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Outline 

• A Linearized Boltzmann Transport (LBT) approach to 
heavy/light flavor jet quenching (with elastic & inelastic 
contributions) 

 

 

• Full jet energy loss and modification (collisional, radiative, 
broadening) 

 

 

• Use jet-like angular de-correlation to probe medium-
induced broadening (qhat) 



Jet quenching 

 

 

 

 

 

 

• The study of jet quenching/modification can 
provide valuable information about hot and 
dense QGP produced in heavy-ion collisions 



Radiative & collisional processes 

Hard parton 

Elastic (collisional) Inelastic (radiative) 

Hard parton 

),,(
2

1

2

1 2
22

2

21 
































qqlT

q

L

q

L llzfD
l

D
l

D
z

f
q
















 










 f

iTsg zz

l

D
xP

dzdxdl

dN





2
sin)(

4 2

4

2,

2

GYQ, Majumder, PRC 2013 
Guo, Wang, PRL, 2000 
Majumder, PRD, 2012 

In the limit of soft scatterings, the effect of elastic collisions can be described by 
FP equation (longitudinal drag, longitudinal diffusion & transverse diffusion) 

The medium-induced gluon radiation spectrum from higher-twist formalism: 

Jet transport coefficients control both collisional and radiative contributions 



Radiative & collisional contributions 

McGill-AMY rad.+coll. Duke Langevin coll.+rad. 

GYQ, Ruppert, Gale, Jeon, Moore, Mustafa, PRL 2008; Cao, GYQ, Bass, PRC 2013  



A Linearized Boltzmann Transport (LBT) 
approach for heavy & light flavor jet quenching 

• Boltzmann equation: 

 

• Elastic collisions: 

 

 

 

 

 

• Inelastic collisions: 

 

 

 

 

• Elastic + Inelastic: 

Cao, Luo, GYQ, Wang, arXiv:1605.06447 & in preparation 



Elastic & inelastic energy loss from LBT 

 

Cao, Luo, GYQ, Wang, arXiv:1605.06447 & in preparation 



Quenching hierarchy 

 

Cao, Luo, GYQ, Wang, arXiv:1605.06447 & in preparation 



RAA from LBT (heavy & light flavor hadrons) 

5.02TeV 
2.76TeV 200GeV 



Full jet evolution in medium 
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GYQ, Muller, PRL, 2011; Casalderrey-Solana, Milhano, Wiedemann, JPG 2011; Young, Schenke, 
Jeon, Gale, PRC, 2011; Dai, Vitev, Zhang, PRL 2013; Wang, Zhu, PRL 2013; Blaizot, Iancu, 
Mehtar-Tani, PRL 2013; etc. 

Not only the interaction of the leading hard parton with the medium constituents, 
but also the fate of radiated shower partons 

Ejet = Ein + Elost 

       = Ein + Eout(radiation) + Eout(broadening) + Eth(collision)  



Full jet evolution in medium 

• Solve the 3D (energy & transverse momentum) evolution for shower partons 
inside the full jet  

• Include both collisional (the longitudinal drag and transverse diffusion) and all 
radiative/splitting processes 
 

Ningbo Chang, GYQ, arXiv:1603.01920 

Drag & diffusion 

 

Gain terms 

 

Loss terms 



Full jet energy loss (radiative, collisional, broadening) 

Ningbo Chang, GYQ, arXiv:1603.01920 



Nuclear modification of jet shape 

 

Ningbo Chang, GYQ, arXiv:1603.01920 

The soft outer part of jets is easier to be modified (some absorbed by medium), while 
the modification of the inner hard cone is more difficult 
The enhancement at large r is consistent with the broadening 
The final modification of jet shape comes from the interplay of different contributions 



Various full jet observables 

 

Ningbo Chang, GYQ, arXiv:1603.01920 



Jet-like correlations 

 



Jet-like correlations 

Most of (theoretical) studies on jet-like correlations in AA collisions mainly focus on 
the nuclear modification of the (per-trigger) yield 
We will use the angular correlations to probe the transverse momentum broadening 



Dijet angular correlations in pp & AA 

Resum all order soft gluon radiation in vacuum at NLL for dijet anglar correlation by 
Sun, Yuan, Yuan, PRL 2014; PRD 2015 
Extend the formalism to include the broadening effect induced by the QCD medium 
for dijet anglar correlation by Mueller, Wu, Xiao, Yuan, arXiv:1604.04250 

D0 p+pbar 1.96TeV 

CMS Pb+Pb 2.76ATeV 

Not sensitive to 
medium-induced 
broadening 



Probing qhat via dihadron & hadron-jet angular correlations 

 

Lin Chen, GYQ, Shu-Yi Wei, Bo-Wen Xiao, Han-Zhong Zhang, in preparation 

Dihadron 

Hadron-jet 



Momentum imbalance qT distribution (in pp) 

2,1, TT ppq


 AAppAA
Lqqq
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Lin Chen, GYQ, Shu-Yi Wei, Bo-Wen Xiao, Han-Zhong Zhang, in preparation 

RHIC LHC 



Summary 

• Radiative & collisional processes play different roles 
in different probes and observables 

– Light & heavy flavor jet quenching, full jet energy loss, 
nuclear modification of jet shape 

 

• Jet transport coefficients control both collisional 
and radiative contributions 
 

• Probe medium-induced broadening (qhat) via jet-like 
angular correlations 



backup 

 



Test for collisional & radiative energy loss from LBT 

Cao, Luo, GYQ, Wang, arXiv:1605.06447 & in preparation 



Sensitivity to jet transport parameter 

Ningbo Chang, GYQ, arXiv:1603.01920 



Full jet energy loss  
(jet size dependence of different contributions) 

 



Uncertainty from cut 

 



Nuclear modification of jet shape 

Ningbo Chang, GYQ, arXiv:1603.01920 



Extraction of jet transport parameter 

JET Collaboration, PRC 
2014, arXiv:1312.5003 
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RHIC  
energy scan 

LHC  
higher energy 
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Jet transport coefficients control both collisional and radiative contributions 

10GeV quark jet 



Dihadron correlation 


