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Parton broadening
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Transition amplitude

Transition amplitude (without radiation)

Eikonal limit

Medium potential (model dependent): GW, HTL …

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

E ≫ 𝑝𝑝𝑇𝑇 , 𝜇𝜇, …

E



Parton broadening
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Transition amplitude

Convolution of single particle propagator

PDE for propagator

Path-integral form of propagator (in position space)

E

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



Parton transport
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Parton distribution/Wigner function
Wigner function

Correlator of two propagators

Relevant variables

Dipole potential 

In harmonic approximation

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



Non-local interaction
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Master equation
Diffusion-like Master equation

Non-local transport

Non-local collisional kernel

From quantum nature

C. Andres, F. Dominguez, A. Sadofyev, C. A. Salgado, PRD107(2023)L051503
J. Barata, A. Sadofyev, X. N. Wang, PRD107(2023)L051503



Non-local interaction simplification
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Master equation
Diffusion-like Master equation (power expansion in q)

Simplifying Non-local collisional kernel

Diffusion-like Master equation to be implemented

J. Barata, A. Sadofyev, X. N. Wang, PRD107(2023)L051503



Static medium
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Master equation
Medium density profile

Diffusion-like Master equation

Relevant thermodynamic scales in static and local-equilibrium medium

Medium Density



Static medium
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Master equation
Medium density profile

Diffusion-like Master equation

Relevant thermodynamic scales in static and local-equilibrium medium

Different points

Parton DensityParton moving (z-direction) out of plane

Medium Density



Static medium
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Master equation solver
Diffusion equation

Algorithm: Alternative-direction implicit (ADI) (Appendix A of 2502.13205)

Denote

LU decomposition for tridiagonal matrix (Appendix A of 2502.13205)

Much more efficient than Crank-Nicolson algorithm



Static medium
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Anisotropy from correction
Transverse pressure (of parton distribution)

Y=0
Y=1
Y=2

Correction to �𝒒𝒒 only Full correction



Y=0
Y=1
Y=2

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

Full correctionCorrection to �𝒒𝒒 only

Time



Y=0
Y=1
Y=2

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

Full correctionCorrection to �𝒒𝒒 only

Time



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



Flowing medium
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Flow correction
Medium density profile

Corrected master equation (including flow effects)

Hydrodynamic evolution



Flowing medium
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Hydrodynamic solver
Hydrodynamic equation

Milne space

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

Analytical solution



Flowing medium
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Gubser flow
Testing hydrodynamic code



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

Flow towards x-direction

x

y



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

Flow towards x-direction

x

y



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

Flow towards x-direction

x

y



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

Flow towards x-direction

x

y



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

Flow towards x-direction

x

y



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

Flow towards x-direction

x

y



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

Flow towards x-direction

x

y



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

Flow towards x-direction

x

y



Flowing medium
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Hydrodynamic flow
Hydrodynamic background for parton evolution



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

Flow towards all-directions

x

y



Flowing medium
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Hydrodynamic flow
At L=1, with full correction

Flow towards all-directions

x

y



Flowing medium
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Hydrodynamic flow
At L=2, with full correction

Flow towards all-directions

x

y



Flowing medium
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Hydrodynamic flow
At L=3, with full correction

Flow towards all-directions

x

y



Summary
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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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