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Medium modification of reconstructed jets from 
AMPT model

1

Guo-Liang Ma (⻢马国亮) 
(Fudan University)



Workshop on STAR Forward Tracking Detector Upgrade and Related Physics , Qingdao，2019.5.7-8 Guo-Liang Ma (Fudan Univ.)

q 

q 

Jet 1 

Jet 2 

0

1

2

3

4

5

6

7

0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

Au+Au at 0.2 TeV

Pb+Pb at 2.76 TeV

Pb+Pb at 30 TeV

T (GeV)
0

q/
T3

ˆ

≈
≈

??

??

????

JET	Collabora+on:	Phys.Rev.	C90	(2014)	1,	014909		

Jet energy loss (single/di- hadron)

• Exp. observable based on single leading 
hadron: RAA, IAA, dihadron… 

• Jet transport parameter q^: for an initial 
quark jet with energy E=10 GeV: 

Pedestal&flow	
subtracted	

2

(HTL)



Workshop on STAR Forward Tracking Detector Upgrade and Related Physics , Qingdao，2019.5.7-8 Guo-Liang Ma (Fudan Univ.)

0

1

2

3

4

5

6

7

0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6

Au+Au at 0.2 TeV

Pb+Pb at 2.76 TeV

Pb+Pb at 30 TeV

T (GeV)
0

q/
T3

ˆ

≈
≈

??

??

????

JET	Collabora+on:	Phys.Rev.	C90	(2014)	1,	014909		

AJ =
ET1 � ET2

ET1 + ET2

• From reconstructing full jets, can we 
know jet transport coefficient q^?

Jet energy loss (full jet)
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AJ=
ET1-ET2

ET1+ET2
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Outline

• AMPT model introduction 

• Results about reconstructed jets 

• Dijet asymmetry                                                                       

• γ-jet imbalance                                                                        

• Jet Shape                                                                               

• Jet fragmentation function                                                       

• Jet vn   

• Jet q^                                                                                       

• Summary
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[2<->2 elastic 
collisions]

(1) initial  
condition

(2) parton  
cascade

(3) hadronization 

(4) hadronic  
rescatterings

a triggered dijet/γ-jet with known 
momentum and production position (r,θ) 

excited strings, minijet, dijet/γ-jet

AMPT model with triggered jet

• Dijet and γ-jet events for Pb+Pb 2.76-TeV collisions. 
• String-melting AMPT simulations: 1.5 mb / 0 mb to turn on/off jet-QGP interactions.
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Jet reconstruction

• Jet reconstruction: anti-kt algorithm, [Fastjet package, background subtraction, jet 

energy scale correction,  jet efficiency correction] 

• Dijet asymmetry: R=0.5, pT,1>120 GeV/c, pT,2>50 GeV/c, |η1,2|<2, Δɸ12>2π/3 

• γ-jet imbalance: R=0.3, pTjet>30 GeV/c, |ηjet|<1.6; pTƔ>60 GeV/c,  |ηƔ|<1.44, ΔɸjƔ>7π/8 

• Jet fragmentation function and shape:  R=0.3, pTjet>100 GeV/c, 0.3<|ηjet|<2, pTch>1 

GeV/c    

• Jet vn: R=0.2, pTjet>45 GeV/c, |ηjet|<2

q

q

jet
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Dijet characters

• Dijet pT spectra and back-to-back azimuthal correlation 
are not sensitive to the existence of partonic phase. 

• Dijet asymmetry is enchanced due to strong parton 
cascade.

7

G.L. Ma, PRC 87, 064901 (2013)



Workshop on STAR Forward Tracking Detector Upgrade and Related Physics , Qingdao，2019.5.7-8 Guo-Liang Ma (Fudan Univ.)

•A large dijet asymmetry (AJ) is 
produced by strong interactions 
between jets and partonic matter. 

•The final AJ is driven by both 
initial AJ and partonic jet energy 
loss.

Dijet asymmetry
AJ evolution function:  
AJ,final (AJ,initial, ΔpT/pT)
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γ-jet imbalance

• Jet losses more energy by strong partonic interactions 
than by hadronic interactions only. 

• Rjγ favors a partonic jet energy loss scenario.

ΔɸjƔ>7/8 π
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γ-jet tomography of QGP

• xjγ is sensitive to the birth information (r,θ) of γ-jet.

ΔɸjƔ>7/8 π

xjƔ = pTJet/pTƔ 

0-10%

30-50% 50-100%

Pb+Pb 2.76 TeV
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• (γ-hadron correlation) + 
(selected xjγ) is proposed as 
a good tool to do detail 
tomography of QGP. 

A tomography tool: γ-hadron + γ-jet 
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Medium modifications of  jet shape

• Agreement of jet shape between AMPT results and p+p data 

•Dynamical evolution of modifications of jet shape: 

•Jet energy is redistributed towards larger radius via the strong interactions between jet and partonic medium. 

•Coalescence reduces the modifications of jet shape and gives qualitative features. 

•Hadron scatterings and resonance decays push the jet energy outwards further.
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•Subleading jet has a larger medium modification than leading jet. 
This ordering is consistent with the new CMS measurement. 

• The jet shape slightly depends on the dijet asymmetry Aj, 
consistent with the new CMS data.

G.L. Ma, PRC 89, 024902 (2014)

Leading vs subleading jet shapes
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•  Good agreement of jet fragmentation function between AMPT results and p+p data 
•  Jet fragmentation function evolves, but none of them can describe the data in Pb+Pb.

Jet fragmentation function
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Fragmentation  
part

Coalescence 
part

•Frag. part [λf Rf(ξ)]: more 
important for low-ξ range in more 
peripheral collisions. 

•Coal. part [λcRc(ξ)]: more 
dominant for high- ξ range in more 
central collisions.

Decomposition of Jet fragmentation function
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Baryon vs meson in jet fragmentation function

• Large high-ξ enhancement of R(ξ) for protons compared to for pions, due 
to the relative increase of coalescence part in central Pb+Pb collisions.

16

G.L. Ma, PRC 88, 021902(R) (2013)

STAR, PRL 97, 152301 (2006)



Workshop on STAR Forward Tracking Detector Upgrade and Related Physics , Qingdao，2019.5.7-8 Guo-Liang Ma (Fudan Univ.)

 Jet v2 vs v3

•Jet v2{ѱ2=0} is consistent with jet v2{ѱ2}. 
•Jet v3 is smaller than jet v2 for 45<pT<60 GeV/c. 
•Jet v3 is consistent with zero for 60<pT<80 GeV/c.
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 Jet energy loss fraction

•Jet energy loss fraction is dependent of the azimuthal angles 
with respect to ѱn, which shows a path-length dependence of 
jet energy loss.
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Jet vn vs εn

•The ratio vn/ϵn increases with Npart in non-central Pb+Pb 
collisions. 
•Jet vn is sensitive to initial spatial asymmetry ϵn of partonic 
density for a given centrality bin.
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 How to extract jet transport parameter q^
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After ZPC(ART)

t1

t2 t2

t1
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Full jet transport parameter q^
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• qˆ increases with full jet energy (from 30 to 90 GeV) for partonic 
evolution

F.C. Zhou, G.L. Ma, Y.G. Ma, arXiv: 1902.00729
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• qˆ increases with jet energy for partonic evolution, consistent with the 
results from jet collaboration.

2

1.5

2010

q^(10 GeV) @RHIC 1.0

q^ (10GeV)@LHC

Full jet transport parameter q^

Jet collaboration:

F.C. Zhou, G.L. Ma, Y.G. Ma, arXiv: 1902.00729
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Full jet q^ for different phases
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• qˆ(whole)≠qˆ(partonic)+qˆ(hadronic) 
qˆ(partonic): RHIC≈LHC 
qˆ(hadronic): RHIC>LHC 
qˆ(whole): LHC>RHIC

F.C. Zhou, G.L. Ma, Y.G. Ma, arXiv: 1902.00729
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Correlation between q^ and AJ 
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• qˆ increases with AJ 
• Ones could measure dijet AJ distributions with different q^ 

ranges to study jet quenching 

F.C. Zhou, G.L. Ma, Y.G. Ma, arXiv: 1902.00729
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Summary
• Dijet asymmetries: driven by both initial asymmetries and 

partonic jet energy loss[1] 

• γ-jet imbalance: sensitive to birth information about γ-jet[2] 
• Jet Shape: subleading jets have larger medium modifications 

than leading jets if large dijet asymmetry [3].  
• Jet fragmentation function: decomposed into fragmentation 

and coalescence parts, which leads to large high-ξ 
enhancement for baryons [4].  

• Jet vn: a path-length dependence of jet energy loss in parton 
cascade [5]. 

• Jet q^: consistent with jet collaboration’s q^, and the 
expectations from single jet and dijet energy loss[6].
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