Non-local high-p; transport

for jet evolution

High energy probes of the initial stages
CERN, April 4th 2025
Xiaojian Du (IGFAE)

Based on J. Barata, XD, A. Sadofyev, 2502.13205 ... and several literatures
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Parton broadening

Transition amplitude
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Transition amplitude (without radiation)
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Eikonal limit
E> Pr, U, ...

Medium potential (model dependent): GW, HTL ...
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Parton broadening

Transition amplitude
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Path-integral form of propagator (in position space)

T, L L
B - . i
Glar, L;xq,0) = /Drnxp (%/df’fg)?u:{]: (r[:f’r e U (7 (T, })

Ty L1 L0

J. Barata, A. Sadofyev, C. A. Salgado, PRD105(2022)114010

Xiaojian Du | Non-local high-pt transport in anisotropic QCD matter @



Parton transport

Parton distribution/Wigner function
Wigner function
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Correlator of two propagators

1+ 222G [d¢ [dEEVY (u.(€))

4] i

{(’.F(mL:mn]'f}"[ﬁf,: Eﬂ]‘} = (ENL) L

Relevant variables
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In harmonic approximation
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Non-local interaction

Master equation
Diffusion-like Master equation
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Non-local collisional kernel
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Non-local interaction simplification

Master equation
Diffusion-like Master equation (power expansion in q)
5 p-Vy (+Y-ViH %}“}}’?‘F’q
CrTTE T 1

Kk 0? a 1 0?
. vA v | V. S / ; WY,
ViVip |i[:2ﬂ)25}ﬁ'iapj 1[?1'1:4 (a)g op 2 ‘[ql (9)qa0s> 3pa f}PJ (Y.p)

Simplifying Non-local collisional kernel k= ZCr [ (v(g?))? o(q?) = ——2
=Cr [,

[m@=[%@%ﬂm
Jaq Jq

. Crg* _ o _ ' ,
[1’},#'[@':'@’&@’& = FTg(fsijOab t 0iadjp + dipdja) [*? (vv" —v'') 4 Zg Oij0ab [@EW'
“q q q

4

Crg
= ———=(0ia0jp + 0ipdjqa — 2050,
96 ’”u{ b T Ol %)

)II(Y'p

Diffusion-like Master equation to be implemented
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Static medium

Master equation
Medium density profile
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Relevant thermodynamic scales in static and local-equilibrium medium
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Master equation
Medium density profile
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Diffusion-like Master equation
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Relevant thermodynamic scales in static and local-equilibrium medium
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Static medium

Master equation solver
Diffusion equation  JU D U . O*U
ot " Ox2 Yy

Algorithm: Alternative-direction implicit (ADI) (Appendix A of 2502.13205)
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Much more efficient than Crank-Nicolson algorithm

Xiaojian Du | Non-local high-pt transport in anisotropic QCD matter



Static medium

Anisotropy from correction
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Static medium

Anisotropy from correction
Heatmap (normalized to initial distribution)
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Normalized Density

Normalized Wigner Function W(Y,p,L)/W(Y,0,0)
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Static medium

Anisotropy from correction
Heatmap (normalized to initial distribution)
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Static medium

Anisotropy from correction
Elliptic flow (second order expansion coefficient in angle)

Ellipticity v,

Momentum p
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Flowing medium

Flow correction
Medium density profile
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Corrected master equation (including flow effects)
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Hydrodynamic evolution
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Flowing medium

Hydrodynamic solver
Hydrodynamic equation
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Algorithm: Kurganov-Tadmor (KT) scheme (Appendix B of 2502.13205)
Gubser flow (de Sitter space)

2.2 _ 2.2 .
. . feT—qgre—1 _ 2qr .
i* = (p,0,¢,n) = ( sinh™ ,tan™"!
= (p,0,0,n) (‘al'ﬂl ( 54T ) an (q?fi T 1)_@_?})

Analytical solution { (2q7)%/8
O Cen(11) = i 4 22 ) 4 A
0y (P cosh™" (p)) = 0. " 2°7r
e Gubser (T, T) = — = tanh(k) = _
Ur.Gubser (7 T) ut (x) G2 +r?)+1

Xiaojian Du | Non-local high-pt transport in anisotropic QCD matter



Flowing medium

Gubser flow
Testing I'!ydrodynamic code
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Flowing medium

Constant flow
At L=0, with correction only to ghat
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Flowing medium

Constant flow
At L=1, with correction only to ghat
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Flowing medium

Constant flow
At L=2, with correction only to ghat
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Flowing medium

Constant flow
At L=3, with correction only to ghat
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Flowing medium

Constant flow
At L=0, with full correction master equation
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Flowing medium

Constant flow
At L=1, with full correction master equation
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Flowing medium

Constant flow
At L=2, with full correction master equation
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Flowing medium

Constant flow
At L=3, with full correction master equation
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Flowing medium

Hydrodynamic flow

Hydrodynamic background for parton evolution

Transverse Velocity v e[y

Mormalized Energy Density efr=|1)

Transverse Radius r =|¥ |
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Flowing medium

Hydrodynamic flow
At L=0, with full correction
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Flowing medium

Hydrodynamic flow

At L=1, with full correction
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Flowing medium

Hydrodynamic flow

At L=2, with full correction
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Flowing medium

Hydrodynamic flow

At L=3, with full correction
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Summary

Master equation

Gradient correction
Flow correction

Implementation

Easily solved numerically (ADI algorithm)
Tested in static and flowing medium (Hydro flow etc.)

Works to do ...

Complete flow correction
Correction to radiation process
Implementation/incorporation to phenomenological simulations
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