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ELASTIC  P RO TON AND NEUTRON CRO S S  SECTIONS CALCULATED 

FROM A MICRO S COPIC OPT ICAL MODEL POTENT IAL 

A. LEJEUNE
In stitut d e  Physiqu e , Unive r s ite de Lie ge,  

Sart Tilman , B-4000  Lie g e  I ,  B e l gium 

I .  Introdu ctio n - The empirical  optic al -mod e l  potential  

varie s smoothly  with ma s s  numb e r  and wit h  en ergy.  The refo r e , 

it s eems natu r a l  to r e l at e  the  r e a l  and imagina ry  strengths  of 

t h e  optical  mod e l  potenti a l  ( OMP ) to the  mic ro sc opic proper­

ti e s  o f  nuc l e a r  matte r .  The  latte r can  b e  evaluated  wit hin 

the frame of many-body theorie s ,  t he mo s t  known b eing Brueck­

ne r ' s the o ry in whi ch  t he ba sic ingredie�t ·i s the  r e a l i stic nu­

c l e on-nu c l eon  i nt e r a c tion.  This  a p p ro ac h  d o e s  fo l l ow the p r e ­

s ent t r e n d  i n  nuc l ear reaction  the orie s .  

The theoretic a l  c o n s truction o f  the  OMP i s  reported in a 
s e rie s of pape r s 1 -4) in whic h we u s ed the Reid ha rd c o r e  int e r ­

action.  T he r e s u l t s  are ,  the re f ore , meaningfu l in the ene rgy 

range 0-25 0 HeV. 

B e side s the eva l u ation o f  volume integra l s and rooc  mean 

s q uare  radii of tfie OMP , we r e c e nt l y c a l c u l ated  e l a s tic c ro s s ­

s e c tion s . The  aim was  twofo l d . Fir s t l y, we wanted to s e e  how 

good the di f fe r entia l e l a stic c r o s s - s ections  d e rived from a mi­

c ro scopic OMP a r e . S ec o nd l y, wa s it po s sib l e  to have inf o rma­

tions  on  the s hape  of  t h e  OMP, on  the d e n s it y  di st ribution of  
t he target  and  on t h e  exi stence  o f  a neutron  skin  f o r  t he hea­

vy nucl e i . 

2. Def inition s and fo rmu l ae - The t he o r e iical  OMP , M

i s ,  in gener a � , c ompl e x ,  non l o ca l ,  and e n e rgy dependent.  

( I ) 

The  identif icatio n b etwe e n  the  ma s s  operator  (whic h appe a r s  in  

Dy s o n ' s  e q uation f o r  t he Green ' s  fun ctio n) and  t he OMP , 
+ • . 5 M ( r , r ' ; E) had b e en e stab li shed by  B e l l and Squi r e s ) .

In  the c a s e  o f  an infinite  medium s u c h  as nuc l e ar matt er,  
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M d e p end s o n  l r-r ' I 

t rans fo rma t ion , on  k 
E and t he d e n s i t y  p or , b y  Fo u r i e r  

E a n d  p T h e  op t ic a l -wave func -
t io n  h a s  a phy s ical  mean ing o n l y  fo r "on- she l l "  va l ue s o f  

M (k , E )  , i . e .  for  

E a e ( k )  • i
2

2

k 2 - V ( k , E ) . m P ( 2 )  

Th i s  equat ion  e s tabl i s he s  a func t io na l  d e p end enc e b e t ween  k 

and E 

We no t e  that  add i tlona l c omp l i cat ions  a r i s e  in  the  evalu -

a t ion  o f  M when we take  �n t o  ac c ount t h e  neu t ron  exc e s s  and

the C o u l omb i n t e r ac t ion .

In the s p i r i t  o f  the  Bru ec kne r ' s  theory  for  the  b ind ing  

energy  o f  nuc l ear  ma t t e r , t he ma s s  ope ra t o r  c an be  expand e d  in  

a powe r s e r i e s  o f  t he den s i t y  P , i . e .  accord ing  to  the  num ­

b e r  o f  i nd e p e ndent  summa t ions  ove r  momen t a  f rom O t o  kF
The l e ad ing  t e rm cal l e d t he Bruec kne r-Ha r t ree -Fock approx ima­

t ion  i s  

t "1' 
· 1 1 · ... ... ...

MBHF ( k , E )  = L < J , k  g [ E+ e ( j ) ]  j , k-k. , j > ,
P j .$ kF

whe r e  g [ W ]  i s  the s o l u t io n  o f  t h e equa t io n  

g [ W ]  • v+v 
I + +  + + \" a , b > < a , b j  

L W - e ( a) - e (b)  + i8 g [ W ] .
a , b > kF

( 3 )  

( 4 ) 

The s imp l e s t  approximat ion  f o r  co n s t ruc t i n g  the  op t i c al ­

mod e l  po tent i a l  in a f i n i t e  nuc l eu s  f rom t h e  po t e n t i a l  M
P ( E )

eva l uat ed  in  nuc lear  mat t e r  i s  g iven  by  the  l o c a l  d en s i t y ap-

p ro x ima t ion  (LDA) 

M ( r , E )  m Mp ( r ) ( E ) , ( 5 ) 

whe re p ( r ) i s  the exp e r imen t a l  tar g e t  de n s i t y  d i s tr ibu t i on . 

However  th i s  LDA mu s t  b e  improved  t o  ta ke into  ac c ount  surfac e  

e ff e c t s .  We p ropo s ed t h e  fo l l owing  def i n i t ion and d i scu s s ed  

i t s  j u s t i f ic a t ion i n  Re f . [ 4 ] : 

where  the  rang� t i s  an adj u s t ab l e  parame t e r .  
3 .  Re sul t s  and d i sc u s s i on  - W e  u s ed the  MAGAL I o r  J IB3 c o -
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de s w ith  the OMP (eq .  (6 ) )  g iv en point b y  point as  an  input . 

W e  analyz ed  n and p scattering on v arious n uclei  from 1 2 c 

to  2 0 8 Pb  and w ithin th e rang e 1 0 -70  � eV for protons and 2 -1 5  

M eV for ne ut rons.  T h� para me ter t w a s  chosen equal to  1 . 2 

fm in orde r to rep roduce the v olume integ rals an d th e r . m . s. 

radii of the OM P and to  ag ree w ith c h e  v a lue , g enera ll y use d ,  

f o r  t he " effectiv e  interaction 1 1 6 ) .  

T he t a rg e t  de n sity  dist rib ution,  parameteriz ed b y  � eg ele7 ) 

w a s  used for interm ediate and heav y  n uclei .  F or nuclei  ligh ter 

t ha n  � O c a, the den sity distrib ution g iv en b y  Ref. [ 8 ] g av e  b e t­

ter  ag reem en t .  

Th e ex istence of a neutron skin is  sugg e sted i n  the c a se 
of n uclei Sn,  Pb  and B i . Indeed,  the b e st re sul t s  are ob tai­

ned  from a difference  of  0 . 1 fm. b etw een the r . m . s .  radii for 

ne utron and proton.  

Th e full curv e s on fig ure I show th e results .  K eeping in  

m in d  th at  the theory contain s b ut one para meter ( t) , the 

compa ri son w ith  ex pe rimenta l data seem s to b e  stim ulating ly  

g ood. 

The theore tical cross-section s can b e  im prov e d as  show n  b y

t he dashed  curv e s.  T he se hav e b een ob ta ined b y  decrea sing the 

depth of t he imag inar y part b y  6 to 2 0  % depend ing on t arg ets  

and  energ y, the  depth  of  the  real  part  rema ining near ly unch an­

g ed .  This  · renormal iz ation can ac tually b e  j u stified b y  t he 

facts  { i) most nucl ei studied here are m ag ic and prop � r t ie s  de­

riv ed from n ucl ear m at ter incl ude ne ither shel l effect s nor 

centre of m ass cor rec tion s ; ( ii) inclusion of hig her orders 

in  t he e x p an sion of the m a ss opera tor should imp rov e  the re­

sul ts.  
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Fig . 1 - D i f f erent ial ela s t ic sc atterin � cro s s -secti o ns for  

6 1 . 4  MeV  p r oton s on  var ious  nuclei . The ful l c urves  a r e  ob­

tained  from t he t heoretical  micr oscopic optical-mod e l  p ot,n­
tial . The dashe d  curve s r e sulted  from t he re normalization  o f  
t h e  d e p t h  o f  the OMP . 
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FUSION BARRIER AT SUB-COULOMB ENERGIES 

Y. Avishai
Department of Physics , Ben Gurion University, Beer Sheva, Israel

111e barrier seen by an incoming nuclei at sub-Coulomb energies is assumed 

to be pure Coulomb to the right of the maximum, and an inverted half  para­
bola to the left of the top , namely 

where E0 , R0 , 1fw0 are the height , the position, and the curvature of the

s wave effective interaction . The Hil l-Wheeler expression for the partial 
wave transmission probability for c .m .  energy E is 

where the first two terms in the exponent are due to the penetration through 
the half parabola ,  while 

C (E) = '11'11 - 2{ {2np0 - p�)� + n arc sin.[ CP0 - n)  /n] }

(with 11 = µZ1z2/h2k and Po = k R0) ,  results from the penetration through
the Coulomb part . The total reaction cross section aR can therefore be
calculated exactly, i . e .  

m Ro�Wo . E (2L+l) P (L ,E) = �E � tn{ l+exp [ff (E-Eo) /-hL>o - C(E) ] }  
L=O 

which is the natural extension of Wong ' s (1) expression to the low energy 
domain_. The success of our expression is demonstrated in Fig . I ,  where the 
nuclear S factor S = aFE exp(2�n) (ap = fusion cross section, and
aF = aR at very low energies) is compared with several experimental results
reported by Stokstad �· (2) .  
(1) C .Y .  Wong, Phys . R�v . Lett . 31 (1973) 766 .
(2) R . G .  Stokstad et al . ,  Phys . Rev : Lett . 37 (1976) 888 .
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Figure caption 

Fig. l - � - Ecperim.ental results and optical Jl!Odel 
calculations (solid lines) trom Ref. la, 
accompanied by our results ( dashed-lines) ,
in which R0 , E

0 and 1i'i, have been calcula­
ted from a Saxon-Woods Potential with V0 a 

40 MeV, r0 • 1.23 fm and a m  0.4 fm. The 
results of reactions l ,  2 ,  and 4 are divi­
ded by 1000 , 10 , and 10 respectivelj". The 
dash-dot line represents the results for 
c

13 + c12 assuming pure parabolic barrier. 

Right - Effective interaction, parabolic barrier 
and the barrier BL(r) for L . O 016 + 016

reaction, with the potential defined above. 
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