ABSTRACT

In this study, we explore the distribution of energy-momentum
tensor around the static quark and antiquark in SU(3) pure gauge
theory at finite temperature. Double extrapolated transverse dis-
tributions on mid-plane of the flux tube have been presented for
the first time at nonzero temperature. Also, we investigate the
spatial distributions of the flux tube on the source plane obtain-
ing from the stress tensor for several ¢gq separations and temper-
atures above and below the critical temperature. The resultant
distributions show the detailed structure of the flux tube. Finally,
we show the dependence of F;,¢ss that is computed from the in-
tegral of the stress tensor on the distance between the quark and
antiquark on a finer lattice.

METHODS AND SIMULATION

Energy-momentum tensor on the lattice

The Gradient flow method is important tool to formulate the
EMT on the lattice. The EMT is constructed from gauge invariant
flowed operators using small-t expansion as follows, [1]

Tw(t,z) =c1(t) Uy (t, x) + 4ea(t) E(L, ), (5)

1
Uw(t,x) = G, (t,x)Gzp(t, T) — ZGga(tjx)Gga(t, x), (6)

E(t,x) = —Ga (¢,

G (:2)G 7)

Here c;(t) and c2(t) are flow-time dependent, two-loop order per-
turbation coefficents [2, 3]. Then, one can obtain the renormalized
EMT by taking the zero-flow time limit,

T/f’,);( ) =1mT,,(t,x). (8)

t—0

Energy-momentum tensor around the quark and an-
tiquark
In the ¢g system, the distribution of EMT is computed from the

correlation function of the EMT and Polaykov loops as follows

[4],
_ (T, (t,2)Tr [LT(0)L(R)])

Te [L1(0)L(R)]

— (T (t,2)) .
©)

The Polyakov loops L(x) represent positions of a quark and an
antiquark located at spatial coordinate x.

We measured not only the EMT, but also the Polyakov loops at
nonzero flow time values.

Simulation parameters

T/T.| N3 x N, | tT?

095 | 323 x8 | 0.003-0.007
483 x 12 | 0.003 - 0.007
643 x 16 | 0.003 - 0.007
963 x 20 | 0.003 - 0.007
323 x 8 | 0.005-0.014
483 x 12 | 0.005 - 0.014
643 x 16 | 0.005 - 0.014
963 x 20 | 0.005 - 0.014

R, fm
0.5-1.2 | 1000
0.5-0.9 | 1000
0.5-0.9 | 500
0.5-0.8 | 250
0.5-0.9 | 1000
0.5-0.8 | 1000
0.5-0.6 | 500
04-0.6 | 250

a, fm
0.086
0.058
0.044
0.035
0.057
0.038
0.029
0.029

Nconf

Cylindrical coordinate

In order to study transverse distribution of the EMT on the mid-
plane of the flux tube, one needs to transfer into the cylindrical
coordinate system:

Ty = (ey)pTuv(ey)v, (77 =1,0,2) (10)
=Vx?+y% 0 =tan~ <y) 2=z
T’Y’Y’( ) — d’LCLg(T44( )7Trr( )7 TH@(T)a Tzz('r)) (11)

(0,0)

Double extrapolation (a,t) —
With the aim of extracting renormalized EMT, the continuum
limit and the zero-t limit are taken.

1. Continuum limit (¢ — 0), T = »1/N2? =

(a(8)T)*

2. Zero flow time limit (t — 0), tT2 — 0

a. Temperature: T'/T, = 0.95,T/T. = 1.44,
b. qq separation: R = 0.5 fm, R = 0.7 fm,

1 T
c. tT% =0.003-0.014, F<\/7T<P£3

a(B) - Ny
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INTRODUCTION

In QCD, the study of thermodynamic quantities, such as, energy
density (¢), pressure (p), etc., at high temperature is important to

e describe quark confinement phenomenon,
e study state of quark gluon plasma,

e understand physics of particles from relativistic heavy-ion
collision.

The most convenient method to study these thermodynamic
quantities is to formulate the energy-momentum tensor (EMT).
Also, the energy-momentum tensor is suitable to investigate
the local properties of the field in the gauge invariant manner.
The EMT is four times four dimensional matrix and second-
rank tensor quantity. Expectation values of the elements of

RESULTS

Stress distribution around the quark and antiquark
on the source plane (z, y)

(k) — (k) —
Tnl) = \n® (k= 1,2,3)[5) (12)
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* The shorter distance: At both temperatures, the flux tube can
be observed, but field lines are different.

* The middle distance: At T < T, the flux tube still persists,
and at 7' > T,, the flux tube is beginning to dissociate from
the middle

* The larger distance: At both temperatures, the flux tube com-
pletely disappeared. But the disappearance behaviors are
different.

Double extrapolation

Continuum limit (a — 0) Zero-flow time limit(t — 0)

(T (2, x)>lat = <TNV(t7x)>cont + <TMV(t7x)>cont - <va($)> +

buv(t) Cluu(t) -t [6]
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In order to parametrize the transverse profile, we have used these
functions:

Bessel function:

FBessel — AKO( V BTQ + C) [8]

T/T, =144, R =050 fin

Gauss function: ;
FGauss =A- e—Br + C [7]

T/T, = 1.44, R = 0.50 fm, tT2 = 0.014

$ N, =8 $ tT2 0.0005

0.8  N,=12 || § tT? = 0.0007
§ N, =16 0.8 § tT? = 0.0010/ |

06 | § N, =20 ¥ $ tT? = 0.0012
’ § continuum 306 $ ¢T? =0.0014| |

== # renormalized
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Strong-interaction matter
under extreme conditions

the matrix correspond to the physical quantities. For exam-

ple, —Ty4(x) = e(z) (Energy density),T},,(x) = ou(z), (1, v =
1,2, 3) (Stress tensor).
The EMT consists of the gauge part and the fermionic part:

T (z)

T (x) =

— 7 (2) + TS (x) 1)

| B ()P () -

1 a a
gO ZCSMVFpG(x)FpU(x)

The direct discretization of EMT is non-trivial on the lattice:

1
Tlt FltFlt FltFlt
?; ? V% ZCSMV pg pg

lim Tt £

a—0 HY

T, — UV fluctuation

RESULTS

Double extrapolated EMT distribution on midplane
(z=0,7)
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* At T < T, and for the shorter distance: The T2 (r) compo-
nent, along axis connecting quarks, is larger than other two
space-space components and similar to the energy density.

For the larger distance, the T (r) is decreased and simi-
lar to the other two space-space components. When the
distance is increased, the values of all components are de-
creased.

When the temperature is increased, the values of all com-
ponents are decreased and approach zero. Also, the differ-
ence between the energy density and the space-space com-
ponents is decreased.

qq force computed from stress distribution

Fatress = — / T,,dS,; = 2 / T..(rt)rdrs]  (13)
S 0
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0.‘8
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For the temperature below 7., the dependence of the ¢g
force on temperature is similar to that of the zero temper-

ature QCD, but the magnitude of the force is less than that
of the T" = 0.

For the temperature above 7., the dependence of the gg
force on temperature is different from that of the zero tem-
perature QCD, and it is approaching a zero. It may indicate
the color screening phenomenon.

CONCLUSION

We have studied the distribution of the energy-momentum tensor
around the quark and antiquark at high temperature in the SU(3) pure
gauge theory. And we have taken the continuum limit and zero-flow
time limit for the transverse profile on the mid-plane of the flux tube for
the first time at nonzero temperature, successively.

e We explicitly illustrate the dissociation of the flux tube at large
separation is in a different way for the temperatures below and
above critical temperature from stress-tensor distribution on the
source plane. This may indicate that the following phenomena
are occurring;:

* T < T: String breaking
* T > T,: Color screening

e As T and R are increased: the change of the T/:(r) behavior and
the decrease of all components and show the flux tube disappear-
ance.

T < Tc: <T4Fji('r'

)+ <TZRZ (r
the QCD vacuum and different from the classical electrodynamics.

)+ {Tpe(r)) + (Tr(r)) < 0: similiar to
T > To: {Tii(r)) + (TE(r)) + (Ta5(r)) + (T (r)) ~ 0: different
from the QCD vacuum and similar to the classical electrodynam-
ics.




