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J Phenomenology based study of transport
coefficient g in heavy-ion collisions

1 Formulating g for hot QGP using Lattice gauge
theory

1) Previous study done on a quenched SU(2) lattice
2) Extending calculations to a quenched SU(3) lattice

[ Estimates of g on a quenched QGP plasma
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QGP is locally thermalized and
highly non-perturbative

Thermal Lattice QCD to compute T
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A. Majumder, PRC 87, 034905 (2013)

= Simplest process: A leading quark Section of a QGP medi
ectionora medium

propagating through hot plasma

T g -1 ((0°-1-.)23 4567 895 ( 230 < 1

#( )# -##5.1( (0-0-0)23 >65?8@;68;A:BC?
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QGP Medium

|
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$*+$/2/("12)(6*+426)hot plasma ection ofta QGP medium
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Constructing a more general expression as Q

¢ Physical form of @
A. Majumder, PRC 87, 034905 (2013)

16V2n?ay j dy-d*y, L8

. - “tik, ¥y B
9= —Nx (2m)3 d’k e Za” T (M|F M (y™, y,)F1,(0)|M)
C
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Bt = 16VZmas [diyd'k ,, _(M|F.(O) FL0)|M) ' q
= e -
1 N. ) ot 1T (qrirtie T 1tk

QGP Medium

T
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Extract § using analytic continuation of Q(g*)

qt~ — #T
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10/4/2018
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1) When q*€ [—#T, #T]
q* ~ 0 (in-medium scattering)
2) When q* € [#T, +0)
q* » 0 (Bremsstrahlung radiation)
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Extract § using analytic continuation of Q(g*)
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Extract § using analytic continuation of Q(g*)
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Extract § using analytic continuation of Q(g*)
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— Source of systematic error




g as a series of local operators

¢ Physical form of g at LO:

_ 8\2na = (iV2ZD,\"
q = = <M|FIH(O) 2 ( q- Z) FIM(O) |M>(Thermal—Vacuum)
n=0

N.(T, +Ty)
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Operators in guenched SU(2) plasma

A. Majumder, PRC 87, 034905 (2013)
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Operators in guenched SU(3) plasma
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Operators in guenched SU(3) plasma

+ )
. Thermal +Vacuum part Vacuum part =
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Real part of FF correlator in quenched SU(3)

8 lI T T T 5 Iy T T T
| | | | | | |
—I— (Thermal-Vacuum)<l"”l"”-F“F">/’I“ -—I— (Thermal-Vacuum)<l-‘”l"“-F“F“>/T" -
—I— (Thermal-Vacuum)<l-‘”F“+F“FJi>/'I" 4 -—*— (Thermal-Vacuum)<F“ PR R ST —_—
6 —— (Thermal-Vacuum)<E‘”DzF”-F"DzF“>/(T‘q')— ~——}——  (Thermal-Vacuum)<F" iDzl.*‘”-l““Dzl““>/(”I“q') -

B (Thermal-Vacuum)<F DzF*+F*DzF* i>/(T‘q') m

Real<O>
Real<O>

1k
T 200 600 800
T (MeV)

» Uncrossed correlator is dominant at high temperature
» Crossed correlator goes to zero at high temperature
= Correlator with Dz derivative are suppressed
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Real part of FF correlator in quenched SU(3)

5 T | T | Ll | Ll " 5 T T T T T T T
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6 1 A
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= Uncrossed correlator is dominant at high temperature
= Crossed correlator goes to zero at high temperature
= Correlators with Dz derivative are suppressed

10/4/2018 Amit Kumar, Hard Probes 2018 25



g in quenched SU(3) plasma

8V2ra o (iV2D,\"
q= NT 1 TS' (M| FI”(O) 2 ( - Z) FL(O) |M) (rhermai-vacuum); Width of thermal discontinuity
o(T1 +T2) e AN 2T or 4T (HTL analysis)
2 L] l T I 1 I 1 | T I T l I 2 T I T I T I T I T I T I T
1.5 —
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0.5
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At high temperature: At high temperature:
q q
T—3~0.5— 1 Im[T—g] goes to zero
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Pure gluon plasma vs QGP plasma

» Lect.Notes Phys. 583 (2002) 209-249;
« JHEP 1011 (2010) 07

25 I 1 I 1 I 1 I 1
- === 241 flavour %8
20— —
- Pure gauge -
15— —
; = -
10— —
L -
5 _— —

0 I 1 I 1 I 1 I 1

200 400 600 800 1000
T (MeV)

Going from pure gluon to quark-gluon system

1) Critical temperature shifts to lower
temperature

2) Magnitude amplifies by factor of 3-4
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Imaginary part of FF correlator in quenched

SU(3)

Imaginary<O>
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» Imaginary part of FF correlator does not contribute
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