FiZzIKA 2006

CiLD XIINe1-2

ON PION CORRECTION TO QUARK MASS IN NEXT-LEADING ORDER OF MEAN-
FIELD EXPANSION IN NJL MODEL
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Institute of Physics Problems, Baku State University
Z.Khalilov, str., 23, AZ 1148 Baku, Azerbaijan

The correction to quark mass are calculated in Nambu - Jona-Lasinio model with 4 — dimensional cutoff regularization and with dimen-
sional-analytical regularization in the next-to-leading order of mean-field expansion. The analytical calculations show that the pion correc-
tion to quark mass is equal to zero. Comparing the results in both regularization one can signify that the zero value of the pion correction to
quark mass is the regularization-independent fact of Nambu - Jona-Lasinio model.

1. Introduction

The chiral-symmetrical Nambu - Jona-Lasinio (NJL) model
[1] with the quark content [2] is one of the most successful
theoretical laboratories for investigation of the phenomenon
of the spontaneous breakdown of chiral symmetry and for
study of the light hadrons in the non-peturbative region [3,4].
The NJL model was intensively investigated also at finite
temperature and density [5] and with various external fields
[6].

The nonrenormalizability of the NJL model implies a
suitable choice of regularization. The most common regulari-
zations for NJL model traditionally entail a four-dimensional
cutoff (FDC) regularization [3,7,8] or three-dimensional
momentum cutoff regularization [3,4]. Other regularization
schemes are also used for NJL model [9].

Scalar meson contributions in the chiral quark condensate
in the framework of the dimensional-analytical regularization
(DAR) have been calculated in [10,11]. These contributions
for physical values of parameters were found to be significant
and should be taken into account in choice of the parameters
values. The improved fit of parameters has been carried out
in  SU,(2)xSUA(2) - NJL model.

In  [8] systematical comparison of the dimensional-
analytically regularized NJL model with the NJL model with
FDC regularization has been done. Apart from the corrections
to chiral condensate, the corrections to quark mass in both
regularizations were also calculated. The numerical calcula-
tions at two characteristic values of condensate showed that
the pion contributions to quark mass in both regularizations
are equal to zero. Also it was supposed in [8] that an absence
of the pion corrections to quark mass is a regularization-
independent fact of NJL model.

The present work, which essentially based on results of
[8], is devoted to analytical calculations of the pion correc-
tion to quark mass.

2. NJL model with dimensional-analytical regulari-
zation and with four-dimensional cutoff. Meson con-
tributions in chiral condense

The model under consideration contains up and down
quarks fields y(x), each with n colors. The SUy(2)x SUA(2) -
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L=y ioy +%[(v7!//)2 +(v7i75f“w)2] :

where 7“-are Pauli matrices normalized by tr(#7)=25
For formulating of the mean-field expansion we use an itera-
tion scheme of the solution of Schwinger-Dyson equation
with the fermion bifocal source, which has been developed
in [12].

The unique connected Green’s function in the leading
mean-field approximation is a single-particle Green’s func-
tion (quark propagator):

s¥=(m-p)",

where the dynamical quark mass m is a solution of the

gap equation:
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where dg =d“*q/(27)".
The solution of the gap equation (1) in DAR and FDC
regularization leads to [8]:
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£ and A are regularizations parameters in DAR and in
FDC regularization correspondingly.

Meson contribution to chiral condensate can be calculated
in the next-to-leading term of the mean-field expansion.

Ratio of the first iteration condensate y® to leading-
approximation condensate 7% in the pion channel has the
form [8,10]:

m®—p®+2pq

A.(a),

invariant Lagrangian of this model is:
jdﬁda(
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= MPp?
where J —jdpm
In (4) the pseudoscalar amplitude A is [10]:
ig
A = 5
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p

where

pseudoscalar quark loop.

L, (p) =ig[ dqtrs”(p + q)ysSV(@)rs -

Making use of the gap equation (1) we obtain the following

form for amplitude A, in momentum  space:
L,(p)=ig [ ddtrs®(p+q)s'(a)
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g
d ™

o )= 2 2 2 2
0= =9 =)

| The calculation of the integral (7) in both regularizations

(in DAR and in FDC regularization) leads to:
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Here F(a, b; c; z) is the Gauss hypergeometric func-
tion.

equation (2) in both regularizations (at n=3) takes the follow-
ing forms:

The pseudoscalar amplitude A" according to the pole (AP YO _ 1 _ 2igm? 10)
(p*=0) representations of the formulas (8) and (9) and the gap| 4 12p21%7(0) &H?
(Apole)FDc _ 1 —_j 4z (11)
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As a measure of quantum fluctuations of the chiral con- | Sm Do Do
densate in pion channel, it is used the first iteration conden- —= =p®(m?) -a®(m?), (14)

sate to the leading-approximation condensate in pole ap-
proximation of amplitude (10) in DAR [10]:

1
DAR
T =— (12)
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Using the pole approximation of amplitude (11) in calcu-
FDC

lation of the ratio r, ~~ in Euclidean momentum space in

FDC regularization, we obtain for ratio of the first iteration
condensate to the leading approximation condensate:
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S(Iog(l +x)— 1:)()

FDC _
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3. Pion correction to quark mass

In [8] it has been obtained the formula for the correction
to quark mass in next-to-leading approximation of the mean-
field expansion. We’ll use that formula having the following
form:

where a,(rl)and b,(zl) are the first order mass functions.
These functions are defined by the following equations:
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Using in (15) and (16) the leading singularity approxi-
mation for (A% )™ (10) and (A" )™

(11) and calcu-
lating the integrals in DAR and FDC

regularization
(taking also into consideration (14)) we obtain for pion

corrections to quark mass the following expressions:
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From (17) and (18) according to (12) and (13) it follows
that the pion contribution to quark mass is equal to zero. It
means that the zero value of the pion correction to quark
mass is independent from the regularization choice in NJL

model.
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G.

NiL MODELINDO ORTA SAHO PAYLANMASININ BAS HODDINDON SONRAKI HODDO PiONUN

KVARKIN KUTLOSINO DUZOLISLORINO DAIR

NIL modelinds orta sahe paylanmasinin bas haddinden sonraki hoddo dérdslgiilii kesmoa requlyarlasmasinda vo 8lgiilii-analitik
requlyarlasmada kvarkin kiitlesino diizaliglor hesablanmigdir. Analitik hesablamalar gostorir ki, kvarkin kiitlasino pionun diizaliglori
sifira barabardir. Hor iki requlyarlasmadaki hesablagsmalarin miiqayisasi gostorir ki, kvarkin kiitlasina pionun diizalislorinin sifra bo-
raborliyi NIL modelinds requlyarlasma se¢iminden asili olmayan faktdur.

P.T'. Ixxadapos

K IIOITPABKAM ITMOHA B MACCY KBAPKA B CJIEAYIOIIEM 3A I''TABHBIM
HNOPAIKE PA3JIOKEHUS CPEJHEI'O ITOJISA B MOJAEJIN HUJI

Brrancnenst TIOIIpaBKHU B MacCy KBapkKa B MOJICIIN HUJI B peryiigpusaniii ¢ Y€TbIPCXMEPHBIM 06pe3aHHeM uB pa3MepHO-aHaﬂHTH‘{eCKOﬁ
peryjiipusaliui B CJICAYIOLIEM 3a I'NIaBHBIM IMOPAAKE PA3JIOKCHUA CPEAHETO 1MOJIA. AHanuTHYECKHUE BEIYUCIICHUS IOKa3bIBAKOT, YTO ITHOHHBIC
IOIIpaBK B MAacCy KBapKa paBHbI HYJIIO. CpaBHeHI/Ie PEIYILTATOB BBIUHCIIEHUI B 00eHX peryjisipusaiusax Ja€T BO3MOXKHOCTE YTBEPKIATh,
YTO paB€HCTBO HYJIIO MTMOHHOM TIOIIpaBKH B MAacCCy KBapkKa sBJIACTCs (1)3.KTOM MOACIn HI/U-[, HC3aBHUCHUMBIM OT BI:I60pa peryligapusalyuu.
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