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The directional correlations of y-transitions in and 69Ga   have been 

measured from the decay of 'lmzn and 6 9 G e  respectively, using a Ge(Li) 

Nal (TR) gamma spectrometer. Spin assignments to the levels, in 7 1 G a  at 

390 (1 /2-) , 487 (5/2-) , 5 12 (3/2-) , 964 (5/2-), 1 107 (7/2-) , 1494 (9/2+) and 
2247 keV (7/2+), and, in 6 9 ~ a ,  at 318(1/2-), 574(5/2-), 872(3/2-),i106 

(5'2-, 3/2-), 1336(7/2-), and 1923 keV (7/2) confirm the resul ts of pre- 

vious studies on these nuclei. The multipole mixing ratios G(EZ/M~) ,for 

sever y-transitions, in both nuclei, have been determined from the 

+ o 3  present angular correlation data. The results are: 6(121)=  -0.2 - 2:4 , 
6(142) = 0.04 t 0.04, 6(386) = -0.003 0.014, G(487) = 0.041 0,07, 
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+O 8 - 0 . 1 4 r O . 1 0 ,  6(620) = 1.3-O;3,  6(753) = 0 . 0 0 + 0 . 0 1  and 

+ f o r  t r a n s i t i o n  i n  7 1 ~ a ,  and 6(234) = 0 .2820 .04  o r  0.6 - 0.3' 

.02, 6(587) = -1.1 r 0.08, 6(1051) = 0.0i0.10 and 6(1349) = 

0.13 0.03, f o r  t r a n s i t i o n s  i n  69Ga. 

Foram medidas cor re lações  d i rec iona is de t rans ições  y, em 7 1 G a  e 6 9 G a  , 
a p a r t i  r do decaimento de 7 1 m ~ i ~  e 6 9 ~ e ,  respect ivamente, usando um es- 

p e c t r ô m e t r  de Ge(Li)-Na l (TR) . Os sp ins  associados aos n í v e i s  no 7 1 ~ a  

a 390 (172-1, 487 (5/2-1, 51 5 (3/2-),  964 (5/2-),  11 07 (7/2-1, 1494 (9/2+) e 

2247 keV (7/2+),  e no 6 9 ~ a  a 31 8 (1 /2-) , 574(5/2-) , 872 (3/2-) , 1 l06(5/2; 

3/2-) , 1336(7/2-), e 1923 keV (7/2) conf irmam os resu l tados  de estudos 

a n t e r i o r e s  destes nüc l  eos. Foram determi  nadas razões de m i s t u r a  de 

m u l t i p o l a r i d a d e  6(E2/~1) para v á r i a s  t rans ições  em ambos os núcleos, a 

p a r t i  r dos presentes dados de c o r r e l a ç ã o  angular .  Os resu l tados  são: 
+ o 3  6(121) = - 0 . 2  - 2:4 , 6(142) = 0 . 0 4 i  0.04, 6(386) = -0 .003+ 0.014 , 

+ 6(753) = 6(487) = 0.04 t 0.07, 6(512) = -0.14 2 0.10, 6(620)=1.3 - 
+ para t r a n s i ç õ e s  no 7 1 ~ a ,  e 6 (234) = 0.00 2 0.01 e 6(964) = 0.6 - 

0.3' 
0.28 2 0.04 ou 0.08 r 0.02, S(587) = -1.1 it. 0.08, 6(1051) = 0.0 * 0.10 

e 6(1349) = 0.13 r 0.03, para t r a n s i ç õ e s  no 6 9 ~ a .  

1. INTRODUCTION 

Considerable t h e o r e t i c a l  ( ~ e f s .  I-7,9,10) as wel 1 as exper imenta l  (Refs. 3, 

4, 10-30) i n t e r e s t  has r e c e n t l y  been shown i n  the  leve1 s t r u c t u r e  o f  

odd-A Ga isotopes.  The spec t ra  o f  these n u c l e i  a r e  q u i t e  s i m i l a r .  Some 

o f  the  l o w- l y i n g  s t a t e s  show s i n g l e  p a r t i c l e  charac te r  (Refs.10, 20, 22 

231, whi l e  o t h e r s  seem t o  c o n t a i n  c o l l e c t i v e  admixtures (Refs. 3,11,12, 

24,25,28,30), and were í n t e r p r e t e d  i n  terms o f  doubly even core cou- 

p l e d  t o  t h e  s i n g l e  p r o t o n  s t a t e s .  For 7 1 ~ a ,  c a l c u l a t i o n s  a r e  a l s o  

a v a i l a b l e  u s i n g  a r o t a t i o n a l  model which inc ludes  permanent de fo rmat ion  

and C o r i o l  is- coupl  i ng 9.  Never the less,  a s a t i s f a c t o r y  e x p l a n a t i o n  o f  t h e  

e x i s t i n g  d a t a  on  the  s t r u c t u r e  o f  these n u c l e i  has n o t  y e t  been ach ie-  

ved. The agreement between c a l c u l a t i o n s  and exper iments i s  o n l y  l i m i -  

ted. 



The energy levels of ?lGa and 6 9 ~ a  have been investigated in the past 

by several techniques. These i ncl ude the f3-decay 69 '?'~n (Refs. 1 1  - 1 7 ) 

and 6 9 ~ e  (Ref. 1 1 )  , the proton stripping and capture reactions (~efs. 18- 
23,38) and (n,n1y) reaction~~~, Coulomb ex~itation'~'~~'~~ and resonan- 

ce fluorescence ~tudies~~'~' , and 6 9 9 7 1 ~ a  (a, a'y) and 6 6 7 6 8 ~ n  (a, py ) 

rea~tions~~, as well as y-y angular correlation meas~rements~~'~~. The 

results of these various studies have led to consistent energy leve1 

schemes for 7 1 ~ a  and 69~a. Spin and parity assignments to several le- 

vels, in both nuclei, have also been made. A11 of the previous y-y di- 

rectional correlation measurernents, in 7 1 ~ a  and 6 9 ~ a ,  have been carried 

out with the use of Nal(~g) detectors, and prior to the detailed y-ray 

studies by Zoller et a1. "'12. Due to the rather complex nature of the 

spectra and close proximity of intense y-rays, in the de-excitation of 

both nuclei, the interpretation of the results are not unambiguous. In 

the previously reported measurements, the angular correlations, in many 

cases, are the combination of more than one gamma cascade.Consequently, 

these data were unable to provide definite values of the rnultipole ad- 

mixtures in y-transitions. The main purpose of the present study is to 

measure the di rectional correlat ions of gamma cascades in ? l ~ a  and 6 9 ~ a  

us ing a Ge(~i)-~a l (TR) spectrometer, in order to clearl y resolve y-rays 

under investigation, and to determine the rnultipole admixtures of seve- 

ral transitions in each nuclef. 

2. EXPERIMENTAL PROCEDURE 

The radioactive sources of 71m~n(~,/, = 4 h) were obtained by the 

70~n(n,y) reaction. Approximately, 7 mg of ZnO ( enriched to 68% in 

70~n) were enclosed in a si l ica tube, and irradiated wi th neutrons, at 

a flux 2x10'~ n.~rn-~ sec-', for 1.5 hr, in the IEA-RI reactor. A sin- 

gle source was used in the experiment, for nearl y 8h, and then replaced 

by a new source. 

The 6gGe(~,,2 = 39 h) sources were produced by '"Ge(y,n) reaction , 
irradiating 600 mg of natural germanium metal in powder form, using the 

bremsstrahlung of the linear electron accelerator at the Physics Insti- 

tute, University of São Paulo. The sample was enclosed in an aluminium 



capsule, and i r r a d i a t e d  f o r  24 h. The source was al lowed t o  decay f o r  

two days before  s t a r t i n g  the measurements i n  order  t o  permi t  the decay 

o f  7 2 ~ a ( ~ 1 / 2  = 14 h) and 7 3 ~ a  (T,/, = 5 h) produced i n  small amounts 

by (y,p) reac t i on  on 7 3 3 7 4 ~ e .  N o o t h e r  a c t i v i t i e s  were seen i n  the 

source. Each source was measured f o r  th ree days before being replaced 

by a new one. 

The y-y spectrometer was a combination o f  a t r ue  coax ia l  35 cm3 Ge(Li)  

de tec tor  and a 7.6 x 7.6 cm Nal (TR) detec tor .  Other d e t a i l s  o f  the 

spectrometer system and the e l e c t r o n i  cs are  descr i  bed e l  sewhere 3 2 .  The 

coincidences were recorded a t  angular i n t e r v a l s  from 90' t o  270' i n  

steps o f  15'. 

I n  the ' lmzn decay, most o f  the angular c o r r e l a t i o n s  were d e t e r m i n e d  

from the coincidence spectra obtained by ga t i ng  the 386 keV photopeak 

i n  the y-spectrum through the N a l ( ~ k )  de tec tor .  However the add i t i ona l  

gamma cascades 620-487 and 596-512 keV were a l so  measured by ga t i ng  the 

combined (620 + 596) keV photopeaks. The co r rec t i on  f o r  the Compton 

scat te red r a d i a t i o n  o f  h igher  energy co inc ident  y-rays, i n  the 386 keV 

gate window, were determined from the s i m i l a r  measurements taken a t  the 

adjacent  gate. For the (620 + 596) keV gate s e t t i n g ,  the Cornpton 

e f f e c t s  were n e g l i g i b l e  and such rneasurements were not  required.  

I n  the study o f  6 9 ~ e  decay, th ree gate pos i t i ons  w i t h  cent ro ids  a t  318, 

872 and 1340 keV were used t o  ob ta in  the data. Compton co r rec t i ons  

were necessary o n l y  i n  the case o f  553-318 keV cascade which were e s t i -  

mated. The data i n  a l l  the cases were cor rec ted f o r  the chance c o i n c i -  

dentes, f o r  the  decay o f  the source dur ing  the experiment and f o r  the 

Compton c o n t r i b u t i o n s  wherever necessary. The chance coincidences were 

determi ned i n  separate experiments f o r  each gate s e t t  i ng. The angular 

c o r r e l a t i o n  c o e f f i c i e n t s  Akk were obtained by the l eas t  squares f i t t i n g  

procedure i n the usual manner. The phase convention o f  Becker and 

S t e f f e r ~ ~ ~  has been adopted f o r  the  mul t i p o l e  mix ing r a t i o  6 ,  i n  the 

subsequent ana l ys i s  o f  the experimental data. 



3. RESULTS 

The low energy p a r t  o f  the y-spectrum i n  the  decay o f  7 1 m ~ n  obtained 

w i t h  the  Ge(Li)  de tec tor  i s  i n  F ig .  1 .  Typical  y- spectra i n  co inc i -  

dente wi t h  the 386 and (620 + 596) keV photopeaks, respect i  vel  y, a re  

a l s o  shown i n  the same f i g u r e .  The lower r i g h t  hand s ide  o f  the f i g u-  

r e  i s  the d i  r e c t  y-spectrum obtained wi t h  the Nal (T i )  detector ,  where 

the  p o s i t i o n  o f  the gate s e t t i n g s  are a l s o  shown. The angular corre-  

l a t i o n  curves, f o r  var ious gamma cascades s tud ied i n  7 1 ~ a ,  are  shown 

i n  Fig.2, w i t h  the except ion o f  the 38ó-(596)-512 cascade. The r e s u l t s  

f o r  t h i s  cascade obtained from the 386 keV gate were s l i g h t l y  a f f ec ted  

by the  presence o f  a  511 keV a n n i h i l a t i o n  r a d i a t i o n  which came from 

impur i t y  i n  the s i l i c a  conta iner .  The data po in t s  a t  180' and 165' 

were not  inc luded i n  the  l eas t  squares ana l ys i s  f o r  t h i s  p a r t i c u l a r  

cascade. The 596 - 512 keV cascade measurements from the (620 + 596) 

k e V g a t e  are,  however, f r e e  from t h i s  e f f e c t .  The re levant  p a r t  o f  

the l e v e l  scheme o f  "Ga, taken from Ref. 12, i s  a l s o  shown i n  Fig.  2. 

The l e v e l  diagram shows on l y  those t r a n s i t i o n s  which are o f  i n t e r e s t  

i n  t h i s  study. The corresponding r e s u l t s  i n  the study o f  6 9 ~ e  decay 

are shown i n  Figs.  3 and 4. 

The r e s u l t s  o f  the d i r e c t i o n a l  c o r r e l a t i o n  c o e f f i c i e n t s  A kk  obtained 

from the present study are sumrnarized i n  Tables 1 and 2, f o r  7 1 ~ a  and 

6 9 ~ a ,  respec t i ve l y .  The Akk c o e f f i c i e n t s  have been cor rec ted f o r  the 

e f f e c t s  o f  f i n i t e  s o l i d  angles o f  the detect01-s36'37. The mul  t i p o l  e  

mix ing  r a t i o s  6 ( ~ 2 / ~ 1 )  were obtained by the X2 ana lys is ,  w i t h  the sp in  

assignments as ind ica ted i n  F ig .  2  and Fig.  4, f o r  each nucleus. ln the 

ana l ys i s  i t was assumed t h a t  the 596 keV t r a n s i  t i o n  i n  7 1 ~ a  i s  E2, and 

6(573) and 6(872) i n  6 9 ~ a  have values o f  -0.04 and -O. l l , respect i -  

v e l y 3 8  (see d iscuss ion) .  

4. DISCUSSION 

7 1 ~ a  nucleus 

Tne s p i n  and p a r i t i e s  o f  a  number o f  l eve l s  i n  ' ' ~ a  are  known from the 

B-decay ~ t u d i e s ' ~ " ~  and from 7 1 ~ a  (n,nly) experirnentsZ4. A d d i  t i o n a  1 
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in for rnat ion i s  a l s o  a v a i l a b l e  frorn t h e  (31ie,d) reac t ion" . The ground 

s t a t e  s p i n  o f  " ~ a  has been measured as 3/2 and the  p a r i  t y  i s  known t o  

be nega t i ve  3 3 .  V e l k l e y  e t  a1." deterrnined the  s p i n  and p a r i t y  va lues 

f o r  many o f  the  e x c i t e d  s t a t e s  i n  7 1 ~ a , f r o m  the  angu la r  d i s t r i b u t i o n  

o f  y- rays  e m i t t e d  i n  the  7'~a (n ,n ly)  r e a c t i o n .  The suggested s p i n  

and p a r i  t i e s  f o r  t h e  l e v e l s ,  a t  390(1/2-) ,  487(5/2-),  1107(7/2-) and 

1494 keV (9/2+), a r e  i n  agreement wi  t h  the  Rog f t  v a l  ues and y - ray  

b ranch ing  r a t i o s  t h a t  were observed i n  the  beta-decay o f  'lrnzn by 

Z o l l e r  e t  a1 . I 2 .  For the  964 keV l e v e l ,  Z o l l e r  e t  a i .  suggested an 

assignment o f  5/2- from t h e i r  o b s e r v a t i o n  o f  a weak 575 keV t r a n s i t i o n  

f rom t h i s  s t a t e  t o  the  390 keV (1/2-) s t a t e ,  i ns tead  o f  t h e  assignment 

o f  7/2- rnade by V e l k l e y  e t  a1 . 2 4 .  Most o f  the  above s p i n  assignments 

a r e  a l s o  i n  genera l  agreement w i t h  the  r e s u l t s  o f  ( 3 ~ e , d )  r e a c t i o n 1 8 .  

The va lues o f  Akk f o r  t h e  386-596 keV cascade a r e  c o n s i s t e n t  w i t h  the 

s p i n  sequence 9/2-7/2-3/2. The 9/2+ f o r  the  1494 keV l e v e l  i s  thus 
+ 

f u r t h e r  conf irrned. The 7/2 assignment t o  t h i s  l e v e l  leads t o  an un- 

reasonably l a r g e  M2 admixture wi t h  E1 i n  the  386 keV t r a n s i  t i o n .  The 

7/2- and 3/2- s p i n  and p a r i  t y  assignments, t o  the 1107 keV and 512 keV 

l e v e l s ,  have a l  ready been e s t a b l  i shed by va r ious  types o f  s t u d i e s l 2  ''? 

Wi th  these assignrnents, b o t h  386 and 596 keV t r a n s i t i o n s  a re  o f  n e a r l y  

pure m u l t i p o l a r i t i e s  E1 and E2, r e s p e c t i v e l y .  

The r e s u l t s  o f  386-1107 keV cascade a r e  the  combinat ion o f  two gamma 

cascades s i n c e  t h e r e  a r e  two y- rays  o f  n e a r l y  t h e  same energy 1107 keV 

d e- e x c i t i n g  d i f f e r e n t  l e v e l s  b u t  bo th  i n  coincidente w i t h  the  386 keV 

t r a n s i  t i o n  (see t h e  energy l e v e l  diagram i n  Ref. 12).  Therefore, i t was 

n o t  p o s s i b l e  t o  determine t h e  m u l t i p o l a r i t y  o f  the  1107 keV t r a n s i t i o n  

deexci t i n g  the  l e v e l  o f  t h i s  energy frorn the  measured Akk values.  

However, i f  t h e  7/2- assignment f o r  t h e  l e v e l  i s  accepted, then the  

1107 keV t r a n s i t i o n  must be E2. 

The r e s u l t s  o f  the  753-386 keV cascade were analyzed by assuming two 

probable s p i n  sequences 7/2-9/2-7/2 and 5/2-9/2-7/2. The X2  a n a l y s i s  

o f  t h e  r e s u l t s  f a v o r  t h e  7/2 s p i n  f o r  t h e  2247 keV l e v e l .  Assuming po- 

s i t i v e  p a r i t y ' 2  f o r  t h i s  l e v e l ,  t h e  753 keV t r a n s i t i o n  i s  a lmost  pure 





M1. The Akk values f o r  the 386-620 keV cascade can f i t  both sp in  se- 

quences 9/2-7/2-5/2 and 9/2-7/2-7/2. The 3/2 sp in  f o r  the 487 keV l e -  

vel  has been re jec ted  as i t  r e s u l t s  i n  a l a rge  octopole , admixture i n  

the 620 keV t r a n s i  t i o n .  The resu l  t s  o f  620-487 keV cascade, however , 
do n o t  agree w i t h  the 7/2 s p i n  f o r  t he  487 keV l e v e l .  The combined 

resu l  t s  o f  the  386-620 keV and 620-487 keV cascades, there fore ,  i n d i -  

ca te  t h a t  the on l y  reasonable sp in  assignment t o  the l e v e l s  a t  1494 , 
1107 and 487 keV a r e  9/2, 7/2 and 5/2, respect ive ly .  The Akk values , 
f o r  the 386-142 and 386-(142)-964 keV cascades, can f i  t both 5/2 and 

7/2 s p i n  assignments t o  the 964 keV leve l .  However,according t o  Z o l l e r  

e t  a ] . ' '  the observed 575 keV t r a n s i t i o n  from t h i s  l eve l  t o  the 390 

keV (1/2-) l eve l  should e l  iminate the 7/2 sp in  value. The resu l  t s  o f  

the (1,3) angular co r re la t i ons ,  f o r  the 386- (596)-Sl2 and 386- (620)-487 

keV, were analyzed t o  prov ide  Akk values f o r  the (1,2) c o r r e l a t i o n s  o f  

the 596-51 2 and 620-487 keV cascade us i ng 6 (596) = O and 6 (620) = 1 .3. 

The r e s u l t s  o f  the c a l c u l a t i o n  a re  i n  good agreernent w i t h  experimental 

Akk values f o r  these cascades. 

6 9 ~ a  nucleus 

The spins and p a r i  t i e s  o f  the ground s t a t e  (3/2-) and o f  the f i r s t  

f ou r  exc i  ted s ta tes  a t  318(1/2-) , 574 (5/2-) , 872 (3/2-) and 1 106 keV 

(5/2-, 3/2-) i n  6 9 ~ a  are  f a i r l y  w e l l  es tab l  ished by var ious s tud ies .  

These inc lude 6- -decay o f  69m9g~n ,  ( ~ e f s .  1 1  , l3 ) ,  and $+, EC decay o f  

6 9 ~ e ,  (Ref . l l ) ,  the (n, n ly) ,  (Ref. 24), (d,n), ( ~ e f s . 1 9 ,  201, and 

(He3,d), (Ref. 181, reac t ions  s tud ies .  Z o l l e r  e t  a ~ . ' ' ~ a v e  an assign- 

ment o f  5/2- f o r  the  872 keV l e v e l  . Later ,  Raman and ~ o u c h '  showed 

t h a t  t h i s  l e v e l  i s  populated i n  the 69Zn decay v i a  a 8 - t r a n s i t i o n  from 

the 1/2- ground s ta te ,  and no t  from the 9/2- isomeric s ta te ,  as assu- 

med by Zol l e r  e t  a1 .I1. The co r rec t  assignrnent i s ,  therefore,3/2-. 

Zol l e r  e t  a1 . assigned sp in  3/2- t o  the 1 \06 keV l e v e \ .  La ter  work by 

Ricato and ~ a v i d "  and by Couch e t  a1." ind ica tes  t h a t  a 5/2- sp in  

assignment i s  a l s o  compatible. The l eve l  a t  1336 keV has an assigned 

value o f  7/2- f o r  i t s  sp in  and p a r i  t y  from the (n,nly), (Ref. 24), and 

(He3,d), (Ref. 181, reac t i on  work. 



GainiRa Cascade 

(keV) 

386- (596)- I21 

386-1 42 

386- (6201-487 

386- (596) -51 2 

386-596 

386-620 

753-386 

386- (1 42) -964 

386-1 107 

620-487 

596-512 

Gating 
Trans i t ion  

(keV) 

Mixed 
Trans i t ion  

(keV) 

Mul t i p o l e  
Mixing r a t i o  

6 (E2/~1)  

Tabl e 1 - RESULTS OF DI RECTI ONAL CORRELAT I ON MEASUREMENTS OF y-TRANS IT I ONS I N ' ~ a .  



Gamma Cascade 

(keV) 

553-318 

787-318 

1206-31 8 

234-872 

Gating 
Trans i t ion 

(keV) 

Mixed 
Transi t i o n  

(keV) 

Table 2 - RESULTS OF D I RECT I ONAL CORRELATI ON MEASUREMENTS OF y-TRANS IT I ONS I N 6 9 ~ a  

a) w i t h  the sp in  3/2 - f o r  the 872 keV leve l ;  

b) w i t h  the sp in 5/2 - f o r  the 872 keV leve l ;  

c )  the value i s  f o r  octopole/quadrupole mixing r a t i o .  

Mul t i p o l e  
Mix ing r a t i o  

fi ( E 2 / ~ 1 )  



The sp in  assignment o f  1/2 t o  the 318 keV l e v e l ,  i n  6 9 ~ a ,  i s  f u r t h e r  

conf i rmed from.the resu l  t s  o f  present work. A1 l the th ree garnma cas- 

cades 553-31 8, 787-31 8 and 1206-31 8 keV, whi ch depopulate through the 

318 keV l e v e l ,  show nea r l y  i s o t r o p i c  angular c o r r e l a t i o n  charac ter is -  

t i c  o f  sp in  < I ,  f o r  the intermediate l e v e l .  

The y- y angular c o r r e l a t i o n  measurements o f  ~ h o d z h a e v ~ '  lead t o  d i f f e -  

ren t  sp in  assignments t o  some leve l s  i n  "Ga. As mentioned before, 

Khodzhaev used a system wi t h  two Nal (TE) detec tor ,  where i t i s  

d i f f i c u l t  t o  make co r rec t i ons  f o r  the con t r i bu t i ons  from o the r  t r a n s i -  

t i ons .  The values o f  the mix ing parameters obtained i n  h i s  study are, 

there fore ,  no t  considered i n  our d iscussion.  The y - t r a n s i t i o n  o f  574 

and 872 keV a re  known t o  have var ious values o f  the mul t i p o l e  mix ing  

r a t i o  6 from the previous s tud ies  which inc lude Coulomb e x c i t a t i o n  i n  

6 9 ~ a ,  (Ref. 10) , r a d i a t i v e  capture o f  protons by 6 ' ~ n ,  ( ~ e f  .38), (n,nty) 

r e a c t i o n Z 4  i n "Ga, and nuclear resonance f l  uorescence i n 6 9 ~ a ,  ~ e f  .68. 

The values are 0.03 i 6(574) 5 0.1 o r  1.5 5 6(574) L 3.5, (Ref. 24) , 

(Ref.38), 6(872) = 0.13, 

t ha t  the 574 and 872 keV 

E2. The l a r g e r  value o f  

300 Weisskopf u n i t s 2 ' , i n  

mental B(E2) + t o  the B 

6(574) = -0.04 I 0.04 o r  3.05 i 0.65, (Ref.381, 6(574) = 0.057,(Ref. 
+ 0.54 

] O ) ,  16(872)1 < 0.55, (Ref.281, 6(872) = -0.11 +o'09 o r  -3.05 - .15, -0.08 
(Ref. 10). Kost o f  these studies, however, agree 

t r a n s i  t i o n s  are  predominantly M1 ra the r  than 

6(574) leads t o  an E2 enhancement o f  about 

con t rad i c t i on  w i t h  the r a t i o  o f  the exper i -  

(E2)s.p. equal t o  0.314, (Ref.lO).We have cho- 

sen the S(574) = -0.04 and 6(872) = -0.1 1 values3'  f o r  the 574 and 872 

keV t r a n s i t i o n s ,  respec t i ve l y ,  i n  c a l c u l a t i n g  o the r  mix ing  r a t i o s  from 

the present measurements. 

Two gamma cascades 234-872 and 1051-872 wei-e measured from the spectra 

gated by the 872 keV photopeak. Both sp in  sequences 3/2-3/2-3/2 and 

5/2-3/2-3/2 are compatible w i t h  the measured values A f o r  the 234- kk 
872 keV cascade. However, w i t h  e i t h e r  sequence the 234 keV t r a n s i t i o n  

i s  predominantly M1. I n  a recent  study o f  6 9 ~ a ( a , a ' y ) 6 9 ~ a  and 6 6 ~ n ( a ,  

p y ) 6 9 ~ a  reac t ions  Ivascu e t  a l . "  repor t  t ha t  they o b t a i n  good agree- 

ment f o r  the 1 i fe t ime,  branching r a t i o s  and B ( E ~ )  and B(MI) values 

on l  y f o r  a 5/2- sp in  assignment f o r  the 1107 keV s ta te .  The Akk va- 

lues o f  the 1051-872 keV cascade can f i t  3/2, 5/2 as w e l l  as 7/2 s p i n  







assignments t o  t h e  1923 keV l e v e l .  The a n g u l a r  c o r r e l a t i o n  r e s u l t s  o f  

t h e  587-1336 keV and 1349-574 keV cascades, o r i g i n a t i n g  f r o m  t h e  same 

1923 keV l e v e l ,  were a l s o  ana lyzed  assuming the  above s p i n  va lues .0n ly  

t h e  r e s u l  t s  o f  587-1336 keV cascade p r o v i d e  a unique assignment o f  a 

7/2 s p i n  va lue .  The 3/2 s p i n  v a l u e  g i v e s  a l a r g e  o c t o p o l e  admix tu re  

i n  t h e  587 keV t r a n s i t i o n  and, hence i s  r e j e c t e d ,  w h i l e  t h e  5 /2  s p i n  

g i v e s  a much l a r g e r  X2 f o r  t h e  f i  t t i n g  o f  t h e  da ta  compared t o  t h e  7/2. 

5. CONCLUSIONS 

A number o f  t h e o r e t i c a l  approaches have been developed i n  t h e  recen t  

years t o  e x p l a i n  t h e  p r o p e r t i e s  o f  t h e  low l y i n g  l e v e l s  o f  odd-A nu- 

c l e i  i n  t h e  r e g i o n  28 < 5 < 40. A c o n s i d e r a b l e  a t t e n t i o n  has been g i -  

ven t o  the  i n t e r m e d i a t e  c o u p l i n g  model. 

I n  t h e  case o f  6 9 ~ a  and 7 1 ~ a  severa l  such c a l c u l a t i o n s  have been c a r -  

r i e d  o u t ,  Refs.3,6,7,10. The agreement between exper iment  and theory  

i s  reasonable f o r  t h e  energy o f  t h e  l e v e l s .  The agreement w i t h  t h e  

B ( E ~ )  v a ~ u e s ' ~  i s ,  however, o n l y  marg ina l .  l sakov5 ,  u s i n g  t h e  s h e l l  

model concepts i n  h i s  c a l c u l a t i o n s  f o r  " ~ a ,  o b t a i n e d  a somewhat 

b e t t e r  agreement wi t h  t h e  exper imenta l  va lues o f  2 ( ~ 2 ) ,  Ref.10. 

Accord ing t o  t h e  r e s u l t s  g i v e n  i n  Ref.30, some o f  t h e  s t a t e s  i n  6 9 ~ a  

and 7 1 ~ a  show s u b s t a n t i a l  c o l  l e c t i v e  behav iour  and were i n t e r p r e t e d  i n  

terms o f  an e x c i  ted- core  m d e l  3 4 .  The r e s u l  t s  o f  t h e  p resen t  s t u -  

dy, however, i n d i c a t e  t h a t  severa l  y - t r a n s i t i o n s  i n  b o t h  the  n u c l e i  

have c o n s i d e r a b l e  magnet ic  d i p o l e  admixtures,  and an i n t e r p r e t a t i o n  i n  

terms o f  c o l l e c t i v e  model may have a somewhat l i m i t e d  va lue .  Accor- 

d i n g  t o  t n e  r e s u l t s  o f  Coulomb e x c i t a t i o n  s t u d i e s l \  t h e  E(72)  va lues 

f o r  t h e  ground s t a t e  t r a n s i t i o n s  f rom 390, 487,512 and 1107 keV s t a t e s  

i n  " ~ a ,  and 574 and 872 keV s t a t e s  i n  6 9 ~ a ,  a r e  n o t  much d i f f e r e n t  

f ron i  t h e  s i n g l e  p a r t i c l e  es t imates ,  and i n  most cases much lower  than  

t h e  average B(E2: 2' + 0') va lues i n  t h e  ne ighbour ing  even-even nu- 

c l e i .  

The t h e o r e t i c a l  problems, connected w i t h  t h e  i n t e r p r e t a t i o n  o f  n u c l e a r  

p r o p e r t i e s  i n  t h i s  mass r e g i o n ,  a r e  q u i t e  complex, and t h e  purpose o f  



Fig.4 - The angular correlation curves for various g a m a  cascades, in 

" ~ a ,  and the relevant part of the leve1 scheme of 6 9 ~ a .  



t h i s  s t u d y  i s  o n l y  t o  p r o v i d e  a d d i t i o n a l  r e s u l t s  i n  t h e  hope t h a t  f u r -  

t h e r  a t tempts  can be made t o  improve t h e  t h e o r e t i c a l  c a l c u l a t i o n s .  
- -- -- - - -.- - - - - .- -. -- 
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