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where 

is the nearest  neighbor d i s t r ibu t ion  function i n  d dimensions f o r  

uncorrelated pa r t i c l e s .  

After  these preliminary remarks on the  use of confinement type 
in te rac t ions  (1 )  i n  a plaema, we w i l l  give i n  Sect. 2 a consis tent  
s e t  of thermodynamical r e l a t i o n s  f o r  a plaema of quasi-particles 

obeying a self-energy s h i f t  i n  Hartree approximation 

An appl icat ion of the  r e su l t ing  thermodynamics, which i e  expanded 
up t o  f i m t  order i n  the s h i f t  (5). t o  quark matter is given i n  

Sect. 3, where the  problem of the  quark-hadron phase t r a n s i t i o n  

i e  investigated and strangeness e f f e c t s  o.n the  c r i t i c a l  temperature 
a r e  diecueeed. Sect. 4 contains the concluding discussion with pros- 

pects  f o r  the  f u r t h e r  exploi ta t ion of the  model approach given here. 

2. Equation of e t a t e  

The equation of e t a t e  f o r  a eyatem of p a r t i c l e s  obeying a density- 

dependent one-particle energy e h i f t  a s ,  e.g., the  Hartreee e h i f t  ( 5 )  
f o r  the  confinement plaema under conaideration has recent ly  been 
invest igated by Zimanyi e t  a l .  /5/ f o r  the  case of nuclear matter 

i n  the Walecka model approach and was afterwards applied by severa l  
authors,  see  e.g. / 6 / .  Especially,  the  consistency of thermodynamic 

quan t i t i e s  has been regarded. We do not want t o  repeat these calcu- 

la t iona here f o r  the Hartree s h i f t  ( 5 )  but instead.  we want t o  give 
an expansion f o r  small  s h i f t s ,  which a l s o  leads t o  a coneietent s e t  

of thermodynamical r e l a t i o m .  

We give the  Hamiltonian i n  an occupation number representa t ion 

where over the  quantum numbers r and the  f l avor  degreee of f ree-  

dom f has t o  be summed. 

We examine the thermodynamics i n  the  region 

s o  tha t  the  p a r t i t i o n  function may be expanded i n t o  n Taylor s e r i e s  

wi th . respect  t o  t h i s  small  quant i ty  

p ( T )  = T R - ~  -em 

with 
-71 

E t C p ) = ( p L + m + L )  . 
Ut i l i z ing  our approximation, we get  

Prom the  pressure a s  thelmodynamical potentia1,the other thermo- 

dynamical functions can be derived,e.g. the  entropy 

- 

z ErCp) e x p { ~ ~ ( ~ ) / r  '3 

and the  energy density 
c 4 +  e k r f  ~ ~ ( ~ ) l 7 - ] ] ~  3 

- d 
3 + c ~ p , E + ( p l l  7 ,  1 I - (12) 

The deeired thermodynamic coneietency of eqe. (10). ( l l) ,and (12) 
is demonetrated by simple sube t i tu t ion  i n  the  Buler r e l a t ion  
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3. Application t o  quark matter 

The thermodynamics which is defined by Eq.(lO) was previously 
ueed f o r  invest igat ions  of quark matter systems within the  s t r i n g -  
f l i p  model, see,e.g. /7/, where especia l ly  a comparison was per- 
formed with parametrisations of the  bag mode. Moreover, a s t a b l e  
masaive quark matter phase was obtained only within a very narrow 
range of bag parameters a t  r =O. This is  i n  accordance with l a t t i c e  

calcula t ions ,  where one observes tha t  t h e  c h i r a l  and the  decomfinement 
phaee t r a n s i t i o n  quark matter nearly coincide. 

This may serve a s  an j u s t i f i c a t i o n  f o r  the  use of massless l i g h t  

quark f l avors  i n  the  evaluation of the  Hartree s h i f t  ( 5 )  with the  
Corns11 po ten t i a l  ( 1 )  i n  d=3 dimensions, where we have 

and thus 

With 

and eq. (10) we have f o r  the  pressure of the  in te rac t ing  quark matter 
phase 

b y r e q u i r i n g  p H ( T e )  = P Q C T C ) ,  (19) 

the c r i t i c a l  temperature f o r  the  quark-hadron t r a n s i t i o n  is obtained 

which accords very well with previous estimates within bag model 
approaches. For the parameter of the  Cornell po ten t i a l ,  the data 

a r e  taken from Ref. 8 ( c4 r .52, 6 = .19 ~es, c- -.568 CeV). 

A ca lcula t ion with massive quarks gives Tc= 177 MeV, s o  $hat the 
use of massless quarks can be viewed a s  a good approximatiyn i f  
one is  looking a t  the  c r i t i c a l  temperature. Notice, that  the  c r i t i -  
c a l  parameters o f  the thermodynamic behaviour a s ,  e.g., the c r i t i c a l  
temperature a r e  fuLly determined by the  microscopic parameters of the  
po ten t i a l  w h i ~ h  can be adjusted i n  order t o  reproduce the  badron 
mass spectrum. 

Furthemore,  f o r  the  advocated parameter s e t  /a/, the  s h i f t  

( 1 5 )  becomes zero a t  To = 200 MeV, so  t h a t  the  condition ( 8 )  f o r  
the a p p l i c a b i l i t y  of the  presented linear-shift-thermodynamics is 
f u l f i l l e d  just i n  the  region of the  phase t r a n s i t i o n  where the  
approach is applied. 

For the  discussion of the  influence of strangeness on the c r i t i -  

c a l  temperature Tc a t  t~ = 0, we consider kaons a s  strange hadrons 
i n  Maxwell-Boltzmann approximation (mK w 400 MeV) 

and quarke with the  masses mu=md=330 MeV, me= 600 MeV accordi f t o  the  parametriaation by B~dalyan /9/ ( d = .52, 6- .183 G e  , 
C =  .94 ). A s  can be seen from the  Figure, the  e f f e c t e  of i nc lud ins  
atrangeness compensate near ly  and other ,  and the  di f ference i n  Tc 
i a  negligible.  



I 
The p r e s su re  ( i n  u n i t s  of po = ( T /45)   as as a f u n c t i o n  of t h e  

temperature. According t o  t h e  Gibbs c ~ n d i t i o n  f o r  phase e q u i l i b -  

rium t h e  c r i t i c a l  temperature Tc is  determined by t h e  c r o s s i n g  
of t h e  quark branch (Q) and t h e  hadron branch (T, ?r+ 10 
Tc depends only weakly on t h e  f l a v o u r  number Nf; 
l e f t - hand  s i d e :  only u,d quarks and p ions ;  
r igh t -hand  s i d e :  u ,d , s  quarks and pions and kaons. 

For d e t a i l s  coneu l t  t h e  t ex t .  

The most i n t e r e s t i n g  poin t  f o r  f u t u r e  i n v e s t i g a t i o n e  w i t h i n  

t h e  preeent  model is t h e  ex tens ion  of t h e  d e s c r i p t i o n  t o  f i n i t e  

baryochemical p o t e n t i a l  y. f 0. This  i s s u e  i s  of i n t e r e s t  f o r  

e s t i m a t i n g  t h e  dene i t y  c o n t r a a t  which might o r i g i n a t e  from t h e  b i g  

bang bad ron i s a t i on  t r a n s i t i o n  independently from t h e  bag model c a l -  

c u l a t i o n s  /lo-12/ w i th in  a p o t e n t i a l  model. This  is worth, became  

d i f f e r e n t l y  choosen bag models lead  t o  some a r b l t r a r i n e a s  i n  t h e  

r e s u l t s .  Within t h e  suggested p o t e n t i a l  model approach t h i s  is  
' 

poee ib ly  circumvented. 

Never the less ,  t h e  n e a r e s t  neighbor d i s t r i b u t i o n  f u n c t i o n  ( 4 )  
has t o  be improved by t h e  cons ide r a t i on  of s t a t i s t i c a l  correlations 

a t  high d e n s i t i e s  (e.g., t h e  format ion  of a Fermi-hole / 3 / )  and of 

bound s t a t e s  a t  lower d e n s i t i e s ;  s e e  a l s o  /4/ f o r  t h e  a v a i l a b i l i t y  
of t h e  n e a r e s t  neighbor approach. F i n a l l y ,  t h e  s t r i n g  p i c t u r e  of 

quark-quark i n t e r a c t i o n  should break down somewhere above Tc , 
and f r e e  gluona have t o  be included i n  t b e  thermodynamic de sc r i p t i on .  
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