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Parton energy loss and jet transport
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Jet Quenching at RHIC & LHC

JET Collaboration:
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Information Field approach to Bayesian Inference

Gaussian random field F'(x) :

non-parametric representation (F(z)) = p(z)
of an unknown function ([F(x) — p(x)] [F (x’) — L (x’)]} = C (=, x’)
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IF-Bayesian inference of jet transport coefficient

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

(8,16) GeV (12,20) GeV (8,16) GeV (12,20) GeV
.0 {Au+Au, 0.2 TeV Au+Au, 0.2 TeV

e gt
0.5 1 . . .0 0.5 1.
zr zr

0-10% 40-50%
.0 {Au+Au, 0.2 TeV
E THH .

10 20 10 20 10 20 10 20
pr [GeV/c] pr [GeV/c] pr [GeV/c] pr [GeV/c] pr [GeV/c] pr [GeV/c]

(8,15) GeV (8,16) GeV (19.2,24.0) GeV|(24.0, 28.8) GeV|(28.8, 35.2) GeV((35.2,48.0) GeV
.0 {Pb+Pb, 2.76 TeV

0-5% 5-10% 10-20% 20-30% 30-40% 40-50%
.0 {Pb+Pb, 2.76 TeV

’@/’ﬁfﬁ/ﬁfﬁﬂ

P

10t 102 10! 102 10! 102 10! 102 10! 102 10! 102
pr [GeV/c] pr [GeV/c] pr [GeV/c] pr [GeV/c] pr [GeV/c] pr [GeV/c]

0-5% 5-10% 10-30% 30-50%
.0 {Pb+Pb, 5.02 TeV

A Ardid

10! 102 10! 102 10! 102 10t 102
pr [GeV/c] pr [GeV/c] pr [GeV/c] pr [GeV/c]

e-Print: 2208.14419

' A
r_r/r}| m‘ e-Print: 2206.01340

Strong T-dependence
Weak E-dependence
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With data probing T< 0.317 (hydro)

Xie, Ke, Zhang & XNW




Longitudinal jet tomography with gamma-jet

Zhang, Owens, Wang and XNW, Phys. Rev. Lett. 103, 032302 (2009)
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Asymmetric-diffusion in nonuniform medium

5’f ﬁL (3’f q = N Boltzmann equation under approximation
By | D (97“L szu f(p, 7’) of small angle elastic scattering, no drag:
AF\° L LG 12E2 p? Gg=aqo+2, -a
s — - — — —1 » — —

. it ) 1. D500

Deflection due
to transverse

gradient along y
jet

Momentum asymmetry: 0f(pL) 3w a-p

He, Pang & XNW,
PRL 125 (2020) 12, 122301

Barata, Sadofyev, XNW
Phys. Rev.D 107 (2023) 5, L0O51503
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Transverse gradient tomography with gamma-jet
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He, Pang & XNW, Phys Rev Lett 125 (2020) 12, 122301

Jet energy loss > propagation length 2>
initial jet position in x: Longitudinal tomography

’\l \‘ 3D jet tomography




Gradient tomography for dijets
E—TET————— Pb+Pb 0-10% 5.02 TeV
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Gradient tomography for duets
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Deep learning assisted jet tomography

(d)  x<-1.0 &y<-1.0

DL network selection

Actual distribution

v-soft hadron correlation
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s 4 : 5 " 5 : s Yang, He, Chen, Ke, Pang
A¢hjet = ¢iet_¢h A¢hjet = ¢jet_¢h Aq)hjet - ¢jet-¢h Aq)hjet _ d)jet-(bh and XNW’
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https://arxiv.org/abs/2206.02393

Enhanced DFW signal with ML jet tomography

All positions x<-1.0 & y<0.0
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p:'=200-250 GeV/c, p-¢t>100 GeV/c, p:"=1-2 GeV/c in 0-10% Pb+Pb @ 5.02 TeV
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Summary

* Information-Field based Bayesian inference provides
unbiased nonparametric priors

— Reduce correlation between errors at different T
— ghat 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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v/jet asymmetry and diffusion wake

Larger y/jet asymmetry =2 more energy loss
- long propagation length - larger diffusion wake
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Jet trajectories & Mach cone shapes

(x=-3.0,y=3.0) | (x=0.0,y=3.0)

| (x=3.0,y=3.0)

(x=-3.0,y=-3.0) (x=0.0,y=-3.0)

|
(x=3.0,y=-3.0)

0

| Ns=0.0 T7=6.6fm/c

(Vr/rml ||\|‘ p'=200-250 GeV/c, p¢t>100 GeV/c in 0-10% Pb+Pb @ 5.02 TeV

BERKELEY LAB

17



