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1. Introduction

Electric and magnetic screening masses of the gluon are the fundamental quantities of the
guark-gluon plasma at high temperatitg [n this report, we employ lattice QCD simulations with
two flavors of improved Wilson quarks at temperatufe3,. ~ 1-4 and try to extract both screen-
ing masses from the correlations of the Polyakov-line operator classified under the the Euclidean-
time reflection and the charge conjugati@h [Also, we make a comparison of our results with the
predictions from the dimensionally-reduced effective field theory andthe: 4 supersymmetric
Yang-Mills theory.

2. Correlations of the Polyakov-line operator

In order to extract the electric and magnetic screening masses, we classify the Polyakov-line
operator into different classes on the basis of the symmetries under the Euclidean time-refgction [
(<) and the charge conjugatio@); Both are good symmetries of QCD at zero chemical potential.
(Note that.7 corresponds to the product of the time reveiBand charge conjugatio@ in the
Minkowski space.) Undef, the gluon fields are transformed as,

A(T,x) = A(=T,X), Aa(T,X) — —A4(—T,X). (2.1)

An operator belongs to the magnetic (electric) sector if it is even (odd) ufide©On the other
hand, the charge conjugation changes the gluon field as,

Au(T,X) — —AL(T,X). (2.2)

The Polyakov-line operator

1T
Q(x) = Pexp [ig/ drA4(r,x)} (2.3)
0
transforms undeg” symmetry andC symmetry as
7: Q-0 Cc: Q-0 (2.4)

Therefore, we defing-even (odd) operator by its Hermitian (anti-Hermitian) component:
1 ¥ 1
QM—E(Q-FQ ), QE:E

where the subscript implies that the operator is in the magnetic (electric) sector. Furthermore, they
can be decomposed inf®even andC-odd operators as

(Q-ah), (2.5)

1
2
We can define two types of gauge invariant correlators usin@Ey4s

1
(QM iQK/I)a QE,:l: = E(

Qs = Qe+ QF). (2.6)

Cu+ (1 T) = (TrQu 4 (X)TrQu 1 () — (TrQ)?, (2.7)
Ct_(r,T) = (TrQe - (X)TrQe —(y)), (2.8)
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wherer = |x —y/|, and the superscript “I” implies that the correlators are gauge invariant. Since
TrQm - = TrQe = 0O, the correlators of these operators are identically zero. If we are allowed to
fix gauge, we can construct four types of correlators:

Ch o (6 T) = (TrQu 4 ()Qu.1 () — (TrQ)?, (2.9)
Ch_ (1 T) = (TrQu.—(X)Qu.—(y)), (2.10)
Ce(rT) = (TrQe (X)Qe1(¥)), (2.11)
CE_(r,T) = (TrQe_ (X)Qe—(y)) (2.12)

where the superscript “F” implies gauge-fixed correlators. In this study, we adopt the Coulomb
gauge fixing.

We define the screening masses of these correlators through the fit with the following screened
Coulomb form at long distances:

—m[;E)C(T)r

I(F I(F e
Cye(rT) — a},@;(T)f (2.13)
whereaj;F%(T) andm!;f)C(T) are fitting parameters. Then we can extract six screening masses all

together,

m[f;)C(Magnetic sector: my_,, My . My _, (2.14)

m{(;)C(EIectric sectoy: mg_, Mg, ME _. (2.15)

)

3. Numerical simulations

We employ a renormalization group improved gauge action and a clover improved Wilson
quark action with two flavors. The simulations are performed on a lattice with a sigofN, =
16° x 4 along lines of constant physics, i.e. lines of constapé/my (the ratio of pseudoscalar
and vector meson masses)Tat 0 in the space of simulation parameters. Details of the lines of
constant physics with the same actions are summarized in 328%;.9]. We take two values of
mps/my = 0.65 and 0.80 with the temperature rang€elofTpc ~ 1.0-4.0 (9 points) and 1.0-3.0 (7
points), respectively, wherk is the pseudocritical temperature along the line of constant physics.
The number of trajectories for each run after thermalization is 5000—-6000, and we measure physical
quantities at every 10 trajectories. The fits are performed by minimjgfidior with fit ranges of
0.35< T < 1.0for C||5__ and0.5 < rT < 1.25for other orrelators.

Left (right) panel of Figdl shows results of screening masses in magnetic (electric) sector at
mps/Mmy = 0.65 as a function of temperature. As temperature increases, the magnetic screening
masses converge to a similar value, whereas the electric screening massea%hkowsngf <
m'E77. In the weak coupling limit, these properties may be interpreted as follows. The Polyakov-line
operator in the magnetic (electric) sector has even (odd) powers of

1 1T 2
Qu ~ 1+ (ig/ dTA4> b 3.1)
0

3

YT 1/ yT
Qg ~ —|g/0 drA4—3|<|g/0 dTA4> + - (3.2)
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Figure 1: Screening masses in magnetic (left) and electric (right) sectonsgiim, = 0.65.

Then all the Polyakov-line correlations in the magnetic sector start with the correlation of the
second powers Ohy:

Ch(r,T) O gX(TrAZ(x)AZ(Y)) +O(d®), (3.3)
Cu(r,T) O gX(TrAZ(X) TrAY(y)) + O(c®). (3.4)

On the other hand, Polyakov-line correlations in the electric sector have different powers depending
on the gauge choice, becaulBédy = 0:

CE(r,T) O g*(TrAs(x)As(y)) + O(cP), (3.5)
Ce(r, T) O g¥(TrA3(X)TrA3(y)) +O(c®). (3.6)

Then the leading contribution i@E comes from single temporal-gluon exchange, whereas that in
CL comes from triple temporal-gluon exchange. This may lead to the exponentiald%l_l_orhuch

faster tharCE | and hence the mass ordering in Bigrurther discussions on a relation between the
Polyakov-line correlations and the gluon propagators in the weak coupling are given in Appendix:

3.1 Comparison with 3D effective field theory and 4" = 4 supersymmetric Yang-Mills
theory

Let us compare our results with the predictions by the dimensionally reduced effective field
theory (3D-EFT) and thet” = 4 supersymmetric Yang-Mills theory (SYM). Here we focus our
attention on the screening masses With,C) = (+,+) and(—,—), i.e. my + andmg _, which
are channels calculable from the gauge invariant Polyakov-line correfatiomshe 3D-EFT ap-
proach [B], the screening massesTt= 2/\y;s with A5 being the QCD scale parameter have been
calculated foNs = 2 as

3D-EFT (Nt =2): my ., ~ 3.60T, mg_ ~ 6.46T. (3.7)

1Although our Polyakov-line operators do not have definite angular momedtand the parityP, we assume
that the asymptotic behavior of our Polyakov-line correlations picks up the ground state contribution corresponding to
(,P)=(0,+)
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Figure 2: Comparison of the screening ratimg — /mv 4, with predictions in the dimensionally-reduced
effective field theory (3D-EFT)@] and. 4" = 4 supersymmetric Yang-Mills theory (SYMY].

The screening masses of the Polyakov-line correlationstin= 4 supersymmetric Yang-Mills
theory in the limit of largeN; and large "tHooft couplingX = g°N¢) were calculated by AdS/CFT
correspondencéT:

N =4SYM: my . ~7.34T, mg_ ~161T. (3.8)
Our results of the screening masses shown inFigdicates that
4D-lattice QCD(Nf =2) : my 4 = 4T —6T, mg_ = 10T — 14T. (3.9)

In all three cases, we have the inequalitgy - < meg_. Since we cannot compare the absolute
magnitude of the screening masses in QCD and thosé’is- 4 SYM because of the different
number of degrees of freedom, we take the ratig, /my - in Fig. 2 for above three cases. We

find that, in spite of the difference in the magnitude, the screening ratios agree well with each other
for L5 < T/Tpe < 3.

4. Summary

We investigated the screening masses in hot quark-gluon plasma from the Polyakov-line cor-
relations classified by the Euclidean-time reflection)(symmetry and the charge conjugati@) (
symmetry. The screening masses are calculated in the maggétavén) and electric.4 -odd)
sectors from the lattice simulations Nf = 2 QCD aboveTy. with the RG-improved gluon action
and the clover-improved Wilson quark action orl@ x 4 lattice. We found that, the magnetic
screening masses obtained by the gauge-invariant and gauge-fixed correlations coincide with each
other forT /Tpc > 2, whereas the electric screening mass obtained from the gauge invariant cor-
relator is larger than that obtained from the gauge fixed correlator. Our results obtained from the
gauge invariant correlators are compared with the calculations in the dimensionally-reduced effec-
tive field theoryB] and the.#” = 4 supersymmetric Yang-Mills theory]. We found that the ratio
of the electric and magnetic screening masses in three cases are qualitatively consistent with each
other for atl.3 < T /Tpc < 3. Further discussions between the Polyakov-line correlations and the
gluon propagators are given in Appendix.
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A. Appendix: Relation to gluon propagators

In this Appendix, we consider a direct relation between the Polyakov-line correlations and the
screening mass in gluon propagators. Here we define the magnetic (electric) screeningynass,
(mg), from the spatial (temporal) gluon propagator at asymptotic spatial distance,

AOOAW) = T S (=1 o) (A1)
RaOAY)) = T S (xyl =1 — o) )

In the weak coupling limit, the gauge fixed correlat@p  is related to the electric propagator as

e Me (T)r
rT

CE_(,T)—a(T) (A.3)

On the other hand, the gauge invariant correla(t{glr)+ would have not only an exchange of two
temporal gluons but also an exchange of two spatial glugjns [

| e 2 ema(mr 2
CM,+(r,T)—>b1(T)< _ >+b2(T)< < ) (A.4)

Although b, has higher powers ig, the exchange of the spatial gluons could dominate at long
distances ifny < mg.

We extractme by fitting CE? to the right-hand-side of EGA(3) with the fitting parameters,
a(T) andmg (T). Then we extractny by fitting a combination of th€f _ andCy, , as,

C;\/I,—i-(raT)

W :Cl‘l‘CZ(T)eXp[Z(mE(T)_mM (T))I’], (A-S)

with ¢z, ¢, andmy, being the fitting parameters. The fit ranges are chosen b€ rT < 1.25.

Results ofmeg(T) andmy (T) are shown in Fig3 (left) as a function off /Ty at mps/my =
0.65. Similar results are obtained folps/my = 0.80too. We find thatmy is smaller thanne at all
temperatures we calculate, which is consistent with a prediction in the thermal perturbation theory:
my ~ O(g?T) < me ~ O(gT). We also find that, foll /Tyc > 2, both screening masses decreases
asT increases, whereas: andmy behaves differently fol < T /Ty < 2, i.e. mg increases and
my decreases when the temperature approachgg.tdhe behavior ofny is not expected from
the leading-order perturbation theory.

In the right panel of Fig3, mg andmy, calculated directly from the gluon propagators in the
quenched approximation are recapitulai8d Although my < me is also found forfT /T¢ 2 1.2,
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Figure 3: Results of the electric and magnetic screening masses calculated from the Polyakov-line correla-
tions inN; = 2 lattice QCD atmps/my = 0.65 (left) and from the gluon propagatorsiy = 0 lattice QCD

18] (right).

my (mg)increases (decreases)aapproaches td. in the quenched calculation. Such qualitative
difference betweeN; = 2 andN; = 0 near the (pseudo-) critical temperature may be attributed to
the different behavior of the the phase transition in two cases.
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