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Jet-induced excitation of medium

Medium Response Effects on Jets

- Transport energy and momentum received 
from jet 

Particles from medium response
- Jet correlated, cannot/should not be 

subtracted 

- Affect structures inside/around jet

{Jet

- Modify particle emission around jet

Angular Structure 

Momentum Structure 

Hadron Chemistry{
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JETSCAPE

Event generator Statistical toolkit

• A framework for 
general-purpose MC 
event generators in 
heavy-ion collisions

• Extract model parameters 
via Bayesian analysis with 
Gaussian Process 
Emulators

https://github.com/JETSCAPE/JETSCAPE https://github.com/JETSCAPE/STAT

https://github.com/JETSCAPE/JETSCAPE
https://github.com/JETSCAPE/STAT
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A general-purpose MC framework

JETSCAPE is not just for jets!  
It is a framework for general-purpose event generators

A unified framework has clear benefits when we want to compare 
models of one particular part of a multi-stage event evolution

The JETSCAPE framework is modular1
The core framework decides how physics modules can interact with 
each other — but the modules themselves can be user-contributed

Physics modules are open-source2

Key improvement in heavy-ion physics — predictions can be 
checked against many observables simultaneously
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Initial  
State 

Geometry

Hard  
scattering

Initial soft 
density

Medium-modified 
Parton shower

Viscous 
Hydrodynamics

Jet  
hadronization

Cooper-Frye 
hadronization

Hadronic 
cascade

Module 1

…
Module 2

Q > Q0

Q < Q0

JETSCAPE Manual: 1903.07706
https://github.com/JETSCAPE/JETSCAPE

JETSCAPE Event Generator
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Trento 
(2+1, 3+1)

PYTHIA8 
Parton gun

Free 
streaming*

MUSIC (2+1, 3+1)* 
CLVisc* 

External file reader 
Brick 

Gubser

Colored 
Colorless 

(based on Pythia8) 

Hybrid

Cooper-Frye 
sampler*

SMASH*

JETSCAPE Manual: 1903.07706
https://github.com/JETSCAPE/JETSCAPE

JETSCAPE Event Generator

* Optional download

MATTER 
PYTHIA8 

LBT 
Martini 

AdS/CFT
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The current status

Many recent improvements 
to user experience

 

The framework is available 
and ready for public use

Work ongoing to incorporate 
JETSCAPE into the ALICE framework

Thanks to R. Preghenella, 
A. Maire, M. Fasel

https://github.com/JETSCAPE/JETSCAPE


James Mulligan, UC Berkeley ALICE Week, July 2020 7

The current status

Many recent improvements 
to user experience

 

There is a lot of theoretical work inside — but it is only a slice of the theory landscape

The framework is available 
and ready for public use

What this means for physics comparisons

First physics results of “out-of-the-box” models from the JETSCAPE Collaboration

We are at the start of the exciting phase — well-controlled theory comparisons 

Use responsibly — it is a framework — you get out the physics you put in

Work ongoing to incorporate 
JETSCAPE into the ALICE framework

Thanks to R. Preghenella, 
A. Maire, M. Fasel

https://github.com/JETSCAPE/JETSCAPE
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JETSCAPE — pp collisions

Inclusive jet cross-section7
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FIG. 5: Same as Fig. 3 for full jet with pseudorapidity |⌘| < 2.0 at collision energy
p
s = 2.76 TeV. (shown in the right panel

of Fig. 2), compared to CMS data [12]. Left panel: R = 0.2. Center panel: R = 0.3. Right Panel: R = 0.4.

been optimized for p + p calculations. PYTHIA 8.230
parameters that are not mentioned explicitly are kept at
the default values.

In JETSCAPE PP19 hard QCD processes are initial-
ized by PYTHIA 8.230. Multi-parton interactions (MPI)
and initial state radiation (ISR) are switched on. Elec-
troweak processes are switched o↵ at present. Final state
radiation in PYTHIA 8 is switched o↵ to allow MATTER
to take over that task. The complete event record at this
stage is extracted. Gluons and light quarks (u, d, s) with
transverse momentum pT > 2 GeV/c are retained.

Each parton is assigned an initial maximum virtual-
ity Qini = 0.5pT when handed over to MATTER. Parton
showers in MATTER are evolved to a virtuality cuto↵
set to Q0 = 1 GeV. All partons from MATTER out-
put are handed over to one of the two string formation
modules. The resulting string systems are fed back into
PYTHIA 8 for string fragmentation. The cuto↵ for the
decay length c⌧ is set to 1 cm, appropriate for compar-
ison to measurements of jets and unidentified charged
hadrons. Identified hadrons might require di↵erent de-
cay settings which should be chosen to reflect conditions
in experimental data taking and analysis.

There are two parameters in MATTER that are ex-
plicitly optimized for PP19, the proportionality constant
between the initial maximum virtuality Qini and parton
pT , and the value for the QCD scale parameter ⇤QCD.
Values ofQini/pT = 0.5 and ⇤QCD = 0.2 GeV provide the
best description of single inclusive jet cross sections and
other results to be discussed in the next section. We have
opted not to retune PYTHIA 8 for use in JETSCAPE
1.0. It is possible that simultaneous tuning of PYTHIA
8, MATTER, and JETSCAPE hadronization could give
results in better agreement with data than that achieved
by tune PP19.

We can classify the uncertainties of JETSCAPE cal-
culations in the following way: (i) Uncertainties shared
with PYTHIA 8, e.g. from the leading order treatment of
hard processes, uncertainties in parton distribution func-
tions (PDFs), etc. (ii) Uncertainties from the MATTER
shower Monte Carlo. (iii) Uncertainties from hadroniza-
tion. (iv) Uncertainties from the treatment of the un-

derlying event. We estimate these uncertainties by com-
paring JETSCAPE calculations with di↵erent hadroniza-
tion options, and by comparing with PYTHIA 8.230 and
data. Specifically, the comparison of Colored and Col-
orless Hadronization, which make di↵erent assumptions
about string formation, give an estimate of the uncer-
tainty due to our incomplete knowledge of the hadroniza-
tion process (iii). Comparison of JETSCAPE PP19 re-
sults with PYTHIA 8 results show in addition the di↵er-
ences in final state shower Monte Carlos and UE treat-
ment. Hence they can provide an estimate of combined
uncertainties of type (ii) and (iv). Lastly, the compari-
son of both JETSCAPE and PYTHIA 8 to data allows
us to assess the combined uncertainties (i)-(iv). In some
cases we also add observables calculated with the final
parton output before hadronization to show the absolute
size of hadronization e↵ects. As an example, if the two
JETSCAPE calculations agree within experimental er-
rors but deviate significantly from PYTHIA 8 and data,
we may infer that for this particular observable uncer-
tainties in modeling hadronization are small, but varia-
tions in details of the shower Monte Carlo and underlying
event treatment have an e↵ect that is larger than exper-
imental uncertainties.
NLO calculations and beyond have been carried out for

many observables either analytically, with hadronization
e↵ects estimated or added by Monte Carlo [9], or by us-
ing NLO Monte Carlo event generators, e.g. POWHEG
[4]. Uncertainties in the case of analytic calculations are
usually determined by scale variations and propagation
of PDF uncertainties. They can be comparable to or ex-
ceed experimental uncertainties. We show analytic cal-
culations for some important observables to indicate the
size of their uncertainties. Leading order MC event gen-
erators mimic NLO e↵ects to an extent that make them
successful for some observables. Nevertheless, there can
be di↵erences between LO and NLO calculations that can
not be directly assessed experimentally. One prominent
example is the ratio of quark to gluon jets. This ra-
tio is relevant in A+A collisions because of the di↵erent
quenching for quark and gluons. The ratio of quark to
gluon jets depends foremost on the hard matrix element

1910.05481

Jet shape

Ron Soltz (WSU/LLNL)  Wuhan Quark Matter 2019 	         

pp Implementation and benchmarks to data/PYTHIA
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Comparable performance to Pythia8

PART 3 The JETSCAPE framework – pp19 tune

9

• Reasonable agreement with experiments and Pythia at mid-rapidity.

• Not able to evolve long enough causes artifacts at wide rapidity: 

Charged hadron cross-section

The JETSCAPE framework – Heavy quark pp baselinePART 4

11

ࡰ cross section

• The shape of the ܦ meson cross section is better when using Pythia + MATTER. When 
introducing a K factor 1.5, the agreement with experiment is further improved.

 cross-sectionD0

PP19 Tune

…
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Majumder HP2015

Multi-stage jet evolution in JETSCAPE

�4
Y. Tachibana for the JETSCAPE Collaboration, Hard Probes 2018, Aix-Les-Bains

Large-Q ( > Q0) Small-Q ( < Q0)

MATTER LBT MARTINI AdS/CFT

Higher Twist 
Formalism

Higher Twist 
Formalism

AMY 
Formalism

   = 4 super 
Yang-Mills 

!

Scattering dominated 
On-shell parton transport

Radiation dominated 
Virtuality ordered splitting Diffusion into medium 

Large-E Small-E

Majumder(13), Kordell, Majumder(17),  
Cao, Majumder(17)

Wang, Zhu(13), Luo, et al.(15,18) 
Cao, et al.(16,17), He, et al.(18)

Schenke, Gale, Jeon(09), 
Park, Jeon, Gale(17, 18)

Chesler, Rajagopal(14, 15)
Pablos, et al.(15, 16, 17)

Virtuality separation scale: Q0

Jet energy loss modules and their transition in JETSCAPE

Yasuki Tachibana, HP2018

The virtuality of each parton in the shower determines 
which energy loss module it will undergo

PRC 96, 024909 (2017)

JETSCAPE — heavy-ion collisions

Multi-stage energy loss
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Majumder HP2015

Trento + 
Pythia 

MPI,ISR

PYTHIA8  
hard 

scattering 

Free 
streaminig

Event-by-event 
2+1d VISHNU

Colorless 
hadronization 
(based on Pythia8)

11Chanwook Park Hard Probes 2018, Aix-Les-Bains

Model setups

Separation scale Q0: 2 GeV.
Hadronization: Modified Lund model, no color information.
pp baseline: MATTER vacuum shower down to Q0 = 1 GeV.
Event-averaged hydro.
MATTER, LBT: recoil ON; MARTINI, AdS/CFT: not yet implemented.
Precision tuning on-going work.

Initial hard  
scattering MATTER

LBT
MARTINI
AdS/CFT

high Q

low Q

Q0 Hadronization

(no jet deposition 
into medium)

Medium recoil implemented in jet shower, based 
on weakly-coupled kinetic theory approach

JETSCAPE — heavy-ion collisions
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Ron Soltz (WSU/LLNL)  Wuhan Quark Matter 2019 	         

MATTER+LBT jet/hadron RAA

Virtuality separation scale Q0=2GeV provides better match
13
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MATTER+LBT jet/hadron RAA

Virtuality separation scale Q0=2GeV provides better match
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Virtuality switching parameter  provides 
reasonably good simultaneous description of the data

Q0 = 2 GeV

A. Kumar  
QM2019

A Comprehensive MC Framework for Jet-Quenching

(Wayne State University) Ron Soltz (LLNL)

November 7, 2019


Wuhan, China

large in scope or content
(MULTI-OBSERVABLE)

structure for supporting, defining, or enclosing
(MODULAR)

JEWEL

A Comprehensive MC Framework for Jet-Quenching

(Wayne State University) Ron Soltz (LLNL)

November 7, 2019


Wuhan, China

large in scope or content
(MULTI-OBSERVABLE)

structure for supporting, defining, or enclosing
(MODULAR)

JEWEL
PreliminaryPreliminary

Example: Inclusive cross-sections

https://indico.cern.ch/event/792436/contributions/3535716/attachments/1938760/3213945/QuarkMatter_2019_Amit.pdf
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Example: Jet substructure

Hadron-in-jet distribution

Reasonable (not perfect) description of jet substructureRon Soltz (WSU/LLNL)  Wuhan Quark Matter 2019 	         
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JETSCAPE (MATTER+LBT)

CMS [JHEP 1805, 006 (2018)]

JET1: Y. Tachinaba DPbPb(z)/Dpp(z)
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https://indico.cern.ch/event/792436/contributions/3535712/attachments/1938021/3212361/tachibana_qm19.pdf
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Example: Jet substructure

Hadron-in-jet distribution

Reasonable (not perfect) description of jet substructureRon Soltz (WSU/LLNL)  Wuhan Quark Matter 2019 	         
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supplied to an experiment

https://indico.cern.ch/event/792436/contributions/3535712/attachments/1938021/3212361/tachibana_qm19.pdf
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Example: Heavy flavor

14

 meson D0 RAA

W. Fan, HP2020

Reasonably good description of the data with multi-stage approach

The JETSCAPE framework – Heavy quark ࡾPART 4

JETSCAPE PRELIMINARY

• Jet and charged hadron ܴ used to
tune parameters, i.e. ௦ߙ = 0.25 and
ܳ = ܸ݁ܩ2

• No additional tuning was done for ܦ

meson ܴ.

• MATTER along is not enough for D
meson energy loss at low ,் too few
scattering.

• For bottom quark observables, will
need a different ܳ in future studies.

12

ࡰ meson ࡾ

(ܳ = 2 (ܸ݁ܩ
(ܳ = 1 (ܸ݁ܩ

(ܳ = 2 (ܸ݁ܩ

The JETSCAPE framework – Heavy quark flowPART 4

13

• Reasonable agreement with data.
Additional precision from experiments
would be highly appreciated.

• Lower ் results not shown: no
recombination mechanism and hadronic
transport considered now.

• MATTER+LBT can not only describe light
parton observables, but charm quark as
well.

ࡰ meson ࢜

Data from: Sirunyan, Albert M., et al. Physical Review 
Letters 120.20 (2018): 202301.

ܳ = ܸ݁ܩʹ

 meson D0 v2

No additional tuning for heavy-flavor
Future studies: Consider recombination and hadronic transport
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Two-stage hydro

Y. Tachibana for the JETSCAPE Collaboration, Quark Matter 2019, Wuhan, November 5th, 2019

Strongly-coupled Description of Medium Response 

5

Diffusion into the medium

Evolution as part of bulk medium
- Flow excited by diffused jet momentum

- Absorption of soft partons

- Picked up energy and momentum

- Jet-correlated particle emission from medium

Small-E
In-medium

Model: Causal Diffusion

Model: Hydrodynamics (e.g. MUSIC)Y. Tachibana for the JETSCAPE Collaboration, Quark Matter 2019, Wuhan, November 5th, 2019
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Source Profile for Fluid

Hydrodynamic Response

Y. Tachibana, QM2019

6Y. Tachibana for the JETSCAPE Collaboration, Quark Matter 2019, Wuhan, November 5th, 2019

Strongly-coupled Description: Hydro Response

Conventional hydrodynamic equation

Hydrodynamic equation with source term

∇μTμν
med(x) = 0

: energy-momentum tensor of medium fluidTμν
med

- Energy momentum conservation in medium fluid

∇μTμν
med(x) = Jν

jet(x)
: Incoming four-momentum density due to jet propagation (source term)Jν

jet

e.g.) YT, N.-B. Chang, G.-Y. Qin (17,19), W. Chen, T. Luo, S. Cao, L. Pang, X.-N, Wang (18)

- Medium fluid evolution with energy-momentum deposition

- Bulk part particle with hydro response obtained via Cooper-Frye

Y. Tachibana for the JETSCAPE Collaboration, Quark Matter 2019, Wuhan, November 5th, 2019
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Strongly-coupled Description of Medium Response 

5

Diffusion into the medium

Evolution as part of bulk medium
- Flow excited by diffused jet momentum

- Absorption of soft partons

- Picked up energy and momentum

- Jet-correlated particle emission from medium

Small-E
In-medium

Model: Causal Diffusion

Model: Hydrodynamics (e.g. MUSIC)

Y. Tachibana for the JETSCAPE Collaboration, Quark Matter 2019, Wuhan, November 5th, 2019

Evolution of Medium Response by Strongly Coupled Description

8

Hydrodynamic flow induced by jet momentum deposition
- Jet following flow by positive energy deposition

- Diffusion wakes and flow by momentum picked-up from medium

Adapted from Chun Shen
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τ = 9.3 fm/c
MATTER+LBT (Recoil ON) + Causal Diffusion + Viscous Hydro

Temperature field modification in medium by jet propagation

14Y. Tachibana for the JETSCAPE Collaboration, Quark Matter 2019, Wuhan, November 5th, 2019

Background Subtraction for Strongly-coupled Description of Med. Res.

dp
T

dη
dϕ

,
dE dη
dϕ

ϕ, η

Showering part contribution

Result without jet

Medium contribution  
with  

medium response

Theoretically defined background subtraction

dpμ

dηdϕ
signal

dpμ

dηdϕ
shower

+ dpμ

dηdϕ
w/ jet

− dpμ

dηdϕ
w/o jet

med. med.
=

- Negative  is possibledp0/dηdϕ

- Well-defined

only for conserved quantities

{ energy, momentum, charges,…

particle number

- Designed for theoretical interpretation 
of jet momentum transport

Physics results using “two-stage 
hydro” in the works…

Run first hydro event without jet deposition — determine jet evolution 
Re-run same hydro event — with quenched jet depositions into medium
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JETSCAPE

Event generator Statistical toolkit

• A framework for 
general-purpose MC 
event generators in 
heavy-ion collisions

• Extract model parameters 
via Bayesian analysis with 
Gaussian Process 
Emulators

https://github.com/JETSCAPE/JETSCAPE https://github.com/JETSCAPE/STAT

https://github.com/JETSCAPE/JETSCAPE
https://github.com/JETSCAPE/STAT
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JETSCAPE

Heavy-ion collisions are 
complicated — but we have 
measured a large number of 
complementary observables

Global analysis
Can models simultaneously 
fit all observables?

1

Extract free parameters2

Statistical toolkit

• Extract model parameters 
via Bayesian analysis with 
Gaussian Process 
Emulators

https://github.com/JETSCAPE/STAT

https://github.com/JETSCAPE/STAT
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JETSCAPE — Bayesian Analysis

Slide from R. Soltz QM2019 (adapted from Bass, Bernhard, Moreland 1704.0767)Ron Soltz (WSU/LLNL)  Wuhan Quark Matter 2019 	         

Statistics Package (adapted from Bass, Bernhard, Moreland 1704.0767)

17

Posterior Distribution
• diagonals: probability distribution of each 

parameter, integrating out all others
• off-diagonals: pairwise distributions showing 

dependence between parameters 

Physics Package:
• TRENTO
• MATTER + LBT
• VISHNU/MUSIC

Model Parameters - System Properties
• energy loss scale 
• medium coupling constant 

Experimental Data
RHIC+LHC

Gaussian Process Emulator
• non-parametric interpolation
• fast surrogate to full Physics Model

MCMC
(Markov-Chain Monte-Carlo)

• random walk through parameter space 
weighted by posterior probability

Bayes’ Theorem
posterior∝likelihood × prior

• prior: initial knowledge of parameters
• likelihood: probability of observing exp. 

data, given  proposed parameters

after many steps, MCMC equilibrates to

calculate events on Latin hypercube
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Example: Extraction of bulk properties

Modelling the soft sector

4

𝝉 ൌ "𝟎+":  Nuclei collide
� Trento ansatz used to parametrize the energy deposition
� 5 parameters: (i-iii) nucleon width, fluctuation & minimum distance,  

(iv) transparency parameter, (v) normalization

𝝉 ∼ 𝟎. 𝟏 fm͗ ͞Pƌe-eƋƵilibƌiƵm ƉhaƐe͟
� Free-streaming
� Free-streaming time is a parameter

𝝉 ∼ 𝟏 fm͗ Beginning Žf ͞hǇdƌŽdǇnamic ƉhaƐe͟
� 2+1D relativistic viscous hydrodynamics [MUSIC]
� Equation of state: hadron resonance gas + lattice QCD [HotQCD]
� Shear and bulk viscosity: ఎ

௦
ሺ𝑇ሻ and 

௦
ሺ𝑇ሻ parametrized

𝝉 ∼ 𝟏𝟎 fm͗ End Žf ͞hǇdƌŽdǇnamic ƉhaƐe͟
� Fluid converted to hadrons [iS3D]: Cooper-Frye at temperature 𝑇௦௪
� Viscous corrections in Cooper-Frye: 4 different models
� Hadronic interactions with SMASH hadronic transport

Figure ref.: J. Bernhard, H. 
Petersen, MADAI Collaboration

Value at inflection

Position 
of max.

Width 
&asym.

Position
of inflection

Low-T 
slope

High-T 
slope

Max.

J-F. Paquet 
QM2019

Extract   as a function of T using soft observables 
at RHIC and LHC

ζ/s, η/s
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Ron Soltz (WSU/LLNL)  Wuhan Quark Matter 2019 	         

TRENTO+VISHNU Bayesian Constraints with Soft Physics

18

STAR Au+Au 200 GeV ALICE 2.76 TEV

Bulk Viscosity Shear Viscosity

COL 3: J.F. Paquet

Soft observable constraints similar to (Bass, Bernhard, Moreland: 1704.07671)

Ron Soltz (WSU/LLNL)  Wuhan Quark Matter 2019 	         

TRENTO+VISHNU Bayesian Constraints with Soft Physics

18

STAR Au+Au 200 GeV ALICE 2.76 TEV

Bulk Viscosity Shear Viscosity

COL 3: J.F. Paquet

Soft observable constraints similar to (Bass, Bernhard, Moreland: 1704.07671)

A Comprehensive MC Framework for Jet-Quenching

(Wayne State University) Ron Soltz (LLNL)

November 7, 2019


Wuhan, China

large in scope or content
(MULTI-OBSERVABLE)

structure for supporting, defining, or enclosing
(MODULAR)

JEWEL

A Comprehensive MC Framework for Jet-Quenching

(Wayne State University) Ron Soltz (LLNL)

November 7, 2019


Wuhan, China

large in scope or content
(MULTI-OBSERVABLE)

structure for supporting, defining, or enclosing
(MODULAR)

JEWEL
Preliminary

Preliminary

Example: Extraction of bulk properties

J-F. Paquet 
QM2019

17-parameter extraction to constrain  as a function of  
using ALICE measurements at 

η/s, ζ/s T
sNN = 2.76 TeV

Extract   as a function of T using soft observables 
at RHIC and LHC

ζ/s, η/s
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Successful extraction of q-hat as a smooth function of T, pjet !
(Proof of principle — uses only inclusive hadron RAA data)Ron Soltz (WSU/LLNL)  Wuhan Quark Matter 2019 	         

MATTER+LBT preliminary q(E,T) for 5-parameter ansatz

21

Consistent with JET Collaboration result 
Final result pending improved treatment of experimental systematic errors

^

Final result pending improved treatment of experimental systematic uncertainties
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MATTER + LBT data calibration (Q0,q): posterior
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Example: Extraction of ̂q

Extract  as a function of T, Ejet using inclusive hadron RAA at RHIC, LHĈq

https://indico.cern.ch/event/792436/contributions/3570550/attachments/1939869/3218937/mc_jetquench_framework_qm19_soltz.pdf
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Summary

JETSCAPE is a framework for general-purpose 
heavy-ion event generators

2020 JETSCAPE School (online) 
July 13-24 

https://indico.bnl.gov/event/8660/

JETSCAPE is producing first physics results

Modular — encourage your theory friends to contribute modules 

Event generator — jet observables 
Bayesian analysis — soft and hard physics

JETSCAPE is a tool for the community 
To enable well-controlled event generator comparisons 
To perform global analyses and extract free parameters 
As a testbed for theoretical and experimental development
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JETSCAPE and ALICE

Ideas — How can ALICE maximize benefit to 
ourselves and to the community?

Generate sets of JETSCAPE predictions to compare to our 
measurements, and constrain specific physics mechanisms 
        Central productions to share among each other? Computing effort? 
        Note: Bayesian analysis ~  CPU-hours 

Report sufficient measurement information for global analyses 
        We need to report correlations of systematic uncertainties 
        —> Report signed uncertainty breakdowns on HEPData 

Use JETSCAPE as a testbed to decide what observables are 
sensitive to specific physics mechanisms

𝒪 (10M)

1

2

3

Other ideas welcome!
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Thank you!

The JETSCAPE Collaboration

16
24

Thank you!
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Backup
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Example — Inclusive jetsDouble ratio of jet RAA at 5 TeV

16C. Park for the JETSCAPE Collaboration, Hard Probes 2020

Low pT High pT

• Double ratio of jet RAA w.r.t 
R=0.2 close to unity


• Theory predictions 
sensitive to jet quenching 
mechanism, medium 
response


• Effective in discriminating 
different models

• well reproduced by 

JETSCAPE 
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Example — vn

Hadron v2

Reasonably good description of the data

A. Kumar  
QM2019

A. Kumar (for the JETSCAPE collaboration), Quark Matter 2019, Wuhan, November 6th, 2019 
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A. Kumar (for the JETSCAPE collaboration), Quark Matter 2019, Wuhan, November 6th, 2019 
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Jet v2, v3

Charged hadron and jet vn at 5 TeV
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• Charged hadron elliptic flow coefficients compatible to ATLAS

• Jet elliptic flow developed by path-length dependent jet quenching, triangular flow 

nearly zero

18C. Park for the JETSCAPE Collaboration, Hard Probes 2020
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https://indico.cern.ch/event/792436/contributions/3535716/attachments/1938760/3213945/QuarkMatter_2019_Amit.pdf
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Combined analysis: RHIC & LHC data

19

Bulk viscosity Shear viscosity

Jean-François Paquet (Duke), on behalf of the JETSCAPE Collaboration

PbPb 𝑠𝑁𝑁=2760 GeV
[All measurements from ALICE]

AuAu
𝑠𝑁𝑁=200 GeV

[All measurements 
from STAR]

28

Ron Soltz (WSU/LLNL)  Wuhan Quark Matter 2019 	         

TRENTO+VISHNU Bayesian Constraints with Soft Physics

18

STAR Au+Au 200 GeV ALICE 2.76 TEV

Bulk Viscosity Shear Viscosity

COL 3: J.F. Paquet

Soft observable constraints similar to (Bass, Bernhard, Moreland: 1704.07671)

Combined analysis: RHIC & LHC data

19

Bulk viscosity Shear viscosity

Jean-François Paquet (Duke), on behalf of the JETSCAPE Collaboration

PbPb 𝑠𝑁𝑁=2760 GeV
[All measurements from ALICE]

AuAu
𝑠𝑁𝑁=200 GeV

[All measurements 
from STAR]

RHIC and LHC data complement each other to some extent

A Comprehensive MC Framework for Jet-Quenching

(Wayne State University) Ron Soltz (LLNL)

November 7, 2019


Wuhan, China

large in scope or content
(MULTI-OBSERVABLE)

structure for supporting, defining, or enclosing
(MODULAR)

JEWEL

A Comprehensive MC Framework for Jet-Quenching

(Wayne State University) Ron Soltz (LLNL)

November 7, 2019


Wuhan, China

large in scope or content
(MULTI-OBSERVABLE)

structure for supporting, defining, or enclosing
(MODULAR)

JEWEL

A Comprehensive MC Framework for Jet-Quenching

(Wayne State University) Ron Soltz (LLNL)

November 7, 2019


Wuhan, China

large in scope or content
(MULTI-OBSERVABLE)

structure for supporting, defining, or enclosing
(MODULAR)

JEWEL

Preliminary

Preliminary

Preliminary

Example: Extraction of bulk properties

J-F. Paquet 
QM2019

Extract   as a function of T using soft observables 
at RHIC and LHC

ζ/s, η/s
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Example: Extraction of ̂q

Ron Soltz, WSU/LLNL	 	 	 	         	Hard Probes 2018

LBT data calibration: posterior

!8
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preliminary

Extract  as a function of T, Ejet using inclusive hadron RAA at RHIC, LHĈq

Ron Soltz, WSU/LLNL	 	 	 	         	Hard Probes 2018

Parameterizing q

• Roadmap for Bayesian Extraction of q

1. Select physics-inspired parameterization for q(E,T)

2. Extract q-parameters for MATTER and LBT independently

3. Check that results are sensible

4. Introduce Q0 virtuality scale (switching parameter)

5. Extract Q0 and q-parameters for combined MATTER+LBT
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Perturbative scattering 
with quasi-particles from 
a thermal medium (T)

Pure dependence on the 
scale of jet when Q >> T

v

Set range 0 < A,C < 1

v

v

v

v

Parameterize:

Depends on jet scale only Depends on medium scale

Jet energy loss models 
considered:

R. Soltz 
QM2019

MATTER

LBT

MATTER+LBT


