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M Time-evolution of the QGP in heavy-ion collisions

before collision Glasma Pre equilibrium local thermal equilibrium QGP
L]
\ /'
—  Freeze-out
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Classical QCD drod .
Yang-Mills kinetic theory Hydrodynamics

Here: Consider thermalization stage (kinetic theory)
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M Jet quenching parameter §

m Quantifies momentum broadening

dipl) _ d{pl)

97 4L dt

m Z: Beam direction, X: jet direction
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M Jet quenching parameter §

m Quantifies momentum broadening
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m Z: Beam direction, X: jet direction
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m Jet quenching parameter §

m Quantifies momentum broadening

2 2 el
g 4P _ dtpl) /d qL qL(;izr

97 4L dt

m Measures jet-medium interactions

m Z: Beam direction, X: jet direction
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m Jet quenching parameter §

m Quantifies momentum broadening

,_dpt) _ d{pt) _ drel

m Measures jet-medium interactions
m Input to energy loss

m BDMPS-Z-like calculations
m Harmonic approximation
m Interaction potential v(b) ~ ;§b?

m Z: Beam direction, X: jet direction
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m Estimates of the jet quenching parameter
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.114021

m Estimates of the jet quenching parameter

Schematic overview of § evolution

m Mostly considered in equilibrium A
or hydrodynamics *Glasma

m Extractions from experiment:
(only) hydrodynamic medium

?

Kinetic
theory

1

m Recently also considered in Glasma
(see also Dana's talk (Wed 12:00))
Hydrodynamics

m Goal: § during thermalization
— between Glasma and hydro

T

1[Phys.Lett.B 810 (2020) [Ipp, Miiller, Schuh], Phys.Rev.C 105 (2022) [Carrington, Czajka, Mrowczynski], Phys.Rev.D 107 (2023)

[Avramescu, Baran, Greco, Ipp, Miiller, Ruggieri]]

Florian Lindenbauer Jet quenching parameter during the initial stages 4 /20



https://www.sciencedirect.com/science/article/pii/S0370269320306134
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.105.064910
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.114021
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.107.114021

m Effective kinetic theory description of the QGP

m Gluons with distribution function (¢, p)

m Time evolution described by Boltzmann equation at leading-order?

(8t+v-V)f=‘I
—
—~

Collision term

2 2
+ | — =

_Of(p,7) | P2 Of(PT) 22 162/
o T 9, =C*7[f]+C [f]

2[JHEP 01 (2003) [Arnold, Moore, Yaffe], Int.J.Mod.Phys.E 16 (2007) [Arnold]]
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m Effective kinetic theory description of the QGP

m Gluons with distribution function (¢, p)

m Time evolution described by Boltzmann equation at leading-order?

(8t+v-V)f=‘I
—
—~

Collision term

2 2
+ | — =
7

m Pure gluons, azimuthal symmetry around beam axis 2,
Bjorken expansion, homogeneous in transverse plane

2[JHEP 01 (2003) [Arnold, Moore, Yaffe], Int.J.Mod.Phys.E 16 (2007) [Arnold]]
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m Bottom-up thermalization in heavy-ion collisions

m Initial condition3, with A = g?N¢
Time evolution of a purely gluonic plasma

2A {pT) )
florpe) =X Jtem i
~
><exp<( 07 (7 +&p )) %
. &
& ~ anisotropy, (p1) = 1.8Qs, S 100 .
Qs ~ saturation scale IS Initial condition
2
c
<
thermal equilibrium
1004 X X i
1072 1071 10°

Occupancy: (pAf)/(p)

3 [Phys.Rev.Lett. 115 (2015) [Kurkela, Zh]]
4[Phys.LettAB 502 (2001) [Baier, Mueller, Schiff, Son]]
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m Bottom-up thermalization in heavy-ion collisions

m Initial condition3, with A = g?N¢
Time evolution of a purely gluonic plasma

2A {pT) ) =
f(PLPz) = —p2 Py 102 N=05
~
><exp<( 3pr)? (P? +&%p )) % ---------------
. &
& ~ anisotropy, (p1) = 1.8Qs, S0
Qs ~ saturation scale IS Initial condition
2
c
< \
V' thermal equilibrium
1004 X X% i
1072 107! 10°

Occupancy: (pAf)/(p)

3 [Phys.Rev.Lett. 115 (2015) [Kurkela, Zh]]
4[Phys.LettAB 502 (2001) [Baier, Mueller, Schiff, Son]]
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m Bottom-up thermalization in heavy-ion collisions

m Initial condition3, with A = g?N¢
Time evolution of a purely gluonic plasma

2A {pT) )

f(pL,pz) = X T ien 102
~
><exp<( 07 (7 +&p )) %
. &

& ~ anisotropy, (p1) = 1.8Qs, o
Qs ~ saturation scale g
[e]

m Phase 1: Anisotropy increases = Y
\  thermal equilibrium
1004 X X% !
1072 107! 100

Occupancy: (pAf)/(p)

3 [Phys.Rev.Lett. 115 (2015) [Kurkela, Zh]]
4[Phys.LettAB 502 (2001) [Baier, Mueller, Schiff, Son]]
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m Bottom-up thermalization in heavy-ion collisions

m Initial condition3, with A = g?N¢

oA (p7) Time evolution of a purely gluonic plasma

f = >
(pJ_7 Pz) b pi+£2p§ 10
—2 2 2,2 W
X exp (3_f(pT> (Pt +¢ Pz)) =
. &
& ~ anisotropy, (p1) = 1.8Qs, S0
Qs ~ saturation scale g
Q
m Phase 1: Anisotropy increases = Y
m Phase 2: Occupancy decreases % thermal equilibrium
1004 DA i
1072 107 10

Occupancy: (pAf)/(p)

3 [Phys.Rev.Lett. 115 (2015) [Kurkela, Zh]]
4[Phys.LettAB 502 (2001) [Baier, Mueller, Schiff, Son]]
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m Bottom-up thermalization in heavy-ion collisions

m Initial condition3, with A = g?N¢

2A (pr) Time evolution of a purely gluonic plasma

—2 2 2.2 W
<exp <_73<pr> (vt + &%) S
. &
& ~ anisotropy, (p1) = 1.8Qs, %101
Qs ~ saturation scale g
(o]
m Phase 1: Anisotropy increases z Y
m Phase 2: Occupancy decreases \  thermal equilibrium
: 10° X X
m Phase 3: System thermalizes at = e T
. 13/5
time* Tpvss = (35)  /Qs Occupancy: (pAf)/(p)

3 [Phys.Rev.Lett. 115 (2015) [Kurkela, Zhu]]
4[Phys.LettAB 502 (2001) [Baier, Mueller, Schiff, Son]]
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m Bottom-up thermalization in heavy-ion collisions

m Initial condition3, with A = g?N¢

2A
flprpe) = 5 P

<o (5535 (62 + €0f))
§ ~ anisotropy, (p1) = 1.8Qs,
Qs ~ saturation scale

m Phase 1: Anisotropy increases
m Phase 2: Occupancy decreases
m Phase 3: System thermalizes at
. 13/5
time* Tpumss = (25) Qs
Markers represent different stages

3 [Phys.Rev.Lett. 115 (2015) [Kurkela, Zhu]]
4[Phys.LettAB 502 (2001) [Baier, Mueller, Schiff, Son]]
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m Bottom-up thermalization in heavy-ion collisions

m Initial condition3, with A = g?N¢

A
flprpe) = 5 P

><exp<( 07 (7 +&p ))

§ ~ anisotropy, (p1) = 1.8Qs,
Qs ~ saturation scale

m Phase 1: Anisotropy increases

m Phase 2: Occupancy decreases

m Phase 3: System thermalizes at
. 13/5
time* Tpumss = (25) Qs

Markers represent different stages

3 [Phys.Rev.Lett. 115 (2015) [Kurkela, Zhu]]
4[Phys.LettAB 502 (2001) [Baier, Mueller, Schiff, Son]]
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m Generalization of § — G/ for anisotropic systems

m Previously (isotropic definition):

A d<Pi> d<Pi> 2 2 dre!
pu— pr— p— d —
97 4L dt / L9l q2g)

with elastic scattering rate !
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m Generalization of § — G/ for anisotropic systems

m Previously (isotropic definition):

A d<Pi> d<Pi> / 2 2 dre!
pu— pr— p— d —
97 4L dt L9l q2g)

with elastic scattering rate !

m To take into account anisotropies:
Define matrix

N oodrel
N 2 i
g’ = /d q. cuqi—dzcu

Thus § = ¢ + ¢ (and §*% = 0)
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M Generalization of § — G/ for anisotropic systems

m Previously (isotropic definition):

A d<Pi> d<Pi> / 2 2 dre!
pu— pr— p— d —
97 4L dt L9l q2g)

with elastic scattering rate !

m To take into account anisotropies:
Define matrix

y .odre
Al — d2 i
g / qLq LQS_—quJ-
Thus § = §¥ + §* (and §* =0)

m Note that we only take into account elastic 2 <+ 2 processes!

Florian Lindenbauer
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m Jet quenching parameter in kinetic theory

m Provided we know f(k):
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m Jet quenching parameter in kinetic theory

m Provided we know f(k):  Outgoing plasma particle

— Matrix element

§i = LL<Adrps q'd/ IMPPF(k) (14 F(K)) Plasma particle
1< / (quark, gluon)

K-Q

Incoming plasma particles K

with momentum k

Leading jet parton Outgoing jet parton
| P PHQ
Matrix element Medium modifications
with medium corrections (self-energy)) (screening)

appropriate phase-space measure
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m Screening in the matrix element of §

m Scattering matrix element includes in-medium
propagator

m Receives self-energy corrections Matrix element

Plasma particle
(quark, gluon)

K K-Q
Leading jet parton Outgoing jet parton
P P+Q

Medium modifications
(screening)

5[Phys.Rev.D 68 (2003) [Romatschke, Strickland]]
®[Phys.Rev.Lett. 115 (2015) [Kurkela, Zhu]; Phys.Rev.Lett. 122 (2019) [Kurkela, Mazeliauskas];
Phys.Rev.D 104 (2021) [Du, Schlichting]]
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m Screening in the matrix element of §

m Scattering matrix element includes in-medium
propagator

m Receives self-energy corrections Matrix element

Plasma particle
(quark, gluon)

K K-Q

m Anisotropic hard thermal loop (HTL) self-energy —
unstable modes®

Leading jet parton Outgoing jet parton
.. . . . P P+Q
m Approximation: Use isotropic HTL matrix Medium modifications

(screening)
element

Similar approximation also in EKT implementations
5[Phys.Rev.D 68 (2003) [Romatschke, Strickland]]

®[Phys.Rev.Lett. 115 (2015) [Kurkela, Zhu]; Phys.Rev.Lett. 122 (2019) [Kurkela, Mazeliauskas];
Phys.Rev.D 104 (2021) [Du, Schlichting]]

6
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m Screening approximation to the matrix element

m Even simpler screening approximation

(s—up (s—u? ¢
22 (@t Emp)

m Longitudinal” ¢, = €%/6/4/8
m Transverse broadening®: ¢ = e/3/2

m Agrees with analytic limits®
(small, large cutoffs)

7[Phys.Rev.D 89 (2014) [York, Kurkela, Lu, Moore]]
8[arXiv:2312.00447 [Boguslavski, Kurkela, Lappi, FL, Peuron]]
9[Phys.RevAD 78 (2008) [Arnold, Xiao]]
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s, u, t: Mandelstam variables
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m Screening approximation to the

m Even simpler screening approximation

(s—v (- ¢

t2 2 (g2 +£&5mp)?

m Longitudinal” ¢, = €%/6/4/8
m Transverse broadening®: ¢ = e/3/2

m Agrees with analytic limits®
(small, large cutoffs)

m Use isotropic HTL from now on

7[Phys.Rev.D 89 (2014) [York, Kurkela, Lu, Moore]]
8[arXiv:2312.00447 [Boguslavski, Kurkela, Lappi, FL, Peuron]]
9[Phys.RevAD 78 (2008) [Arnold, Xiao]]
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m Time evolution of §

m Landau matching
Eeq( Ts) — Esim

m Obtain §" for a fixed cutoff A |

m For coupling A =0.5

m Mostly g% > ¢¥ —

Momentum broadening 0.011
along beam axis enhanced AL = 30Q,
0.00 d d d d r
0= 107* 107% 1072 107! 10° 10!

T /TBMSS
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m Time evolution of §

m Landau matching
Eeq( Ts) — Esim

m Obtain §" for a fixed cutoff A |
m For couplings A = 0.5, 2, 10

m Mostly g% > ¢¥ —
Momentum broadening

along beam axis enhanced AL = 30Q,

0.00 , , , , ,
10° 101 10°° 102 107" 10° 10t

T /TBMSS
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m Time evolution of §

m Landau matching
Eeq( Ts) — Esim

m Obtain §" for a fixed cutoff A |

m For coupling A =0.5

m Mostly g% > ¢¥ —

Momentum broadening 0.011
along beam axis enhanced AL = 30Q,
0.00 d d d d r
0= 107* 107% 1072 107! 10° 10!

T /TBMSS
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m Time evolution of §

m Landau matching
Eeq( Ts) — Esim

m Obtain §" for a fixed cutoff A |

m For coupling A =0.5

m Mostly g% > ¢¥ —

Momentum br?adening 0.011 — ==
along beam axis enhanced AL =30, — =4
L 0.00+ - - = s ,
m Weak dependence on initial 10-° 107t 107% 107 1070 10° 10!

T /TBMSS

anisotropy &
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m Time evolution of §

m Landau matching

Eeq( Ts) — Esim
m Obtain §" for a fixed cutoff A |
m For couplings A = 0.5, 2, 10

m Mostly g% > ¢¥ —
Momentum broadening
along beam axis enhanced

10-° 102 107" 10 10!
T/ TBMSS

m Weak dependence on initial 107° 10
anisotropy &
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m Ratio of §"¥/§*

E=10 A — 0 extrapol.
=1 A= 0 fit

m Ratio §"7/§% follows attractor in w12 A =2 -
. . . [N =2 A=10)\=920
thermalization time TpMss o
— “bottom-up limiting attractor” 10 2
S 0.8
, 0.61 - =
m See Tuomas’ talk (Thu 09:00) AL =500,

10 10t 10 102 10t 100
_ 13/5
7/Tenss = QsTaltY

10[arXiv:2312.11252 [Boguslavski, Kurkela, Lappi, FL, Peuron]|
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m Cutoff dependence and comparison with equilibrium

m § for fixed coupling A =2

10-3 102 10-1 10°
T/TBMSS
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m Cutoff dependence and comparison with equilibrium

m § for fixed coupling A = 2 and
varying cutoffs A

m Ordering ¢ < G% depends
on cutoff | - AL =050,

10-3 102 10-1 10°
T/TBMSS
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m Cutoff dependence and comparison with equilibrium

0.051
A=2
~ . . 0.044
m § for fixed coupling A = 2 and .
varying cutoffs A c:i 0.031
=
>

m Ordering ¢ < G% depends
on cutoff

10-3 102 10-1 10°
T/TBMSS
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m Cutoff dependence and comparison with equilibrium

0.061+ — in1 =T qﬁleun .......... qff

m § for fixed coupling A = 2 and 0.041 el
varying cutoffs A |

m Ordering §"” < % depends
on cutoff

m Compare with energy-density

matched thermal equilibrium 0.00

10-3 102 10-1 10°
T/TBMSS
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m Cutoff dependence and comparison with equilibrium

m § for fixed coupling A = 2 and
varying cutoffs A |

m Ordering ¢ < % depends
on cutoff

m Energy-matched equilibrium
over- or underestimates ¢,
depending on cutoff

Florian Lindenbauer

—_ Al
Giherm

al .
e
o

AL =0.5Q,

102 10-1
T/TBMSS
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m Toy model for underoccupation

Scaled thermal distribution

T Ny=01
m Scaled thermal distribution 004l —— B 2 et
Ny |
T - M |
1 | 0.037
exp(k/ T) 1 :
RS
Explains ordering Giherm S § for N
underoccupancy )
[arXiv:2312.00447 [Boguslavski, Kurkela, Lappi, FL, Peuron]] 0.01

25 5.0 7.5 100 12,5
AT

Florian Lindenbauer

Jet quenching parameter during the initial stages 14 /20



https://browse.arxiv.org/pdf/2312.00447.pdf

m Making sense of the cutoff

m Cutoff A restricts transverse momentum transfer g, < A
(needed in eikonal limit p — o0)

[arXiv:2312.00447 [Boguslavski, Kurkela, Lappi, FL, Peuron]]
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m Making sense of the cutoff

m Cutoff A restricts transverse momentum transfer g, < A
(needed in eikonal limit p — o0)

m Should somehow grow with jet energy (or energy of leading parton)

[arXiv:2312.00447 [Boguslavski, Kurkela, Lappi, FL, Peuron]]
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m Making sense of the cutoff

m Cutoff A restricts transverse momentum transfer g, < A
(needed in eikonal limit p — o0)

m Should somehow grow with jet energy (or energy of leading parton)

m kinematic cutoff AS*(E, T) = ¢king(ET)Y/2
obtained from comparing leading log behavior for large p and A

[arXiv:2312.00447 [Boguslavski, Kurkela, Lappi, FL, Peuron]]
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m Making sense of the cutoff

m Cutoff A restricts transverse momentum transfer q; < A
(needed in eikonal limit p — o0)

m Should somehow grow with jet energy (or energy of leading parton)

m kinematic cutoff AS*(E, T) = ¢king(ET)Y/2
obtained from comparing leading log behavior for large p and A

= LPM cutoff ALPM(E, T) = (LPMg(ET3)1/4
Estimate for momentum broadening during LPM ‘formation time':
Q2 ~ gtlorm, ¢lorm \ /E/§, approximately § ~ g* T3

[arXiv:2312.00447 [Boguslavski, Kurkela, Lappi, FL, Peuron]]
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m Results for varying cutoff

m Use cutoffs

LPM _ +/LPM 3\1/4 4
n ANYPM(E, T.) = (MM g(ET2)Y 0.020
= /\lim(E7 T.) = Ckmg(ETs)l/2
0.0157
P w
=
=0.0101
B
0.0051
—— LPM cutoff
------- kinematic cutoff
0.000 " . : : |
103 1072 107! 100 10t
7/ TBMSS
[2303.12595 [Boguslavski, Kurkela, Lappi, FL, Peuron]]
1 [phys.Rev.C 104 (2021) [JETSCAPE]]

12 [Values available at https://zenodo.org/records/10419537]
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m Results for varying cutoff

m Use cutoffs

o AIPM(E, T,) = (LPMg(ET2)Y/* 00201
= NTP(E, To) = (Mg (ET.)'? Sots.
m Fix ¢/ at triangle marker to match w
with JETSCAPE!! for \ = 10, use Z0.010,
jet energy E = 100 GeV and =
Qs = 1.4 GeV. 0.0051 —— LPM cutoff
------- kinematic cutoff
0.000

103 102 10t 10° 10!
T/TBMSS

[2303.12595 [Boguslavski, Kurkela, Lappi, FL, Peuron]]
1 [phys.Rev.C 104 (2021) [JETSCAPE]]

12 [Values available at https://zenodo.org/records/10419537]
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m Time evolution of jet quenching parameter

m Model cutoff variation for fixed jet 10 o
Inetic .
energy o Cm)
. . n
m Dependence on initial conditions £ 6
N
and cutoff (bands) 2 Ejow =20 GeV
SIS )
- N\
A=10 D
21 Q. = 1.4 Gev N\
0 ‘ | ‘
107 100 10
7 (fm/c)

[2303.12595 [Boguslavski, Kurkela, Lappi, FL, Peuron]]

3[Phys.Lett.B 810 (2020) [Ipp, Miiller, Schuh]]
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m Time evolution of jet quenching parameter

m Model cutoff variation for fixed jet 10

Kinetic -
energy o (Gozm]

N i, E
S 4
m Dependence on initial conditions =6 B £, = 100 GeV
and cutoff (bands) E — Ej, = 20 GeV
= 4
A=

m Little jet energy dependence =10

2110, = 1.4 Gev

10! 10° 10!
7 (fm/c)
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m Time evolution of jet quenching parameter

m Model cutoff variation for fixed jet 10
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energy o )

. .. E | %,
m Dependence on initial conditions =6 O B £, = 100 GeV
and cutoff (bands) 2 < m Ej, = 20 GeV
L 4 \ '
. . <
m Little jet energy dependence N
m Connects large values from 0 ‘ | ‘
Glasmal® and | lues i 0 v o
ma*> and lower values in 7 (fm/c)
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m Time evolution of jet quenching parameter

m Model cutoff variation for fixed jet 1.2
Kineti -
energy 11{{G)
. .. 1.0
m Dependence on initial conditions f
and cutoff (bands) =09
B
Little | depend "
m Little Jet energy dependence —
0.71 Ty . 5 =100 GeV
I Eje = 20 GeV
m Connects large values from 0.6 : ‘ :
Gl 13 ,0d | | . 107! 10° 10!
asma-~> and lower values in 7 (fm/c)

hydrodynamic stage
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m What about momentum broadening?

m Per definition, § = 271 8
L §= — |
N G
= Naively Apf = ['dr §(r) over 6
petme ot e S o||™™ Eiew =100 GeV
= Ejoy = 20 GeV
o
>
2,
0 ‘ . T
1071 100 101
7 (fm/c)
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m What about momentum broadening?

- L~ d{p? 8
m Per definition, § = <dP¢> Kinetic
’ Goma) | (]
theory
m Naively Ap? = [dr §(7) over 9
lifetime of jet 3 | w5, =100 Gev
:4’ Ejo, = 20 GeV
m But: only true if no splittings occur. 5
A=10
21 Q.= 1.4 Gev
0 T T T
107! 10° 10"
7 (fm/c)
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m What about momentum broadening?

m Per definition, § — (P s —
1 - t -
- (Gaama)
m Naively Ap? = [dr §(7) over 9
lifetime of jet 3 ,| =m0
- By = 20 GeV
m But: only true if no splittings occur. 5
A=10
. . 27 |Q. = 1.4 Gev
m Think of § as medium parameter.
0 ‘ : ‘
1071 100 10!
7 (fm/c)
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m What about momentum broadening?

u Per definition, § = 1) s —
dr D Hydrodynamics
.- 2 A 61
m Naively Ap? = [d7 §(7) over —
lifetime of jet 3| == -
- Ejw = 20 GeV
m But: only true if no splittings occur. 5
A=10
_ _ 27 |Q. = 1.4 Gev
m Think of § as medium parameter.
. ~ . 0 —1 ) N
m What else can we do with § during 10 (f /1)0 10
T (tm/C

initial stages?
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m Where does G enter?

m BDMPS-Z calculations (in-medium splittings, energy-loss) e.g. in
harmonic approximation

m Recently generalized to include flowing/inhomogeneous systems!*

A~NZZ .

® anisotropic systems with §*¥ # §%: Jet polarisation'® — daughter gluons of
gluon-splitting can carry net polarisation (see Siggi's talk (Wed 9:30))

m In JETSCAPE: MATTER and LBT energy loss models can be
parametrized in terms of §

m § encodes interaction strength (moment of scattering potential)

%[Phys.Rev.D 106 (2022) [Andres, Dominguez, Sadofyev, Salgado|, Phys.Rev.D 108 (2023) [Barata,
Mayo Lépez, Sadofyev, Salgado]]

5[JHEP 08 (2023) [Hauksson, lancu]]

16[Phys.Rev.C 104 (2021) [JETSCAPE]]
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m Conclusions and outlook

m Extract § using QCD kinetic theory for anisotropic bottom-up evolution

m Model cutoff dependence

m Results:

m § within 20% of Landau-matched thermal estimate (similar!’ to )
m connects Glasma to hydro values

m G > ¢” during most of the evolution — anisotropic broadening

Outlook
m Impact of pre-equilibrium value of § in jet energy loss and polarization?

m Signatures of initial stages?

[Code and data: https://zenodo.org/records/10419537, https://zenodo.org/records/10409474]

17[Phys.RevAD 109 (2024) [Boguslavski, Kurkela, Lappi, FL, Peuron]]
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m Bose-enhanced terms

m § for fixed coupling A = 2 and 0.051 — @ — = i, e at
varying cutoffs A}

L L
s
g

m 2D distribution
f(k) ~ d(kz)

Leads to g§° =

m Reason for different ordering:
Bose-enhanced part §g = term
quadratic in f(k)

T/TBMSS
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m g and the limiting attractors

n D, E=10 A — 0 extrapol.
14] L A=1 A0 fit
N 121 A=2
L % A=5A—10) =
2\)@ Ry o A=20
~ ~—
g 1.0 g
ey 0.8
0.81 el N3
AL =5.0Q,
0.61 : : : ‘ :
10 10 107! 100 oo e e / .
_ _ 13/5
T/mr=TT(T)/(471/3) 7/Tmss = QsTa

m Approach to weak coupling attractor even at moderate couplings

m Fit for bottom-up attractor:
ayy

L(r) =1+ aln (1 - e @/fBumuss) with ¢ = 0.12, ¢ = 3.45.
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m Screening approximation to the matrix element

m Compare with simple screening 0.0 otropie HTL
approximation R approximation
2 2 4 -
(s —u) (s —u) q £40.031
2 2 P
t 2 (g2 +&7mp)? =
2500021
» Longitudinal'® ¢, = €%/9/1/8 oot
m Transverse broadening:
¢ = el/3)2 BT B T/ AT = ETIT

7/TBMSS
m Good agreement

s, u, t: Mandelstam variables

18[Phys.Rev.D 89 (2014) [York, Kurkela, Lu, Moore]|
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