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Package of MC event generator for heavy ion collision

- General, modular and highly extensible

In
iti

al
 g

eo
m

et
ry

 o
f 

 N
uc

le
us

-N
uc

le
us

 c
ol

lis
io

n

Ha
rd

 P
ar

tic
le

 
Pr

od
uc

tio
n

In
iti

al
 S

of
t 

De
ns

ity
 

 d
ist

rib
ut

io
n

Ha
rd

 &
 S

em
i-h

ar
d 

Ha
do

ro
ni

za
tio

n
Co

op
er

-F
ry

e 
Sa

m
pl

in
g Ha

dr
on

ic
 C

as
ca

de

Multi-stage 
Jet Shower Evolution

Viscous Fluid dynamics of 
QGP

- Current version, JETSCAPE 1.4 available on GitHub: github.com/JETSCAPE

JETSCAPE Event Generator

- “Manual”: arXiv:1903.07706

http://jetscape.org
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Multi-stage jet evolution in JETSCAPE
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Multi-scale description of parton shower

Large- Q

: virtuality (off-shellness)Q2

In-vacuum

- Virtuality ordered splitting in vacuum

Majumder, Putschke(16), JETSCAPE(17)

Small- Q
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- Virtuality ordered splitting in vacuum

In-medium
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Multi-scale description of parton shower

Large- Q

: virtuality (off-shellness)Q2
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- Large-                Medium effect on the top of in-vacuum splittingQ
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Multi-scale description of parton shower

Large- Q

: virtuality (off-shellness)Q2

Majumder, Putschke(16), JETSCAPE(17)

Small- Q Large-E

- Small-     , Large-              Splitting driven almost purely by medium effectQ E

http://jetscape.org


- Large-                Medium effect on the top of in-vacuum splittingQ
- Virtuality ordered splitting in vacuum

In-medium

Multi-stage jet evolution in JETSCAPE

�4Y. Tachibana for the JETSCAPE Collaboration, 2019 RHIC & AGS Annual Users' Meeting, BNL, June 4th, 2019

Multi-scale description of parton shower

Large- Q

: virtuality (off-shellness)Q2

Majumder, Putschke(16), JETSCAPE(17)

Small- Q Large-E

Small- Q
Small-E

- Small-     , Small-              Energy-momentum diffusion into mediumQ E
- Small-     , Large-              Splitting driven almost purely by medium effectQ E
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- Small-     , Small-              Energy-momentum diffusion into mediumQ E

- Large-                Medium effect on the top of in-vacuum splittingQ
- Virtuality ordered splitting in vacuum

In-medium
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Multi-scale description of parton shower

Large- Q

: virtuality (off-shellness)Q2

Majumder, Putschke(16), JETSCAPE(17)

Small- Q Large-E

Small- Q
Small-E

- Small-     , Large-              Splitting driven almost purely by medium effectQ E

No single model can describe all stages of jet evolution
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MATTER

Vacuum  
Splitting Function

Virtuality ordered splitting

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

Jet evolution module in JETSCAPE (vacuum)

Large-Q Small- Q

http://jetscape.org


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

MATTER LBT MARTINI AdS/CFT

Higher Twist 
formalism

Higher Twist 
formalism

AMY 
formalism

   = 4 super 
Yang-Mills 

𝒩

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
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Jet evolution modules in JETSCAPE (in-medium)
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Switching between modules for parton by parton

Jet evolution modules in JETSCAPE (in-medium)
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Jet evolution modules in JETSCAPE (in-medium)

A. Kumar

0(0.00) 1(0.00)(100.00,386.79,1)

2(0.10)(99.06,100.36,1)

3(0.10)
(1.44,0.00,21)

4(0.50)(97.83,34.51,1)

5(0.50)
(1.78,0.01,21)

6(2.10)

(95.99,14.08,1)

7(2.10)

(1.84,0.01,21)

8(2.80)
(1.40,-0.00,-1)

9(2.80)
(1.70,-0.00,-1)

10(2.80)(42.25,1.00,1)

11(2.80)

(53.31,1.08,21)

12(4.50)(1.80,0.01,21)

13(4.50)
(1.12,-0.00,-1)

14(4.50)

(1.06,0.00,1)

15(4.70)
(37.07,0.99,1)

16(4.70)
(5.23,-0.00,21)

17(4.70)(0.05,-0.00,21)

18(5.40)
(50.51,0.97,21)

19(5.40)(1.24,-0.00,2)

20(5.40)

(2.24,0.00,21)

21(5.40)

(0.87,0.00,-2)

22(5.40)
(0.87,0.00,21)

23(5.40)(0.55,-0.00,21)

24(5.40)

(1.03,0.00,21)

25(5.40)

(0.98,-0.00,21)

MATTER

LBT

Q > Q0

Q < Q0

- Actual output graph of parton shower generated by JETSCAPE
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Configuration for pp simulation
- Initial hard scattering by Pythia8 (w/ ISR and MPI)

pp baseline
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JETSCAPE, in preparation
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Configuration for pp simulation
- Initial hard scattering by Pythia8 (w/ ISR and MPI)
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JETSCAPE, in preparation
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JETSCAPE, in preparation

Jet substructures
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- Jet shape - Jet fragmentation
z = ptrk

T /pjet
Tr
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Jet substructures
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Comparable performance to Pythia 8

- Jet shape - Jet fragmentation
z = ptrk

T /pjet
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Configuration for PbPb simulation
- TRENTo initial condition + free streaming + (2+1)-D VISHNU hydro

- MATTER (recoil ON) + {LBT (recoil ON) 
    MARTINI (no recoil) 
    AdS/CFT (no med. res.)

- Switching virtuality scale Q0 = 2GeV
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Configuration for PbPb simulation
- TRENTo initial condition + free streaming + (2+1)-D VISHNU hydro
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Similar        dependence, need further examination for centrality dep.pjet
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T > 100 GeV, 0.3 < |ηjet | < 2.0, p trk

T > 1 GeV
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Jet Shape
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Jet Fragmentation

ATLAS from EPJ C77 (2017) 379
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JETSCAPE, 2.76 TeV, PbPb : 0-5 % , anti-kT R = 0.4, 100 < p jet
T < 398 GeV, 0 < |Yjet | < 2.1, p trk

T > 1 GeV
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Jet Fragmentation

ATLAS from EPJ C77 (2017) 379
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JETSCAPE, 2.76 TeV, PbPb : 0-5 % , anti-kT R = 0.4, 100 < p jet
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Extraction of      and        from experimental data

-       with parametrization:̂q

̂q
T3

= 42CR
ζ(3)

π ( 4π
9 )

2 A ln E
Λ − ln B

(ln E
Λ )

2 +
C ln E

T − ln D

(ln ET
Λ2 )

2

A B C D

- Simulation results by MATTER + LBT to train Gaussian Process Emulator

- Determine input parameters with Markov-Chain Monte-Carlo (MCMC) 
by comparing with experimental data

- Use STAT package of JETSCAPE (to be released with next update)

- Observable: single inclusive hadron        (RHIC&LHC)RAA

Q0̂q

http://jetscape.org
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Extraction of      and        from experimental data

-       with parametrization:̂q
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9 )
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Λ − ln B
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- Simulation results by MATTER + LBT to train Gaussian Process Emulator

- Determine input parameters with Markov-Chain Monte-Carlo (MCMC) 
by comparing with experimental data

- Use STAT package of JETSCAPE (to be released with next update)

- Observable: single inclusive hadron        (RHIC&LHC)RAA

Q0̂q

Posterior Distribution
• diagonals: probability distribution of each 

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

dependence between parameters 

Physics Package:
• MATTER + LBT
• VISHNU

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

Experimental Data
• RAA @ 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

R. Soltz HP 2018 
[figure adapted from Bass, Bernhard, Moreland]
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Extracted     as a function of     and ̂q T p

- Extracted from single inclusive hadron 

- More observables available to constrain parameters (future perspective)

RAA
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Extracted switching virtuality scale     Q0

̂q
T3

= 42CR
ζ(3)

π ( 4π
9 )

2 A ln E
Λ − ln B

(ln E
Λ )

2 +
C ln E

T − ln D

(ln ET
Λ2 )

2

A B C DCombined

LHC

RHIC

Q0 = 1.25-2.76 GeV
90% credible region

MATTER 

LBT
Q < Q0

Q > Q0

http://jetscape.org


Update to JETSCAPE 2.0

Y. Tachibana for the JETSCAPE Collaboration, 2019 RHIC & AGS Annual Users' Meeting, BNL, June 4th, 2019
�19

http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org
http://jetscape.org


Update to JETSCAPE 2.0

�20Y. Tachibana for the JETSCAPE Collaboration, 2019 RHIC & AGS Annual Users' Meeting, BNL, June 4th, 2019

To be released this month (June 24th, 2019)

New physics features
- Hydrodynamic medium response

- On our GitHub account: https://github.com/JETSCAPE 

- Heavy Quarks 

- Photon emission from jet shower with medium effect

New STAT package
- Bayesian analysis to extract parameters from experimental data

∇μTμν
fluid(x) = Jν(x)

Hydrodynamic equation with source term

Jν(x) : Source term constructed from jet energy loss + causal diffusion

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


Summary
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JETSCAPE 1.4
- Available at

Update to JETSCAPE 2.0
- On June 24th (this month)

Various results from simulations with JETSCAPE

- Manual: arXiv:1903.07706

- Hydrodynamic medium response, heavy quarks, photons from jets,…

https://github.com/JETSCAPE 

- pp-baseline comparable to Pythia 8’s performance
- Systematic study with multi-stage jet evolution
- Extraction of     value via Bayesian analysiŝq

- STAT package for Bayesian Analysis

The JETSCAPE Collaboration
-  http://jetscape.org 

http://jetscape.org
https://github.com/JETSCAPE
http://jetscape.org
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Simulation for pp collisions with JETSCAPE
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Settings in simulations for pp collisions

- MATTER vacuum shower down to Q = 1 GeV

- Initial hard partons generated by Pythia (MPI, ISR: ON)

- Lund Hadronization

- No underlying-event (UE) subtraction

http://jetscape.org


- Virtuality separation scale: Q0 = 2 GeV

Settings in simulations for PbPb at 2.76 TeV
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Jet

QGP fluid

- TRENTo initial condition+free-streaming
Liu, Shen, Heinz(15)

- 2+1D, event-averaged (data table)

- VISHNU (viscous hydro calculation)
Shen, Qiu, Song, Bernhard, Bass, Heinz(16) 

- Lund Hadronization

- Initial condition from TRENTo+Pythia (MPI, ISR: ON)
Moreland, Bernhard, Bass(14)

- MATTER, LBT: Recoil ON
  MARTINI, AdS/CFT: No medium response (to be implemented in future)

http://jetscape.org
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*Parameters in Pythia8.230 are default
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Preliminary Preliminary

2.76 TeV
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*Parameters in Pythia8.230 are default
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Deviation at high-   , need further tuningsz

Preliminary Preliminary

2.76 TeV

http://jetscape.org
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Enhancement around the edge of jet cone due to recoils in LBT

CMS from PLB 730 (2014) 243

Preliminary
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pp baseline dependence

CMS from PLB 730 (2014) 243PbPb/pp
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Preliminary
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Small-    enhancement due to recoils in LBTz

Preliminary

http://jetscape.org

