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Parton energy loss and jet transport
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(High-twist approach)

Jet transport coefficient:
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Jet Quenching at RHIC & LHC
JET Collaboration: 
e-Print: 1312.5003

q̂ ⇡
⇢

1.2± 0.3
1.9± 0.7

GeV2/fm at
T=370 MeV,
T=470 MeV,

e-Print: 2203.16352 Apolinario, Lee & Winn



Information Field approach to Bayesian Inference
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JET
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Gaussian random field F (x) :

hF (x)i = µ(x)

h[F (x)� µ(x)] [F (x0)� µ (x0)]i = C (x, x0)
non-parametric  representation 
of an unknown function



IF-Bayesian inference of jet transport coefficient
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e-Print: 2206.01340

Strong T-dependence
Weak  E-dependence

e-Print: 2208.14419

JET

Xie, Ke, Zhang & XNW

The most comprehensive Bayesian analysis of world data
on single inclusive, dihadron and gamma-hadron spectra



Longitudinal jet tomography with gamma-jet
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Zhang, Owens, Wang and XNW, Phys. Rev. Lett. 103, 032302 (2009)

<latexit sha1_base64="7dJEzQ7UaBrLfMMqvk6jVK15GKc=">AAACAHicdVDLSgMxFM3UV62vqgsXboJFcFVnirV2V3TjskJf0BnLnTRtQ5OZIckIpXTjr7hxoYhbP8Odf2NmWkFFD9zL4Zx7Se7xI86Utu0PK7O0vLK6ll3PbWxube/kd/daKowloU0S8lB2fFCUs4A2NdOcdiJJQfictv3xVeK376hULAwaehJRT8AwYANGQBuplz+Ieo3b0WnS3SEIAdhVTGCnly/Yxep5tVKxcUqqZWdOKqUydop2igJaoN7Lv7v9kMSCBppwUKrr2JH2piA1I5zOcm6saARkDEPaNTQAQZU3TQ+Y4WOj9PEglKYCjVP1+8YUhFIT4ZtJAXqkfnuJ+JfXjfXgwpuyIIo1Dcj8oUHMsQ5xkgbuM0mJ5hNDgEhm/orJCCQQbTLLmRC+LsX/k1ap6JSL9s1ZoXa5iCOLDtEROkEOqqAaukZ11EQEzdADekLP1r31aL1Yr/PRjLXY2Uc/YL19AhDslhY=</latexit>

phT /p
�
T ⇠ 1

<latexit sha1_base64="2MBR5TeQ63j2uCZ+hiP8HCkyjAc=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEV+NMtY7dFd24rNAXtLVk0rQNTTJDkhFKKW78FTcuFHHrV7jzb8xMK6jogXs5nHMvyT1BxKjSrvthZRYWl5ZXsqu5tfWNzS17e6euwlhiUsMhC2UzQIowKkhNU81IM5IE8YCRRjC6TPzGLZGKhqKqxxHpcDQQtE8x0kbq2ntRt3ozPE56e4A4R7CtKIeuc9K1865TOiv5vgtTUip6M+IXitBz3BR5MEela7+3eyGOOREaM6RUy3Mj3ZkgqSlmZJprx4pECI/QgLQMFYgT1ZmkJ0zhoVF6sB9KU0LDVP2+MUFcqTEPzCRHeqh+e4n4l9eKdf+8M6EiijURePZQP2ZQhzDJA/aoJFizsSEIS2r+CvEQSYS1SS1nQvi6FP5P6gXHKzru9Wm+fDGPIwv2wQE4Ah7wQRlcgQqoAQzuwAN4As/WvfVovVivs9GMNd/ZBT9gvX0C/RSWig==</latexit>

phT /p
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length dependence
of parton Energy loss

g-jet asymmetry xgjet=pT
jet/pT

g

Can be used to select 
propagation length <L>



Asymmetric-diffusion in nonuniform medium
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Boltzmann equation under approximation 
of small angle elastic scattering, no drag: 
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He, Pang & XNW, 
PRL 125 (2020) 12, 122301
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Deflection due
to transverse 
gradient along y

g jet

Barata, Sadofyev,  XNW
Phys. Rev.D 107 (2023) 5, L051503



Transverse gradient tomography with gamma-jet
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(pT>3 GeV/c)

He, Pang & XNW, Phys Rev Lett 125 (2020) 12, 122301

Jet energy loss  à propagation length à
initial jet position in x: Longitudinal tomography

3D jet tomography

y

x

drift due
to transverse 
gradient along y

g jet
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Gradient tomography for dijets
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158 < p_{T,1} < 178 GeV

Pb+Pb 0-10% 5.02 TeV
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Gradient tomography for dijets
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158 < p_{T,1} < 178 GeV Pb+Pb 0-10% 5.02 TeV



Deep learning assisted jet tomography
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Yang, He, Chen, Ke, Pang 
and XNW, 2206.02393

DL network selection

Actual distribution  

g-soft hadron correlation

pT
g=200-250 GeV/c, pT

jet>100 GeV/c, pT
h=1-2 GeV/c in 0-10% Pb+Pb @ 5.02 TeV

https://arxiv.org/abs/2206.02393


Enhanced DFW signal with ML jet tomography
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pT
g=200-250 GeV/c, pT

jet>100 GeV/c, pT
h=1-2 GeV/c in 0-10% Pb+Pb @ 5.02 TeV



Summary

• Information-Field based Bayesian inference provides 
unbiased nonparametric priors
– Reduce correlation between errors at different T
– qhat has stronger T dependence  

• Parton propagation in nonuniform medium leads to 
asymmetric pT broadening

• Gradient jet tomography provides unparalleled 
information about initial production position for jet 
studies
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High pt v2
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g/jet asymmetry and diffusion wake
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pT=1-2 GeV/c

Larger g/jet asymmetry à more energy loss
à long propagation length à larger diffusion wake



Jet trajectories & Mach cone shapes
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pT

g=200-250 GeV/c, pT
jet>100 GeV/c in 0-10% Pb+Pb @ 5.02 TeV


