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Calculation of screening masses in a chiral quark model
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We consider a simple model for the coordinate-space vacuum polarization function which is often param-
etrized in terms of a screening mass. We discuss the circumstances in which thewyalad is obtained for
the screening mass. In the model considered here, that result is obtained when the momenta in the relevant
vacuum polarization integral are small with respect to the first Matsubara frequency.
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In early work Eletskii and loff¢1] considered the leading In our studies of meson spectra®t0 and afT<T, we
QCD diagram in the calculation of the screening mass anthave made use of the Nambu-Jona-Las{iNdL) model. The
suggested that foF —«, m,.=27T. On the other hand, Flo- Lagrangian of the generalized NJL model we have used in
rkowski and Friman[2] obtained values closer tm,.=#T  our studies is
for T=400 GeV in the context of an analytic study of the S 8
Nambu-Jona-LasinioNJL) model at a finite temperature. =y 0 Gs — i 2 Y

In our studies of hadronic current correlation functions we L=q(io-mq+ 2 % (@ "+ (@i ysh'a)]

did not obtain exponential behavior for the Euclidean-space
correlator and were not able to define a screening mass. We Gy — 2 =i >

have traced this problem to our use of a quite large cutoff for - ?Z [(a\'y,0)" + (AN v57,9)°]

the momentum circulating in the vacuum polarization dia- =0

gram. In the present work we wish to show that exponential Gp

behavior is found for all values of the distarcbetween the + — {de{q(1 +As)a] + defa(l ~As)ql} + Loonr (3)
two points defining the correlation function if there is a rela-

tively small cutoff for the momentum in the polarization dia- Here, m® is a current quark mass matrixm’
gram. If that momentum is less than the screening mass wediagmy, mg,md). The\; are the Gell-Manr(flavor) matri-
obtained the expected exponential behavior with a screeninges and\’=12/31, with 1 being the unit matrix. The fourth
mass that agrees with that found in Rg]. term is the 't Hooft interaction and .., represents the

In a number of recent worki3—5 we have calculated model of confinement used in our studies of meson proper-
various hadronic correlation functions and compared our reties.

-~ 8

sults to results obtained in lattice simulations of QH>g]. In the study of hadronic current correlators it is important
The lattice results for the correlatof3(r, T), may be used to to use a model which respects chiral symmetry, wheh
obtain the corresponding spectral functions(w,T), by  =0. Therefore, we make use of the Lagrangian of &),
making use of the relation while neglecting the 't Hooft interaction anfl.,,. In order

to make contact with the results of lattice simulations we use

(" the model with the number of flavorsl;=1. Therefore, the
GnT = fo do o, DK(xo.T), @\ matrices in Eqg.3) may be replaced by unity. We then
have used
where c
=a(ip-mP =5 2 ; 2
Ko T) = SOSe(7=1/2D)] - £=0q(id-ma+ 3 (@a)* + (@ 5]
T T i wl2T)

Gy 2. (o 2
_— + , 4
The procedure to obtaim(w,T) from the knowledge of 2 @07+ @ys7,97) @

G(r,T) makes use of the maximum e”‘“,’pY methEM) in order to calculate the hadronic current correlation func-
[9-11], sinceG(7,T) is only known at a limited number of o<1 earlier work{3-5].

points. In order to present our results in the simplest form, we
consider only the scalar interaction proportiona(dq)?. We
also extend the definition af(w,T) of Eq. (1) to include a
*Electronic address: casbc@cunyvm.cuny.edu dependence upon the total moment of the quark and anti-
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FIG. 1. The functiorC(2) of Eq' (6) is shown for a sharp c_utoff FIG. 2. The functiorC(z) of Eq. (6) is shown for a sharp cutoff
of knax=0.1 GeV. The dotted line represents an exponential fit to - . o
. _ . of kna=0.4 GeV. The dotted line represents an exponential fit to
the curve usingm,.=1.23 GeV.(We recall that#T is equal to . _ .
1.27 GeV) the curve usingns:=0.961 GeV.(We recall that#T is equal to

1.27 GeV.

quark appearing in the polarization integral. Thus we con- . modify Eq.(8) to refer to fermions. In this case the
sider the imaginary part of the correlatet(w, P). Since we  \atsubara frequencies are

place P along the z-axis this quantity may be written as (2n+1)
o(w,0,0,P,) in accord with the notation of Ref12]. In this oy = —77,
work we will present our results for the coordinate- B
dependent' corrfelatdr?(z) which is proportional to the cor- 54 we have

relator defined in Eq(l) of Ref.[12],

(9

- - G = Lo [ 2
C(2) = %f dp, eiPzzf dwa(La;O'PZ). (5) ’ 283 (277)3
- ’ [Pl +5- KGR+ mB) + 7 (k+P)]
We may also use the form <ﬂ2 e2>{<77 0)2 - ZJ '
— +k — k
+ 5 +p°| +(kk+p)

2
1(” o [ P%0,0P p
C(2 = Z-f dp, elezf dpz% (6) (10
—% 0

. ) . if we keep only the first term in the sum, whavg=m/. As
We have made a study of the screening mass in a simplg ot step we drop?, so that we have

model in order to understand the origin of exponential be-
havior for the correlator. To that end we make use of Ref. g? d3k

[13]. We consider the Matsubara formalism and note that the 1(p,0) = Z;Tr (2m)°3
quark propagator may be written, wig=1/T, as . _
; [LOPTIB+ TR wlB+ - (k+ )]
- ‘2n+ D) mlB+7y-k—-M 2 2
Sk = A ITEYY KM g MZ> , sz Mf) b (ke 5>2J
(2n+1)27% B2 + K2+ M2 B B
For bosons the vacuum polarization function is given as Eg. (19
(1.5]) of Ref. [13], We then taked along thez axis and writdI(p,) =I1(p, 0). We
) 5 define
- d>k

(5,00 = = 3 .

2B (2m) C(2) = | dp, €PZI1(p,). (12

1 1
X A In our calculation we replacg?/28 by unity and use a sharp

R (2 2 : "
>— +kZ+M? <£+p°> +(k+p)2+M?  cutoff so thatlk] <Knmayx
B B The results of our calculation &@(z) of Eq. (6) are given
(8) in Figs. 1 and 2. In Fig. 1 we udg,,,=0.1 GeV and in Fig.
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2we putk,,,=0.4 GeV. For our calculations, we hawe,,  are so large as to preclude obtaining exponential behavior for
=7T=1.27 GeV whenT=1.5T, and T,=0.27 GeV. Thus, our coordinate-space correlajor.

the k. values considered here are less timap and that Our goal in this work was to consider a simple quark
feature leads to the exponential behavior seen in Figs. 1 arf@odel for the calculation of a hadronic current correlation
2. If kpaxis made larger than 0.4 GeV we begin to see defunction and to determine the conditions under which the
viations from exponential behavior fa(z). (Since in our coordinate-space correlator is dominated by the screening

calculations reported in Ref3—5], the integrals were requ- Mass which is given by the first Matsubara frequency. We
P £ J g have found that the standard result is obtained if the quark

. . _)2 2 .
lated with a Gaussian regulator éxg/a’] with @ 504 antiquark momenta in the vacuum polarization calcula-
=4 GeV, we can see that thevalues in those calculations tion are small compared to that frequency.
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