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Abstract.- Nuclear structure at the highest spins is very likely to involve both collective and sin- 
gle-particle aspects. The liquid-drop model favors shapes that imply combinations of collective (ro- 
tational) and rotation-aligned single-particle angular momenta. The detailed band structures for the 
full range of such mixtures are considered. 

Nuc le i  are composed o f  a  smal l  ( b u t  n o t  t o o  

sma l l )  number o f  nucleons. As a  r e s u l t  t hey  

d i s p l a y  bo th  c o l l e c t i v e  and s i n g l e - p a r t i c l e  

(non -co l l ec t i ve )  f ea tu res .  For example, i n  t h e  

ra re -ea r th  and a c t i n i d e  reg ions,  t he  low- ly ing 

r o t a t i o n a l  bands represent  an almost pure  c o l l e c -  

t i v e  motion, w i t h  energ ies  f o l l o w i n g  t h e  1(1 + 1) 

r o t o r  fo rmula  t o  w i t h i n  a  percent  o r  two, and E2 

t r a n s i t i o n  p r o b a b i l i t i e s  n e a r l y  200 t imes l a r g e r  

than a  s i n g l e  p ro ton  would have. On t h e  o t h e r  

hand, near t h e  c losed s h e l l s ,  t h e  energy l e v e l s  

are  almost comple te ly  determined by t h e  mot ion of 

a  s i n g l e  nucleon. Most nuc lear  l e v e l s  d i s p l a y  

both  c o l l e c t i v e  and non -co l l ec t i ve  fea tu res ,  and 

h igh-sp in  s t a t e s  a re  no except ion.  To approach 

t h e  phys i cs  o f  these s t a t e s  I w i l l  f i r s t  desc r ibe  

some p r o p e r t i e s  o f  a  p u r e l y  c o l l e c t i v e ,  c l a s s i c a l  

r o t o r ,  and then cons ider  t h e  e f f e c t s  o f  c o u p l i n g  

s i n g l e  p a r t i c l e  mot ion t o  t h i s .  The o b j e c t i v e  i s  

t o  understand t h e  k i n d s  o f  m ix tu res  o f  c o l l e c t i v e  

and s i n g l e  p a r t i c l e  mot ion t h a t  are  impor tan t  i n  

n u c l e i  a t  t he  h ighes t  sp ins .  Chr ideas about such 

* 
Presented a t  t he  I n t e r n a t i o n a l  Conference on 

Nuclear Behavior a t  High Angular Momentum, 
Strasbourg, France, A p r i l  22-24, 1980. 

s t a t e s  have undergone impor tan t  developments 

recen t1  y t h a t  now make p o s s i b l e  a  reasonably  

s imple d e s c r i p t i o n  o f  t h i s  sub jec t ,  which I w i l l  

t r y  t o  present.  

A l l  n u c l e i  seem t o  have some c o l l e c t i v e  

f e a t u r e s  a t  t h e  h ighes t  sp ins .  The c o l l e c t i v e  

l i m i t  i s  thus one we must understand, and t h e  

bas ic  nuc lea r  system here has been found t o  be an 

a x i a l l y  symmetric r o t o r  w i t h  quadrupole defor -  

mat ion. The moment o f  i n e r t i a  o f  a  c l a s s i c a l  

r o t o r  depends on bo th  the shape and t h e  f l o w  

pa t te rn ,  t he  l a t t e r  o f  which i s  expected t o  be 

r i g i d  i n  n u c l e i  a t  h i g h  spins. The p a i r i n g  cor re-  

l a t i o n s  modi fy  t h i s  s i g n i f i c a n t l y  a t  low sp ins  

values, bu t  are expected t o  be comple te ly  quenched 

by sp ins  o f  30h o r  so. The shape o f  a  r i g i d  

e l l i p s o i d  can be expressed i n  terms o f  t h e  para- 

meters, U and y ,  de f ined  so t h a t  t he  semi-axes ri 

are r e l a t e d  t o  the  mean r a d i u s  R by; ri = aiR, 

where : 

For  smal l  deformat ion t h i s  g i ves  hR/R=egl.50 and 

$4.60. Such an e l l i p s o i d  has moment o f  i n e r t i a :  
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where % i s  the r i g i d  sphere value, and the axes 

may be permuted c y c l i c a l l y .  Values o f  2o can be 

obtained from the expression f o r  a r i g i d  sphere 

given by Myersal .  From the equiva lent  sharp 

rad ius f o r  the mat te r  d i s t r i b u t i o n :  
2 

the va lue f o r  a sphere i s :  

Fig. 1. Rigid-body moments o f  i n e r t i a  f o r  the  
appropr ia te shapes and axes as a f u n c t i o n  
o f  the deformation parameter, D (eqn. ( l ) ) .  

The e f f e c t  o f  a d i f f u s e  surface can be added 

simply by: 

'diff = 'sharp + 2 Mb2 , 

where b i s  the w id th  o f  the d i f f u s e  region, 

normal ly  around 1 fm. For o r i e n t a t i o n  one can 

use the simpler expression: 

0, shapes r o t a t i n g  about the symmetry axis, II, o r  

about an a x i s  per  pendicu lar  t o  it, l. For r i g i d -  

f l o w  behavior, t r i a x i a l  shapes w i l l  f a l l  between 

these l i m i t s .  The ob la te  shape r o t a t i n g  about i t s  

symmetry a x i s  and the p r o l a t e  shape r o t a t i n g  about 

a perpendicular ax is  c l e a r l y  have the l a r g e s t  

moments o f  i n e r t i a  and thus the lowest r o t a t i o n a l  

energies. These two conf igurat ions have s i m i l a r  

values fo r  reasonable deformations (0  2 0.6), and, 

i n  f a c t ,  cross around o = 0.5. I t i s  not,  a 

which leads to :  p r i o r i ,  apparent t h a t  the f u l l  l iqu id-drop energy 

w i l l  f o l l o w  t h i s  behavior s ince there  i s  a lso a 

fi212% = 36 MeV . (7 shape dependence i n  both the  sur face and Coulomb 

energies. However, when the deformation i s  ex- 

The general behavior o f  the moments o f  i n e r t i a  pressed i n  terms o f  o (eqn. l ) ,  the shape ( y )  

o f  r i g i d  e l l i p s o i d s ,  as given by eqn. 2, i s  shown dependence o f  the surface and Coulomb energies 

i n  Fig. 1. These are f o r  p ro la te ,  P, or  ob late,  comes i n  on ly  as a high-order term ( t h i r d  order 



i n  CJ) ,  so t h a t  the f u l l  l iqu id-drop energy a t  h igh 

spins - f o l l o w  r a t h e r  c l o s e l y  the moment-of- 

i n e r t i a  behavior shown i n  Fig. 1. The cross ing 

from ob la te  t o  p r o l a t e  shape, as lowest i n  energy, 

comes j u s t  p r i o r  t o  f i s s i o n  i n  the  f u l l  l i q u i d -  

drop treatment, around U = 0.5. The p o i n t  o f  t h i s  

discussion i s  t h a t  the  macroscopic l iqu id-drop 

behavior o f  nuc le i  favors two p a r t i c u l a r  s i tua -  

t ions, Pi and OI1 (and the t r i a x i a l  pathway between 

these), and the  quest ions of i n t e r e s t  are: (1) i s  

t h i s  energy ga in  s i g n i f i c a n t ;  and (2) i f  so, what 

k i n d  o f  microscopic nuclear s t ruc tu re  i s  imp1 ied. 

The lowest order expansions o f  eqn. 2 f o r  t h e  

s i t u a t i o n s  shown i n  Fig. l are i l l u s t r a t e d  i n  

F ig.  2. These expansions begin t o  dev ia te  s i g n i f -  

i c a n t l y  from the  exact expressions around B = 0.3 

(U = 0.2), as can be seen i n  Fig. 1. The energy 

t r a j e c t o r i e s  based on these f o u r  cases o f  c lass-  

i c a l  r i g i d  r o t a t i o n  f o r  B = 0.3 are shown i n  t h e  

r i g h t  p a r t  of Fig. 2. The lowest energies are f o r  

an ob la te  shape r o t a t i n g  about the symmetry axis, 

corresponding t o  i t s  la rges t  moment o f  i n e r t i a .  

The ear th  i s  ob la te  f o r  p r e c i s e l y  t h i s  reason; 

however, r e a l  r o t a t i n g  nuc le i  are genera l l y  n o t  

ob late due t o  the s h e l l  e f fec ts ,  as w i l l  be 

discussed shor t l y .  

For systems where the quantal aspects are 

important, the preceeding discussion has t o  be 

c l a r i f i e d ,  s ince these systems cannot r o t a t e  

c o l l e c t i v e l y  about a symmetry axis-there i s  no 

way t o  o r i e n t  them w i t h  respect t o  such an axis. 

It was understood f o r  some time t h a t  t h i s  meant 

these degrees o f  freedom were contained i n  t h e  

s ing le -par t i c le  motion. However, when Bohr and 

~ o t t e l s o n ~  considered a l i g n i n g  p a r t i c l e  angular 

momentum along a symmetry axis, they r e a l i z e d  t h a t  

on the average the energy was the same as f o r  

r o t a t i n g  the  system c l a s s i c a l l y  about t h a t  ax is .  

They have s t r i c t l y  shown t h i s  o n l y  i n  the  Fermi 

gas approximation, but it i s  genera l l y  be l ieved 

t o  be t rue,  o r  approximately so, f o r  r e a l i s t i c  

nuc lear  systems. P a r t i c l e  angular momenta a1 i gned 

along a nuclear symmetry a x i s  are then viewed as 

an e f f e c t i v e  r o t a t i o n  o f  the system about t h a t  

axis. Thus the  t r a j e c t o r i e s  sketched i n  the  r i g h t  

p a r t  o f  F ig .  2 a l l  have meaning f o r  nuc le i ;  the 

so l  i d  ones are t r u e  c o l l e c t i v e  ro ta t ions ,  having 

smooth energies and s t rong ly  enhanced E2 t r a n s i -  

t i o n  p r o b a b i l i t i e s ,  whereas the dashed l i n e s  are 

the average l o c a t i o n  o f  i r r e g u l a r l y  spaced states 

having s ing le -par t i c le  character. Both fea tu res  

o f  the l a t t e r - t y p e  s ta tes  suggest t h a t  isomers 

should be reasonably probable, and these expecta- 

t i o n s  have l e d  t o  a number o f  searches f o r  them, 

as w i l l  be discussed by other  speakers. 

To t h i s  p i c t u r e  the microscopic aspects o f  

nuclear s t ruc tu re  must be added. Nuclear l e v e l s  

i n  a p o t e n t i a l  we l l  are grouped together i n t o  

s h e l l s  i n  very much the same way e lec t rons  are 

i n  an atom. Cer ta in  nucleon numbers ("magic 

numbers") complete s h e l l s  and have e x t r a  s t a b i l i t y  

i n  analogy t o  the noble gas e l e c t r o n i c  s t ructures.  

However, when nuc le i  deform, the s h e l l s  change, so 

t h a t  the number t o  complete a s h e l l  i s  d i f f e r e n t .  

Thus, i n  general, a given nucleon number w i l l  

p r e f e r  t h a t  shape which makes i t  look most near ly  

l i k e  a closed she l l .  These " s h e l l  e f f e c t s "  can be 

as la rge  as 10-12 MeV ( the  double closed spher ica l  

s h e l l  a t  2 0 8 ~ b ) ,  bu t  on the average might be 3-4 

Mev. Comparing w i t h  the  r i g h t  s ide o f  F ig .  2, i t  

i s  apparent t h a t  3-4 MeV i s  la rger  than the f u l l  

spread o f  l iqu id-drop shapes up t o  I 30. Thus 

below t h i s  sp in  ( f o r  A - 160) the nuclear shape i s  

determined main ly  by s h e l l  e f fec ts .  Around I = 

60, however, the spread i n  Fig. 2 i s  -10 MeV, 

considerably  l a r g e r  than the normal s h e l l  effects, 

so t h a t  here one expects the l iqu id-drop e f f e c t s  

t o  dominate, producing main ly  ob la te  shapes r o t a t i n g  
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F ig .  2. The l e f t  s i de  shows the  lowest-order es t imates f o r  
t he  r i g id -body  moments o f  i n e r t i a  i n  t e n s  o f  t h e  
deformat ion parameter, B ( 4 . 6 0 ) .  The r i g h t  s i d e  
shows the cor responding energy t r a j e c t o r i e s  f o r  
B = 0.3 and mass number 160. 

around t h e  symmetry a x i s  (non-col1,ective behav ior  constants  o f  t h e  mot ion. I t  seems r a t h e r  c l e a r  

w i t h  isomers) o r  p r o l a t e  shapes r o t a t i n g  c o l l e c -  t h a t  a perpendicu lar  r e l a t i o n s h i p  between R and j 

t i v e l y  (smooth bands and no isomers),  o r  some w i l l  be much l e s s  favo rab le  f o r  produc ing low- 

i n te rmed ia te  t r i a x i a l  c o n f i g u r a t i o n s .  energy h igh-sp in  s t a t e s  than a p a r a l l e l  one. Th i s  

I n  o rde r  t o  understand how s i n g l e  p a r t i c l e  and i s  borne ou t  by t h e  f a c t  t h a t  as t h e  nucleus 

c o l l e c t i v e  mot ion m igh t  be combined i n  nuc lea r  r o t a t e s  t h e r e  i s  a C o r i o l i s  f o r c e  which tends t o  

s t a t e s  a t  h igh  spins, I w i l l  s t a r t  w i t h  a c o l l e c -  a l i g n  j w i t h  t h e  r o t a t i o n  ax is .  The back-bending 

t i v e  r o t a t i o n a l  nucleus, and coup le  t o  t h i s  f i r s t  phenomenon, and a number o f  o the r  r e l a t e d  e f f e c t s ,  

one and then more s i n g l e  p a r t i c l e s .  The r o t a t i o n -  a re  now known t o  be connected w i t h  such " r o t a t i o n -  

a l  angular momentum i s  n e c e s s a r i l y  pe rpend icu la r  a l i gned"  s ta tes .  I n  t he  remainder o f  t h i s  l e c t u r e  

t o  the  nuc lear  symmetry a x i s  (as discussed above) I want t o  t ry  t o  t r a c e  how the  i n c l u s i o n  o f  such 

and t h e  p a r t i c l e  angular momentum, j, can couple  s t a t e s  can e f f e c t  a smooth t r a n s i t i o n  between 

e i t h e r  along t h e  symmetry a x i s  as i l l u s t r a t e d  i n  f u l l y  c o l l e c t i v e  and f u l l y  non-col l e c t i  ve reg ions  

the  t o p  p a r t  o f  F ig .  3, o r  along t h e  r o t a t i o n  a x i s  o f  nuc lea r  behavior.  

as i n  t h e  bottom p a r t  o f  F ig .  3. The former s i t u -  I n  t h e  upper l e f t  p o r t i o n  o f  F ig .  4 a complete 

a t i o n  i s  t h a t  cons idered by ~ o h r ~  and t h e  pro- c o l l e c t i v e  behav ior  i s  i l l u s t r a t e d .  The nucleus 

j e c t i o n  o f  j along the  symmetry ax is ,  c a l l e d  Q, i s  taken t o  be p r o l a t e ,  as i n d i c a t e d  by t h e  smal l  

i s  a cons tan t  o f  t he  mot ion. I n  t h i s  case t h e  B,Y p l o t ,  and each i n t r i n s i c  s t a t e  (angu lar  momen- 

c o l l e c t i v e  angular momentum, R, and the  p r o j e c t i o n  tum a long t h e  symmetry a x i s  i s  ignored, imp ly ing  

o f  j along t h e  r o t a t i o n  a x i s  are n o t  constants  o f  K = 0) has a c o l l e c t i v e  r o t a t i o n a l  band cor re-  

the mot ion. I n  t h e  lower p a r t  o f  F ig .  3, t h e  spondi ng t o  r o t a t i o n  about t he  a x i s  pe rpend icu la r  

p r o j e c t i o n  o f  j along t h e  r o t a t i o n  ax is ,  c a l l e d  t o  the symmetry ax is .  The t o t a l  angu lar  momentum 

a ( o r  i ) ,  i s  sharp, and here R and Q are n o t  i s  j u s t  t h a t  o f  t h e  c o l l e c t i v e  motion, we. I n  



ig .  3. Schematic vector  diagrams i l l u s t r a t i n g  the 
deformation-aligned coupl ing scheme 
(above) and the rotat jon-a1 i gned coup1 i ng 
scheme (below). The 3 a x i s  i s  the nuclear 
symmetry ax is  and the  v e r t i c a l  ax is  i s  
takep t o  be the r o t a t i o n  axis, located i n  
the 1, '2 plane. 

such bands the energy i S given by 

where e = %h2, E. i s  a band-head energy, and 

one i s  neglected compared w i t h  I. These are j u s t  

parabalas centered on the y-axis and displaced 

v e r t i c a l l y  by E,. The y-ray energy i n  such a 

band i s  r e l a t e d  t o  the slope o f  t h i s  parabola: 

where e i s  assumed t o  remain constant. The 

d i f fe rence  between successive v-ray energies i s  

r e l a t e d  t o  the curvature o f  the parabolas: 

and i s  independent of sp in  f o r  a p e r f e c t  r o t o r  ( e  

constant) .  

I n  the upper r i g h t  p o r t i o n  o f  F ig .  4 a small 

amount o f  s i n g l e  p a r t i c l e  angular momentum al igned 

along the r o t a t i o n  axis, ja, has been added. 

The o r b i t s  o f  these p a r t i c l e s  are roughly  i n  t h e  

plane perpendicular t o  the r o t a t i o n  axis, and w i l l  

cause a bulge i n  the  otherwise p r o l a t e  nucleus. 

Thus the nucleus necessar i ly  becomes s l i g h t l y  tri- 

a x i a l  as ind ica ted  i n  the small B,Y p l o t .  The 

t o t a l  angular momentum i s  now the sum o f  the 

c o l l e c t i v e  par t ,  ~e,,~~, and a s i n g l e  p a r t i c l e  

par t ,  C j a .  The energy o f  the  bands i s  g iven by: 

where E ( j a )  i s  the band-head energy and e  f o r  

the  c o l l e c t i v e  r o t a t i o n  i s  s p e c i f i c a l l y  labeled 

ecoll. These are parabolas whose hor i zon ta l  

displacement from the y-axis i s  ja and whose 

v e r t i c a l  displacement i s  E( ja ) .  The s o l i d  l i n e s  

i n  F ig.  4 represent these bands. I f  one assumes 

ja and ecoll t o  be f i x e d  i n  each band, then 

the c o l l e c t i v e  E2 y-ray energy i s  again j u s t  tw ice  

the slope o f  these bands and i s  g iven by: 

dE( 1) 4 ( I  - ja) 
E ( I )  = 2 
Y ' j a ~ ~ c o l  1 - 2ecol l 

The assumption o f  constant ja and ecoll, need 

n o t  be va l id ,  since these q u a n t i t i e s  could change 
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Fig. 4. Schematic e x c i t a t i o n  energy vs sp in  p l o t s  f o r  various 
r e l a t i v e  amounts o f  c o l l e c t i v e  angular momentum and 
s i n g l e - p a r t i c l e  rotat ion-al ' igned angular momentum. 
Bandhead (pure s ing le -par t i c le )  energies are shown i n  
the  lower two panels. The s o l i d  curves correspond t o  
r e a l  bands, whereas the dashed curve i s  the envelope 
o f  the r e a l  bands. 

g radua l j y  w i t h i n  a g iven band, however the re  are 

now both experimental and t h e o r e t i c a l  reasons t o  

be l ieve  t h i s  i s  a reasonable assumption. The 

normal form f o r  w r i t i n g  eqn. (12) was g iven as 

eqn. (9); and s ince the a l igned angular momentum, 

jay i s  no t  u s u a l l y  known, one genera l l y  j u s t  

uses eqn. ( g ) ,  and e becomes an " e f f e c t i v e "  value, 

eeff, def ined by t h i s  r e l a t i o n s h i p .  There i s  no 

displacement, ja, i n  eqn. ( g ) ,  so t h a t  i t  corre- 

sponds t o  the envelope curve (dashed) i n  Fig. 4. 

The average slope, and thus Ey( I ) ,  are the same 

f o r  t h i s  envelope and f o r  the  populated p o r t i o n  

(near the  envelope) o f  the r e a l  bands, so t h a t  one 

cannot d i s t i n g u i s h  the r e a l  band s t ruc tu re  t h i s  

way. From the y-ray energies, one gets o n l y  the  

p roper t ies  o f  the  envelope, which are t h e  approp- 

r i a t e  values t o  compare w i t h  those f o r  the  r i g i d  

c l a s s i c a l  r o t o r s  discussed i n  connect ion w i t h  

Figs. 1 and 2. The f a c t  t h a t  there i s  a l igned 

angular momentum i n e v i t a b l y  reduces the c o l l e c t i v e  

(band) moment o f  i n e r t i a ,  as a g iven p a r t i c l e  

carinot con t r ibu te  f u l l y  t o  both the alignment and 

the  moment o f  i n e r t i a .  Thus the curvature of the 

r e a l  bands i n  the upper r i g h t  p a r t  o f  F ig .  4 i s  

l a r g e r  than t h a t  o f  the envelope. Th is  curvature 

i s  s t i l l  r e l a t e d  t o  d i f fe rences  between Y-ray 

energies: 

Note t h a t  t h i s  d i f fe rence  i s  sens i t i ve  t o  ecoll, 

bu t  must be between two (co r re la ted)  y-rays w i t h i n  



the same band, and cannot be a d i f fe rence  of 

average y-ray energies. There are now experiments 

sens i t i ve  t o  t h i s  c ~ r v a t u r e , ~ ' ~  and Bent Herskind 

w i l l  discuss them tomorrow. The p a t t e r n  i l l u s t r a -  

ted  i n  t h i s  p o r t i o n  o f  F ig .  4 has considerable 

experimental support. The sketched band crossings 

correspond t o  backbends, the f i r s t  of which i n  

t h e  y ras t  sequence i s  very we l l  studied, and t h e  

second i n  t h i s .  sequence has been seen i n  several 

cases. I n  a few nucle i ,  as many as four  o r  f i v e  

backbends have been observed i n  bands above t h e  

y r a s t  l i n e .  Th is  behavior w i l l  be discussed by R. 

Bengtsson and others t h i s  afternoon. I t  i s  c l e a r  

t h a t  r o t a t i o n a l  nuc le i  genera l l y  behave t h i s  way. 

In t h e  lower l e f t  p a r t  of Fig.,  4, t h e  alignment 

process i s  assumed t o  continue. The nucleus i s  

moving toward an ob la te  shape as more p a r t i c l e s  

a l i g n  and thereby move i n  roughly  c i r c u l a r  o r b i t s  

perpendicular t o  the r o t a t i o n  ax is .  The t o t a l  

angular momentum i s  now mostly al igned, x j a ,  

w i t h  on ly  a modest c o l l e c t i v e  c o n t r i b u t i o n .  The 

band head energies are ind ica ted  as dots, and they 

have moved out r a t h e r  c lose t o  the envelope l i n e .  

As sketched (somewhat a r b i t r a r i l y ) ,  the re  i s  o n l y  

an average o f  6 o r  8h i n  the bands a t e t h e  spins 

where they are l i k e l y  t o  be populated (along t h e  

envelope). The band heads were no t  ind ica ted  i n  

the  previous panel (upper r i g h t )  where they were 

r a t h e r  f a r  from the envelope line--15-20R on the  

average-corresponding t o  a considerably la rger  

c o l l e c t i v e  c o n t r i b u t i o n  t o  the t o t a l  angular 

momentum. The curvature o f  the bands i s  much 

la rger  now s ince the shape i s  becoming more oblate, 

and the  r o t a t i o n  a x i s  w i l l  then become a symmetry 

ax is .  Another way t o  view t h i s  i s  t h a t  most o f  the  

reasonably h i g h - j  part i 'c les are a l igned and thus no 

longer c o n t r i b u t e  t o  the  c o l l e c t i v e  moment o f  i n e r t i a .  

These bands show a much h igher  r a t e  o f  crossing, 

and although the slope (geff)  behaves regu la r l y ,  

the de ta i  led band s t ruc tu re  w i l l  be q u i t e  i r r e g u l a r .  

I t  i s  ,worth emphasizing t h a t  the y-ray energies 

alone cannot d i s t i n g u i s h  among these f i r s t  th ree  

panels; one must look a t  the y-ray energy co r re la -  

t i ons .  

F i n a l l y  i n  the lower r i g h t  p a r t  o f  F ig .  4 the  

nucleus has acquired an a x i a l l y  symmetric o b l a t e  

shape--the r o t a t i o n  ax is  has become the symmetry 

a x i s  and c o l l e c t i v e  r o t a t i o n s  cannot e x i s t  about 

t h i s  ax is .  The band heads now sca t te r  around the  

envelope l i n e  and are pure ly  s i n g l e - p a r t i c l e  states. 

A t  B = 0 these would be the usual spher ica l  s h e l l -  

model states, but  reasonably large B values may 

a lso occur. Such s ta tes  are observed i n  several 

reg ions and w i l l  be discussed l a t e r  by Khoo and 

others. We have thus fo l lowed the motion from 

c o l l e c t i v e  t o  non-col lect ive i n  a continuous way 

by a l i g n i n g  more and more p a r t i c l e s .  

Several comments about t h i s  t r a n s i t i o n  should 

be made. F i r s t  the general p a t t e r n  as more angular 

momentum i s  added would be t o  progress through the 

panels a1 i g n i  ng more and more p a r t i c l e s .  However, 

t h i s  can be a l t e r e d  a t  any p o i n t  by s h e l l  e f fec ts ,  

j u s t  as the s t a r t i n g  p r o l a t e  shape i s  due to, a 

s h e l l  e f f e c t .  Furthermore, a t  some h igh sp in the 

l i q u i d  drop model suggests t h a t  the nuclear s t ruc-  

t u r e  w i l l  be dominated by shapes w i t h  very la rge  

p r o l a t e  deformations--pr ior t o  f i s s i o n .  These 

w i l l  produce a "bending over" o f  the envelope 

curve and probably a s h i f t  t o  less alignment. A 

number o f  us are hunt ing f o r  t h i s  "g ian t "  back- 

bend. F i n a l l y ,  i n  the  l a s t  panel, and perhaps the 

next - to- last  one, the re  can be importa.nt c o l l e c -  

t i v e  r o t a t i o n s  about the perpendicular axis, 

provided B i s  no t  too  small. At h igh spins the 

bands corresponding t o  t h i s  r o t a t i o n  r i s e  r a t h e r  

s teeply  o f f  the y r a s t  l i n e ,  and i t  i s  not  c l e a r  

what r o l e  they w i l l  play. I n  the lower l e f t  panel, 

these combine w i t h  the bands shown t o  give the 

2 
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w e l l  known behavior o f  a t r i a x i a l  r o t o r .  One determine whether n u c l e i  a t  the very h ighest  spins 

could expect M 1  t r a n s i t i o n s  from such bands when f a l l  i n t o  t h i s  sequence, and if so, where. The 

the amount o f  c o l l e c t i v e  angular momentum i s  next few years should thus be e x c i t i n g  ones i n  the 

small, and the presence o f  two types o f  E2 t r a n s i -  study of very high-spin s tates.  

t i o n s  might tend t o  smear out  the regu la r  

r o t a t i o n a l  behavior. 

This sequence o f  events i s  not  the on ly  one 

poss ib le .  There can be p r o l a t e  nuc le i  r o t a t i n g  

about t h e i r  symmetry a x i s  (band heads i n  the  f i r s t  

pagel) or ,  the c o l l e c t i v e  r o t a t i o n  o f  ob la te  

nuc le i  (mentioned b r i e f l y  above). However, t h e  

sequence discussed traces ou t  the  s i t u a t i o n s  

favored by the l i q u i d  drop model. One expects 

these t o  be the most common, i f  n o t  the only, com- 

b i n a t i o n s  o f  c o l l e c t i v e  and non-col lect ive motion 

a t  h igh  spins. Furthermore there i s  good evidence 

t h a t  nuc le i  do e x i s t  w i t h  behavior l i k e  t h a t  shown 

i n  the f i r s t ,  second, and f o u r t h  panels. I 

be l ieve  we now have the experimental t o o l s  t o  
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