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f rom th is  agreement  tha t  the  chosen va lues  fo r  À ,  and À2 a lso
represent the actual  ones (see also reference b6J3).

r n  t h i s  d i s c u s s i o n  t h e  p o s s i b i l i t y  o f  a  d i s t u r b a n c e  o f  t h e
n u c l e a r  o r i e n t a t i o n  i n  o n e  o f  t h e  l e v e l s  h a s  b e e n  l e f t  o u t  o f
considerat ion.  In sect ion I I .5 i t  was argumented that disturbing
ef fec ts  wou ld  be  absent  i f  the  l i fe t ime o f  the  exc i ted  leve ls  i s
shorter than 10- I  I  sec.  The 0.845 MeV and the 2.08 MeV level  have
a  l i f e t i m e  o f  t h i s  o r d e r  o f  m a g n i t u d e  ( 5 5 C 1 ;  5 4 I l ;  5 6 T l ) .  O f  t h e
other  Ieve ls  no  l i fe t ime has  been measured ye t .  There fore ,  some
other  ass ignments  have been t r ied  fo r  the  leve ls  w i th  an  energy
higher than 2.08 MeV, assuning e and P, to be somewhat at tenuated
for  the  gamma rays  deexc i t ing  these leve ls .  But  i f  we take  in to
account the data on the relat ive intensi ty of  the var ious t ransi-
tions and on the angular correlation of the gamma rays (the angu-
lar  correlat ion is not inf luenced by th is disturbance because the
p o s s i b l e  i n t e r m e d i a t e  l e v e l s  a r e  a t  0 "  8 4 5  M e V  a n d  2 . 0 8  M e V )  i t
tu rns  ou t  tha t  o ther  ass ignments  have to  be  re jec ted  or  a re  un-
I  i  ke Iy .

V .  B .  C o n c l u s i o n s  a n d  d i s c u s s i o n

F ig .  V .8 .  1  shows the  decay  scheme and the  ass igned sp ins  and
p a r i l ; i e s ;  t h e  u n c e r t a i n  g a m m a  r a y s  ( s e e  t a b l e  V . 3 . 1 )  a r e  n o t
drawn.  The mul t ipo le  o rder  o f  the  gamma rays  is  ind ica ted  in  the
f igure ;  fo r  the  t rans i t ions  be tween leve ls  w i th  A- I  =  0  o r  ln f  l  =  f
on ly  the  one g iv ing  the  main  cont r ibu t ion  is  denoted .  The mix ing
ra t ios  E  fo r  th is  ca tegory  o f  t rans i t ions  are  co l lec ted  in  tab le
V . 8 . 1 .  F o r  t h e  g a m m a  r a y s  i n  t h e  d e c a y  o f  C o s 6  p o s s i b l e  v a l u e s
a n d  l i m i t s  o f  b  c a n  b e  f o u n d  i n  t h e  p r e c e d i n g  s e c t i o n ,  f o r  t h e
gammas from Mn s 6 the data have been taken from Metzger and Todd
( 5 3 M 1 ) .  F o r  t h e  3 . 4 5  M e V  l e v e l  t h e  a s s i g n m e n t s  I  =  2 -  a n d  I  =  3 -
are also compat ib le wi th the measurements i f  the i .mprobable mix-
t u r e  o f  E l + M 2  w i t h  E = + 0 . 8 t 0 . 1  o r  E  = r 4 . 5 t 0 . 5 ,  r e s p e c t i v e l y ,  i s
a c c e p t e d  f o r  t h e  2 . 6 L  M e V  g a m m a ;  i f  t h e  e x i s t e n c e  o f  t h e  o n c e
r e p o r t e d  3 . 4 7  M e V  g a m m a  c o u l d  b e  v e r i f i e d ,  t h i s  w o u l d  f a v o u r
I = 2 - .  F o r  t h e  3 . 8 4  M e V  l e v e l  1 = 5 + ,  r e q u i r i n g  E = + 0 - 0 4  f o r  t h e
M1+E2 mix tu re  o f  the  1 .  ?5  MeV gamma,  cannot  be  re jec ted  en t i re ly
on the basis of  the measurements but the 2.  gg MeV gamma, f i t t ing
n ice ly  be tween th is  leve l  and the  0 .845 leve l ,  tes t i f ies  aga ins t
it. AIso the fact that two garnma rays were reported at about l. ?5
M e V  ( 5 5 H 1 )  s h o u l d  b e  r e m e m b e r e d  i n  a  c r i t i c i s m  o f  t h e  r e s u l t s
concern ing  th is  leve l  (see  a t  the  end o f  sec t ion  V.4 .3 ,  po in t  e ) .

The sp in  and ;  l r i t y  o f  the  2 .  BG MeV and 2 .9?  MeV leve l  have

€
lculated)

€
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tab le  V .5 .  f )

+ 0 . 3 3 4
+0. 3 12
-0 .  181
- 0 . 3 1 ?
- 0 . 3 2 4

+ 0 . 3 8 0

+ 0 . 3 2  t  0 . 0 1
+ 0 . 3 5  t  0 . 0 3
- 0 .  1 9  t  0 . 0 8
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+ 0 . 3 8  t  0 . 0 3 5
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F i g u r e  V . 8 . 1
T h e  d e c a y  s c h e m e s  o f  M n 5 6  a n d  C o 5 o .  T h e  e n e r g y  ( i n  M e V ) ,
t h e  r e l a t i v e  i n t e n s i t y  ( b e t w e e n  b r a c k e t s )  a n d  t h e  o r d e r
o f  t h e  m u l t i p o l e  t h a t  g i v e s  t h e  n a i n  c o n t r i b u t i o n  t o  t h e
g a m n a  t r a n s i t i o n  a r e  d e n o t e d .  0 n l y  t h o s e  g a m n a  r a y s  a r e
s h o w n  o f  w h i c h  t h e  e x i s t e n c e  i s  t h o u g h t  t o  b e  c e r t a i n .
S o n e  r e m a r k s  o n  l e s s  p r o b a b l e  a s s i g n m e n t s  a n d  t h e  v a l u e s

o f  t h e  m i x i n g  r a t i o  E  c a n  b e  f o u n d  i n  s e c t i o n  V . B .

been taken f rom Metzger  and Todd (54M1) and are cons is tent  wi th
the ass ignments  to  the leve ls  exc i ted by Cosu (SSpZ) .

I t  has been observed in  those even-even nuc le i  whose nuc leon
nunbe rs  a re  o r  l i e  c l ose  t o  mag i c  numbers ,  t ha t  t he  co l l ec t i ve
rota t iona l  character  o f  the low ly ing energy leve ls  is  rep laced
by  a  v i b ra t i ona l  one ,  due  t o  co re  v i b ra t i ons  (56A1) .  I n  t he  ap -
prox imat ion of  zero coupl ing between the par t ic les  and the core
a r l d  assum ing  ha rmon i c  v i b ra t i ons ,  t hese  v i b ra t i ona l  exc i t a t i ons
are at energies of fu,t, 2ÍyD, 3hc,s, etc. above the ground state. The
f i r s t  e x c i t e d  l e v e l  h a s  s p i n  2 + ,  t h e  s e c o n d  0 +  ,  2 r ,  4 +  ( 3  f o l d
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Table V. B. 1
The mix ing  ra t io  E  o f  d i f fe ren t  mu l t ipo les
for gamma rays between levels in Fes6 with
A- I=  0  o r  In f l  =  r .  For  de ta i l s  see  sec t ion

V.?  (Cos6)  and re fe rence (53M1)  (Mns6) .

Ganma
(Mev1

Ar óÀ
v

(  approx imately)

1 .  75
2. 02
2 . 6 1
1 .  8 1
2. t3

+ 1
0

- t

0
0

-  0 . 0 3
+ 1 0

0
+ 0 .  15
-  0 . 3

d e g e n e r a t e )  t h e  t h i r d  0 + ,  2 r , 3 * ,  4 * , 6 +  ( b f o l d d e g e n e r a t e ) .  T h e
t rans i t ions  be tween them shou ld  be  o f  pure  E2 na ture  and s ince
only one phonon jumps are allowed, crossover transitions are pro-
hibi t ted.  Because of  their  col lect ive nature these E2 transi t ions
shou ld  be  fas te r  than the  Moszkowsk i - l Ïe isskopf  s ing le  par t i c le
es t imate  (56A1) .

Many medium weight even-even nuclei exhibit these characteris-
t ics (56A1, 55S4, 53K1),  a l though some rules are somewhat relax-
ed ,  as  can be  exp la ined by  assuming a  weak (5554)  o r  a  s t rong
( 5 6 W 1 )  c o u p l i n g  b e t w e e n  c o r e  a n d  p a r t i c l e s .  T h e  r a t i o  o f  t h e
energies of  the second exci ted state (having spin 4+ or 2+ most-
Iy )  to  tha t  o f  the  f i rs t  (sp in  2+ w i th  very  few except ions)  i s
found to f luctuate around 2.2.  The ganma transi t ion between the
two 2+ leve ls  in  nuc le i  hav ing  the  sp in  sequence 0+,  2+ ,  2+  fo r
the ground state,  the f i rst  and the second exci ted state is pro-
dominant ly nZ with some Ml admixed and is much stronger than the
crossover  t rans i t ion  to  the  groundsta te  (an  example  is  fo r  in -
s tance Fes8 (56F1) ) .  Another  common fea ture  o f  these nuc le i ,  r€ -
v e a l e d  b y  C o u l o m b  e x c i t a t i o n  ( 5 6 T 1 ) ,  i s  t h e  r e d u c t i o n  o f  t h e
l i fe t ime o f  the  f i rs t  exc i ted  s ta te  by  a  fac to r  be tween about
l0 and 40 compared to the s ingle part ic le est imate.

For Fes6 the rat io between the energy of  second and f i rst  ex-
c i ted  s ta te  i s  2 .46  and the  t rans i t ion  probab i l i t y  o f  the  0 .845
MeV gamma is  inc reased by  a  fac to r  15  (56T1) .  I t  i s  there fore
tempt ing  to  ass ign  some v ib ra t iona l  charac ter is t i cs  to  th is  nu-
cleus, also because both neutron and proton nunbers l ie c lose to
the  mag ic  number  o f  28 .  The 0 .845 MeV leve l  i s  taken to  be  the
f i rs t  exc i ted  v ib ra t iona l  s ta te ,  decay ing  on ly  by  82 .  The 2 .08
MeV level  is  considered to be the 4+ member of  the 3-fold degene-
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rate second exci ted state.  The 4.  l0 MeV level  is  taken to repre-
sent the 4+ member of  the $-fo.Ld degenerate th i rd exci ted state.
The lat ter  ident i f icat ion is made on the basis of  the almost to-
t a l  E 2  c h a r a c t e r  o f  t h e  2 . 0 2  M e V  g a m m a  t l S l Z S ,  p r o b a b l v  6 =  + 1 0 )
and the fact  that  the t ransi t ion matr ix element for  the 3.25 MeV
crossover gamma is 0.09 t imes smal ler  than that for  the 2.02 MeV
gamma. The 2.02 MeV gamma thus would connect the 3Èa-r vibrational
band w i th  the  Zha, .  The ident i f i ca t ion  o f  bo th  2+ leve ls  a t  2 .66
MeV and 2.9? MeV as vibrational levels (one of the 2hu, the other
o f  the  3ha;  band ?)  i s  less  conv inc ing :  the  E2 cont r ibu t ion  is
rather low in the 1.  Bl  MeV and 2.  13 MeV gamma; but the crossover
transi t ions are weak, indeed.

De onderzoek ingen
trekking op het radio
werd  bes tudeerd  ener :
ganma coincident ie me
menten met geor iënteet

Hoofdstuk I I  is  ger
t ie .  Na een in le idend
over de door ons gebet
der magnet ische hyper
ren zí jn hierbi j  een ,
hande len  over  de  de t r
h e t a l g e m e e n ,  $ 4 z i c l
sa t ie  van gamma s t ra l
actieve kernen. Een ve
met ingen.  De laa ts te
terende ef fecten.

Enkele problemen vr
den worden behandeld i
t ie van beta en gamma
over  de  bepa l ing  van r
del  van het Compton pr
Onder meer wordt  het
,rsne I - Iangzaam, coinc i

In hoofdstuk IV zij
tuur beschreven, n.  I .
Het  b leek  moge l i j k  met
sc in t i l l a to ren  een co i
bere iken zonder  ver l i r
de polar imeter z i jn ve

Hoofdstuk V behande
le korte in le idende pa
t ie  met ingen (b i j  kam
v e r d e l i n g  e n  d e  l i n e z
stral ing ( lage tempera
conclusies over het v,


