
P
o
S
(
L
A
T
T
I
C
E
 
2
0
0
7
)
2
1
0

Screening masses of mesons in 2+1 flavour QCD

Swagato Mukherjee ∗ for RBC-Bielefeld Collaboration
Fakultät für Physik,
Universität Bielefeld,
D-33615 Bielefeld, Germany.
E-mail: smukher@physik.uni-bielefeld.de

We present results for screening masses of light and strangemesons in 2+1 flavour QCD using

improved (p4fat3) staggered fermions on 6×243 lattices. We have studied the screening masses

of scalar, pseudo-scalar, vector and axial-vector mesons along the line of constant physics, deter-

mined by a pion mass≈ 220 MeV and a kaon mass≈ 500 MeV. In order to investigate the cut-off

and volume dependencies we have also performed studies of the meson screening correlators in

the non-interacting theory using thep4and the standard staggered discretizations.

The XXV International Symposium on Lattice Field Theory
July 30-4 August 2007
Regensburg, Germany

∗Speaker.

c© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

mailto:smukher@physik.uni-bielefeld.de


P
o
S
(
L
A
T
T
I
C
E
 
2
0
0
7
)
2
1
0

Screening masses of mesons in 2+1 flavour QCD Swagato Mukherjee

1. Introduction

To acquire a detailed knowledge about the nature of the Quark Gluon Plasma(QGP) it is
essential to study the in-medium properties of hadronic excitations. These studies provide infor-
mation about the important length-scales in the QGP. This in turn gives an idea about the relevant
degrees of freedom in the QGP and their possible physical effects. Furthermore, these studies also
illuminate crucial aspects of the chiral and theUA(1) axial symmetry restorations in QCD. Since
in the finite temperature lattice QCD simulations the temporal extent of the lattice is limited bythe
inverse of the temperature most of the finite temperature lattice studies have been concentrated on
spatial correlation function of hadrons. The exponential decay of these spatial correlators defines
the so calledscreening masses[1]. Physical interpretation of this quantity is as follows— if one
puts a test hadron in the QGP medium then the spatial distance beyond which its effects are effec-
tively screened is given by the inverse of its screening mass. For some recent lattice results on the
screening masses of mesons see Ref. [2] and for a review of the earlierresults see Ref. [3]. Here
we present the first ever lattice results for the meson screening masses in 2+1 flavour QCD with
realistic quark masses.

2. Operators

The lattice staggered meson operators are defined asM (xxx) = ψ̄(xxx)
(

ΓD ⊗ΓF
)

ψ(xxx), where
ψ(xxx) is the fermion field at Euclidean space-timexxx = (x,y,z,τ). The matricesΓD and ΓF are
products ofγ-matrices and generate the spin-flavour structure of the correspondingmeson. Here
we are interested in the local meson operators, for whichΓD = ΓF ≡ Γ. For the staggered fermions
the local meson operators can be written asM (xxx) = φ̃(xxx)χ̄(xxx)χ(xxx), whereφ̃(xxx) is a phase factor
depending on the choice ofΓ.

We consider only the connected part of the screening correlators,i.e. we consider only the
flavour non-singlet states. The connected part of the staggered mesonscreening correlator, pro-
jected to zero momentum, can be obtained as

C(z) = ∑̃
xxx

φ(xxx)
〈

(

M−1
xxx000

)†
M−1

000xxx

〉

, (2.1)

whereM−1
000xxx is the full staggered propagator (i.e. for NF = 4) from 000 to xxx, φ(xxx) = (−1)x+y+τ φ̃(xxx)

and x̃xx = (x,y,τ). Since a staggered fermion meson correlator, in general, contains two different
mesons with opposite parity [4, 5] we parametrize this correlator as

C(z) = ANOcosh

[

Mscr
−

(

z−
Ns

2

)]

+(−1)zAOcosh

[

Mscr
+

(

z−
Ns

2

)]

. (2.2)

The parametersMscr
− andMscr

+ are the screening masses of the corresponding mesons. According to
our conventionMscr

− (Mscr
+ ) corresponds to the screening masses of the lightest negative (positive)

parity states andANO ≥ 0, AO ≤ 0 1.
For the staggered fermion there are 8 possible local meson operators [4,5]. In this work we

have studied all 8 of them. The corresponding phase factorsφ(xxx) are listed them in Table 1.

1We have chosen our convention such that the Goldstone pion comes as thenon-oscillating part of the screening
correlator and with positive amplitude.
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Operators φ(xxx) Γ JPC Physical states
NO O NO O NO O

M 1 (−1)x+y+τ γ3γ5 11 0−+ 0++ π2 a0

M 2 1 γ5 γ3 0−+ 0+− π± –
M 3 (−1)y+τ γ1γ3 γ1γ5 1−− 1++ ρT

2 aT
1

M 4 (−1)x+τ γ2γ3 γ2γ5 1−− 1++ ρT
2 aT

1

M 5 (−1)x+y γ4γ3 γ4γ5 1−− 1++ ρL
2 aL

1

M 6 (−1)x γ1 γ2γ4 1−− 1+− ρT
1 bT

1

M 7 (−1)y γ2 γ1γ4 1−− 1+− ρT
1 bT

1

M 8 (−1)τ γ4 γ1γ2 1−− 1+− ρL
1 bL

1

Table 1: A complete list of the meson operators studied in this work (seee.g.Table 1 of Ref. [5], withz↔ τ
interchanged). Possible assignments of the correspondingphysical states are given only for theu-d flavours.

3. Results

For the present study we have used the gauge configurations generated by the RBC-Bielefeld
collaboration using thep4fat3staggered action on lattices of sizeNτ ×N3

s = 6× 243. We have
studied the meson screening correlators along the Line of Constant Physics (LoCP) defined by the
zero temperature pion massmπ ≈ 220 MeV and the zero temperature kaon massmK ≈ 500 MeV.
(For more details about the simulation parameters and procedure see Ref. [6]). For each meson
channel we have investigated the screening masses in three different sectors corresponding to three
different combination of quark masses,viz. theūd, ūsands̄ssectors.

In a staggered fermion meson screening correlator a meson is always accompanied by an
opposite parity meson (see Eq. [2.2]). In our present study, although we have seen the signatures
of both these mesons at our lowest temperature (145 MeV) the amplitude of one of them died out
very fast with the increase of temperature. Hence, in most of the cases wefound the signature of
only one of the mesons. We summarize these findings below—(I) In the M 1 channel we have
seen signature of only the positive parity Scalar (SC), and not the negative parity non-Goldstone
Pseudo-Scalar (PS). We will denote the screening masses of this SC channel asMscr

SC. (II) In M 2 we
have seen the signature of the Goldstone PS, the only state present in this channel. We will denote
the screening masses of this channel byMscr

PS. (III) In M 3 andM 4 we have found signatures of
only the positive parity Axial-Vector (AV). We have also found that the screening masses of the
AV (denoted byMscr

AV later) coming from these two channels are degenerate for all temperatures.
(IV) In M 5 andM 6 we have only found the negative parity Vector (V) states. The screening
masses of these V states (Mscr

V ) coming from these two channels are found to be degenerate for all
temperatures.(V) We found thatM 5 andM 8 are very noisy and reasonable signals were obtained
only at our three highest temperatures. At these temperatures we found signatures of both the V
and AV states in these two correlators. For these two channels, at our three highest temperatures
(viz. T = 321, 363 and 413 MeV), we have found— (a)Mscr

V (M 5) = Mscr
AV (M 8) = Mscr

AV = Mscr
V ,

(b) Mscr
AV (M 5) = Mscr

V (M 8) > Mscr
AV = Mscr

V . In fact, at high temperatures all the V, AV states are
not even expected to be degenerate. For the spatial correlators atT = 0 the rotational symmetry
group of the lattice corresponds to the continuumO(3). At non-zero temperature this breaks down
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Figure 1: (a) Deviation of the PS screening masses from the corresponding zero temperature PS masses
(determined at the same couplings along the LoCP). (b) Temperature dependence of the PS screening masses.
(c) Temperature dependence of the SC screening masses. (d) Difference of the SC and PS screening masses
as a function of temperature. Shaded regions approximatelyindicate the transition region for thep4fat3
staggered action on 6×243 lattice withmπ ≈ 220 MeV andmK ≈ 500 MeV.

to O(2)×Z(2). This, combined with the fact thatM 5 andM 8 have longitudinal polarizations
compared to the transverse polarizations of the other V, AV channels, explains the non-degeneracy
of the V, AV states coming formM 5 andM 8 [7].

Since at zero temperature the screening masses are identical to the ordinary masses it is in-
teresting to investigate at what temperature their values start to differ. As can be seen in Fig. 1(a)
the ratio ofMscr

PS to MPS(T = 0), the ordinary zero temperature PS masses determined at the same
couplings along the LoCP, starts differing from one for temperaturesT & 145 MeV for all the three
quark sectors ¯ud, ūs, s̄s. In the range 145 MeV≤ T < Tc (≈ 194±5 MeV), Mscr

PS distinctly differs
from MPS(T = 0) but only by 5−10% depending on the quark mass.

In Fig. 1(b) and Fig. 1(c) we show the temperature dependencies ofMscr
PS/T andMscr

SC/T re-
spectively. Note that the minima of these two screening masses (normalized by temperature) occur
at different temperatures. This probably indicates that the chiral symmetry(related to the mini-
mum ofMscr

PS/T) and theUA(1) axial symmetry (related to the minimum ofMscr
SC/T) restorations

are taking place at different temperatures. Even at out largest temperatureT & 400 MeV bothMscr
PS

andMscr
SC differ from their free continuum value of 2πT by ∼ 10% and even more (∼ 30%) from
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Figure 2: (a) Temperature dependence of the screening masses of the V channel. (b) Temperature depen-
dence of the screening masses of the AV channel. (c) Difference between the screening masses in the V and
PS channel. (d) Comparison between the V and PS meson screening correlators for the interacting case and
also for the free theory on an identical lattice.

their “free lattice values” (see Section 4). It is expected, at least in the chiral limit, that Mscr
PS and

Mscr
SC will be degenerate once theUA(1) symmetry is effectively restored. In Fig. 1(d) we plot the

difference betweenMscr
SC andMscr

PS as a function of temperature. For the sectors containing the light
quarksMscr

PS andMscr
SC become degenerate only atT > 250 MeV, which is significantly higher than

the transition temperatureTc, and for the ¯sssector this happens at a even higher temperature. These
observations indicate that the effective restoration ofUA(1) probably does not take place at the
transition temperature.

In Fig. 2(a) and Fig. 2(b) we show the temperature dependencies ofMscr
V andMscr

AV respectively.
We have found that above the transition temperature bothMscr

V andMscr
AV are, within errors, compat-

ible with their free continuum value of 2πT for all the three quark sectors. Within our errors they
are also degenerate with each other for the whole temperature rangeT > Tc. However, they differ
by∼ 20% from their free lattice values.

Via Fig. 2(c) we investigate the degeneracy ofMscr
PS andMscr

V , which is expected to take place
at least in the limit of infinite temperature. We have found that the difference between theMscr

V

and Mscr
PS is far from zero at temperaturesT > 400 MeV (> 2Tc). Moreover, our analysis has

shown that this difference is independent of the quark sectors forT > 300 MeV. In Fig. 2(d) we
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Figure 3: (a) Dependencies of the effective screening mass (see Eq. [4.1]) of the PS channel (M 2) onNτ
and on the aspect ratio (Ns/Nτ ) for a free (non-interacting) theory with standard staggered fermions. (b)
Same as (a) but withp4staggered action.

plot the screening correlators for the PS and V channels of the ¯ud sector and compare it with the
corresponding correlators for the free theory on an identical lattice. Itis evident form this plot that
the V and PS correlators are degenerate for the free case, but for theinteracting theory it is clearly
not so. This indicates that the non-degeneracy ofMscr

V andMscr
PS is probably not a lattice artifact and

possibly arises due to the presence interactions. However, one has to keep in mind that compared
to the free case the cut-off and finite volume effects could, in principle, be very different for the
interacting theory.

4. Free case

In order to have an idea about the cut-off and volume dependencies of our results we have
studied these meson screening correlators for the free (non-interacting) theory using different lattice
discretizations for the fermions,viz. the standard staggered and thep4 fermions. Such studies can
tell us about the lattice artifacts already present in the free case. For the free case we computed
the meson screening correlators semi-analytically and looked at the effective mass of the PS (M 2)
channel2, defined as—

aMscr
e f f(z) = − ln

[

C(z+1)

C(z)

]

, (4.1)

a being the lattice spacing. Note that in the previous section the term “free lattice values” means—
the value ofMscr

e f f(z= Ns/4) computed for the non-interacting theory usingp4 staggered fermions
on a 6×243 lattice.

In Fig. 3(a) and Fig. 3(b) we showMscr
e f f(z= Ns/4) as a function of the inverse of the aspect

ratio (Ns/Nτ ) for the standard staggered and thep4 fermions respectively. As can be seen, for
the improvedp4 action there is almost noNτ dependence forNs/Nτ ≥ 4. On the other hand, for
the unimproved standard staggered action the discretization errors,i.e. the Nτ dependence, are
significantly large.

2In the free case we found that the screening masses of all the channelsare degenerate for all values ofNτ with
Ns/Nτ ≥ 4.
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However, for both thep4and the standard staggered action we have found thatMscr
e f f(z= Ns/4)

is strongly dependent on the aspect ratio and the corresponding continuum result of 2πT is reached
only in the limit of infinite volume. This suggests that the screening masses determined from lattice
simulations may have significant volume dependence. Hence a study of the volume dependence of
the screening masses is extremely important.

5. Summary

We have investigated the screening masses of mesons in 2+ 1 flavour QCD from 8 different
local meson operators (listed in Table 1) and for three different quark sectors ¯ud, ūs and s̄s. For
this purpose we have used the gauge configurations, generated by theRBC-Bielefeldcollaboration,
using the improvedp4fat3 fermion action on 6×243 lattices and along the LoCP determined by
mπ ≈ 220 MeV andmK ≈ 500 MeV.

We have found that in the PS channel the screening masses are identical tothe corresponding
zero temperature (ordinary) masses for temperaturesT . 145 MeV. In the high temperature regime
both the PS and the SC screening masses differ from the free continuum of2πT by∼ 10% even for
T > 400 MeV, which is larger than twice the transition temperature. Moreover, for the ūd andūs
sectors the PS and SC screening masses become degenerate only atT & 250 MeV and at an even
higher temperature for the ¯sssector.

For the V and AV channels we have found that the screening masses are compatible, within
our errors, with each other and with 2πT for the whole temperature range ofT > Tc. However,
they are∼ 20% below form our estimation of their free lattice values. In contrast to the free lattice
results the screening masses of the V and PS channels do not become degenerate even forT > 400
MeV. All these features are true for all the three quark sectors.

We have also investigated the meson screening correlators for the non-interacting theory.
Whereas the cut-off dependence of the screening masses are almost negligible for the improved
p4 fermions, for the standard staggered fermion formulation it is quite large. However, in both
cases the screening masses show very strong volume dependence. Thismakes the study of finite
volume effects in meson screening correlators extremely important. We hope toaddress this issue
in future.
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