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I t  has been recently proposed a family of rank-one separable potentials (x) which 
fits the nucleon-nucleon scattering data up to 460 ~leV {lab). 

These potentials were tested in different calculations of two- and three-nucleon para- 
meters. In  particular we mention the fact they reproduce fairly well the off-shell 
behaviour of the two-nucleon system. As a consequence of these results it  appears 
interesting to go fm'ther with the s tudy of this new set of potentials. I t  is for this reason 
that  we have investigated their behaviour in connection with nuclear matter.  

I t  is well known that  the binding energy per particle in infinite nuclear matter to 
lowest order in the Brueckner-Goldstone (2) theory is given by 

:I } E <niT[n> -~ <nm]Vlnm--mn> , 
(1) A n<r t +~<~ 

where the sum goes over all occupied plane-wave states, T is the kinetic-energy operator 
and G is the reaction matrix. In  terms of the relative and c.m. momenta,  the G-matrix 
is a solution of the Bethe-Goldstone equation 

(2) <kIGK(w)[k'> = <k[VIk'> - - f  
<klVIp>Q(K,p) <plGr:(w)lk'> 

here Q(K,p) stands for the Pauli  operator and the energy denominator is 

(3) e(K, p,  w) = e(p-4 - K)  + ~ ( p - - K )  - -w , 

where ~ is the single-particle energy and w the starting energy. For the single-particle 
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energy we use the  following prescription:  

(4) 

wi th  

( 5 )  

~ 2  

~ = ~-~ ~ + E(k~), ~ < ~,, 

h ~ 
e a = - -  k 2 k a ~ k~, 

2 M  ~'  

U(k,~) = ~ <mnlOK(w = c,~+ e,dl~nn--nm>. 

In solving the Bethe-Goldstone equation we made the usual approximations : i) angle- 
averaged Paul i  operator,  ii) averaged c.m. momentum -~ and iii) single-particle energies 
of occupied states  (i.e. k~<k~) by  the reference spectrum, i.e. 

~ = ~ + ~ ,  

where A and M* are adjusted by  least squares to the  spectrum obtained from 
eqs. (4) and (5). 

Due to the  fact  tha t  the  present  potentials  are diagonal in the  eigenchannel repre- 
sentat ion,  the corresponding G-matr ix is also diagonal in the  present approximat ion 
and can be evaluated in a simple way.  

The final expression for the  binding energy per  par t ic le  is 

E 3 ~2k~ 4h 2 krf 1 - - ~  ~ + [k.g~"r(kl]2dk 

A ~0 ~U + ~  ~ (2J+~)(2T+])~" J,,.q,T,o~ 
ca 

J~T 2-- 2 Zs r f [xg~, (xl]'Q(_ , x) 
o 1 +  ~ j x 2 + 7  2 dx 

0 

where ~ labels the  eigenchannel (~ = 0, 1, 2 in our case) and 

M 2MA _~2( M )  
7~ = - -  --2]/* kz - -  - - h  ~ -~- -~- 1 - -  ~-~ . 

In  a similar way one obtains for the single-particle potent ia l  

- -  1 ) _ ' %  �9 U(k~) reM ~-" ( 2 J +  1 ) (2T+  JsT 

kp--k m 

f [k. g~(k)]~ dk co 

J x 2 + 7 2 
0 

(kF+km)]2 I 1 f [k .g~S~(k)]2 [k~ --  (2k - -  k,~) 2] dk 
m ~ 

0 

This single-particle potent ia l  U ( k j  was determined se]f-consisten~ly and only few 
i terat ions were necessary to achieve convergence. 

In  the  present calculation we include the contr ibution of all par t ia l  waves up to ~ -~ 2. 
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I n  Fig.  1 we p r e s e n t  t h e  s a t u r a t i o n  c u r v e  for  t h e  s tud ied  po t en t i a l s .  T h e y  s a t u r a t e  
a t  kv---- 1.68 fm -1 w i t h  E / A  = - -  13.16 MeV. T h e  compress ib i l i t y  a t  t h e  s a t u r a t i o n  den-  
s i ty  is 125 MeV. 
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Fig. 1 .  - - -  Saturation curve 
curve  for  the  zS~ + ~D, channel .  
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(binding energy per particle plotted vs. kF). - - - -  S a t u r a t i o n  

A c o m p a r i s o n  of our  r e su l t s  w i t h  t h e  va lues  o b t a i n e d  w i t h  o t h e r  p o t e n t i a l s  is p re -  
s en t ed  in  Tab le  I ,  whe re  we f ind t h a t  t h e  p r e s e n t  p o t e n t i a l s  g ive  a t  l eas t  as  good resu l t s  
conce rn ing  nuc lea r  m a t t e r  as  t h e  ones  o b t a i n e d  us ing  m o r e  c o m p l i c a t e d  i n t e r a c t i o n s .  
W e  note that the c o n t r i b u t i o n  of the a S 1 +  ~D~ c h a n n e l  b y  i t se l f  s a tu ra t e s .  

TABL~ I.  -- The binding energy corresponding to /~F = 1.36 fm -~, the saturation density 
and the corresponding bind/ing energy are tabulated/or di//erent local and sel)avable l~otentials. 

P o t e n t i a l  E / A  for  S a t u r a t i o n  S a t u r a t i o n  Refe rences  
k F = 1.36 f m  -1 k~ (fm -1) E / A  (~IeV) 

R e i d  H . C .  - -  5.6 - -  - -  CLEMENT et al. (a) 

Re id  S . C .  - - 1 1 . 1  1.46 - - 1 2  W o ~ G  a n d  SAWADA (~) 

H a m a d a - J o h n s t o n  - -  6.8 1.26 - -  7.1 WONG a n d  SAWADA (a) 

T a b a k i n  ( r ank  2) - - 1 4 . 7  2 - - 2 1 . 1 5  CLEMENT et al. (a) 

M o n g a n  1 - -  17.48 1.6 - -  19.3 CL]~MENT et al. (3) 

H a m m a n  - - 2 7 . 2 6  - -  - -  CL]~MEN~ et aL (8) 

P r e s e n t  p o t e n t i a l  - -  11.28 1.68 - -  13.6 

W e  conc lude  t h a t  t h e  p o t e n t i a l  r ep roduces  fa i r ly  wel l  n u c l e a r - m a t t e r  p rope r t i e s .  
These  p roper t i e s ,  coup led  w i t h  t h e  s impl i c i ty  of i t s  sepa rab le  fo rm,  m a k e  i t  des i rab le  
for  f in i te -nucle i  ca lcu la t ions .  
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