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Introduction: QCD and QGP

We aim to understand the strongly
coupled Quark Gluon Plasma

(QGP)

QGP generated at particle accele-
rators such as LHC/RHIC
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The QGP can be described in terms of transport coefficients

In this talk we focus on the heavy quark momentum diffusion

coefficient &

k related to experimental quantities nuclear modification factor Rap

and elliptic flow 1
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Motivation for the Diffusion Coefficient
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e Nuclear modification factor Raa

and the elliptic flow v, described by
spatial diffusion coefficient D,

e Multiple theoretical models predic-

ting wide range of values
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Heavy Quark in medium

e Heavy quark energy doesn’'t change much in collision with a
thermal quark
Ex~T, p~VMT>T

e HQ momentum is changed by random kicks from the medium
— Brownian motion; Follows Langevin dynamics

B o o= (1), (EDEW)) = Ro( — ¢)

e Heavy quark momentum diffusion coefficient x related to many

interesting phenomena

Such as: Spatial diffusion coefficient Dy = 272 /k,
Drag coefficient np = xk/(2MT),
Heavy quark relaxation time 7q = 7751

Moore and Teaney PRC71 (2005), Caron-Huot and Moore JHEP02 (2008) 3 / 15



k from perturbation theory
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Clearly mg < T is too strict assumption on small T

Huge perturbative variation

= needs non-perturbative measurements

Also huge scale dependence trough mg = g(u) T
Here we have scale from NLO EQCD p ~ 27T

Moore and Teaney PRC71 (2005), Caron-Huot and Moore JHEP02 (2008) 4/ 15



Heavy quark diffusion from lattice: Euclidean Correlator

periodic

I

periodic

Ge(T) = —p(w, T)K(w,7T), K(w,7T) =

e Traditional approach uses HQ curent-current correlators:
Problem: Transport peak at zero

HQEFT inspired Euclidean correlator is peak free

1 (ReTr [U(B,7)gEi(r,0)U(, 0)gEi(0,0)])
Gl =-32 Re'Tr [U(3, 0)]

i=1

Chromoelectric field E needs discretization

On Lattice E has non-physical self-energy contribution
Zg =1+ g2 x 0.137718569 ... + O(g3)

(Christensen and Laine PLB02 (2016))

To get momentum diffusion coefficient , a spectral
function p(w) needs to be reversed:

> duw cosh (% (7 - 3))

0 ™ sinh (%)

2Tp(w)

k= lim,_0

Caron-Huot et.al. JHEP04 (2009) 053 w 5/15



Mass-suppressed effects to HQ diffusion

e Considering full Lorentz force:
F(t)=p=q(E+vxB))(t)
o (v?) ~ O(%) correction to HQ momentum diffusion

2
Ktot ™~ KE + §<V2>/€B

e xp related to correlation of chromo magnetic fields:

&~ (ReTr [U(1/T,7)Bi(r,0)U(r,0)B:(0,0)])
Go(r) = 3(ReTr U(1/T,0))
*° dw 2T ps(w)

Gs(7) = ; ?pB(w, NK(w,7T) , KB = J@o .

i=1

e Same tree level expansion as Gg, NLO has divergence:

2~ 3 2
g Crw g Ca2 g 6

= 1-— - finit
67 [ (4m)2 ¢ + (finite) | +O(g")

A. Bouttefeux and M. Laine JHEP 12 (2020) 150, M. Laine JHEP 06 (2021) 139 6 / 15
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Multilevel procedure

e Perform multilevel simulations

e Renormalize with the LO perturbative result Zg

e Perform tree-level improvement by matching LO lattice and
continuum perturbation theories

e Normalize the data with perturbative LO result

cos?(n7T) N 1 }
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e Model the spectral function by connecting knonw IR and UV
behavior:
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e Vary x parameter to find models that match lattice measurements
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Continuum limit

Ze GE/ Ggorm
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Multilevel results

30 NLO A Brambilla 2019 T e fit
®  Banerjee 2012 & ALICE 2018 NLO
Francis 2015 41 Our result 4 T Ourresult
2 I Ding 2012
@
g 5
oY 2
10
B ﬁ 1
0 b " v 0
10 15 20 25 30 10° 10! 10° 10° 10t
T/T. T/T.

e Recent multilevel results

Brambilla et.al. PRD102 (2020)

e Quenched multilevel simulations, very wi-
de temperature range 1.1 T, — 10* T,
e Can fit temperature dependence:

KNLO g4 CpN. [, 2T
==——|ln—+
T3 187 mg

mg
g+c4?i.

Other lattice
studies

Meyer NJP13 (2011),

Ding et.al.JPG38 (2011),
Banerjee et.al. PRD85 (2012),
Francis et.al. PRD92 (2015)

Altenkort et.al. PRD103 (2021)
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New approach: Gradient flow

dSym
0B
Gt,;w - a;LBt,V - &/Bt,u + [Bt,/u Bt,u] . \/ 38t

Bo,, = A, < the original gauge field

8tBt, = - = Dt, Gt, v
iz [ P

e Evolve gauge along fictitious time t

e Drives B, towards minima of Syy

e Diffuses the initial gauge field with radius V8t

e We use Liischer-Weisz action for Syy

e Automatically renormalizes gauge invariant observables
e Zero flowtime limit O(x, t) =0 >clt )OR( )
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Continuum and Zero flow time limits
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o Measure GE(#Z,T), 7r: flowtime, 7: E-field separation
e Take continuum limit
e Take zero flowtime limit.
Must be taken before solving p(w): (Alktenkort et.al. PRD103 (2021))
Limit flow regime:

a< VB s 22

3
e Find & trough p(w). (In this talk we focus on Euclidean correlators)
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GF results for Gg

Ge, T=15T, Ge, T=10T,
501 Brambilla (2020) Brambilla (2020)
X Altenkort (2021) 0.807 % this talk
as % this talk
_ __ 078 +
= ©
£ 4.01 £ o6 }|{
£ x X £ *
s 35 Xx 5 %
g X % & Q 074 -
“E 3.0 % XX E
z % £ 072
55 X = °
Sl x 0.70
2.0 0.68
15
010 015 020 025 030 035 040 045 050 010 015 020 025 030 035 040 045 050
i i

e After continuum and zero flowtime limits,
we replicate the previous studies:
® Brambilla et.al. PRD102 (2020) Previous multilevel

® Altenkort et.al. PRD103 (2021) Previous Gradient flow
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Flowtime dependence of Gi and Gy
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o \We observe different small flow
time scaling between Gg and Gg

e Possible indication of divergence
or log(7g) contributions
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Current results for Gy
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Conclusions and Future prospects

e Heavy quark momentum diffusion coefficient s
e Measured in wide range of temperatures

Fit temperature dependence
e Agreement to perturbation theory at high T
e Agreement to previous results at small T

e 1/M corrections:
e Initial lattice result promising
e Logs still need to be understood

e Future prospects:
e Measure 7 from our data
e Go un-quenched
e Check adjoint representation versions of these operators
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