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ÍNYE STIGATIONS ON GAMMA-TRANSITIONS IN THE / 2 s l d /  SHELL

I . B erk es ,  I . Demeter, I . D é z s i ,  I l o n a  Fodor, L .K e s z t h e l y i  
C e n tr a l  R esearch I n s t i t u t e  f o r  P h y s i c s ,  Budapest

The a t t r a c t i o n  of the s tu d y  o f  the / 2 s l d /  s h e l l  n u c l e i  f o r
n u c le a r  sp e c tr o s c o p y  i s  tw o fo ld ,  f i r s t ,  th e  c o u p lin g  w i t h in  an i n d i v i d u a l
n u c le u s  in  t h i s  range i s  u s u a l l y  n e i t h e r  pure /L S /  nor pure / J J /  and
v a r io u s  i n t ex'medlate co u p lin g  schemes are  en cou n tered  from n u c le u s  to
n u c le u s ,  seco n d ,  t h a t  th e  n u c le i  in  the c e n t r a l  r e g io n  are  deformed and
th e y  e x h i b i t  c o l l e c t i v e  n u c le a r  p r o p e r t i e s .  These p o in t s  o f  i n t e r e s t  have
s t im u la te d  a l s o  a t  our group a number o f  ex p er im en ta l  i n v e s t i g a t i o n s  o f
th e  e x c i t e d  . le v e ls  i n  / 2 s l d /  s h e l l  n u c l e i ,  such  as Ne^°, M g ^ ,  , S i “-^

42and .
An a l i ’eady lo n g  e s t a b l i s h e d  method f o r  g e t t i n g  some in fo r m a t io n  

on n u c le a r  s t r u c t u r e  i s  th e  a n a ly s i s  o f  th e  gam m a-rad iation  e m it te d  by th e  
e x c i t e d  n u c le u s .  T h is  in fo rm a t io n ,  however, can be u sed  f o r  i n f e r r i n g  th e  
n atu re  o f  th e  t r a n s i t i o n ,  on ly  w ith  th e  knowledge o f  i t s  m u l t i p o l a r i t y ,  
l i f e t i m e  and decay scheme, the knowledge o f  m u l t i p o l a r i t y  im ply ing  f r e q u e n t 
l y  a l s o  th e  knowledge o f  the s p in  and p a r i t y  a ss ig n m en ts  to  the i n i t i a l  
and f i n a l  s t a t e s  o f  the n u c le u s .  In o th er  w ords, one h as  to determ ine th e  
en erg y , m u l t i p o l a r i t y  and p a r t i a l  l e v e l  w id th  o f  th e  i n d i v i d u a l  d e c a y s .
To o b ta in  some approxim ate o r i e n t a t io n  on th e  l e v e l  s t r u c t u r e ,  th e s e  
p a r t i a l  l e v e l  w id th s  have th en  to  be compared w ith  th e  W e i s s k o p f -e s t im a t e  
p r e d ic t e d  from th e  extrem e s i n g l e  p a r t i c l e  t r a n s i t i o n  approach .

20Let us consider-,  fo r  i n s t a n c e ,  th e  n u c le u s  Ne 1 The l e v e l s  
at 1^ ,1 9 6  MeV and a t  1 3 ,3 1 1  MeV have e q u a l ly  s p in  and p a r i t y  1+ . Now, th e  
ex p er im en ta l  r e s u l t s  o b ta in e d  at our Laboratory  and by o th e r  authors  a s  
w e l l ,  show f o r  th e  1 3 ,1 9 6  MeV l e v e l  a broad l e v e l  w id th  o f  a l p h a - t r a n s i t 
io n  and a low p r o b a b i l i t y  o f  proton s c a t t e r i n g  and / p ,  gamma/ r e a c t i o n  
/ 1 / ,  / 2 / ,  / 3 / »  w h ile  f o r  the 1 3 ,3 1 1  MeV l e v e l  gamma-decay i s  more fa v o u r 
ed , than  i n  the form er c a s e ,  and so  i s  th e  p r o b a b i l i t y  o f  p ro to n  sca t tex * -
ing  too* on the o th e r  hand, a lp h a -d eca y  i s  1 е з з  p r o b a b le .  /The p a r t i a l

— Pl e v e l  w id th  o f  ga m m a -tra n s it io n  i s ,  f o r  i n s t a n c e ,  0 , 8 . 1 0  W.u. a t  th e  
1 3 Д 9 6  MeV l e v e l  and ? .1 0 -  ̂ W.u. a t  th e  1 3 ,5 1 1  MeV l e v e l / .  One a t tem p ts  
to  i n t e r p r e t  t h i s  i n t e r e s t i n g  o b s e r v a t io n  q u a l i t a t i v e l y  by assuming a 
c l u s t e r  c o n f i g u r a t i o n  o f  th e  e x c i t e d  l e v e l s  in  Ne . The n u c le u s  i s  a s 
sumed to  spend th e  t im e a t  both  l e v e l s  m o s t ly ,  sa y ,  An a c O ^  + a lpha  
c l u s t e r  s t a t e  with  a temporary o n se t  o f  F1  ̂ + p / s i n g l e  p a r t i c l e /  s t a t e s .
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'"íi-i c l a s t i c  p ro to n  s c a t t e r i n g  aa w e ll  as tho  Mi r a d i a t i o n  are  fa v o u re d  by 
the )j'^ + p s t a t e ,  thus th e  p r o b a b i l i t y  o f  th e  o n se t  o f  tho two k in d s  o f  
s t a t e s  may e x p la in  tho d i f f e r e n t  t r a n s i t i o n  p r o b a b i l i t i e s .

A lthough  both l e v e l s  in q u e s t io n ,  havim; s p in  and p a r i t y  l 4 , 
may decay by Ml t r a n s i t i o n  e i t h e r  to tho 0 + ground s t a t e  or to  the i.i+ 
f i r s t  e x c i t e d  l e v e l  in  Ne"®, the reduced l e v e l  w idth o f  the t r a n s i t i o n  to  
Lite f i r s t  e x c i t e d  l e v e l  is  f o r  trio 1.;>, 1̂.I. Mt.V l e v e l  4S0 t im e s ,  f o r  the  
1 5 ,1 9 6  MeV l e v e l  a s  th e  lo w e s t  l i m i t ,  more than 6 t im es  th a t  o f  tho  
t r a n s i t i o n  to th e  ground s t a t e .  T h is  s t a t e  o f  th in g s  can n ot bo a cco u n ted  
f o r  by any s e l e c t i o n  ru le  f o l l o w i n g  from the c o n f i g u r a t i o n s  o f  th e  s h e l l  
model assumed to  have / ,j ,j /  c o u p l in g  /,'>/• On tho o th er  hand, tho P1 V d , n /  
N**° re a c t io n  c r o s s  s e c t i o n  a t  the f i r s t  eve  lto d  l e v e l  i.n No' i s  from 6 
to 10  times th a t  o f  the ncighbou ring  l e v e l s  / I / .  T ills  suggest:.! th a t  oven  
the f i r s t  e x c i t e d  l e v e l  in Ne'~ may be o f  th e  F“ •' + p typo and s i n c e  there 
1b a h igh er  p r o b a b i l i t y  o f  t r a n s i t i o n  between s t a t e s  o f  a irn.il. an corifi gu 
ú t i o n ,  th i s  would e x p la in  th e  a t  range behaviour o f  Wo" / 4 / .  Y e t ,  i t  i s  
s t i l l  q u e s t io n a b le  whether th e  assumption o f  t h i s ,  o r  any o th e r  n u c le o n -  
H ss o o iu t io n  i s  uu approach ca p a b le  o f  y i e l d i n g  r e s u l t s  In q u a n t i t a t iv e  
agreement w ith  tho ex p er im en ta l  o b s e r v a t io n s .

The average s t r u c t u r e  o f  th e  / 2 a l d /  s h e l l  can be in f e r r e d  
from the com plete  s e t  o f  a g r o a t  number o f  a v a i l a b l e  d a ta .  The inform 
a t io n  a v a i l a b l e  to d ate  on th e  gamma-1 r a n s i t . i  oils i s  p r e s e n te d  in  a tabu
l a t e d  form in th e  Appendix. / P i g . ! /  /A s compared w ith  th e  c o m p i la t io n  o f  
A.M.Lane / 5 /  r e c e n t  data have been added, w u ilo  some, not unambiguous ex
p er im e n ta l  v a l u e s  have been o m i t t e d . /  The a v a i l a b l e  d a ta  can be used  fo r  
p l o t t i n g  the fr eq u e n c y  d i s t r i b u t i o n  o f  tho reduced lev e l ,  w id th s  f o r  tho  
K l , Ml and L'2 ty p e  r a d ia t io n s  / F i g . 2 and у / .

L et  ua now compare th ese  d i s t r i b u t i o n  c u r v e s  w ith  a s i m i l a r  
a n a l y s i s  c a r r ie d  out by W ilkinson, fo "  tho / i p /  s h e l l  / Ь / , / у / .

D e f in in g  the e x p e c t a t i o n  v a lu e  o f  the t r a n s i t i o n  p r o b a b i l i t y  
ua

I ' f j i f  ,  X-1 ' toy iMil*
1 I Lii

whom Jfij in the number o f  ex a m p les .  In Table  1. wo have L isted  f o r  com
p a r iso n  the v a l u e s  both f o r  the / \ у /  and f o r  tin.- / Л ; Ы /  síi Л I :
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Table 1 .

R a d ia t io n
type

/ 1 ь / s h e l l / 2 s ] d /  s h e l l
exam ples 1 Mf- examples 1 Mf

К 1 63 0 ,0 3 3 18 0 ,0 0 3
M i 43 0 ,1 3 33 0 ,0 3 5
E 2 13 3 25 3 ,3

Average reduced l e v e l  w id th s  fo r  Jill, Ml and K2 t r a n s i t i o n s .

I t  i s  s t r i k i n g  th a t  in  the / 2 s l d /  s h e l l  m agnetic  and e l e c t r i c  
d ip o le  r a d i a t i o n s  seem to  be 5 and 20 t im e s  a s  s t r o n g ly  fo r b id d e n ,  r e 
s p e c t i v e l y ,  as  in  th e  / 1 р /  s h e l l .  I t  i s  a l s o  i n t e r e s t i n g  to n o te  t h a t ,  
though the d ata  on th e  / l p / - a h e i . l  were r e p o r te d  th re e  y ea r s  e a r l i e r ,  about  
fo u r  t im es  as  much data  ana a v a i l a b l e  f o r  h i  t r a n s i t i o n  in. th e  / 1 р /  a s  f o r  
th e  / 2 s l d /  s h e l l .  T h is  can  be e x p la in e d  p a r t l y  by th a t  th e  e x c i t e d  s t a t e s  
have r a th e r  o f t e n  / a ,  d /  c o n f ig u r a t io n  in  which e l e c t r i c  d ip o lo  t r a n s i  fe
lo n s  are fo r b id d e n  by the p a r i ty  s e l e c t i o n  r u l e , p a r t ly  by t h a t ,  owing to  
the h ig h er  number o f  n u c leo n s  in  th e  / 2 s . l d /  s h e l l , r e s id u a l  i n t e r a c t i o n s  
are .'Likely to produce n u c leo n  c l u s t e r s  s lo w in g  down, the d ip o l e  r a d i a t i o n  
favou red  by s i n g l e  p a r t i c l e  t r a n s i t i o n s .  The same a c c e l e r a t i n g  e f f e c t  i s  
observed f o r  th e  K2 r a d i a t i o n  us in  th e  / 1 р /  s h e l l ,  th e  r e a so n  f o r  t h i s  
may l i e  a l s o  h ere  in. the c o l l e c t i v e  nuc le a r  prop er!  i c s .

The known c o n f ig u r a t io n s  in  Ur; / 1 р /  s h e l l  have boon used by 
W ilkinson  f o r  e s t im a t in g  tho d i s t r i b u t i o n  f u n c t io n  to  be ex p ec ted  from  
the s i n g l e  p a r t i c l e  model and t h i s  was compared wJ i.h the e x p er im en ta l  
h is to g ra m . U n fo r t u n a te ly ,  in  lack  o f  a s a t i s f a c t o r y  approach o f  th e  con  
f i g u r a t i o n s  .in th e  / 2 s l d /  s h e l l ,  t h i s  method cannot, be used, p r e s e n t l y .

For th e  d i s i n t e g r a t i o n s  c o n s id e r e d  up to  p r e s e n t ,  a co m p le te  
s e t  o f  the r e q u ir e d  ex p er im en ta l  da ta  i s  a v a i l  abJ r .  In monl. o a s e s ,  how
e v e r ,  owing both  to  ex p er im en ta l  d i f f i c u l t i e s  and e v a lu a t io n  problems  
/ e . g .  a g iv e n  a n g u la r  c o r r e l a t i o n  may occur f o r  several,  s p in  .uni p a r i t y  
v a lu e s  i n  the c a s e  o f  d i f f e r e n t  m ixing  p a r a m e te r s / ,  only a f..w data  can  
be determ in ed . N e v e r t h e l e s s ,  oven a r e s t r i c t e d  number o f  data  may s u g g e s t  
i n t e r e s t i n g  q u a l i t a t i v e  i n t e r p r e t a t i o n s .

The lo w er  l e v e l s  in  are known to  d is p la y  a wo LI d e f in e d
r o t a t i o n a l  sp ectru m . C o n sid er in g  th e  decay schem es, the f i r s t  s i x  l e v e l s  
can be c l a s s e d  i n t o  two r o t a t i o n a l  band / F i g . 4 / .  The h ig h ly  e x c i t e d  l e v e l s  
in  Mg4’4 produced in  the N a ^ / p , gamma/Mg'"4 r e a c t io n  have been, i n v e s t i g a t e d
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Ъу Glaudemans and Endt, fu r t h e r  by P rosper et, a l .  / 9 / ,  / 1 0 / .  The main 
ca sc a d e s  in  the d i s i n t e g r a t i o n s  from the . le v e ls  above 1 1 ,9 8 8  MeV e x c i t 
a t i o n  energy a r e  o f  the Ee— 1 , j>7•— 0 and K0— 4» 2 3 —. 0 ’ ^   ̂ typo and the
l a t t e r  i s  much more in t e n s iv e  th an  would bo ex p o rted  from th e  s i n g l e  
p a r t i c l e  model. P r o s s e r  e t  a.1. observed  even two l e v e l s  d e c a y in g  not to  
the 4 ,23  but to  th e  4 ,12  MeV l e v e l .  In t h i s  c a s e ,  however, the t r a n s i t 
io n s  to the 2+ s p in  and p a r i t y  f i r s t  e x c i t e d  l e v e l  were found t o  be poor  
/ t r a n s i t i o n  to  th e  ground s t a t e  d id  not occur a t  a l l / ,  t h e r e f o r e ,  the 
authors  assumed th e  l e v e l  s p in  to  be 4*

pv  p /
The lo w e s t  known re so n a n ce  f o r  th e  Ma Vp,gam:na/Mg r e a c t io n  

i s  a t  Ep = 250 keV proton e n e r g y .  Up to  p rese n t  but the gam m a-yield  o f  
t h i s  re so n a n ce ,  e x c i t i n g  th e  1 1 ,9 3 3  MeV l e v e l ,  has  b een  known. T h is  r e 
sonance was i n v e s t i g a t e d  by our group w ith  the use o f  the loo~2ooyuA in 
t e n s i t y  ion  c u r r e n t  produced by the 8oo kV C ockcroft-W alton  p a r t i c l e  ac
c e l e r a t o r .  The gamma-spectra were measured by 3x 3" NaJ/T.L/ + Dumond 6,363 
p h o to m u lt ip l ie r  and analysed  on a 100-chan n el  p u lse  h e ig h t  a n a ly s e r .  The 
h ig h  energy p a r t  o f  the p u lse  h e ig h t  spectrum i s  shown in  F i g .  5 / u ,  the  
low energy component in  F ig .  5 / b .  I t  f o l l o w s  from th e  en ergy  c a l i b r a t i o n  
t h a t  the decay  o f  th e  1 1 ,9 3 3  MeV l e v e l  o ccu rs  mainly by t r a n s i t i o n  to the
I ,  3? MeV f i r s t  e x c i t a t i o n  l e v e l  w ith  a s im u lta n eo u s  but l e s s  i n t e n s i v e  
appearance o f  a n o th er  c a sc a d e .  The t r a n s i t i o n  in  t h i s  13-2.0 % i n t e n s i t y  
ca sc a d e ,  h ow ever ,  i s  not to th e  4 ,2 3  lvleV but to the 4 ,1 2  MeV l e v e l .  / I n  
th e  meantime t h i s  decay scheme has been determ ined more a c c u r a t e l y  by 
Glaudemans and Endt / 9 / - /  H ere , th e  h ig h er  i n t e n s i t y  E —• 1 ,3 7 — 0 t r a n s i t 
io n ,  however, d o e s  not s u g g e s t  s p in  and p a r i t y  4+ l i k e  in  the c a s e  of the  
.12,640 and 1 3 ,0 5 3  MeV l e v e l s .  We have found from a n g u la r  d i s t r i b u t i o n  
measurements t h a t  the angular d i s t r i b u t i o n  c o e f f i c i e n t s  o f  th e  .10,3 MeV 
r a d ia t io n  can be d escr ib ed  by th e  Legendre c o e f f i c i e n t s  a 0 -  - 0 , 1 9  + 0 ,0 2  
and a^ = 0 ,1 4  + 0 ,0 3  w hile  f o r  the 7 ,7 5  MeV t r a n s i t i o n  by ti-j -  - 0 ,0 4 + 0 ,0 6  
and a 0 ,0 5  ±  0 , 1 3 .  These c o e f f i c i e n t s  imply th e  s p in  und p a r i t y  o f  the
I I ,  933 MeV l e v e l  to  be e i t h e r  2+ or 3+ *

L e t  u s  now compare the l e v e l s  1 1 ,9 3 3  MeV and 1 1 ,9 8 8  MeV! I t  i s  
see n  th at  e i t h e r  o f  the s p in  v a lu e s  2. and 3 would a l lo w  Ml typo t r a n s i t i o n s  
f o r  both the 1 1 , 9  3 3 —1.37  arid th e  1 1 ,9 3 3 — 4 ,2 3  d eca y .  The I n t e n s i t y  o f  the  
l a t t e r ,  how ever, i f  i t  can be d e te c t e d  u t a l l ,  must b e ,  a c c o r d in g  to  our 
exp er im en ts ,  l e s s  than 1 ,5  %• The t r a n s i t i o n  r a t i o  1 1 , 9 3 3 —1 ,3 ?  to  
1 1 .9 3 3 — 4 ,1 4  co rresp o n d s  to  the Wcisakopf e s t im a t e .  On th e  o th e r  hand, the  
t r a n s i t i o n  from  the 2+ s p in  and p a r i t y ,  1 1 ,983  MeV l e v e l  to the 4 ,2 3  MeV 
l e v e l  i s  o f  30 % h ig h er  i n t e n s i t y  than th a t  to  the 1 ,3 7  MeV l e v e l  and such  
i s  tho cu se ,  a s  i t  has been a lr e a d y  mentioned, f o r  s e v e r a l  h ig h e r  energy
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l e v e l s  boo. One may assume th e s e  l e v e l s  to  b e lo n g ,  for1 i n s t a n c e ,  to  th e  
r o t a t i o n a l  band К = 2 / P i g .  4 /  an.d t h i s  would e x p la in  f o r  i n s t a n c e  the  
abundant p o p u la t io n  o f  th e  4 ,2 5  MqV /К  = 2 /  l e v e l .  The 1 1 ,9 5 3  MeV l e v e l ,  
on the o th e r  hand, may be o f  the К = 0 c l a s s ,  though i t  can be c l a s s e d  
a ls o  as a s i n g l e  p a r t i c l e  s t a t e .

F u rth er  c o n c lu s io n s  co u ld  be drawn on ly  i f  th e  m u l t i p o l a r i t y  
o f  the t r a n s i t i o n s  a s  w e l l  as the a b s o lu t e  v a lu e s  o f  the p a r t i a l  l e v e l  
widths were known. N e v e r t h e le s s  we hope th a t  above c o n s i d e r a t i o n s  are s u f 
f i c i e n t  f o r  a t t r a c t i n g  the i n t e r e s t  o f  t h e o r e t i c i a n s  d e a l in g  w i th  l i g h t  
n u c le i  to  some o f  the b a s ic  problems y e t  to  be s o l v e d .
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/ 4 /  N.Menyhárd: P r i v a t e  communication
/ 5 /  A.M.Lane: Rev.Mod.Phys. £2. / I 9 6 0 /  519
/ 6 /  D .H .W ilk inson: P h i l .M ag.Ser. 8 ,  v o l  1 .  / 1 9 5 6 /  12?
/ 7 /  D .H .W ilk inson: A n a ly s is  o f  Gamma Decay Data iiP 'N uclear S p e c tr o s c o p y ” , 

P a rt  B. p .8 5 2  /Academic P r e s s ,  New York, i 9 6 0 / .
/ 8 /  P.M.Kudt, C.vun d er  Leun: N u c l .P h y s .  2 1  / 1 9 6 2 /  1 .
/ 9 /  P.W.M.Glaudemuna, P.M. Knelt: N u c l .P h y s .  42 / 1 9 6 5 /  ,56?.

/ 1 0 /  F .W .P ro sse r ,  W.P.Unruh, В .H.W ild e n th a l , f i .W.Krone: P h y s .R ev .  125 / 1 9 6 ,'J 
594 .
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Ex о т  p ie s

1I

i

Fig. (.

H istogram  of th e  d i s t r ib u t io n  o f tb s  p a r t ia l  w id th s  f o r  E l t r a n s i t  
io n s  in  the n u c le i  o f  th e  / 2 s l d /  s h e l l .  |M |^ -  rr / rw , where Гw  
a re W eisskopf u n i t s  w ith  r<> = 1 ,2  f  . The shaded  a rea  r e p r e s e n ts  
t r a n s i t i o n s  th a t  may v i o l a t e  th e i s o t o p ic  s p in  s e l e c t i o n  r u le .
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f ig .  2.

H is to n r sa  o f  the d i s t r i b u t i o n  o f  the p a r t i a l  w idths f o r  MI t r a n s 
i t i o n s  in  th e  n u c le i  o f  the / 2 s l d /  s h e l l .  \Ь\\г  = W / Гw  where i \ v  
are W eisskopf u n i t s  w ith  rc = 1 , 2 f  . The dashed l i n e s  r e p r e s e n t  
t r a n s i t i o n s  where th e  m u l t p o ia r i t y  i s  not d i r e c t l y  determined on ly  
supposed th a t  Гп, »I~e2 . /  V alues in  t h e  columns 6 and 8 o f  th e  
Table in  the Appendix in  b r a c k e t s . /
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Fig. 3.

H istogram  o f th e  d i s t r ib u t io n  o f  th e  p a r t ia l  w id th s fo r  Б2 t r a n s 
i t i o n s  in  the n u c le i  o f  th e / 2 s i d /  s h e l l -  |M| “ =i”r/fw , where 

fw  are W e is s ic p f  u n i t s  w ith  r„ = 1 ,2  f  .
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P u ls e  h e ig h t  spectrum f o r  th e  Na 'iAbgamma/Mg r e a c t i o n  on 
E = 250 keVp
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A P P E N D I X

In  the f o l l o w i n g  appendix data  a v a i l a b l e  on th e  gamma- 
t r a n s i t i o n s  in  th e  / 2 s l d /  s h e l l  n u c l e i  are summarized. The com pil
a t i o n  1 -3  i s  g iv e n  as r e fe r e n c e  f o r  data  ta k en  from  them. In l i s t 
ing  th e  data  we have been gu id ed  by f o l l o w i n g  r u l e s ;

• 1 /  S in ce  the data  l i s t e d  ai'e the p a r t i a l  l e v e l  w id th  o f  g iv e n  t r a n s 
i t i o n s ,  the l i f e t i m e s  a re  co n v er ted  everywhere t o  l e v e l  w id th s .
The p a r t i a l  l e v e l  w id th s  a re  g iv e n  o n ly  f o r  h ig h e r  i n t e n s i t y  or  
h ig h e s t  energy r a d i a t i o n s  i n  known decay sch em es .  Upper l i m i t s  
o f  the l e v e l  w id th s  or t r a n s i t i o n s  where the s p in  and p a r i t y  o f  
th e  i n i t i a l  or f i n a l  s t a t e  c o u ld  not be a s s i g n e d ,  are in  g e n e r a l  
not l i s t e d .

2 /  In the c a se  when Гу has been  c a l c u l a t e d  from th e  y i e l d  o f  / р ,  1 /
r e a c t io n s  w ith  the u se  o f  Гр »Гу i . e . r p ~ T t  a p prox im ation , o n ly
th e  re so n a n ces  a t  E > ?5>0 keV are c o n s id e r e d .

3 /  For Ml type T r a n s i t io n s  where the type o f  r a d i a t i o n  does not
f o l l o w  s t r i c t l y  from a s e l e c t i o n  r u le  or has n o t  been  e x p e r im e n ta l -

2
l y  con firm ed , tho d a ta  in  the " T r a n s i t io n  typ e"  and |M| columns  
are In b r a c k e t s .  In P i g . 2 dashed ' l in e s  are  u s e d  f o r  th e s e  p l o t s .

4 /  The v a lu e s  r e p o r te d  in  th e  l i t e r a t u r e  are s u b j e c t e d  to  c r i t i c i s m  
o n ly  i f  th e r e  i s  a g r e a t  d i f f e r e n c e  between v a r io u s  ex p er im en ta l  
r e s u l t s .

3 /  The approximate c u t - o f f  d a te  o f  t h i s  c o m p i la t io n  i s  June 1 ,  1 9 6 3 .
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II

N u c l . Ei^ V 4 v keV Xf Trans
i t i o n
type

eV
Г jf t —- f

W eisskopf  
u n i t s  

IMI 2

Ref

О17 871+ 4 l / 2+ 0 5 / 2 + E2 (1 , 8 +0 , 7 ) . 10-6 2 1

F17 500+ 5 l / 2 + 0 (5 / 2* ) ( l , 5+0 , 4 ) . 10- 8 1

o18 1983 2+ 0 0 + E2 (1 , 2+0 , 2 ) . 10-4 2 ,5 L i  63

3633 0+ 1983 2+ E2 (1 , 5 +0 , 5 ) . 10“ + 7 ,8 L i  63

3921 2+ 1983 2+  ̂96ДО1 (3 + 1 ) . l o ~ 3 0 ,0 2 L i  63
f 18 940 (3+J 0 1 + (3 , 8 +0 , 6) . 10-4 L i  63

1043 (0 ; 0 1 + 2 , 2  10"3 3

1085 (5+J 940 (з+; E2 (2 , 4 + 0 , б ) . 10-9 1 ti L i 63

1700 1+ 0 i + (Ml) (0 , 7 +0 , 4) . 10- 4 (io-3 ) L i 63

1043 0+ Ml ( l , 6+0 , 8 ) . 10- 4 0 ,0 4 L i 63

2104 (2+) 0 1 + (2 +0 , б ) . 10- 4

940 (з+; ( 2 , 3 + 0 , 7 ) . 10“ 4 L i 63

2525 (3+) 0 i + (3 +0 , 5 ) . 10~ 4 L i 63

940 0 + (0 , 8 +0 , 2 ) . 10“ 4 L i 63

O19 96+11 з/r .V / 0 Ü W Ml ,E1 (2 , 6+0 , 4) . 10-7 1

F19 109,87+0,04 1 /2 " 0 l / 2 + El (4 , 5 + l , l )  Л 0“7 о . а .п т З 1

198+ 1 (5 /2 +) 0 1 /  2+ E2 (3 , 7 +0 , 7) . 10~9 4 ,6 1

7700 3 / 2 + 0 1 / 2+ Ml 4 ,7 0 ,5 Ba 63
Ne1'? 241+ 4 (5/ 2* ) 0 1 / 2+ (2 , 5 +0 , 2) . 10~8 1

Ne20 1632+ 4 2+ 0 0 + E2 (б +2 , 5) . 10“ 4 15 1

«9000 1 + 0 0 + Ml 7 , 1 0 ,5 Ba 63
í* 13ООО 1 + . 0 0 + Ml 1 6 ,6 0 ,3 5 Ba 63

13196 1 + 1632 2+ (Ml) 0 ,2 8 + 0 ,0 6 (o ,8 .1 0 -2 Be 63

1 ЗЗЗ2 1+ 0 0+ Ml 0 , 0 5 +0 ,0 2 1 , 2 . 1  CT5 Be 63

1632 2+ (mi) 0 ,4 2 + 0 ,0 4 ( 1 , 4 . 1er2 Be 63
I 344O 2" 1632 2+ El 12 + 1 ,5 1 , 5 .1 0 ^ Be 63

I 55II 1+ 0 2+ (Ml) 1 , 0  10- 2 (1 . iO4)Ka 60

1632 2+ (Ml) 2 ,2 ( 6 .7 .1 0 -2
I 37O3 2“ 1632 2+ El 1 ,1 + 0 ,4 1 ,2 .1 0 -3 1
14154 2~ 1632 2+ El 4 +0 ,7 4 .10*3 1 .S Í 5 4

KI?KI .U 6?/,]



I l l  -

N u cl . TP keV
4

•j- 'líi 
x i

TP keV I I f Trans
i t i o n
type

eV
Гу l —; г

W eisskopf
u n i t s
IM12

R e f .

Na22 587+ 4 i + , 0 0 3+ , 0 (l »7 +0 , 1) . i o "7 2

Na25 459,2+0,8 5 / 2 + 0 3 /2 + (M l) (3 , 5± o , 6) . i o " 4 (0 ,2 ) 2,Sw63

4600 3 / 2 + 0 3/2* Ml 0 ,4 3 0 ,2 2 Ba 63

6100 l / 2 + 0 3 /2 + Ml 1 ,4 0 ,2 8 Ba 63

9400 1 /2 0 3 /2 + 2 ,0 + 0 ,5 2,Mo60

Na24 475+ .5 1+ 0 4+ (м3) (2 , 31+0 , 05 ) . 1 СГ14 (0 ,38) 2

Mg24 1367£+0,2 2+ 0 0+ E2 ( 3 , 8 +0 ,6) . 10“ 4 25 2

Ä■10500 0 0+ (Ml) ~  100 N ) 3

11000 1 + 0 0+ Ml 21 0 ,7 Ba 63

12338 3+ 1370 2+ (Ml) 0 ,1 2 (4 ,5 .1 0 - 2 ) Pr 62

4230 2+ (Ml) 0 , 4 (3 , 3 . i o " 2) Pr 62

12552 1+ 0 0+ Ml 1 ,0 4 3 , 4 .1 0 " 2 Pr 62

4230 2+ H 0 ,4 1 (3 , 4 . 10" 2) Pr 62

12671 2” 1370 2+ El 0 ,5 6 8 . IO"4 P r 62

4230 2+ El 2 ,4 6 . 10"2 Pr 62

12809 2+ 0 0+ E2 0 ,6 6 0 ,9 4 Pr 62

1370 2+ (Ml) 0 ,2 4 6 ,3 .1 0 " 2 Pr 62

12819 1+ 0 0+ Ml 2 , 4 6 . 10"2 Pr 62

4230 2+ ( mi) 1 , 6 1 . 2 . 1 0 " 1 Pr 62

I 5O33 3+ 4230 2+ ( mi) 2 ,1 (0.17) Pr 62

I 3O53 4+ 4120 4+ H 7 , 5 (0 ,62) Pr 62

.14000 1+ 0 0+ Ml 1 5 ,8 0 ,2 9 Ba 63
Mß25 58 4+ 4 l / 2 + 0 5 / 2 + E2 ( l , 3 + O , l ) . 1 0 " 7 0 ,6 5 2

1611+ 4 (7/2) + 0 5 / 2 + Ml ( 2 , 7 + 0 , 7 ) . 10"2 0 ,3 2
A l2^ 455+ 2 l / 2 + 0 5 / 2 + E2 ( 2 , 4 + 0 , l ) . I O " 7 4 2

ЗО77+6 3/2" 0 5 / 2 + El ( l , 4 + 0 , З ) .10“ 2 7 . 10" 4 2

455 l / 2 + El ( e , 6 +1 , 6 ) . i o - 2 8 ,1 0 " 2 2
3720 7/2" 0 5 /2 + El | з , б + о , б ) . i o " 3 1 , 2 . 1 0 " 4 2

1810 5 / 2 + El ( ö , 4 + l , 4 ) . 1 0 " 3 1 , 7 . 1 0 - 2 2
3840 1/2" 455 l / 2 + El 0 , 15+0 ,0 3 6 . 1 0 - 2 2

KEK I 1 4 6 7 / j



IV

N ilcl . E LktíV V 1
r, koV 'l1143)1.0-

11; ion. 
Ь.уре

о V
( !f 1 - - 1

Woia s k o p f
U.Tli jy Ö
IMI2

R e f .

ОС*.
A l ° 949 3 / 2 + El 0 ,5 0 + 0 ,0 6 2 . 10“ 2 2

3880 5 / 2 + 0 3 / 2 + (Ml.) (4 ,6 + 0 ,8  ) . 1.0 4 (4 . 1 0 - 5 о

949 3 /  >-+ í M',) (5 , 8 +0 , 6 ) . 1 0 “ 2 (0 , 0 1 1 ) 2

•1220 3 /  ,+ 4 36 i/:.:+ (M i) 0 ,1 8 + 0 ,0 3 (0 , 15) 0

949 3 /  2+ ( m .) 0 , 14+0 ,0 3 0 , 2 2

4390 5 / 2 + 949 3 /  2+ ( 4 1 ) (5 ,9 + 0 ,3 )  Л 0 " 2 (0 , 0 4 ) 2

1803+10 2+ 0 0 + JS2 (7 , 6+1 , 6 ) . .10" 4 13 2

A l2b 418+1,4 3+ 0 5+ К 2 ( 5 ,7 + 0 ,2 ) ,10~7 9 , 3 2

AI27 842 1 /  2+ 0 3 / 2 + E2 (1 , 4+0 , 3 ) .io"--’ 7 2

1013 3 /  2+ 0 5 / 2 + 90%M 1. (2 , 3+1 ) .  10“ 4 .1. , 2 . 1 0 “ 2 2

2212 3/2" 0 5 / 2+ El 1 ,3  . 10“ ;i 2 , 3 . 1 0 “ '’ Во 62

2976 3 / 2 0 3 / 2+ 10 13 о 62

8963 3 / i +) 0 3 / - + 0 ,8 1  + 0 ,0 5 Op 62

AI28 3 1 ,2 + 0 ,4 2+ 0 .,+J , ( m i) (2 , 0+0 , 2) .  IC.“7 (4 , 4 . l.O“ 2) 2

S i 28 1772+ 3 2+ 0 0+ E2 (7 , 6+1 , 3 ) .  10“ 4 13 2

11600 1 + 0 0 + Ml 47 1 ,5 6 5

12067 2+ 0 0+ E2 0 ,1 4 0 , 1.5 2,8m 62

.12171 4+ 6270 3+ (M l) 0 ,0 1 (2 , 3 . 10“ ' ) 2, Sin 62

.1.2190 3“ 1772 2+ E l 0 ,6 4 1 , 2 . 1 0 “ -*’ 8,Sm 62

12235 2+ 1772 2+ 04?®n. 0 ,4 4 1 , 1 . 1 0 “ 2 8,8m 68

9380 2+ (Ml) 0,32- 0 ,6 3 2,Srn 62

.12445 2+ 0 0+ E2 0 , 4 0 ,3 3 8m 62

12471 4+ 1772 2+ E2 0 ,9 1 ,2 8 Sm 62

127 22 2+ 0 0 + E2 1 ,5 1 Cm 62
8 i 2* 1277+ 4 3 /2 + 0 J / 2 + 96%M\ 3 . 1 0 -2 0 ,1 Bo 62 

Me 61

2425+ 4 3 / 2 + 0 L/2+ Ml 2 ,2 .1 0 "  2 7 , 8 . 1 0 " 2 Bo 62
P;-9 4342 3 /2 “ 0 1 / 2+ El 1 , 0 + 0 , 3 3 .IO "2 2

4705 l / 2 + 0 1 /2 * Ml. 0 ,4 3 + 0 ,0 8 0 , 2 2 2
p31 1265+3 3 /2 + 0 l / 2 + 94%MJ. 1 , 5 . 1 0~-J 0 , 6 2 , Me 61 

Bo 62

KffKI 1 4 S 7 / J
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t í .kfcV I . “1 E keV I  IC 'Irans- eV W eisskopf H e f .
j. 1 I I t  Ion r » i  — f u n i t s

t.ype IMI2

P3 i 2 2 J2 5 / 2 + 0 l / 2+ E2 10~3 4 2 , 8 o 62

5155 5 / 2 + 0 1/  2+ 96%M1 2 , 2 .1 0  _i?- 5 .Ю “ 2 2 , Во 62 
Br 58

^600 5 /  2+ 0 1/ 2+ Ml 0 ,29 0 ,2 5 Ba 65

7886 J./2+ 0 .1/  2+ Ml 1 , 52+0 ,1 2 0 ,1 5 О

7954 5 / 2 + 0 l / 2+ (Ml) (б+ l ) . I 0- 3 ( > . 1 0 - 5 О

1265 l / 2+ (Ml) ( e + i ) . 10~3 i , 5 . 1 0 ~ 3) 2

8021 5 / 2 + 0 l / 2+ E2 ( 5 +1) .  Ю“ 3 5 . 5 Л 0 " 2 2

80.58 5 / 2 + 0 l / 2 + ( m i ) 0 ,1 4 + 0 ,0 1 í - , 5 .1 0 “ 2,) 2

89 СО 5 /2 + 0 :i./2+ Ml 4 ,0 0 ,2 6 Bu 65

S'*4'* 22.36 2+ 0 o + E2 2 + 0 ,5 .1 0 - 3 3 2 ,B a  65

5700 1+ 0 0 + Ml 0 ,7 6 0 ,2 0 Ba 65

8500 1 + 0 0 + Ml 5 ,5 0 ,2 6 Ba 65

10696 1“ 0 0+ El 12 1 , 5 ..io _ 2 2 , Га 55

10826 1" 0 0 + EJ. 0 ,7 10“ 2 2 , Pa 55

10917 1“ 0 o ’1' El 1 ,5 1 , 8 .1 0 “ 3 2 , Pa 55

11400 :l+ 0 0+ Ml 1 4 ,2 0 ,4 0 fía 65

Cl34 145 5+ 0 0+ M5 ( g , 5+0,8). KJ'343 6 ,5 2

C l35 72.50 5 / 2 + 0 5 / 2 + 99/eMl 0 ,055 8 , 5 . 1 0 - 3 'J

1220 l / 2 + E2 0 ,0 1 2 0 , 5 ; >

7545 7 / 2 “ 5165 7 / 2 “ M 0 ,1 (4 ,6 .1 0 " 2) 8

c i 3y 671+5 f>r 0 2“ ( 4 ,5 + l ) . 1 0 ~ i 6 2

A.W 1516^9 5 / 2 + 0 7 / 2 “ N ( 2 ,4 + 0 , l ) .1 0 - 7 0 ,1 2 r.\

Д4° 2150 0+ 1462 2+ E2 ( l ,4 + 0 ,5 ) .1 0 ~ 3 1400 9, W.M. 62

K4° 2 9 ,7 + 0 ,7 5“ 0 4* Ml ( 1 , 2+0 , 1) . i o -7 5 2

Ca4° 5750 + 4 5~ 0 0 + Ё5 ( б ,4 + 0 ,5 > 1 0 -6 160 2

9870 2+ 0 0 + E2 0 ,8 0 + 0 ,2 6 1 ,7 Ra 62

L0500 2+ 0 0+ E2 5 ,6  +0 ,24 5 Ее 61

KFKI 14P>7/,5



VI -

R e fere n c es  to  the Appendix

1 /  F .A jzenberg-rSelove, T .L a u r it s e n i  E nergy L ev e ls  o f  L ig h t  N u c l e i .  VI. 
/Z = 2 -1 0 /  N u c l .P h y s .  1 1 /1 9 5 9 Л »

2 /  P.M.Endt, C .van  der Leunt Energy L e v e l s  o f  L ig h t N u c l e i .  I I I .  
/ Z = l l - 2 0 /  N u c l .P h y s .  3 4 /1 9 6 2 /1 .

3/ о.Ь.Ьерлович: Экспериментальные исследования радиационных переходов 
в ядрах(Гамма лучи, сы.85 /Изд.Лк.Н.СССР, Москва, I9ÓI)

Ва 63 W.С.Barber, J.Goldemberg, G .A .P e ter so n ,  Y .Torizukat  
N u c l .P h y s . 4 1 /1 9 6 3 /4 6 1 .

Be б? I . B erkes, I .D é z s i ,  I . Fodor, L .K e s z t h e ly i t  
N u cl.P h y s .  А 2/1963/Ю З-

Bo 62 E .C .Booth , K.A.Wright: N u c l .P h y s .  3 5 / 1 9 6 3 / 473«
Br 58 C.Broude, L .L .G reen, J .C .W illm o ttt  P r o c .P h y s .S o c  .

2 2 /1 9 5 8 /1 1 1 5  and 1122.
Ec 61 A .C .E ck er t ,  E .F .Shradert Phys.R ev. 1 2 4 / 1 9 6 1 /1 5 4 1 .
Ka 60 J.V.Kane, R .E .P ix le y ,  D .H .W ilk insont Phys .R ev . 1 2 0 / 1 9 6 0 /9 5 2  
L i 63 A .E .L ith e r la n d ,  M .J .L .Y a tes ,  D.M .Hinds, D .E c c le s h a l t t  

N u cl .P h y s .  4 4 /1 9 6 3 /2 2 0 .
Me 61 G.J.McOalluimt P h ys .R ev . 1 2 3 /1 9 6 1 /5 6 8 .
Mo 60 W.L.Mouton, P .B .Sm itht N u c l .P h y s .  1 6 /1 9 6 0 /2 o 6 .
Op 62 T .R.O phel, В .T.Lawrence: N u c l .P h y s .  30 /1962 /215»
Pa 55 E .B .P a u l ,  H.E.Gove, A .E .L ith e r la n d ,  G.A.Bartolomew:

P hys.R ev. 2 1 / 1955/1339-
Pr 62 F .W .P rosser  J r . ,  W.P.Unrufc, B .H .W ild e n th a l , R.W.Krönet 

P h ys.R ev . 1 2 5 / 1 9 6 2 /5 9 4 .
Ra 62 L.K.Rangan, Gale I .H a lv r is ,  L .W .Seagondollart  

P hys.R ev . 1 2 7 /1 9 6 2 /2 1 8 0 .
S i  54 R .M .S in c la ir !  P h ys .R ev . 2 2 /1 9 5 4 /1 0 8 2 .
Sm 62 P .J .M .S m u ld ers ,  P .B .S m ith t  N u c l .P h y s .  2 8 /1 9 6 2 /1 0 9 3 .
8w 63 C.P.Swannt N u cl .P h y s .  4 2 /1 9 6 3 /6 0 2 .
Wa 62 T .W akatsuki,  Y .Hirao, I.M iurat N u c l .P h y s .  3 9 /1 9 6 2 /3 3 5 .
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