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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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Leading hadron production
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Leading hadron production
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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
10

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.
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ALICE, arXiv: 1803.05490
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
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 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

G Ma, W Dai, BWZ, E Wang，in preparation
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Global extraction of qhat

G Ma, W Dai, BWZ, E Wang, in preparation

16



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

NLO



Z0 + jet in A+A: asymmetry
21

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

LO +PS
(parton
shower)



Angular correlation in Z+jet
22

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)
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 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
26

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



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



W+jet in HIC
28

S Zhang, BWZ, X N Wang in preparation



double b-jet production
29

flavor creation (FCR)

gluon splitting (GSP)

flavor excitation (FEX)



p+p basiline for double b-jet
30

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

31

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



Angle correlation of  double b-jet
32

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



Z tagged b-jet production (I)
33

 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)
34

 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

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

Δ𝑅𝑅𝑍𝑍𝑍𝑍𝑚𝑚𝑚𝑚𝑚𝑚 + Δ𝑅𝑅𝑍𝑍𝑍𝑍𝑚𝑚𝑖𝑖𝑖𝑖



Transverse sphericity
35

 Event shape observables measure geometrical properties of 
the energy flow in QCD final states: transverse sphericity
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S┴ : gluon VS quark
36

 Events with gluon-initiated jets are more isotropic than that 
with quark-initiated jets.

 At largh S┴ the distribution of gluon jets are larger.

quark jets

gluon jets



Energy loss effect
37

 Energy loss effect will make the event more isotropic, i.e
enhancement.

 The fact that gluon will lose more energy than quark leads to 
a suppression of the distribution at large S┴ relative to p+p.

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



Transverse sphericity in HIC(I)
38

 Transverse sphericity in HIC is computed with NLO+PS+Eloss.
 A suppression is observed in large S┴, and enhancement in 

small S┴.

S Y Chen, W Dai, BWZ, E Wang, in preparation
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Summary
39

 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 Z+jet and double b-jet. 
productions.

 Predictions on several novel jet observables are 
provided to study flavor dependence of Energy loss.



Backup   
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Z+jet in p+p: NLO+PS
41

 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
42

 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
43

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


