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From Big Bang to “Little Bang”

2

Jet quenching

Figure taken from: 
https://mappingignorance.org/2014/10/08/search-cosmic-inflation/

credit: Chun Shen



JETSCAPE Framework
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Taken from Ron Soltz’s slide, 

Credit: JETSCAPE Group members •

•

• https://github.com/JETSCAPE/JETSCAPE

https://github.com/JETSCAPE/JETSCAPE
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Multi-Stage Description of Heavy-Ion Collisions
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Credit: MADAI collaboration; Hannah Elfner and Jonah Bernhard 
•

Shear viscosity acts against 
the buildup of flow gradients.

Bulk viscosity acts against 

the buildup of radial flow and 
longitudinal expansion

Diffusion current acts again the buildup 

of charge density  inhomogeneity 
(smooth out such gradients)

Ref: Lipei Du JETSPCAE Summary School 2022



Quantifying the QGP
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equation of state

shear viscosity

bulk viscosity

charge conductivity

heavy quark diffusion

𝑝𝑇 broadening

energy loss rate

phase boundary

...

anisotropic collective flows

radial collective flows

electromagnetic emission

jet quenching and heavy quarks

rapidity-dependent distributions

identified particle spectra

charge correlation

femtoscope

…



Bayes Theorem
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JETSCAPE : arXiv: 2011.01430, 2010.03928

Thomas Bayes

Ref: Jean-Francois, APS, 2021

•
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Hybrid Model Simulations

TRENTo+ Free-Streaming iSSMUSIC SMASH

JETSCAPE : arXiv: 2011.01430, 2010.03928

•

•

•

•
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Posterior Distributions 

• Grad’s method (14-moments method in the 
relativistic context).

• The first-order Chapman-Enskog (CE) 
expansion in the Relaxation Time 
Approximation.

• The Pratt-Torrieri-Bernhard (PTB), the 
modified equilibrium distribution to remains 
positive-definited.

JETSCAPE : arXiv: 2011.01430, 2010.03928

Grad viscous corrections 

Chapman-Enskog viscous corrections 

At particlization, different models of viscous 
corrections to the equilibrium distribution are used.

See:
McNelis, Everett, Golden & Heinz, arXiv: 1912.08271;
McNelis, APS DNP2019, and references therein
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Agreement with Data

dNch/d𝜂
dNch/d𝜂

Pb+Pb at 2.76 TeV Au+Au at 200 GeV

•

JETSCAPE : arXiv: 2011.01430,
2010.03928

http://jetscape.org/sims-widget/Play up the Widget, it’s fun!:

http://jetscape.org/sims-widget/
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The Importance of Model Uncertainties 

•
JETSCAPE : arXiv: 2011.01430, 2010.03928
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The Importance of Model Uncertainties 

•
JETSCAPE : arXiv: 2011.01430, 2010.03928 J. E. Bernhard, etc, al. Nature Phys. 15, 1113 (2019).
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Light Nuclei Analysis

• Question

•

•

Transport model:

d

t

Coalescence model: 
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Different Deuteron Production Mechanisms 

• : 

•

•

•
JETSCAPE: 2203.08286



Collective Flow of Deuteron 
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•

•

JETSCAPE: 2203.08286



Deuteron’s Sensitivity to Medium Properties
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•

• 𝑝𝑇
•

“Cooper-Frye+Transport” scenario

JETSCAPE: 2203.08286



Bayesian Deuteron Analysis
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•

Three main parameters control the homogeneity of the 
energy density.
ζ/𝒔 max : 
𝒌

𝒘:

JETSCAPE: 2203.08286

Pb+Pb at 2.76 TeV



Bayesian Deuteron Analysis
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•

JETSCAPE: 2203.08286

Blue: calibrated to hadron only
Red: calibrated to hadron and 
deuteron

Main parameters control the homogeneity of energy 
density.

ζ/𝒔 max : 
𝒌

𝒘:



Summary
•

•

•
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Questions? 

https://jetscape.org/
https://github.com/JETSCAPE

https://jetscape.org/
https://github.com/JETSCAPE


Back Up
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Ref: Jean-Francois, APS, 2021


