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James Mulligan, UC Berkeley JETSCAPE 2020 Online School, July 2020 3

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

Topic for today

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

Ideal time to contribute 
additional physics modules

https://github.com/JETSCAPE/JETSCAPE
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The current status

Many recent improvements 
to user experience

 

There is a lot of theoretical work inside — but currently only slices 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

Ideal time to contribute 
additional physics modules

https://github.com/JETSCAPE/JETSCAPE
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Steps to run JETSCAPE  

1. Install and build JETSCAPE 
2. Create a configuration file: config/jetscape_user.xml 
            List of which modules to run, and which model parameters to use 
            See examples in: config/


3. Execute runJetscape

That’s it!

https://github.com/JETSCAPE/JETSCAPE
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Installing JETSCAPE
https://github.com/JETSCAPE/JETSCAPE/wiki/JETSCAPE-Installation
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Installing JETSCAPE

Docker support

https://github.com/JETSCAPE/JETSCAPE/tree/master/docker

One line of code to create environment with all software pre-reqs

For this school, we require you to run JETSCAPE via docker

This allows everyone in the school to have a uniform software environment
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• Master XML file — you don’t modify this 
• Contains default values for every possible module 

and parameter

• User XML file — you provide this 

• List of which modules to run, and which default 
parameter values to override

Configuring JETSCAPE

JETSCAPE is configured via two XML files

https://github.com/JETSCAPE/JETSCAPE
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…

All possible initial state 
module parameters

All possible 
basic settings

Configuring JETSCAPE

Master XML file
 you don’t modify this 

A “database” of all 
possible modules 
and parameters

config/jetscape_master.xml

…

https://github.com/JETSCAPE/JETSCAPE
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Override values

Activate 
modules     
(in order)

Set Writer

Set nEvents

Configuring JETSCAPE

User XML file
you provide this

See examples in: config/

Specify which 
modules to run 

Specify parameter 
values (otherwise 
taken from master)

https://github.com/JETSCAPE/JETSCAPE
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There is one central executable: runJetscape.cc 

• Modules are automatically added according to User XML

• You don’t ever need to re-compile this executable

Pass your user configuration file as a command line argument:

./runJetscape /path/to/my/user_config.xml

Running JETSCAPE

https://github.com/JETSCAPE/JETSCAPE
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JETSCAPE Output  

Standard event format (larger size)

Compatible with Rivet

You can produce JETSCAPE output in two formats:

Ascii

HepMC3

Custom JETSCAPE format

Executables are provided to extract final-state hadrons/partons 

Can also directly write gzipped ascii

JETSCAPE output contains:
Final state hadrons

Final state partons

Full parton-shower history

https://github.com/JETSCAPE/JETSCAPE
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◆ JetScapeTask()

Jetscape::JetScapeTask Class Reference

#include <JetScapeTask.h>

Inheritance diagram for Jetscape::JetScapeTask:

Public Member Functions
 JetScapeTask ()

 
virtual ~JetScapeTask ()

 
virtual void Init ()

 
virtual void Exec ()

 
virtual void Finish ()

 
virtual void Clear ()

 
virtual void ExecuteTasks ()

 
virtual void ExecuteTask ()

 
virtual void InitTask ()

 
virtual void InitTasks ()

 
virtual void ClearTasks ()

 
virtual void ClearTask ()

 
virtual void FinishTask ()

 
virtual void FinishTasks ()

 
virtual void WriteTasks (weak_ptr< JetScapeWriter > w)

 
virtual void WriteTask (weak_ptr< JetScapeWriter > w)

 
virtual void CollectHeader (weak_ptr< JetScapeWriter > w)

 
virtual void CollectHeaders (weak_ptr< JetScapeWriter > w)

 
virtual void Add (shared_ptr< JetScapeTask > m_tasks)

 
virtual const int GetMyTaskNumber () const

 
const vector< shared_ptr< JetScapeTask > > GetTaskList () const

 
shared_ptr< JetScapeTask > GetTaskAt (int i)

 
void EraseTaskLast ()

 
void EraseTaskAt (int i)

 
void ResizeTaskList (int i)

 
void ClearTaskList ()

 
int GetNumberOfTasks ()

 
const bool GetActive () const

 
void SetActive (bool m_active_exec)

 
void SetId (string m_id)

 
const string GetId () const

 
void SetActiveThread (bool m_active_thread)

 
const bool GetActiveThread () const

 

Detailed Description

Definition at line 42 of file JetScapeTask.h.

Constructor & Destructor Documentation

Jetscape::JetScapeTask::JetScapeTask ( )

Default constructor to create a JetScapeTask. It sets the flag "active_exec" to true and "id" to default string value.

Definition at line 28 of file JetScapeTask.cc.

Figure 2: JetScapeTask inheritance diagram.

needed to ensure proper execution of the attached physics modules (for more details
see Sec. A.1). Note however that modules created via Clone() may circumvent this
automatic initialization; this is the case for the copies of jet energy loss modules used
for each showering parton. The Exec() handles the real execution of a task. It is
called exactly once per generated event. This method may not always contain the
core functionality of a module. For example, energy loss calculations happen mul-
tiple times per event (they are a per-parton or potentially per time-step process),
and corresponding modules should have their core functionality in DoShower() or
DoEnergyLoss(). The Clear() methods are overridden for the purpose of releasing
memory/clearing pointers or performing necessary operations needed for the proper
execution of modules after each event. Whereas the Finish() methods are overrid-
den for the purpose of releasing memory/clearing pointers or performing other oper-
ations at the end of a module’s life cycle. All of the above methods are called by the

28
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Framework design: Inner workings
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needed to ensure proper execution of the attached physics modules (for more details
see Sec. A.1). Note however that modules created via Clone() may circumvent this
automatic initialization; this is the case for the copies of jet energy loss modules used
for each showering parton. The Exec() handles the real execution of a task. It is
called exactly once per generated event. This method may not always contain the
core functionality of a module. For example, energy loss calculations happen mul-
tiple times per event (they are a per-parton or potentially per time-step process),
and corresponding modules should have their core functionality in DoShower() or
DoEnergyLoss(). The Clear() methods are overridden for the purpose of releasing
memory/clearing pointers or performing necessary operations needed for the proper
execution of modules after each event. Whereas the Finish() methods are overrid-
den for the purpose of releasing memory/clearing pointers or performing other oper-
ations at the end of a module’s life cycle. All of the above methods are called by the
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Physics modules are daughter 
classes of JetScapeTask

The framework automatically calls 
standard functions of these modules:
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needed to ensure proper execution of the attached physics modules (for more details
see Sec. A.1). Note however that modules created via Clone() may circumvent this
automatic initialization; this is the case for the copies of jet energy loss modules used
for each showering parton. The Exec() handles the real execution of a task. It is
called exactly once per generated event. This method may not always contain the
core functionality of a module. For example, energy loss calculations happen mul-
tiple times per event (they are a per-parton or potentially per time-step process),
and corresponding modules should have their core functionality in DoShower() or
DoEnergyLoss(). The Clear() methods are overridden for the purpose of releasing
memory/clearing pointers or performing necessary operations needed for the proper
execution of modules after each event. Whereas the Finish() methods are overrid-
den for the purpose of releasing memory/clearing pointers or performing other oper-
ations at the end of a module’s life cycle. All of the above methods are called by the

28

A task-based c++ framework

arXiv 1903.07706
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Framework design: Inner workings

The framework defines how different types of 
modules can interact with each other

This is implemented in a “signal-slot” paradigm:

For example: Jet energy loss module needs access to hydro info

arXiv 1903.07706
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arXiv 1903.07706

Framework design: Inner workings
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Data structures
• Class JetScapeParticleBase

• The base class for all the JETSCAPE particles

• Privately inherits from FastJet PseudoJet and has

• PID and rest mass

• A location (4-vector)

• Label and status 

• Derived classes so far: 

• Parton and Hadron

Data Structures

Disabled some properties
and added some

801/09/19

Parton Class
• Properties are:

• Can be created: 

01/09/19 9

We define getter and setter
Methods for the properties

…

arXiv 1903.07706

Slide from: J. Putschke and E. Khalaj  
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Data structures

Slide from: J. Putschke and E. Khalaj  

• Class PartonShower

• Models parton showering as a Graph

• Partons are the edges

• Partons split at vertices

Data Structures
GTL Graph Template Library
[https://github.com/rdmpage/graph-template-library]

Provides functionalities to query shower
1001/09/19
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Contributing modules

JETSCAPE is designed for users to 
contribute new physics modules

Framework connects those modules together

To contribute modules, just need to interface to JETSCAPE: 

See existing modules for examples

arXiv 1903.07706

Implement appropriate standard functions:
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Jetscape::JetScapeTask::JetScapeTask ( )
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Figure 2: JetScapeTask inheritance diagram.

needed to ensure proper execution of the attached physics modules (for more details
see Sec. A.1). Note however that modules created via Clone() may circumvent this
automatic initialization; this is the case for the copies of jet energy loss modules used
for each showering parton. The Exec() handles the real execution of a task. It is
called exactly once per generated event. This method may not always contain the
core functionality of a module. For example, energy loss calculations happen mul-
tiple times per event (they are a per-parton or potentially per time-step process),
and corresponding modules should have their core functionality in DoShower() or
DoEnergyLoss(). The Clear() methods are overridden for the purpose of releasing
memory/clearing pointers or performing necessary operations needed for the proper
execution of modules after each event. Whereas the Finish() methods are overrid-
den for the purpose of releasing memory/clearing pointers or performing other oper-
ations at the end of a module’s life cycle. All of the above methods are called by the

28

Use appropriate signal/slot info to interact with 
other modules
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Example: Jet energy loss
An Example To Add an 
Energy Loss Module

• User’s code must be a subclass of JetEnergyLossModule

• User’s code must override init() method for initializations

• User’s code must override DoEnergyLoss() method 

• The actual energy loss calculations happen in this method

01/09/19 19

arXiv 1903.07706

Note: Jet energy loss modules are “special” in that DoEnergyLoss() is called 
by the framework per-parton. Most modules are called per-event with Exec()

Slide from: J. Putschke and E. Khalaj  
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XML Reader  

•JetScapeXML provides functionality to first examine the User file for a given 
parameter, and if it is not found, it takes the value from the Master file.


•To init a parameter, call GetElementDouble({“Eloss”, “Martini”, “x”}) 
•No need to keep track of XML elements in modules! Just call the function!

•Similar functions GetElementText, GetElementInt, GetElement 

•An optional second argument in these functions allows the parameter to be 
optional in the XML file (by default, a parameter is required to be present or else 
the program will crash when it is not found).

arXiv 1903.07706

An XML singleton class is provided to allow easy 
initialization of your module parameters from the XML files

https://github.com/JETSCAPE/JETSCAPE
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Summary

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

Modular, extensible — please contribute modules! 

JETSCAPE is a tool for the community 
To enable well-controlled event generator comparisons 
As a testbed for theoretical and experimental development
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Thank you!

The JETSCAPE Collaboration

16
26

Thank you!
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Backup
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Advanced: Code design
Advanced Concepts 

v  C++11 

v  Smart pointers  
à no memory leaks! 

v  Encapsulation 

v  Infrastructure: 

v  XML reader  

v  thread-safe  logger 

v  Unified random numbers across 
modules 
à reproducibility! 

v  Signal Managers 

5/16/18 Kauder - JETSCAPE 1.0 - QM2018 7 

v  Communication via Signals & Slots 

 

v  Developed by the Qt project, 

v  Using light sigslot  
by Sarah Thompson 

v  Manage module switching 

E-Loss	

E-Loss	
Hydro	

Slot 

All under the hood! 
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OutputFramework Output
• Class JetScapeWriter

• Subclass of JetScapeModuleBase

• Can be attached as a task

• Derived classes so far:

• HepMC writer

• ASCII writer

Each task overrides its
own write method

1501/09/19Slide from: J. Putschke and E. Khalaj  
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OutputReading Output
• Class JetScapeReader

• Base class for reading JETSCAPE output files

• Not a JETSCAPE task

• To be used after

producing output

• Derived classes so far:

• JetScapeReaderAscii

16

Provides access to 
PartonShower for final state 
Partons, and Hadrons  

01/09/19

Slide from: J. Putschke and E. Khalaj  


