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Multistage jet evolution in heavy-ion collisions
Grand picture (leading hadrons) 

high Q and 
high E 

low Q and high E 

low Q and low E 
(near thermal) 

low Q and low E 
(near thermal) 

• Stage 1: High Q and high E (DGLAP, higher-twist); lose Q 
faster than E [ Majumder and Putschke, PRC 93 (2016) ] 

• Stage 2: low Q and high E (Transport, higher-twist, AMY) 
• Stage 3: low Q and low E (near thermal) (strongly coupled 

approach)
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JETSCAPE unifies multiple theories under one framework



Program Envelope
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Program Envelope

EVENT GENERATOR
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Program Envelope
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Tasks: User defined modules Communication: Signal/Slots

4
C++11 standard



Program Envelope

STATISTICAL ENVELOPE
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Computational Advance
• Utilize large-scale distributed storage and computation 

resources

• Massive parallelization and GPU optimization under 
development
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baseline validation in p+p collisions



Jet observables in p-p collisions
Pythia hard scattering (FSR off) + MATTER vacuum showers 
Parameter tuning
• Maximum possible virtuality: 
• Scale parameter in the running coupling:

CHARGED HADRON SPECTRA 

• Good agreement with data [EPJ C72,1945 (2012)] 
• No significant differences between hadronization specifies

Q2
max = p2T /4
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Single inclusive jet spectra

R=0.4
Anti-kT, |η|<2

•Good agreement with data [PRC 96, 015202 (2017)] 
• Necessary to include proper hadronization scheme for 

the cone size dependence

σ(R=0.2) / σ(R=0.4)

X ALICE
X partonic
X hadronic

Chun Shen (BNL) 7
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Dijets and γ-jets
DI-JET ASYMMETRY

• Di-jet asymmetry in good agreement 
with data

Chun Shen (BNL)

PLB 774, 379 (2017)]

 [CMS-PAS-HIN-13-006]
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Dijets and γ-jets
DI-JET ASYMMETRY 𝛾-JET ASYMMETRY

• Di-jet asymmetry in good agreement 
with data 

• 𝛾-jet asymmetry consistent with Pythia 
(smearing to be added to compare to 
data)

Chun Shen (BNL)

PLB 774, 379 (2017)]

 [CMS-PAS-HIN-13-006]
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Jet fragmentation and Jet shape
JET SHAPE JET FRAGMENTATION FUNCTION

PLB 730, 243 (2014) EPJ C77, 379 (2017)

• Similar level of description compared to Pythia 
• Further parameters tuning is needed to describe 

experimental measurements

Anti-kT, |η|<2

Chun Shen (BNL) 9
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Jet Energy Tomography in medium



Necessity of a multi-stage approach
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BRICK STUDY

S. Cao et al. [JETSCAPE Collaboration], Phys. Rev. C 96, 024909 (2017)
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MATTER + MARTINI/LBT hybrid approach

• It takes longer time 
for partons to hit 
lower Q0 in MATTER 
and leaves shorter 
time for the 
subsequent MARTINI 

• Energy loss from 
MARTINI/LBT is weak 
for high E partons, 
but becomes 
stronger for low E 
ones. 

Chun Shen (BNL)

S. Cao et al. [JETSCAPE Collaboration], Phys. Rev. C 96, 024909 (2017)
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dE/dθ of daughter partons (jet shape)

• Elastic scatterings in LBT is more effective than MATTER 
in shifting energy distribution into larger angle 

• Enhanced Sudakov type splitting at very small r in 
MATTER and elastic scatterings at large r from LBT
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S. Cao et al. [JETSCAPE Collaboration], Phys. Rev. C 96, 024909 (2017)

BRICK STUDY
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Nuclear modification of jets in A+A collisions

• MATTER+LBT within JETSCAPE 1.0, Q0 = 2 GeV, ⍺s = 0.25 
• Reasonable descriptions of both jet and charged hadron 

RAA

SINGLE INCLUSIVE JET CHARGED HADRON

Chun Shen (BNL) 13

Extensive study will come soon



Extract jet transport coefficient q̂
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Bayesian extraction of q̂
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<latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit><latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit><latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit><latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit>

Perturbative 
scattering with 
quasi-particles from 
a thermal medium

Pure 
dependence on 
the scale of jet
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Bayesian extraction of q̂
<latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit><latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit><latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit><latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit>
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#

<latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit><latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit><latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit><latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit>

AUAU 200 0-5%

PBPB 2760 0-5% PBPB 5020 0-10%

AUAU 200 40-50%

PBPB 2760 30-40% PBPB 5020 30-50%
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Bayesian extraction of q̂
<latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit><latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit><latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit><latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit>
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#

<latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit><latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit><latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit><latexit sha1_base64="XZ/J+o6qfHlFn0Wp3m+w79ShIhk="></latexit>

AUAU 200 0-5%

PBPB 2760 0-5% PBPB 5020 0-10%

AUAU 200 40-50%

PBPB 2760 30-40% PBPB 5020 30-50%

16



Bayesian extraction of q̂
<latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit><latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit><latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit><latexit sha1_base64="fNaCr8tUTKSkNptxdMyWel7bi5o=">AAAB7nicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cIZoFkCD2dnqRJT8/YXSOEIR/hxYMiXv0eb/6NnUVwfVDweK+KqnphKoVBz3t3FhaXlldWC2vF9Y3Nre3Szm7DJJlmvM4SmehWSA2XQvE6CpS8lWpO41DyZji8nPjNO66NSNQNjlIexLSvRCQYRSs1OwOK+e24Wyp7bsXzK6c++U1815uiDHPUuqW3Ti9hWcwVMkmNafteikFONQom+bjYyQxPKRvSPm9bqmjMTZBPzx2TQ6v0SJRoWwrJVP06kdPYmFEc2s6Y4sD89CbiX147w+g8yIVKM+SKzRZFmSSYkMnvpCc0ZyhHllCmhb2VsAHVlKFNqGhD+PyU/E8ax67vuf71Sbl6MY+jAPtwAEfgwxlU4QpqUAcGQ7iHR3hyUufBeXZeZq0LznxmD77Bef0AFqCQEA==</latexit>

• Smooth functions of q

• Larger value with a weaker T dependence extracted 
from MATTER than from LBT

Chun Shen (BNL) 17

mean value + 90% confidence interval

JETSCAPE Preliminary

JETSCAPE Preliminary



Summary and Outlook
• JETSCAPE is an event generator for relativistic heavy-ion 

collisions

Integrate multiple theories to describe different 
aspects of jet evolution inside medium
publicly available in www.github.com/JETSCAPE/
JETSCAPE

heavy-quarks

Coherence Effects

NLO kernel

medium energy 
deposition 

EIC ...
Chun Shen (BNL) 18

http://www.github.com/JETSCAPE/JETSCAPE
http://www.github.com/JETSCAPE/JETSCAPE


The JETSCAPE Collaboration

JETSCAPE Collaboration 

Königspitze (3851m)



Hadronization in the JETSCAPE
• Colored hadronization: track color information during 

parton showers and construct string for Pythia 
fragmentation in the end 

• Colorless hadornization: assign colors to final state 
partons based on their phase space configuration (more 
flexible for A-A collisions)

CHARGED HADRON SPECTRA 

RATIO TO CMS DATA



MATTER vs vacuum shower

• Energy loss in MATTER is stronger when Q0 is smaller
• Energy loss in MATTER disappears when               
•         increases with the jet energy; MATTER evolution is more 

important to high energy partons than to low energy ones

Q2
0 > q̂⌧f

q̂⌧f
<latexit sha1_base64="1H3QSPTBvpV97aikBn+P0JkZAHg=">AAAB9XicdVDJSgNBEO1xjXGLevTSGARPw4yImlvQi8cIZoHMGGo6PUmTnsXuGiUM+Q8vHhTx6r9482/sLILrg4LHe1VU1QtSKTQ6zrs1N7+wuLRcWCmurq1vbJa2ths6yRTjdZbIRLUC0FyKmNdRoOStVHGIAsmbweB87DdvudIiia9wmHI/gl4sQsEAjXTt9QHzmxH1ELJO2CmVHbviuJVjl/4mru1MUCYz1DqlN6+bsCziMTIJWrddJ0U/B4WCST4qepnmKbAB9Hjb0Bgirv18cvWI7hulS8NEmYqRTtSvEzlEWg+jwHRGgH390xuLf3ntDMNTPxdxmiGP2XRRmEmKCR1HQLtCcYZyaAgwJcytlPVBAUMTVNGE8Pkp/Z80Dm3Xsd3Lo3L1bBZHgeySPXJAXHJCquSC1EidMKLIPXkkT9ad9WA9Wy/T1jlrNrNDvsF6/QAQJ5Lh</latexit><latexit sha1_base64="1H3QSPTBvpV97aikBn+P0JkZAHg=">AAAB9XicdVDJSgNBEO1xjXGLevTSGARPw4yImlvQi8cIZoHMGGo6PUmTnsXuGiUM+Q8vHhTx6r9482/sLILrg4LHe1VU1QtSKTQ6zrs1N7+wuLRcWCmurq1vbJa2ths6yRTjdZbIRLUC0FyKmNdRoOStVHGIAsmbweB87DdvudIiia9wmHI/gl4sQsEAjXTt9QHzmxH1ELJO2CmVHbviuJVjl/4mru1MUCYz1DqlN6+bsCziMTIJWrddJ0U/B4WCST4qepnmKbAB9Hjb0Bgirv18cvWI7hulS8NEmYqRTtSvEzlEWg+jwHRGgH390xuLf3ntDMNTPxdxmiGP2XRRmEmKCR1HQLtCcYZyaAgwJcytlPVBAUMTVNGE8Pkp/Z80Dm3Xsd3Lo3L1bBZHgeySPXJAXHJCquSC1EidMKLIPXkkT9ad9WA9Wy/T1jlrNrNDvsF6/QAQJ5Lh</latexit><latexit sha1_base64="1H3QSPTBvpV97aikBn+P0JkZAHg=">AAAB9XicdVDJSgNBEO1xjXGLevTSGARPw4yImlvQi8cIZoHMGGo6PUmTnsXuGiUM+Q8vHhTx6r9482/sLILrg4LHe1VU1QtSKTQ6zrs1N7+wuLRcWCmurq1vbJa2ths6yRTjdZbIRLUC0FyKmNdRoOStVHGIAsmbweB87DdvudIiia9wmHI/gl4sQsEAjXTt9QHzmxH1ELJO2CmVHbviuJVjl/4mru1MUCYz1DqlN6+bsCziMTIJWrddJ0U/B4WCST4qepnmKbAB9Hjb0Bgirv18cvWI7hulS8NEmYqRTtSvEzlEWg+jwHRGgH390xuLf3ntDMNTPxdxmiGP2XRRmEmKCR1HQLtCcYZyaAgwJcytlPVBAUMTVNGE8Pkp/Z80Dm3Xsd3Lo3L1bBZHgeySPXJAXHJCquSC1EidMKLIPXkkT9ad9WA9Wy/T1jlrNrNDvsF6/QAQJ5Lh</latexit><latexit sha1_base64="1H3QSPTBvpV97aikBn+P0JkZAHg=">AAAB9XicdVDJSgNBEO1xjXGLevTSGARPw4yImlvQi8cIZoHMGGo6PUmTnsXuGiUM+Q8vHhTx6r9482/sLILrg4LHe1VU1QtSKTQ6zrs1N7+wuLRcWCmurq1vbJa2ths6yRTjdZbIRLUC0FyKmNdRoOStVHGIAsmbweB87DdvudIiia9wmHI/gl4sQsEAjXTt9QHzmxH1ELJO2CmVHbviuJVjl/4mru1MUCYz1DqlN6+bsCziMTIJWrddJ0U/B4WCST4qepnmKbAB9Hjb0Bgirv18cvWI7hulS8NEmYqRTtSvEzlEWg+jwHRGgH390xuLf3ntDMNTPxdxmiGP2XRRmEmKCR1HQLtCcYZyaAgwJcytlPVBAUMTVNGE8Pkp/Z80Dm3Xsd3Lo3L1bBZHgeySPXJAXHJCquSC1EidMKLIPXkkT9ad9WA9Wy/T1jlrNrNDvsF6/QAQJ5Lh</latexit>

S. Cao et al. [JETSCAPE Collaboration], Phys. Rev. C 96, 024909 (2017)


