


1. Introduction 

At the present there is a growing interest to understand the pro- 

perties of nuclear matter on the basis of the underlying quark sub- 

structure. Whereas now a first principle QCD-approach to 

this problem cannot be realised, a semiphenomenological quark 

potential approach can be successfully applied to work out the 

description of hadronic properties within a quark picture. 

Nonrelativistic quark models have been proven remarkably useful in 

describing the hadron spectroscopy [I]. Many efforts have been 

made to derive the hadron-hadron interaction from say the six- 

quark problem. Phase shifts obtained from a non-relativistic quark 

potential model give a good fit to the nucleon-nucleon and meson- 

meson scattering data [2,3,7,8,12]. 

Another interesting problem is the investigation of nuclear matter 

as a many quark system at finite temperature and density. As a 

consequence of their quark substructure the nucleons are affected 

by the surrounding nuclear medium. In contrast to the few-quark 

problem, where we have to solve the Schrodinger equation, a quan- 

tum statistical approach is needed to treat the many-quark system ' 

at finite temperature. Because of the confinement property of the 

quark interaction potential, this quantum statistical approach 

must be modified if compared with usual classical many-particle 

systems. 

To formulate the HamiltonIan we consider non-relativistic massive 

quarks so that the kinetic energy is given by 

The potential energy PE(r is constructed in the following 



wey 151: The c o n f i g u r a t i o n  .%) i s  decomposed i n t o  co lor -  

n e u t r a l  c l u s t e r s  q q  o r  qqq, r e s p e c t i v e l y .  The p o t e n t i e l  

L L V.. = -2 ( r i - r i )  
'.I Z ( 2 )  

is assumed t o  a c t  on ly  w i t h i n  t h e s e  c o l o r - n e u t r a l  c l u s t e r s  ( s a t u -  

r e t i o n  p r o p e r t y  of t h e  i n t e r a c t i o n ) .  Within a l l  p o s s i b l e  decompo- 

s i t i o n s  of t h e  quark c o n f i g u r a t i o n s  one h a s  t o  t a k e  t h e  c l u s t e r  

c o n f i ~ r a t i o n  v ; i th  t h e  minimum p o t e n t i a l  enerey,  t h i s  minimum v a l u e  

of t h e  p o t e n t i e l  energy w i l l  be denoted by PE. 

The H a n i l t o n i e n  i s  then  given by 

Of course ,  t h i s  Hamil tonian i s  a b l e  t o  d e s c r i b e  i s o l a t e d  hadrons 

where t h e  quark i n t e r a c t i o n  i s  conf ined  w i t h i n  t h e  c o l o r - n e u t r a l  

hadronic  c l u s t e r .  With r e s p e c t  t o  t h e  two-nucleon problem [ 3 ]  , 
c o l o r  van-der-Waals f o r c e s  do n o t  a r i s e  because of  t h e  s a t u r a t i o q  

p r o p e r t y  of  t h e  quark i n t e r a c t i o n .  A massive quark m a t t e r  phase can  

be d e s c r i b e d  where t h e  p o t e n t i a l  energy i s  g iven  by t h e  d i s t r i b u t i o n  

f u n c t i o n  of t h e  n e x t  neighbours  [4] . 
We c o n s i d e r  n u c l e a r  m a t t e r  a s  t h e  hadronised  phase where t h e  

i n t e r a c t i o n  s t r i n g s  a r e  conf ined  w i t h i n  t h e  nucleons and s t r i n g  

f l i p s  l i k e  i n  t h e  quark m a t t e r  phase a r e  n o t  l i k e l y  t o  occur .  

However, t h e  c o l o r - n e u t r a l  three-quark c l u s t e r  i s  i n f l u e n c e d  by t h e  

sur rounding  c l u s t e r s  by reason  of t h e  P a u l i  p r i n c i p l e  what demands 

t h e  a n t i s m v e t r i s a t i o n  of t h e  hadronic quark wave f u n c t i o n s .  The 

cor responding  s h i f t  of t h e  nucleon energy which nay be cons idered  

a s  t h e  se l f -energy  of t h e  three-querk c l u s t e r  should c o n t r i b u t e  t o  

t h e  b ind ing  energy of  n u c l e a r  met te r .  I t  i s  t h e  aim of t h i s  wori: t o  

e v a l u ~ t e  t h i s  se l f -energy  c o n t r i b u t i o n  due t o  F e u l i  t l o c k i n g  end t o  

compare i t  wi th  e m p i r i c a l  v a l u e s  f o r  t h e  b ind ing  energy of n u c l e e r  

m ~ t t e r .  

Wi th in  n Green f u n c t i o n  approach [ 5 ]  t h e  lowest  o r d e r  diagram 

w i t h  r e s p e c t  t o  t h e  d e n s i t y  g i v e s  t h e  P a u l i  s h i f t  of t h e  th ree-  

quark c l u s t e r  
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1.- b ( 4) 
T h i s  P a u l i  b lock ing  s h i f t  has  a l r e a d y  been eva lua ted  f o r  f i n i t e  

t empera tures  and d e n s i t i e s  of t h e  n u c l e a r  environment and l e a d s  t o  

t empera ture  and d e n s i t y  dependent n u c l e o n i c  p r o p e r t i e s ,  such  a s  t h e  

e f f e c t i v e  nucleon mess 1 6 1  , e f f e c t i v e  nuc leonic  r a d i i  1131 and 

corresponds t o  t h e  hard-core p a r t  of  t h e  e f f e c t i v e  S k y m e  i n t e r -  

a c t i o n  f o r  n u c l e a r  m a t t e r  [ 5 ]  . 
However, a t  z e r o  tempera ture  t h e  P a u l i  quenching s h i f t  (4 )  ob- 

t a i n e d  w i t h i n  a quantum s t a t i s t i c a l  t rea tment  of t h e  completely 

hadronised  quark plasma may be i n t e r p r e t e d  a s  a  c o n t r i b u t i o n  due t o  

a n  a p p r o p r i a t e l y  chosen an t i sy lnmet r i sa t ion  of  t h e  s ix-quark wave 

f u n c t i o n  bnn, (1. . .6) of t h e  two-nucleon problem. I n  t h e  p r e s e p t  

work we want t o  show t h i s  correppondence i n  d e t a i l  t h u s  contact ' ing 

few-body approaches which d e a l  w i t h  t h e  problem of e f f e c t i v e  NN- 

i n t e r a c t i o n s  on t h e  quark l e v e l  u s i n g  t h e  Resona t ing  group method 
17-91. 

2.  Antisynunetr isat ion of  t h e  Two-Nucleon Wave Funct ion $ml (1. .  .6)  

We want t o  r e p r e s e n t  t h e  s ix-quark wave f u n c t i o n  +m, (1.. .6)  a s  a  

product  of two n u c l e o n i c  wavefunct ions t h a t  behaves an t i symmetr ica l ly  

w i t h  r e s p e c t  t o  each exchange of quantum numbers belonging t o  quarks 

(Pij;  i = 1 , 2 , 3  j=4,5,6)  o r  t o  nucleons (Pnnl )  t h u s  f u l f i l l i n g  t h e  

P a u l i  p r i n c i p l e  on t h e  n u c l e o n i c  a s  w e l l  a s  
on t h e  quark l e v e l .  Fol lowing t h i s  p r e s c r i p t i o n  and c o n s i d e r i n g  

only t h e  two-nucleon channel ,  a l l  those  permutat ions l e a d i n g  t o  

c o l o r  non-s ing le t  c l u s t e r s  have t o  be excluded and we o b t a i n  



n h e r e  the  numbers i = 1 . . . 6  s t a n d  f o r  t h e  momentum, s p i n ,  f l a v o r  

and c o l o r  i n d i c e s  of t h e  i*h quark and n d e n o t e s  t h e  c e n t e r -  

of-mass momeritum P a s  w e l l  a s  one of t h e  s p i n - i s o s p i n  o r i e n t a t i o n s  

o f  t h e  ground s t a t e  n u c l e o n  ( V  = p f  , p  L , n  ? , n l  ) .  The wave f u n c t i o n  

v n ( 1 2 3 )  o f  t h e  nuc leon  can  be  found a s  t h e  ground s t a t e  s o l u t i o n  
I 

of  t h e  th ree -quark  Hami l ton ian  I 

w i t h  t h e  harmonic o s c i l l a t o r  conf inement  p o t e n t i a l  ( 2 ) .  S i n c e  

t h e  Hami l ton ian  (6) is  independent  of s p i n ,  f l a v o r  and c o l o r  (SFC) 

of t h e  c o n s t i t u e n t  qua rks ,  t h e  SFC-part  Xy(123)  can  be e e p a r a t e d  

from t h e  o r b i t a l  p a r t  'Pp(123) of t h e  nuc leon  wavefunc t ion  

a c c o r d i n g  t o  

3 = Y p ( 4 l 3 )  ')!.y<4~3). (7 ) 

The p r o p e r t y  of ant isymmetry o f  t h e  th ree -quark  wavefunc t ion  

d e t e r m i n e s  t h e  symmetry p r o p e r t i e s  o f  t h e  'pp and t h e  X y  p a r t .  I 
I 

I n  a s y s t e m a t i c  way, t h i s  decompos i t ion  can  be done by u s i n g  t h e  1 
t e c h n i q u e  o f  Young t a b l e a u x .  The l o w e s t  ene rgy  e i g e n v a l u e  c o r r e s -  ! 

I 

ponds t o  a t o t a l  symmetric o r b i t a l  p a r t ,  w i t h  r e s p e c t  t o  s p i n  and 

f l a v o r  t h e  wave f u n c t i o n  h a s  a mixed symmetry, whereas  f o r  t h e  ! 
c o l o r  p a r t  a ' t o t a l  an t i symmet r io  f u n c t i o n  i s  needed,  s e e  a l s o  [ l o ] .  I 

With  e x p l i c i t  n o t a t i o n  o f  t h e  s p i n  ( ? , &  ) ,  f l a v o r  ( M , d )  and 

c o l o r  (R,G,B) d e g r e e s  of freedom, t h e  SFC-pnrt o f  t h e  nucleon 

wave f u n c t i o n  r e a d s  

By a l t e r n a t i n g  t h e  s p i n  o r  i s o s p i n  o r i e n t a t i o n s  i n  (81, t h e  

1. 

f o u r  e p e c i e s  o f  g ~ o u n d  state n u c l e o n s  ( V  = ?? P L,  T , h L ) a r e  

d e s c r i b e d .  The  o r b i t a l  part of t h e  n u c l e o n i c  wave f u n c t f o n  is  

o b t a i n e d  by s o l v i n g  t h e  S c W d d i n g a  e q u a t i o n  

H ( r l 3 )  y c423) - Ek yp ( 4 2 3 1  j h- ?, v , ( 9 )  
P 

y i e l d i n g  f o r  t h e  ground state 

H e r e  we have  u s e d  t h e  J a c o b i  c o o r d i n a t e s  

and  t h e  w i d t h  p a r a m e t e r  o f  t h e  g a u e s i a n  wave f u n c t i o n  

b-*=r3 m u  6 ii = 1. 

Now, t h e  a n t i e p m e t r i z e d  two-nucleon wave ?unc t ion  f o l l o w s  from 

(5) w i t h  (7),(8) and (10). The ~ o r m a l i o a t i o n  ie &ven by 

Here ,  t h e  c,,, a n d  d,,, r e f l e c t  t h e  scalar p r o d u c t s  of t h e  SPC- 

p a r t  w i t h  exchange a c c o r d i n g  t o  PjS6 m d  Pm,P3 ,6  



The color degrees of freedom are inmediately elaborated by 

rearranging the color variables, a factor 2 arises from two 

different variants of %.,, if the non exchanged variables are 

transposed. The remaining SF-variables are explicitely mitten 

down and evaluated. The results for 3s p?L are given in the Table, 

the equivalent results hold also for the other nucleon states, 

if the interaction is invariant with respect to the isospin 

variables. 

The momentum variables are integrated taking into account that 

the exchange operator P is different from zero only for 
396 

p3 = p6  . The result can be given in a closed form 

Table 1. The values of the matrix elements 
c,,; and dvY' for \)= P C  . 

3 Evaluation of the EnergJ Shift 

v 

pf 

The antispmetrieation of the two-nucleon wave function with 

respect to the quark degrees of freedom leado to a ahiit in the 

two-nucleon energy according to 

I with En p;iven by eq. (11). The Hamiltonian H = XE + PE contains 
1 
I the kinetic part, eq. (1). and the potential part, eq. (3). Reg- 

lecting the antisymmetrisation of the wave function with respect 

I to quark exchange, the kinetic energy which is in Jacobi coordin- 
I 

at es 

v' 

P f' 

p b 

n ?  

n 4  

and the potential energy 

V' 

are immediately evaluated for the two-nucleon system with the 

vv' 

31/243 

14/243 

14/243 

22/243 

result 

dvv' 

31/243 

17/243 

17/243 

25/243 

1/3 

< 4 , , # \ p E l  9 , d )  * 3 6  , (20) 

so that no energy shift arises. 

Orthogonalisation of the wave function by antisynnuetriaation rill 

lead to a change in the kinetic energy. In contraat to the kinetic 

energy, the potential energy (3) is not determined by the wave 

function but by the density distribution of the quarks. In par- 

ticular, the probability of a given quark configuration is deter- 

mined by the density distribution function. It is well-known from 

10/27 
the Hartree-Pock theory that antisymmetrisation will not change 

the particle deneity distribution 9 ( r )  - & For two 
L 

nucleons we obtain an orerlmp of the q w k  d ~ u i t ~  u.triwtiorns 

and the potential energy in not significantly changed by the anti- 

symmetrisation procedure, aa long as string flip proceasee are 

not of Importance. As diacwsed below, a variation of the wave 
function beyond the scope of a Hartree-Pock type antiometri- 

sation will also lead to a variation of the potential energj. - 
7 



In this way, the energy shift (16) is determined by the change 

of the kinetic energy 

with 

* KE { C ""1 p ( l l c )  'fI~CY53) - A,,,,, ( O ~ ( ~ S ~ ) Y ~ * ( I U ) \  . 
the n o d i s a t i o n  factor N,,,-~ up to the first order 

with respect to the overlap integral, see eq. (13), the expression 

(4) for the Pauli shift is recovered. 

The interpretation of the energy shift due to the Pauli blocking 

can be given in correspondence to atomic physics. At short inter- 

atomic distances, the energy of the two-atom system is sharply 

increasing what is usually represented by a repulsive, hard core 

like interaction potential. Indeed, the physical reason of this 

increase of energy is not the Coulombic electron-electron inter- 

action, but the increase of kinetic energy because of the Pauli 

principle which demands the orthogonalisation of the electron 

wave funct ions. 

ler,let ue proceed to the explicit evaluation of the Pauli- 

blocking shift (21) which may be given using the Jacobi coor- 

dinates (12) as follows 

Whereas this quantity (23) measures the surplus energy arising 

from the antisymmetrisation of the wave function with respect 

to the two-nucleon problem, we are especially interested in the 

energy shift for a single nucleon bedi in a many-nucleon 
system which can be obtained from (23) by summation over the 

second nucleonic index n1 whereby at TIO the respective distri- 

bution function (see (4)) is a step function restricting the 

momentum summation to the range of the F e m i  sphere IP1l < Pp. 
The sum over P' may then be evaluated as an integral yielding 

In the lor density limit, i.e. for small values of Pp , the 
integrand of eq.(24) can be expanded with respect to P,P' . 
Performing the P1- integral, for the Pauli shift of a nucleon 

with the momentum P follows 

Bspecially, at the Permi momentwn Pg we have 

This shift is at T-0 identical with the ahift in the ohmical 



potential and can be used to derive the equation ef state , see 
Ref. [5\. 

In order to give numerical results for the Pauli ehift (241, 

we adopt the values -350 MeV and b0.59 fin according to 

Ref. 3 which reproduce quite well the e w e  nucleon propertlee. 
I With the relation P: = (3 x2/2) 9 , the Pavli blocking shift 
I 

can be given as a function of the nuclear matter density 9 

with alp -197.77 MeV fm3 and a2= 1944.45 MeV fm5. This 

expression (27) is presented in Fig.1. 

4. Consequences for the Propertiee of Nuoleone in Bucleu Matter 

The energy shift of a nucleon in dense nuclear matter due to the 

Pauli quenching on the quark substructure can be related to other 

effects: the density dependence of the energy of nuclear matter, 

the effective nucleon masssthe effective nuoleon-nuoleon interaction 

potential, and the swelling of nuclear radii. 

We first discuss the deneity dependence of the nuclear matter ener- 

gy at zero temperature, for which a phenomenological parametrisation 

is given by the Skyrme interaction I111 

6 with hl = -792.97 MeV d,  b2 = 125.225 MeV fm5, b3 = 2711.9 MeVh. 

This parametriaation reproduces the bindingproper+g of nuclear 

forces represented by the negative value of bl,and a hard core 

contribution which leab to the eaturation at nuclear matter d m -  

eity. 

Of course, the Pauli quenching ehift -ot reproduce the binding 

part of the Skyrme interaction because no virtual meson exchange 

0.1 0.2 
Donait, p [aS3] 

Fig. 1. The Paul1 blocking shift A E ~ ~ ~ ~ ~  for a nucleon at T =O 

in dependence on the deneity 9 of the surrounding nuclear 
medium (full line). For comparieon, the Skyme parametri- 

sation without binding (dashed line) and the I'auli blocking 

shift without binding (dot-daehed line) are also shoan* 

is considered within this approach. For this, one has to take into 

account beeides the six-quark configurations for two nucleons also 

configurations with additional quark-antiquark paire. Therefore it 

makes sense to compare the energy ehifte without the binding part 



only ,  i.e. wi thout  t h e  term l i n e a r  i n  dens i ty .  A8 is  shown i n  Pig.1, 

a  f a i r l y  good agreement i s  observed so  t h a t  we conclude t h a t  t h e  

s t r o n g  i n c r e a s e  o f  t h e  n u c l e a r  m a t t e r  energy a t  h i g h  d e n s i t i e s  

which i s  u s u a l l y  i n t e r p r e t e d  by t h e  hard-core l i k e  r e p u l s i o n  between 

nucleons at s h o r t  d i s t a n c e s  c a n  be  r e l a t e d  t o  t h e  P a u l i  b lock ing  

e f f e c t  on t h e  quark s u b s t r u c t u r e  l e v e l .  The analogous e f f e c t  i s  

% e l l  kwwn from atomic phys ics  where a pseudopoten t ia l  f o r  t h e  

e l e c t r o n - i o n  i n t e r a c t i o n  is  c o n s t r u c t e d  s o  t h a t  t h e  Pauli pr in-  

c i p l e  l e a d s  t o  a hard-core l i k e  e f f e c t i v e  r e p u l s i v e  p o t e n t i a l .  

Wi th in  t h i s  quark-substructure d e r i v a t i o n  of  t h e  n u c l e a r  m a t t e r  

energy s h i f t ,  i t  would a l s o  be  p o q s i b l e  t o  i n v e s t i g a t e  t h e  e f f e c t  

of f i n i t e  temperatures .  On t h e  o t h e r  s i a e ,  t h e  r e s u l t s  g iven  h e r e  

should be  considered a s  a f i r s t  model c a l c u l a t i o n  t o  b e  improved by 
I 

t h e  u s e  o f  more r e a l i s t i c  quark p o t e n t i q l s  and the account  of  v i r t u a l  

quark p a i r  e x c i t a t i o n e .  

The e f f e c t i v e  mass o f  nuc leons  i n  n u c l e w  m a t t e r  can  be  der ived  f$om 

t h e  P a u l i  quenching s h i f t  ( 4 )  which can  be  i n t e r p r e t e d  a s  t h e  s e l f -  

e n e r m  of  t h e  nucleon. The tempera ture  dependence of  t h e  e f f e c t i v e  

m e s s  and t h e  comparison t o  o t h e r  approaches h a s  been d i s c u s s e d  In  

Ref. 161. 

The consequences of  t h e  P a u l i  p r i n c i p l e  on t h e  quark-subs t ruc ture  

l e v e l  a r e  a l s o  o f  i n t e r e s t  f o r  t h e  behaviour  of  s c a t t e r i n g  phases 

a t  high energ ies .  We w i l l  n o t  d i s c u s s  t h e  r e l a t i o n  t o  e f f e c t i v e  

shor t - range  p o t e n t i a l s  as, e.g., a hard-core r e p u l s i v e  p o t e n t i a l  

in t h i s  paper. The e f f e c t s  o f  an t i synnue t r i sa t ion  on t h e  e f f e c t i v e  

nucleon-nucleon p o t e n t i a l  c o n s t r u c t e d  from a t rea tment  of  t h e  six- 

quark problem were e x t e n e i v e l y  s t u d i e d  by s e v e r a l  a u t h o r s ,  s e e  Refs .  

[7-91. W i t h i n  a few-par t ic le  t rea tment  t h e  Resona t ing  group method 

has been appl ied .  I n  g e n e r a l ,  hidden c o l o r  s t a t e s  a r e  cone idered  

which a r e  excluded in t h e  p r e s e n t  work. Using r e a l i s t i c  quark i n t e r -  

a c t i o n  p o t e n t i a l s ,  q u i t e  good r e s u l t s  a r e  ob ta ined  f o r  t h e  lowest  

nucleon-nucleon s c a t t e r i n g  phase s h i f t s  17-91. 

Another i n t e r e s t i n g  e f f e c t  of t h e  quark s u b s t r u c t u r e  of nucleons i s  

t h e  s w e l l i n g  of nuc leonic  r a d i i  a s  d i s c u s s e d  i n  connec t ion  wi th  t h e  

FXC e f f e c t  [ l 2 \ .  The r e l a t i o n  t o  t h e  P a u l i  quenching e f f e c t  was d i s -  

cussed  i n  [13] and w i l l  be g iven  here  s t a r t i n g  from t h e  r e s u l t s  of  

t h i s  paper, 

From (27)  we f i n d  t h e  energy s h i f t  pe r  nucleon i n  n u c l e a r  m a t t e r  

a t  ze ro  tempera ture  and d e n s i t y  

which i n d i c a t e s  t h a t  t h e  energy of a  sin&le nucleon i n c r e a s e s  

wi th  the depoi ty  of rnatter.  

S i n c e  we a r e  d e a l i n g  wi th  a  q u a d r a t i c  i n t e r a c t i o n  t h e  p o t e n t i a l  

energy i s  r e l a t e d  t o  t h e  mean square  r a d i u s  of  t h e  nucleon (mean 

s t r i n g  l e n g t h ) .  According t o  t h e  v i r i a l  theorem t h e  t o t a l  energy 

is d iv ided  i n t o  equa l  p a r t s  f o r  t h e  k i n e t i c  and p o t e n t i a l  e n e r g i e s ,  

r e s p e c t i v e l y .  However, t h e  mean v a l u e s  have t o  be eva lua ted  wi th  

t h e  a c t u a l  wave f u n c t i o n s  a f f e c t e d  by t h e  surrounding medium. 

T h e r e f o r e ,  t h e  r e l a t i v e  change of  t o t a l  energy c o i n c i d e s  wi th  t h e  

r e l a t i v e  change of t h e  ~ o t e n t i o l  energy. Denoting by Z0 t h e  energy 

of  a  nucleon a t  r e s t  and n t  zero d e n s i t y ,  one has  t h e  r e l a t i o n  

where {r2)0 r e f e r s  t o  t h e  f r e e  nucleon. With t h e  parameter  

va lues  given above t h e  change i n  t h e  e f f e c t i v e  r a d i u s  of  t h e  

nucleon i s  descr ibed  by t h e  r e l a t i o n  



and i s  shown i n  F i g .  2. E s p e c i a l l y ,  t h e  i n c r e a s e  of t h e  average 

r a d i u s  o f  a  nucleon immersed i n  n u c l e a r  m a t t e r  of t h e  d e n s i t y  

qo= 0.17 fm-3 amounts t o  

0.1 0.2 
Dens i ty  $ [s3 1 

Fig.  2: The d e n s i t y  dependence o f  the  e f f e c t i v e  nucleon r a d i u s  

i n  n u c l e a r  m a t t e r  a t  T = 0. A t  n u c l e ~ r  m a t t e r  d e n s i t y  

yo = 0.17 frn-j a  s w e l l i n g  of  ebout  2% i s  obta ined .  

T h i s  enlargement of  t h e  average  nucleon r a d i u s  a g r e e s  f a i r l y  w e l l  

w i t h  t h a t  advocated i n  Refs .  19,121. The r e s u l t s  i l l u s t r a t e  t h a t  t h e  

P a u l i  b lock ing  mechanism becomes more o p e r a t i v e  w i t h  i n c r e a s i n g  

medium d e n s i t y .  An i n c r e a s e  of  t h e  s w e l l i n g  of nucleon r a d i i  w i t h  

i n c r e a s i n g  tempera ture  was o b t a i n e d  i n  ~ e f . [ l 3 ]  f o r  d i f f e r e n t  

d e n s i t i e s .  

Of course ,  t h e  r e s u l t s  shown I n  F ig .  2 should  be cons idered  only LS 

en es t imat ion .  F o r  t h e  q c m t i t a t i v e  comperison with experiments  E 

r e s l i s t i c  quark i n t e r h c t i o n  p o t e n t i a l  should be used i n s t e a d  of t h e  

harmonic o s c i l l a t o r  p o t e n t i a l  and t h e  a c t u a l  form of t h e  wave 

f u n c t i o n  should b e  cons iderea  i n s t e a d  of u s i n g  t h e  v i r i a l  theorem. 

The consequence of t h e  an t i symmetr i se t ion  of t h e  quark wave f u n c t i o n  

has  been r e c e n t l y  cons idered  [14] i n  o r d e r  t o  e x p l a i n  t h e  EL.C-effect. 

However, we w i l l  not  d i s c u s s  t h e  many o t h e r  approaches t o  f i n d  e 

t h e o r e t i c e l  e x p l a n e t i o n  of t h e  E?C-effect .  

712 conc lus ion ,  an important  e f f e c t  o f  t h e  querk s u b s t r u c t u r e  i s  t h e  

I a u l i  quenching e f f e c t  i n  dense jneiter.  Wi th in  a  r,iany-querk t rea tment  

an energy s h i f t  of nucleons is  ob ta ined  from t h e  a n t i e y m m e t r i e a t i ~ n  

procedure f o r  t h e  many-quark wave funct ion.!Qpical  e f f e c t s  of t h e  

sur rounding  dense m a t t e r  a r e  t h e  d e n s i t y  dependent energy (equnt ion  

of s t a t e ) ,  t h e  e f f e c t i v e  mass of  nucleons and t h e  s w e l l i n g  pf nucle-  

on ic  r a d i i .  Wi th in  o u r  quantum s t a t i s t i c a l  epproach, t h e s e  e f f e c t s  

can a l s o  be cons idered  a t  f i n i t e  t empera tures .  

The a u t h o r s  a r e  indepted  t o  t h e  J o i n t  I n s t i t u t e  of Nuclear  Research  

f o r  t h e  k ind  h o s p i t a l i t y  extended t o  them. 
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Blaschke D., Rijpke G. E2-88-77 
Pauli-Quenching for Hadrons in Nuclear Matter - 
a Quark Substructure Effect 

Starting from a string saturation model of quark in- 
teraction in a many-quark system, the Pauli quenching in 
the bound state phase is considered which leads to an 
energy shift comparable with the hard-core part of the 
Skyrme interaction. The Pauli quenching of quark bound 
states in nuclear matter can be related to the increase 
of the effective radii of nucleons. 

The investigation has been performed at the Laborato- 
ry of Theoretical Physics, JINR. 
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