
HAL Id: jpa-00224086
https://hal.science/jpa-00224086

Submitted on 4 Feb 2008

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

SEMI-CLASSICAL APPROACHES TO ELECTRIC
GIANT RESONANCES

J. Treiner

To cite this version:
J. Treiner. SEMI-CLASSICAL APPROACHES TO ELECTRIC GIANT RESONANCES. Interna-
tional Symposium on Highly Excited States and Nuclear Structure Hesans 83, 1983, Orsay, France.
pp.C4-265-C4-279, �10.1051/jphyscol:1984420�. �jpa-00224086�

https://hal.science/jpa-00224086
https://hal.archives-ouvertes.fr


JOURNAL DE PHYSIQUE 

Colloque C4, suppl6ment au n03, Tome 45, mars 1984 page C4-265 

SEMI-CLASSICAL APPROACHES TO ELECTRIC GIANT RESONANCES 

J. Treiner 

I n s t i t u t  de Physique NucZdaire, B.P. nO1, 91406 Orsay Cedex, France 

Resume - On presente  une revue de d i ve rses  approx imat ions  condu isant  a une 
d e s c r i p t i o n  des Resonances Geantes en terme de dynamique des f l u i d e s ,  a i n s i  
que des c a l c u l s  semi c l ass iques  de r e g l e s  de somme RPA. Le cas d i p o l a i r e ,  en 
p a r t i c u l i e r  l a  p o l a r i s a b i l i t e  d i p o l a i r e ,  e s t  t r a i t 6  en d e t a i l ,  en r e l a t i o n  
avec l e s  p r o p r i e t e s  d ' i s o s p i n  de l ' i n t e r a c t i o n .  Une e x p l i c a t i o n  p o s s i b l e  de 
l a  f r agmen ta t i on  de l a  f o n c t i o n  d ' i n t e n s i t e  RPA e s t  donnee, q u i  l a  r e l i e  a 
des va leu rs  t r o p  f a i b l e s  du c o e f f i c i e n t  de sym6 t r i e  de su r face .  

Abs t rac t  - D i f f e r e n t  f l u i d -dynamica l  approx imat ions  f o r  G i a n t  Resonances a r e  
reviewed. Semi c l a s s i c a l  c a l c u l a t i o n s  o f  RPA sum r u l e s  a r e  presented. A  de- 
tailed a n a l y s i s  o f  t h e  D ipo le  case i s  made, i n  r e l a t i o n  w i t h  t h e  i s o s p i n  pro-  
p e r t i e s  o f  t h e  e f f e c t i v e  i n t e r a c t i o n .  The d i p o l e  p o l a r i z a b i l i t y  i s  i n v e s t i -  
gated. The unphys ica l  f r agmen ta t i on  o f  t h e  RPA d i p o l e  s t r e n g t h  i s  discussed, 
and a  p o s s i b l e  e x p l a n a t i o n  i s  g iven,  which r e l a t e s  t h i s  erroneous f e a t u r e  
t o  t o o  low values o f  t h e  su r face  symmetry c o e f f i c i e n t .  

I - INTRODUCTION 

E l e c t r i c  G ian t  Resonances i n  n u c l e i  a r e  o f  c o l l e c t i v e  cha rac te r ,  so t h a t  one can 
expect  s h e l l  e f f e c t s  t o  be o f  minor  importance i n  t h e i r  d e s c r i p t i o n  ; t h e  smooth 
v a r i a t i o n  o f  t h e  peak energ ies  w i t h  mass number suppor ts  t h i s  i dea .  Th i s  f a c t  c a l l s  
f o r  d e s c r i p t i o n s  of t h e  v i b r a t i o n s  i n  terms o f  macroscopic v a r i a b l e s  ( d e n s i t i e s ,  
d isplacements,  c u r r e n t s  . . .) which a r e  t aken  as basic v a r i a b l e s  o f  t h e  t h e o r y  i n  
t h e  d i f f e r e n t  f l u i d  dynamical and semi -c lass i ca l  approaches. S i m p l i f y i n g  t h e  dyna- 
mics,  one can hope t o  g a i n  more phys i ca l  i n s i g h t  i n  t h e  p r o p e r t i e s  o f  t h e  e f f e c t i v e  
i n t e r a c t i o n  i n v o l v e d  i n  each t ype  o f  resonance : t h e  nuc lea r  i n c o m p r e s s i b i l i t i e s  i n  
t h e  case o f  t h e  G ian t  Monopole Resonance (GMR) , t h e  symmetry e n e r g y  c o e f f i c i e n t s  
i n  t h e  case o f  t h e  G ian t  D i p o l e  Resonance (GDR) ... J n  t h e  s imple  hydrodynamical p i c t u r e  
one assumes t h a t  t h e  s t a t i c  i n t r i n s i c  h a m i l t o n i a n  remains v a l i d  i n  t h e  dynamical 
case p rov ided  one rep laces  t h e  s t a t i c  d e n s i t y  b y  t h e  t ime-dependent one. Whi le t h i s  
p i c t u r e  i s  v a l i d  f o r  c a l c u l a t i n g  f o r  example s t a t i c  p o l a r i z a b i l i t i e s ,  i t f a i l s  each 
t ime  d i s t o r s i o n s  o f  t h e  Fermi su r face  i n  momentum space generates r e s t o r i n g  f o r c e s  
th rough changes i n  t h e  k i n e t i c  energy. These fo rces  ( independent o f  f o r ces  which 
may a r i s e  f r om changes i n  t h e  d e n s i t y )  a r e  o f  course n o t  taken i n t o  account i n  t h e  
hydrodynamical model which assumes a  s p h e r i c a l  Fermi su r face ( l oca1  e q u i l i b r i u m ) .  

To overcome t h i s  d i f f i c u l t y ,  one has looked f o r  approx imat ions  t o  t h e  HF-RPA scheme 
a l l o w i n g  f o r  these d i s t o r s i o n s  o f  t h e  Fermi su r face ,  based on t h e  gene ra l i zed  scaling 
approx imat ion  11-41 We s h a l l  b r i e f l y  c h a r a c t e r i z e  i n  sec t .11 d i f f e r e n t  methods along 
t h i s  l i n e  and some o f  t h e  achievements and opened quest ions .  
An a l t e r n a t i v e  method can be used t o  c h a r a c t e r i z e  t h e  RPA s t r e n g t h  f u n c t i o n  S (E )  
cor respond ing t o  a  g i ven  e x c i t a t i o n  ope ra to r  Q : i f  t h e  s t r e n g t h  d i s t r i b u t i o n  i s  
concent ra ted i n  a  narrow r e g i o n  o f  energy (no f ragmen ta t i on ) ,  t h e  knowledge o f  a  
few moments o f  S(E) s u f f i c e s  t o  e x t r a c t  t h e  p h y s i c a l  i n f o r m a t i o n .  Indeed some o f  
these monents can be c a l c u l a t e d  i n  a  sem i - c lass i ca l  framework as w i l l  be descr ibed 
i n  sec t .  111, and t h i s  method has been e x t e n s i v e l y  used i n  t h e  d e s c r i p t i o n  o f  t h e  
GMR/5-g/,and t o  a  l 0 v ~ e r  e x t e n t  t o  t h e  GDRP-IS/.The ex tens ion  o f  t h e  method t o  f i -  
n i t e  temperatures i s  s t r a i g h t f o r w a r d  and w i l l  g i v e  i n f o r m a t i o n s  on G ian t  Reso- 
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nances b u i l t  on e x c i t e d  s t a t e s ,  f o r  which exper imenta l  da ta  become a v a i l a b l e  (see 
Snover 's  t a l k  t o  t h i s  conference) : displacement o f  peak ene rg ies  and e v o l u t i o n  
o f  escape w id ths  w i t h  e x c i t a t i o n .  I n  t h e  p resen t  work ( s e c t .  IV )  , we s h a l l  d iscuss 
i n  some d e t a i l s  t h e  D i p o l e  case i n  r e l a t i o n  w i t h  t h e  symmetry energy c o e f f i c i e n t s  : 
bes ides t h e  D i p o l e  p o l a r i z a b i l i  t y ,  we s h a l l  d i scuss  t h e  (unphys i ca l )  f r agmen ta t i on  
o f  t h e  s t r e n g t h  ob ta ined  i n  RPA c a l c u l a t i o n s  w i t h  commonly used i n t e r a c t i o n s ,  even 
when g i v i n g  s a t i s f a c t o r y  r e s u l t s  concern ing t h e  moments ; we s h a l l  see t h a t  t h e  
t ransparency o f  t h e  semi c l a s s i c a l  approach t o  t h e  RPA sum r u l e s  a l l ows  one t o  
g i v e  argument t h a t  t h i s  wrong f e a t u r e  i s  r e l a t e d  t o  erroneous values o f  t h e  su r face  
symmetry c o e f f i c i e n t .  

I 1  - SOME REMARKS ON THE FLUID DYNAMICAL APPROACH 

D e t a i l e d  d i scuss ions  o f  t h e  genera lyzed sca l i ng  approx imat ion  can be found i n  refs.  
/14-16/ . Here we j u s t  want t o  sketch t h e  main p o i n t s  which w i l l  be u s e f u l  when 
d i scuss ing  t h e  D i p o l e  case i n  t h e  n e x t  s e c t i o n .  

When look ing f o r  approx imat ions  t o  t h e  HF-RPA, one i s  gu ided by  t h e  s t r u c t u r e  o f  t h e  
s o l u t i o n  when o n l y  one s t a t e  exhausts t h e  sum r u l e .  I n  t h a t  case, i t  was shown by 
Be r t sch  /I/ t h a t  t h e  s o l u t i o n  can be ob ta ined  by  a p p l y i n g  TDHF t o  a  sca led  ground 
s t a t e  $ which, i n  i t s  most genera l  fo rm i s  w r i t t e n  /2,4/ 

The s c a l a r  f i e l d  5  generates t h e  c u r r e n t  and one can show t h a t  t h e  r e s u l t i n g  f l o w  
i s  i r r o t a t i o n a l ,  t h e  v e l o c i t y  be ing  g i v e n  by 

-f 
v  = - S = ?75(7,t) ( 2 )  

The c o l l e c t i v e  k i n e t i c  energy has j u s t  t h e  c l a s s i c a l  f o rm  

i n  agreemsnt w i t h  t h e  genera l  r e s u l t s  o f  ref./ l7/,+and t h e  c o l l e c t i v e  p o t e n t i a l  
energy C(s) i s  a  f u n c t i o n a l  o f  t h e  s c a l i n g  f i e l d  s  . The f requency o f  t h e  mode 
can be w r i t t e n  as 

W~ = c ( i ) / ~ ( S )  ( 4 )  

A f l u i d  dynamicalscheme i s  ob ta ined  by  c o n s i d e r i n g  t h e  s c a l i n g  ansatz ( e q . ( l ) )  i n  
t h e  genera l  case and a p p l y i n g  t h e  v a r i a t i o n a l  p r i n c i p l e  

i n  o r d e r  t o  d e r i v e  t h e  equat ions  of  mo t i on  .At t h i s  p o i n t , . i t  shou ld  be s t r e s s s d  
t h a t  v a r i a t i o n s  c a n  b e '  taken e i t h e r  w i t h  respec t  t o  5 o r  w i t h  respect  t o  V 5  , 

as 5 appears i n  eq.(5) o n l y  through i t s  g rad ien t .  I n  t h e  f i r s t  case, one i s  l e d  
t o  an i r r o t a t i o n a l  f l u i d  dynamical p i c t u r e / l 6 /  whereas i n  t h e  second case t h e  so lu -  
t i o n s  a r e  i n  genera l  r o ta t i ona l / 4 ,14 / .  

I n  t h i s  l a s t  case, Ho lzwar th  e t  al.,assume t h a t  t h e  c l a s s i c a l  exp ress ion  f o r  t h e  
mass parameter i s  s t i l l  v a l i d  , which m igh t  be ques t i onab le  i n  some cases. We 
s h a l l  see i n  p a r t i c u l a r  t h a t  i n  t h e  d i p o l e  case, t h e  f r agmen ta t i on  o f  t h e  s t r e n g t h  
p r e d i c t e d  by t he  r o t a t i o n a l  f l u i d  dynarnical approach does n o t  correspond t o  t h e  



mic roscop i c  RPA one. There a r e  good i n d i c a t i o n s i l 8 /  t h a t  j u s t  one s c a l a r  f i e l d  
e(S',t) i s  n o t  enough t o  desc r i be  t h e  f ragmen ta t i on  o f  t h e  s t reng th ,  e s p e c i a l l y  when 
a  l o w - l y i n g  s t a t e  e x i s t s  (quadrupole o r  oc tupo le  c a s e l a n d  t h e  same i s  probab ly  
t r u e  i n  t h e  d i p o l e  case a l s o  where t h e  f ragmen ta t i on  i s  n o t  l i n k e d  t o  s h e l l  e f f e c t s .  
I n c l u d i n g  non l o c a l  ope ra to rs  i n  t h e  t ime  odd p a r t  o f  t h e  s c a l i n g  ope ra to r  i n  o r d e r  
t o  generate r o t a t i o n a l  components i s  being w r k e d  out by  da Frovidencia andHolzwarth/l9/. 

A  comparison between i r r o t a t i o n a l  f l u i d  dynamics and RPA can be found i n  r e f . / l 6 /  
f o r  t h e  i s o s c a l a r  case (monopole and quadrupole) . The agreement i s  found exce l  l e n t ,  
f o r  t h e  s t reng ths  as w e l l  as f o r  t h e  cu r ren ts ,  i n  t h e  case where t h e  RPA s t r e n g t h  i s  
n o t  fragmented. I n  t h e  i s o v e c t o r  case, t h e  comparison i s  a l s o  v e r y  s a t i s f a c t o r y  i n  
t h e  same c o n d i t i o n s  (see Ando and E c k a r t ' s  c o n t r i b u t i o n  t o  t h i s  conference) ,  namely 
i )  no l o w - l y i n g  s t a t e  i n  t h e  RPA s t r e n g t h  i i )  t h e  resonance peak i s  w e l l  separa ted 
from t h e  energy r e g i o n  where t h e  unper turbed s t r e n g t h  l i e s  and i i i )  t h e  H F  ground 
s t a t e  i s  used as i n p u t  i n  t h e  dynamical c a l c u l a t i o n  ( i n s t e a d  o f  a  semi c l a s s i c a l  
one) . 
L e t  us conclude these few remarks by n o t i c i n g  t h a t  t h e  s t r u c t u r e  o f  t h e  e igen  modes 
can be s imp ly  analyzed i n  t h e  framework o f  t h e  gene ra l i zed  s c a l i n g .  S tud ies  i n  t h i s  
sense can be found i n  refs./2421/.Recently/22,23/,eq.(4) has been used i n  t h e  s tudy  o f  
t h e  c o u p l i n g  between su r face  and b u l k  v i b r a t i o n s  i n  t h e  i s o s c a l a r  monopole resonance. 
The d i s t o r s i o n  o f  t h e  Fermi su r face  i s  neg lec ted  here,  which i s  j u s t i f i e d  i n  t h e  
s c a l i n g  model o f  t h e  GMR. Pa rame t r i z i ng  t h e  t r a n s i t i o n  d e n s i t y  6p i n  a  s imple  fo rm 
e x h i b i t i n g  t h e  d e s i r e d  f e a t u r e  t o  be discussed, t h e  v e l o c i t y  f i e l d  i s  ob ta ined  by 
i n t e g r a t i n g  t h e  c o n t i n u i t y  equat ion .  M i n i m i z i n g  w i n  eq.(4) w i t h  respec t  t o  t h e  
parameters c h a r a c t e r i z i n g  60 (us ing  a  semi c l a s s i c a l  approx imat ion  f o r  t h e  ca l cu -  
l a t i o n  o f  C) g i ves  t h e  eigen-modes o f  t h e  system. Whi le t h e  l ower  s t a t e  ( i d e n t i f i e d  
t o  t h e  exper imenta l  GMR)isfound t o  be c l o s e  t o  t h e  s c a l i n g  model ( s t r e t c h i n g  o f  t h e  
nuc lea r  su r face  i n  phase w i t h  t h e  compression o f  t h e  i n t e r i o r )  another  s t a t e  a t  
h i g h e r  energy shows an " a n t i s c a l i n g  behav iour " .  Th i s  r e s u l t  i s  i n  q u a l i t a t i v e  agree- 
ment w i t h  t h e  more d e t a i l e d  s tudy  o f  re f . /21 / .  

The cor respond ing e x c i t a t i o n  ope ra to r  can be ob ta ined  by i n t e g r a t i n g  t h e  v e l o c i t y  
f i e l d  ( a t  l e a s t  i f  one assumes t h a t  t h e  t r ansve rse  component i s  n e g l i g i b l e ) ;  i t  
would then be i n t e r e s t i n g  t o  i n v e s t i g a t e ,  u s i n g  the  same opera tor ,  whether RPA c a l -  
c u l a t i o n s  c o n f i r m  t h e  s e m i  c l a s s i c a l  r e s u l t s ,  i n  v iew o f  t h e  f a c t  t h a t  pos- 
s i b l e  d i s t o r s i o n s  o f  t h e  Fermi sur face,  n e g l i g i b l e  f o r  t h e  f i r s t  e x c i t e d  s t a t e ,  
may n o t  be n e g l i g i b l e  f o r  t h e  second monopole s t a t e .  

I 1 1  - SEMI CLASSICAL CALCULATIONS OF RPA SUM RULES 

As ment ioned i n  t h e  i n t r o d u c t i o n ,  i f  t h e  resonance i s  h i g h l y  c o l l e c t i v e ,  one can 
hope t h a t  t h e  knowledge o f  a  few moments mk w i l l  g i v e  t h e  s a l i e n t  f e a t u r e s  o f  
s (E)  /24/ 

I n  a  semi c l a s s i c a l  framework, where ane uses some extended Thomas, Fermi app rox i -  
ma t i on  f o r  t h e  k i n e t i c  energy,  i .e .  one assumes a  s p h e r i c a l  Fermi sur face,  t h e  
mv1 and r n l  moments can be e a s i l y  eva luated.  The p o l a r i z a b i l i t y  p  = 2mYl can be 
ob ta ined  as t h e  response o f  t h e  system t o  a  cons t ra in ing  e x t e r n a l  f i e l d  Q , i .e. 
one so lves  t h e  s t a t i c  Eu le r  equat ions  cor respond ing t o  H - X Q  . Then one has 

The %-moment i s  r e l a t e d  t o  a  s imple  ground s t a t e  property. For  example i n  t h e  mo- 
nopo le  case ( Q = r 2 ) ,  one has 
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and i n  t h e  d i p o l e  case : 

where K i s  t h e  so -ca l l ed  enhancement f a c t o r ,  r e l a t e d  t o  t h e  exchange component o f  
t h e  i n t e r a c t i o n  ( - v e l o c i t y  dependent p a r t  o f  t h e  i n t e r a c t i o n  i n  case o f  a  Skyrme 
i n t e r a c t i o n ) .  

I n  genera l ,  t h e  c a l c u l a t i o n  o f  t h e  m3-moment i n v o l v e s  deformat ions  o f  t h e  Fermi 
sur face,  as i t  i s  ob ta ined  th rough  a  s c a l i n g  o f  t h e  quantum ground s ta te /24 / .  How- 
eve r  i t  happens t h a t  i n  t h e  monopole and i n  t h e  d i p o l e  case, these deformat ions  do 
n o t  occur,  so t h a t  a  semi c l a s s i c a l  c a l c u l a t i o n  u s i n g  t h e  s t a t i c  f u n c t i o n a l  f o r  t h e  
k i n e t i c  energy i s  poss ib le .  

I n  t h e  i s o v e c t o r  case, one has t o  t r e a t  c o r r e c t l y  t h e  exchange p a r t  o f  t h e  i n t e r -  
a c t i o n ,  which m o d i f i e s  t h e  c l a s s i c a l  express ion f o r  t h e  c o l l e c t i v e  k i n e t i c  energy 
(see r e f . / 9 /  ) .  

Knowing m-,,m, and m3 , one can have an es t ima te  o f  t h e  escape w i d t h  by cons i -  
d e r i n g  , 

The method descr ibed above has been used i n  t h e  pas t  few years  i n  t h e  d e s c r i p t i o n  
o f  t h e  GMR, i n  p a r t i c u l a r  concern ing the  cho i ce  o f  t h e  sum-rules a p p r o p r i a t e  i n  
e x t r a p o l a t i n g  nuc lea r  i n c o m p r e s s i b i l i t i e s  f rom f i n i t e  n u c l e i  t o  t h e  nuc lea r  m a t t e r  

Wi thout  e n t e r i n g  i n t o  d e t a i l s  we s h a l l  b r i e f l y  r e c a l l  here  t h e  main r e s u l t s  ob ta ined  
i n  r e f . / 8 /  . D e f i n i n g  t h e  i n c o m p r e s s i b i l i t y  KA o f  a  nucleus f rom t h e  p o s i t i o n  o f  
t h e  resonance energy EM by  

we can w r i t e  an A- )" -expansion of KA : 

N-Z * Z2 
v s  

A f i t  t o  exper imenta l  da ta  does n o t  a l l o w  t o  e x t r a c t  t h e  va lues o f  KV , K,, K8 and 
Kcouj. w i t h  good accuracy  because o f  exper imenta l  u n c e r t a i n t i e s  and t o o  smal l  s t a -  
t i s t ~ c s  ( %  60 n u c l e i  i n  t h e  most numerous s e t  o f  da ta /25/ ) .  Some semi-empi r ica l  
r e l a t i o n s  between t h e  c o e f f i c i e n t s  can be ob ta ined  by  c o n s i d e r i n g  t h e  c a l c u l a t e d  
i n c o m p r e s s i b i l i t i e s .  One can show t h a t  expansion (12)  i s  r a p i d l y  converg ing ( t h i s  

/r r s . "  

would n o t  be t h e  case when c o n s i d e r i n g  / and t h a t  K  = Knm . The Coulomb 
te rm can be w e l l  approximated, f o r  a  l a r g e  v a r i e t y  o f  i n te rac ' t i ons  by 

where r o z l . 1 5 f m a n d  K  i s  i n  MeV.  D e t a i l e d i n v e s t i g a t i o n s a l s o s h o w t h a t  
f o r  a l l  commonly used i n v g r a c t i o n s ,  one has Ks - ( - I  t o  - 1 .2)Knm and t h a t  Kg 
does n o t  depend much on t h e  i n t e r a c t i o n .  Us ing these c o n s t r a i n t s  on t h e  c o e f f i c i e n t s ,  
one can use t h e  d i f f e r e n t  s e t s  o f  exper imenta l  da ta  t o  determine by  a  f i t  t h e  va lue  



o f  Knm only. The f o l l o w i n g  r e s u l t s  are obtained 

Knm = 220 2 30 MeV 

Ks = -240 + 70 MeV 

Kg = -300 c 150 MeV 

We show i n  F ig .  1  the evo lu t ion  o f  KA, as given by eqs. 13 and 14, as a func t ion  
o f  mass number. Experimental po in ts  are glven f o r  comparison. I n  medium nucle i ,  
they l i e  below the semi-theoret ical curve. However one should keep i n  mind t h a t  
the percentage o f  EWSR exhausted by the experimental s t rength decreases from 100% 
i n  heavy nuc le i  down t o  a few percent i n  l i g h t  systems. The experimental value o f  
KA deduced from the peak e n e r 2 L e v e n  when tak ing  i n t o  account the experimental 
width i n  order t o  ca lcu la te  ,/* probably underestimates the t r u e  value i f  some 
st rength i s  missing a t  h igher  energy. 

. Greooble ('He. ' ~ c ' )  
o Texas(* . * ' )  

o O a k  Radge (p.p'l 
75 "1 , , , , Orwry , , , fd.d) , , , , , , , . , , , , , 

M 1CO 1% 2'33 A 

Fig. l - Values of empirical incompressibilities. The 
line corresponds to incompressibilities obtained 
using eq. (12) with values of the coefficients given 
in eqs.(l3) and (14). 

I V  - THE GIANT DIPOLE RESONANCE AN0 THE SYMMETRY ENERGIES 

Me s h a l l  now discuss t h e  i sosp in  proper t ies o f  the e f f e c t i v e  i n t e r a c t i o n  - i n  par- 
t i c u l a r  the  volume and surface symmetry c o e f f i c i e n t s  J and E,, - i n  r e l a t i o n  t o  
the GDR. 

Thesequantitiesareknown t o  p lay  a r o l e  i n  various s i t u a t i o n s  : ground s t a t e  masses 
and espec ia l l y  nuc le i  f a r  from the s t a b i l i t y  l i n e ,  which a re  o f  ast rophysica l  
i n t e r e s t ,  neutron s k i n  and f i s s i o n  b a r r i e r  heights. However a c l e a r  determinat ion 
o f  both c o e f f i c i e n t s  separate ly  i s  not  easy ; the values o f  3 l i e  i n  the range 
(30-37) MeV wh i le  the values o f  E found i n  the l i t e r a t u r e  vary from -30 MeV t o  
-160 MeV i n  the Droplet  Model /26/qalthough i n  t h i s  l a t t e r  case, s t r i c t l y  speaking, 
€ S S  i s  n o t  w e l l  def ined). It i s  then i n t e r e s t i n g  t o  inves t iga te  wether the GDR can 
b r i n g  some cons t ra in ts  on these two c o e f f i c i e n t s  1271. We s h a l l  be concerned, i n  the 
fo l low ing ,  w i t h  the s t a t i c  d ipo le  p o l a r i z a b i l i t y  p, r e l a t e d  t o  the moment m-, 
and t o  the  in tegra ted  cross sec t ion  by 

The ml moment i s  given by eq. (9 )  and we ca lcu la te  m, using a d ipo le  sca l ing  . 
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Iv.1 - 2urface-effects-on-theedIeo1e-eo1f!rIza_bI1~t~ 
The d i p o l e  p o l a r i z a b i l i t y  p  i s  a  r a t h e r  w e l l  known q u a n t i t y  o v e r  t h e m a s s t a b l e .  
Due t o  t h e  we igh t i ng  f a c t o r  i n  eq.(15),  i t  i s  n o t  s e n s i t i v e  t o  t h e  h i g h  energy 
p a r t  o f  t h e  c ross -sec t i on ,  i . e .  t o  s h o r t  range c o r r e l a t i o n s .  Hence i t  i s  a  good 
q u a n t i t y  t o  which e f f e c t i v e  i n t e r a c t i o n  used i n  H.F. and RPA c a l c u l a t i o n s  shou ld  be 
tes ted .  

The r o l e  o f  t h e  d i f f u s e  nuc lea r  su r face  on t h e  d i p o l e  p o l a r i z a b i l i t y  p  can be 
i d e n t i f i e d  by l o o k i n g  a t  t h e  genera l  t r e n d  o f  t h e  q u a n t i t y  o-,A % ove r  t h e  mass 
t a b l e .  A cons tan t  d e n s i t y  model leads t o  M i g d a l ' s  f o rmu la  i n v o l v i n g  t h e  volume sym- 
me t r y  energy J : 

A - ~ / ~  2 1.85pbMev-l. I n  l i g h t  systems, 
1 , I I I I I 

a-2 0 .I .2 .3 X .5 
t h e  exper imenta l  va lue  o f  

w i t h  r0a1.15 fm. F ig .2  shows t h e  experimen- 

o-2 i s  l a r g e r  by a  f a c t o r  2  o r  3.  
F i g . 2  - E x p e r i m e n t a l  v a l u e s  o f  

t a l  p o i n t s ,  p l o t t e d  versus A- % i n  o r d e r  
t o  v i s u a l i z e  more c l e a r l y  f i n i t e  s i z e  e f f e c t s .  
The e r r o r  b a r  i n  t h e  nuc lea r  m a t t e r  va lue  c o r -  
respond ing t o  Migda l  ' s  fo rmula  i s  ob ta ined  10 
by c o n s i d e r i n g  two extreme va lues o f  J  , na- 9 -  
mely J  = 28 MeV and J = 37 MeV ( t h i s  l a s t  8 
va lue  i s  favoured by  r e c e n t  mass fo rmu la  f i t s ) .  
One s e e s t h a t  su r face  e f f e c t s  a r e  indeed im- 
p o r t a n t  : the  exper imenta l  va lue  i n  t h e  r e -  
g i o n  o f  medium and heavy n u c l e i ,  a lmost  cons- 5 -  
t a n t  2 (2.9 + 0 . 2 ) p b x ~ e ~ - l ( l ) ,  i s  .L 50% & 
g r e a t e r  than t h e  l a r g e s t  es t ima te  o f  t h e  3 
Migda l  valueu-! o b t a i n e d u s i n g a l o w v a l u e  2 -  

Th is  t r e n d  has been conf i rmed by RPA ca l cu -  u-2 A - ~ / ~  . T h e  d a s h e d  l i ne  is 
l a t i o n s / 2 9 / ,  and semi c l a s s i c a l  / l o /  and 
hydrodynamical/ll,l3/investiqations have d r a w n  t o  g u i d e  the e y e .  

'(i-2p5h[~b~ev-1 
- 
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analyzed i n  more d e t a i  1 s  the-dependence o f  
u -, on t h e  i s o s p i n  p r o p e r t i e s  o f  t h e  
e f f e c t i v e  i n t e r a c t i o n .  

of  J. Fo r  example t a k i n g  J  = 28 MeV, one ge ts  F- ,&-'1/3 

The energy d e n s i t y  f o rma l i sm used i n  r e f / l O /  g i ves  r e s u l t s  i n  remarkable agreement 
w i t h  t h e  RPA c a l c u l a t i o n s  o f  re f . /29 / .  The p o l a r i z a b i l i t y  i s  ob ta ined  through a  
cons t ra ined  c a l c u l a t i o n ,  i . e .  one min imizes t h e  energy o f  t h e  system under t h e  
c o n s t r a i n t  o f  a  d i p o l e  ope ra to r  D,.Thetmnsition d e n s i t y  i s  ob ta ined  as t h e  s o l u t i o n  
o f  a d i f f e r e n t i a l  equat ion.and t h e  c a l c u l a t i o n  i s  f u l l y  s e l f - c o n s i s t e n t .  Fig.3 
shows t h e  r e s u l t  i n  case of ca l c i um and lead. One has a  volume t y p e  o f  de format ion ,  
cor respond ing t o  t h e  Steinwedel Jensen model, b u t  o f c o u r s e  w i t h  a  d i f f u s e  sur face.  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  r o l e  o f  J and E~~ , one can change sepa ra te l y  bo th  
q u a n t i t i e s ,  by changing t h e  symmetry p o t e n t i a l  as a  f u n c t i o n  of t h e  d e n s i t y  (see 
r e f .  /36/). F ig . (4 )  shows the  r e s u l t s  of 4 s e t s  o f  c a l c u l a t i o n s  cor respond ing t o  
v a r y i n g  t h e  values of cSs w h i l e  keeping J  f i x e d .  S u r p r i s i n g l y ,  i t  i s  seen 

(1)  Th i s  va lue  i nc ludes ,  besides t h e  neut ron emiss ion c ross  sec t ion , the  i n e l a s t i c  
photon s c a t t e r i n g  c ross  s$c;ion be low neu t ron  th resho ld .  Such measurements have 
been made i n  n u c l e i  near  Pb/28/, g i v i n g  a  c o n t r i b u t i o n  o f  % 7  % t o  u-, . We 
have adopted t h i s  va lue  i n  t h e  mass r e g i o n  A  > 100. 



t h a t  verv d i f f e r e n t  cou~les  of values of J 
and cSS" lead t o  s imi la r  agreement with 
experiment. 

(The experimental increase of u - A - ' ~  when 60- 

going from heavy t o  l i g h t  n u c l e ~ ~  tends t o  
be la rger  than the  theore t ica l  one : par t  
of the  disagreement may be due t o  t h e  
neglect  of t h e  spin o r b i t  in te rac t ion  when 
solving the  constrained problem ; t h e  spin 
o r b i t  contr ibut ion t o  t h e  residual i n t e r -  
act ion i s  a l s o  neglected i n  RPA calculat ions;  
another source of disagreement may l i e  i n  
the  inclusion of the  (y ,p )  channel which has 
not been measured i n  t h e  mass region A > 100 
o r  by the process of subtract ing t h e  non- a 10 12 

nuclear par t  of t h e  t o t a l  photo absorption 
cross  sect ion in l i g h t  nuc le i ) .  

F i g .  3 - C o m p a r i s o n  b e t w e e n  s e m i -  

G . , A ~ X  i$..Hc'l-'J 
c l a s s i c a l  t r a n s i t i o n  d e n S i  t ies  ( f u l l  
l ines  : w i t h  C o u l o m b ,  d a s h e d  d o t t e d -  
l ines  : w i t h o u t  C o u l o m b )  a n d  M i g d a l  
ones ( d o t t e d  l i n e s )  i n  ' O C ~  a n d  " * p b  
c a l c u l a t e d  w i t h  SkM i n t e r a c t i o n .  

4 - Our conclusion i s  t h a t  q, does not give 
i n  f a c t  a s t rong cons t ra in t  on the  isospin 
proper t i es  of the in te rac t ion .  The expres- 
s ion which can be derived within t h e  
Droplet Model /ll. iZ/helps understanding t h i s  

2 0 8 ~ .  conclusion ; surface e f f e c t s  on u-, 
)Ddel Value appear through the r a t i o  of surface t o  

volume symmetry coef f ic ien t  J and E~~ 
$0 IM) 15 J A-%) 

U-, =OF, (1  + a g 
-5/2 . F i g . 4  - V a r i a t i o n  o f  cr2  A w l t h  

s u r f a c e  s y m m e t r y  c o e f f i c i e n t  E~~ M 5 "ss =u, (1  + 3  -+I 
f o r  d i f f e r e n t :  v a l u e s  o f  the v o l u m e  

(17 )  

s y m m e t r y  e n e r g y  J . 
where Q i s  the  so-called s t i f f n e s s  para- 
meter. However t h i s  r e l a t i o n ,  while des- 

cr ibing cor rec t ly  the q u a l i t a t i v e  behaviour of a-  , should not be used as  such 
t o  analyze experimental data  : besides Coulomb e f f g c t s  which a r e  nealected in  eq.(17) 
and which lower t h e  values of o-, by %lo%,  Fig. 2 shows t h a t  correct ions 
a r e  indeed not neg l ig ib le  i f  one wants t o  analyze q, on the whole mass t ab le .  
On t h e  o ther  hand, i f  one r e s t r i c t s  oneself t o  heavy systems where one expectsEss 
curvature e f f e c t s  t o  be small eq.17 gives only a cor re la t ion  between J and -: 
s imi la r  values of q, a r e  obtained with low o r  high values of both J and , J 

i n  agreement with the more de ta i led  ca lcu la t ions .  J 

Other moments of the s t reng th  d i s t r i b u t i o n  

Besides m-, , the  moments m, and m3 can be calculated i n  an energy densi ty 
formalism, and used t o  character ize the  energy of the  resonance by considering 
t h e  r a t i o s  

El = 
o r  L, = 

( there  i s  no theore t ica l  expression f o r  t h e  peak energy). 
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The m, moment i s  r e l a t e d  t o  t h e  d i p o l e  enhancement f a c t o r  K 

NZ m,= 60 ( l+~)mb.MeV 

Cons ider ing  El does n o t  b r i n g  any new p h y s i c a l  i n f o r m a t i o n  on t h e  i s o s p i n  proper -  
t i e s  o f  t h e  i n t e r a c t i o n  because m, does n o t  depend on these p r o p e r t i e s .  Th i s  i s  
n o t  t h e  case w i t h  E3 , as m, , which can be ob ta ined  through a  d i p o l e  s c a l i n g  on 
t h e  ground s t a t e  ( t a k i n g  i n t o  account t h e  exchange terms o f  t h e  i n t e r a c t i o n  1, 
corresponds i n  f a c t  t o  t h e  Goldhaber -Te l le r  model, i . e .  t o  a  v i b r a t i o n  i n  t he  
surface-hence s e n s i t i v e  t o  s u r f a c e  p r o p e r t i e s -  as can be seen f rom t h e  approxima- 
t e  express ion ob ta ined  i n  r e f . / 9 /  : 

where K = xp (P, i s  t h e  c e n t r a l  d e n s i t y )  and ~ ~ ( 0 )  rep resen ts  t h e  symmetry 
p o t e n t i a l  as 'a f u n c t i o n  o f  d e n s i t y  ( E $ ( ~ , ) =  J). 

N o t i c e  t h e  we igh t i ng  f a c t o r  p l 2  i n  t h e  numerator showing t h a t  E3 i s  indeed 
sens i t i ve  t o  t h e  va lues o f  E (p )  a t  su r face  ( -  sma l l )  d e n s i t i e s ,  i .e. t o  t h e  
su r face  symmetry c o e f f i c i e n t  ?see be low) .  I d e n t i f y i n g  E3 w i t h  t h e  peak energy 
has l e d  t o  va lues o f  L s Z ,  2 , as f o r  t h e  SkM i n t e r a c t i o n  /9/ which, a f t e r  s l i g h t  
m o d i f i c a t i o n  has a l lowedJ t o  g e t  - f o r  t h e  f i r s t  t ime - good agreement w i t h  expe- 
r i m e n t  f o r  t h e  f i s s i o n  b a r r i e r  h e i g h t  o f  "'OPU /30/. 

~ q . ( 1 8 )  shows t h a t  m, i s  p r o p o r t i o n a l  t o  ( 1 + d 2 ,  SO t h a t  E, i s  p r o p o r t i o n a l  t o  
G. Th is  r a i s e s  a  problem when comparing w i t h  exper iment.  The exper imenta l  
va lue o f  K, ob ta ined  by i n t e g r a t i n g  t h e  pho toabso rp t i on  c ross  s e c t i o n  up t o  140kV  
a r e  d iscussed i n  d e t a i l s  i n  re f . / 31 / .  I n  medium and heavy n u c l e i  one f i n d s  an 
a lmost  cons tan t  va lue  K = 0.76 t 0.10. However e f f e c t i v e  i n t e r a c t i o n s  used i n  
HF-RPA c a l c u l a t i o n s  shou ld  n o t  reproduce such a  h i g h  va lue,  because t h e  method i s  
n o t  a b l e  t o  desc r i be  t h e  phys i cs  above a  few t e n s  o f  MeV ( s h o r t  range and t e n s o r  
c o r r e l a t i o n s  become impor tan t ) .  There fore  t h e  va lues o f  K commonly used a r e  sma l l e r  
and l i e  i n  t h e  range 0.35-0.45 a l t hough  one does n o t  have an o b j e c t i v e  c r i t e r i u m  
t o  determine t h i s  value. 

I n  o r d e r  t o  ge t  r i d  o f  t h i s  a r b i t r a r i n e s s ,  t h e  authors  o f  r e f . / l l /  propose t o  
cons ider  t h e  r a t i o  uD=J=) which does n o t  depend on K . The cor respond ing 

exper imenta l  values o f  
wD a r e  shown n o t  t o  depend much on t h e  maximum energy used 

i n  t h e  c a l c u l a t i o n  o f  t h e  moments and LID i s  found t o  be c l o s e  t o  t h e  peak energy. 
The conc lus ion  drawn i n  r e f . / l l /  i s  a l s o  5 5 S ~  2 , as above. 

J 
We s h a l l  now t u r n  t o  m ic roscop i c  c a l c u l a t i o n s  as, s u r p r i s i n g l y ,  t h e  RPA c ross -  
sec t i ons  ob ta ined  w i t h  i n t e r a c t i o n s  g i v i n g  s a t i s f a c t o r y  r e s u l t s  concern ing t h e  
moments o f  t h e  s t r e n g t h  f u n c t i o n  have always shown an unphys ica l  f e a t u r e  which has 
t o  be understood. 

Fig.5 shows a  t y p i c a l  f e a t u r e  o f  a l l  RPA c a l c u l a t i o n s  made so f a r  w i t h  va r i ous  
k i n d  o f  e f f e c t i v e  i n t e r a c t i o n s  / 3 2 / .  The p resen t  c a l c u l a t i o n  i s  made u s i n g  SkM 
i n t e r a c t i o n .  Th is  f o r c e  g i ves  s a t i s f a c t o r y  r e s u l t s  concern ing t h e  moments ; how- 
ever  t h e  pho toabso rp t i on  c ross  s e c t i o n  i n  lead shows a  f r agmen ta t i on  wh ich i s  n o t  
seen e x p e r i m e n t a l l y  : t h e  s t r e n g t h  shows m a i n l y  two concen t ra t i ons  i n  energy, se- 
para ted by  4  t o  5 MeV ; most o f  t h e  s t r e n g t h  i s  concent ra ted i n  t h e  lower  p a r t ,  
which corresponds more o r  l e s s  t o  t h e  exper imenta l  peak. 



The presence o f  t h e  unphys i ca l  upper peak r a i s e s  t h e  f o l l o w i n g  a l t e r n a t i v e  : e i t h e r  
i t s  o r i g i n  l i e s  i n  some p a r t i c u l a r i t y  o f  t h e  p a r t i c l e - h o l e  spectrum and i t  w i l l  

d isappear when more complex c o n f i g u r a t i o n s  
(2p-2h) a r e  i nc luded  i n  t h e  c a l c u l a t i o n  o r  
i i )  t h e  f r agmen ta t i on  o f  t h e  s t r e n g t h  i s  

I l i n k e d  t o  a  ma.croscopic aspect  and indeed 

S ( E )  [=I r e v e a l s  some erroneous macroscopic p r o p e r t y  
o f  t h e  e f f e c t i v e  i n t e r a c t i o n  which w i l l  su r -  
v i v e  even a f t e r  i n c l u d i n g  some damping me- 

.10m chanism. I n  t h e  f i r s t  case, one shou ld  n o t  be 
preoccupied by  t h e  presence o f  some s t r u c t u r e  
i n  t h e  s t r e n g t h  : c o u p l i n g  t o  2p-2h con f i gu -  
r a t i o n s  m igh t  d i s t r i b u t e  t h e  s t r e n g t h  concen- 
t r a t e d  i n  t he  upper peak ove r  a  few MeV, 

-500 g i v i n g  some skewness t o  t h e  shape o f  t h e  reso- \. nance peak j u s t  as t h e  exper imenta l  one '.. -- shows. However c a l c u l a t i o n s  o f  t h e  damping, .- __--- ---- a l though becoming a v a i l a b l e  ,IS/ a r e  s t i l l  t oo  11 , lo 11 It I) 14 ,I I S  . I, EGfB t i o n  p r e l i m i n a r y  o f  how much t o  answer f r agmen ta t i on  t h e  q u a n t i t a t i v e  can be accepted ques- 

a t  t h e  RPA l e v e l .  Besides, f l u i d  dynamical 
Fig. 5 - RPA photo absorption c a l c u l a t i o n s  a l s o  g i v e  a  f r agmen ta t i on  of  t h e  
cross-section calculated i n  2 U 8 ~ b  d i p o l e  s t r e n g t h  /34/, which can be i n t e r p r e -  
with SkM interaction.  Dashed l i n e  : t e d  as r e s u l t i n g  f rom t h e  c o u p l i n g  o f  t r a n s -  
experimental curve. verse t o  l o n g i t u d i n a l  components i n  t h e  

s o l u t i o n s  o f t h e  equa t i on  o f  mo t i on  /15/. 
It i s  t h e n  i n t e r e s t i n g  t o  e x p l o r e  t h e  second 
branch o f  t h e  a l t e r n a t i v e  ment ioned above. 

A f i r s t  h i n t  concern ing t h e  macroscopic aspect o f  t h e  d i scuss ion  i s  g i ven  by cons i -  
d e r i n g  t h e  t r a n s i t i o n  d e n s i t i e s  i n  t h e  two energy reg ions  ( t h e y  w i l l  be shown 
below),  o r  more s imply  t o  t h e  averaged t r a n s i t i o n  d e n s i t i e s  6p,1 de f i ned  by : 

where 6 i s  t h e  d e n s i t y  ope ra to r .  The curves i n  F ig .  6 a r e  c a l c u l a t e d  i n  '''pb 
w i t h  S I I I  i n t e r a c t i o n  /35/. Obv ious ly  6p+l f a v o r s  s t a t e s  i n  t h e  upper peak whereas 
6pwl f avo rs  low energy s t a t e s .  Now one can 

show t h a t  6p+, corresponds t o  a  d i p o l e  
, 3.10'~. 

s c a l i n g  on t h e  ground s t a t e  d e n s i t y  (GT 
model) ,  w h i l e  6p- i s  t h e  change i n  t h e  
d e n s i t y  when c o n s h a i  n i  ng t h e  nucleus 2.10-~- 

w i t h  a  d i p o l e  ope ra to r  ( i n  o t h e r  words 6p-, 
i n  Fig. 5  i s  j u s t  t h e  quantum analog t o  
F ig .  2  1. T h i s  i n d i c a t e s ,  as a l ready  n o t i c e d  lo-'- 

by  Ber tsch and Tsa i  i n  re f . / 32 /  t h a t  t h e  
upper s t a t e s  a r e  o f  su r face  t ype  (a l t hough  
as we s h a l l  see below by l o o k i n g  a t  t h e  c u r -  
r e n t s ,  t h e y  do n o t  correspond t o  t h e  GT 
model because o f  t h e  impor tan t  t r ansve rse  
components) w h i l e  t h e  lower  s t a t e s  a r e  more 
o f  SJ type.  Consequent ly t h e  upper s t a t e s  
shou ld  be more s e n s i t i v e  t o  t h e  su r face  
symmetry energy.  

Another h i n t ,  c o n f i r m i n g  t h e  f i r s t  one, can 
be found i n  eq. (18)  f o r  E, . AS a l ready  Fiq.6-averbged i h n s i t i o n  densit ies  
mentioned , due t o  t h e  p "  we igh t i ng  f a c -  6p,l (eq.(19))calculated in 208pb 
t o r  i n  t h e  numerator o f  eq.(18),  E 3  i s  with S-111 interaction.  
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s e n s i t i v e  t o  t h e  behav iour  o f  t h e  symmetry p o t e n t i a l  E6(p) a t  su r face  d e n s i t i e s .  
Smal le r  values o f  c s ( p )  a t  h a l f  nuc lea r  d e n s i t y  shou ld  decrease t h e  va lue  o f  E3 
i .e. shou ld  tend t o  make t h e  unphys ica l  peak disappear-Ncw decreas ing s 6 ( p )  a t  l ow  
d e n s i t i e s  corresponds t o  i n c r e a s i n g  t h e  su r face  symmetry energy.  lndeed by conside- 
r i n g  t h e  s e m i - i n f i n i t e  medium, one can d e r i v e ,  w i t h i n  an energy d e n s i t y  fo rmal  ism, 
t he  f o l l o w i n g  approximate exp ress ion  f o r  cSs /36/ 

which shows t h a t  E ~ ,  can be i n t e r p r e t e d  as t h e  d e f e c t  o f  symmetry energy ( w i t h  
respect  t o  t h e  u n i f o r m  va lue  J a t  s a t u r a t i o n ) ,  i n t e g r a t e d  over  t h e  sur face.  Th i s  
d e f e c t  i s  o f  course t h e  more nega t i ve  as e6 (p )  i s  smal l  a low d e n s i t i e s .  Hence 
i n c r e a s i n g  ( i n  abso lu te  va lue )  sss shou ld  make t h e  upper peak d isappear ,  e i t h e r  
by moving i t s  va lue  downward, o r  by t r a n s f e r r i n g  t h e  s t r e n g t h  t o  t h e  l ower  
peak . 
I n  o r d e r  t o  check t h i s  hypothes is ,  we have made d i f f e r e n t  s e t s  o f  RPA c a l c u l a t i o n s  
i n  t h e  f o l l o w i n g  model c o n d i t i o n s  (an averag ing energy i n t e r v a l  o f  1 MeV 1s used) 

* no v e l o c i t y  dependent Skyrme t ype  i n t e r a c t i o n  : no approx imat ions  
a r e  t hen  made i n  t h e  RPA c a l c u l a t i o n  

* N = Z = 70 nucleus (no Coulomb, no s p i n - o r b i t )  = t h e  unper turbed c ross -sec t i on  
p l o t t e d  i n  F ig .  7 i s  thus  independent o f  t h e  i s o s p i n  p r o p e r t i e s  o f  t h e  i n t e r -  
a c t i o n .  

N:Z=70 s(E)[fm2Mev'l noCou lomb  
30 no spin orbi t  

~ ~ ~ z - 1 4 0  MeV 

Essz-109 MeV 
- - - E~~ = - 56 MeV 

12 13 14 15 16 17 18 
E (MeV1 

Fig. 7 - Unperturbed strength function Fig. 8 - Effect of the surface 
used in the model calculation of Fi9.8 . symmetry coefficient E,, on the 

fragmentation of the strength. 

F ig .  8 shows t h e  r e s u l t s  ob ta ined  f o r  t he  RPA s t r e n g t h  f u n c t i o n  when, f i x i n g  t h e  
volume symmetry J=37 MeV, one changes t h e  s u r f a c e  symmetry energy ESS (one v a r i e s  
t h e  coup le  o f  exchange c o e f f i c i e n t s  xo and x, o f  t h e  Skyrme fo rce ) .  One sees 
t h a t ,  i n  agreement w i t h  t h e  q u a l i t a t i v e  conc lus ions  o f  t h e  semi c l a s s i c a l  approach, 
one has t o  go t o  h i g h  values o f  E~~ i n  o r d e r  t o  make t h e  unphys ica l  peak d isap-  
pear. N o t i c e  t h a t  t h e  energy o f  t h e  h i g h e r  peak does n o t  change much ; i t  i s  r a t h e r  
t he  s t r e n g t h  which i s  t r a n s f e r r e d  t o  t h e  lower  peak. The energy o f  t h e  lower  peak i s  
s h i f t e d  down by 2 MeV, b u t  i n  a  r e a l i s t i c  case, i f  one chooses a  l a r g e  va lue  o f  
E~~ one shou ld  a l s o  i nc rease  J because t h e  mass o f  a  nucleus w i t h  a  neu t ron  
excess shou ld  remain constant .  Then t h e  s h i f t  o f  t h e  lower  peak i s  n o t  so l a r g e .  
Th is  can be seen on Fig. 9 , where a r e  p l o t t e d  t h e  RPA-strength f u n c t i o n s  f o r  2 0 8 ~ b  



c a l c u l a t e d  w i t h  two d i f f e r e n t  e f f e c t i v e  i n t e r a c t i o n s  g i v i n g  t h e  same b i n d i n g  energy 
(Coulomb and s p i n  o r b i t  f o r ces  a r e  now inc luded ) .  The f i r s t  one i s  t h e  o r i g i n a l  SkM 
f o r c e ,  t h e  second one has e x a c t l y  t h e  same i s o s c a l a r  p r o p e r t i e s  b u t  J has been 
increased t o  37 MeV and E t o  -140 MeV ( these  va lues a re  v e r y  c l o s e  t o  t h e  
D r o p l e t  Model cons tan ts ) .  ??e r e s u l t  i s  t h e  same as i n  t h e  model case ; t h e  unphy- 
s i c a l  peak i s  no l onge r  p resen t  i n  t h i s  second case, i .e. f o r  a  r a t i o  131% 4 . 

J 
Only a  v e r y  weak s t r u c t u r e  i s  seen a t  s 15 MeV whereas i n  t h e  case o f  SkM, t h e  
upper peak a t  s 16 MeV exhausts % 30% o f  t h e  EWSR. 

Now t h a t  we have shown t h a t  t h e  f ragmenta t ion  
o f  t h e  RPA s t r e n g t h  i s  r e l a t e d  t o  t h e  i sosp in  

S ( E) [frn2 M~V-'1 p r o p e r t i e s  o f  t h e  i n t e r a c t i o n ,  we want t o  
2C8pb s t r e s s  t h a t  ou r  aim i s  n o t  t o  g i v e  a  d e f i n i t e  

va lue  f o r  t h e  r a t i o  % . As l o n g  as one 
30 - 3: 37 MeV E~=- :LO MeV J 

- - -J=30 .7MeV E,=- 56MeV does n o t  know how much s t r u c t u r e  can be 
washed o u t  by c o u p l i n g  t o  2p-2h c o n f i g u r a -  
t i o n s ,  one cannot g e t  a  p r e c i s e  answer, a l -  

20 - though t h e r e  i s  probab ly  t o o  much fragmenta- 
t i o n  w i t h  t h e  i n t e r a c t i o n s  commonly used up 
t o  now. Besides, t h e  p o s i t i o n  o f  t h e  peak 
f o r  t h e  m o d i f i e d  SkM i n t e r a c t i o n  i n  F i g . ( g )  

10 - i s  t o o  low compared t o  exper iment,  so t h a t  
m, 1s t o o  l a r g e .  One cou ld  then move t h e  
p o s i t i o n  o f  t h e  peak upward by t a k i n g  a  
lower  va lue  o f  t h e  e f f e c t i v e  mass, which - would s h i f t  t h e  unper turbed s t r e n g t h  up- 

& ' '' " l2 '' '' '' l6 17Ej,&) ward. Other  phys i ca l  phenomena where i s o s p i n  
p r o p e r t i e s  a r e  i n v o l v e d  have a l s o  t o  be 
taken  i n t o  account s imu l taneous l y  : t h e  neu- 

rlg. 9 - RPA strength functions in t r o n  s k i n  increases w i t h  i n c r e a s i n g  su r face  
2 0 a p b  calculated with SkM and with symmetry c o e f f i c i e n t  ,the p r o t o n  r.m.s. r a -  
a modJfied force having = 37 d i u s  i n  "Ca decreases and t h e  f i s s i o n  
and E~~ = -140 MeV. b a r r i e r  h e i g h t  decreases. Such a  s tudy  l i e s  

beyond t h e  scope o f  t h e  p resen t  work, where 
we j u s t  want t o  show a  p o s s i b l e  mechanism 
by which t h e  unphys ica l  f e a t u r e  o f  t h e  RPA 
s t r e n g t h  can be co r rec ted .  

We now t u r n  t o  t h e  s tudy  o f  t h e  t r a n s i t i o n  d e n s i t i e s  and convec t i on  c u r r e n t s .  
F i g .  10 shows t h e  t r a n s i t i o n  d e n s i t i e s  G ~ ( ~ , E )  as f u n c t i o n s  o f  r f o r  d i f f e r e n t  

Fig. 10 - P l o t  o f  t h e  t r a n s i t i o n  
d e n s i t i e s  a t  d i f f e r e n t  e n e r g i e s  
c a l c u l a t e d  w i t h  SkM i n t e r a c t i o n  

F i g .  1 1  - Same a s  F i g .  10 using t h e  
m o d i f i e d  f o r c e  r e f e r r e d  t o  i n  F i g .  9 .  
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energ ies  between 11 and 16 MeV f o r  t he  SkM-force. As expected, t h e  ampl i tude o f  
t h e  v i b r a t i o n  i s  maximum near E=12 MeV and E=16 MeV, i . e .  a t  peak energ ies .  The 
dashed v e r t i c a l  l i n e  l o c a t e s  t h e  nuc lea r  su r face  ; one sees t h a t  t h e  lower  peak i s  
of volume t ype  w h i l e  t h e  upper one i s  a  su r face  v i b r a t i o n .  

I t  i s  i n t e r e s t i n g  t o  n o t i c e  t h e  change i n  &p(r ,E) around 12 MeV when one increases 
t h e  su r face  symmetry c o e f f i c i e n t  ( i n  abso lu te  va lue)  t o  140 MeV. 

A  l a r g e  bump appears now a t  t h e  su r face  (see F ig .  111, w h i l e  t h e  ampl i tude o f  B ~ ( ~ , E )  
around E=15 MeV has been s i g n i f i c a n t l y  reduced. (The i n te rmed ia te  energ ies  a r e  n o t  
cons idered f o r  c l a r i t y  i n  F i g .  11) .  Indeed, large va lues o f  ESS means t h a t  one does 
n o t  loose much energy when sepa ra t i ng  neut rons and p ro tons  a t  t h e  su r face .  The reso -  
nance peak appears now as a  m i x t u r e  o f  volume and su r face  v i b r a t i o n .  

We have checked t h i s  behav iour  i n  t h e  model c a l c u l a t i o n s  a l s o  : t h e r e  i s  always a  
c l e a r  connect ion  between t h e  va lues o f  css  and t h e  shape o f  t h e  t r a n s i t i o n  d e n s i t y  
cor respond ing t o  t h e  resonance, so t h a t  i f  one would be a b l e  t o  determine bp expe- 
r i m e n t a l l y ,  one would have another  source o f  i n f o r m a t i o n  on css . 
The cor respond ing c u r r e n t  i n  2 " 8 ~ b  a r e  g i ven  i n  F i g .  12, i n  t h e  case o f  t h e  f o r c e  
w i t h  t h e  l a r g e  su r face  symmetry c o e f f i c i e n t .  I n  f a c t  t h e  q u a l i t a t i v e  f e a t u r e s  o f  t h e  
f i g s .  do n o t  depend much on t h e  i n t e r a c t i o n .  The v e r t i c a l  a x i s  i s  t h e  z -ax i s  and 
one represents  one f o u r t h  o f  t h e  nucleus. A t  low energy t h e  f l o w  l i n e s  t end  t o  be 
p a r a l l e l  t o  t he  su r face  except  f o r  l a r g e  z where t h e  l a r g e  va lue  o f  ESS a l l ows  
f o r  a  c r o s s i n g  o f  t h e  su r face  c o n s i s t e n t  w i t h  t h e  above remark about t h e  bump i n  
t h e  t r a n s i t i o n  d e n s i t y .  When go ing t o  h i g h e r  energ ies ,  t h e  f l o w  l i n e s  tend t o  become 
p a r a l l e l  t o  t h e  z -ax is ,  i . e .  t o  be more o f  Go ldhaber -Te l le r  type,  b u t  s u r p r i s i n g l y  
t h i s  happens a t  t h e  minimum o f  t h e  s t r e n g t h  f u n c t i o n .  Around 15 t o  16 MeV a  v o r t e x  
appears f o r  smal l  va lues o f  z i n  t h e  su r face  r e g i o n  : t h i s  was indeed unexpected 
as one would have r a t h e r  p r e d i c t e d  i n  t h i s  r e g i o n  a  GT mode which i s  i r r o t a t i o n a l  , 
whereas one has i n  f a c t  l a r g e  t ransve rse  components i n  t h e  vo r tex .  

F i n a l l y  i t  i s  i n t e r e s t i n g  t o  compare t h e  t ype  o f  f r agmen ta t i on  t h a t  we have ob ta ined  
i n  t h e  RPA c a l c u l a t i o n s  t o  t h e  r e s u l t s  o f  t h e  f l u i d  dynamical approach o f  r e f  ./34/. We 
n o t i c e  a  c l e a r  disagreement concern ing bo th  t h e  s t reng ths  and t h e  c u r r e n t s  : i )  we 
o b t a i n  more s t r e n g t h  i n  t he  lower  peak than i n  t h e  h i g h e r  one - which can e v e n t u a l l y  
even disappear - w h i l e  i t  i s  t h e  c o n t r a r y  i n  re f . / 34 /  i i )  i n  RPA t h e  low peak i s  t o  
be i d e n t i f i e d  w i t h  t h e  G ian t  Resonance, so t h a t  t h e  v e l o c i t y  f i e l d  has smal l  t r a n s -  
verse components, and a  v o r t e x  i s  seen a t  h i g h e r  energ ies  ; i n  re f . /34 /  i t  i s  t h e  
low energy s t a t e  which shows v o r t i c i t y  and t h e  second s t a t e  i s  almost i r r o t a t i o n a l .  
As a l r e a d y  mentioned t h e  disagreement m igh t  be l i n k e d  t o  t h e  t rea tmen t  o f  t h e  c o l -  
l e c t i v e  k i n e t i c  energy i n  t h e  c a l c u l a t i o n  o f  t h e  t r ansve rse  component. 

I n  conc lus ion ,  we want t o  s t r e s s  t h e  f o l l o w i n g  p o i n t s .  

1) Semic lass i ca l  c a l c u l a t i o n s  o f  RPA moments a r e  r e l i a b l e  and p rov ide  a  u s e f u l  t o o l  
i n  e x p l o r i n g  t h e  p r o p e r t i e s  o f  nuc lea r  e f f e c t i v e  i n t e r a c t i o n s  used i n  microsco-  
p i c  c a l c u l a t i o n s .  

2) I n  t h e  case o f  t h e  GDR, agreement w i t h  exper iment i s  ob ta ined  f o r  t h e  p o l a r i z a -  
b i l i t y  f o r  d i f f e r e n t  coup lesof  values o f  volume and su r face  symmetry c o e f f i -  
c i e n t s .  The unphys ica l  f r agmen ta t i on  o f  t h e  c a l c u l a t e d  RPA s t r e n g t h  i n  2 0 8 ~ b  
can be accounted f o r  by t o o  l o w  va lues o f  t h e  su r face  symmetry energy. The p re -  
sen t  a n a l y s i s  f a v o r s  va lues o f  5 - 3 5  t o  37 MeV and o f  E,, around-140 MeV. 
However ;one shou ld  keep i n  mind t h a t  t h e  damping m i g h t  a l s o  be a b l e  t o  wash ou t ,  
a t  l e a s t  p a r t l y ,  t h e  unphys ica l  s t r u c t u r e ,  so t h a t  a  va lue  o f  E,, - -100 MeV 
m igh t  be c l o s e r  t o  t h e  t r u e  value. 

3 )  I t has been a  s u r p r i s e  t o  r e a l i z e ,  when e x p l o r i n g  t h e  c u r r e n t s  a t  d i f f e r e n t  
ene rg ies ,  t h a t  t h e  RPA c a l c u l a t i o n s  do n o t  c o n f i r m  t h e  Goldhaber -Te l le r  model. 
When t h e  s t r e n g t h  i s  f ragmented, t h e  l ower  peak ( t o  be i d e n t i f i e d  t o  t h e  expe- 
r i m e n t a l  one) resembles a  Steinwedel Jensen v i b r a t i o n  ( w i t h  a  d i f f u s e  sur face)  
w h i l e  t h e  upper peak shows v o r t i c i t y .  The Goldhaber -Te l le r  f l o w  corresponds t o  
a  minimum i n  t h e  s t r e n g t h .  When a  s i n g l e  peak i s  obta ined,  t h e  f l o w  l i n e s  s t i l l  
resembles t h e  Steinwedel Jensen model i n  t h e  i n t e r i o r  and t h e y  tend t o  c ross  



Fig. 12 - Plot o f  the currents for di f ferent  energies. 
One fourth of  the nucleus only i s  considered. The ver- 
t ical  axis is the z-axis. 
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t h e  surface i n  t h e  z-direct ion.  However there i s  no reason t o  i n t e r p r e t  the  re -  
s u l t i n g  flow as  a l i n e a r  superposition of SJ and GT models, as  i n  ref . /27/ .  
The method presented i n  r e f . / l 5 /  should help understanding t h i s  po in t ,  when ex- 
tended t o  the  case of f i n i t e  nuclei .  

Final ly l e t  us ind ica te  t h a t  the extension of such ca lcu la t ions  t o  f i n i t e  tempe- 
ra tu res  i s  s t raightforward.  Instead of dealing with the  energy of the  system, 
one deals with the  f r e e  energy H-TS and the same formalism then appl ies  ( see  
re f . /37 / ) .  However i t  i s  not c l e a r  t o  us up t o  now whether one should consider 
vibrat ions of an exci ted nucleus as being constant-temperature o r  constant- 
entropy processes. Works i n  t h i s  d i rec t ion  a re  i n  progress /38/. 

The present work resul ts  from an earnes t  col laborat ion with 0. Bohigas and H.Krivine. 
K.  Ando, G.  Eckart,  N .  Van Giai and S. S t r ingar i  a r e  acknowledged f o r  useful discus- 
s ions.  
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