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Weakly-Coupled Effective Kinetic Approach

Perturbative parton-medium interaction

e}

e}

HTL resummed diagrams

Dynamics of quasiparticles are described by transport equations

e}

o

Energy gain and loss are naturally included

Leading-order realizations (e.g. MARTINI):

(0r + v - V)f(p, x, t) = —C272[f] — C172[f]
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Energy Loss Reformulation S
eory

ref: S. Jeon (QM 2017)

Interactions with the medium:
o Large number of soft interactions

I vof soft inelastic
/& /? collisions
" o Rare hard scatterings

elastic collision

inelastic collision
’ .large number

Parton energy loss reformulated as hard interactions + diffusion process?

Benefits of Reformulated Transport Model

o Systematically factorized soft and hard parton-plasma interactions
o Efficient and flexible stochastic description of soft interactions

o Simplified next-to-leading order calculation

1J. Ghiglieri, G. Moore, D. Teaney, JHEP03 (2016) 095
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Hard Interactions - Large-w Inelastic Interactions D K

Multiple soft interactions with the plasma induce the
radiation of a parton of energy w.

Large-w interactions

0w > [, <T

o Described with emission rates (obtained from AMY integral equations)

o Leading order calculation
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D
Hard Interactions - Large-q, Elastic Interactions @E

The transverse momentum transfer in elastic

SN~ _— interaction is denoted as g .
Q P~
p / ar

Large-q, interactions

o qJ_ > ,u‘qu T >> ﬂqL >>gT
Calculated using leading order pQCD matrix elements

o Vacuum matrix elements: plasma effect only significant at small g

@]

o Keep zero-th order term of T /p
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|dentity Preserving Soft Interactions - Diffusion @

ref: S, Jeon (QM 2017)

inelastic collision

Number and identity preserving soft collisions are I oo s
described stochastically with drag and diffusion. _ /f\ /E\’:? o
CHF] = — a_ [no(p)p'f(p)] — 1 (?2 | B GL(p) + E (69— p') ap) ) f(p)
op' 20p'op/ 2

Both elastic and inelastic soft interactions included

@]

Treated with Langevin model
Coupling constant order: §, c“yi""s ~ 0(g?), c?i”e’ ~ 0(g"h)
T/p order: §, §g=, gl ~ O(1), np ~ O(T/p)

@]

@]

(0]
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|dentity Non-preserving Soft Interactions - Conversion

Conversion processes: change identity by conversion rate

9
cOo

K
Theory €

Inelastic conversion processes

q< g9, 8 < qq P
Conversion rate ~ O(g*)
Suppressed by T/p

K

Elastic conversion processes

Soft fermion exchange with the medium
Conversion rate ~ O(g?)
Suppressed by T/p

-

Tianyu Dai (Duke University) 2nd JETSCAPE Workshop 2019

7/14



Summary of the Treatments to Different Processes @

reformulated interactions identity preserving | identity non-preserving
i . small-g elastic U .
soft interactions = — diffusion processes conversion rate
small-w inelastic
. . large-q, elastic vacuum matrix elements
hard interactions & qL. - . -
large-w inelastic AMY integral equations

€22 . €12 = €80 (s, ) + 81 o CE™ (jug 1) + CE™ (g, 1)

If the division of the energy loss model is valid, energy loss should be independent
on the cutoffs (in a reasonable range).
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Practical Implementation

Reformulated energy loss model is added as a separate external
module in a modified version of the public JETSCAPE code. JETSCAFE

=
A

?JETSCAPE Collaboration
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Inelastic Cutoff Independence - Inelastic Interactions Only XK
eory

20 GeV gluon, as = 0.3, T = 300 MeV, infinite medium, 7 = 1fm/c ’

(a)| Large-w only (b)| Diffusion only (c) | Large-w+diffusion
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Inelastic cutoff: 1 py=025T [ =T [ pu,=2T
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Elastic Cutoff Independence - Elastic Interactions Only

200 GeV gluon, T = 300 MeV, infinite medium, a7 = 0.3%fm/c
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Elastic cutoff:
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[ Mg, =05V9T [ Mg, =VaT [ pq, =2/9T
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D
Cutoff Independence of Observables - Rz @}2

By . 3.
T T e Nuclear modification factor’:

v 2.76TeV, 20 — 30% d2NjEt ’AA
S =2. ev, - % H
0551 {an'tv,N—kTR=o.4, |y|52.8} Riet — ___dprdy
. AA N d2Njet
{Nbin) dprdy |pp
0.50 1
go o Both elastic and inelastic interactions
] are included
0.404
o Realistic hydrodynamic event is used,
0.35 as = 0.3
osol single hydrodynamic event o Different cutoff results are consistent
>0 100 150 200 250 within the statistical errorbars

pr(GeV)

3 Assumes jets are produced at the center of the medium.
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Conclusion and Outlook
Theory

Energy loss model is reformulated as hard collisions-+diffusion.

o A systematic factorization in the weakly-coupled limit
o This factorization still holds in phenomenological regime
o The reformulated model is expected to be efficient and flexible.

o Data driven constraints can be applied on drag and diffusion coefficients.

o The reformulated approach can be extended to the next-to-leading order.
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D
Back Up - Drag and Diffusion Coefficients @g

2C T 2
£ I (1 + (L )?)

Q>
I

gies = ERTM In(1 4 (42-)2)

sinel _ (2=In2)g*CrCaT? /1.
qL - A3

no(p) = za—TLp + 52(§ — 241)

hS]
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Back Up - Inelastic Cutoff Independence - Inelastic Interactions Only @5
Theor
Langevin, T=300MeV, as = 0.3, Eo = 20GeV, a2t = 0.3 ’
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Tianyu Dai (Duke University) 2nd JETSCAPE Workshop 2019 14 / 14



Back Up - Inelastic Cutoff Independence - Inelastic Interactions Only

20 GeV gluon
as = 0.3

T = 300 MeV
infinite medium
T = 1fm/c

Tianyu Dai (Duke University)

Theory €
(a)[Large-w only (b)[ Diffusion only] (c) [Large-w+diffusion
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D
Back Up - Inelastic Cutoff Independence - Inelastic Interactions Only @E

Theory €
100} _ —
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Back Up - Effects of Inelastic Conversion Processes - Inelastic InteractTh E
eory
Only

Gluon, initial energy Eg = 10GeV, infinite medium, 7 = 1fm/c
T /p: small in the upper plot and large in the lower plot

Black curves: w/ inelstic conversion

Colorful curves: w/o ineastic conversion

O O O O
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D
Back Up - Effects of Recoil Particles - Elastic Interactions Only Q) E

Theory

101} | W/0 recoil

200 GeV gluon
as = 0.3

T = 300 MeV
infinite medium
T = 1fm/c
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Back Up - Effects of Recoil Particles - Elastic Interactions Only

Theory

200 GeV gluon

as = 0.3

T = 300 MeV
infinite medium
T = 1fm/c

léS 1§0 1§5 260
E(GeV)
[ w/orecoil [ w/recoil

Tianyu Dai (Duke University) 2nd JETSCAPE Workshop 2019

14 / 14



D
Back Up - Test with Realistic Hydrodynamic Medium @E

Realistic hydrodynamic event is used, as = 0.3.

VS = 2.76TeV, 20 — 30% =3 #, =057
anti—krR=0.4, |y|<2.8 I bo=T
3 pu=2T
1072}
. L
Both elastic o)
. . S~
and inelastic =
interactions © -l
are allowed
1074 : : : :
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