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I n  t he  l a s t  few years ,  considerable i n t e r e s t  

has developed i n  describing nuc l e i  outs ide  t h e  

t r a d i t i o n a l  regions of deformation by means of 

t he  r o t a t i o n a l  model. Especia l ly  i n t e r e s t i n g  

have been those  n u c l e i  which appear t o  exh ib i t  

only a very moderate deformation; f o r  i n  those  

cases,  nuclear  angular  v e l o c i t i e s  a r e  requi red  t o  

be very l a r g e  (even f o r  low-spin s t a t e s )  and 

consequently Cor io l i s  e f f e c t s  ( ro t a t i on  a l ign-  

ment and decoupling) dominate t h e  nuclear  s t ruc -  

t u r e .  A very s t r i k i n g  example of t h i s  is the  

observed y ra s  t s t r u c t u r e  i n  101-105~d from t h e  

work of t he  Purdue The well-known 

rotat ion-al igned s t r u c t u r e  (decoupled bands) is 

so-called "favored s t a t e s " )  a s  predominantly ro t a t i on -  

a l igned exc i t a t i ons .  I n  addi t ion ,  t he  ca l cu l a t i on  

p red ic t s  many o ther  so-called "unfavored s t a t e s "  

which a r e  a l s o  observed i n  1039105~d. Both the  ro- 

t a t i o n a l  and weak-coupling models can reproduce the  

high-spin (favored) s t a t e s  i n  t he  Pd nucle i .  The 

explanation of t he  low-spin (unfavored) s t a t e s ,  how- 

ever c o n s t i t u t e s  a s t r i n g e n t  t e s t  of any model, and 

the  r o t a t i o n a l  model has done reasonably wel l  i n  t h i s  

regard f o r  1039105~d. I n  lolpd, no s t a t e s  o ther  than 

the  h1112, 8712, and dgI2 favored s t a t e s  have so  f a r  

been observed. The r o t a t i o n a l  model a c t u a l l y  p r e d i c t s  

t he  exis tence  of a dramatic band s t r u c t u r e  f o r  t he  

unfavored s t a t e s  i n  lolpd. For each of t h e  dgI2 and 

evident  f o r  hllI2, dgI2, and g7/2 t o  varying 8712 ro ta t ion-a l igned bands a rotat ion-anti-al igned 

degrees and is  p a r t i c u l a r l y  pronounced i n  lolpd. counterpar t  is predic ted  with t he  appropr ia te  low- 

A recent  C o r i o l i s  band-mixing ca l cu l a t i on  by sp in  sequence: I j-R I , 1 j-R-2 1 , e t c .  A s i m i l a r  pre- 

H.A. Smith and F.A. Rickey5) has  been succes s fu l  d i c t i o n  is  obtained f o r  t h e  negative-pari ty (hll12) 

i n  explaining t h e  observed band s t r u c t u r e  ( t he  s t a t e s .  

Figure 1. Tenta t ive  lolpd l e v e l  scheme from l o 3 ~ h  ( ~ 3 n )  Reaction 
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The present  measurements were undertaken t o  

i n v e s t i g a t e  t h e  low-spin l e v e l  s t r u c t u r e  of lolpd 

i n  order  t o  t e s t  t he  very  s p e c i f i c  p red i c t i ons  of 

t h e  r o t a t i o n a l  model. I n  order  t o  populate pre- 

f e r e n t i a l l y  lower-spin s t a t e s  i n  lolpd, we u t i l i -  

zed the  103Rh(p, 3n) reac t ion .  A 0.1-mil rhodium 

f o i l  was bombarded a t  t h e  Naval Research Labora- 

tory  Cyclotron F a c i l i t y  wi th  25, 30, and 35 MeV 

protons.  In-beam prompt and inter-beam-burst 

gamma-ray s p e c t r a  were obtained a t  a l l  t h r e e  

energies ,  along wi th  angular  d i s t r i b u t i o n s  a t  

45, 57 and 90 degrees f o r  E = 30 MeV. New 
P 

gamma rays  from t h e  103Rn(pxn) r eac t ions  were 

assigned t o  lolpd i f  t h e i r  e x c i t a t i o n  funct ions  

followed those  of known lolpd t r a n s i t i o n s .  I n  

t h i s  experiment, 79 gamma t r a n s i t i o n s  were 

assigned t o  1 0 l ~ d ,  and 68 of these  a r e  

t r a n s i t i o n s  observed f o r  t he  f i r s t  time. Using 

gamma-ray energy sum c r i t e r i a ,  along wi th  t he  

known l e v e l  s t r u c t u r e  from (H1,xn) s t u d i e s  and 

some guidance from unpublished (d , t )  da t a  of 

R. Anderson and F. ~ i c k e ~ ~ ) ,  we have constructed 

a prel iminary l e v e l  scheme shown i n  Figure 1. 

Since we have not  y e t  confirmed our assignments with 

gamma-gamma coincidence da t a ,  our proposed addi- 

t i o n s  t o  t he  known l e v e l  s t r u c t u r e  of lolpd must 

be regarded a s  t e n t a t i v e .  We have appl ied  our  

energy sum c r i t e r i a  r a t h e r  conservat ive ly  and 

have r e s t r i c t e d  our p re sen ta t i on  t o  t h e  new 

l e v e l  s t r u c t u r e  below 1300 keV. It would be 

unwise t o  extend t h e  proposed l e v e l  scheme 

much f u r t h e r  i n  e x c i t a t i o n  on energy sum argu- 

ments alone.  

The known y r a s t  l e v e l s  and t h e i r  populat ing and 

depopulating gamma t r a n s i t i o n s  seen  i n  t h i s  experi-  

ment a r e  grouped t o  t h e  l e f t  i n  t he  f i gu re ,  whi le  t h e  

newly-observed gamma t r a n s i t i o n s  and new l e v e l s  pro- 

posed i n  t h i s  s tudy a r e  shown t o  t h e  r i g h t .  The 

l e v e l s  seen i n  t he  ( d ,  t )  r eac t ion  study6) a r e  high- 

l i g h t e d  i n  t he  cen te r  of t he  f i gu re .  It must be 

emphasized t h a t  only about 75% of t h e  t o t a l  observed 

gamm-ray i n t e n s i t y  is  represented  i n  t h i s  f i gu re ;  

many gamma rays  have no unique placement on an 

energy b a s i s  alone.  

The gamma ray  s p e c t r a  r evea l  t h a t  we s t i l l  

populate t he  t h r e e  favored bands i n  lolpd r a t h e r  

s t rong ly ,  al though we do no t  b r ing  i n  a s  much angular  

momentum t o  t h e  compound system a s  is brought i n  

wi th  t he  heavy ions2). It should a l s o  be remarked 

t h a t  t h e  angular  d i s t r i b u t i o n s  f o r  known d ipo le  and 

known quadrupole gamma rays  were e s s e n t i a l l y  i nd i s -  

t inguishable .  This presumably sugges ts  t h a t  t h e  

degree of alignment with incoming protons a t  t h i s  

energy i s  considerably diminished compared t o  t h a t  

a t t a i n e d  wi th  t he  heavy ions .  

There a r e  a small  number of new, very i n t e n s e  

gamma t r a n s i t i o n s  t h a t  a r e  of i n t e r e s t .  Two of 

t hese  t r a n s i t i o n s  f i t  uniquely (on an energy b a s i s )  

a s  is shown i n  Figure 1 and a r e  sugges t ive  of t he  

intra-band cascade i n  t he  g712 ant i -a l igned band 

(7/2+, 3/2+, 1/2+. . . ) . The remainder of t h i s  group 

of i n t ense  t r a n s i t i o n s  cannot be accommodated i n t o  

t h e  l e v e l  scheme shown and a r e  not  depic ted  i n  t h e  

f igure .  This may be the  r e s u l t  of another,  r a t h e r  

exc lus ive  intra-band cascade, perhaps t he  d 
51 2 

ant i -a l igned band. More d e f i n i t e  t reatment of t he se  



gamma rays  must await t h e  ana lys i s  of some y-y 

coincidence da ta ,  r ecen t ly  acquired a t  t he  

Naval Research Laboratory. 

*Summer research  s tudent  (1976). Present  
Address: Universi ty of Madrid; Madrid, Spain. 

**Naval Research Laboratory, Washington, D.C. 20390 

1) F.A. Rickey and P.C. Simms, Phys. Rev. L e t t .  
31, 404 (1973). - 

2) P. C.  Simms, e t  a l . ,  Phys. Rev. C z ,  684 
(19 74) . 

3) J .A.  Grau , e t  a l . ,  Nucl. Phys . A229, 346 
(1974) . 

4) F.A. Rickey, e t  a l . ,  t o  be published i n  
Physical  Review (1977) . 

5 )  H.A. Smith and F.A. Rickey, Phys. Rev. C g ,  
1946 (19 76) . 

6) R.E. Anderson and F.A. Rickey, t o  be pub- 
l i s h e d  (1977) . 


