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A TEST OF NEUTRON TOTAL CROSS-SECTION EVALUATIONS FROM 
0 .2  TO 2 0  MeV FOR C ,  0 ,  AI.,  S i ,  Ca, Fe,  AND S i 0 2  

F. G.  Yerey, T. A. Love and W. E. Kinney 

ABSTRACT 

Neutron t r ansmiss ion  measurements from 0.2 t o  20.0 
MeV have been made f o r  t h e  s h i e l d i n g  materials carbon,  
oxygen, aluminum, s i l i c o n ,  calcium, i r o n  and the com- 
pound s i l i c o n  d iox ide .  The measurements w e r e  performed 
a t  the  ORELA Shield T e s t  S t a t i o n  wi th  a r e s o l u t i o n  of about 
0 .12  nsec/meter on sample t h i c k n e s s e s  varying from 0.65 
t o  0.9 atoms/barn. The Lransmission measurements w e r e  
compared w.i t h  t h e  p r e d i c t i o n s  obtained from the Defense 
Nuclear Agency eva lua ted  c ros s - scc t ion  l i b r a r y .  Since 
t h e  t o t a l  c ros s - sec t ion  f i l e s  € o r  these elements are 
a l s o  t h e  ones p r e s e n t  i n  t h e  ENDF/B-T'LI l i b r a r y ?  we are 
a l s o  checking i t s  t o t a l  c r o s s - s e c t i o n  files f o r  all of t h e  
elements w i t h  t h e  excep t ion  of oxygen, There are 
s e r i o u s  d i s c r e p a n c i e s  between o u r  data and the p r e d i c t i o n s  
bascd on the evaluated f i l e s  = These  d i s c r e p a n c i e s  are 
o f t e n  l a r g e  i n  t h e  energy r eg ion  from 0 .2  to 0.6 MeV. 

-.---- 

I. INTRODUCTION 

I n  t h i s  r e p o r t  w e  p re sen t  some results of neu t ron  uncol l ided f l u x  measure- 

ments whPeh w e r e  performed a t  t h e  ORELA Sh ie ld  T e s t  S t a t i o n .  These measure- 

ments were undertaken t o  provide a test  of the neu t ron  t o t a l  c ros s -  

section f i l e s ,  from 0.2 t o  2 0  MeV,  of a few important: s h i e l d i n g  materials 

i n  t h e  DNA c ross - sec t ion  l i b r a r y  f o r  moderately deep t r a n s p o r t  app l i ca -  
I 

t i o n s ,  i.e. f o r  between 0.5 and 1 atom pear barn of material. The neutron 

t r ansmiss ion  d a t a  ob ta ined  f o r  carbon,  oxygen, aluminum, s i l i c o n ,  calcium, 

i r o n  and the  compound s i l i c o n  dioxi.de a t  a r e s o l u t i o n  of about 0 .12  nsec/m, 

are compared w i t h  p r e d i c t i o n s  based on t h e  t o t a l  c ros s - sec t ion  f i l e s  of 

t h e  DNA s h i e l d i n g  c ross - sec t ion  l i b r a r y  as of J u l y  1972.  Since the t o t a l  

c ros s - sec t ion  f i l e s  f o r  t h e s e  elements are a l s o  t h e  ones used i n  the 

ENDF/B Version I11 l i b r a r y  d a t a  se t ,  our d a t a  also provide a test f o r  t h e  

ENDF/B 111 e v a l u a t l o n s .  
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These t r ansmiss ion  checks are  necessary because the  t o t a l  cross-  

s e c t i o n  e v a l u a t i o n s  are based on measurements from v a r i o u s  sources  u s i n g  

d i f f e r e n t  techniques covering d i f f e r e n t  energy r eg ions  and of t en  wi th  

inadequate energy r e s o l u t i o n  t o  r e s o l v e  all- of t he  s t r u c t u r e  i n  t h e  

c r o s s  s e c t i o n s .  This s i t u a t i o n  r e s u l t s  i n  twc~ major sources  of e r r o r s  

i n  the f i l e  a f f e c t i n g  the  c ros s - sec t ion  magnitude and i t s  energy s c a l e .  

The energy s c a l e  d i f f e r e n c e s  i n  the d a t a  may o f t e n  be so lved ,  f o r  a given 

element,  a t  the t i m e  the e v a l u a t i o n  i s  rmde when t h e r e  i s  suffici-ent:  

energy overlap between the vari-ous d a t a  sets e However €or p r a c t i c a l .  

s h i e l d i n g  a p p l i c a t i o n s  invo lv ing  s e v e r a l  elements,  i t  i s  d i f f i c u l t  t o  

i n s u r e  t h a t  t h e  energy s c a l e  o f  the d i f f e r e n t  e v a l u a t i o n s  i s  consisl:ent 

u n l e s s  a high degree of a b s o l u t e  accuracy i s  achieved i n  each eva lua t ion .  

The f i n i t e  energy r e s o l u t i o n  of the t ransmission d a t a ,  upon which the 

t o t a l  c r o s s  s e c t i o n ' s  e v a l u a t i o n  i s  based,may cause very s e r i o u s  errors 

when a11 o f  t h e  s t r u c t u r e  i s  no t  r e so lved .  T h i s  i s  so  because the average 

t ransmission obtained at a given energy f o r  a s p e c i f i c  sample th i ckness  

cannot: be converted t o  an average c r o s s  s e c t i o n  which would be v a l i d  f o r  

o t h e r  energy r e s o l u t i o n s  and/or sample t h i c k n e s s ,  Above 0 .5  MeV neutron 

energy, t o t a l  c r o s s  sections are u s u a l l y  obtained from t r ansmiss i an  

measiircments us ing  t ime-of-f l ight  w i th  a "white neutron source" and 

recoil proton d e t e c t o r s  f o r  sample  t h i cknesses  between 0 . 2  and 0.3 atoms 

per  barn.  Our measurements which were obtained w i t h  s i m i l a r  techniques 

w i l l ,  t h e r e f o r e ,  tes t  the  adequacy of t h e s e  d a t a  with sample th i cknesses  

3 t o  4 t i m e s  l a r g e r .  Prom 0 .2  t o  0.5 MeV t h e  d a t a  s i t u a t i o n  v a r i e s  ve ry  

much from n u c l e i  t o  n u c l e i ,  and o f t e n  the  e v a l u a t i o n s  are based on very 

fragmentary d a t a  from d i v e r s e  sources .  It i s  ve ry  d i f f i c u l t  t o  estimate 
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- a p r i o r i  t h e  adequacy of t h e  e v a l u a t i o n s  i n  t h i s  energy r e g i o n ,  bu t  

t y p i c a l l y  we may expect e r r o r s  t o  be as l a r g e  as 30 t o  40%. 

I n  Sec t ion  I1 w e  shall. d e s c r i b e  t h e  experimental  technique used 

and t h e  d a t a  r e d u c t i o n  method. In Sec t ion  111 we sha l l  p re sen t  the 

experimental  r e s u l t s  and the comparison wi th  t h e  p r e d i c t i o n s  of t he  

e v a l u a t i o n s .  

11 e EXPERIMENTAL TECHNIQUE Am, DATA REIIUCTIQN 

General D e s  c-~_rt, t i o n  

The d a t a  w e r e  acquired using ORELA as t h e  neutron source.  Neutrons 

w e r e  produced by photonuclear p rocesses  due t o  bremstrahlung from e l e c t r o n  

impact on a water-cooled be ry l l i um clad tantalum t a r g e t  a For t h i s  exper5.- 

ment the e l e c t r o n  energy w a s  about 125 MeV, wi th  a r e p e t i t i o n  rate of 

1000 p u l s e s  p e r  second. The e l e c t r o n  p u l s e  width was  5 RSW and a t o t a l  

e l e c t r o n  beam power of 11 kW w a s  used. 

Measurements were performed us tng  t h e  ORELA Shield Test S t a t i o n  47 meter 

f l i g h t  path.  About 40 m of the f l i g h t  p a t h  w a s  under vacuum i n  o rde r  t o  

reduce t h e  s t r u c t u r e  i n  t h e  neutron f l u x  clue t o  s c a t t e r i n g  resonances i n  

a i r .  Because of the ve ry  high neu t ron  f l u x  a v a i l a b l e  w i t h  t h e  above 

a c c e l e r a t o r  c o n d i t i o n s ,  a s e t  of neu t ron  f i l t e r s  w a s  placed i n  t h e  neutron 

beam S m from t h e  l i n a c  t a r g e t .  I n  t h e  first p a r t  of t h e  run where 

measurements w e r e  performed f o r  C ,  C a ,  and Si, the f i l t e rs  consisted of 

12 .7  cm of d e p l e t e d  uranium preceeded by 1.9 c m  of 'OB. 

removed l ra l l r '  neu t rons  of less than 1 keV energy,  p reven t ing  ove r l ap  

between neu t rons  of a d j a c e n t  a c c e l e r a t o r  p u l s e s .  I n  the second p a r t  of 

the run  f o r  t h e  measurement on Fe, A l ,  0 and S i02 ,  t h e  dep le t ed  uranium 

f i l t e r  t h i c k n e s s  w a s  i nc reased  t o  1.4 cm. T h e  neu t ron  beam at t h e  sample 

The boron f i l t e r  
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was defined by a c o l l i m a t o r  i n  t h e  f l i .gh t  path which was 7.6 cm i n  diameter  

and l o c a t e d  28  m from t h e  l i n a c  t a r g e t .  It c o n s i s t e d  of 30 crn of borated 

polyethylene followed by 30 c m  of l ead .  The t r ansmiss ion  samples, IO-crn 

diameter c y l i n d e r s ,  were placed about 1.5 rn behind t h i s  c o l l i m a t o r .  Two 

p r c c o l l i m a t o r s  were a k 0  used, one OII each s i d e  of  t h e  neutron f i l t e r s  

a t  about 4 and 4.5 m from the l i n a c  t a r g e t ,  and w e r e  each 8.5 crn i n  diameter .  

The neuI:rozi f l u x  i n t e n s i t y  w a s  measured a t  47 .35  m from the l i n a c  t a r g e t ,  

i n  t h e  c e n t e r  of t he  s h i e l d  tes t  s t a t i o n .  

The neutron beam w a s  dumped i n  a conc re t e  heam c a t c h e r  l oca t ed  5 rn 

behind the. neutron d e t e c t o r .  

Two independent neutron f l u x  monitors w e r e  used. The primary neutron 

f l u x  iiionitor w a s  a 6 x G n n  NE-110 p l a s t i c  recoil pro ton  d e t e c t o r  l o c a t e d  

i n  t h e  

i n  the 

on t h e  

i n  the  

edge of t he  neutron beam a f t e r  t h e  c o l l i m a t o r  and operated 

"time-of-fl ight" mode. The second neutron monitor,  used as a check 

proper ope ra t ion  of t h e  t h e - o f - f l i g h t  neutron monitor,  w a s  l oca t ed  

OKELA t a r g e t  room and gave a count rate p r o p o r t i o n a l  t o  t h e  t o t a l  
2 

neutron ou tpu t  of t h e  tantalum l i n a c  t a r g e t .  

Neutron Detector  - 
The neu t ron  d e t e c t o r  used f o r  t h e  t r ansmiss ion  measurement w a s  a 

4 . 4  x 4 . 4  cm r i g h t  c y l i n d e r  NE-110 p l a s t i c  s c i n t i l l a t o r '  viewed by an 

RCA 8575 pho tomul t ip l i e r .  It w a s  l o c a t e d  47.35 m from the  li-rnac t a r g e t .  

The d i s t a n c e ,  e s t a b l i s h e d  by s t anda rd  surveying techniques,  should 3e 

accura t e  t o  b e t t e r  than 0.5 cm. The NE-110 p l a s t i c  r e c o i l  p ro ton  s c i n t i l l a -  

t o r  was used because i t s  high o p t i c a l  t r ansmiss ion  c h a r a c t e r i s t i c s  allow 

t h e  d e t e c t i o n  of much lower energy r e c o i l  protons than do o t h e r  commonly 

used recoi l .  proton d e t e c t o r s  such as NE-213 o r  NE-102. A t  about 1 MeV 
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r e c o i l  proton energy, i t s  l i g h t  ou tpu t  i s  comparable t o  t h a t  o f  NE-102, 

b u t  a t  approximately 150 keV i t s  l i g h t  ou tpu t  is about 3 t i m e s  h ighe r  

t han  f o r  NE-102. 

t h e  measurement of t h e  t r ansmiss ion  down i n t o  t h e  keV r e g i o n  with a 

s i n g l e  d e t e c t o r .  

4 
This very important  p rope r ty  of NE-110 makes p o s s i b l e  

Elec t r o n i c s  

The e l e c t r o n i c s  c o n s i s t e d  of two independent t ime-of-f l ight  systems, 

one f o r  t h e  neu t ron  f l u x  monitor and t h e  o t h e r  f o r  t h e  t r ansmiss ion  detec-  

t o r .  Data a c q u i s i t i o n  was performed u s i n g  a PDP-9 computer which recorded 

both t ime-of-f l ight  s p e c t r a  and v a r i o u s  scalers and a l s o  c o n t r o l l e d  t h e  

sample changer l o c a t e d  about 29.5 m from t h e  l i n a c  t a r g e t .  

Monitor E l e c t r o n i c s .  - The monitor t ime-of-f l ight  spectrum w a s  obtained 

using a time-to-amplitude conve r t e r  s t a r t e d  by a f iduci-a1 s i g n a l  based on 

t h e  l i n a c  gamma f l a s h .  T h i s  f i d u c i a l  s i g n a l  is  obtained from a b a r e  photo 

tube  which views the  l i n a c  t a r g e t  d i r e c t l y .  The s t o p  s i g n a l  f o r  t h e  

time-to-amplitude conve r t e r  i s  de r ived  from t h e  anode s i g n a l  of t h e  monitor 

d e t e c t o r  p h o t o m u l t i p l i e r .  A. tunnel. diode d i s c r i m i n a t o r  r e j e c t s  a l l  anode 

p u l s e s  below i ts  b i a s  level.  The ou tpu t  of t h e  t u n n e l  diode d i s c r i m i n a t o r  

goes through a g a t e  opened 300 nsec  a f t e r  t h e  gamma f l a sh  for 4 ysec. 

The b t a s  level of t h e  t u n n e l  d iode  d i s c r i m i n a t o r  w a s  ad jus t ed  by observing 

a l i n e a r  s i g n a l  de r ived  from a p h o t o m u l t i p l i e r  dynode i n  coincidence wi th  

t h e  d i s c r i m i n a t o r  output .  The b i a s  level was f r e q u e n t l y  monitored du r ing  

t h e  r u n s  and no s i g n i f i c a n t  d r i f t s  were observed. The count ing ra te  i n  

t h e  monitor d e t e c t o r ,  w i t h i n  t h e  t i m e  g a t e  p e r i o d ,  w a s  only about 0.017 

counts  p e r  neutron b u r s t  €o r  t h e  12.7-cm d e p l e t e d  uranium f i l t e r  aid 0.011 

counts  p e r  neutron b u r s t  f o r  t h e  14-cm-thick f i l t e r .  Deadtime l o s s e s  



6 

w e r e  t h e r e f o r e  ve-ay s m a l l  f o r  t h e  monitor d e t e c t o r .  

t o r  output  w a s  s ca l ed  on a f a s t  s c a l e r ;  i t s  count ing rate w a s  about 0.2 counts  

pes  neutron b u r s t .  

throughout t h e  experiment and found t o  be always w i t h i n  two s t anda rd  d e v i a t i o n s .  

The ORELA t a r g e t  r o ~ m  moni- 

The r a t i o  o f  the two monitor count ing rates w a s  checked 

Detector  E l e c t r o n i c s .  - TIie t ime-of-f l ight  s p e c t r u m  f o r  the main 

d e t e c t o r  was obtained using an EGG niodel TDC 100 d i g i t a l  c lock  operated 

i n  a mode which allowed a s i n g l e  s t o p  per start pu l se .  

widths  w e r e  se t  a t  2 nsec pe r  channel.  The s ta r t  s i g n a l  f o r  the clock 

wa.s t h e  f i d u c i a l  signal. based on t h e  l inac  gamma flash. The anode s i g n a l  

from the  d e t e c t o r  pho tomul t ip l i e r  went through a "timing f i l - t e r "  a m p l i f i e r  

(ORTEC-454) t o  a "constant  f r a c t i o n "  d i s c r i m i n a t o r  (ORTEC-463). Af t e r  

s u i t a b l e  shaping t h e  cons t an t  f r a c t i o n  d i s c r i m i n a t i o n  ou tpu t  w a s  used t o  

s t o p  t h e  clock. T ime  de l ays  between the  c lock  start  and s t o p  s i g n a l s  

w e r e  ad jus t ed  so t h a t  t h e  gamma f lash peak was recorded i n  t h e  spectrum. 

The ttmc channel 

A gamma f l a s h  s i g n a l  w a s  de t ec t ed  for approximately 5% of t h e  neutron 

b u r s t s  f o r  t i le 12.7-c1~-thick d e p l e t e d  uranium f i l t e r  and f o r  only  about 

2% of the  t i m e  w i t h  t h e  14-cm-thick f i l t e r .  A s  for t he  monitor d e t e c t o r ,  

the f a s t  d i s c r i m i n a t o r  b i a s  l e v e l  w a s  se t  and monitored p e r i o d i c a l l y  

du r ing  t h e  r u m  by observing i n  coincidence wi th  i t s  output  t h e  arnplified 

l i n e a r  s i g n a l  from a pho tomul t ip l i e r  dynode. The d ikca imina to r  s e t t i n g  

w a s  a t  0.01 l i g h t  u n i t s 5  which shou1.d co-r-respond t o  about 50 keV r e c o i l  

proton energy. During the whole r u n  t h e  l i n e a r  ga ins  o f  t h e  system 

v a r i e d  by less than 1.5% and no s h i f t s  i n  b i a s  s e t t i n g  w e r e  d e t e c t e d .  

The t o t a l  count ing r a t e  f o r  t h e  samp1.e-out c o n d i t i o n  at t h e  ou tpu t  of 

the "constant  fraction'' d i s c r i m i n a t o r  w a s  approximately 3 p e r  neutron 

b u r s t  f o r  t h e  12.7-cm-thick dep le t ed  uranium f i l t e r  and 2 w i th  the 14-cm- 

t h i c k  f i l t e r .  
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Data Acqu i s i t i on  Method 

The PDP-9 d a t a  a c q u i s i t i o n  computer s t o r e d  t ime-of-f l ight  s p e c t r a  

of 4096-channels f o r  t h e  main d e t e c t o r  and 256-channels f o r  t h e  monitor.  

The d i s c r i m i n a t o r  o u t p u t s  w e r e  s ca l ed  as w e l l  as c lock  v a l i d  s t o p s ,  t h e  

number o f  gamma f l a s h e s  and t h e  ORELA t a r g e t  room monitor pu l se s .  

d a t a  a c q u i s i t i o n  program recorded t h e  t ime-of-f l ight  s p e c t r a  and scaler 

r ead ings  for a p r e s e t  beam-on-target t i m e  and a l t e r n a t e d  sample-in and 

sample-out measurements via  remote c o n t r o l  o€ t h e  sample changer a t  t h e  

30 meter s t a t i o n  of t h e  f l i g h t  path.  

w a s  recorded on t a p e  t o  be processed of€- l ine.  

by t h e  gamma flash s i g n a l ,  d e t e c t e d  when t h e  beam w a s  o f f  t a r g e t  and d a t a  

a c q u i s i t i o n  resumed on ly  30 seconds a f t e r  t h e  beam w a s  on targe'c aga in  to 

avoid f l u c t u a t i o n s  i n  power levels dur ing  d a t a  t ak ing .  

The 

Each spectrum and scaler reading 

A rate meter, a c t i v a t e d  

Samples 

All samples were r i g h t  c y l i n d e r s  approximately 10 c m  i n  diameter .  

The sample t h i c k n e s s e s ,  expressed i n  atoms/barn,  w e r e  determined from 

t h e i r  masses and d i ame te r s .  

Carbon. - Two t r ansmiss ion  samples w e r e  machined from t h e  same b lock  

of p u r i f i e d  Union Carbide C - 1 8  g r a p h i t e .  

The d e n s i t y  of t h e  two c y l i n d e r s  w a s  found t o  d i f f e r  by s l i g h t l y  under 1%. 

The two samples w e r e  used a l t e r n a t i v e l y  f o r  t h e  sample-in measuretnents. 

( P u r i t y  g r e a t e r  than 99.9% carbon.) 

The average d e n s i t y  w a s  1.750 g/cm3 and the average thickness 0.8916 

atoms /barn.  

Calcium. - The calcium samples w e r e  machined out  of two i n g o t s  cast 

by the  OKNL Metals and Ceramics Divis ion.  

contained n e g l i g i b l e  impuri- t ies  except  f o r  0.2% s t r o n t i u m  and 0.2% magnesium. 

The calcium was analyzed and 
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3 
The two p i e c e s  w e r e  found t o  have the  s a m e  d e n s i t y ,  1.534 g/cm to 

berter than 0.1%. Each f r e s h l y  machined c y l i n d e r  was i n s e r t e d  i n  a 

s t a i n l e s s  s teel  jaeket,bo.th ends being sea l ed  by a welded s t a i n l e s s  

steel  s h e e t  w i th  a 0.0152 c m  th i ckness .  The two c y l i n d e r s ,  1 5 . 2 4  cw i n  

length,were x-rayed f o r  vo ids ;  none could be d e t e c t e d .  Both sanlples W e r e  

used f o r  the t ransmission measurements g iv ing  0.7028 a t sms /bam,  For t h e  

sample--csut measurements, one empty stainless steel  j a c k e t  c losed by two 

0.0304-cm-thick s t a i n l e s s  steel s h e e t s  w a s  used. 

-- S i l i c o n .  - T h e  s i l i c o n  sample w a s  made up of d i s c s  of v a r i o u s  

th i cknesses  of amorphous s i l i c o n  purchased from Texas Instruments  ( p u r i t y  

99.999% s i l i c o n ) .  The d e n s i t y  of each p i e c e  w a s  measured and all. w e r e  

found t o  be w i t h i n  0.2% of t he  average va lue  2.328 g/cm . The t o t a l  

t h i ckness  used for the sample  i n  t h e  measurement w a s  0.6660 atoms/barn, 

3 

S i l i c o n  Dioxide. - Fused q u a r t z  d i s c s  w e r e  obtained from two sources :  

Apache Chemicals Inc.  (Rockford, I11 .) and Corning Glass Works (Corning, 

N.Y.) ( p u r i t y  g r e a t e r  than 99.9% of S i 0  ). 

The t o t a l  t h i ckness  w e d  w a s  0.3247 molecules of S i 0  pe r  barn.  'l'o per-  

form the. oxygen transmis s i.on measurements $ t h e  ' I s  amp le-ou t" measurements 

w e r e  made w i t h  a s i l i c o n  d i s c  stack of 0.3226 atorns/barn. 

measurements were t h e r e f o r e  made for a sample of 0.6494 atoms/barn chick. 

2 3 
T h e  d e m i t y  being 2 . 2 0 1  g/cm . 

2 

The oxygen 

Aluminum. - The aluminum sample  was machined from an i.ngot cast by 

the  ORNL Metals and Ceramics Divis ion ( p u r i t y  of the material i s  99.99% 

aluminum). The d e n s i t y  of t he  sample was 2.692 g/cui ; t he  rota1 th i ckness  

used was 0.7638 atoms/barn. 

3 

-....._ Iron. - The i r o n  sample w a s  f a b r i c a t e d  out of Armco i r o n  which was 

analyzed f o r  i m p u r i t i e s  (0.05% N i ,  0.033% Ph? 0.03% Cu, 0.02% S i  and 
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0.01% No) .  

atoms/barn. 

The d e n s i t y  was 7.845 g/cr? and t h e  total .  t h i ckness  0,8581 

Table 1 g ives  a summary oE t h e  sanip le  t h i cknesses  used, i n  atoms/barn,  

and t h e  e s t ima ted  u n c e r t a i n t i e s .  

Data Reduction 

The d a t a  r e d u s t i o n  Cor t r ansmiss ion  measurements is  s t r a i g h t f o r w a r d ,  

Both sample-in arid sample-out s p e c t r a  are c o r r e c t e d  f o r  backgsou.n.cl con- 

t r i b u t i o n s  and f o r  de.adtime l o s s e s .  The s p e c t r a  are then normalized t o  

t h e  s a m e  neutron source  i n t e n s i t y  using t h e  neutron monitor r ead ings  e 

The average t r ansmiss ion  i n  a given t i m e  channel  i s  given by t h e  ra t io  

of t h e  c o r r e c t e d  coun t s  f o r  sample-in t o  those  f u r  t h e  sample-out 

measuremen.ts. The neu t ron  energy t o  which each channel corresponds n'.s 

obtained from a r e l a t i v i s t i c  calcul.at:ion knowing the f l i g h t  p a t h  d i s t a n c e ,  

t h e  t i m e  o f  ar r iva l  of t he  gamma f l a s h  and t h e  t i m e  interval €or each 

channel.  

Once t h e  average t r ansmiss ion  i s  obtajned f o r  each channel ,  w i t h  the 

knowledge of t h e  sample t h i c k n e s s ,  i t  may be converted t o  a t o t a l  cross 

s e c t i o n .  A s  explained p rev ious ly  t h i s  t o t a l  c r o s s  s e c t i o n  i s  only meaning- 

ful. as a microscopic q u a n t i t y  when i t  i s  known t h a t  the energy r e s o l u t i o n  

w a s  adequate t o  r e s o l v e  a l l  of t h e  s t r u c t u r e  i n  t h e  c r o s s  s e c t i o n .  Eecause 

of our broad-energy r e s o l u t i o n ,  - 0.12 nsec/meter ,  i t  i s  more meaningful 

f o r  us  t o  compare our  measured t r ansmiss ion  d a t a  t o  t h e  p r e d i c t e d  trans- 

mission d a t a  u s i n g  t h e  eva lua ted  t o t a l  c ros s - sec t ion  f i l e s  and "smearing" 

the predi .c t ion with if r e s o l u t i o n  of - 0 .12  nsec/meter.  

t h e  v a r i o u s  u n c e r t a i n t i e s  i n  our  t r ansmiss ion  d a t a .  

We shall .  now estimate 
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Table 1:. Sample Thicknesses Used and Their 
Estimated Uncertainties 

---- ---e----- 

E l e m e n t  Atoms /barn 
-_I-.- ---- 

C 

0 

A l  

Si 

0.8916 2 1Z 
0.6494 + 0.5% - 
0.7638 4- 0.5% 

0.6660 - -t- 0.5% 

- 

Ca 0.7028 - -I- 1% 

Fe 

si0 2 
0 .8581  - + 0.5% 

0.3247 - -t 0.5% 
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Background --- Cor rec t ions .  - The s o  c a l l e d  “background c o n t r i b u t i o n s ”  

i n  t r ansmiss ion  measurements come mostly from two sources :  1, t h e -  

independent background d u e  t o  r a d i o a c t i v i t y  i n  the  roam and t o  cosmic 

r a y s ,  and 2 time-dependent background due t o  leakage streaming and 

s c a t t e r i n g  i n  t h e  f l i g h t  p a t h  and t h e  room where t h e  d e t e c t o r  i s  p l aced ,  

llhe f i . r s t  source of background i s  e a s i l y  measured w:i.tli a neutron beam 

s t o p  i n  the f l i g h t  p a t h  o r  wi th  the a c c e l e r a t o r  shut. down. 

the s h o r t  t h e  of observat:io-o fol lowing t h e  gamma flash and t h e  h igh  

counting r a t e  i n  t h i s  intervak of t i m e ,  t h i s  c o n t r i b u t i o n  t o  t h e  bnck- 

ground w a s  found t o  be a f r a c t i o n  of a count pe r  channel ,  a neg l - ig ib l e  

c o n t r i b u t i o n  t o  the  s t a t f . s t i c n 1  e r r o r  i n  t h e  d a t a  for each channel.  The 

t i m e  c o r r e l a t e d  background due %Jo st reaming,  leakage i n  t h e  f l i g h t  pa th  

and i n j e c t i o n  of t h e  neu t ron  b u r s t  i n  t h e  f l i g h t  s t a t i o n  cannot be 

observed d i r e c t l y  i n  t h e  same c o n d i t i o n s  as f o r  the  measurement o f  the  

t r ansmiss ion  d a t a .  However, i t s  importance can b e  est imated for t h e  

sampl-e-in c o n d i t i o n  when t h e r e  are l a r g e  resonances i.n t h e  t o t a l  cross 

s e c t i o n .  I f  the c r o s s  s e c t i o n  i s  s u f f i c i e n t l y  l a r g e  a t  t he  resonance, 

only a very  s m a l l  f r a c t i o n  of t h e  neu t rons  may reach t h e  detec‘cor un- 

c o l l i d e d  through t h e  sample a t  t h e  energy of t he  resonance. Therefore 

Because of 

at: t hese  e n e r g i e s  t h e  background c o n t r i b u t i o n s  are r e l a t i v e l y  inore 

important I n  our raw d a t a  we  observed s e v e r a l  “peak-to-valley r a t i o s t t  

i n  “ t r ansmiss ion  d i p s ”  as h i g h  as 451) i n d i c a t i n g  small c o n t r i b u t i o n  

of the background n e a r  these e n e r g i e s ,  I n  o r d e r  t o  estimate q u a n t i t a -  

t i v e l y  t h e  p o s s i b l e  magnitude of t h i s  background i n  the t r ansmiss ion  

d a t a ,  we g ive  i n  Table I1 some observed v a l u e s  of t h e  t r ansmiss ion  

t o g e t h e r  w i th  t h e  c a l c u l a t e d  v a l u e s  based on t h e  t o t a l  c ros s - sec t ion  
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v a l u e s  i n  t h e  e v a l u a t i o n s  except f o r  Fe where we est imated i t  on t h e  

assumption t h a t  i t  w a s  an i s o l a t e d  S-wave resonance. The experimental  

t ransmission d a t a  w e r e  averaged over s e v e r a l  channels t o  improve t h e  

s ta t is t ical  accuracy. On t h e  b a s i s  of the comparisons, we  e s t i m a t e  

t h a t  t he  background c o n t r i b u t i o n  i n  t h e  d a t a  below 1 MeV could be as 

high as 0.002 as seen from t h e  comparison w i t h  t h e  oxygen and i r o n  

resonance, bu t  i t  i s  more l i k e l y  o f  the o r d e r  of 0.001 t o  0.0005 

f rom t h e  o t h e r  resonances a 

-- Deadtime Correct ions.  - Since we  accepted on ly  one event  p e r  p u l s e ,  

t h e  deadtime c o r r e c t i o n  w a s  ve ry  s t r a i g h t f o r w a r d  t o  perform. Pox carbon, 

calcium and s i l . i con  t h e  sample-out measurements ( t h e  f a s t - d i s c r i m i n a t o r  

ou tpu t )  had a count ing ra te  of approximately 3 p e r  pu l se .  The deadtime 

c o r r e c t i o n  f o r  t he  low-energy neutrons w a s  t h e r e f o r e  q u i t e  l a r g e .  

Even though i n  t h e s e  cases t h e  deadtime c o r r e c t i o n  f a c t o r  i s  l a r g e  

(up to a f a c t o r  of 30), i t s  s t a t i s t i c a l  accuracy i s  ve ry  good and 

does n o t  c o n t r i b u t e  apprec i ab ly  (less than  10% of e r r o r )  t o  t h e  s ta t is t i -  

cal  e r r o r  i n  t h e  d a t a .  Ser ious systeiiiatic e r r o r s  may be introduced Pn 

the d a t a  when t h e  deadtime c o r r e c t i o n  f a c t o r  i s  l a r g e ,  i f  t h e r e  are 

f l u c t u a t i o n s  i n  t h e  count ing rate dur ing  d a t a  acquis i . t ion.  This  is  S O  

because deadtime c o r r e c t i o n s  are then  a s e n s i t i v e  f u n c t i o n  of the. count ing 

rate, Deadtinre correct:ions w e r e  made assuming a cons t an t  average ra te ,  

and w e  have i n v e s t i g a t e d  the  u n c e r t a i n t i e s  i n  the d a t a  due t o  counting- 

rate v a r i a t i o n s  i n  t h e  experiment. Each t ime-of-f l ight  spectrum w a s  

made up of s e v e r a l  i n d i v i d u a l  runs, each c o n t r i b u t i n g  from 5 t o  15% of 
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Table TI. Comparison of Some Observed Values of the TrnnsmPssion 
With Corresponding Calculated Values 

n E 

E 1 emen t keV Exp er ime n t a1 Barns Calculated 
----...-.- -..-."I.-..-._I P 

0 440 0.002 +- .0005 16.0 0.00OO3 

A l  367 0.0013 - -t .0001 7.2 0.0841 

A1 785 0.0034 - 3- .O0001  7.3 0.0037 
3 P.. 

566 0.0012 f .ooOl 10. s 0.80092 

Fe 320 0.0027 - 3- .0003 8.0 0.0010 



t h e  d a t a  depending upon the element. For a l l  t h e  p a r t i a l  r u n s ,  t h e  

average count ing rates w e r e  cons t an t  w i t h i n  - +2% except for calcium where 

one p a r t i a l  run (15% of the d a t a )  had an average count ing rate 8% lower,  

and for  s i l i c o n  f o r  one p a r t i a l  run i t  w a s  4X lower,  These average count ing 

rates were obtained from 0.5 t o  1 hour of running t i m e  and do n o t  r e f l e c t  

any d i s p e r s i o n  i n  i n t e n s i t y  which may e x i s t  from p u l s e  t o  pu l se .  

d i s p e r s i o n  i n  neutron i n t e n s i t y  from p u l s e  t o  pu l se  i s  d i f f i c u l t  t o  measure 

d i r e c t l y .  However, i t  i s  p o s s i b l e  t o  perform such measurements f o r  t h e  

i n t e n s i t y  o f  t h e  g a m  f l a s h  and l o g i c a l  t o  assume corresponding f l u c t u a -  

t i o n s  i n  t h e  neu t ron  i n t e n s i t y .  A few such measurements have been made on 

ORELA and revealed a normal d i s t r i b u t i o n  of i n t e n s i t y  wi th  a d i s p e r s i o n  of 

15%. Although no such measurements w e r e  performed a t  t h e  t i m e  of  ou r  d a t a  

a c q u i s i t i o n ,  and t h e  exac t  dependence of t h i s  d i s p e r s i o n  on t h e  a c c e l e r a t o r  

cond i t ions  is n o t  known, i t  i s  l i k e l y  t h a t  during t h e  runs t h e r e  w a s  some 

d i s p e r s i o n  i n  t h e  beam b u r s t  i n t e n s i t y  of t h i s  o rde r  of magnitude. I n  

o r d e r  t o  estimate t h e  e r r o r s  i n  t h e  d a t a  due t o  ou r  assumption t h a t  w e  

had cons t an t  average count ing rates for c a l c u l a t i n g  t h e  deadtime c o r r e c t i o n ,  

we have performed numerical  experiments. S p e c t r a  w e r e  computed under v a r i o u s  

c o n s t a n t  count ing rates. These s p e c t r a  were then summed and t h e  deadtime 

c o r r e c t i o n  performed based on the  t o t a l  average coun t ing  r a t e ,  These s t u d i e s  

showed t h a t  a t  an  average count ing rate of 3 even t s  p e r  p u l s e ,  i f  t h e  count ing 

rate i s  10% higher f o r  1 / 2  t h e  t i m e ,  t h e  naximum e r r o r  introduced i n  t h e  d a t a ,  

when i t  i s  co r rec t ed  on t h e  b a s i s  of the t o t a l  average count ing ra te ,  is  

0.8%. If  f o r  20% of t h e  time t h e  coun t ing  rate i s  changed by 20X,  a t  most 

a 2% e r r o r  i s  made. I f  t h e  average count ing ra te  i s  reduced t o  2 pe r  p u l s e ,  

t h e  corresponding numbers are 0.6% and 1%. I n  an independent tes t ,  we 

The 

6 
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performed t h e  deadtime c.orrec t i o n s  on each individual .  partial .  run and 

compared t h e  r e s u l t s  w i t h  t h e  c o r r e c t e d  d a t a  ohta:i.necl by adding a l l  t h e  

p a r t i a l  runs and then  performing the  deadtime correct:i.on, maximum di:EEerences 

of the. o rde r  of 0.2% w e r e  observed. On t h e  b a s i s  of t h e s e  s t u d i e s ,  w e  estimatc 

w e  may have as l a r g e  as a 2% e r r o r  i n  our t r ansmiss ion  d a t a  due t o  d i s p e r s i o n  

i n  t h e  i n t e n s i t y  i n  t h e  neutron b u r s t .  This e r r o r  would be sys t ema t i c  and 

tend t o  make ou r  t r ansmiss ion  d a t a  too  l a r g e  a t  low znergy. 

- ~ I _ - I ~ I  Flux Normil izat ion.  --- - The t h e -  o f - f l i g h t  s p e c t r a  f o r  sample-in and 

sample-out have t o  be normalized t o  the  same incidenlt neutron rlux t o  

o b t a i n  the t r ansmiss ion .  Our time-of-fl i g h t  monitor was used t o  perform 

t h e s e  no rma l i za t ions .  I f  t h e  ORELA t a r g e t  room monitor had been used 

i n s t e a d ,  a sys t ema t i c  e r r o r  of a t  most 0.4% would have been made based 

on t h e  observed r a t i o s  f o r  these two d i f f e r e n t  monitors .  

Enerag;lJ-bration. - The g r e a t e s t  u n c e r t a i n t y  i n  the energy c a l i b r a -  

tion results from the u n c e r t a i n t y  i n  t h e  posi t i .on of the gamma f l a s h  peak. 

Over a 7-day period the  p o s i t i o n  of t he  gamma f l a s h  peak w a s  observed t o  

d r i f t  by 0.4 channel ,  

w i th  the f i d u c i a l  t iming c i r c u i t .  Any s l o w  d r i f t  of t h i s  rnagnjtude should 

n o t  a f f ec t  t he  peak p o s i t i o n  of any given element by more than 0.1 channel.  

U n c e r t a i n t i e s  i n  t h e  f l i g h t  p a t h ,  0.02%, and t h e  i n t e g r a l  l i n e a r i t y  o f  

t h e  d i g i t a l  c lock ,  0.001%, should be n e g l i g i b l e .  

This d r i f t  w a s  monotonic and probably a s s o c i a t e d  

Summary of E r ro r  --l____-.l-.- E s t i m a t e s .  - O n  the b a s i s  of the above d i s c u s s i o n ,  

we assign the following est imated sys t ema t i c  e r r o r s  i n  OUT t ransmission 

d a t a .  

Background A T  = + 0.001, - 0.000 

Deadtime Cor rec t ions  -I- 1% above 1. MeV,  f 2% below I MeV 

Flux Normal1 z a t i o n  4- 1% 
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The unce r t a in ty  i n  the  energy scale should be  t h a t  introduced by an 

e r r o r  of  f 0.1 channel i n  t h e  p o s i t i o n  of t he  gamma f l a s h  peak. 

When comparing our  t ransmiss ion  d a t a  with an eva lua t ion  o r  when our 

r e s o l u t i o n  is adequate and i t  is  meaningful t o  e x t r a c t  a c r o s s  s e c t i o n  

from our  d a t a ,  t h e  e r r o r s  given i n  Table 1 should be used f o r  t he  sample 

th icknesses .  The energy r e s o l u t i o n  of our  d a t a  i s  approximately a Gaussian 

func t ion  of f u l l  width a t  h a l f  maximum of about 1 ~ ) ~  !'j. . , ) , I  c T + 4 

- 
L I T .  RESULTS AND COMPARISON W I T H  'THE EVAIIJATIONS 

The r e s u l t s  of our t ransmiss ion  measurements c o n s i s t  of approximately 

3500 d a t a  p o i n t s  per  element o r  a l t o g e t h e r  more than 24,000 d a t a  po in t s .  

I t  i s  n o t  p r a c t i c a l  t o  t a b u l a t e  t hese  numerical  va lues  i n  a r e p o r t .  The 

numerical  va lues  of our  t ransmiss ion  d a t a  are a v a i l a b l e  upon reques t  from 

t h e  Radia t ion  Shie ld ing  Information Center (OWL) on magnetic tapes .  I n  

t h i s  r e p o r t  w e  s h a l l  only p re sen t  our  d a t a  i n  g raph ica l  form toge the r  

wi th  the  comparison wi th  p r e d i c t i o n s  based on t h e  eva lua t ions .  

Predic ted  t ransmiss ions  from the  eva lua t ions  were c a l c u l a t e d  us ing  

t h e  sample th icknesses  g i v e n  i n  Table  I. The c a l c u l a t i o n  f o r  each element 

w a s  performed i n  two s t e p s .  F i r s t  t he  t ransmiss ion  corresponding t o  

neut ron  energy i n t e r v a l s  equal  t o  each one of our t ime-of - f l igh t  channels  

was computed by adding the  cont r ib i i t ions  due t o  energy i n t e r v a l s  equal  

t o  l / 5  of each channel width.  

i the channel number, had t h e r e f o r e  an "energy r e so lu t ion"  equ iva len t  

t o  a t ime-of-f l ight  spectrum having a r ec t angu la r  t i m e  r e s o l t u i o n  func t ion  

of  2 nsec.  I n  o rde r  t o  convert  t h e  spectrum A t o  one Ti, having a 

r e s o l u t i o n  func t ion  comparable t o  our experimental  one,  w e  used t h e  fo l lowing  

11 smoothing" a lgor i thm 

This c a l c u l a t e d  t ransmiss ion  spectrum A f ,  with  

i 



1 7  

2 

wi th  a 

a c c u r a t e l y  our t i m e  r e s o l u t i o n  f u n c t i o n  and i t s  dependence upon neutron 

energy, any s m a l l  d e p a r t u r e s  between c a l c u l a t e d  and experimental  r e s u l t s  

could be a t t r i b u t a b l e  t o  s l i g h t  r e s o l u t i o n  d i f f e r e n c e s .  Seve ra l  s l i g h t l y  

d i f f e r e n t  smoothing a lgo r i thms  were t r i e d  and found t o  have no e f f e c t  

on t h e  remarks w e  wish t o  make on t h e  b a s i s  of t he  g r a p h i c a l  comparisons. 

= 3 / 8 ,  a-l = al = 1 / 4 ,  a-2 = a 
0 2 

= 1/16. Since w e  d i d  n o t  measure 

We s h a l l  now proceed wi th  a b r i e f  d i s c u s s i o n ,  f o r  each element,  of 

t h e  s a l i e n t  f e a t u r e s  of t he  comparisons, u s u a l l y  emphasizing on ly  areas 

of major disagreement.  W e  s h a l l  n o t  a t t empt  t o  analyze o r  e x p l a i n  i n  

d e t a i l  t he  areas of major disagreement ( u s u a l l y  due t o  poor o r  no d a t a  

a v a i l a b l e  a t  t h e  t i m e  t h e  e v a l u a t i o n s  w e r e  performed), no r  d i s c u s s  t h e  

r e l a t i v e  m e r i t s  of t h e  v a r i o u s  d a t a  sets upon which t h e  e v a l u a t i o n s  are 

based, The g r a p h i c a l  comparisons given h e r e ,  t o g e t h e r  w i th  the  comments, 

are intended t o  provide a s s i s t a n c e  t o  the  u s e r s  of t he  evaluated d a t a  

f i l e s  i n  p o i n t i n g  o u t  areas of p o s s i b l e  d i f f e r e n c e s  i n  the  t o t a l  c r o s s  

s e c t i o n s .  Evaluators  planning t o  revise t h e  t o t a l  c ros s - sec t ion  f i l e s  

should a l s o  f i n d  the d a t a  u s e f u l  i n  t e s t i n g  t h e i r  mod i f i ca t ions  f o r  

adequacy i n  p r e d i c t i n g  neutron t r ansmiss ion  through such sample th i cknesses .  

In t h e  g r a p h i c a l  r e p r e s e n t a t i o n  of our  d a t a ,  t h e  t ransmission measured 

i n  each of our t ime-of-f l ight  channels  is  r ep resen ted  by a c losed  c i r c l e  

w i th  only t h e  s ta t i s t ica l  accuracy i n d i c a t e d .  I n  c e r t a i n  energ:y r e g i o n s ,  

when n e i t h e r  our  d a t a  nor  t h e  e v a l u a t i o n s  i n d i c a t e d  s t r u c t u r e  c o n s i s t e n t  

t o  our s t a t i s t i c a l  e r r o r s  and energy r e s o l u t i o n ,  we have averaged ou r  

t r ansmiss ion  d a t a  over  several t ime-of-f l ight  channels .  This  i s  i n d i c a t e d  
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on t h e  graphs by showing only the s t a t i s t i c a l  accuracy wi thout  t he  c e n t r a l  

po in t .  This s i t u a t i o n  o f t e n  p reva i l ed  f o r  neut ron  e n e r g i e s  below 0.6 M e V  

and above 10 MeV. 

Carbon 

There i s  a t  p re sen t  no carbon eva lua t ion  i n  t h e  DNA c ross - sec t ion  

l i b r a r y .  The ENDF/B-I11 eva lua t ion  is MA'I' = 1165. For R < 2 . 0  MeV t h e  

carbon t o t a l  c r o s s  s e c t i o n  has  no known resonances and has been r e c e n t l y  

eva lua ted  by two independent groups.  The work a t  KAPL r e s u l t e d  i n  a 

t o t a l  c ross -sec t ion  se t  be l ieved  by i t s  au tho r s  t o  be  good t o  0.5% and 

i s  t h e  one used i n  MAT = 1165. The work a t  J A E R I  resu leed  i n  a set  

whose au tho r s  b e l i e v e  i s  accu ra t e  t o  2%, I n  v i e w  of t h e  l a c k  of resonances,  

f o r  E < 2 MeV, we have e x t r a c t e d  c ross -sec t ion  va lues  from our t ransmiss ion  

d a t a .  Table III g ives  our r e s u l t s ,  every  0.1 MeV from 0.2 t o  2.0 MeV,  

n 

7 

8 

n 

8 
t o g e t h e r  w i th  t h e  MPL7 and JAERI  recommendations. I n  t h i s  t a b l e  we have 

shown only our s t a t i s t i c a l  e r r o r s  obtained by averaging  t h e  d a t a  over  

several channels  t o  improve on the s t a t i s t i c a l  accuracy.  Our measureinents 

appear t o  be  s l i - g h t l y  over 1% highe r  than  t h e  KAPL recommendations and i n  

somewhat b e t t e r  agreement wi th  t h e  J A E R l  va lues .  However, i f  w e  t ake  i n t o  

cons ide ra t ion  o u r  estimate of t h e  p o s s i b l e  sys t ema t i c  e r r o r s  i n  our  d a t a ,  

approximately between 1 . 5  and 2 .O%, w e  cannot conclude w i t h  our d a t a  which 

of the  two sets might be  p r e f e r a b l e .  We only conclude that the agreement 

shown in Table I11 i s  s a t i s f a c t o r y  and appears  t o  s u b s t a n t i a t e ,  t o  some 

unknown degree ,  the estimate we made f o r  the  p o s s i b l e  sys t ema t i c  e r r o r s  

i n  our  data. 

For En > 2 . 0  MeV the t ransmiss ion  d a t a  are shown on pages 26-28. 

There are two ma.jop. areas of d i screpancy:  from 2.08 t o  3.5 MeV and from 
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Table 111. Comparison of Carbon Total Cross-section Results (ORNL) 
from 0.2 to 2.0 MeV with the W L  and J A E R I  Recommendations. The 
Errors indicated in the OKNL Data are Statistical Errors Only. 

J5 ORNL ORNL KAPL J U R I  % Difference n 
MeV Barns Barns Barns Barns OKNL-KAPL OWL- J A E R I  

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

1.0 

1.1 

1.2 

1.3 

1.4 

1.5 

1.6 

1.7 

1.8 

1.9 

2.0 

4.040 

3.871 

3.646 

3.410 

3.212 

3.065 

2.862 

2.728 

2.602 

2.457 

2.347 

2.235 

2.142 

2.042 

1.970 

1.881 

1.814 

1.746 

1.692 

.054 

.033 

.027 

.017 

.015 

.011 

.009 

.008 

.007 

.007 

.006 

.006 

.005 

.005 

.005 

.005 

.005 

.005 

.006 

4.096 

3.829 

3.589 

3.372 

3.178 

3.000 

2.833 

2.690 

2 562 

2.430 

2.312 

2.216 

2.119 

2.037 

1.946 

1.867 

1.806 

1.739 

1.677 

4.129 

3.787 

3.639 

3.422 

3.223 

3.041 

2.875 

2.724 

2.586 

2.461 

2.347 

2.243 

2.148 

2.061 

1.979 

1.901 

1.826 

1.752 

1.677 

-1.4 

1.1 

1.6 

1.1 

1.1 

2.2 

1.0 

1.4 

1.6 

1.1 

1.5 

.9 

1.1 

. 2  

1.2 

.7 

.4 

.4 

.9 

-2.0 

1.7 

.2 

- .3 

- .3 

.6 

- .3 

.1 

.6 

- .1 

0 

- .2 
- .3 

- .9 

- .4 
-1.0 

- .7 
- .3 
.9 
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7.25 t o  8.5 MeV, The disagreements a r e  f a i r l y  l a r g e  b u t  no t  s u r p r i s i n g  

s i n c e  t h e  t o t a l  cross s e c t i o n s  i n  MAT 1165 have no t  been updated s i n c e  

1965. However, t h e  r e e v a l u a t i o n  of carbon c r o s s  s e c t i o n s  c u r r e n t l y  i n  

p rogres s  should remedy this s i t u a t i o n .  
9 

Oxygen 

Recause t h e  s i l i c o n  sample used f a r  t h e  sample-out measurement d i d  

not  match e x a c t l y  t h e  s i l i c o n  con ten t  of ou r  q u a r t z  sample (a d i f f e r e n c e  

of 0.0021 atoms/barn out  of 0 . 3 2 4 4 ) ,  a smal.1. c o r r e c t i o n  had t o  be performed 

t o  o b t a i n  t h e  t r ansmiss ion  through t h e  oxygen, This c o r r e c t i o n  w a s  

es tabl- ished on t h e  b a s i s  of t he  t o t a l  cross s e c t i o n s  .measured w i t h  t h e  

0.3247 atoms/barn s i l i c o n  sample and w a s  o f  t h e  o rde r  of magnitude of  

t h e  s ta t i s t ica l  e r r o r  on the d a t a .  The c o n t r i b u t i o n  of t h i s  eorrect:ion 

t o  t h e  e r r o r  on t h e  t r ansmiss ion  d a t a  f o r  oxygen i s ,  t h e r e f o r e ,  very 

s m a l l .  

The DNA c ros s - sec t ion  e v a l u a t i o n  for oxygen i s  MAT 4134 mod I and i s  

the s a m e  as the  ENDF/B-I11 MAT 1134. 

mission da ta  are shown on pages 2 9 - 3 5 .  

The comparisons w t t h  ou r  t r ans -  

From 0 .2  t o  0.6 MeV,  page 29, our  sample w a s  too t h i c k  t o  t e s t  the 

va lue  of the  c r o s s  s e c t i o n s  i n  the  440 keV resonance. From 0.6 t o  2 .0  

MeV,  pages 3 0 , 3 1 , t h e  agreement i s  ve ry  s a t i s f a c t o r y  with a few minor 

except ions.  I n  t h e  v i c i n i t y  of t he  2 . 3 4  MeV minima, OUT t r ansmiss ion  

d a t a  appear t o  be l a r g e r  than the p r e d i c t i o n s  by s l i g h t l y  inore than our 

sys t ema t i c  error. Above 3 MeV, pages 3 3 , 3 4 , 3 5 ,  the a.greement Ps i n  

general. s a t i s f a c t o r y  al though our d a t a  appear t o  be somewhat s y s t e m a t i c a l l y  

h i g h e r s i n  p a r t i c u l a r  a t  a few c r o s s  s e c t i o n  minima (4.8 and 6 . 3 4  MeV f o r  

i n s  t ante 1 I 



Aluminum 

The DNA c ros s - sec t ion  e v a l u a t i o n  €or  aluminum i s  MAT 4135 mod 2 and 

i s  t h e  s a m e  as ENDFIB 111 MAT 1135. The comparisons with our t r ansmiss ion  

d a t a  are shown on pages 36-45.  

Below 0.5 MeV, pages 36 and 37, t h e  disagreement i s  f a i r l y  l a r g e ,  i n  

p a r t i c u l a r  a t  t h e  c ros s - sec t ion  minima. Above 0.6 MeV t h e  p r e d i c t i o n s  

resemble t h e  d a t a  ve ry  c l o s e l y  w i t h  a few excep t ions  i n  both magnitude 

and r e s o l u t i o n  up t o  3.0 MeV. From 3.0 t o  10.0 MeV t h e  r e s o l u t i o n  i n  our  

d a t a  appears  much b e t t e r  t han  i n  t h e  f i l e  and as a r e s u l t  t r ansmiss ion  i n  

t h e  minima i s  being under p red ic t ed  and t h e  disagreements should become 

worse f o r  t h i c k e r  samples. From 1 0  t o  20 MeV t h e  agreement aga in  becomes 

f a i r l y  good. 

S i l i c o n  

The DNA c ross - sec t ion  e v a l u a t i o n  f o r  s i l i c o n  i s  MAT 4151 mod 1 and 

i s  the  same as EWDF/B 111 MAT 1151. 

d a t a  are shown on pages 46-52. 

The comparisons wi th  our  t ransmission 

With t h e  excep t ion  of t h e  energy r eg ion  from 1.8 t o  3 . 0  MeV, pages 48 

and 49, where t h e  e v a l u a t i o n  approximates f a i r l y  w e l l  our d a t a  bu t  s t i l l  

s l i g h t l y  underest imates  t h e  t r ansmiss ion  i n  t h e  c ros s - sec t ion  minima, 

t h e  e v a l u a t i o n  shows l a r g e  d i s c r e p a n c i e s  over t h e  whole energy range 

covered by our measurements. The most s e r i o u s  d i s c r e p a n c i e s  being in t h e  

energy ranges 1.0 t o  1.8 MeV,  page 4 8 ,  and 3 . 0  t o  6.0 MeV,  page SO 

Calcium 

The DNA cross-section e v a l u a t i o n  f o r  calcium is MAT 4152 mod 2 ;  the 

t o t a l  c ros s - sec t ion  f i l e  is  t h e  same as f o r  ENDF/B-1x1 MAT 1152.  The 

comparisons w i t h  our t r ansmiss ion  d a t a  are shown on pages 53-63. 
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From 0.2 t o  0.5 MeV a t  t h e  seven deep c ross - sec t ion  minima, t h e  

t r ansmiss ion  i s  ve ry  s e r i o u s l y  underestimated e The q u a l i t y  of t he  agree- 

ment improves very much above 0.5 MeV,  and i n  p a r t i c u l a r  i s  reasonab1.y 

good i n  the  deep c ross - sec t ion  minima around 0.55 MeV, page 55. In  

g e n e r a l ,  t h e  c ros s - sec t ion  mininla do not  appear t o  be deep enough i n  t h e  

e v a l u a t i o n ,  iii p a r t i c u l a r  from 2.0 t o  3.0 MeV,  page 60. The agreement i s  

f a i r l y  good from 10 t o  20 MeV,  page 63 ,  

I r o n  

The DNA c r o s s - s e c t i o n  e v a l u a t i o n  f o r  i r o n  i s  MAT 4180,and it has 

t h e  s a m e  t o t a l  c ros s - sec t ion  f i l e  as ENDF/R 111 MAT 1180. 

with our d a t a  are shown on pages 64-74. 

The comparisons 

Below 0.45 MeV t h e  eva lua t ion  i s  ex2:remely d e f i c i e n t  and i n  p a r t i c u l a r  

f a i l s  badly i n  t h e  deep c ross - sec t ion  minima, pages 6 4 ,  65 and 66. 

Above 0.45 MeV the  s i t u a t i o n  improves markedly al though t h e r e  i s  a tendency 

t o  p r e d i c t  t oo  l a r g e  a t ransmission up t o  0.6 MeV,  page 6 7 .  Above 0.6 MeV 

t h e  agreement i s  ve ry  good except a t  a few i s o l a t e d  c ros s - sec t ion  minima 

o r  m a x i m a ,  f o r  i n s t a n c e  a t  0.675 MeV (page 68) and a t  1.1 MeV (page 7 0 ) .  

There does no t  appear t o  be any l a r g e  d i s c r e p a n c i e s  between 2.0 and 3.0 

MeV f o r  t h i s  snniple th i ckness .  

A s  of September 1972 a new DNA c ros s - sec t ion  e v a l u a t i o n  f o r  i r o n  w i l l  

be a v a i l a b l e  wi th  a des igna t ion  MAT 4180 mod 1. This r e e v a l u a t i o n  i s  

i d e n t i f i e d  as MAT 6 i n  t h i s  r e p o r t .  The t o t a l  c ros s - sec t ion  f i l e  o f  

MAT 6 i s  d i f f e r e n t  f r o m  t h e  one i n  FL4T 4180 i n  two energy r eg ions .  BeJ.ow 

0.8 NeV recent. p re l imina ry  data" i n  t h e  deep minima, (sT < 0 .8  barns ,  

became a v a i l a b l e  and were used t o  improve the  f i l e .  The e v a l u a t i o n  w a s  

extended from 15  t o  20  MeV.  Comnparisons wi th  our d a t a ,  i n  t h e  energy 
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r eg ions  where MAT 6 d i f f e r s  from MAT 4180, a r e  shown on pages 75 

t o  80. A s  expected t h e r e  i s  a dramatic  improvement i n  t h e  agreement 

i n  t h e  deep v a l l e y s  below 0.8 MeV over MAT 4180. 

t h e  agreement i s  q u i t e  good. 

From 10 t o  20 MeV 

S i l i c o n  Dioxide 

011 pages 81 t o  87 w e  show t h e  comparison of t h e  p r e d i c t i o n  based on 

t h e  DNA c ross - sec t ion  f i l e s  w i t h  our t r ansmiss ion  data on s i l i c o n  d i o x i d e  

ob ta ined  i n  con junc t ion  wi th  our oxygen t r ansmiss ion  measurements. 

A l l  of t h e  disagreement wi th  t h e  p r e d i c t i o n s  from t h e  f i l e s  are 

due t o  the s i l i c o n  c ross - sec t ion  f i l e  as w e  found ve ry  good agreement 

f o r  t h e  oxygen d a t a  f i l e .  

I V .  CONCLUSIONS 

For a l l  t h e  elements s t u d i e d ,  w i th  t h e  excep t ion  a f  oxygen, s e r i o u s  

d i s c r e p a n c i e s  were found i n  some energy r e g i o n s  wi th  t h e  p r e d i c t i o n s  

from t h e  eva lua ted  d a t a  f i l e s .  Since the  sample th i cknesses  used are 

r e l a t i v e l y  t h i n  €or  s h i e l d i n g  materials, t h e  disagreements  observed are 

l i k e l y  t o  be much more seve re  f o r  t h i c k e r  samples. With our moderate 

energy r e s o l u t i o n ,  0 .12  nsec/meter ,  w e  are a b l e  t o  i d e n t i f y  some of t h e  

energy r e g i o n s  where t h e  e v a l u a t i o n s  would have t o  be improved i n  o r d e r  

t o  p r e d i c t  a c c u r a t e l y  neu t ron  unco l l ided  f l u x .  The t o t a l  c ros s - sec t ion  

f i l e  i n  t h e  DNA and ENDF/B-I11 e v a l u a t i o n s  appear t o  have e r r o r s  as 

l a r g e  as 30% below 0.5 MeV and o f t e n  as l a r g e  as 10% above t h i s  energy. 
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