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We present results for the inverse screening lengtlsthie screening masses) of quark—anti-
quark systems belonging to different spin-parity chann&lse results are obtained from lattice
QCD simulations of 2+ 1 flavors of dynamical quarks with masses that corresponddtistic
pion and almost physical kaon masses at zero temperatur¢hd-tight quarks our study shows
that the screening masses in the pseudo-scalar and thetsogealar channels do not become
equal at the chiral crossover of QCD. This indicate that tifiecéve restoration of the axial
symmetry does not coincide with the chiral crossover of QEDreover, even in the limit of zero
lattice spacing the screening masses in the pseudo-scaldhe vector channels do not become
degenerate at a moderately high temperature of 420 MeVhEattarm quarks we found that the
screening masses in the pseudo-scalar and the vector ¢hagmeain almost equal to their zero
temperature masses for temperatures less than 300 MeVs@/praisent a more detailed study of
the screening masses in the charm quark sector by emplogirapic boundary conditions along
the temporal direction.
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1. Introduction

It is generally believed [1] that a thermalized deconfinediimn@ has been created during the
heavy-ion collision experiments at the Relativistic Hedoty Collider (RHIC) . In order to under-
stand the structure and properties of such a deconfined medidletail it is important to know
how a system of quark—anti-quark pair behave inside suchdiume By studying the in-medium
properties of different quark—anti-quark systems one @hey information, such as what are the
important length-scales in the medium, what are the retedagrees of freedom of the medium
etc. Apart from these information, in-medium properties of dg@anti-quark systems help us to
understand whether the chiral and th1) axial symmetries of QCD get restored in a deconfined
medium. Since the medium formed in the RHIC experiment iebetl to be strongly coupled [1] a
non-perturbative study of the in-medium properties of tharg—anti-quark systems are called for.
To date, finite-temperature lattice QCD simulations renth@&most viable and successful tech-
nique for such non-perturbative studies. However, in aditemperature lattice QCD simulation
the maximum available physical temporal extent is alwaystéd by the inverse of the temper-
ature. Due to this reason, it is difficult to extract inforinatabout the energy spectrume. to
extract the pole mass, of a quark—anti-quark system froertgoral correlation function. Thus,
conventional finite-temperature lattice QCD simulatioaséhlong been concentrated on studying
the spatial correlation functions of quark—anti-quarkrgaiFrom the exponential decays of such
spatial correlation functions one can extract the inveffssceeening lengthsi.e. the screening
masses [2], of quark—anti-quark systems inside a therawhliieconfined medium.

In general the pole mase;) of a quark—anti-quark system is not identical to its sciregn
mass M%). However, it is important to note that both the spatial amel temporal correlation
functions depend on the same spectral density of the quatikgi@ark system [3]. From this it
follows that if the quark—anti-quark system forms a stabiee) mesone.g.at temperaturd = 0,
then the screening and the pole mass become identieaM® = my. On the other hand, if the
guark—anti-quark system dissociates into free quark atieqaark then the screening mass will
be given by [4]Mf,.o(T) = 2,/(7T)2+mg, wheremy is the mass of the quark. From now on
the value o3 (T,mg = 0)/T = 2nT will be mentioned as the “Free continuum” limit. In the
limit of very high temperature perturbative calculatiob$ $how that this “Free continuum” limit
is reached from above.

Lattice computations of the screening masses of quarkgaatk systems have a long history.
A review of some of the earlier results can be found in [3]. B@me of the more recent results
see [6, 7]. In the present work we have computed the screenésgpes of quark—anti-quark sys-
tems using lattice QCD simulations of two degenerate dyoaimip (1), down @) quarks and a
dynamical stranges| quark. Since the explored temperatures are much smadlerttte charmd)
guark mass the charm quark was not treated as a dynamical fldlnesimulations were performed
using an improved form of the staggered fermion action, p4fat3. The quark masses have been
chosen in a way that correspond to zero temperature mesosesmg~ 220 MeV, mkx ~ 500
MeV, my ~ 3097 MeV andm,, ~ 2980. In order to have a better control over the finite lattice
spacing effects we have used three different lattice dstanfrresponding to three different values
for the temporal exterlil; = 4, 6 and 8. The spatial volume¥ ) were kept fixed af V1/3 = 4.
Further details of these simulations can be found in [8, QBing these gauge configurations we
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Figure 1. Screening masses in tRS(a), SC(b),V (c) andAV (d) channels for thed sector. (e) Difference
between the screening masses in®@andPSchannels. (f) Extrapolations &, andMZg to zero lattice
spacing afl ~ 420 MeV.

have analyzed the screening masses for different staggasrll—anti-quark operators [10] corre-
sponding to the (isovector) scal&(), pseudo-scala(S), (transverse) vecto¥( and (transverse)
axial-vector AV) spin-parity channels and for four different combinatiafgjuark fields,viz. ud,
us, ssandcc.

2. Resaults

The screening masses corresponding to four differentzmiity channels are shown in Fig. 1
for theud sector. Below the chiral crossover temperatig,~ 190 MeV, the screening masses in
the PSchannel remain approximately equalg. ForT > T,c M3gincreases rapidly, but remains
well below the “Free continuum” limit uptd@ ~ 420 MeV. InterestinglyM2- possess a distinct
minimum aroundTp., indicating that the spatial correlation length of the tigisovector) scalar
guark—anti-quark pair becomes large during the chiralstresr. On the other hand, for temper-
atures larger than that of the chiral crossover we found M{at- M3, ~ 2niT. The qualitative
features of the screening masses forubandsssectors were found to agree with that for thee
sector.

Once the chiral symmetry is restored the screening masgbe chiral partners are expected
to be degenerate. In our case this fact is reflected in theliggoa My and Mz, for T > Ty
In contrast to this, as can be seen from Fig. 1(e), the serganiasses in the (isovector) scalar
and the pseudo-scalar channels do not become degenerégenfugratured,c < T < 250 MeV.
Such an observation indicates that theg 1) axial symmetry does not get effectively restored at or
immediately after the chiral symmetry restoration.
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Figure 2: Ratio of the screening mass to the zero temperature poleimB&a) andv (b) channels for the
cc sector. T-pbcmeans screening masses have been extracted by employiodip&oundary conditions
along the temporal direction. (c) The same ratio inRisehannel for four different quark—anti-quark sectors
using 6x 243 lattices.

In order to investigate the cut-off dependence of the singemasses more closely we have
made linear extrapolations of the screening masses iodattiacing squaread = 1/(TN;)? — 0 at
a temperature arouri ~ 420 MeV (see Fig. 1(f)). Such an extrapolation shows &t remains
well below the “Free continuum” value in the limit of zerotiaé spacing. On the other hand,
in the limit of zero lattice spacing the screening mass invthehannel becomes larger than the
“Free continuum” value, in accordance with the perturleativediction [5], even at a moderate
temperature. The figure also shows that the splitting betw&eandMzg persists even in the limit
of zero lattice spacing. This fact is, however, in contridicto the perturbative predictions of [5].
The overshooting of the “Free continuum” value in Yhehannel may, however, be a finite-volume
effect as observed for the lattice computations with queddNilson fermions [7].

In Section 1 it was discussed that if a quark—anti-quark fpaims a stable (free) mesonic state
then the screening mass and the pole mass will become idgntiz. M® = my,. One can use
this fact to investigate the issue of survival/dissociatid charmonia inside a deconfined medium
by computing the screening mass ot@pair and then by comparing that to the corresponding
zero temperature (pole) mass. Keeping this in mind, we hastyzed the screening masses in the
pseudo-scalar and the vector channels for the charm quetdrsdo our surprise we found (see
Fig. 2(a) and Fig. 2(b)) that the ratidd3s/m,, and My /my remain almost equal to one (within
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< 5%) till temperatured < 300 MeV and then seem to show a rapid increase with increasing
temperatures. The distinctiveness of the charm quark iske been elucidated in Fig. 2(c) by
comparing the ratid3g/mps, mps being the (pole) mass in tiRSchannel ail = 0, for different
flavor combinations of quark—anti-quark pairs. Notice taagn for thesssector the relative dif-
ference between the screening and the pole masi8% atT ~ 275 MeV, while for the charm
quarks it is almost negligible.

In contrast to the standard anti-periodic boundary comatitione can also compute the screen-
ing masses by employing periodic boundary conditions atbegtemporal direction. We denote
the later case by— pbc For the periodic boundary conditions along the temporalation the free
(continuum) screening mass will depend on the lowest boddaisubara frequenay?93°"= 0, as
opposed to the lowest fermionic Matsubara frequemﬁ%mic’”: riT for the anti-periodic bound-
ary conditions. HenceM§ o, n(T) = 2y is independent of temperature. Consequently a large
difference betweeMg  o(T) andMg ., (T) at a fixed temperature will indicate that at that tem-
perature the quark—anti-quark system is essentially cegtpof a quasi-free quark and a quasi-free
anti-quark. On the other hand, if the quark—anti-quarkesystorms a (free) stable meson then it
is expected thaM®(T) ~ M7, (T). Comparisons betweeM*(T) andM;_,(T) for cc sys-
tems are shown in Fig. 2(aP&channel) and Fig. 2(b) channel). While the difference between
M3(T) andMz_,,(T) remains at a level of few percent fér~ 220 MeV, it increases tg 20% for
T = 300 MeV. Moreover as one goes to finer lattice spacimgs fromaT = 1/6 toaT = 1/8) the
relative difference betweed®(T) andM?_ . reduces even further for the lower temperatures, but
remains almost unchanged fbe> 300 MeV. Thus for temperaturds< 1.5T,, independent of the
boundary conditions along the temporal direction, theestiregg masses of the pseudo-scalar and
the vectorcc systems remain almost equal o< 0 pole) masses af. andJ /W mesons. Although
in order to draw a firm conclusion reliable results for thectfz¢ densities are required, based on
our findings one may speculate thiptandJ/W¥ mesons may survive in a deconfined medium for

T < 15Ty
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