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We discuss the temperature dependence of the screenirigdengjuenched and full QCD using
the non-perturbative lattice approach. We analyze the ¢eatpre dependence of distances which
are defined as moments of quark antiquark free enerigéesye introduce

" = ﬁfd:*r rE(r,T), (n=1,2,3,...)

where Z(T) is a suitably chosen normalization constant &td T) denotes the change in free
energy due to the presence of heavy quarks. These distaalss ste supposed to describe
the geometric size of partonic clouds which screen statiecggs in a medium and characterize
distances beyond which the quark antiquark free energyleadge extent dominated by medium
effects. At asymptotic high temperatures these momentsearelated to the inverse Debye
mass. In our numeric analysis we find that these moments @qidly in the vicinity of the
phase transition and indicate distances which are abooétas large as the inverse Debye mass
found in earlier studies. Our analysis supports recentriglthat indicate that/y will show
significant medium modifications only at temperatures wdive T.
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1. Introduction

In a hot and dense medium the screening radius rapidly decreases wat@isimg temperature
and/or density and the occurrence of the phase transition in QCD towdmtafined medium is
intimately connected to a decreasing screening length. Due to unambiguitietirbpgon theory
at temperatures only moderately above phase transition most of todaytitajivendiscussions
of the screening mass and length, and corresponding medium effectsoyn duark bound states
([, B], are to large extent based on the non-perturbative lattice agprbiere, the Debye screening
mass,mp(T), has been extracted from either the infrared limit of the gluon propagatich
should give a proper definition of the Debye mass, or from the scréemgldmb behavior of quark
antiquark free energies at large distances. In such lattice studies &ugs Yor the screening mass
were obtained]d,]4] $] ¢ f], 8] which indicate a quite small screening length,

I'D(T)

: 1.1
o (T) (1.1)
We will introduce here a screening length by characterizing the temperdépendence of the
geometric size of gluonic clouds that are induced due to the presencdiofcstiar charges in
the medium. For this purpose we introduce and discuss moments of distarem@depquark
antiquark (free) energies at finite temperatures.

2. Quark antiquark interactions and screening

In a heat bath at fixed temperature the parton density distribution can bilered as being
homogenous and the mean free path of partons is determined only by tempenadu(parton)
density. The presence of static charges in the medium, however, will pothgzmedium and the
parton density distribution will change compared to the density distribution dfghebath without
static charges. In particular, the parton density is expected to increase\vitihity of static test
charges and will depend also on the distance between them. This propkustiated in Fig[]L for
the case of a static quark antiqua@@) pair: The region at which one expects a significant higher
parton density might be well located in the vicinity of the test charges and wilbhsidered by us
in the following ascloudswhich screen and neutralize the additional color charges. At sufficiently
large separation of th@é pair f — o) the interaction is screened through these clouds and both
clouds will be well separated (see Hp. 1 (a)). In this case the enengyefatropy) which is needed
to neutralize the charges will not depend on distance. When going to smiatianaes, however,
the clouds begin to overlap (b) and the geometric structure of the densitjpuligin is supposed
to depend also on distance (c). In this case the interaction energy ofaheantiquark will show
also significant-dependence.

The distance below which the interaction is significantly modified by distandel tous be
used to characterize the sizes of the separated screening cloudst aongee quantitative un-
derstanding of the screening length and the size of the clouds that isdrio®i static quarks, we
consider momentar"), which are supposed to characterize the parton densities induced by the
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Figure 1: lllustration of screening through the polarization of gigdn the medium: (a) At large distances
(r — =) the gluon clouds which surround the static test chargesvalieseparated. At smaller distances,
I < 2reouds the clouds begin to overlap (b) and the geometric struatiitbe clouds will depend on the
separation between the test charges (c).

presence of strong interactiong. we consider

4t ©
(Migav = DW/O drrn+2 Figau(r,T), (2.1)

where the temperature dependence of the normalization constants is given b
Figar(T) = 41 /O drr? Frga(r,T). 2.2)

In both relations we already have assumed that the free energies aralized such that they
approach zero at large distances, F gay(r — o, T) = 0. In particular, when assuming a color
screened Coulomb behavior fB1g(r, T) at high temperature and large distandes,

Fig(r,T) = —Cyga(T)exp—mp(T)r)/r, (2.3)
(with C; = 4/3 andCg = —1/6 for three colorsN = 3) we obtain

1 n
n = D —1 . 2.4
s = 0+ 1! () 24)
To lowest order irg, thus, thg size of the screening cloud is not expected to depend on thikcspe
color representation of th@Q state (singlet, octet) and the lowest momefits, g, are expected to

be about twice as large as indicated by the inverse Debye*mass

1
<r>1,8 = 2m7D = ZTD . (25)
Of course, similar relations can be obtained also for the manifest gaugaimvabservable&™")
using the high temperature perturbative relafigi~ —(F1/T)?/16. In this case smaller distances
are obtained.e. (r"),y = n!/(2mp)". In the limit of high temperatures the perturbative leading or-
der relation between the coupling and the Debye mass indicate only a slow&adeg screening
length with increasing temperaturé. (r)1gav~ 1/(gT).

On the other hand, at temperatures close but alfgkemnants of the confinement forces con-
tribute to the non-perturbative properties of the quark antiquark freeyes [ [B] and deviations

10f course, at small distances the coupling will be promoted to a couplifighwhns also with distance(r, T),
and thus the relations deduced here (and in what follows) give only tbatgapproximation for the relations between
the Debye massnp, and the given momenta at high temperature
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Figure 2: Lattice results for(r); as function ofT /T; in quenched s = 0) and full QCD (¢ = 2) and
compared to the size df ¢ at T = 0. We also compare hete); to different length scales obtained in terms
of 2/mp in SU(2) [, SU(3) [[fl and 2-flavor QCD[[B] as well as to distances obtainedJo3) [[Lq] and

2- and 3-flavor QCD|]8] in terms afneg Further details on this figure, in particular on the différénes
indicated here, are given in the text (see Sec. 3).

from a color screened Coulomb behavior become thus important alreadgratediate distances.
In particular, assuming a string-type potential in QCOD at 0,

{—:I_gr—|—C7(r—|'break)‘|‘12:;6ak o I < Tpreak (2.6)

. )
O . r > rbreak

whereo ~ 4.5 fm~2 denotes the string tension angeax~ (1.2 — 1.4) fm the distance at which
the string breaks & = 0, yields(r)t—o~ (0.71 — 0.83) fmatT =0.

3. Numericresultsfor screening massand length

Our numeric studies of the length scdté), g 2y in QCD are to large extent based on lattice

calculations of quark antiquark free energies given in RE|f$] [9,r8PfoD and calculations of free
energies in quenched QCIP 1[0, 7]. We also compare our results to taetreon-perturbative
analysis of the Debye mass given in Ref$[]7, 8]%tk(3) and 2 3-flavor QCD and foSU(2) [B].
To convert these masses to physical units we Ugeel270 MeV for quenched anti ~ 203 MeV
in 2- andT; ~ 195 MeV for 3-flavor QCD, which are the relevant transition temperatateke
quark mass values used in these calculations. We fixed the transition temgefatGU(2) being
290 MeV.

In Fig.[d we summarize our lattice results foj; obtained in quenched and full QCD (filled
red circles: 2-flavor QCD; filled black circles: quenched QCD) in phajsimits as function of
T/Te. It can be seen thafr); ~ 0.7 fm at temperatures in the close vicinity of the transition
while (r); drops rapidly to values below.® fm already at temperatures abov&.2 At higher
temperaturesr)s continues to decrease rather slowly with increasing temperatures. In farticu
in the high temperature limifr); is expected to decrease proportional(@d) . This behavior
is also indicated for 2-flavor QCD in Fifj] 2 by the red lines using[Ed. 2.5 aedetmperature
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dependence of the perturbative 2-loop coupling inM@scheme (using renormalization scales
u € [m,4m). Atthe highest temperatures analyzed by us this estimate still leads to |a@geces.
It is, however, quite interesting to note here that at high temperatures sinstancks to those
indicated through(r); are also indicated through twice the inverse Debye ma&sp2 These
distances are also shown in Fij. 2 by triangles.
Following Ref. [1] the decreasing behavior of (twice) the screeningleaigoveT, may imply
the onset of medium modifications on heavy quark bound states. To estimaddetrant temper-
atures at which medium effects driy may become important we also indicate in fig. 2 the size
of this state al = 0 by a horizontal line. At appears quite reasonable that beyond temigsratu
at which twice the screening length becomes smaller than the size of the paiioulad state
screening effects may strongly influence the binding properties. FronfRignay thus appear
reasonable thak/ (s survives the transition and may show significant medium modifications at tem-
peratures only well abov&. This can also be seen when comparing the datarfarand 2/mp
in Fig. 3 with the scaleeq defined in [IP], which is also shown in Fif]. 2 by triangles. In fact,
I'med has been introduced to indicate distances at which medium effects beconeaintpo the
singlet free energy and both scalés, andrmeg indicate similar distances aboVgin the entire
temperature range shown in F[g. 2. In particular, when comparing theiffscales discussed
above for quenched and 2-flavor QCD with todays attainable scal&dJ@) and 3-flavor QCD
no or only little differences appear at temperatures only moderately ab®tattsition. Of course,
the screening length i8U(2) will diverge when going to temperatures in the close vicinityfof
Finally we also compare in Fifj. 2 the values for; obtained in quenched and full QCD at low
temperatures to the value one may expect at zero temperéaturey, using the parameterization
for V(r) discussed in Sef] 2. This value is indicated by a thick line (left-hand side iffritj.can
be seen that the values obtained fion become indeed quite similar {0)1_o ~ 0.74 — 0.85 fm
already at temperatures close but ab@yeAgain this may demonstrate the presence of remnants
of the confinement forces above the transition and indicates that the dieglenergy deviates at
intermediate and small distances from the leading order color screenéahiooehavior expected
at high temperatures. However, the rather small differences obskeregen 2mp and(r); at
low temperatures presumably implies that the s¢aleis not very sensitive to the small distance
properties ofF(r,T).

4. Conclusions

We have discussed the screening length in quenched and full QCD usipgriies of quark
antiquark free energies calculated on the lattice. For this purpose wezadatyoments of the
free energiesi.e. (r);gay defined in Eq. [(2]1), which are supposed to characterize distances at
which medium modification become important in quark antiquark free eneiedind that(r),
drops rapidly at temperatures close above the phase transition while aehmgkeraturesr); is
almost twice as large as the scale one obtains from the inverse Debye namspArison ofr)1
with the size of]/g atT = 0 suggests that above temperatures ab@T the binding properties
of J/¢ could be strongly influenced by screening. In particular, the length scditained for
SU(3) as well as for QCDNs = 2,3) show no or only little differences at temperatures which are
moderately above the transition. Our analysis of the screening length in QGRWpports recent
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lattice studies of quarkonium spectral functions ab@v quenched[[]1] 12] and full QCI) [[L.3]
which indicate thafl/y may survive the transition and will dissolve at higher temperatures. At low
temperatures, however, a more detailed analysis)@g av including also higher moments, will be
interesting in future. A similar analysis of the screening length with this method eayacome

of considerable interest in QCD at finite temperatures and dengitles [ibg] mesonic or baryonic
[LF] heavy quark free and/or internal energieg [16].
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