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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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Jet	quenching	at	RHIC	and	LHC
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Fingerprints	of	jet	quenching
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What is a Full Jet?

n Jet is an approximate image of the parent parton. Jet is defined
by a jet finding algorithm, which maps	the	momenta	of	the	final	
state	particles	into	the	momenta	of	a	certain	number	of	jets:



World inside a jet



Observables related to full jets

inclusive jets;
di-jets;
gamma + jet;
Z/W + jet;
heavy flavor jets;

……

jet shape;
jet FF;
angularity;
splitting scale;
groomed jets;
……

sphericity;
thrust;
Jet broadening;
Fox-Wolfram

moment;
……

jet yields jet substructure Inter-jet properties
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Jets in quark soup



Reclustered large radius jets
13

remove soft radiation
splitting scale



Reclustered LR jets in p+p
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Nuclearmodifications
15

S L Zhang, M Q Yang, BWZ, EPJC (2022) 

l Nuclear suppression of reclustered LR jets at R=1.0 is larger
than that of inclusive jets with R=0.4.



Energy loss fraction
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Energy loss of reclustered jets
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S L Zhang, M Q Yang, BWZ, EPJC (2022) 



Heavy flavor jets
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Heavy quark energy loss
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l Heavy quark energy loss will be suppressed due to deadl-
cone effect relative to light quark. 

BWZ, E Wang, X N Wang, PRL (2004); NPA (2005)

Dokshitzer, Kharzeev, PLB (2001); Djordjevic, Gyulassy, PRC (2003)



Suppression of HF jets
20

l Heavy flavor jet should be less suppressed as compared to
inclusive jets due to dead-cone effect.

W Dai, S Wang, S Zhang, BWZ, E Wang, CPC (2020)

ATLAS, arXiv: 2204.13530

S Wang, Dai, E Wang, X Wang, BWZ, Symmetry (2023)



Dead-cone effect in vacuum
21

l A direct observation of dead-cone effect in p+p is made with
an iterative declustering techniques by ALICE.



Dead-cone effect in vacuum
22

l A direct observation of dead-cone effect in p+p is made with
an iterative declustering techniques by ALICE.

ALICE, Nature
605 (2022) 440



Dead-cone effect in A+A
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W Dai, M Z Li, BWZ, E Wang, arXiv: 2205.14668



Mean value of emission angle
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W Dai, M Z Li, BWZ, E Wang, arXiv: 2205.14668
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Global geometries of
Multi-jet events



Event shape: sphericity



Event shape: sphericity
l What do multiple jets look like in p+p and A+A?
l What‘s the change of event shapes in A+A relative to that in

p+p?



Sphericity in p+p
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Sphericity in Pb+Pb

S Chen, W Dai, S Zhang, Q Zhang, BWZ, EPJC (2020)



Sphericity in njet=2 events



Sphericity in different njet events



Jet number reduction in Pb+Pb



Sphericity in njet>=3 events



Event Shape: jet broadening
Define an axis nT

l one can separate the region 𝐶 into an upper (U) side 𝐶!
consisting of all jets in 𝐶 with �⃗�" ⋅ %𝑛" > 0 and a lower (L) 
side 𝐶# with �⃗�" ⋅ %𝑛" < 0.

We define jet broadening



Jet broadening

J Kang, L Wang, W Dai, S Wang, BWZ, arXiv: 2304.04649

l Jet broadening characterizes the weighted broadening of the 
jets relative to the center of the outgoing energy flow, the
distribution of energy flow of multi-jets in the final-state.



Jet broadening in p+p



Jet broadening in Pb+Pb

J Kang, L Wang, W Dai, S Wang, BWZ, arXiv: 2304.04649



Jet number reduction due to Eloss



Multi-jet events Classifications

~ 58%

~ 27%

~ 15%



Recap
40

l The	Splitting	scale	of	Reclustered large	radius	jet	in	
Pb+Pb is	calculated,	which	is	in	good	agreement	with	
experiment	data.

l Event	shape	observables	with	jet	quenching	in	
Pb+Pb are	investigated:	sphericity	and	jet	
broadening.	Jet	number	reduction	effect	VS
medium-induced	gluon	radiation	

l The	possibility	of	observing	dead-cone	effect	of	jet	
quenching	is	explored.



Backup   
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Linear	Boltzmann	Transport	Model
42

l Elastic scattering:

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

l 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)



Improved	Langevin	equations	

SHELL: Simulating Heavy quark Energy Loss by Langevin equations

Diffusion coefficient κ and drag coefficient Г are correlated by 

G.D. Moore et al.,
PRC71(2005)064904; 
S. Cao G.Y. Qin and S.A. Bass,
PRC88 (2013) 044907

Higher-Twist approach:
Phys.Rev.Lett. 85 (2000) 3591-3594;
Phys.Rev.Lett. 93 (2004)072301;
Phys.Rev. D85 (2012) 014023



Dead-cone effect in A+A
44

W Dai, M Z Li, BWZ, E Wang, arXiv: 2205.14668



kt algorithm



anti-kt and C/A algorithms

n The Cambridge/Aachen algorithm:

n The anti-kt algorithm:



Mean value of emission angle
47

W Dai, M Z Li, BWZ, E Wang, arXiv: 2205.14668



Energy correlation

S Chen, W Dai, S Zhang, Q Zhang, BWZ, EPJC (2020)


