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Jet quenching
Parton energy has been proposed as an excellent 
probe of the hot/dense matter created at HIC.
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Xin-Nian Wang, M. Gyulassy, PRL68(1992)1480
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Jet quenching at RHIC and LHC
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Fingerprints of jet quenching
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Leading hadron production
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Leading hadron production
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Full jets
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Full jets
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Large pT hadrons in HIC
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The parton energy loss due to medium-induced gluon radiation 
has been calculated with higher twist approach.

Jet quenching with higher twist approach
11

X Guo, X N Wang, PRL(2001);  X Guo, X N Wang, NPA (2001); 
BWZ, X N Wang, NPA(2003) ; BWZ, E Wang, X N Wang, PRL (2004)



η in heavy-ion collisions at NLO
 Production of eta meson in HIC has been calculated;
 Flavor composition has very small effect on the ratio η/π0 .
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W Dai, X Chen, BWZ, E Wang， Phys. Lett. B 750 (2015) 390



η/π0 in HIC at NLO
 η/π0 ratio is almost same (~0.5) for p+p, Au+Au and 

Pb+Pb collision.
 Prediction on η/π0 ratio has been confirmed by ALICE.

13

ALICE, PRC 98(2018)044901
W Dai, X Chen, BWZ, E Wang， Phys. Lett. B 750 (2015) 390



ρ production in A+A at NLO 

W Dai, BWZ, E Wang,  PRC 98 (2018) 024901

14

 A broken SU(3) model has been utilized to get ρ FFs in p+p.
 Dominant contributions of quark fragmentations both in p+p

and in A+A.



Production of ϕ in HIC at NLO

W Dai, X, Chen, BWZ, H Zhang, E Wang，EPJC 77 (2017) 571
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η/π0



Identified meson in HIC at NLO
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iEBE-VISHNU
hydro

G Ma, W Dai, BWZ, E Wang,  EPJC 79 (2019) 518 



Global extraction of qhat
17

G Ma, W Dai, BWZ, E Wang,  EPJC 79 (2019) 518 



Jets in HIC
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What is a jet?
 A jet is a spray of final-state 

particles roughly moving in the 
same direction and defined by jet 
finding algorithms.

 At LO pQCD, jet ≈parton.

 In pQCD local-parton-hadron 
duality (LPHD) is used

 Jet: more precise and powerful 
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Tagged jet production in HIC       
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“golden channel”



Z0 + jet in A+A: Iaa
 A sharp transition from tagged jet suppression above ~pT of 

Z to tagged jet enhancement below ~pT of Z

21

Neufeld, Vitev, BWZ, PRC 83, 034902 (2011). 

NLO



Z0 + jet in A+A: asymmetry
22

Z B Kang, Vitev, Hongxi Xing,  PRC (2017)

LO +PS
(parton
shower)



Angular correlation in Z+jet
23

CMS, PLB 
722 (2013) 238

 NLO calculations fail at angular difference ~π; 
 LO+PS calculations fail at small angular difference.
 Z+jet in A+A: NLO+PS+Eloss

S Zhang, T Luo, X Wang, BWZ, PRC 98 (2018) 021901(R)

NLO +PS
+ELoss



Sherpa: NLO+PS
 Initial state parton

shower(PS)

 Final state PS

 NLO matrix elements (ME)

 Signal process

 Fragmentation

 Hadron decays

 Underlying event

 QED radiation
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Gleisberg, Hoeche, Krauss, Schumann, Siegert, Winter,



Angular Correlation of Z+jet (I)
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S Zhang, T Luo, X Wang, BWZ, PRC 98 (2018) 021901(R)



Angular Correlation of Z+jet (II)
26

 Suppression to Z+1jet processes is rather small; 
 Considerable suppression to Z+ (>2)jets is observed due to 

jet quenching effect; kinematical cut: pT>30 GeV

S Zhang, T Luo, X Wang, BWZ, PRC 98 (2018) 021901(R)



Averaged number of tagged jets
27

S Zhang, T Luo, X Wang, BWZ, PRC 98 (2018) 021901(R)



Momentum imbalance
28

S Zhang, T Luo, X Wang, BWZ, PRC 98 (2018) 021901(R)



W+jet in HIC
29

S Zhang, BWZ, X N Wang, to be submitted

S Zhang’s talk



double b-jet production
30

flavor creation (FCR)

gluon splitting (GSP)

flavor excitation (FEX)



p+p baseline for double b-jet
31

W Dai, S Wang, S Zhang, BWZ, E Wang, arXiv: 1806.06332

 Simulations with NLP+PS by Sherpa chould give very nice 
descrptions on inclusive jets, dijets as well as double b-jet.



Mean values of momentum 
imbalance
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W Dai, S Wang, S Zhang, BWZ, E Wang, arXiv: 1806.06332



Angle correlation of  double b-jet
33

W Dai, S Wang, S Zhang, BWZ, E Wang, arXiv: 1806.06332

W Dai’s talk



D0-jet in p+p
34

 D-jet denotes a jet with D meson, and CMS has measured 
radial distributions of D-jet in p+p and A+A.

S Wang, W Dai, BWZ, E Wang,  1906.01499



D0-jet in A+A
35

 D-jet denotes a jet with D meson, and CMS has measured 
radial distributions of D-jet in p+p and A+A.

S Wang, W Dai, BWZ, E Wang,  1906.01499

S Wang’s talk



Z tagged b-jet production (I)
36

 B-jet production in association with Z boson in HIC could be 
calculated in the same formalism (NLO+PS+Eloss)

S Wang, W Dai, BWZ, E Wang, in preparation

Δϕ𝑍𝑍𝑍𝑍 = |ϕ𝑍𝑍 − ϕ𝑍𝑍𝑗𝑗𝑗𝑗𝑗𝑗|



Z tagged b-jet production (II)
37

 B-jet production in association with Z boson in HIC could be 
calculated in the same formalism (NLO+PS+Eloss)

Δ𝑅𝑅𝑧𝑧𝑍𝑍 = (Δϕ𝑍𝑍𝑍𝑍)2+(Δη𝑍𝑍𝑍𝑍)2 𝐴𝐴𝑍𝑍𝑍𝑍𝑍𝑍 =
Δ𝑅𝑅𝑍𝑍𝑍𝑍𝑚𝑚𝑚𝑚𝑚𝑚 − Δ𝑅𝑅𝑍𝑍𝑍𝑍𝑚𝑚𝑖𝑖𝑖𝑖

Δ𝑅𝑅𝑍𝑍𝑍𝑍𝑚𝑚𝑚𝑚𝑚𝑚 + Δ𝑅𝑅𝑍𝑍𝑍𝑍𝑚𝑚𝑖𝑖𝑖𝑖

S Wang, W Dai, BWZ, E Wang, in preparation



Jet charge in p+p
38

 Proposed by Feynman & Field (1978)

 Very useful to discriminate q/g

Krohn, Schwartz, T. Lin, Waalewijn, PRL (2013)

S Chen, BWZ，NPPP (2017)； S Chen, BWZ, E Wang (2019)



Jet charge in A+A
39

 Rcp of jet charge in A+A is larger than unity.

 Very useful to discriminate q/g
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S Chen, BWZ, E Wang (2019)



Summary
40

 A systematic study of identified mesons at NLO in 
HIC  has been made.

 A framework of combining NLO+PS for initial hard 
production with parton energy loss in the QGP has 
been developed. 

 Our calculations provide nice descriptions of 
experimental data on full jet observables.

 Calculations of pQCD with final-state jet 
quenching and initial-state CNM can explain a 
huge amount of data on hard probes with a 
unified picture.



Quark Matter 2019 at Wuhan
41

 国际高能核物理领域规模最大、最重要的学术会议
 预计~800人参加
 华中师范大学和华南师范大学主办
 清华大学、北京大学、复旦大学、中国科技大学、山东大学、

中国科学院大学、湖州大学、中科院近代物理所等协办
 会议报告（abstract）提交截止时间2019年7月1日
 会议网站：http://qm2019.ccnu.edu.cn/



Backup   
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Jet charge in p+p
43

S Y Chen, BWZ, E Wang (2019)



Z+jet in p+p: NLO+PS
44

 Results with NLO+PS by Sherpa give good descriptions on 
angular correlation and momentum imbalance of in p+p

S Zhang, T Luo, X Wang, BWZ, PRC 98 (2018) 021901(R)



Linear Boltzmann Transport Model
45

 Elastic scattering:

X N Wang, Y Zhu, PRL(2013); He, Luo, Wang, Zhu, PRC (2015)

 Inelastic scattering by the higher twist approach:

Guo, X N Wang, PRL(2002); BWZ, X Wang, NPA(2003); 
BWZ, E Wang, X N Wang, PRL (2004); Majumder,  PRD(2012)



Inclusive jet and b-jet in HIC
46

W Dai, S Wang, S Zhang, BWZ, E Wang, arXiv: 1806.06332


