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Heavy-ion collisions

• Quark Gluon Plasma (QGP) produced in 
heavy-ion collisions.

• Jet quenching is an important hard probe 
to QGP.

• Jet transport coefficient  𝑞 is a parameter 
of jet quenching.
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Jet quenching 

M. Gyulassy and M. Plumer, Phys. Lett. B 243, 432(1990)p-p collision          VS           A-A collisionp-p collision          VS           A-A collision

• The average transverse momentum broadening squared per unit length inside the medium.

•  𝑞 indicates the interacting strength between the jet and the medium.

•  𝑞 extraction is a key task in the quantitative JQ studies, and helps to understanding QGP.
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• Five jet quenching models, 

HT − BW
HT − M

MARTINI − AMY
McGill − AMY
GLV − CUJET

• Higher-twist, thermal QCD, opacity expansion

• The similar constraints for  𝑞/𝑻𝟑 by RHIC/LHC data

• Consistent with both pQCD (BDMPS) and AdS-CFT SYM 
results JET Collaboration, PRC 90, 014909 (2014)

JET Coll.  extracting   𝑞 via single hadron suppression

• Motivation in our following studies - to reduce the uncertainties in the determination of  𝑞 to 
achieve a truly quantitative understanding of the QGP properties.

XFG, XN Wang, PRL 85(2000)3591

A. Majumder, PRD 85(2012)014023

G. Y. Qin, J. Ruppert, etal, PRL100(2008)072301

P. Arnold, G. D. Moore, and L. G. Yaffe, JHEP06(2002)030

M. Gyulassy, P. Levai, and I. Vitev, NPB 594(2001)371 



According to factorization theorem，

p+p：

CTEQ6.6M AKK08NLO cross sections

A+A：

Woods-Saxon

EPS09 mFFs

Nuclear modification factor：

A NLO pQCD parton model in HIC
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Modified fragmentation functions  --- mFFs

The modification is controlled by             and                   

HZ Zhang, J Owens, EK Wang, XN Wang,

PRL98 (2007) 212301; PRL103 (2009) 032302

  ),(,
11

1
1),,( 20

/

/20

/

/2

/ 


cch

Lc
ch

L

ccch zDe
z

z
D

z
eEzD























TcTcTcc ppzpEz //  ，

cE /L

Within HT JQ formalism， depends on        ：

W.T. Deng and X.N. Wang , Phys. Rev. C 81,024902(2010)

cE q̂

Average scattering number          ：

N. Chang, W. Deng and X.-N. Wang, PRC 89(2014)034911
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3+1D Hydro for medium evolution
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depends on the local      in the jet trajectory

CTq 3/ˆ

T

T. Hirano, etal, PLB636,(2006)299; LG Pang, etal, PRC86(2012)024911
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Hints for the T dependence of  𝑞/𝑻𝟑

Decreasing  𝑞/𝑻𝟑 with the temperature T, although  𝑞/𝑻𝟑 = 𝑪 is set in each event 

M Xie, HZ Zhang and XN Wang, 

Phys. Rev. C 103 (2021)034911

M Xie, SY Wei, QY Qin and HZ Zhang, 

Eur. Phys. J. C 79(2019)589

RHIC ⊗ LHC ⊗单强子⊗双强子 RHIC ⊗ LHC ⊗不同对心度⊗单强子 𝑞𝟎 ⊗ 𝝀𝟎 ⊗ RHIC ⊗ LHC ⊗单强子Jet Collaboration

ZQ Liu, HZ Zhang, BW Zhang and EK Wang, 

Eur. Phys. J. C 76 (2016) 20
JET Colla., PRC 90, 014909 (2014)
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QGP produced in p+Pb at 5.02 GeV ?  小系统

M Xie, HZ Zhang and XN Wang, Phys. Rev. C 103 (2021)034911

MeV

Assume QGP is produced in p+Pb at 5.02 GeV,

and the energy loss mechanics is the same as AA 

The suppression of 𝛄-hadron is about 
5-15% with 12-40 GeV in central p+Pb
collisions,

and the suppression is weak with the 
trigger transverse momentum.
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Information-field-based global Bayesian inference of the jet transport 

coefficient  𝑞(𝑻) ⊗ RHIC ⊗ LHC ⊗不同对心度⊗ 𝑅𝐴𝐴
ℎ ⊗ 𝐼𝐴𝐴

𝛾−ℎ
⊗ 𝐼𝐴𝐴

ℎ−ℎ

prior  𝑞/𝑇3(𝑇)

 IF  prior: unknown function

individual variation in different T region.

remove the long-range correlations between T.

 NLO pQCD model with energy loss:

describe the pp baselines well; utilizes the different  

geometric biases to probe the T dependence of  𝑞.

 RHIC and the LHC data: probe a wide T region.

DATA

M Xie, WY Ke, HZ Zhang, XN Wang, Phys. Rev. C 108 (2023)L011901; arXiv: 2208.14419
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100 random  𝑞/𝑻𝟑 samples are for  100 curves in each panel  

M Xie, WY Ke, HZ Zhang, 

XN Wang, 

Phys. Rev. C 108 (2023)L011901; 

arXiv: 2208.14419

3400个核修正因子

𝟐𝟎𝟎 GeV ⊗ 2. 𝟕𝟔 TeV ⊗ 5.02 TeV

⊗不同对心度⊗ 𝑅𝐴𝐴
ℎ ⊗ 𝐼𝐴𝐴

𝛾−ℎ
⊗ 𝐼𝐴𝐴

ℎ−ℎ
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IF-Bayesian  𝑞(𝑻) in the jet propagating path

 The extracted  𝑞/𝑇3 exhibits a strong T dependence with smaller uncertainty.

 High-T data are more sensitive to  𝑞; 𝐼𝐴𝐴 is more sensitive to  𝑞 than 𝑅𝐴𝐴. 

 Our analysis show a global descriptive power to the Exp data.

sensitivity analysisposterior  𝑞(𝑇) posterior observables

M Xie, WY Ke, HZ Zhang, XN Wang, Phys. Rev. C 108 (2023)L011901; arXiv: 2208.14419
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Sudakov resummation model for Z/γ-hadron angular correlation
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The cross section is given by 

Lin Chen, GY Qin, SY Wei, BW Xiao and HZ Zhang et al, 

PLB773 (2017) 672; PLB782 (2018) 773; NPB933 (2018) 306; EPJC80 (2020) 1136; arXiv:2312.17460

In p+p

In A+A
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Medium-induced broadeningSudakov effect

Sudakov factor

JQ ~ 𝚫𝑬 + 𝒑⊥
𝟐
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Effects of jet energy loss + transverse momentum broadening

energy loss

broadening

Z Gao, L Chen, PH Hu, M Xie and HZ Zhang, arXiv:2312.17460

• A same parameter (IF-Baysian  𝑞(𝑻)) is used for jet energy 
loss and transverse momentum broadening

•  𝑞(𝑻) ⊗ R𝐇𝐈𝐂 ⊗ LHC ⊗ Z-强子⊗光子-强子
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Momentum and angular correlations in Z/γ-hadron production

Z Gao, L Chen, PH Hu, M Xie and HZ Zhang, arXiv:2312.17460

∆𝝓 correl. 

𝒑𝑻 correl. 
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Root-mean-square (RMS) width of Δϕ distribution

A competition between broadening and anti-broadening in 
angular correlations 

• Angular distribution is broadened by 𝒑⊥
𝟐 while narrowed by 𝚫𝑬, broadening vs anti-broadening.

• Observed medium effect in the Δϕ distribution is a competition between the broadening and the anti-broadening.

Z Gao, L Chen, PH Hu, M Xie and HZ Zhang, arXiv:2312.17460
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Summary

• From  𝑞𝟎 to  𝑞(𝑻) extracted with JQ-𝚫𝑬 ⊗ JQ- 𝒑⊥
𝟐 ⊗ RHIC ⊗ LHC ⊗不同对心度⊗单强子⊗双强子⊗双喷

注⊗强子-喷注⊗光子/Z/H-喷注⊗光子/Z/H-强子，10个维度，pQCD，Sudakov resummation .

• Machine learning for  𝑞(𝑻, 𝑬, … ) in jet quenching, improving model.

Neural Networks                                                       Bayesian inference 

Thank for your attentions ！

SW Dai, FP Li, LG Pang, XN Wang, BW Zhang, HZ Zhang, in preparing
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Back up



3+1D Hydro for medium evolution
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X. Chen, T. Hirano, E. Wang, X.-N. Wang, H. Z. Zhang, Phys.Rev. C84 (2011) 034902

 3Tg

ufT ,,

T. Hirano, etc, Phys. Lett. B636, 299 (2006); Phys. Rev. C77, 044909 (2008)

Medium temperature                     Hadron phase fraction Medium velocity

depends on the local     in the jet trajectory：

Hadron phase fraction：

are given by 3+1D ideal hydro to describe the medium evolution 

q̂ T

CTq 3/ˆ

8



19

Fixed order pQCD vs Sudakov resummation



20

The kick        distribution for different energy scale

A pocket formula

should be more sensitive at RHIC than LHC due to smaller

pp

Smaller       jets are more effective in probing the broadening due

to smaller vacuum Sudakov effect.
Tp

Lin Chen, GY Qin, SY Wei, BW Xiao 

and HZ Zhang, PLB773 (2017) 672

特征值


