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Abstract We measured charge fluctuation and fermion number density susceptibility using lattice QCD with

two light flavors of staggered quarks on 16 x 8% x 4 lattice. Below the critical temperature, we simulated them

with the sub-volume for V = (2a)® ~ (8a)3, where | a

_ L
AT

. We find that new aspect is observation of volume

dependence in the fluctuations. The charge fluctuation and fermion number density susceptibility vary with

the volume for V. This suggests the existence of hadronic length scale in the charge fluctuation and fermion

number density susceptibility. Above critical temperature, charge fluctuation and fermion number density

susceptibility are almost volume independent for V > (2a)3.
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1 Introduction

Fluctuations of quark number density and other
conserving quantities have been payed much atten-
tion as signals of formation of quark gluon plasma
(QGP) in the heavy ion collision experiments' ",
Several authors have discussed that the fluctuations
are experimentally accessible and sensible quantities
on phase of QCD matter® 7. Those arguments con-
cern with the change of dynamical modes, specifically
those of mass and granularity of charge and baryon
number.

It is well known that the numerical simulation
of finite density lattice QCD is a difficult problem,
because of the complex nature of fermionic deter-

minant with finite chemical potential u. Since the
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naive quenched approximation does not suitable to
the Ny — 0 limit of dynamical configurations at fi-

[8], one needs to incorporate dynam-

nite temperature
ical quarks to extract relevant physics. On the other
hand, the quark number susceptibilities at ;=0 can
be calculated® in lattice QCD, and give us strong
enhancement of it. In this work, we examine charge
fluctuation as well as fermion number susceptibilities

by focusing on the length scale of them.

2 Quark number density susceptibili-

ties

We employ the staggered quark formulation with
two flavors. The iso-singlet and iso-non-singlet sus-

ceptibilities are
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T Qu +Qd = n, and ngq are quark num- ceptibilities. For yg, the smallest simulation results
HQ
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(¢ = u,d), Z is partition function defined
as Z = J@UH detD, exp[—Sg] = J@Uexp |:Sc,+

1
Z 4TrlnDa} in lattice QCD, in which D, is the

fermion operators, and G is quark propagator with

2 1
5 and Qu=—g.

1
G— dQ.=
,and Q, = 3

3 Numerical results

The numerical simulations are performed on lat-
tices of size 16 x 8 x 8 x 4 with standard Wilson
gauge action and two dynamical flavors of staggered
quarks. The configurations are generated with the
R-algorithm with molecular dynamical step size § =
0.01. Quark mass parameter ma is taken to be 0.0125
and 0.025. We study charge fluctuations and fermion
number density susceptibilities below and above the
critical temperature.

In this work, we measure fluctuations and suscep-

tibilities in finite domains: L3xN,, L=2,3,---,8. The

I\?
sub-volume is V = (aL)3 = <4T) . Fig. 1 shows the

numerical results of xq, xs and xv for ma = 0.0125,
ma = 0.025, and 8 = 5.26 (low temperature phase),
£ =>5.34 (high temperature phase).

In the low temperature phase, in investigating xq
and v, when L >4, we find the numerical results be-
come close to the value of total volume. A minimum is
found around L =4. In physical length unit, it corre-
sponds to 1.2—2fm (Here we consider T =170MeV,
lattice spacing a = 0.3fm). Above L > 6, the fluctua-
tions saturate to the constant value which is irrespec-

tive of the box size. Therefore, we find the length

are seen for L =6. Though there are large errors and
difference for ma = 0.0125 and ma = 0.025, we still
can find length scale of hadronic size which couples

to singlet fermion number density susceptibilities.
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Fig. 1. xq, xs and xv as a function of sub-
volume. (3 = 5.26 (top, low temperature
phase), 8 = 5.34 (bottom, high tempera-

ture phase). Horizontal axis is sub-bolume as
(La)?.
In the high temperature phase, the data are rather
flat in variation of box size and we do not see charac-
teristic length for L=2—S8. For V > (2a)® the xq, Xs

and yvy are independent of sub-volume.

4 Conclusions

In this work, we have developed a framework to
study the response of hadrons to the chemical po-
tential. It is based on Taylor expanding hadronic
quantities around g =0. We show the first results of

the first and second derivatives of pseudoscalar and
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vector meson masses with respect to u. As shown
in the previous sections, the second order responses
are sizable and reveal several characteristic features.
For the pseudoscalar meson, the behaviour of the re-
sponses seems to have close contact to chiral symme-
try restoration. For the isoscalar chemical potential
us, the dependence of the pseudoscalar mass on ug in
the chiral limit is consistent with zero, reflecting the
fact that at low temperature and small pg the pion
is still a goldstone. For the isovector chemical poten-
tial, we show features that point towards the phase
. The ud

pseudoscalar mass tends to decrease as a function of

structure studied by Son and Stephanov

wy at a much stronger rate in the low temperature
phase.

It is notable that a single hadron pole gives a good
description for the response as well as for the corre-
lator at 8 = 5.34 (T/T, =~ 1.1) in the pseudoscalar

channel.

On the other hand, the results for the vector me-
son response are still too noisy. It is encouraging that
the questions touched in the introduction appear to
be addressable within our approach, but improved
statistics are necessary for quantitative conclusions.

Since the present study is a first trial, our simula-
tions have been performed on a rather small lattice.
However, differences between the dynamics of N, =4
Thus,
further investigations on larger lattices are indispens-
able.

The chemical potential response of the nucleon is

and N, = 6 lattices have been reported[ul.

also an interesting issue. That of the quark conden-
sate is even more important. An exploratory study

on these topics is in progress.

Sitmulations were performed on the Nankai Start

at Nankai University.
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