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Abstract 

Numerical values of differential cross sections for gamma rays pro- 

duced by neutron interactions with 68Zn have been measured f o r  an incident 

energy of 5.4 MeV and gamma-ray scattering ang le  of 55 deg. 

data were obtained using a 60 em3 Ge(Li) detector. 

cross section values f o r  164 gamma rays  or gamma-ray groups having gamma- 

The dcr/dw 

The data consist of 

ray energies between 413 and 4998 keV. These data were analyzed to obtain 

information on the level structure of 68Zn, and 131 transitions were 

assigned among 78 known or postulated new levels in 68Zn. 
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I n t r o d u c t i o n  

The element  z i n c  is made 1.1p o f  fi.ve s t a b l e  i s o t o p e s  as f a l lows :  

64Zn ( 4 8 . 9 % ) ,  65Zn (27.8%), 6.7Zn (4 .1X1,  68Zn ( 1 8 . 6 % ) ,  and 70Zn (0.6%).  

Thus, an unders tanding  of t h e  r a d i a t i o n  t r a n s p o r t  through elemental .  zinc 

w i l l  r e q u i r e  knowhdge of tb.e v a r i o u s  react i -o i ls  induced by n e u t r o n s  on 

each o f  t h e  i s o t o p e s ,  o s  at lens: on t h e  three major i s o t o p e s  6 4 Z ~ ,  662.n, 

and 68Zn. 

e lemen ta l  z i n c  have been reques t ed .  As a consequence t w o  rneasuremnts  

have r e c e n t l y  been. completed and r e p o r t e d  i ipon.  The f i r s t  was t h e  nzeas- 

urenients of  gamma-ray product ion  with a sample of e lementa l  z inc  u t i l i z i n g  

a l a r g e  volume MaT detecdsor .' 
product ion  f o r  E Setween 0.7 and PO MeV and 11: between 1.0 and 20 MeV. 

These data are i n  t h e  b e s t  form f o r  di . rect  a p p l i c a t i o n  f o r  c u r r e n t  trans- 

p o r t  problems, bu t  cannot  e a s i l y  be  used t o  deduce n u c l e a r  p r o p e r t i e s  

of i s o t o p e s  of 211. The second experiment c o n s i s t e d  of measuring excita- 

tiion f u n c t i o n s  fo r  3 1  gamma rays due t o  neut ron  i n t e r a c t i o n s  With d e -  

mental z inc  u t i l i z i n g  a ~ e ( ~ i . 1  d e t e c t o r . 3  

l e n t  g a m - - r a y  energy r e s o l u t i o n  o f  t h e  d e t e c t o r  a l lowed s tudy  o f  t h e  

s t r o n g e s t  i n d i v i d u a l  g a m a  r ays  , al-though placement of t h e s e  gamma r a y s  

as t r a n s i t i o n s  arnang levels of  rhe t h r e e  major i s o t o p e s  requi red  o t h e r  

cor  rob  o r  a t  i ng i n  f o r m a t  i o rr  . 

A t  the  p r e s e n t  wrL t ing ,  d a t a  on ~ t i t r o n  i n t e r a c t i o n s  w i t h  

T h i s  e x p e r i m n t  a s c e r t a i n e d  gama- ray  

Y n 

l n  t h i s  experiment t he  exce l -  

A complete neut ron  cross s e c t i o n  evaluairion f u r  z i n c  w i l l  b e n e f i t  

from knowledge of t h e  level s t r u c t r r r e s  and decay gama rays of a l l  O E  

t h e  i s o t o p e s  of Zn. 

showed t h a t  i n fo rma t ion  on t h e  t w o  minor i s o t o p e s  o f  S i  was r e q u i r e d  'to 

adequate ly  compl.e~e t h e  e v a l u a t i o n ,  even though t h e  tmo minor i so topes  

In t h i s  regard, a very  recent e v a l u a t i o n 4  of S i  
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t o g e t h e r  make up on ly  8% of elemental S i .  

e v a l u a t e d  n e u t r o n - s c a t t e r i n g  f i l e s  wi th  gamma-ray p roduc t ion  f i l e s  w i l l  

r e q u i r e  a more d e t a i l e d  knowledge of t h e  l e v e l  s t r u c t u r e s  of t h e  zinc 

i s o t o p e s  than is  p r e s e n t l y  a v a i l a b l e .  

I t  is clear t h a t  c ross -checking  

With t h e s e  c o n s i d e r a t i o n s  i n  mind, a s tudy  of  gamma-ray produc t ion  

r e l a t e d  t o  any s i n g l e  i s o t o p e  of z i n c  is c e r t a i n l y  d e s i r a b l e .  It happens, 

however, t o  be t h e  c a s e  t h a t  t h e  d a t a  r e p o r t e d  h e r e i n  were accumulated5 

d u r i n g  t h e  p e r i o d  1970 to  1971, i .e . ,  s e v e r a l  years p r i o r  to  o b t a i n i n g  

t h e  d a t a  r e p o r t e d  f o r  neu t ron  i n t e r a c t i o n  wi th  e l emen ta l  z i n c . 2 9 3  A t  

t h e  time w e  w e r e  involved  i n  a program6 t o  measure c r o s s  s e c t i o n s  f o r  

t h e  p roduc t ion  of g a m a  r a y s  u s i n g  a G e ( L i )  photon d e t e c t o r  and neu t rons  

produced u s i n g  a pu l sed  deu te ron  beam from a Vande Graaff g e n e r a t o r .  

v a r i e t y  of n u c l e i  were s t u d i e d ,  t h e  cho ices  be ing  r e s t r i c t e d  t o  a v a i l a b l e  

i s o t o p e s  of e lements  having  h igh  p r i o r i t i e s  a s s i g n e d  to  (n,xy> measure- 

ments i n  t h e  then  c u r r e n t  r e q u e s t  l ists. Among t h e  n u c l e i  s t u d i e d  was 

'*Zn, s i n c e  a t  t h e  t i m e ,  very l i t t l e  w a s  known about  t h e  gamma decay of 

l e v e l s  i n  68Zn. 

on ly  7 gamma r a y s  emanating from 5 low-lying states and 9 p r i m a r y  gamma 

rays from t h e  c a p t u r e  r e a c t i o n  67Zr7(n,y). t2 t o t a l  of 3 3  Levels having 

E 6 MeV are "adopted.") Data r e d u c t i o n  w a s  i n i t i a t e d  s h o r t l y  a f te r  

the accumula t ion  of t h e  d a t a  b u t  w a s  n o t  completed due t o  o t h e r  p r i o r i -  

t ies * 

A 

(The c u r r e n t  Nuclear Data P r o j e c t  compi la t ion7  shows 

X 

Since  then the two sets of d a t a  on elemental. Zn d i s c u s s e d  above 

w e r e  taken,  reduced, and r e p o r t e d . 2 $ 3  

t h e  67Zn(n,y)68Zn r e a c t i o n  w a s  r e p o r t e d  by O t t m a r  eL ai!. ' These a u t h o r s  

were a b l e  t o  p l a c e  more than 108 gamma-ray t r a n s i t i o n s  among 49 known o r  

I n  a d d i t i o n ,  a c a r e f u l  s tudy of 



pos t u l a t e d  new levels i n  

of t h e  level s t r u c t u r e  of 68Zn. 

of d a t a  r e d u c t i o n  of t h e  p re sen t  d a t a ,  however, w a s  the i n i t i a t i o n  of  a 

new Nncbear Data P r o j e c t  compi la t ion9  f o r  68Zn. 

i f  a v a i l a b l e ,  m a t e r i a l l y  benef-t t the mew compi l a t ion ,  n o t  on ly  corrobo-  

r a t i n g  t h e  67Zn(n,y) r e s u l t s ,  bu t  p r o v i d i n g  new i n f o m a t i o n  on  levels i n  

68Zn n o t  popula ted  by t h e  c a p t u r e  r e a c t i o n .  

8Zn, thus  cons idg rab  l y  ex tending  t h e  knowledge 

The major c a t a l y s t  f o r  t h e  resumption 

The p r e s e n t  d a t a  woiild,  

Ekp e r i m n t a l  In forma t i  on 

The exper imenta l  system w a i  q u i t e  s t r a i g h t f o m a r d  and has been d i s -  

cussed i n  p r i o r  r e p o r t s  .6 

duced by a c c e l e r a t e d  deuterons  i n t e r a c t i n g  wi th  deuter ium. The neu t rons  

impinged on a sample en r i ched  t o  98.4% i n  68%n9 which was i n  t h e  form o f  

z i n c  oxide  e n c a p s d a t e d  i n  a th in-wal led  aluminum can. A dummy sample 

of Be0 s i m i l a r l y  encapsu la t ed  w a s  used  t o  provide  in fo rma t ion  on back- 

ground r a d i a t i o n .  

Ge(Li) d e t e c t o r .  Fast-tiracing e l e c t r o n i c s  w e r e  u sed  t o  d i s c r i m i n a t e  

a g a i n s t  background r a d i a t i o n ,  which w a s  reduced sr ibstant ia l1 .y  , b u t  not 

e n t i r e l y  e l i r d n a t e d .  The advantage of t.he large volume d iode  w a s  i ts 

e f f i c i e n c y  f o r  t h e  fu l l -energy  mode of d e t e e t i u n ,  such t h a t  all t h e  large,  

and many of  t h e  remaining peaks could be a s c r i b e d  t o  the fu l l -energy  

d e t e c t i o n  mode. (Only f o r  E > 5 MeV was the double-escape peak l a r g e r  

than  the fu l l -energy  peak.)  However, t h e  d e t e c t o r  was s u s c e p t i b l e  to 

neut ron  damage, inoreso than  p rev ious ly  suspec ted .  l o  

higher-energy gamma r a y s  t h e  r e c o i l  motion of t h e  e x c i t e d  Zn nucleus  

(Doppler e f f e c t )  he lped  worsen the  observed  r e s o l u t i o n .  The o v e r a l l  

A n e a r l y  nionoenergetfc neut ron  beam w a s  pro- 

The r e s u l t i n g  gamma r a y s  were d e t e c t e d  u s i n g  a 60 cm3 

Y 

In a d d i t i o n ,  f o r  t h e  
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photon energy r e s o l u t i o n  f o r  t h e  d a t a  o b t a i n e d  a t  E = 5.4 MeV w a s  .L4 

keV f u l l  width a t  h a l f  maximum (FWHM) f o r  E T, 1 MeV, i n c r e a s i n g  t o  %8 

keV FWHM f o r  E Q 4 MeV. Gama-ray energy c a l i b r a t i o n  w a s  p rovided  by 

t h e  known background l i n e s  i n  t h e  spectrum, e .g . ,  511 keV, 843 and 1013 

keV due t o  A l ,  and 2615 and 4084 keV fu l l - ene rgy  and escape peaks due 

to  Pb, from t h e  s h i e l d i n g  material. The t o t a l  spectrum o b t a i n e d  is shown 

i n  expanded form i n  20 graphs  i n  t h e  appendix. Gamma-ray e n e r g i e s  were 

a s s i g n e d  t o  observed peaks based  on a n a l y s e s  u s i n g  a l igl- t -pen o r i e n t e d  

r o u t i n e  w r i t t e n  f o r  t h e  PDP-10 g r a p h i c s  d i s p l a y  system. These e n e r g i e s  

were determined t o  ~l keV wi th  r e s p e c t  to  t h e  photon-energy c a l i b r a t i o n .  

However, i n  a d d i t i o n  t o  u n c e r t a i n t i e s  a s s o c i a t e d  with t h e  energy cal i -  

b r a t i o n ,  p a r t i c u l a r l y  f o r  t h e  la rger -energy  gamma r a y s ,  t h e  observed  

e n e r g i e s  are Doppler s h i f t e d  some unknown amount depending upon t h e  l i f e -  

t i m e s  o f  t h e  e x c i t e d  s ta tes  and a n g u l a r  d i s t r i b u t i o n s  of the  r e s i d u a l  

e x c i t e d  68Zn n u c l e i  wi th  r e s p e c t  t o  t h e  a n g l e  of photon o b s e r v a t i o n .  

d i s c u s s e d  below, t h e  observed  gamma-rays w e r e  n o t  c o r r e c t e d  € o r  t h e i r  

Doppler s h i f t ,  b u t  i n s t e a d  w e r e  p a i r e d  where p o s s i b l e  wi th  t h e  more exac t  

g a m - r a y  e n e r g i e s  of O t t m a r ,  e t  a z . 8  

o b t a i n e d  from t h e  r a w  d a t a  f o r  164 g a m a  ray peaks,  some of which were 

due  to more than  a s i n g l e  gamma r a y .  The I w e r e  later normalized t o  

t h e  i s o t o p i c  c r o s s  s e c t i o n  f o r  t h e  E = 1077 keV, o b t a i n e d  i n  a subse- 

quent  run u s i n g  a n a t u r a l  z i n c  E t a 1  sample. A spectrum w a s  also ob- 

t a i n e d  a t  E = 5.9 M e V ;  however, t h e  o v e r a l l  photon-energy r e s o l u t i o n  

was worse f o r  t h i s  E and  t h e  spectrum w a s  n o t  ana lyzed .  However, the  

E = 5.9 M e V  spec t rum provided  in fo rma t ion  €or f o u r  gamma r a y s  which 

a ided  i n  t h e i r  placement i n  t h e  l e v e l  s t r u c t u r e  o f  68Zn. 

n 

Y 

Y 

A s  

Relative i n t e n s i t i e s  (I ) w e r e  
Y 

Y 

Y 

n 

n’ 

n 

The f i n a l  
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reduced i s o t o p i c  d i f f e r e n t i a l  c r o s s  s e c t l o n s  f o r  164 g a m a  r a y s  01- groups 

of n e a r l y  degene ra t e  gamma r ays ,  are t abusa ted  i n  Table I, a long  w l t k  

comparison d a t a  from t h e  67Zn(n,y) r e p o r t . 8  

A s  mentioned above the  p r e s e n t  photon e n e r g i e s  have iincer t a i n t i e s  

AE of  Z S  keV. The 67Z11(n,y) d a t a  are mre p r e c i s e . *  It w a s  assumed 

t h a t  many of  t h e  p r e s e n t l y  observed gamma r a y s  corresponded t o  g a m a  rays 

observed i n  the 67Zn(n,y) experiment ,  and t h e r e f o r e  an a t t empt  was made 

Y 

t o  match up as many of t h e  p r e s e n t  gamma r ays  with those r e p o r t e d  i n  t h e  

67Zn(n,y) experiment  as p o s s i b l e .  This matching procedure had a l s o  the  

b e n e f i t  of ensu r ing  t h a t  t h e  p r e s e n t  photon-energy c a l i b r a t i o n  w a s  prob- 

ab ly  c o r r e c t  t o  t h e  quoted u n c e r t a i n t i e s .  Add i t iona l  in format ion  w a s  

a l so  obta ined  from t h e  branching r a t i o s  ob ta ined  from the I o f  t h e  

67Zn(n,y) experiment  when compared t o  t h e  c r o s s  s e c t i o n  r a t i o s  obta ined  
Y 

from t h e  p r e s e n t  I . S t r i c t l y  speaking t h e  tms r a t i o s  are no t  e q u i v a l e n t ,  

b u t  t o  w i t h i n  t h e  u n c e r t a i n t i e s  a s s o c i a t e d  with t h e  p r e s e n t  I and t h e  

f a c t  t h a t  t he  p r e s e n t  8 

t h e  p r e s e n t  c r o s s  s e c t i o n  r a t i o s  are probably adequate  branching r a t i o s ,  

Y 

Y' 
= 55 deg w a s  chosen because P2 (cos 0 ) = 0, 

Y Y 

a t  leas t  f o r  t hose  l e v e l s  not o the rwise  r e p o r t e d  upon. 

Resu l t s  and Disci lss ion 

Nearly 200 peaks were observed and analyzed t o  o b t a i n  E and I 
Y Y 

values. Altogether  ~ 8 0 %  of t h e  g a m a  r a y s  a s s o c i a t e d  wi th  observed pcaks 

were u l t i m a t e l y  p l aced  as t r a n s i t i o n s  among 7 8  known o r  p o s t u l a t e d  levels 

i n  68Zn, To keep t h e  fo l lowing  d i s c u s s i o n  reasonably b r i e f  t h e  fo l lowing  

abbrev ia t ions  w i l l  b e  used wi thou t  cont inuous f u r t h e r  r e f e r e n c e :  ( n ,  y) 

rcrers t o  t h e  ganuna-ray d a t a  of O t t m a s ,  e t  aZ. ;8  (y,~') refers t o  the  
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Table 1. Gamma Rays Produced by Neutron I n t e r a c t i o n  w i t h  68Zn 
The p r e s e n t  d a t a  a re  compared with similar d a t a  from the 67Zn(n,y) 
r e p o r t  (ref. 8) .  
laboratory i s o t o p i c  cross s e c t i o n s  €or a gamma-ray s c a t t e r i n g  
angle of 55 degrees and f o r  En = 5.4 MeV. 

Photon e n e r g i e s  are i n  keV. The present:  Iy are 

412.5 

483.4 

542.1 
568.6 
578.5 
621.0 

629.3 

670.9 
733 * 7 
744.8 

805.8 
836.4 
864 2 
873.6 
879.6 

936.7 

975.4 

1025.6 
1041.3 

L077.4 

1113.3 
1126.1 
1159.2 
1171.3 
1212.7 

- _ -  
I n t e n s i t y  

c Present 

1.26 (0.35) 
0.20 (0.12) 
0.24 (0.12) 
0.40 (0.18) 
0.18 (0.10) 

0.62 (0.20) 
0.21 (0.11) 
0.60 (0.25) 
4.47 (0.88) 
0.40 (0.15) 

0.29 (0.12) 
0.11  (0.07) 
0.96 (0.18) 
0.25 (0.11) 
0.31 (0.13) 

1-62 (0.28) 
3.56 (0.76) 
0,69 (0.35) 
0.86 (0.30) 

0.18 (0.10) 

1.45 (0.30) 
0.20 (0.12) 
0.30 (0.17) 

0.65 (0.20) 
0.20 (0.13) 
4.10 (1.00) 
0.45 (0.23) 

12.7 (1.9) 

0.22 (0.12) 

L27 

0.60 (0.25) 
5.32 (0.80) 
0.54 ( 0 . 2 4 )  
0.81 (0.18) 
0.18 (0.11) 

d Zn (n,  y) 
I 

5.6 

1.1 

1.8 
0.8 

0.59 

1.2 

30 

3.1 
1.2 
0.8 

121 

20 
6.2 

2.9 
9.5 

1.7 

1 . 3  

3 . 9  
6 . 9  

1000 

2 . 4  

1.6 
7.3 
2.2 

55 

Assignment a 

P resen t  

2751-2338 

2822-2338 

2959-2417 

1656 -107 7 
3630-3009 

345 1-2825 

3009-2338 

3164-2417 

1883-1077 
3587-2751 
32 82-241 7 

3630-2751 

3896-2959 

6 4 z n  (n , 1 

3458-2417 

10 77-0 

3451-2338 
3009-1883 

3630-2417 

2 7 5 1-2 338 

2822-2338 

2959-2417 

1656-1077 
3630-3009 

(3911-3282) 

3009-2338 

3496-2751 

1883-10 77 
3587-2751 
3282-2417 

3630-2 751 
3896-2959 

(3726-2751) 

(3458-2417) 

1077-0 

3935-2822 
3009-1883 

3630 -241 7 
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T a b l e  1 (continued) 

Gama-Ray Energy 
I._ 

b Present  

1220 (W) 
1261 
1268 (W) 
1276 (W) 
1300 (W) 

1313 
1340 
1366 (U) 
1372 
1387 (W) 
1398 
1433 
1438 (B) 
1452 (B) 
1462 (G)  

1479 
149 3 
1 5 1 8  
1542 (R) 
1547 

1559 (W) 
1.598 
1608 
1612 
1617 (U) 

1626 (W) 

1633 (W) 
1673 
1697 

1724  ( W )  
1745 
1778 ( U )  
1780 (U)  
1883 

1933 (W) 
1’369 (W)  
202 7 
2055 (S)  
2062 

l 7  Zn (n ,-y ) 
1 . 1  - 
1219.4 
1261.0 

1276.9 
1300 + 9 

131 3 - 1  
1340.0 

1372 .I 3 
1387.2 

1397.7 
1431.9 
1437. 8 
1451 8 
1463.3 

1478.3 
14543.5 
1518.3 
1541 a 7 
1546.1 

1.557.1 
1596 a 3 

1612.2 

’ 1624 1627 a 7 2 l  
1630 54 
1673.3 
1698.0 

1723.5 
1744.2 
1777.6 
1781.5 
1883.1 

1932.1 

2027 9 

Intensi ky 

C Present 

0.70 (0.17)  
11.7 (1*8) 

0.53 (0.28) 
0.50 (0.28) 
0.52 (0.18) 

0.48 (0.17) 
26,1 (3.9) 

0.35 (0 .22)  
1,OO (0.32) 
0.66 (0.23) 

0.80 (0.21) 
1 . 4  (0.50) 
0.7 (0.40) 
0 .23 (0.11) 
0.49 (0.18) 

0.35 (0.18) 

0.70 (0.25) 
1 .63  (0.28) 

0.52 (0.22) 
0.46 (0 .22)  
0.20 (0.13) 
0.20 (0.13) 

1.11 (0.20) 

0.80 (0.20) 

0.20 (0.13) 

2.26 (0.39) 

1.0 (0.4) 
16 .5  (2.5) 

0.35 (0.20) 

5.46 (0.82) 
1.81 (0.41) 

1.03  (0.25) 
1.03 (0.25) 

0.94 (0.35) 
0.67 (0.22) 
0.40 (0.18) 
0.75 (0.25) 
0.78 (0.25) 

26.4 (3.9) 

- _ - . - ~  

Zn (n ,y) 57 

5.1 
113 

1.5 
5.1 

1.4 
126 

1.6 
6 . 3  

3.2 
7 . 1  
5 .1  
1 * 3  
2 , 2  

7.7 
3.9 
1 . 9  
6.9 

20.0 

0.6 
1 . 9  

1 . 4  

5.5 
2.2 
7 . 1  

1 .9  

1 . 9  

4.5 
8.8 

7 3  

4 1  

187 

7 .Q 

4 . 1  

.-.. 

Assignment a 
D - 

Present  

31 04-1883 
2338-1077 
3685-2417 
4028-2751 
3184-1883 

241 7-1077 

371 2-2338 
3726-2338 

(3282-1883) 
38 4? -2 41 7 
3776-2338 

(3346-1 853) 

3896-2417 
3911-2417 
3401-1883 
3425-1883 
3430-1883 

(3935-2338) 

3496-1 883 

(3287-1656) 
2751 -1077 

(4521-2822) 

4060-2338 
2822-1 077 

36 65 -1 883 
1 8 8 3 4  

3009-1077 

39 1 1-18 83 

.-- 

Zn (n I VI e 
67 
-.. 

2 3 38-10 7 7 

4028-2 751 
3184-1883 

2417-1033 

3726-2338 

3849-2417 
3776-2338 
3335-1883) 

3896-2417 
3911-241 7 

342.5-1883 
34 30- 188 3 

3896-2338 
39 35-2 3 38 

3496-1883 

3287-1656 
2751-1077 

4 7 3 3 - 300 9 ) 
2822-1077 

3665-1883 
1883-0 

300 9-10 7 7 

391.1-1883 



Table 1 (cont inued)  

Gamma-Ray Energy 

Present 6 7 ~ n ( n , y )  

2081 
2094 (U) 
2108 IB)  
2 1 2 2  (V) 
2161 

2182 

2259 ( W )  
2270 
2300 (U) 

2310 (R) 
2322 (W) 
2339 
2348(R)  
2352 

2374 (W)  
2392 
2420 ( W )  
2428 (U) 
2442 

2470 (U) 

2508 (W) 

2548 
2563 (W) 

2591(W) 

2650 ( W )  

2699 (14) 

2732(Y)  
2739 

2822 ( W )  

2845 (U) 
2852(R)  
2861 

2212 (H) 

--- 

2094 e 6 
2106.8 

2181.7 . 
2209.8 
2257.2 

2347.4 
2352.8 

(2390 .2 )  
2418.6 

2438.9 

l. ;g;:;I 

i ;::;::I 
{~;:;;::\ 
1 ;gl: ;\ 

2737 730a I 7 

i ;:;::;I 

(2547 .O) 

2851.0 
2857.6 

I n t e n s i t y  

c Present  

0.44 (0.18) 
0.20 ( 0 . 1 4 )  
1.74 (0.60)  
0 ,26  (0.15) 
0.25 (0 .13 )  

0.52 (0 .22 )  
2.6 ( 1 . 4 )  
0.62 ( 0 . 2 0 )  
0.62 (0 .20 )  
0.25 (0 .20)  

0.60 (0 .28 )  
0.90 (0 .35)  
0.35 (0 .14)  
0.97 (0.19) 
0.90 (0.18) 

0.63 (0 .16 )  
0.58 ( 0 . 1 6 )  
2.67 ( 0 . 4 0 )  
0.25 ( 0 . 1 5 )  
0.27 ( 0 . 1 0 )  

0.15 (0 .10 )  

0.73 (0 .20 )  

0.35 ( 0 . 1 8 )  

1.38 (0 .23)  

0.86 ( 0 . 2 1 )  

1.00 ( 0 . 2 2 )  

0.20 (0.14)  

3.23 ( 0 . 4 8 )  

0.56 (0.15) 

0.50 (0 .30)  
0.98 (0 .33)  
1.64 ( 0 . 2 8 )  

67 d 
Zn(n,-Y) 

5.1  
20 

3.5 

2.1 
49 

12.7 
1 2 . 1  

3 .O 
26 

. 0 . 8  

8.3 
5.7 
5.4 

4.4 
5 .O 
7.8  
6 .Q 

2.4 
2 .2  
1.47 

11.2 

3.2 
1. * 9 

3.7 
1 9  .o 

a Assignment - 
Present 

3158-1077 

3184-107 7 
(48  71- 2 75  3.) 

4521-2338 
3287-1077 

3346-1077 
(46 39-2339) 

(3383-1077) 
(3401-1077) 
2339-0 
3425-1077 
3430-107 7 

(3451-1077) 

3496-10 77 

3584-10 77 

36 2 6-3.0 7 7 

3665-1077 

3726-1077 

3776-1077 
(5145-2417) 
3816-1077 

2822-0 

392 8-107 7 
39 35-107 7 

Zn (n 9 Y) e 
67 

4512-2417 
3184-2077 

4521-2338 
3287-1077 
(3335-10 7 7 )  

3425-1077 
3430-1077 

5400-3009 
3496-1077 

4851-2338 
5298-2751 

3665-1077 

3726-1077 

3776-1077 

2822-0 

3935-10 77 



1.0 

Tab l e  1 (con Lj- uued) 

Gamma-Ray Energy  

P re 6 en t 6 7 Z n ( n , y )  

2953 
2985 
2990 (W) 
30 09 (W) 

3065 ( Z )  

3140 (W) 
3152 (R) 
315 7 

3183 (R) 
3187 
3207 (B)  
3286 (17)  
3332 

3348 
3360 
3383 (U) 
3402 (W) 

3427 (W) 
3430 (U) 
3442 

3456 (W) 

3511 (W) 

3520(Y) 

3567 (W) 

3592 
3626 

3666 (w) 
3706 
3718 

3773(W) 

3817 
3832 
3883 

2982.9 1 

3137.8 
3151 " 9  
31.54.6 

3184.3 

3206.4 
3287.2 
3331.0 

3345.9 
3358.2 
3380.2 
3399.8 

3430 a 0 1 

3 4 5 2 * 6  3458.  I 1 

3 5 6 3 * 2  3569.0  1 

3509.9 

3519.4 

( 3 5 9 5 . 2 )  
( 3 6 3 0 . 2 )  

3664.8 

3703.5 
3714 5 

3772.3  
( 3 7 7 7 . 0 ) l  
3816.3 
3833.1 
3885.5 

C Present  

0.45  ( 0 . 1 3 )  

2.38 ( 0 . 5 0 )  

1 .34  ( 0 . 3 1 )  

1 .05 ( 0 . 4 4 )  

0 . 8 1  ( 0 . 1 4 )  
0 .35  (0.18) 
0.70 ( 0 . 3 0 )  

0 .50  ( 0 . 3 3 )  
1.07 ( 0 . 3 3 )  
0.13 (0 .09 )  
0.14 (0.10) 
0.15 ( 0 . 0 7 )  

1 .76  ( 0 . 2 7 )  
0 .69 (0.12) 
0.18 (0.10) 
0 . 2 2  (0.11.) 

0.31 ( 0 . 1 4 )  

0 . 4 3  ( 0 . 1 8 )  

0.46 (0.21) 

1.10 ( 0 . 1 8 )  

<o. 15 
0.67 ( 0 . 1 2 )  

0 . 2 2  (0 .10)  
0 .32  ( 0 . 1 8 )  

1 .22  ( 0 . 1 9 )  

0 .80  (0.13) 
1.46 ( 0 . 2 1 )  

0 .80  ( 0 . 3 0 )  

0.54 ( 0 . 1 4 )  
0.60 ( 0 . 2 1 )  
0.44 ( 0 . 1 5 )  

d 
j Zn (n p y) --- 

5 .O 

6 . 9  
2 , 6  
5.9 
2.5 
3 .8  

4 .9 

3.7 
1 8 . 1  

9.5 

8 .8  
4.8 
2.1 
2 * 4  

1. e 8 

1 . 5  
9 .5  
3.4 

3.2 
6 . 1  
1 . 4  
0.9 
1 . 9  

2.5 

2.4 
3.4 

5.6 
6 .3  
4 . 3  
10.0 

2.8 

Present 
. _ . _ _ - _ _ _ ~  

4060-1077 
4 8 7 1. -1 8 8 3 

(4.145-1077) 
421.5-1077 
4229-1077 
4232-1077 

31.84-0 

4284-107 7 
3287-0 
44 0 8-1 0 7 7 

3 34 6 -- 0 

( 3 3 8 3 - 0 )  
3401-0 

4 4 3  7-107 7 

(4504-107 7 )  
( 3 4 3 0 - 0 )  

4 5 3 5-40 7 7 
4 5 8 7-10 7 7 

5403-1883 
4640-1077 

(4670-107 7: 
3625-0 

3665-0 
( 4  7 44-1 07 7 ) 

3717-0 

3776-8 
3 8 I 6  -0 
4 9 10  -1~ 0 7 7 

_I. 

Zn (n ,Y 1 e 
67 

(4140-1077)  
4952-1883 
4 215-10 7 7 

3184-0 

4284-1077 
3287-0 
4408-1077 

(3380-0)  
5283-1883 

3430-0 

4 5 3 5 -I 0 7 7 

5403-1883 

3630-0 

3665-0 

3776-0 

4 9 10-10 7 7 
4963-1077 
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Table 1 (continued) 

1 G a m m a - R a y  Energy 

b 
Present 

3954 

3989 (W) 
4027 

4069 (Y) 
4102 
4282(U)  
4325 
4338 (W) 

4414 
4444 (W) 

4465 
4496 

4.502 
452 3 (U) 
4578 
4585 
4608 

4639 
4670 (U) 
4680 
4718 
4792 (W) 

4855 
4982 
4998 .----.-- 

67 
Zn (n $7,) 

t 
3946 7 
3951.8 
3958.6 

4028.3 

4069.4 

4281  I 7 
4325.5 
4334,O 

4411.2 

4448.7 4 4 3 7 * 5 1  
4466.2 
4493.9 

4500,O 
4521.0 
4579.8 

4609.1  

4639.4 
4670.7 
4681.6 
4716.5 
4789 e 8 

4858.4 
4977.8 
499 8.0 

1___-.1- 

Intensity 

c Present 

1.1 ( 0 . 1 9 )  

0.30 (0.15) 
1.14 ( 0 . 1 6 )  

0.67 (0 .14 )  
0 .17 (0.17) 
0.39 ( 0 . 1 4 )  
0.70 (0.15) 

0.54 (0.14)  

0.98 (0.15) 
0.74 (0.11) 
0.30 (0.12) 

0.30  (0 .12)  
0.17 ( 0 . 1 1 )  
0.35 (0.10) 
0 . 3 1  ( 0 . 1 0 )  
0.77 (0.13) 

0.28  (0.12) 
0.20 (0.13) 
0.52 (0.11) 
0.18 (0 .09 )  
0.45 ( 0 . 1 3 )  

0.29 ( 0 . 1 0 )  
0 . 2 3  ( 0 . 0 7 )  
0 . 2 3  ( 0 . 0 8 )  

€0.1 

__ ---..-___- 

67 d 
Zn (n $7,) 

1.1 
2.6 
3.1 

4 .3  

5.6 

2.7 
5.4 
6.1  

2.4 
2.7 
4 .0  
4 .1  
1.9 

6 . 3  
5.8 
1. .4 

2.0 

2 .1  
1.8 
3.3  
2.5 
2.6 

2.6 
2 .3  
2.0 
.-_I 

Present 

(3989-0)  
4028-0 

5146-10 77 
(4102-0)  
(4282-0)  
4325-0 
4334-0 

4414-0 
4437-0 
4449-0 
4466-0 
4496-0 

4500-0 
4521-0 
4579-0 
4586-0 
4609-0 

4639-0 
4671-0 
4682-0 
4717-8 
4790-0 

4855-0 
4978-0 
4993-0 

~ 

‘j72n(n ,yle 

4028-0 

(4326-0)  
P ,G 

4521-0 

p ,G 
G,P  

P,G 
4991-0 

_l_l_--.-_ 



1 2  

Foo trio t es 

a.  Uncertain assignments i n  p a r e n t h e s i s .  

h .  Present  photon energy unce r t a in ty  g iven  by AE 
i n  keV, where t h e  second f a c t o r  accounts f o r  t h e  Doppler motion. 
The f o l l o w i n g  comments are a s soc ia t ed  wi- th  t h e  syml30ls appearfag 
ad jacent  t o  some of t h e  gama-ray energ ies :  

= 0.5 + 0.0012 x Ey,  Y 

Coincident  wi th  background r a d i a t i o n .  
Coincident wi th  known l i n e s  i n  copper.  
Coincident with known l ines  i n  Germanium, due t o  neut ron  i n t e s -  
a c t i o n s  wi th  t h e  d e t e c t o r .  
Underlying t h i s  peak i s  a broad peak be l i eved  a s soc ia t ed  with 
n 3 p cap tu re  gamma ray, 2: 2.22  MeV.  
Peak i s  n o t  c l e a r l y  reso lved  from a s t ronge r  nearby peak. 
Wide group bare ly  reso lved  from t h e  2062-keV peak. 
Uncertain peak e x t r a c t i o n  due t o  odd peak shape. 
Peak i s  wide, probably due t o  two or  more gama rays .  
Peak i s  much l a r g e r  f o r  En = 5 .9  MeV. 
Peak is  co inc iden t  wi . th  4084 keV double-escape peak, a known 
background l i n e  from Pb. 

e .  In mb/s r ,  wi th  e r r o r s  i n  parentheses .  

d .  67%n(n,y) i n t e n s i t i e s  are r e l a t i v e  t o  E = 1077 keV; f o r  Ey > 2210 
keV, the  d a t a  i n  Table 3 of r e f .  8 w e r e  renormalized t o  a g r e e  with 
t h e  d a t a  i n  Table 2 o f  ref, 8 .  

Y 

e. Assignment of "P,G'I  or "G,P" for high-energy gama r a y s  i n d i c a t e  
t h a t  e i t h e r  primary ( i . e .  f r o m  the cap tu re  s t a t e )  o r  ground-state  
t r a n s i t i o n s  were the  probable  assignments e 
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gamma-ray s c a t t e r i n g  d a t a  of Metzger; l 1  (B-y) r e f e r s  t o  the  decay s t u d i e s  

of ssCu isomers by Swindle et aZ. ; I 2  ( t , p )  r e f e r s  to the charged-par t ic le  

d a t a  of  Hudson and Glover;13 (a,a‘) r e f e r s  t o  i n e l a s t i c  a lpha  s c a t t e r i n g  

d a t a  of A lpe r t ,  et aZ. ; l4 and NDS r e f e r s  t o  the publ ished N u c l e a r  Data 

P r o j e c t  compilat ion7 (not  t h e  compilat ion i n  p rogres s ) .  Each subheading 

below r e f e r s  t o  one o r  mre l e v e l s  to b e  discussed.  Levels no t  observed 

i n  t h e  p r e s e n t  experiment are enclosed i n  parentheses .  The p resen t ly  

ass igned  t r a n s i t i o n s  and branching r a t i o s  are shown schemat ica l ly  i n  Fig. 

l f o r  E < 4 M e V ,  and i n  Fig.  2 f o r  Ex > 4 M e V .  x 

E = 1077, 1654, 1883, and 2338 keV. The p resen t  d a t a  ag ree  very 
-xi5 ------ 

w e l l  wi th  p r i o r  gama-ray da ta .  Addi t iona l  v e r i f i c a t i o n  o f  t h e  placement 

of gamma rays  among t h e  low-lying levels o f  68Zn w a s  provided by the  da t a  

of r e f .  3 c i t e d  above. In t h a t  experiment da t a  w e r e  obtained u s i n g  a 

n a t u r a l  z inc  m e t a l  sample and t h e  Oak Ridge Elec t ron  Linear  Accelerator  

as t h e  neut ron  source.  Incident-neutron-energy thresholds  w e r e  observed 

f o r  E = 583, 1077, 1261, 1673, and 1883 k e V  g a m a  rays  which are i n  

agreement with t h e  p re sen t  ass ignnents  . 
Y 

(E  = 2369 keV). This  l e v e l  is  repor ted  i n  t h e  (6-y) experiment 
It I-- - 

T i -  having J = 2 and decaying v i a  a 1292-keV gamma ray .  There i s  no ind i -  

c a t i o n  of a 1292-keV photon i n  t h e  present  experiment.  The e x i s t e n c e  

csf this l e v e l  is  doubt fu l .  

E = 2417 keV, A s t r o n g  1340-keV gamma ray is observed i n  agreement 
3- I_- 

rr + with (n,y) and (E-y).  J = 4 has strongeslt  support  f r o m  gama-gamma 

coincidence measurements of ( B y )  . 
( E  = 2.5 MeV). NDS shows a l e v e l  a t  2,49  MeV based only on a 

67Zn(d,p) masurement ,  and (6-y) r e p o r t s  a l e v e l  a t  2511 keV having 

-xx -- 
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F i g .  1. Level s t r u c t u r e  f o r  68Zn f o r  E;z i 4 M e V  as deduced f r o m  
the p re sen t  experimental  da t a .  The small numbers a t  the  i n t e r s e c t i o n s  
of t he  l i n e s  ind ica t ed  c ross -sec t ion  r a t i o s  f o r  gama-ray scattering 
angle  of 55 deg. 
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ORNL-WG 74-1578H 

6 B Z n + "  
CROSS SECTION RATIOS, 8,.= 55deg 

D=DEFINITE TRANSITIONS OBSERVED 
P-PROEABLE TRANSITIONS OBSERVED 
R=POSSIBLE TRANSITIONS OBSERVE0 

( )==UNCERTAIN ASSIGNMENT 
[J']P.ASSICNMENT FROM g6Zn(/ P I  EXPERIMENT 

EJkeV) J =  
5403 --..-__.._--I p- 

4586 -----I201 ---I _____I- 

IO 

E,(keV)-+ 0 1077 1883 2338 2417 2751 2822 3009 
JH-rOc 2+ 2' 2' $+ 3 -  2+ (31' 

Fig .  2. Levels i n  68Zn f o r  E& > 4 MeV observed in the present 
experiment . 
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J = (2) and decaying v i a  a 1433-key photon. A 1433-keV gamma ray is 

observed i n  the  p re sen t  experiment as w e l l  as i n  the (n,y)  r epor t .  The 

(n ,y)  assignment i s  as a t r a n s i t i o n  between E = 3849 and 2417 keV l e v e l s  

based upon t h e i r  gama-gama coincidence measurements a The p resen t  as- 

X 

signment i n  agreement with ( n , y )  r e f l e c t s  doubt as t o  the  ex i s t ence  of 

a l e v e l  v i c  E =: 2.5 MeV.  x ~ 

E = 2751  and 2822 keV. The present  data confirm p r i o r  gamma-ray -- 
assignments.  In  add i t ion ,  as mentioned above, t he  d a t a  of r e f .  3 i nd i -  

cate a threshold  f o r  E = 1673 keV c o n s i s t e n t  with assignment as decay 

from E = 2751 keV. 

E 

Y 
A s t r o n g  JT = 3- level i s  observed i n  (c1,a') a t  

X 
-4- 

= 2 .75  MeV, and a JT = 2 l e v e l  is  ind ica t ed  i n  ( t , p )  at  E = 2 8 2 1  keV. 
X X 

E = 2959 keV. A very weak 542-key phot-on i s  observed and given 
3- ____- 

4- t h e  same assignment as ( n , y ) .  

E = 2955 keV. 

A 5' ---- 4 l e v e l  i s  ind ica t ed  i n  ( t , p )  a t  

X 

E = 3009 keV. Photons are observed corresponding t o  decay to  E = 
-A -- X - 

1883 and 2338 keV, i n  agreement with ( n , y ) .  N o  comparable l e v e l  is ob- 

served in ( c l , a ' )  o r  ( t , p )  suggest ing an unnatura l  p a r i t y  state.  P a r i t y  

is  p o s i t i v e  and J = (2,3) according to (n ,y ) ;  p resent  d a t a  p r e f e r  s p i n  

of 3. 

(E = 3081 keV). Level repor ted  i n  (B-y) n o t  confirmed by present  
-5 ~ - .  -- 

experiment. 

3- E = 3104 and 3158 keV. '1b0 JT = 0 l e v e l s  are observed i n  ( t , p )  -- ___.-.-- 
at E = 3100 and 3157 keV, the  higher  energy l e v e l  very s t rong ly  observed. 

J* = 0 

x 
-4 exc i t ed  s ta tes  tend to be weakly observed i n  nucleon i n e l a s t i c  

s c a t t e r i n g x 5  so  the p re sen t  dat:a were scanned f o r  poss ib l e  weak t r a n s i -  

t i ons  to  J = 2 1-evels. Two l i k e l y  and two poss ib l e  t r a n s i t i o n s  w i r e  



1 7  

observed, €or  E = 2081 and 1220 keV and E = 2027 and 1275 keV, respec- 

t i v e l y .  'l%e la t te r  two were observed and assigned d i f f e r e n t l y  by (n,y) .  
Y Y 

E =  -x 
Ex = 3.17 

4- 
4 l e v e l ,  

se rved  i n  

-- 3164 keV. 

MeV.  

probably the Ex = 2617 keV l e v e l .  

t he  p re sen t  experircent may inc lude  t h e  745-keV t r a n s i t i o n  

A weak J' = (5 - )  l e v e l  w a s  r epor t ed  i n  ( a , a ' >  a t  

Such a level having J' = 5- should decay only  to  a J" -- 

The 747-keV gamma ray ob- 

observed and ass igned  i n  (n ,y> ;  however t h e  present  I i s  about f o u r  

times l a r g e r  than expected from t h e  (n,y)  assignment. Other p o s s i b l e  
Y 

t r a n s i t i o n s  Erom t h e  pos tu l a t ed  E = 3164 keV level were sought ,  and the  

branching r a t i o  assignment i n  Fig.  1 is based upon a cumulation of upper 

X 

limits t o  t h e  unobserved t r a n s i t i o n s .  

E = 3184 keV. Present  d a t a  confirm (n ,y> assignments,  with no 
7- -- 

ob jec t ion  t o  J' = (I-) assignment of (n ,y) .  This l e v e l  is probably the  

E = 3.20 MeV l e v e l  of NDS. x 

E = 3282 and 3287 keV. Present  d a t a  e s s e n t i a l l y  confirm a doublet  
-x- ---- 

f r epor t ed  by (n ,y ) .  

and NDS and (n ,y )  sugges t  J = ( l , 2 )  f o r  t he  E = 3287 keV l e v e l .  Nei ther  

l e v e l  is observed by (a,a'), sugges t ing  J f o r  t h e  upper level is 1 

r a t h e r  than 2 

A 3' = 4 l e v e l  is observed i n  ( t , p )  a t  E = 3278 keV 
X 

7T 4- 
x 

7T + 
+ 

E = 3346 keV. Present  assignment confirms ( y l y ' ) .  A similar  energy 
2 -  

photon w a s  observed by ( n , y ) ,  unplaced by (n,y); however, ( n , y )  doesn ' t  

r e p o r t  a 2270-keV gamma ray observed i n  the  p re sen t  experiment. 

E = 3383 keV. N D S  has a l e v e l  at: 3382 keV based on ( p , p ' > .  Present  
7- -- 

experiment has two weak gamma rays  which could b e  t r a n s i t i o n s  from t h i s  

level.  The E = 3383-keV gamma ray may be t h e  3380.2-keV gamma ray ob- 

se rved  i n  (n ,y)  and t e n t a t i v e l y  p laced  by ( n , y )  as a ground-state  t r a n s i -  
Y 

t i o n .  Level is not  observed i n  o t h e r  experiments.  
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E = 3 4 0 1  keV. Two t r a n s i t i o n s  are observed i n  the  p re sen t  exper i -  
-x_ 

r e n t  which sugges t  a level. a t  t h i s  energy. Level i s  not observed i n  

o the r  experiments - 
E = 3425 and 3438 keV, A double t  is repor t ed  by (n ,y ) ,  and the 
li --__- 

presen t  d a t a  are i n  agreement, s i n c e  the  raw s p e c t r a  show almst reso lved  

double ts  for peaks correspondfng t o  E = 2350 and 1547 keV. NDS has 

JIT = ( 3 , 4 )  i s  

Y 
-4- 4- 

f o r  a level a t  E- = 3424 keV. A l e v e l  having JT = 2 
x 

i n d i c a t e d  by ( t , p )  

E = 3 4 5 1  and ”- -II 

f o r  Ex = 3427 keY, 

= 3430 keV. 

-- 3458 keV. The ( t , p )  experiment r e p o r t s  a double t  a t  

The (n ,y )  experiment sugges ts  

E: = 3 4 5 1  keV having L = 5 as the  dominant angular  momentum. An a d d i t i o n  

of L =; 3 would improve ehe f i t .  

(u,u’) €or  E = 3.45 MeV. The (6-y) experiment suppor ts  J = ( 5 , 6 )  f o r  a 

l e v e l  a t  Ex .-- 3458 keV. 

may a l s o  be equ iva len t .  As 110 l e v e l  i.n this reg ion  o f  l e v e l  e x c i t a t i o n  

i s  shown by ( a , y ) ,  possi.1A.e t r a n s i t i o n s  w e r e  sought.  A s t rong  E = 1 0 4 1  

keV photon was  observed, e q u a l  i n  E t o  a gama-ray observed by (n,y)  
Y 

and t e n t a t i v e l y  placed as t h e  3458-2417 kcV t r a n s i t i o n .  N o  o t h e r  gamma 

rays a r e  observed which might correspond t o  t r a n s i t i o n s  from t h i s  I.evel. 

Severa l  o t h e r  gamma rays  W ~ K F  observed, vi%., E = 6 3 8 ,  1 1 1 4 ,  and 2374 

keV, The f i r s t  two w e r e  a l so  observed by (n,y)  and placed  o r  t e n t a t i v e l y  

placed as t r a n s i t i o n s  among h igher - ly ing  s ta tes .  For both photons the  

p re sen t  I are too  l a r g e  and both peaks i n  t h e  r z w  d a t a  appear  wide. 

There are a number of p o s s i b l e  placements f o r  E = 2374,  1 1 1 4 ,  and 630 

keV gamma r ays ,  but  in f luenced  by t h e  suggested p o s s i b i l i t y  for a J = 3 

level v i c  E = 3.45 MeV aid t he  good agreement f o r  t r a n s i t i o n  energy sums, 

a l e v e l  i s  pos tu l a t ed  a t  E = 3451.. 

X 
7T A level  having J = 5- i s  ind ica t ed  i n  

X 
4- The NDS l e v e l  a t  E = 3424 keV having Jn = ( 3 , 4 )  

x 

Y 

Y 

Y 

Y 

X 

X 
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=E 
ca ted  by 

( t , P >  a t  

shown i n  

E = 3496 keV. The p resen t  da t a  ag ree  w e l l  with (n ,y> da ta .  A 
Ix- -- 

level a t  E = 3492 keV with no J' assignment is repor ted  by ( t , p > .  
Y 

E = 3584 and 3587 keV. An E = 836 keV photon is observed i n  the  
-x- ---- Y 

p re sen t  experiment ass igned  to the  3587-2751 keV t r a n s i t i o n  i n  agreement 

with ( n , y ) .  A broad peak is observed a t  E = 2508 keV i n  the  p re sen t  

d a t a ,  with a poss ib l e  assignrraent as the  3587-1077 keV t r a n s i t i o n ,  a 

t r a n s i t i o n  not  shown in (n ,y>.  However, t h e  p re sen t  I f o r  E = 836 and 

2508 keV would not give t h e  same branching r a t i o s  as t h e  I from ( n , y ) .  

Hence, t h e  E = 2508 keV gamma r a y ( s >  m u s t  be  ass igned  elsewhere.  The 

(t,p> e x p e r i m n t  shows a p o s s i b l e  double t  a t  E 

I f  t h e  peak i s  double t  t h e  o t h e r  L value would l i k e l y  be 1 o r  2 .  Based 

on these  cons ide ra t ions  a double t  is pos tu l a t ed  with one of t h e  two 

Bevels having JT = 4+. 

Y 

Y Y 

Y 

Y 
= 3583 keV with L = (4) .  

X 

F: = 3610, 3626, and 3630 keV. A level having JT = (2') i s  ind i -  -- -- 
(n ,y> a t  Ex = 3630 keV. 

E = 3620 keV. A high-spin l e v e l ,  .I = 6 o r  7 a t  E = 3610 i s  

(R-y), decaying by a 152-keV t r a n s i t i o n  t o  t he  next  lower J = 

A l e v e l  having J' = 3- i s  ind ica t ed  by 

X x 

(5,s) state .  E = 152 key is  too small i n  photon energy to  be observed 

i n  t h e  p re sen t  experiment. The ( n , y )  r epor t  shows f ive t r a n s i t i o n s  from 

E = 3630 keV, v i z . ,  I? = 3630, 1213, 880, 621, and 349 keV, the  l a s t  

be ing  unce r t a in .  The p resen t  d a t a  includes gamma rays  of approximately 

these  ene rg ie s .  However, i n  khe present  data t he  energy of t h e  "33630- 

keV" peak i s  determined t o  be 3626 keV; i n  a d d i t i o n  a 2548-keV photon is 

observed i n  t h e  p re sen t  experiment.  A s  i t  i s  doubt fu l  t h a t  a gsound- 

s ta te  t r a n s i t i o n  would be observed from a J = 3 l e v e l ,  t he  high-energy 

photon, E = 3626 keV i n  the  p re sen t  experiment i s  pos tu l a t ed  as a 

Y 

x Y 

Y 
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ground-state  t r a n s i t i o n ,  and the  2548-keV photon has the c o r r e c t  energy 

to  be  the  3626-1077 keV t r a n s i t i o n .  

E = 3665 keV. Gamma r ays  are observed i n  agreement with (n ,y)  and 
s- -- 

t h e  p re sen t  assignments a g r e e  with ( n , y ) .  

E -- 3685 keV. 
1'- -- x The ( t , p )  d a t a  inc lude  a J'" = (5-) level a t  E = 

3682 keV. The most l i k e l y  t r a n s i t i o n  would be 1265 keV t o  t h e  lowest  

4 level.  A weak t r a n s i t i o n  is  observed f o r  E = 1268 keV. Level i s  no t  

repor ted  i n  o t h e r  experiments.  

f 

Y 

E = - 3712, 3717, and ____ 3726 keV. Only one of  these l e v e l s ,  Ex = 3726 

keV, i s  repor ted  by (n,y), and thci present  d a t a  i-nclode three o f  f o u r  

t r a n s i t i o n s  repor ted  by (n,y). A double t  having J' = 4 and JT = 0 i s  

repor ted  a t  E = 3712 keV by ( t , p > .  

a t  E = 3.72 MeV. A .1 = ( 4 )  l e v e l  a t  E = 3724 keV is  repor ted  by (6-y) . 
The (y,y') da ta  inc lude  E = 3717 keV, ass igned  as a ground-state  t r a n s i -  

t i o n  from a l e v e l  having J = (1). NDS inc ludes  a level having J' = ( 4 , 3 )  

at  E = 3712 keV, A t  l e a s t  four  l e v e l s  seem requ i r ed ,  one wi th  J = 1, 

one with J = 3 o r  4 and p o s i t i v e  p a r i t y ,  one with J = 3 , and one with 

J = 0 . Of t h e  f i v e  t r a n s i t i o n s  shown for t hese  t h r e e  levels i n  F ig  1 

only t h e  3712-2338 keV t r a n s i t i o n  has not  prev ious ly  been repor ted .  Tbe 

(n,y) d a t a ,  however, inc lude  an unplaced 1372-lceV gamma r ay .  I f  t he  

f t 

I 

The (a,a'> data  inc lude  a J' = 3 
X 

X X 

Y 
4- 

X 
I 71 

Tr -1- 

7T presen t  assignment i s  c o r r e c t  t h e  J f o r  E = 3712 keV 

than 0 s i n c e  the  ( n , y )  experiment should n o t  s t rong ly  

X 
+ 

( E  --. 3736 keV). A J = ( 4 )  level. was r epor t ed  by -x - - __ 

i s  mre l i k e l y  3 -  

populate  0 l e v e l s .  

(6-y)  a t  E -=- 3736 

4" 

X 

keV, decaying by a 1225-keV gamma ray  to E = 2510 keV. A s  mentioned 

above there is no i n d i c a t i o n  f o r  a l e v e l  at E = 2510 keV i.n tihe p re sen t  

experiment,  and t h e  c l o s e s t  energy photon i n  the p resen t  experiment i s  

otherwisc assigned.  The l e v e l  i s  n o t  o therwisc  repor ted .  

X 

x 
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E = 3776 keV. 1 . e  presen t  d a t a  ag ree  with t h r e e  repor ted  t r a n s i -  -;u _I_- 

t i ons  r epor t ed  by (n,y) f o r  a level a t  t h i s  E * 
X 

(5 = 3806 keV). A level having J7' = (3-1 was repor ted  by ( t , p )  a t  

t h i s  E . 
f o r  E = 3806 ? 10 keV. 

The p resen t  experimental  d a t a  do no t  support  a l e v e l  of J' = 3- 
X 

x 

E = 3816 keV. Two gamma rays  w e r e  observed i n  t h e  p re sen t  d a t a  
7x, -- 

having E = 2739 and 3817 keV, e n e r g i e s  c l o s e  enough to  correspond t o  

two unassigned but observed gamma rays  by (n ,y)  having E. = 2738 and 

3816 keV. The 3816-keV gamma ray could be a 4893-1077 t r a n s i t i o n ;  how- 

Y 

r 

ever t h e  energy sum 2738 + 1077 keV and the  r e l a t i v e  I g iv ing  similar 

branching r a t i o s  f o r  both experiments suppor ts  assignments of t hese  two 

Y 

g a m a  r ays  t o  a level at E = 3816 keV. 
X 

4- E = 3849 and 3896 keV. Two Jn = 4 levels are r epor t ed  by ( t , p )  
-2 ---- 

X' x a t  t hese  E * two t r a n s i t i o n s  are r epor t ed  by (n,y)  f o r  decay of E = 3849 

keV and t h r e e  t r a n s i t i o n s  are r epor t ed  f o r  decay of E = 3896 keV. Three 

a f  t h e s e  t r a n s i t i o n s ,  E = 937, 1433,  and 1479 keV are d e f i n i t e l y  ob- 

served i n  the  p re sen t  experiment. 

X 

Y 

E = 3911 keV. Four t r a n s i t i o n s  are repor ted  by ( n , ~ ) .  The p resen t  -xu ___- 
expe r i aen t  confirms two of  them, E = 1493 and 2028 keV. The 1572-keV 

Y 
gamma i s  not  observed, and t h e  636 keV gamma ray i s  assigned elsewhere. 

E = 3928 keV. A f a i r l y  s t r o n g  2852-keV photon i s  observed i n  the  
3- -- 

presen t  experiment,  corresponding t o  an unplaced 2851-keV among the d a t a  

of ( n , y > .  The t r a n s i t i o n  is  no t  l i k e l y  ground s ta te ,  s i n c e  t h e r e  i s  no  

p r i o r  evidence f o r  a l e v e l  a t  2852 keV; the  g a m a  r a y  could correspond 

t o  a 4735-3.883 keV. However, ( t , p )  r e p o r t s  a l e v e l  a t  E = 3927 keV with 

no J assignment,  bu t  t h e  repor ted  angular  d i s t r i b u t i o n  must inc lude  

X 
TI  
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L = i o r  2 .  Hence, tke p resen t  assignment of t h i s  g a m a  ray i s  as t h e  

3928-1077 keV t r a n s i t i o n ,  

E = 3935 keV. The p resen t  d a t a  may inc lude  ehhe 
3% -- 

f i v e  t r a n s i t i o n s  shown i n  the level diagram of (n ,y ) .  

s i t i o n  i s  observed which may be decay from t h i s  l e ~ e l  

b , Y >  

s t r o n g e s t  of t h e  

A 1.598-keV t ran-  

as strggested by 

( E  = 3964 keV). A J = ( 4 )  l e v e l  a t  t h i s  E is  g iven  by (p-y) de- 
"'X -- X - 

caying by an 1142-keV g a m a  ray .  No gamma r a y  i s  observed v i c  E = 1142 

keV. The l e v e l  i s  n o t  o therwise  repor ted .  
Y 

E = 3989 keV. A wide E = 3989-keV gamma ray is  observed which 
-5 --- Y 

is ass igned  as a ground-state  t r a n s i t i o n  based mainly on an NDS l e v e l  a t  

Ex = 3983 keV. The level i s  not o therwise  reported.  

E = 4028 keV. Two o f  three t r a n s i t i o n s  r epor t ed  by (n,y) are ob- "- I _ ~  

served  i n  t h e  p re sen t  experiment,  11, par t icular  t h e  strong ground-state  

t r a n s  i t i o n .  

E = 4062 keV. A l e v e l  having Ja = (2') i s  i n d i c a t e d  a t  E = 4049 
3 --- X ...- 

keV by ( t , p ) .  This l e v e l  may correspond to  a pos tu l a t ed  l e v e l  a t  E- = 

4062 keV, based on t h e  :C of two p resen t ly  observed gamma rays a t  E = 

1724  and 2985 k.eY. The 2985-keV gamma ray  does n o t  l i k e l y  correspond t o  

a ground s ta te  t r a n s i t i o n  as t h e r e  i s  no o t h e r  evidence f o r  a l e v e l  a t  

x 

Y Y 

= 2985 keV, and the  I seem much too large t o  correspond t:a a 4868- 
Ex Y 
1883 keV t r a n s i t i o n .  

E = 4102 key. The observed 43.02-keV gama ray i s  more li.keLy a 
-E - 

ground-state  t r a n s i t i o n  than a 5179-1077 keV t r a n s t i o n .  NDS shows a 

4102-keV l e v e l  observed only i n  6 8 Z t ~ ( p  , p  ' )  . 
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(E = 4139 keV). A 4139-keV gamma ray observed by (n,y) was ass igned  
3- -- 

t o  a ground-s ta te  t r a n s i t i o n .  This gamma ray  w a s  n o t  observed i n  t h e  

p re sen t  experiment.  

+ E = 4145 keV, "_ -- A level having JT = 0 is  i n d i c a t e d  a t  t h i s  Ex by 

( t , p ) .  A search  f o r  a t r a n s i t i o n  from t h i s  l e v e l  y i e lded  one p o s s i b l e  

candida te ,  4145-1077 keV. 

E = 4216 keV. The p r e s e n t  d a t a  inc lude  a wide peak correspondPng 
3- -- 

t o  a t  least one 3140-keV gamma r ay  which is no t  l i k e l y  t o  be a ground- 

s ta te  t r a n s i t i o n  s i n c e  t h e r e  is  no o t h e r  evidence f o r  a level a t  t h i s  

E . Although t r a n s i t i o n s  t o  t h e  1656- o r  1883-keV l e v e l s  are energe t -  

i c a l l y  p o s s i b l e ,  t h e  most l i k e l y  t r a n s i t i o n  is  4217-1077 keV. If so ,  

t h i s  assignrtient i s  probably the same one as the 4216-1077 keV t r a n s i t i o n  

X 

repor ted  by (n,y) . 
E = 4229 and 4232 keV. The p r e s e n t  spectrum e x h i b i t s  a s t rong ,  
-x_ ---- 

and r a t h e r  apparent  doub le t  f o r  E y 3.155 keV. The lower energy gamma 
Y 

ray,  E = 3152 
Y 

r a y  i n  (n ,y) .  

3157-keV g a m a  

sugges t  one or 

keV, may correspond to  an unplaced E = 3152 keV gamma 

The most l i k e l y  t r a n s i t i o n s ,  e s p e c i a l l y  f o r  t he  s t r o n g e r  

r ay ,  are f i r s t - e x c i t e d  s ta te  t r a n s i t i o n s .  The ( c i , c x ' )  d a t a  

more l e v e l s  vie E = 4.23; o therwise  t h e r e  i s  no o the r  

Y 

X 

cor robora t ing  evidence.  

E = 4282 and -- 4284 keV. A weak 4282-keV gamma ray is observed i n  
- 3 -  

t h e  p r e s e n t  experiment ,  corresponding t o  an unplaced E = 4282 keV by 

(n ,y ) .  A weak 3207-keV gamma ray i s  also observed and the peak shape 
Y 

sugges ts  a double t .  A corresponding 3206-keV photon is placed as the  

4284-1077 keV t r a n s i t i o n  by ( n , y >  "he (n ,y)  photon energy measurements 

are p r e c i s e  enough t o  s ta te  t h a t  t h e  two gama rays  observed by ( n , y )  
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do no t  emanate from the  saw l e v e l .  A doub le t  is pos tu l a t ed  to  account 

€or  t h e  observed d a t a .  

E = 4325 and 4334 keV. The p resen t  spectra e x h i b i t  fmo stat5st-i.- 
--x ---- - 

tally s i g n i f i c a n t  peaks a t  E = 4325 and 4335 keV. The 4335-keV photon 
Y 

corresponds t o  a sirnllar energy photon observed i n  (y,~'), and i s  there-  

f o r e  a ground-state  t r a n s i t i o n  from a J = (1) l e v e l .  "he 4325-keV photon 

might poss ib ly  correspond t o  a 5402-1077 keV t r a n s i t i o n ,  but  i t  is  much 

more l i k e l y  a ground-state t r a n s i t i o n .  

4.32 MeV,  which is n o t  l i k e l y  e i t h e r  of t hese  two states. 

NI)S shows a JT = ( 3 ) -  a t  E = 
X 

E = 4409 and 4414 keV. A l e v e l  a t  E = 4409 keV decaying p r imar i ly  
-E _ I I - - -~ -  

3331 keV, w a s  repor ted  by ( n , y ) .  The p r e s e n t  d a t a  inc lude  a weak 
X 

by EY =; 

3332-keV gamma ray and a s t ronge r  group a t  E % 4414 keV. The present. 

I are incompatible  with assignment of t h e  4414-kcV photon as a 4409-keV 

Y 

Y 
ground-state t r a n s i t i o n .  A doi.ibI.et accounts f o r  t h e  observed data. 

E = 4437 ,  4449 ,  4466 ,  4496 ,  and 4500 keV. Unresolved groups are ..x- I__ ...... ~ . - . . ._- . . . . . ._. I .______I._. .  I__ 

observed i n  the  spectrum corresponding to  E % 4 . 4 5  and 4 . S O  NeV.  The 

( n , y )  da ta  inc lude  f i v e  unplaced g a m a  rays  i n  t h i s  region of E . It :  w a s  

assumed t h a t  t h e  (n,y)-sbserved photons were a l s o  those observed i n  the  

Y 

Y 

present data.  They must a l l  h e  ground-state  t r a n s i t i o n s .  An otherwise 

uiiplaced 3360-keV gama ray corresponds to  the 4437-1077 keV t r a n s i t i o n .  

Two of t h e  f i v e  ground-state  t r ans i - t i ons  were a l r e a d y  r epor t ed  by (y,~'), 

v i z . ,  E = 4465 and 4500 keV, hence the  J (1) o r  1 assignments shorn.  

I n  the p resen t  experiment a broad peak i s  observed 
Y 

E -  = 4504 keV. 
?- ___-- 

corresponding to  E = 3428 keV. The ( n , y )  dat:a inc lude  R 3430-keV ground- 

s t a t e  t r a n s i t i o n  hut. do no t  inc lude  a s l i g h c l y  lower energy ground-state  
Y 

t r a n s i t i o n .  The p resen t  7: is too l a r g e  f o r  clie observed photon t o  be 
Y 
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s o l e l y  t h e  3430-keV ground-state t r a n s i t i o n ;  hence a level a t  E = 4504 

keV is pos tu l a t ed .  
X 

E = 4513 keV. A level at t h i s  E w a s  pos tu l a t ed  by (n,y)  having 
3- -- X 

three decay gamma rays ,  v i z . ,  4513,  3435, and 2095 keV. The first two 

were not  observed i n  the  p re sen t  experiment.  

E = 4521 and 4536 keV. 
-x_ ---- Gamma r ays  w e r e  observed i n  t h e  p re sen t  

experiment agree ing  with t h r e e  of four  t r a n s i t i o n s  deduced by (n,y) a The 

f o u r t h ,  E = 4535 keV, may correspond to  a very weak peak observed i n  
Y 

t h e  p r e s e n t  spectrum. 

E = 4579, 4586, 4608, 4639, 4670, 4680, and -- 4718 keV. D e f i n i t e ,  
-25 ------ 

though i n  some cases weak, g a m a  rays  w e r e  observed i n  the  present d a t a  

which can correspond only t o  ground-state  t r a n s i t i o n s .  Several other  

gamma r ays  w e r e  observed which are e n e r g e t i c a l l y  c o n s i s t e n t  with 4586- 

1077 keV and 4639-1077 keV t r a n s i t i o n s .  

E = 4744 keV. An I? = 3666 keV gamma ray w a s  observed i n  t h e  
3- -- 

presen t  experiment which w a s  i n i t i a l l y  ass igned as the  3665-keV ground- 
Y 

state t r a n s i t i o n .  However, t h e  p re sen t  I is too l a r g e  f o r  o n l y  t h i s  

assignment. 
Y 

Hence, a level a t  Ex = 4744 keV w a s  pos tu la ted .  

E = 4792 and 4855 keV. Gamma r ays  were observed in the  present 
Ix_ ---- 

experiment having E = 4792 and 4855 keV, with the  lower energy one pos- 

s i b l y  a doublet .  The h ighe r  energy gamma ray may correspond to t he  
Y 

4858-keV photon assigned as a ground-state t r a n s i t i o n  by (n ,y) .  

E = 4871 keV. See d i scuss ion  f o r  E = 
3- -- X 

E = 4910 keV. An E = 3832 keV photon 
"x_ -- 

experiment,  and l i k e l y  i s  the 3833-keV gamma 
'd 

by ( n , r )  * 

5146 and 5403 ketr below. 

w a s  observed i n  t h e  present 

ray observed and assigned 
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E = 4982 and 4993 keV. The h i g h e s t  energy g a m a  r a y s  observed i n  x -~ - -  
t h e  p re sen t  experiment;  both ~ n u s  t be ground-s ta te  t r a n s i t i o n  e A 4992-keV 

ground-state  t r a n s i t i o n  is  given by (n ,y ) .  

E = 4871, 5146, and 5403 keV, Four gama rays  had a s u b s t a n t i a l  -.& - - .- . __- 

i n c r e a s e  i n  P when E was increased  t o  5.9 M e V ,  and were t h e r e f o r e  

assumed t o  be due to  decay from highly-exc i ted  levels. The E = 4069 

keV gamma ray has  t o  be n f i r s t - e x c i t e d - s t a t e  t r ans i t i -on ,  and the  2732- 

Y n 

Y 

keV gamma ray  i.s poss ib ly  the  5146-2417 keV t r m s i t i o t i .  The 3520-keV 

gama ray  has the same assignment as given by ( n , y ) ,  v i z . ,  5403-1883 

keV. Another poss ib l e  decay t r a n s i t i o n  g iven  by (n ,y )  is 5483-1077 key, 

i . e .  E = 4324 keV. A g2ma ray of t h i s  energy has  a l r eady  been placed 

as a ground-state t r a n s i t i o n .  The f o u r t h  gamma ray of t h i s  group, E = 

2990 keV, doesn ' t  correspond to  any ( n , y )  gamma ray .  It could be due t o  

4871-1077 keV, 5328-2338 keV, 5407-2417 keV, o r  even poss ib ly  5741-2751 

Y 

Y 

keV t r a n s i t i o n s .  Other g a m a  rays  w e r e  sought  which might i n i d c a t e  o t h e r  

t r a n s i t i o n s  from E = 4871, 5328, 5407, OF 5741 keV. The only  p o s s i b i l i t y  

was t h e  weak E = 2 1 2 2  keV g a m a  ray, corresponding to  4871-2751. NDS 

sugges ts  a p o s s i b l e  level a t  about E = 4.87 MeV and s o  t h e  2990-keV 

gama ray was placed  as t h e  4871-1077 keV t r a n s i t i o n ,  and the 2212-keV 

X 

Y 

X 

gamma ray was  placed as t h e  4891-2751 keV t r a n s i t i o n .  

Coneludi.ng Remarks 

It i s  u n l i k e l y  that: a l l  of the energy levels i.n 68Zn have been 

loca ted  even f o r  E < 4 MeV, s i n c e  high-spin and unna tu ra l  pari-ty s ta tes  

are not  apprec iab ly  e x c i t e d  by i n e l a s t i c  neut ron  s c a t t e r i n g .  l 5  

E > 4 M e V  t h e  p re sen t  experiment i s  a b l e  t o  i d e n t i f y  only those s t a t e s  

X 

For 

X 
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having t r a n s i t i o n s  f o r  which placement i s  l i m i t e d  by observed th re sho lds ,  

and of t hese  only t h e  h igh  energy ground s ta te  t r a n s i t i o n s  are f i r m l y  

e s t ab l i shed .  Placement o f  o t h e r  t r a n s i t i o n s  r e q u i r e s  "de tec t ive"  work, 

and although t h e  s e c t i o n  "Resul ts  and Discussion" i s  not b r i e f ,  no t  all 

of the  o b j e c t i v e  nuances o r  s u b j e c t i v e  opinions have been d e t a i l e d .  

Clear ly  more experimental  in format ion  is  requi red  t o  f u r t h e r  understand 

t h e  level s t r u c t u r e  of 68Zn. However, for t h e  purpose o f  a c o n s i s t e n t  

eva lua t ion  of t h e  element, t h e  p re sen t  d a t a  combined wi th  o t h e r  c u r r e n t l y  

a v a i l a b l e  informat ion  w i l l  be  use fu l .  
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APPENDIX 

The Gamma-Ray Spectrum Obtained € r o m  I n t e r a c t i o n s  

05  5.4-MeV Neutrons w l . t h  "Zn 

The t o t a l  spectrum obtained r equ i r ed  about t e n  hours o f  bombarding 

t i m e  and was recorded i n  2048 channels. The extent of the d e t a i l  recorded 

i s  such t h a t  i t  i s  impossible  t o  advantageously e x h i b i t  the spectrum 

u t i l i z i n g  a s i n g l e  scale f o r  e i t h e r  a b s c i s s a  o r  o r d i n a t e .  The S ~ ~ C ~ ~ U K I I  

was t h e r e f o r e  d iv ided  i n t a  20 photon-energy groups and an appropr i a t e  

o r d i n a t e  scale was chosen f o r  each photon energy group. 

20 f i g u r e s  show t h e  o r i g i n a l  spectrum i n  s u f f i c i e n t  d e t a i l  f o r  comparison 

wi.t.h the d i scuss ion  i n  the t e x t .  

The fo l lowing  
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Fig .  A l .  Gamma-ray spectrum for 5.4-MeV neutron i n t e r a c t i o n s  with 

68Zn f o r  Ey between 380 and 600 keV. 
E+ = 511, 536 and 597 keV. 

Background lines are observed a t  
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Fig. A 2 .  Gama-ray spectrum f o r  5.4-MeV neu t ron  i n t e r a c t i o n s  w2th 

68Zn f o r  Ey between 580 and 800 keV. 
Ey = 597, 610 and 696 keV. 

Background l i n e s  are observed a t  
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Fig. A3. Gamma-ray spectrum f o r  5.4-MeV neutron i n t e r a c t i o n s  with 
Background l ines  are observed a t  68Zn f o r  E 

8 3 4 ,  846, 860, 868, 9OQ and 962 keV. 
between 780 and 1000 keV. 
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Fig. A 4 .  Gamma-ray spectrum f o r  5.4-MeV neut ron  interactions with 
Background lines are observed at between 980 and 1200 keV. 

) and 1101 keV. 
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Fig. AS.  Gamma-ray spectrum for 5.4-MeV neut ron  i n t e r a c t i o n s  with 
6 8 Z n  for Ey between 1180 and 1400 keV. 
at 1202 and 1345 keV. 

Background lines are observed 
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Fig. A 6 .  Gamma-ray spectrum f o r  5.4-MeV neutron i n t e r a c t i o n ?  with 
68Zn f o r  Ey between 1380 and 1600 keV. 
at 1592 key. 

A background l i n e  i s  observed 
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Fig.  A7. Gamma-ray spectrum f o r  5.4-MeV neutron i n t e r a c t i o n s  with 
E'8Zn for between 1580 and 1800 keV. 
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Fig .  A 8 .  Gzmma-ray spectrum for 5.4-MeV neutron i n t e r a c t i o n s  with 
68Zn fo r  Ey between 1780 and 2000 keV. 
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2000. 2u5u - 2200.  22 

Fig.  A 9 .  Gamma-ray spectrum f o r  5.4-MeV neutron i n t e r a c t i o n s  with 
68Zn f o r  E?, between 2.00 and 2.25 MeV. 
a t  2102 keV, and a broad peak due t o  n + p + d 3- y i s  observed f o r  
Ey 2220 keV. 

A background l i n e  i s  observed 
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Fig. A 1 0 .  
for Ey between 2.25 and 2.50 MeV. 

Gamma-ray spectrum f o r  5.4-MeV neutron interaet ians  wdth 
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Fig. A l l .  Gamma-ray spectrum for 5.4-MeV neut ron  i n t e r a c t i o n s  w i t h  
A background l i n e  is  observed a t  68Zn f o r  Ey between 2.50 and 2.75 MeV.  

2415 keV. 
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Fig.  A 1 2 ,  Gamma-ray spectrum f o r  5.4-MeV n e u t r o n  interactions With 
68Zn f o r  'E+ between 2 . 7 5  and 3.00 MeV. 
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Fig. A 1 3 .  Gamma-ray spectrum f o r  5.4-MeV neutron interactions with 
A background line is observed at 68Zn for Ey between 3 $ 0 0  and 3.25 MeV. 

3062 keV. 
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Fig. A14. Gama-ray spectrum f o r  5.4-MeV neutron interact ions w i t h  
68%n for E between 3.25 and 3-50 MeV.  Y 
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Fig.  A15. G m a - r a y  spectrum f o r  5.4-MeV neut ron  i n t e r a c t i o n s  with 
A background l i n e  i s  observed a t  6aZra. f o r  Ey between 3.50 and 3.75 MeV. 

3573 keV. 
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Fig. A 1 6 .  G a m - r a y  spectrum for 5.4-MeV neutron interactions w i t h  
68Zn f o r  I!+ between 3.7.5 and 4.00 MeV. 
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Fig.  A17.  Gama-ray spec t rum for 5.4-MeV neutron i n t e r a c t i o n s  with 
A background l i n e  i s  observed at  G8Zn f o r  Ey between 4.00 and 4.25  M e V .  

4084 keV. 
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Fig.  A18,  Gama-ray spectrum for 5.4-MeV n e u t r o n  interactions with 
68Zn far Ey between 4.25 and 4.50 M e V .  
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F i g .  A19 .  Gamma-ray spectrum for 5.4-MeV neutron in t e rac t ions  w i t h  
68Zn f o r  E between 4.50 and 4.75 MeV. 
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Fig .  A20 * Gama-ray s p e c t r u m  f o r  5.4-MeV neut ron  in t e rac t ions  wi th .  
68Zn for Ey between 4.75 and 5.20 M e V .  



ORFIL-4985 
UC-34a - P h y s i c s  

Atomic and Molec.ular 

1 - 3 .  
4 .  

5-24. 
25. 

26-28.  
29. 

30-39 .  
40.  
4 1 .  
4 2 .  
4 3  s 
4 4 .  
4 5 .  
4 6 .  

7 0 .  

7 1 .  

7 2 .  

73. 

7 4 .  
75. 
7 6 .  

77. 

78-217. 
218. 

219-328. 

INT E R14AL I)I  S TRIBU T TON 

C e n t r a l  Research L i b r a r y  
ORNL - Y-12 Technica l  Library  
Document Reference S e c t i o n  
Labora tory  Records Department 
Labora tory  Records,  ORNL R.C.  
L. s. Abbott  
C .  E .  C l i f f o r d  
J .  K .  Dickuns 
C .  Y. Fu 
W. 0. H a r m s  
R.  F .  Hibbs 
W. E .  Kinney 
M. B. T,ewis 
T .  A .  Love 
F. C .  Maienschein 

47. 
4 8 .  
4 9  
50. 
51.. 
5 2 .  

63. 
6 4 .  
65. 
66. 
67. 
6 8  a 

69 * 

53-62. 

EXTEKNAL DISTRIBUTION 

G. L. Morgan 
F.  R. Mynatt 
E. M. O b l o w  
R. w. P e e l l e  
F .  G ,  Perey  
Herman Postma 
R.  W .  Roussin 
M .  J ,  Skinner  
L). A .  Sundberg 
A.  Zucker 
Et. Feshbach (Consul tan t )  
P.  F .  Fox (Consul tan t )  
W. W .  Havens, Jr. (Consul tan t )  
A.  F .  Henry (Consul tan t )  

Vicki May, Rrookhaven NationaP L a b o r a t o r y ,  Upton, L . I . ,  New 
York 11973 
€ I .  G o l d s t e i n ,  Columbia U n i v e r s i t y ,  287A Engineer ing  Terrace 
B u i l d i n g ,  5 2 0  W. 1 2 0 t h  S t . ,  New York 10027 
P ,  B .  Hemmig, D i v i s i o n  o f  Reactor  Development and Technology, 
AEC , Washing t o n ,  D . C . 20546 
R. L. Howerton, Lawrence R a d i a t i o n  I ,ahora tory ,  Livermore,  
C a l i f o r n i a  94550 
K e r m i t  Laughon, AEC Sitc R e p r e s e n t a t i v e  OWL 
A .  R .  Smith,  Argonne N a t i o n a l  Labora tory ,  Argonne, T l l i n o i s  60440 
J .  A .  Swar tout ,  Union Carbide C o r p o r a t i o n ,  New York, New York 
10017 
P h i 1  Young, Los  ,Uamos S c i e n t i f i c  Labora tory ,  Los Alamos New 
Mexico 87544 
DNA T r a n s p o r t  D i s  t r i b u t l o i i  
Research and T e c h n i c a l  Support  D i v i s i o n ,  AEC, OR0 
Given d i s t r i b u t i o n  as shown i n  TID-4500 under P h y s i c s  -Atomic and 
Molecular  c a t e g o r y  (25 c o p i e s  - NTIS) 


