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D ynam íca l co rrec tio n s to  the single partic le  p o ten tia l are (perturbatively) evaluated . 
T he co rrec tions to  m*/m  resu lting  from  the coupling  of independen t (effective) ferm ions 
to  collective v ib ra tio n s (low energy m odes) a re  ana lyzed  w ith in  the N F T  form alism . 
T he results for the ^°®Pb are  discussed.

1. Introduction

T he m o tio n  o f nucleons w ith in  a nucleus can  be 
described  to  a  reasonab le  degree of ap p ro x im atio n  
as ind ep en d en t particles m oving  in  a n  average sta tic  
p o ten tia l. T he average (H artree-F ock ) p o ten tia l in ­
troduces th ro u g h  its exchange p a r t a n o n  local term  
in th e  single partic le  field. In  lim iting  s itu a tio n s (nu­
clear m atte r) th is n o n  locality  is app rox im ate ly  d e ­
scribed by dressing the  particles w ith  an  effective 
m ass [1, 4].
F o r  finite nuclei, on  the o th e r  hand , the coup ling  of 
ind iv idual particles to  the collective m o tio n  o f the 
system , renorm alizes the one body  p ro p ag a to rs  
th ro u g h  a highly non  local, energy d ep en d en t in- 
te rac tio n  [5, 7]. T he co rrec tions to  the single p a r ­
ticle m o tio n  th a t a re  thus p roduced  have  a dynam i- 
cal character.
In  th is w ork we co n cén tra te  on  the study o f these 
la tte r  effects. In  early  ca lcu la tions [ 8], it was found 
th a t the  low energy (em pirical) single partic le  spec- 
tru m  is system atically  com pressed  as co m p ared  to  
the eigenvalues of a sta tic  W ood  Saxon  well. As 
re la ted  quan tities, bo th  the “ ií-m a ss” an d  the  “ A:- 
m ass” have been calcu lated  recen tly  [2, 9, 11]. The 
relevance o f th e  dynam ica l effects due to  co rre la ted  
m otions, w as aga in  b ro u g h t up  recently  in  connec- 
tion  w ith the stru c tu re  o f th e  g ian t collective m odes 
in  fm ite nuclei [12, 14]. In  Ref. 12 an  estím ate  is 
m ade of the ad d ítio n a l co rrec tions to  the m */m -ratio
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th a t shou ld  be in tro d u ced  as a consequence o f the 
dynam ícal effects in the R P A  d escríp tio n  o f one 
p h o n o n  states. T he “ bu íld in g -b lo ck s” p ic tu re  o f fer- 
m íon ic an d  boson íc  degrees o f freedom  [15] can  be 
applíed , w ith in  the fram ew ork o f (effective) p e rtu r-  
b a tio n  theoríes, in o rder to  ac co u n t for those  
dynam ica l effects.
In  the p resen t paper, we discuss to  w hich ex ten t the 
p artic le -p h o n o n  coupling can  ap p ro x im ate ly  be d e ­
scribed, a t low  energy, by a  redefm ition  o f the sta tic  
p ropertíes o f th e  independen t partic le  m otion .
In  Sect. 2 we review  the form alism  th a t leads to  the 
defm ition  o f  an  effective m ass, consísten t w ith the 
p a rtic le -p h o n o n  coupling, w hich has to  be regarded  
as the signa tu re  o f the  above m en tio n ed  dynam ícal 
effects (thus sim ilar to  the one in tro d u ced , e.g. by 
M igdal [16]). In  Sect. 3 we illustra te  the form alism  
for the case o f a sim plífied m odel. T he s itu a tío n  
p revalen t in  th e  región of ^°®Pb is ana lized  in 
Sect. 4. C onclusíons a re  d raw n in Sect. 5.

2. Review of the Form alism

T he S chrod ínger eq u a tio n  for a single p artic le  (s.p.) 
in the  m any  body  system  involves, in general, a  non  
local p o ten tia l energy term . T o fíx ideas we m ay 
th ink  th a t //^ (r) is an  average s.p. p o ten tia l an d  th a t 
F{r,r' ,e)  describes the coupling  to  collective m odes, 
thus
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Ho(r)i^{r) + ¡d^ r '  F{r, r', s) ^ (r ')  =  # ( /• ) . (1)

T o  ac c o u n t pertu rbatively  for the n o n  local charac- 
te r o f  F , the in teg ral term  of (1) is expanded  in  term s 
o f  th e  m o m en t o p e ra to rs  [17]

e) =  ̂  j  n>-, r', e) f l  (r -  r % d ^ r ' ; 
■ i= l

^ ¡ = 1 , 2 , 3  

to  get

j  F(r, r', e) ^{r') d^r'  =  [ f

(2)

(3)

(5^. denotes a p a r tia l derivative o p e ra to r  an d  a sum - 
m a tio n  over rep ea ted  Índices is assum ed).
T he iso trop ic  te rm  o rig ina ted  in  the second  m om en t 
o p era to r reads

f '">(/-, e) =  j  F(r, r', s){r' -  r) ■ { f  -  r) d^ r' (4)

The r.h.s. o f  (3) can  be w ritten  in  h e rm itian  form  
[17], p ro v id ed  th a t the second an d  h igher o rd er 
derivatives o f  all m o m en ta  o f o rd er s ^ 4  can  be 
neglected, and , u n d e r  this assum ption . ( 1 ) can  be 
recast in to  the  form

(5)

w here the s.p. (effective) po ten tia l H q \ t )  includes the 
co rrec tio n s to  H q{t) b o th  in  the k ine tic  energy term  
an d  in  the p o ten tia l te rm  arising from  the  m om ent 
exp an sió n  of F  [16, 17], nam ely
i)  T h e  effective k in e tic  energy term , w ith the  m ass- 
ra tio

m / m ,,, \  / ¡dF ^° \
dE 1. (6)

and ,
i i ) T h e  effective one body  p o ten tia l

V e f f / /5F«»

de

(7)

w here e ¡ denotes the u n p e rtu rb ed  s.p. energy th a t is 
closer to  the eigenvalue s o f (5).
T he d en o m in a to r  a p p e a rin g  in  (6) can  be in te rp re ted  
as the residue o f th e  G re en ’s function  a t the  one 
quas ipartic le  pole (th a t is the spectroscopic am pli- 
tude to  po p ú la te  the s.p. s ta te  in a ony body  transfer 
p rocess); referred to  as the  £ -m ass [2]. T he num er- 
a to r  is essentially  re la ted  to  th e  n o n  local charac ter 
o f F  an d  is usually  referred  to  as the fc-mass [2].

B oth  co n trib u tio n s  (the £ -m ass an d  the  fc-mass) have 
been  stud ied  in  deta il for the case of infin ite m edia 
[2, 4],
A t this po in t, a decisión has to  be m ade in  o rd er to  
select a  p ro p e r basis for the expansión  o f F. W e thus 
recourse  to  the N uclear F ield  T heory  (N F T ) [18], 
th a t is different to  the usual fram ew ork  used for 
infin ite system s (i.e., B ru eck n er-H artree-F o ck  o r  low 
density  ap p ro x im atio n s [2]). W ith in  the  N F T  it is 
assum ed  a n  expansión  in pow ers o f  the degeneracy 
th a t allow s to  take in to  accoun t the  coup ling  o f s.p. 
an d  low  energy collective degree of freedom .
In w hat follows, we illu stra te  the  coup ling  m echa- 
nism  betw een  partióles an d  phonons, w ith in  the 
N F T , as a source of the  dynam ica l co rrec tions to 
the  s.p. m o tion . (F o r a  de ta iled  d escrip tio n  o f the 
theory , we refer the  reader to  the review  p ap e r [18]). 
W ith in  th is con tex t, we a ttem p t to  eva lúa te  the va- 
lidity  o f (6) for the F -kerne l w hich p roved  to  be 
su itab le  for the descrip tion  o f the s.p. spec tra  a ro u n d  
"°«P b [6 ].

3. A Schem atic M odel

In  th is section  we discuss the dynam ica l co rrec tions 
to  the  effective m ass w ith in  a schem atic  m odel. W e 
consider N  ferm ions m oving in a o n e ’ d im ensional 
h a rm o n ic  o sc illa to r well o f frequency Wg th a t we 
tak e  as the self consis ten t one body  po ten tia l. E ach 
h arm o n ic  single p artic le  level can  be occup ied  by up 
to  Q particles. If  we allow  for collective oscillations, 
the low est o rd er dynam ical co rrec tio n  to  the  one 
body  p ro p a g a to r  (Fig. 1 A) co rresponds to  the  p ro ­
cess of (Fig. IB). T h e  collective m odes a re  ta k en  to  
be o f the  partic le -ho le  n a tu re  an d  are  eva lua ted  
w ith in  the R P A . T he residual tw o-body  in te rac tio n  
th a t we assum e to  be active has the form *

V{x, x') =  Vo exp [  -  (x^ +  x ' 2)/a^]. (8)

T he R P A  frequencies th a t co rresp o n d  to  the 
“ b re a th in g ” m odes, a re  the roo ts o f th e  d ispersión  
re la tio n :

1
(9)

T h ro u g h o u t, we use the n o ta tio n  n > i í f ,  iip
labels th e  last filled shell. T h e  energy £„ñ =  s„-£ í¡ =  («

* T h e  in te ra c tio n  (8) m o ck s u p  a  re s id u a l m u itip o le -m u ltip o le  
in te ra c tio n  w ith  a  m u ltip o la r ity  th a t  g ees  ro u g h iy  as th e  inverse  
o f  th e  ra n g e  a. T h is  c a n  be  ch eck ed  in v estig a tin g  th e  d is tr ib u tio n  
o f th e  su m  rule,

Sr = XBs = i:W'sl<SI
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Fig. 1. A D ia g ra m m a tic  re p re s e m a tio n  o f  th e  D y so n  eq u a tio n . 
T h e  box  rep re sen ts  any  irred u c ib le  p rocess in v o lv ing  fe rm ion ic  
a n d  b o so n ic  lines. B R e p re s e n ta tio n  o f  th e  low est o rd e r  p ro cess  
re n o rm a liz in g  th e  free p ro p a g a to r . P a rtic le -h o le  b o so n s  a re  label- 
led  by  s a n d  s ing le  p a r t id a  s ta te s  by  v. T h e  ve rtex  fu n c tio n s  A  
c o u p le  fe rm ion ic  a n d  co llective  m odes. C P a r tic u la r  case  o f B in 
w h ich  o n ly  on e  in te rm e d ía te  State is a ssu m ed  to  be ac tiv e  (see 
Sect. 3)

— ñ)hw^  is the un co rre la ted  particle-ho le energy. 
T he vertex functions th a t couple the single p a r ­
tióle an d  collective degrees o f freedom  are [ 6 , 15],

1
- L

. \V - \^4e - W' I nn\ ^'^nn  ̂ s
(10)

O nce the vertex  functions / l ,  are  defined we have all 
the ing red ien ts to  calcú late  the  kernel F in the har- 
m onic  osc illa to r rep resen ta tio n :

- Í L .
E -E „ . , - W ^  E + E„..+ Ŵ (11)

n",s

l - 0 „ „

w ith

c „ „ . = i ( i - ( - r " " ' ) ;  o„ =
U n > n p  
1 n ^ i i /

A fter expressing F  in  the co o rd ín a te  rep resen ta tio n , 
the effective m ass ra tio  ^ ( x , e) can  read ily  be calcu- 
lated. In  F ig s .2 A  a n d  2B we p lo t /u(x , e) for different 
valúes o f an d  a. T he energy d ependence  of /i(x, k) 
is given by the energy d en o m in ato rs  o f F„„,(e) (11). 
T his is a sm oo th  function  of e except in the  región 
w here |£| H^|. T he valúes o f c considered  here,
a re  far from  these singularities since we ta k e  them  
cióse to  the  (unpertu rbed ) s.p. energy co rresp o n d in g  
to  the  first em pty  (full) level above (below) the  F erm i 
level. In  o u r ca lcu la tion  we take for k the valué th a t 
is o b ta in ed  from  the exact so lu tion  o f the D yson  
eq u a tio n  using the p rocedu re  of [ 6 ].
As long as the residual in te raction  is o f sh o rt range 
( a<b)  the  function  n(r,E) is seen to  have m ost o f its 
s tru c tu re  inside the  harm on ic  o sc illa to r well and  
a p p ro a ch  un ity  ou ts ide  (Fig. 2 A). T he m ost im por- 
ta n t effect o f an  increase in is th ro u g h  a change 
in  ylj th a t diverges for valúes of w here (9) has a 
ro o t a t zero energy. As Vq app roaches th a t phase 
tran s itio n  región, the  low est R P A  ro o t FFi tends to  
collect a la rger fraction  o f the sum  rule. C o rresp o n d - 
ingly, the osc illa tions o f /i('',e) becom e larger. This 
b eh av io u r is enhanced  for larger a. All these results 
p o in t to  a co rre la tio n  betw een an  increasing  im por- 
tance  o f n o n  local effects an d  a c o n c en tra tio n  of 
collective features in the R P A  m odes.
T o  discuss the sp a tia l s tructu re  of the kernel an d  the 
fact th a t is an  oscilla ting  function  o f x let us consid- 
er tw o ex trem e cases. In  the s itua tion  a)  we  assum e 
th a t all partic le  (hole) vertex functions can  be re- 
p laced  by a n  average valué A ^(A J  an d  th a t the only 
in te rm ed ía te  State to  w hich the State v is coupled , is 
bu ilt by the sam e sta te  v plus a boson  o f frequency 
W  (Fig. IB). In th is  case all particle  (hole) levels are 
shifted by the sam e am o u n t F̂. ( f  );

(12)

T he s itu a tio n  b )  is q u ite  the opposite. W e assum e 
th a t as a resu lt o f the  coupling to  the  collective 
m odes only  the first em pty  an d  last full levels are 
affected, being  shifted by the sam e am o u n t b u t in
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Fig. 2 A  and B. Effective  m ass  ra tio  as  a  fu n c tio n  o f  x  for
s h o r t  A  a n d  lo n g  B ra n g e  forces, th e  v a lu é  W  th a t  lab e ls  each  
cu rv e  is th e  energy  o f  th e  low est RPA ro o t  (9) in u n its  o f  the  
freq u en cy  o f  th e  c en tra l o sc il la to r  well. T h e  c a lcu la tio n  in- 
v o lv es  th e  b o so n  sp ace  o f  Fig. 1. F e rm io n s  a re  a ssu m ed  to  fill fou r 
o s c il la to r  shells («^ =  3) a n d  a re  a llo w ed  to  m o v e  u p  to  »„aj =  8. 
T h e  a r ro w  o n  th e  a b sc issa s  in d ica tes  th e  “ ra d iu s ” o f th e  system  
d e fín ed  by  th e  la st o ccu p ied  o rb it

o p p o site  d irections

(13)

T he co rrespond ing  kerne ls in  the co o rd ín a te  repre- 
se n ta tio n  are :

FJx ,x ' )  = F,^ X + I
v'p >  V f  v;, S  y y

and

Fb(x, x') =  i(x) i(x ') -  (p*^{x) (p.^ix'))

=  K J P p h ( x , x ' ) - p { x ,  x')). (15)

In  (14) an d  (15) p (x ,x ')  is the one body  density  
m atrix  an d  Ppf,{x,x') co rresponds to  the density  dis- 
tr ib u tio n  ob ta in ed  by p ro m o tin g  partió les from  the 
last filled shell to  the first em pty  ievel. In  (14) we 
no tice an  irre levan t local com p o n en t p ro p o rtio n a l to 
6(x — x') th a t shifts all (partic le  and hole) levels by 
the sam e am oun t. T he n o n  local term  is given by 
p(x , x ' )  tim es the core p o la riza tio n  óhojQ. In  this 
case the  beh av io u r o f ¡x, follows th a t o f íh e  density, 
being rough ly  co n stan t in  the in te rio r o f the nucleus 
an d  a p p ro a ch in g  unity  outside.
In  a  general s itu a tio n  it is n o t possib le to  define the 
average valúes an d  because levels cióse to  the 
F erm i surface a re  affected in a  different way than  
those far from  it. W e ap p ro ach  in this w ay to  the 
second  o f the ex trem e p ic tures considered  above. In 
(15) the non  locality  is no  longer de term in ed  by p 
b u t ra th e r  by its (particle-hole) fluctuations. As a 
consequence p  p resen ts the oscilla tory  beh av io u r 
th a t we observe in Fig. 2. T his feature is a  signa tu re  
o f a  com plicated  type o f  non  local effects th a t are 
o rig ina ted  in the  coupling  to  the low energy v ibra- 
tions o f the m any body  system.

4. A Realistic Situation

W e now  proceed  to  the analysis o f the realistic 
s itu a tio n  p reva len t in  the valence o rb ita ls  cióse to 
the  F erm i surface o f  the  ^°®Pb core. As fas as non  
local effects are concerned , we follow  th e  p rocedu re  
o f lum ping  them  in the second m om en t o f the kernel 
F,  perfo rm ing  a n  average over all valence orbitals. 
W e thus define the expectation  valué

/ 'v  =  < '1 p[i\ c) |v >  =  ^1 (« v )) (16)

= F ^ b ( x - x ' ) - { d E ^ - Ó E j p [ x , x ' ) (14)

(w orking  in the sta te  rep resen ta tions ra th e r  th a n  in 
the  co o rd ín a te  represen tation).
In  (16) is the residue of the G re en ’s function  at 
the one q u as ip artic le  pole an d  is the b a re  single 
p artic le  energy th a t is closest to  it. W e first consider 
the energy d ependen t effects (£ -m ass) [9 -1 1 ] as con- 
ta ined  in the residue a l -  In  the presen t ca lcu la tion  
we use the so lu tion  of the  D yson  eq u a tio n  displayed 
in  Fig. 1 A. T he residues a-l can  be ca lcu la ted  using 
the  W ard  iden tity  th a t is equivalen t to  im pose th a t 
the dressed ferm ions a re  eigenstates o f  the num ber 
of partióles o p e ra to r  [19].
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T h e collective m odes of the are described by
the  R P A  d iagonaliza tion  o f a residual m u ltipo le  
isovecto r an d  isoscalar p artic le  hole in te rac tio n  w ith 
m u ltip o la rity  /  (0 < Á ^ 9 ) . T he stren g th  of the  iso­
sca la r coupling  constan ts are de term ined  by the self 
consistency  co n d itio n  of requ iring  th a t th e  average 
over all nucleons o f the single partic le  m ultipo le 
field m ust be equal to  the co rrespond ing  defor- 
m a tio n  am plitudes o f  the cen tral p o ten tia l [20]. The 
isovecto r streng th  is ob ta ined  from  optical po ten tia l 
In fo rm ation  [21]. This residual in te rac tio n  provides 
a  fairly good  descrip tion  o f the  g ro u n d  State re­
sponso function  [1 ]. W e refer the reader to  [ 6]  for 
fu rthe r num ericál details such as tab les o f exc ita tion  
energies an d  B E  a valúes o b ta in ed  w ith in  th is fram e- 
work.
T he single partic le  sta tes are  taken  from  the experi­
m en ta l evidence. This is certain ly  no t a  clean choice 
since the em pirical valúes have a lready  bu ilt in  all 
possib le ren o rm aliza tio n  processes. A choice free of 
this p rob lem  w ould im ply a p ro ced u re  such as th a t of 
[22]. This lengthy ca lcu la tion  is beyond  the  scope of 
the p resen t pap e r an d  w ould  n o t affect the m ain  con- 
clusions th a t a re  d raw n  from  the p resen t d iscussions 
tha t, as we shall see, are based  on  average estim ates. 
W e restric t o u r  analysis to  the  n e u tró n  single p a r­
ticle space since the b ehav iou r o f p ro to n s is com - 
pletely ana lo g o u s add ing  no  fu rthe r insight in to  the 
problem . N evertheless p ro to n  sta tes a re  inc luded  in 
the R P A  descrip tion  of collective bosons. W e refer 
the read er to  [ 6]  for fu rther techn ical details.
T he general features o f the th a t are relevant to 
the  d iscussion can be sum m arized  in  th e  follow ing 
com m ents:
a )  T he valúes of th ro u g h o u t the last filled and  
first em pty  shell are  roughly  the  sam e for all states. 
h)  A n average valué can  be defined as:

I

T ypical valúes o f 0.8 are  o b ta in ed  w ith a space 
o f in te rm ed ía te  sta tes th a t include partic le -ho le  an d  
pairing  b oson  w ith  0 ^ / g 9  an d  ferm ion  sta tes be- 
longing  to  one m a jo r shell above an d  one below  the 
F erm i surface.
c )  Som e ind iv idual valúes o f for a few sta tes 
(no tab ly  the j '1 5 /2) are  sensible to  the rela tive po- 
sition  o f one an d  th ree quasipartic le  states.
T he sig n a tu re  o f the coupling w ith s trong ly  co l­
lective m odes can  be investigated  m ore  closely by 
b reak in g  up  the valué of in to  the c o n trib u tio n s  
of each m u ltip o la rity  involved in th e  ca lcu la tion  
(Fig. 3). T he low m ultipo le m odes, n o tab ly  the 3~ 
(2.62 M eV) state , are  seen to  be th e  m ain  respon- 
sibles for the d ep a rtu re  from  un ity  o f 
These valúes for the residues a re  a lm ost the sam e 
as those of R ef 14 (cf T ab le3  R ef 14 an d  Fig. 6 
R e f 6 for num ericál details) an d  slightly  la rger 
( ~ 1 0 % )  th a n  those  o f [7 ] in w hich is used a L an- 
dau -M igda l type o f residual in te rac tio n  w ith  finite 
range corrections. In  bo th  these references no  special 
co n sid era tio n  is m ade of the non  local effects arising  
from  the partic le  v ib ra tion  coupling.
W e now  tu rn  to  consider these (/c-mass) co n ta in ed  in 
the second  m om en t of the kernel. T h e  m atrix  ele- 
m en ts of the second m om ent can be w ritten  in te rm  
o f the  m atrix  elem ents o f the kernel F  as:

C _'’pOí)‘̂ p(h)— —

P(h)

(17)

f  *?’(£) = F „Je )  Z  i C i T o )  N)
N

- 1 ( f„ ,.  (e) +  2 f„^(£)) X  /1V 4‘Í N)  (18)
N

w here
00

O

=  (19)
o

being  R„,(r) the rad ia l w avefunction.
W e notice th a t (18) only involves the 1 = 0 an d  1=1 
com ponen ts o f F  due to  the selection  ru les o f the

F ig . 3. D e p a r tu re  from  u n ity  o f tlie  
a v e rag e  sp ec tro sc o p ic  fa c to r  (17) as  a 
fu n c tio n  o f th e  m u ltip o la r ity  o f  th e  
co llective  (p a rtic le -h o le ) m o d es  in c lu d ­
ed in F. T h e  m a g n itu d e  S p(S J co rre - 
s p o n d s  to  th e  a v e rag e  o v e r th e  first 
(last) em p ty  (o ccu p ied ) m a jo r  shell. 
F u ll (dashed ) lines a re  re su lts  o b ta in e d  
w ith  on ly  iso sc a la r ( iso sca la r  p lu s 
isovec to r) b o so n s



140 O. C ivitarese et al.: Partic le-V ibration  C oupling

Fig. 4. A veraged  seco n d  m o m e n t 
(20) a n d  th e  c o rre sp o n d in g  

effective m ass ra tio  /j(í:) ( in c lu d in g  
th e  fac to rs) a s  a  fu n c tio n  o f  the 
energy . T h e  d is ta n ce  b e tw een  th e  
b a re  a n d  p o la r iz e d  c e n tro id s  of 
p a rtic le  a n d  h o le  levels a re  in d ic a ted  
in th e  u p p e r  p a r t  o f  th e  figure. Full 
a n d  d a sh e d  Unes h av e  th e  sam e  
m e a n in g  as in  Fig . 3

Fig. 5. C o n tr ib u tio n s  to  th e  second  
m o m e n t (20) fo r e ach  m u ltip o - 
la rity . T h e  en erg y  c is ch o sen  c ióse  
to  th e  c en tro id s  o f  (n e u tró n )  p a rtic le  
(£ s ;3 .5 M e V )a n d h o le (£ s=  - l .S M e V ) .  
F u ll an d  d a sh e d  lines  h av e  th e  sam e 
m ean in g  as in Fig. 3

rad ia l m atrix  elem eiits. W ith  these valúes (18). we 
thus define the average q u an tity

(20)

T his is to  be ev a lu a ted  a t energies o f the o rd er o f 
the cen tro ids of th e  p artic le  an d  hole s.p. levels. T he 
function  F '^ ’(fi) is show n in Fig. 4 toge ther w ith the 
ra tio  /í(fí) includ ing  the factors
T he valúes of ¡.i for ho le sta tes are seen to  behave 
a lm ost co n stan tly  in  the energy range  betw een the 
b a re  an d  po larized  cen tro id s w ith  0.70 ^ 0 .8 5

this liinits depend ing  on  w hether the isovector mo- 
des are considered  or not. The range  o f v a ria tio n  of 
/'pariicies ín stcad  larger in the co rresp o n d in g  energy 
range w ith valúes /íp^r,¡,.|es~0.45. T his is in direct 
re la tio n sh ip  w ith  the larger change o f the  cen tro id  of 
partió les levels as com pared  w ith  th a t o f holes.
T hese results o f fi are  som ew hat sm ailer th a n  those 
o b ta in ed  in [23] in which a n  ana ly tic  expression  of 
the kernel F  is ob ta ined  th ro u g h  an  averag ing  pro- 
cedure over in te rm ed ía te  partic le -boson  states.
T he non  local effects acco u n ted  for in (20) can  be 
inspected  in m ore detail fixing the valué o f r in the 
above m en tioned  reg ions an d  p lo tting  separate ly  the 
co n trib u tio n s  o f each inu ltipo larity  a (Fig. 5). T here
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T able 1. Sing le  p a r t id e  energ ies o f a n  o d d  n e u tró n  in  th e  p resen ce  
o f  th e  co re

J [M eV ] J [M e V ]

0 h

1 f
0 i 
2 P
1 /  
2 P

9/2
7/2

13/2
3/2
5/2
1/2

-5 .17
-4 .0 4
-3 .3 3
-2.61
-2 .2 7
-1 .7 0

1 g
0 i 
0./ 
2 d 
3 s

1 g 
2 d

9/2  
11/2 
13/2 

5/2 
1/2 
7,'2 
3/2

1.70
2.48
3.13
3.27
3.74
4.20
4.24

are  several po in ts th a t are  no tew orthy . In  the first 
place, we find the sam e feature d isp layed  in Fig. 3 in 
the sense th a t the largest co n trib u tio n s  are due to 
the  low est valúes o f / .  In  this case la rger oscillations 
are found for even an d  odd  valúes o f A, d isp lay ing  in 
th is fashion th a t non  local effects can  hard ly  be 
represen ted , in  low energy, by the single num ber 
arising  from  the average o f the expecta tion  valúes of 
the second m om en t F*^’(e). W e thus recover the fea- 
tu res concluded  from  o u r schem atic  m odel o f Sect. 3. 
In the second  place, even an d  odd  m ultipo la rities 
largely cancel the ir effects w ith each o th e r  giving a 
to ta l co rrec tion  th a t is sm all co m p ared  w ith each 
ind iv idual con tribu tion . In  the last p lace we no te 
th a t the inclusión  of the isovecto r m odes have a 
significant co n trib u tio n  enhancing  ra th e r  d ram ati- 
cally the p a tte rn  ob ta ined  w ith  only T  =  0 bosons.

5. Discussion and Conclusions

In  th e  preceeding sections we have analyzed  the non 
local effects an d  the effective m ass induced  by the 
coup ling  of ind iv idual nucleons to  collective nuclear 
surface oscillations.
T he valúes o f the spectroscop ic  factors as s ignatu re  
o f energy dependen t effects are discussed in the 
^°®Pb case. These a re  alm ost independen t o f the 
exc ita tion  energy of the  s.p. levels an d  m ay present 
sin g u lar behaviours for individual cases u n d er the 
form  o f a fragm en ta tion  of the one body  transfer 
strength . This s itu a tio n  arises w henever tw o single 
particles energies u n d  an d  one collective fre- 
quency  W  a re  tuned  to  each o th e r in such a way 
th a t fi,,| =8^,^-H causing a van ish ing  energy denom i- 
n a to r  in F̂ , F rom  the physical p o in t o f view this 
k ind  o f  resonance im plies th a t a nucleón  in the level 
Vj has a  large am plitude  to  change to  level Vj as a 
consequence of being w eakly coupled  to  the  co l­
lective v ib rational field. This feature is nevertheless 
taken  in to  acco u n t by this trea tm e n t; since the ker- 
nel is evaluated  sum m ing  up  a n  infinite series of 
d iagram s. In the  P b  región we averaged  the particle 
an d  hole spectroscopic factors to  p rov ide a num ber

th a t can  be associa ted  to  the w hole o f each  o f the 
tw o shells involved in the ca lcu la tion* . If th is is 
b ro k en  up  in to  the co n tribu tions o f each  m ultipo - 
larity, low  valúes o f Á and  stro n g  collective m odes 
share  the largest con tribu tions.
T he n o n  local features o f the kernel as m easured  by 
the  second m om en t are stud ied  w ith in  the
fram ew ork o f a schem atic m odel an d  in  the realistic 
situ a tio n  o f ^°®Pb. In  the ^°®Pb case we define av ­
erage valúes for particle  and  hole s.p. levels. In  spite 
o f the  fact th a t we only consider averaged  valúes the 
non  local effects still show up  as can  be seen in the 
large oscilla tions show n in Fig. 5.
W e find aga in  th a t is particu la rly  sensitive to  the 
low est m ultipo les w ith  large cance lla tions betw een 
the co n trib u tio n s  o f even an d  odd  This feature is 
com pletely  sim ilar to  th a t found in [6 ]  studying  the 
p o la riza tio n  o f the ^°®Pb core (see Fig. 5, R e f6 ). 
This resem blance is o f course n o t casual. F ro m  the 
arg u m en ts  a t the end o f section  3 it follow s th a t if 
we lim it o u r analysis to  the average b eh av io u r o f 
partic le  an d  hole levels the ab so lu te  m ag n itu d e  
(ra ther th a n  the  range) of the  non  local effects in ¡.i is 
given precisely by the core p o la riza tio n  óhco. T he 
coupling  o f single particles an d  co llective m odes do 
give rise to  a com pression o f the single p artic le  
spectrum  in th e  ne ighbourhood  o f th e  F erm i surface. 
As long  as th is is considered as a n  average effect it 
m ay be th o u g h t o f as an  energy -dependen t rede- 
fin ition  o f  the m ass of the valence nucleons. H ow ev- 
er the energy dependence an d  non  local features 
show  them selves very sensitive to  the n a tu re  of the 
low  energy nuclear collective m otion . T his influence 
m ay be indeed  so im p o rta n t as to  inva lída te  the 
tru n ca tio n  o f the m om ent expansión  to  the second  
order. These features ham per any  fu rthe r refinem ent 
in the  use o f the concept o f an  effective m ass a t low 
energy for finite system s as a way o f m ock ing  up  the 
coupling  o f s.p. an d  low energy collective v ibrations. 
T hus, for in stance a redefin ition  o f the  m ass o f n u ­
cleons m oving  in p a rticu la r  partic le -ho le  configu- 
ra tio n s  th a t coheren tly  bu ild  up  a collective m ode, 
shou ld  be considered  as an  extrem ely  crude approx i- 
m a tio n  th a t perhaps am o u n ts  to  n o t m ore  th an  in- 
troducing  a n  ad  hoc free param eter. This only  ac- 
quires physical m ean ing  in the  very restric ted  si- 
tu a tio n s  in w hich no strongly  collective m odes are 
p resen t an d  th ree qu as ip artic le  sta tes rem ain  un- 
coupled.

T h e  a u th o rs  w ish  to  a c k n o w led g e  help fu l d iseu ss io n s  w ith  D rs. 
G .G . D usse l a n d  H .S. K o h le r  a n d  to  D r. D .R . Bes fo r re a d in g  th e  
m a n u sc r ip t  a n d  m a k in g  m a n y  v a lu a b le  suggestions .
T h is  w o rk  w as p a rtia lly  s u p p o rte d  by  th e  C O N IC E T  th ro u g h  the  
C a r re ra  del In v e s tig a d o r C ien tifico .
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