o . i 1 4 2 e 5 7 ~ - 0 0  

NEUTRON 

0.2081 43 5E 01 
0.1304100E Oi 
0.993735EE 00 
0.9738041: 00 
0.9267382E 00 
0.5143508E c e  
0.8171Q82E 00 
0.78307Q6E 00 
0.7374715E 00 
0.6862187E 03 

0.689066lE 0 0  
0.5466970E 00 
0.5125285c 00 
0.5381549E P O  

0.4470387E-00 
3.4584282:-00 
0.421 412 3'-00 
0.4328018E-00 
0.41 85 64SE-00 
0.3416856E-00 
0.2562642E-00 
0.3530752E-00 
0.2790433E-00 
0.2961276E-00 
0.2875854E-00 
0.30466Q7E-00 
0.2107062F-00 
0.2107062E-00 
0.2334852E-00 
O.1$07745E-00 
0.1679954E-00 
0.1708428E-00 
0.1623007F-00 
0.1623C07E-00 
0.1822323E-00 
0.1509I12F-00 
0.1252847E-00 
0.1224374E-00 

n. 6 9 4 7 6 0 8 ~  09 

0 . 5 0 3 ~ 8 6 3 ~  00  

P I +  

0.1415929E 0 1  
C .  1238934E 01 
0.7079646E 00 
0.8849557E 0 0  
0.5309734F 00 
0.7079646E 3 0  
0.8849557E 0 0  
0.8849557E 00 
0 . 1 7 6 9 c l l E - 0 0  
0.7079646E 00  
0 .35398?3€-00 
0.3539823E-00 
0.707964hE 0 0  
0.3 53962 3 E -00 
0. 
0.7079646E 0 0  
0. 
0.5309734E 00 
0. 353° t?3E-00 
0. 

0. 
0. 
0.35 39 823E-00 
0.5309734E 0 0  
0.5309734E 00 
0.5309734E 00 

0.3539823E-00 
0. ?53982?E-O0 
0.7079646E 00 
0.3539823E-00 
0.7079t46E 0 0  
0.3539893E-30 
Cl.5309734E 0 0  
0.5309734E 0 0  
0.7079646E 00 
0. 
0.3539823E-00 
0.353?823E-00 

0 . 7 0 7 9 ~ 4 6 ~  no 

0 . 5 3 0 9 7 3 4 ~  0 0  



I N C I D E N T  I N C .  LAB. T A R G E T  NO. OF IMC. C U T O F F  G E O M E T R I C  NQ. OF I N C .  
P A R T I C L E  K.E.(MEV) S Y Y B .  A Z P A R T I C L E S  EN. (MEVI  X-SEC.(FnRl PAPT. C O L L I S I O N S  

NEUr  1000 p r j  207 82 o3oon 6.68 2 4 5 5 . 9  02002 

( O S I G M A / (  DOMEGA X D E )  l M B ) / ( S T € R A O I A N - Y E V l  
T Y P E  J F  C A S C A D E  J A R T I C L E  LAB. A N G U L A R  I N T E R V A L  ( D E G )  NO. OF CNERGY I N T E P V A L S  D E L T A  E ( M E V I  

P K O T O h  0. TO 10.00 2 5  4 0 . 0 0 C O  

I h T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T F R V A L  7 I V T E R V A L  8 

5 . 5 7 4 4 E  00 3 . 4 3 0 4 E  00 1 . 9 2 9 6 E  00 1 . 0 7 2 0 E  00 1 . 0 7 2 0 E  00 X . 0 7 2 0 E  00 1 . 2 A 6 4 E  00 1 . 0 7 2 0 F  00 

I Y T E K V A C  9 I Y T E K V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I Y T E R V A L  13 I N T E R V A L  1 4  I N T E R V A L  1 5  I N T E R V A L  1 6  

4 . 2 6 a o ~ - o i  6 .4320~-01 4 . 2 e 8 0 ~ - 0 1  P . ~ ~ ~ O E - C I  1 . 5 0 0 8 ~  00 1 . 7 1 5 ~  0 0  1 . 9 2 ~ 6 ~  or 2 . 7 8 7 2 ~  30 

I Y T E R V A L  17 I Y T E K V A L  1 8  I N T E R V A L  1 5  I N T E R V A L  20 I N T E R V A L  2 1  I N T E R V A L  7 2  I N T E R V A L  2? I N T E R V A L  2 4  

1 . 9 2 9 6 E  00 2 . 7 8 7 2 E  00 6 . 4 7 2 0 E - 0 1  4 . 2 3 8 0 E - 0 1  4 . 2 B S C E - 0 1  7.1440G-Fl ‘3. 4 . 2 8 8 0 E - 0 1  

I N T E R V A L  25  

1 . 7 1 5 2 E  00 

l D S I G M A / ( O O P E G A  X O E l  l M B I / l S T E R A D I A N - Y F V I  
T Y P E  3 F  C A S C A C E  P A R T I C L E  LAB. ANGULAR I h T E R V A L  I D E G l  NO. OF E N E R G Y  I N T E R V A L S  O C L T A  E ( I ” ; E V I  

PROTON 10.00 T O  30.00 ? 5  4 0 . 0 0 C O  

I h T E R V A L  I I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I C ’ T F R V A L  7 I N T E R V A L  8 

4 . 2 7 7 6 E  00 1 . 7 8 2 4 E  00 1 . 3 7 1 1 E  00 1 . 2 3 4 0 E  00 1 . 1 2 4 3 E  00  6 . 5 8 1 2 E - 0 1  h . 8 5 5 4 E - 0 1  4 .3875E-OX 

I N T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  13 I N T E R V A L  1 4  I N T F S V A L  1 5  I N T E R V A L  16 

4 . 9 3 5 9 E - 3 1  4 . 6 6 1 7 E - 0 1  5 . 2 1 0 1 E - 0 1  4 . 3 8 7 5 E - 0 1  3 . 0 1 6 4 E - 0 1  2 . 7 4 2 2 E - C l  4 . 6 6 1 7 E - 0 1  3 . 8 3 9 O E - 0 1  

I N T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  19 I N T E ‘ I V A L  20 I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  23  I N T E Q V A L  24 

2 . 1 9 3 7 ~ - 0 1  2 . 4 6 7 9 ~ - 0 1  2 . 1 9 3 7 ~ - 0 1  2 . 4 t 7 ~ ~ - o i  i . 0 9 6 9 ~ - 0 1  ? . 4 6 7 a ~ - o i  7 . 2 9 n 6 ~ - o i  ~ . ~ I ~ Z F - O I  

I N T E R V A L  2 5  

8 . 2 2 6 5 E - 0 2  



I N C I D E N T  I N C .  LAB. T A R G E T  NO. OF INC. C U T O F F  G E O M E T R I C  NO. OF I Y C .  
P A R T I C L E  K.E. IHEVI  SYMB. A Z P A R T I C L E S  E U . ( M E V I  X - S E C . ( M B I  P A R T .  C O L L I S I D Y S  

N E U T  1300 PB 2 0 7  8 2  03300 6.68 2 4 5 6 . 0  07OC2 

SUY J F  O S I G / ( D O M E G A  X D E )  X D E  E Q U A L S  0 . 1 4 1 5 E  04 M B / S T E R A O I A N  FClR C A S C A D E  P 9 0 T O N  W I T H  T H E T A  F R f M  0. TO ln.10 3EG 

A V E R A G E  ENERGY E Q U P L S  0 . 3 9 2 6 0 6 E  03 MEV F O R  C A S C A D E  P R f l T q H  h I T H  T H E T A  FR3M r). Tn 10."0 O E G  

SUM O F  @ S I G / ( O O Y E G A  X D E )  X DE E C U A L S  0 . 6 8 1 2 E  03 M B / S T E R A D ! A N  FO? C A S C A 3 E  PROTON W I T F  T H E T A  F R 3 M  10.1'? TC yO.O@ DEG 

A V E R A G E  E N F R G Y  EQiJALS 0 . 2 6 2 5 1 2 E  03  WEV FOR C A S C A D E  P k O T O N  W I T H  T H E T A  F R Y Y  10.90 10 3O.CC DES 
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SUM O F  O S I G / ( D O M E G A  X D E )  X D E  E Q U A L S  0 . 1 3 0 3 E  04 M B I S T E R A D I A N  F O R  C A S C A D E  N E U T R O N  W I T H  T H E T A  FROM 10.00 T O  30.00 DEG 

A V E R A G E  ENERGY E Q U A L S  0 . 2 6 8 3 5 0 E  03 Y E V  FCR C A S C A D E  N E U T R O N  W I T H  T H E T A  F R O P  10.00 TO 30.00 DEG 



I k C I  D E N T  I N C .  LAB.  T A R G E T  NO. O F  INC. C U T O F F  G E C l H E T R l C  N I ~ .  r F  I V C .  
P A R T I C L E  K.E. (MEV)  S Y M B .  A Z P A R T I C L E S  E N . ( M E V I  X - S F C e I Y R )  PART.  C 7 L L I S I O I \ I S  

NEUT 1006 PB 2 0 7  8 2  03000 6 - 6 8  2 4 5 5 . 9  02CF2 

I D S I G M A / ( C O M E G A  X D E )  ( M B ) / ( S T E R A O I A N - M E V l  
T Y P E  OF C A S C A D E  ? A R T I C L E  LAB. ANGULAR I N T E R V A L  ( 3 E G 1  NO. OF Fh;FRGY I N T F F V I L S  U E L T A  E ( M F V )  

N E U T R O N  30.00 T O  SC. OO 2 F  I .C. i lOCG 

i h l T E R V A i  1 I N T E R V A L  2 I k T E R V A L  3 I N T E R V A L  4 I W T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 C h l T E R V A i  8 

6 . 8 9 4 1 E  00 2 . 9 1 4 8 E  00 1 . 7 3 7 6 E  00 1 . 0 2 3 0 E  0 0  6 . 8 R 2 8 E - 0 1  4 . 5 8 8 5 E - C 1  3.'301(9F-01 2 . 6 7 0 4 E - 0 1  

I N T E R V A L  9 I N T E R V A L  1 0  I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  ?.4 T N T E R V 4 L  1 5  I Y T E R V A C  3 6  

1 . 4 2 9 2 E - 0 1  8 . 6 5 0 5 E - 0 2  7 . 8 0 8 3 E - 0 2  8 . 2 7 4 4 E - 0 2  4 . 1 3 7 2 E - 0 2  4 . 5 1 3 3 E - 0 2  ? . 7 6 1 1 E - 0 2  ? . Z 5 6 7 E - 0 2  

I N T E R V A L  1 7  I N T E R V A L  1 8  I N T E R V A L  19 I N T E R V A L  2 0  I N T E R V A L  2 1  I U T E R V A L  7 2  I N T E R V A L  7? I N T E R V A L  2 4  

=. 761 1 E-c?? 0. 2 . 2 5 6 7 E - 0 2  1 . 8 8 0 5 E - 0 2  0. 3 . 7 6 1 1 E - 0 3  0. 0. 

I k T I E K V A L  2 5  

0 ,  

( O S I G M A / ( O O M E G A  X Of 1 ( M B 1 / (  S T E Q A D I A N - Y E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  L A B .  ANGULAR I N r F R V A L  ( D E S I  N'I. OF E N F R G Y  I N T E R V A L S  D E L T A  E ( M F V )  

NE U T R 0 N 90.30 T 3  1R0.00 7 5  4 o . n n ~ o  

I N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T F R V P L  7 I U T F R V A L  R 

3 . 6 6 1 1 E  0 0  1 . 0 1 3 0 E  00 3 . 5 8 2 9 E - 0 1  1 . 9 8 6 9 € - ' 3 1  4 . 8 8 5 8 E - 0 2  6 . 5 1 4 4 E - 0 3  3 . 7 5 7 2 E - 0 3  3 - 2 5 7 2 E - 0 2  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  12 I N T E R V A L  13 I N T E R V A L  14  I N T E R V A L  1 5  I h l T E R V A L  1 6  

0. 0. 0. 0 .  0.  0. 0. 0. 

I N T E R V A L  17 I N T E R V A L  1 8  I N T E R V A L  19  i N T E R V A L  20 I N T E R V A L  21 I N T E R V A L  7 2  I k T E R V A L  2 ?  Y N T E R V b L  2 4  

0. 0. 

I N T E R V A L  2 5  

0. 

0. 0.  0. n. 0. n. 



I N C I D E N T  I N C .  L A B .  T A R G E T  NO. OF I N C .  C U T O F F  G E O M E T R I C  YO. O F  I N C .  
P A R T I C L E  K.E.(MEV) SYMS.  A Z P A R T I C L E S  E N . l M E V )  X-SEC.(MBI  PART. C C L L I S I O H S  

h E U T  1000 28 207 82 03000 6.68 ?455.9 02092 

SUM O F  D S I G I ( D 0 M E G A  X D E I  X D E  E Q U A L S  0.5949E 03 M B / S T E R A D I A N  F O R  C A S C A D E  N E U T R O N  W I T H  T H E T A  FROM 30.00 T O  90.00 D E G  

A V E R A G E  E N E R G Y  E Q U A L S  0.861?.05€ 02 M E V  F O R  C A S C A D E  NEUTRON W I T H  T H E T A  FROM 30.00 T O  90.00 DEG 

SLIM O F  D S I G l ( D 0 M E G A  X D E )  X D E  E Q U A L S  0.2117E 03 M B / S T E R A D I A N  F O R  C A S C A D E  N E U T R O N  WITH T H E T A  FROFI 90.00 TO 180.00 DEG 

A V E R A G E  ENERGY E Q U A L S  0 . 3 9 6 1 8 5 E  02  MEV FOR C A S C A D E  N E U T R O N  W I T H  T H E T A  FROM 90.00 T O  1R0.00 D E G  
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I N C I D E N T  I N C .  L A Y .  T A R G E T  NO. OF I N C .  C U T O F F  G E O M E T R I C  YO. OF I Y C .  
P A R T I C L E  K .E . (MEV)  SYMB. A Z P A R T I C L E S  E N . I M E V 1  X - S E C . l Y B 1  P A R T .  C C L L I S I O M S  

YidlT 1000 P B  207 8 2  0 3 0 0 0  6.68 2455.9 O Z ' J 5 2  

NO. OF T I M E S  S P E C I F I E D  
P A R T I C L E  I S  E M I T T E D  ON T H E  F I R S T  
INC.  P A R T I C L E  C O L L I S I O N  D I V I D E D  
B Y  T H E  NU. OF T I M E S  ? H E  I N C .  
P A R T I C L E  T Y P E  I S  E M l l T E D  

N E U T R O N  5 0 . 1 1 0 6 2 E - D O  

PION A B S O R D T I O N  
C R O S S  SECT. ( M B I  

P 1 3 N  CHARGE 
F X C H A N G E  C R n S S  SECT. ( I 4 6 1  



I N C I D E N T  
P A R T  I C L E  

I N C .  LAB.  
K.E. ( M E V I  

T A R G E T  
SYMB. A 2 

NO. OF I Y C .  
P A R r  I C L E S  

C U T O F F  G E O M E T R I C  
EN. ( M E V )  X-SEC. ( M E )  

NO. OF I N C .  
PART. C O L L I S I O N S  

N E U T  1000 PB 207 8 2  03000 6.0P 2 4 5 5 . 9  0 2 0 9 7  

( O S I G M A / (  DOYEGA X D E )  ( F B I  / (  S T E R A D I A N - P E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. A N G U L A R  I N T E R V A L  ( D E G )  NO. O F  E N F R G V  I N T F R V A L S  D E L T A  E ( M E V )  

P I +  0. T O  75.00 2 5  40.0000 

I N T E R V A L  1 I Y T E R V A L  2 I N T E R V A L  3 I h T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  8 

1 . 0 4 2 9 E - 0 1  6 . 9 5 3 0 E - 0 2  3 . 4 7 6 5 E - 0 2  0. 3.4765~-02 0. 3 . 4 7 6 5 E - 0 2  0. 

I N T E R V A L  9 I V T E R V A L  10 I V T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  13 I N T E R V A L  1 4  I N T E R V A L  1 5  I Y T E R V A L  16 

3 . 4 7 6 5 E - 0 2  6 . 9 5 3 0 E - 0 2  3 . 4 7 6 5 E - 0 2  0. 3 . 4 7 6 5 E - 0 2  0. 0. 0. 

I N T E R V A L  1 7  I Y T E R V A L  18  I N T E R V A L  19  I N T E Q V A L  20 I N T E R V A L  2 1  I N T E R V A L  2 2  I Y T E R V A L  2 ?  I V T E R V A L  24 

0. 0. 0. 0. 0. 0. 0.  0. 

I h T E R V A L  2 5  

0. 

( O S I G M A /  ( D O P E G A  X D E I  ( M B )  / (  S T E R A O I A N - M E V )  
T Y P E  O F  C A S C A C E  P A R T I C L E  LAB.  AYGULAR I N T E R V A L  ( D E G )  NO. OF E N E R G Y  I N T E R V A L S  D E L T A  E ( M E V )  

P I +  2 5 - 0 0  T O  75.00 2 5  40.0000 

l N T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E Q V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  6 

7 . 0 4 2 7 E - 0 2  6 . 0 3 6 6 E - 0 2  1 . 5 0 9 2 E - 0 2  2 . 0 1 2 2 E - 0 2  2 . 0 1 2 2 E - 0 2  0. 1 . 5 0 9 2 E - 0 2  1 . 0 0 6 1 E - 0 2  

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  1 3  I N T E R V A L  1 4  I N T E R V A L  1 5  IV?ERVCAL 1 6  

D. 0. 5 . 0 3 0 5 E - 0 3  0. 0. 0. 0. 0. 

I N T E 9 V A L  17 I N T E K V A L  1 8  I N T E R V A L  19 I N T E R V A L  2 0  I N T E R V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  2 3  I N T E Q V A L  24 

0. 0. 0. 0. 0. 0. 0. 0. 

I h T E R V P L  2 5  

0.  



IYCI D E N T  I N C .  LAB.  T d R G E T  NO. OF I N C .  C U T O F F  G E O M E T R I C  NO. C'F I N C .  
P A R T i C L E  K.E. l !4EV) SYMB. A Z P A R T I C L E S  EN. IMEV)  X-SCC.(RBI PART. C D i L I S I l M S  

N E U T  1000 P B  2 0 7  C Z  0 3 5 0 0  6.68 2 4 5 5 .  S 0 2 0 9 2  

SUM O F  D S I G / ( D O M E G A  X 3E) X D E  E Q U A L S  0 . 1 8 0 P E  02 M B / S T E R A O I A N  F O R  C A S C A D E  P I +  W I T H  T h E T A  FROM G. TO 7C.nO DFG 

A V E R A G E  E N E R C Y  E Q U A L S  0 . 2 1 0 7 6 9 E  03 MEV F O R  C A S C A O E  P I +  W I T H  T H F T A  F R O M  P. TCJ 25 .00  C G G  

S L I M  O F  D S I G / ( S O M E G A  X DEI X D E  E Q U A L S  0.E652E C 1  M B / S T E R A D I A N  F O R  C A S S A D E  P I +  W I T H  T H E T A  FROH 25.00 TO 7 5 . 0 0  D F G  
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AVERAGE E h E R G Y  E Q U A L S  0 .272756F  03 MEV F O R  C A S C A D E  P i -  W i T H  T H E T A  F 7 O H  C. Ti3 25 .C"  D'G 

SUM OF O S I G / ( D O Y E G A  X O E )  X D E  E C U A L S  0 . ? 8 4 3 E  02 M B l S T E R A D I A N  FOQ C A S C A D E  P I -  W I T q  I b ' E T A  FilCiM ''5.qO T O  7 5 - 0 0  CFG 

A V E R A G E  ENERGY E Q U A L S  0.136859E 03 MEV F O R  C A S C A D E  P I -  W I T H  T H F T A  FROM 2 5 . 0 0  T 9  75.P0 D F G  



NO. OF I N C .  IYCI D E N T  IlrC. L A B .  T A R G E T  NO. OF I N C .  C U T O F F  G E O M E T R I C  
P A R T I C L E  K.E.(MEV) SYHB. A 2 P A R T I C L E S  EN. (MEVI  X-SEC. ( Y B )  PART.  C O L L I S I O N S  

N E U T  1000 P e  207 e2 03000 6.68 2 4 5 5 . 9  0 2 0 9 2  

( D S I G M A / ( D O M E G A  X D E )  ( M B l / ( S T E R A O I A N - M E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. ANGULAR I N T E R V A L  ( D E G I  NO. OF ENERGY I N T E R V A L S  O E L T A  E ( M E V )  

P I -  75.00 TO 130.00 2 5  40.00CO 

I h T E R V A L  1 I N T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I N T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I N T E R V A L  8 

3 . 3 5 4 8 E - 0 1  2 . 3 1 2 1 E - 0 1  1 . 3 0 0 6 E - 0 1  2 . 5 2 8 9 E - 0 2  1 . 0 8 3 8 E - 0 2  0. 3.6177E-03 3.6127F-03 

I N T E R V A L  9 I N T E R V A L  10 I N T E R V A L  11 I N T E R V A L  1 2  I N T E R V A L  13 I N T E R V A L  1 4  I N T E R V A L  1 5  I Y T E R V P L  16 

0. 0. 0.  0. 0. 0. t. 0. 

I Y T E R V A L  17 I N T E R V A L  1 8  I V T E R V A L  15 I N T E R V A L  2 0  I N T E 9 V A L  2 1  I N T E R V A L  2 2  I N T E R V A L  2 3  I N T F R V A L  24  

0. 0. 0. 0. 0.  0. 0. 0. 

I N T E R V A L  25  

0. 

( D S I G M A / ( C O M E G A  X D E 1  ( Y B I / ( S T E R A D I A N - M E V )  
T Y P E  OF C A S C A C E  P A R T I C L E  LAB. A N G U L A R  I N T E R V A L  ( D E G )  NO. OF E N E R G Y  I N T E R V A L S  O E L T A  E ( M E V )  

P I -  130.00 T O  180.00 2 5  40.0000 

I N T E S V A L  1 I h T E R V A L  2 I N T E R V A L  3 I N T E R V A L  4 I W T E R V A L  5 I N T E R V A L  6 I N T E R V A L  7 I Y T F R V A L  8 

3 . 4 6 5 G E - 0 1  2 . 4 6 2 0 E - 0 1  4 . 5 5 9 2 E - 0 2  0. 9 . 1 1 8 3 E - 0 3  0. 0 .  0. 

I N T E R V A L  9 I N T E R V A L  10 I Y T E R V A L  11 I N T E P V A L  1 2  I N T E R V A L  13 I N T E R V A L  14 I N T E R V A L  1 5  I N T E R V A L  7.6 

0. 0. 0.  0. 0. 0. 0. 0. 

I h T E R V A L  17 I N T E R V A L  1 8  I V T E R V A L  1 4  I N T E R V A L  2 0  I N T E R V A L  2 1  I k T E R V A L  2 2  I N T E R V A L  2? I ’ U T F R V A L  24  

0 .  0 .  0 .  0. 0 .  0. 0.  0. 

I h T E R V A L  25 

0. 
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N E U r  1000 PB 2 0 7  8 2  03009 6.68  7 4 5 5 . 0  O Z O C ?  

SUM OF D S i G / ( D O M E G A  X D E )  X D E  E Q J A L S  3 . 2 9 6 2 E  02 M B / S T E R A S I A N  F O R  C A S C A a E  P I -  W I T H  T P E T A  V V M  7 E . O O  TLI 173.00 D ” G  

A V E R A G E  E Y E R G Y  E Q U A L S  0 . 5 5 5 1 2 2 ~  o z  M E V  FOR C A S C A D E  PI- WITH T H E T A  F R O M  75.nn 10 iqo.00 n f G  

SUM OF O S I G / ( D O M E G A  X D E )  X D E  E G U A L S  0 . 2 5 9 0 E  02  M B / S T E R A D I A N  FOR C A S C A D E  P I -  W I T H  T H E T b  F R n M  l 2 O . 0 O  T’I 1RP.CO P F G  

A V E R A G E  ENERGY E Q U A L S  0 . 4 3 0 9 8 6 E  0 2  H E V  F O 1  C A S C A D E  P I -  W I T H  T H E T A  F R O M  13C.00 T’I 180 .00  DFG 
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I N C I D E N T  INC. LAB. T A R G E T  NO. O F  I N C .  C U T O F F  G E O M E T R I C  NO. OF I N C .  
P A R T I C L E  K.E.(MEVI SYMB. A 2 P A R T I C L E S  EN.(MEVI X-SEC.(MB) PART.  C O L L I S I L l N S  

N E J T  1000 PB 207 a 2  03000 6.hR 2455.9 02092 

NO. OF T I M E S  S P E C I F I E D  
P A R T I C L E  I S  E M I T T E D  ON T H E  F I R S T  
INC.  P A R T I C L E  C C L L I S I O N  O I V I O E D  
B Y  T H E  hO. OF T I M E S  T H E  INC. 
P A R T I C L E  T Y P E  I S  E M I T T E D  

P I  - 0.29572 E - 0 0  

P I O N  A B S O R P T I O N  
CROSS SECT.  I M B )  

P I O N  C H A R G E  
E X C H A N G E  CROSS SECT. I M B )  

A N G U L A R  O I S T K I B U T I O N  OF T C O  C A S C A D E  PROTONS AS A F ' J N C T I O N  OF T H E  ANGLE, XI BETWEEN THEM. 

'ISIGMA / DCMEGA ( M B  I S T E R A D I A N )  

( R E A C T I O N S  C O N T R I B U T E  WHElv T H E R E  A R E  NO P I O N S ,  O N L Y  TWO PROTONS, A N 0  ANY NUMRER O F  N E U T R O N S  E M I T T E D )  

X FROM 

0 - 2 0  DEG 20  - 40 40 - 60 60  - BO EO - 100 100 - 120  120 - 140 140 - 160 160 - 180 

4 
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0 . 1 7 2 8 E  02 0 . 2 1 7 6 E  C2 C.2351E 02 0 . 1 9 9 6 E  0 2  0 . 1 6 1 3 E  02 0 . 1 9 5 6 E  02 O . l t 6 5 E  0 2  O.1276E 07 @ . 1 5 ? 2 E  02 
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2 i 7  

206 

2 0 5  

204 

203 

202 

2CI 

200 

1 1 9  

14% 

197 

196 

iY5 

C A b t  N U M B E R  207 821000 1 
UIST9  I hUT IUFI OF A E S I D U A L  “rCLE I F O L L O H I l v G  E V A P O H A T  I O N  

2 

8 3  
82 
81  
8 3  
8 2  
81 
83  
82 

8 0  
8 3  
M2 
51 
80 
8 3  
82 
81 
8 0  
7 9  

e2 
81 
80 
8 3  
82 
81. 
e o  
7 ’3 
83 
82 
8 1  
80 
79 
M 3  
82 
8 1  
110 
83 
8 2  
91 

8 2  
81 
a0 

83 
82 
81  
b o  
7 9  
7 6  
d 3  
32 
E l  

8 1  

a3 

ao 

7 9  

03 

NdIMSER OF NUCLEI  

1 
5 
1 
1 

1 0 4  
5 8  

4 
29 
27 

2 
2 

27 
21 
4 
1 

1 9  
5 
3 
2 
2 
17 
1 6  

5 
5 

18 
2 0  

2 
1 
1 

18 
1 7  
4 
1 
4 

2 4  
1 6  

5 
2 

1 4  
9 
6 
6 

14 
8 
3 
1 
6 

11 
4 
1 
1 
1 
6 

1 4  
1 1  

CnOSS SECTION I H B )  

0.82  
4.09 
0.82 
0.82 

85.14 
47.48 

3.27 
23.74 
22.10 

1.64 
1.64 

22.10 
17.19 

3.27 
0.82 

15.55 
4.09 
2.46 
1.64 
1-64 

13.92 
13.10 

4.G9 
4.09 
14.74 
16.31 

1.64 
0.82 
0.62 

14.74 
13.Y2 
3.27 
0.82 
3.27 

19.65 
13.10 
4.09 
1.64 

11.46 
7.37 
4.91 
4.91 
11.46 
0.55 
2.40 
0 .82  
4.41 
Y.UO 
3.27 
0.82 
0 . 8 2  
0.c2 
0.55 

11.46 
9.00 



C A 5 E  h U H h t K  LO7 8 2 ; 0 0 0  1 
D l  ST3 IBUTIUN rJF iit 5 I3UAL N U C L E I  + i l c L U h l k G  t V A ? i l R A T  ItJN 

A 

195 
194 

193 

192 

191 

190 

18s  

1 R R  

1 6 7  

186 

185 

1114 

z 
7 6  

8 1  
80 
7Y 
8 2  
81 
80 
7 9  

8 2  
81 
80 
7 9  
7 8  
8 2  
81 
80 
79  
R2 
H1 
80 
79 
78 
81 
80 
7 9  
7 8  
7 7  
8 2  
8 1  
H O  
79 
78 
77 
7 6  

80 
79 
78 
76 
6 1  
8 0  
7 9  
7 8  
77  
8 2  
8 1  
5 0  
79 
78  
77 
8 1  
8 0  
7 9 

a 2  

78 

a i  

1 
12 

12 
2 
6 

22 
1 4  

4 
2 
9 

1 4  
6 
2 
1 
2 

15 
1 8  
t 
9 

14 
10 
1 
2 

21 
19 
11 
1 
1 
2 

13 
15 

4 
4 
1 
1 

1 1  
16 
7 
2 
1 
4 

14  
1 3  

3 
3 
1 
8 
6 

1 1  
3 
1 
3 

15 
14  

7 

C . d 2  
3.112 
5 .73  
9.82 
1.64 
4.Y1 

18.31 
11.46 

3.27 
1.64 
7 .37  

1 1 . 4 4  
4 .91  
1.04  
0.82 
i . 6 4  

l 2 . Z d  
14.14 
4.91 
7.37 

11.46  
8.151 
0 .82  
1.44 

17.19 
15.35 
9 . 0 s  
3 . 8 2  
cJ.82 
1.64  

13.64 
1 2 . 2 8  

3 .27  
3 . 2 7  
i i .82 
0.92 
9.00 

ij. 10 
5.73  
1.64 
3 . d Z  
4.91  

1 1 . 4 6  
10 .64  
2.46 
2 . 4 0  
0.dL 
0.55 
4 . 9 1  
9 .00  
?.40 

2.46  
12.28 
11.46  

0.62 



L I I S T X I B U T I O ~  OF : < E S I U U A L  kUCLE1 FOLLUHING t V A P O X A T I O N  

a 

184 

1 b3 

1 8 2  

181 

1 RC 

179 

178 

177 

176 

115 

i74  

173 

172 

L 

78 
77 
8 1  
80 
79 
78 
77 
RCI 
79 
78 
77 
76 
80 
7 9  
78 
77 
60 
79 
7 8  
77 
76 
79 
78 
77 
76 
7 5  
79 
73 
77 
76 
78 
77 
7 6  
77 
7 6  
75  
73 

76 
75 
72 
77 
76 
75 
7+ 
73 
77 
76 
7 5  
74 
7 7  
7 h  
7 5  
74 
7 3  

77 

lvJhnCR UF NUCLEI 

7 
3 
1 
9 

13 
8 
1 
6 

22 
1 2  

5 
2 
2 
9 

22 

1 
10 
22 
13 

2 
2 
8 

1 2  
1 
1 
1 

27 
11 
4 

10 
21  
1 4  
15 
9 
8 
2 
10 
24 

7 
1 
1) 

14 
12 
4 
1 
1 

1 5  
20 

E 
1 

23 
11  

8 

Lt 

3 

C R O S S  S t C T I i i Y  ( N 8 )  

5.73 
2.46 
0.82 
7.37 

10.64 
6.55 

4.91 
18.01 
9.82 
4.09 
1-04  
1.64 
7.37 

18.01 
6.55 
3.87. 
u. 1 9  
18.01 
1uIb4 
1.64 
1.04 
6.55 
Y.82 
0.82 
0.82 

22.10 
9-00 

8.19 
17.19 
11.46 
11.28 

7.37 
6.55 
1.64 
8.19 
19.05 
5.73 
0.82 
2.+b 

11.46 
9.Y2 
3-27  
C.d2 
0.82 

9-82  

3.a2 

3-27 

12.28 
1Q.37 
b. 5 5  
J .Y2  
3.27 

15-37 
9.00 
2.44 

C A S E  N U M B E R  207 821000 1 
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CASE w m t n  2 0 7  821000 1 

A 

155 

154 

153 

152 

151 

150 

149 

148 

147 

145 
144 

143 
142 

140 
139 

137 

D I S T R I ~ U T I O k  OF RESIUUAL FcUCLkI FULLOwlNG E V A P U K A T I G N  

2 

6 b  
67 
69 
6 8  
67 
69 
63 
67 
68 
67 
66 
6 5  
68 
67 
6 6  
67 
65 
6 5  
67 
66 
67 
06 
6 b  
65 
64 
Q4 
6 3  
63 
64 
63 
62 
6 2  
62 
61 
58 

N U M B E K  O F  NUCLtI 

14 
1 
4 
9 
5 
1 
10 
1 
6 
3 
1 
1 
1 
4 
3 
2 
1 
1 
2 
b 
1 
9 
3 
6 
4 
3 
1 
2 
1 
1 

C R O S S  S t C T I U N  ( M e )  

11.46 
0.82 
3.27 
7.37 
4.09 
3.82 

0.82 
4 - 9 1  
2.46 

0.82 
9.82 
3.27 
2.46 
1.64 
0.X2 

1.64 
4.91 
0.82 
7.37 
2.46 
4.91 

2-46 
0.82 
1.64 
0.82 
C.82 

n .  19 

U.a2 

0.~2 

3.27 

b.82 
3 - 8 2  
0.82 
0.82 
0.d2 



Y O M t - Y T S  ,iF THE E V E K G Y  U I S T K I J U I  I O d S  F O R  T d E  F U L L 3 d I N G  c V A P O d A i I U N  D & K T  L C L t S  

N [I 0 Tlc ON S P K 3 T L l N S  OEUlLHUNS T K I T U Y S  1 t 3  A L P H A 5  
1 S T  MLIY. 4.65X14i 00 1 .35756t  d l  1.4063fJE 0 1  l .bH383t  0 1  2 . 7 6 2 2 1 t  L 1  2.67bU9t U I  
2NO Y U Y .  4.007COE GI Z.06622E 32 2.4U667E C-2 L . r X 3 3 2 t  0 2  t i .039b5E L l  7./+4C37E u 2  
3 R O  MOM. 5.179771 0 2  3.oCn37t 03 4 . 4 7 2 7 0 t  03 5 .51372t  03 2.4Y095E 04 r.166Y6E 0'1 

F I U A M A L I Z k U  L V A P O R A f I Y h  h l U l  5 P E C T K U Y  
( E  S P - C I t I E S  THt LOWER t N t K G Y  L I M I T  OF i t l E  I N T t K V A L  I N  M t V l  

E 

0 0.C59619 9 . 3 9 5 8 8 Z  0.124155 li.131223 0.140125 3.166514 0.161033 0.168115 0 .171711 0 .111711 
1 0.173018 13.170867 C.lhM400 O. lbb715 3.164413 0 .156r23 J .1604 i t i  0.103798 J . i e 4 4 1 3  u.162262 
2 0.146433 0.148433 C.154272 U.144745 il.15U277 0.153194 d .143621 U.138599 3.124155 u.1>>374 
3 0.123849 9.131838 C.122926 0.127843 IJ.1253R4 3.123467 0 . 1 l i ) O l B  0.118623 0 .10b331 b . l b 3 8 7 2  
4 u.110318 0.103565 C.101106 0.11835d9 0.09342, 3.063dY7 U.Odih663 3.094655 3.~117277 O . O B ( i V l L  
5 0 .076214 0.386603 0.0d3824 0.572833 0 . ~ 7 3 1 4 1  0.070990 0.O6Y760 0 . 0 6 3 5 2 i  3 . ~ 7 1 2 9 7  U.055UOY 
6 0.062077 0.361453 C.Gh177C 0.C556.24 0.U62077 0.054037 3.05503Y 0.055760 0.d55UU9 ~1.04dL48 
7 0.051314 0.J57160 C.04'1253 0.04b454 3.0457'90 0.3457110 0.344860 5 ,042409 3.113YY51 u . 3 4 3 3 3 1  
8 0.040258 0.033190 0.356261 0.U.)i(139 11.U4U565 iJ.330424 0.33087U 0.03d414 u .u33497 L.u2Hu30 
9 0.0288811 0.026736 0.027658 0.027351 0.031346 O.UL7351 3.075507 0 .327331 0 .026756 U.3~52lJU 

1 0  0.021512 3.924P92 C.CL6122 0.U24273 0.021205 0.018740 0.019975 O.II13YL9 J.215366 U.,L4278 
11 0.019361 0.021512 L . L l 6 9 0 1  L . l i l 6 2 8 8  0.(114136 d .019361 U.021819 L - 0 1 7 5 1 7  3.015673 0 . ~ 1 7 5 1 7  
1 2  C.Cl3522 0.314444 0 .015366 0.014751 0.010755 0.013522 0.01505ti 0.014751 U.u12600 0.0LYZ19 
13 0.010141 0.017293 C.CI2293 0.r116713 0 .011063 0.01,0b3 0.039834 U.LlO95.27 3.0670d3 0 .011371 
14  0.006761 9.008297 C.010449 0.011371 O.OU76Uj 0.ilC9834 O-UO7990 U.111182Y7 U.bU7376 U.UU737b 
1 5  0.007065 0.005839 0.00'1219 0.006761 0.007990 0.006454 0.005d39 0.036454 u.uU7'190 U.005b8B 

1 7  0.003380 0.004'917 0 .00 jY95 0.004610 U.003073 c i . ~ O s 5 1 2  3.0U36Yh i l .LL5395 0 . ~ J 2 4 5 9  3.Lb3U73 
1 8  0.034302 0 .002766 G.0036dH 0.JCO922 C.UO4610 5 .0C3013  3.002766 0.0b27.56 0 . ~ ~ 3 9 9 5  0 . L U L l 3 i  
19 0.001844 0.003C74 ( .005532 0.3C4610 O.GO2151 O.ul '3073 0.003351l G.OU2766 0.00243Y 3.003073 
2 0  0.003073 0.002151 0 . 0 u i 8 4 4  0.301844 3.CU1537 O.UGlS37 d.OO1844 3.303573 3.302766 U.udIZ2Y 
2 1  d.001844 5.302459 0.002151 0.001844 0.000922 ~ I . 0 0 ~ 5 3 7  O.OC'1844 J.COl844 0.000922 0 .0UL~5:  
2 2  O . C O 0 6 1 5  0.001844 C.001229 0.001229 0.00!229 O.OUl537 0.002459 0 . ~ 0 1 8 4 4  3.002766 0.0LO922 
2 3  0.001537 0.001537 C.001229 O.qO2151 3.001537 0.001844 0.000307 0.0iib922 U.dJUbl5 U.Uuubl5 
2 4  0.001537 3 .00U ' ;ZZ  C.000922 3.0012L9 3.00U6L5 O.ODObi5 0.UL0'122 O , C 0 0 3 3 1  O.UUUol5 O.OOU307 

1 6  r .005532 0 . 0 ~ 5 3 2  o.oob140 o.i)u399> J . O U * J O ~  U . O O L ~ ~ S  u . u o 4 6 i o  - 1 . ~ ~ 5 5 3 2  J.OO+JOL o . u u 5 i l 3 ~  
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N U N M A L I Z E U  E V A P G R A T I U N  P h C T U N  SPECTRUM 
( F  SPtLIFIES T P E  LCIWER kNtK6Y L I Y I T  OF T H E  I N T E P ~ V A L  I N  H E Y )  

E 

0 0 .  0. 0. 0. 0. 0. G. 0. 0. 0. 
1 1. 1) . C. 0 .  0. Ll. 0. 0 .  0 .  0. 
L 3. 0 .  0. 0 .  0. 0. 0. 0 .  0. 0 .  
1 3. 0. 0. 0. 0. 0. 0. 0. 0. U .  
4 U. L. 0. 3. 3 .  0.  5. 0. 0. 6. 
5 (1. 0.  0. 0. 0. 0.  0 .  0. 0.  0. 
6 3 .  0. 0. 0.  0. 0. 0. U .  0. 0. 
7 0. 0 .  6. 0 . 3 .  0. 5.032352 0.204704 0.011759 0.007053 
8 0.02351Y 0.0395dl 0.061148 O.ii7C555 0.084666 0.1081ar 0.108184 0.091722 0.131703 0.122295 
9 3.1387511 0.124t47 0.129351 0.?11!536 0.152277 0 . 1 8 ~ 1 4 7  0.1765db 0.155221 0.120999 U.1649MO 

10 0.141110 0.150517 3.143462 0.15522i U-138758 0.129351 0.124647 0.129351 J.136406 0.117592 
11 0.115240 0.115240 0.115240 0.138153 d.124647 0.134355 U.122295 0.387018 O.?2L2Y5 O.llLdt38 
12 J.145833 O.liI59L C.122295 O.lOL12Y 0.131703 O.OY6it25 ti.\OHlH4 0.10112J 0.094073 U.d/9962 
1 3  J.1399370 0.077611 0.119944 0 . d d l ~ l R  U.07d535 0.375259 d.375259 0.G5174u 0 . ~ 7 7 6 1 1  U.072907 
14  C.Oh.3203 0.053796 0.012907 0.056444 0 . C 8 4 6 6 6  0.063203 0.365503 0.065851 d.0>1740 0.051740 
15  0.043203 0.024C.12 0.099389 0.054092 0.C51740 3.053444 0.032Y26 0.051740 ti.349389 0.04r485 
16 0.054092 0.042333 0.047C57 J.0+2333 0.047317 0.037629 0.044485 0.064685 J.u.12333 d.33Y981 
17  0.042333 0.037629 0.04937‘) 3.039981 U . @ 2 8 2 2 L  0.225870 J.w30:74 0 . ~ 2 5 8 7 0  0.L42333 ~1.020574 
I S  i7.(125370 O . U L J , Z L Z  3.3.17629 3.042333 C.037629 0.03057+ 0.04itbU5 0.023516 0.037629 0.039991 
IY 0.039981 0 .03 iJ574  C .037627  q.032926 U.014111 3.037629 (1.030574 3.037629 3.u2587U U.LU94U7 
2 0  (1.021167 3.018815 0.002352 0 .021167 6.011759 0.010463 0.014111 0.018813 J .Ll6463 O.Oldbl5 
L 1  0.021167 3.211759 C.Ols4o3 0.031’574 5.018815 O.ObY407 0.018alr 3.018815 3.014111 0.002352 
22 0.007352 3.304704 C.013815 0.023518 0.011759 0.1116463 0.014111 3.009407 0.u235ld U.311759 
23 0.014111 u . S l s l l 1  v.004704 C.007055 5.018815 0.014111 0.007055 0.011759 3.Ut1759 U . 0 ~ 4 1 0 4  
2 4  P.009407 u.316463 P.CO9407 G . 0 O Y 4 0 7  0.009407 0.007055 0.002152 2.004704 O.uO9407 O.bU4704 
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