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1 .-Introduction · 

. QCD. motivated effecti~e theories ~re• the most promising approaches to- the low 
,', energy behavio~; of QCD' and th~ 'meson physics in te~ms ~f QCD

0 

degre~s of free
. <lorn _arid symmetries, Stading fro~ chir~l quark mbd~l 'iagrf~giari~ a' pert~rbative 
'.approach to the, occurence of a chirc!-1 condensate below a_ critical temperature Tc in 
mean field approximation is usually considered._. Simultaneously; the 'pseudoscalai-

. Goldstone. boson, the pion, occurs_,· P~~turbation thiory cah be formulated ,in 1/J:lc,. · 
where Ne is the number of colors. The leading order is the Hartree appr_!)ximatiort·, 
results.are reported in Refs.[1, 2, 3, 4]. A more general approach;-where a nonlocal 
instantaneous interaction is applied, has. bee~ presented in R~fs. [5, 6, 7, 8, 9, 10]. A 
still open but ~ery important question is the inffoence ofterms beyond theHartree '' 
approximation,. which neglects mes_onic deirees of freedom ~hich are suppos~d. to 

· ; be dominant ill the low temperature limit: For the NJL model, .an effective 1/Nc; 
~xpa~sion which accounts.for the rriesonic fluctuat1on~ has beep. c~nsidered,in [11].' ' 
However,' the set ofdiagrains for,the self energy in next to.leading order considered 

· in this reference was not complete'. This liasbeen \)bs~rve,d in ,Ref. [12]wµere also 
the role of the scalar iso-vector mesons in the:1/Nv approximation was discus~ed: 

i It was shown. that in th~ 1/Nc expansio'n the Schwinger Dyson equation for the . · . 
. ·• / qua~k self-energy' is' different from' the' gap ~quatioll for' the' quark condensate and. ' 

' ' has to _be· solved ,separatelyt,AI C~IIlplete CCJU,ectio~ of diagram~ in -1/ Ne was given in .··. 
Ref. [i3] and recently studied in: thec;hirallimit m0 =:O at T = 0 by Ref.[14]. At 
T = 0, effec~s of the prder pf/ 10%,·:-'- 20% ha~~ been obtained in· these approac,hes,. 
~howing that.niiisonic'fluctuations play an i:rnportan'frole: · . ·., ·• . ' ... _ .. , ._ 

' In the pi-eserit w~rk,. we c~nsider, the influerice of mesbriic, correlations 'on the . , 
qriark ,conden~ate. at"finite temperat~re. lt ·is: expected that ~cf a .'calculation 

, beyon'd .the Hartree level of de~criptio'ri :~ill lead to 2orrections to the' tempedture' 
,. ' ' ' '' ' ' ' \ ' ' ' ' ' ' " ... ' .' ,· - ' '' " ' ., 
. behaviour .. of. the !quark conde11sate since. the' rriedium · allows for nies6nic degrees 
'of fr~edom.- !h·~ relation of a; g~neralized, gap ~qtiation' t? tlie thermodynamkal 
· potential of a quark meson plasma has: been considered .in Ref. [15]. This paper is 
a first step for a con~istent description of a meson gas in terms of qu·ark degrees_ of 

... freedom.' : .. ·, \-, 1
:•.' , ,. '.. . . . ,, •. ,•·.: · ·: :i ,· .. , ·,_-,: :': 

/' The paper is organized as followV In Section 2 _the nor1local chiral ,quark model 
.. is briefly in~roduced; which is used in Section3 to derive a g~neralized formula fo'r 
I the quark' con1erisate iri CJ(l/Nc) expan~i<;m\: In Section 4 we irivolve,dynamicaL· 

I' fluctuations into the self energy and treat the scalar und p~eudoscalar contributions •, 
within the ,P?le appr~ximation., 'T),ie numerical res.ults for· a calculation. within the 
NJL model.at finite .temperature 'are di~cussed in Section 5. . . , ;, .· ' · . . 1 

, '., . I 
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-~-
· 2· The.model,, 

Our starti~g point is the chiral symmetric effective Lagrangian in the quarks~ctor 
._ of the following general form ..•.. \ ·· 1 . ' • ·• •. ' •,,,. • , • 

, ' . . ., . ' . .,, - ~ ,, 
£ = q1(p)('y,.p''·- m~)qi(p) + £i~~ , 

I 
(1) 

~here the interaction term ' I 

' - : {' J' . ~ '. ' >·, .. i' 
· •. £int = - 2q1(P1)Af2~2(P2)K{p1,P2,Pl',P21)q2•(P21 )Ar,2,ql'(Pl') (2) 

----~- I ' 

is given as a:noniocal generalization ofthe current=current type inter~ction. Here the
1 

matrices Aflden~te the decomposition into the color (c), flavor (f) and Dirac (D) 
-, channels. In this work we restrict us' to scalar and pseudoscalar channels. Therefore 

we choose Af2 = [le · l j · lvh:i and Ai2 = [le• ir i,sh~- ~ -· -· , · ' . · · -_ 
. .\_,Not discussing the gluonic background of the quark interaction, w'e ,take ~ phe

-nomenologicalinstantaneous k~rnel. .For instantaneousintera~tions, the kernel c~n 
be formulated in a covariant way' [10]: we' employ here a.separable ansatz for the 
rionlocal 4 point int~racti~n of t~e form<• , . . . 

' -- ' .' ; I~- IPi+~2I 1~1+~21 i - _·-. - \ 

K(p1,P2,P1,P2) :=- -Kou( - ._ 
2 

)g( __ 2 . )op,-p,2;p~-p;· - _ (3) 

•, ' .\ . ···:'-' ·,-," ; ., /_·. " . ,, '•.'· ,· '. .: ' ... ' ·.. ' 

We assume the sepa!ableform (3) of tlie potential.· The dependence ofthe_form~ 

I 

I 
I. 

! 

factor on the modulus.of the three-momenturn.(IPl = p) has been discussed for 
'differentshapes/e.g. as a Gaussian shape (g(p) = e~p[-(p/Acau,,)2]) o~as the 

. ,/_\ 

_ well-known1NJL type int~ract~on (g(p) = 0(1- p/ANJL)), see [9]: Note that the 
:potential does not depend on. the energy and we_obtain therefore the NJL- model 

' with a three-momentum· cut-off. Tlie spectral properties of the quark model defined 
. , by, tlie Lagrangian p) ~i:~ obtained from \h~'single p'a~tid,Ci~ro~aga:to,r ' ' . ' . ' ' 

........ , 

' ' ,' ., . ' . .. ' -: "' : ·--. . . '\ 

/ · · ' ' G12(P1P2) = [G(pi)lcl J Ji26p~,p2 , . "(4): . 
,,1·· \, ., ' ' ,. 

'wh'ich is a diagon~l matrix· in col~r, flavor and momentum space .. The ma.tri~. '< 
element G(p) obeys ·the Dyson equation ' / I_ 

. - ' ' ~ ,' . i "·· 

G(p) = [Giil(p)..,.: E(p)]-1 ' (~) . 

.. 

. ' ' \. ' . ..- . , . '. :·· . ·." .,, 

wher~ G01(p) == ,,.p,.~mo is the,varuurn (}reeri function, s~e Fig'. ~'. The self energy 
E(p) is defined by an analysis of all one particle irreducible diagrams contributing to . 
the propagator: Having the ~ingle particle propagator at our di~posal, the physkal - '\ 
quantity of interest which is straightforwardly evaluated is the quark condensate: 
for our separable potential ,we introd~~e :the nonlocal quark condensate as C • •• 
., .. 

< qq >= NcNJ Eg(p)Tr[G(p)] '. 
. . ' . 

'(6) ' 
p 

'--~,.\ 

.•, 

i 
I· 

i. 

'1, 
'1 

··11,-·,._ 

. ~ , . . I· l'. 

whereTr. stands for the. trace over the Dirac space only. The finite temperature 
investigations are performed using the Matsubara te~hnique [17,,18, 19], where 
Po = iwn with the,fermionic Mats~bara frequencies Wn == (fn+1)11Ta~d Lp stands 

short'for'TEn I (;~J,• _In order to obtain est~~ates for the quark __ condensat~ on~ 
has to make approximations for_ the self energy ... ·· : . - _.. · , _ · , ---
. _ The first step towards a systematic investigation.of theDyson equation (5) is , . 
the selfconsistent Hartree approximation , see Fig. 2 

'. '. ' ~. - . : ' ~ 
E9 [p;G9 ]= '7-K0N0 N1g(p) Lg(k)Tr[G9 (k)]., 

- . . , . ,i k -
(7) 

- which defines upon inse~tion in (5) the ·pr6plgat9r in Hartree approximation 
, • ~ • : C ,. • ••• •• ; ' ' - •• ; • \ ♦ • ' ~ • • • ' .' 

•.~_', , G9 (k)·= [G0_1(k) -E9 [k;G9 jf/ . 
. ...,.._ - / 

-(8) 

The 'Hart tee self en~rgy, (7) i~ · a Dirac:'scalar and ~pp~ars: as a mass '_term i~' th~ 
propagator, '- · · · · · ' · · · · · · ' · ·, 

m~1 (p) =mo+ g(p)Ko_,< qq >9
, (9) '. 

with_ a momentu~ dependence due to the nonlocality of the interaction kernel (3). 
1

.'The quark condensate in Hartree-app~oiifnation is, cf. Eqs. (7) ai{d (6), ' ; · ·~ . . . ' . '. . . ' . ,· ·, . \ . 

< qq >" =. ;~,_,,t,(k)Tr[G;,(k)l ' 
~-. -2NeNtj'~'(i3k)-

3
g(k) m;;((k)) [1-;/(E(k))] , .. \(10) . 

' ··. 71' . ' ' p '.' . ./.·. 

-for details see -e.g. R_efs [1, 2;i, 4, 9]'. I~ this appro~imation, the riiagnitudeas weU,, 
as the temperature dependence of the dynamical mass generation is determined .· 

.-from·the>condensate only. Note that ·the· restor·ation.of th~-- chiral·symmetry at 
- temperatures· above· the critical one (Tc:~· 200) ~1eV, ,depending on-the choice 
of the. potential, see Ref: [9]) is governed by the Fermi distribution fun'ction of 
quarks in the medium;J(E(p)) =:=<{exp [(E(p))/T] + 1}-1, wh~re. t~ quasip~rticle. , . 
dispersion relation -- · ·. . . : · . · ' . • . • . . · · - · . . 

' . ·- £'(p)=Jp2+(771H(p))i:·· _ (11)~ 

_cont~ins the·momentum dependent H~rtree mass (9). . -..,__ 
. . It is, however; questionable whether the Hartree approximation is appropriate 
for. the description· of the n~nperturbative low energy region of_ QCD ,vhere free 

' • '. •• • • • -· ' ' • - '. • '1 • ... • : ' 

-quarks should be absent due_ to confinement. Since mesomc correlations are sup-
posed to. dominate the low ~ergy. ex~itation spectrtiIIl of the quark rnatt~r sy!3tem 

,;._9_ne has to stud;;-thei{ influen~e oii there~ults obtained 'within 'the Hartree ap
. · proximati<;m, A. systema* pe~tlirbatiol! theory for strong interacti~ns ·is· however 

lacking. Instead, one resorts to an expansion.of diagrams to orders 1/Nc, which we 
will investigate in this work at finite teinperatures-: - . 

t ' , I O , • , ~ / ~ 

✓ 



- ..... _: 

a 1/Nc _expansion 
---

I~troducing a new coupling constant J(~-=I<oNet the s~lfenergy in the 'selfce;~si~-· 
tentHartree approximation appears of the order 0[1] as the leading term _in the 
1/Nc expansion. In order to improve.this approximation; we will study'next to lead-' 
ing'order diagrams, i.e. 0[1/ NcF cor.t~ibutions.- Therefore we make the following 
ansatz for the self e~e!!fr an_d for the quark propagator 

E(;)· ~'.~ EH[p; 6] ;_: 8~[Ji;G]-+ O[I/N;] , 
,.,. ~ . - C 

'G(p) ·_=. GH(p) + i/d(p)+ O(l/N;)' 

. (1~) 

(13) 

' where· the correction.s to the ~elf en~rgy depend in the ieneral case on the full Gre~n 
: function G(p) ·and on t~e mo111entmn p. The,corr~ctions to the.self ene;gy 6_E[p; G] 
are not yet specified and will b<: discussed in 'the following section. Using the 1/ N,
approximation (12) for E[p';G] in the Dyson equation (5), the (I/Ne)- expansion to-: -

, .-the_propagator is given as · ... · . . . .. . . . ... · /. 
.. ... . . . . ,,. , 

-G(p) . (aa 1ip) ~ E~;_a1)-! . . . ·. _ . . . _.· / _, 
: :. , ~ · , .; -- - } :i _, r _- ' . '. 

. ( ~01(p)~EH[p;G~] ~ ;)e [EH[~;6G]+pE[p;~H]+0(1/;c)]}~~4) 

; Expanding the 1/.Nc co~tribution in the den~inin~totand,comparing wiii(I3), we,:,,, 
obtain aselfconsistent equatio1i for 8G(p) in the form . . 

: .: ; ·8G(p)~GH(p)EH[p;6G]Gl!(p)'+ GH (p)8E[p;G11]GH(p):.-· , (15). 
. . 

Not~, that this consistent 1/N~- expansii:m for the quark propagator is a ne~ result:•. 
·of·this.paper. In particular, the first term on.the r.h.s. of (15) has·.not been 
consid~red in some of the previous appro;ches, see [11, 16]::In order to get a closed 

. expression we use the fact that the functional dependence of the Hartree selferiergy . 
Oil the 1/NCcorrections to the qmi.rk propagator 8G is known from Eq: (7). After 
insertion of EH[p; 8G] o~ the r.h.s·, of Eq. (15), ~e obtain 

. ·. p~ )ir1,a{P)J • i ~K,N,;1-t •'(P >;' [ ~,; ;)GH (p)] )?k).Tu[sa(k)] . 

. . . ~,:·E;_(p)~[Gll(p}~E~;G/l]~H(;)l . 

' p ·. •• .. ·. . . . . :.. .. 

= 1~·- ;"(0)·E~(p)Tr[GH(p)8~[p;G,H]GH (,P)] 
.. . . _.,, p . .. . . ·., '" . . 

.·1 ., 

. ] 

r 
I . 

J. 
n; 

where _the scalar quark loop integral J"(0) is defined in the Appendix:·•The 1/Ne ·. _ 
expansion of the quark condensate corresponding to' that of the propagator (l3j. 
and the definiton of the quark condensate (6) reads . . .. . 

~ c' > • • • • • •• •. • '' • 

.. • <ijq>=<if.q>H+8<if.q>_+O[l/iy;f: -(17) 
'\ ' . . . ' - ~ 

The 1/Ne corre~ti6n to.~h~ conde~sate is
1
obtained in clo~ed form u~ing the result 

_(16) . . 

, -~-<if.:,>~ ZN1:~g(p)Tr[G~(p)8E~;GH]GH(p.)] (18) 

.. l : • '. - ' . ' - _ , • ' .- .' : .. • , '. ~ _. ' 1 , - , 1 . 

with a prefactor Z =-1/(1..:.. J"JO)) as derived in (16) coming fmmthe 1/Nc contri-
butions. to the Hartr€:e self energy EH[p, 8G], see in Fig. 3 .. This prefactor leads to . 

. a considera~le rescaling (Z -:--- 4) whjch has been cliscus~ed before ir Refs. [12,)4) 
for the ijJLmodel' and is obtain_ed_ here for the more general case .-of a .nonlocal .. 
separable interaction: i · ' ·· . . . · · . < · - . - ·. 1 · 

.:4' .·.-Mesonic Fluctuations. 
. __ . ( 

Within the chi~al quark m:odel as d~fined i~ Section 2; the ~omplete ~etof diagrams· 
,contributi~g in 0[1/Ne]. to the self energy is given:·in Fig. 4. The double line 
coi-respo~ds to the RPA- type p~rtia! resu~mation. of the chai_n of bii!>llle diagrams, 

-...., where the quark - antiquark loop in Hartree approximation defines the polarization 
. fm1ctions J<l>(p-k) in the scalar and pseudoscalar.chamiel (~ = u, 1r), see Appe'ndix 

A'.'. . . 
1 

,· .. -~ ·.- 1' . . . . 

The·O[l/Ne] selfenergy contribution is given by, 
. , .. . ·. . . . . .:· . . . . . • .. . " . . ll . . . . . ~ . II . . . 

. oE[p·Gii] =·K'-~. 2(lp+kl) [ · G (k). '":~ (N2 __ I) ,sG (khs ]'. ·(!9_), 
, ,, ... 0 LJ 9 2. · 1..:..J"(p..:...k) J . . I-J .. (p_:_k) •. · ··•. 

. k . . .. . • .. . . .• . . .. 

The deno~inators 1 - f<i>(p -::- k) occtir d.ue to,)he resumm:ation and thus strong 
coi;_relations can be described. Note that the 1/ Ne self ene'rgy is a dynamical quantity ·. · 
and: has not yet been. solved in. its complexity: The most dramatic effect is the" 
oc~urence ~f collective excitations in the quark .:antiquark channel when,ReJ<l>(p ~ .. 

'
1 

. , M<1>) = l(and ImJ<l>(P = ·M,i,) = 0) which correspo~d to mesonic bourid states.'The: . 
1 

full t~eatment of the RPA approximation w_hich contains bound and·scattering states· 
is possible for the separable interaction a:nd will be regarded in an additiom.1.l work,' 
In what follows we restrict us to the consideration of bound states only and use an 

. expansion of thepolarizatiollfunctio,n at the m~soriic poles (pole approximation). 
which leads to the introduction of meson propagators and meson~ quark-aritiquark 
form factors (see Appendix A) . _ · · · · · -
~ . . ' ~ • 1 . 

·-1 _ 1 g~q/M<1>)i 

I -J<l>(P). ~ MJ -: P: - lv1 I<b 
\ ' 

.. (20). 

. ,. ' -,, 
5 



. Using this
1

an~atz for the self-energy, and the short notation with¢'= u, 1r,f" =-In 
-and·f"" =_ i,5:we obtain -_ .• - _· --- -:- . -•- . __ -• · : - . __ · 

,. 

, 6 < ijq >"' g~qq .• ·J d3p . -1--· d
3k - 2 "(fp +kl) 

- 1 - 1a.(o) (21r)39(p) (27:)3 9 _ -~ · 

-. -1-_dpoJ-~ko_ , ; . l - - •·-_ ;[-~_H(p)r"'a~(k)r"'~H(p)]- (21) 
_ • 2_ir · - 21r MJ-:- (k - p)~ _ · , -_ - . -. , < _ _ - · 
' ' - . ' . 

· For the I/Ne ll}esonic contributions (21) ~e obtai~ after perf~rming the._Dirac tr~c~ 
and the Matsubara summation · · -- - _ -- -

• _: qi • '-· 2giqq ·1·. . d3p ( . ) J- . d3k" 2( Ii> +kl)-.-.-_ 
6<qq>_. = }....:]"(0) (21r)3g p. <(2,r)3g, ~- __ -

·{_mH(p)_" 1 ....:·2J(E(p)) :(- (~ ·2J(E(k)) _i 1 + 2;(Eq1(F- p))_)- --
- E 2 (p) - E(p) - • _ • E(k) -- · E¢(k- p)- . 

-___ -_-- __ f-[. [~H (p) (M;~ [mH(k) ± fuH (;)]2 )(Eq1(k-:- p)+ .E(k)) . 
_. \ - E~(p) Eq1(k-'p)E(k)(E¢(k-:-p)+E(p)+E(k)) 

· ;_ mH(k) ±mH(p) ] _---
-£q1(k ..c:p)E(k)E(p) · _ _ _ _ _ 

_- ,(1'+ n(.E(p) + E(k)):+ n(E;(k _:p))][; ..:..f(E __ ·(- ).) :
1
- (E(k))·],-: 

- .. --·Eq1(k.:..p)_+E(p)+.t:(k) ·.--_ - _; :_ P; _---· 
1 

- -

., +(E(~) ---E(_k)]] ~}[E(f )_ ;:~~(p)])}. 

;..-

•~(22)· 

----~ith.t
0

h~:energies·E~·(k ...'.•p) =/(k ~-p)2+ MJ a~dtlieb~sonic"dist~~buti;n_~~n-c~_ 
,_ ... -. - - .. -- -- _- 1- - . , -- -
tion n(E~) = [exp(E~/T)-:- 1r. - •· . __ -. . _ 

, , -, In order to tom pare our res~lts with previous \VOrks we will now discuss -the 
. T = 0 case. 'At zero temperature the _Fermi and Bose 'distribution functions vanish. 
For _this c'ase: we obt11in the same results as_ in Refs. - [1~; 14)! Note that the latter 
work is_formulated•at zero temperature in_ a 4d notation. In the T= 0 limit of Eqs. 
(1_0) an<l" (22)we obtain - - . . - , . . 

_-· 6 <"qq>"'" = 2g2 --_.-_·-1·· - d3 •- ··•- __ -- _j. -d3k. --(··,- +kl-)-{.- , -He·-) ---' __ --- ¢liq . P - - , . 2 P . _ - m p _ . 
1 -:-1"(0) - (21r)3 g(p). _, (211")3 ~ •. ---: 2- - E3(p)E(k)Eq1(k-:-P) 

--.[Eq1(lc-~)~-E(k).--(1Jq1(k~_P),+~(k2}_.(;:fk-_[;tlkk~~:t;~;)2. 

-_-- ·-- E 2(p)[mH(k)±rr~H(;)] ... ]_ }-,._:- _. . - -- -.. 

•+rnH(p)(Eq1(k:...p)+E(p)+E(k)) . _ (23) 
' . . _____ , - ·' .·-- . -

In the followin'g section .WC present·the numerical ev~luation of the above disc~ssed 
·· I/Ne corrections to the quark condensate: · ' . - . 
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5. .: N unieri~~l results -arid discussion 

In section 2 w~ have\ntroduced a general nonlocal interaction kernel in separable· -
form. In order to comp:are the numerical results with previous approaches within the . 
.NJL model, we will restrict usjn this paper to the discussion ofa cut-off formfa:ctor 

'• - . . . , -

g(.IP +kl) -~ . 0(1'-:- iP_ +kl)"· 
, ·_ 2 · - - _ , 2ANJL :' 

(24) , 

--- - • ~:\. ~· ' ·, ,.'·,, :" , ' < ' •. • 

The. chiral quark -model with soft formfactors as, e.g. a Gaussian one, has been 
discuss~d i* Refs. {8, 9].. ' __ -· .,, . . _ ' ,,.. _·_ -_ __ -
- ..::.. After fixing the parameters of the model as described in-Appendix A, we obtain_ 
for the quark cond~nsate,in the Hartree approx~riation < :iiu->H = -(250 MeV)3 -

and for the:quark mass mH = 30_0 MeV in agreement with the well-known data of-
the literature [l, 2, 3, 4f _ -. _ _ _ _ __ . . _ . __ _ 
. ·Jn · the next step, discussed in Section 4, we have included dynamical mesonic 

fluduations. Comp~red with~ ihe • Hartree term (10) -.~.here w.e ha\:e to solve a one
loop integral, the next to leading order contribution is-~ two'.-loop integral whicli after 

: s~mmatiort over b?th Matsubara freq_uencies (fo;po),reduces to three-dimensional· 
•integrals.over the variables k; p,z:. __ . . .• . -- - . . 
- At first w~ want to discuss theT = 0 limit. An open question.whid occursin the . 
NJL model is the choice'ofthe cut-offfo~ the second moment~m.integraJiti Eqs:'.(22). 
and (23) ov~i-'k; A very cnide·:approximation presented in Ref.[16] is the negledion · 

__ , of the ~cond int~ralby assuming that k == 0.Jn ·Refs. [12, 14] the-second cut-off 
_: Awa~ discus~edt Ref.[12] assurries,thatANn ;= X a~1diri jlef.[14] upper and lower. •. 

limits are determined from a calculation off,, in, (1/ Ne)- In the formulation which_ 
•-• we _have _chosen such· a -problem does· not exist' since th(l int~grals are i:egularized in 

. the separable approach by the proper treatment of the formfa'ctors. That leads to a 
-cut~off ANJL ~hich does_ regl!Jarize-the_ integr·a:1 overp and an integ~al limit-Awhi_ch _ 
regularizes the k- integration A = ...:pz +J4AiJL .-:--P2(1- z:2 )_,where Z'._ = cos 0, 

,. if 0 denotes the 'angle:_between the momenta k and p. The second cut~offA, runs 
between Air"n-<)1.. < 3AJu{ Note thatjn solving (21) one has to check the 

-~ integral limits for each term separately du_e to different combinations of formfactors 
partly hidden' in the m'omentuin depend~nt quark mass r,{H (p) == g(p )mHf - . -
- The result for_ such a 'calciilatim{fc;ir t9e T = 0 limit i; a decreased condensate 

<,:iiti·>= -:-(240 MeV)3 • For comparison, a decreas_e of the _ _quark mass due to=the 
mesonic cor_relations in .I/Ne has been obtained in Ref.[12]: , , 

-Let us now consider_ the finite temperature case. The results are plotted in Fif 
5, Paying attention to th-'-e sha:pe "of the 'chiral phase transition: we observe that the 
Hartree contribution shows a soft transition. The iiiclusiori of mesonic fluctuations 
~tabilizes the quark co~densate 'against medium effects. 
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Figure 1. The Dysbn equatio·n with the full self energy. 
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Figure 2. The Dysor/equation in selfconsistent Hartree ap~ro~imation. 
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6 Conclusions 

In conclusion ·we have obtained the following, new,r~J~Its: (i) a consistent 1/ Ne 
•. I . . . • . 

expansion for the self energy as well as for the propagator and a closed formula . 
for the quark condensate _in the 1/ Ne expansion, (ii) a finite temperature result,for . 
the 1/Ne quark condensate.in pole approximation within the Matsubara formalism, 
(iii) a proper treatment 'of.the integral limi_ts for the two loop diagrams. , . 

The numerical evaluatia'nfcr a NJL-type model shows that the mesonic fluctu
._ations lead to a decrease of the quark c~ndensate at T ~ 0 and to a stabili~ation 
against II1elting in a medium at finite temperature, c~inpared with the H~rtree 

~ / .• , . . . 

approximation. · · •. · 1 · 
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. A ·Table ofintegia.ls and parameter' fixing'.'. 
. '" ~- ..• · ·. . . ' . . . .'• . ... . . ··.. . .. 

. The polarization dper~tors are'given ~- . . 

J¢~P). = -K~NrE>(q)_Tr[r¢cn(q+.P/2)t¢dH(q ~ Pj2_)] : \ .}:5) · · 
q : . . . . • 

. The. temperature dep~ndence meson masses -;;:~e obtained from the solution of the • 
·Beth~0 Salpeter equation , . . : . .. . . . . 

· :. _1 -)¢(Po ~ M¢(T), P = 0) == 0 , . , . {26r 
,. \. .. . ' ,,,/,,.. ' ' . ,. \ ·, 

where the polariz~t~on operators J¢(Po} are defined as .. 
l "' . . . "' ~ , , -~ ·: - .- .. , . ·. 

J"(Po) =. 2Kht1 ·jdc{q2g2(q)° E2( '/(1~ /2;~ [1 ~ 2/(~(q))] ,· .· (27) . 
,.· • •. : • '._ 11',_ . .. . • . . q - . 0. . . ·.. . _.. . - _, 

• • I . .• : . 2 i . . 2 . , ·. · 

Ju(R) _ 2K0 NJ j 29 (q) ·. • q, ··. ·[ · · /( ( )).] (2 ) 
· .. o_ -~ dqq E(q) E2(q):-:-(fo/2)2 1-2 _Eq ' ·. 8 

. '. ,'--~ - - . ' - . 

, . the·quarkmeson coupling constants.in· the rest_fo1me can be written as • 

.. jg;f/M¢)··~ 2K~;¼~!2J¢(P)I ~- -~ ~
1

2//N 2~ ~; J¢(P~,O), .. -~' · .. (29), 
. . '- .. o J . . . . p2_M,i, o I . o O: . Po-;M,i,_ 

, . ) _.., ,·. ' 

'• "- .10 

·:::-,-

.7 

--< 

., 

I -2 . 91rqij 

-2· 
9uqij 

, I 

~-~-~ . -~~ ----· .. ~· ·--·-

2~~'Jdq ~
2 

g
2
(q)(E2~qt~%2;~)2 [1 ~ 2/(E(q))] 

., ,• I- .' 'JI" , • ' 

~:~ J _dq q2 g2(q)/E~:) (;E2(.q) ~ ~;/4)~ [~ ~ 2 /(E(q))l. 
,\ ' -

(30) 

l. 

The pion decay c~~stant which we u~efor the parameter fixing at zero temp~rature 
is calculated by- . . ' ,. ; , . . . . . · ···•· , . · , · . 

. •· . '1J{;g,rqij.1-•·, 2, •): i' mH(q) ... · ( ). 
. J.,,. =:',· 271'~ > dq q g(q E{q)(E2(q) _: M;/4) '· · 

31 
·· 

~ , I '. • 

' The mo<lel co.ntains three parameters: the_ coupling constant Ko, the current qua;k. 
mass mo· and the range of the formfactor of the potentiaL• We fix these 3 parameters·• 
t<> reproduce the pi9n_mass (M.,,. =-:.140M eV) Eqs.(26)-and (27), the pion decay 
constant(!,. = 93MeV)Eqs.(30),(31)and the qU:arkmass on .Hartree level at zero 
temperature, This choice of the paramters is usual for tlie NJL- model and can also 

: b~ found i~ the same.order~( magnitude in'Refs. [2, 3; H,.12,'. 14, 16], i ,· 
. . ,, ,\ -· . " '. '.' . \ 
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