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Scientific advances a new frontier in Nuclear Physics
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Electron-Ion Collider: Steady 
advances in all of these areas will 
enable precision study of the 
nucleon and the nucleus at the 
scale of sea quarks and gluons. 

Quantum Chromodynamics

Detector technologies Software & Computing

Accelerator technologies

Electron-Ion	Collider		
Detector	Requirements	and		

R&D	Handbook	
	
	

DRAFT	8	-	December	15,	2018	
	

Editors:	
Alexander	Kiselev		
Thomas	Ullrich		

	
	
	

	  



The EIC Software Consortium

EIC Generic Detector R&D Meeting, July 27, 2020. 3

EIC Software Meeting link
Review of existing EIC software frameworks and MCEG available for the EIC

LOI for Software Consortium

Endorsement “A robust software environment, compatible with the existing software 
frameworks, is very important for the development of the physics case for the EIC.”

Proposal for Software Consortium

October 2016 – September 2020

September 2015

January 2016 

July 2016

EIC Software Consortium supported by EIC Generic R&D program

EIC Software Meeting at ANL

https://www.jlab.org/conferences/eicsw/


Goals
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Organizational efforts with an emphasis on communication
• build an active working group and foster collaboration
• documentation about available software
• maintaining a software repository
• workshop organization

Planning for the future with future compatibility
• workshop to discuss new scientific computing developments and trends
• incorporating new standards
• validating our tools on new computing infrastructure

Interfaces and integration
• connect existing frameworks / toolkits
• identify the key pieces for a future EIC toolkit
• collaborate with other R&D consortia



Development of the EIC Software Consortium
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June 2018 Working with the EIC User Group (EICUG)

Announcement of EICUG Software Working Group “The working group will build on 
the considerable progress made within the EIC Software Consortium (eRD20) and 
other efforts.”

EICUG Yellow Report Initiative 

Announcement of EIC Physics and Detector Conceptual Development ”These studies 
should use, in so far as possible, the current accelerator and detector concepts and 
simulations should be carried out using the EICUG developed software tools.”

September 2019



EICUG Software Working Group 

84 members

Mailing list eicug-software@eicug.org
subscribe via Google Group
Repository https://github.com/eic
Website http://www.eicug.org/web/content/eic-software
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Role of the Software Working Group
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Workflow environment for EIC simulations  
• to use (tools, documentation, support) and 
• to grow with user input (direction, documentation, tools)

Involvement from EICUG

Support

Develop

• Coordinate simulations with EICUG Detector and Physics 
Working Groups. 

• Rely on expertise of EICUG: 
• Detector design
• Reconstruction algorithms
• Physics analysis



Online tutorials on YouTube channel of EICUG

Recent focus: Get EICUG started on simulation tools
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Full simulations

Fast simulations

EicRoot ESCalate Fun4All

eic-smear

https://www.youtube.com/channel/UCXc9WfDKdlLXoZMGrotkf7w


Introduce modern MCEGs to EIC community 
• Integration in EIC simulation software ongoing
• Tutorials: 

Next steps
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08/17
08/18
08/19
08/20

Pythia 8 Stefan Prestel (LUND)
Rivet Christian Bierlich (LUND)
Herwig 7 Simon Plätzer (Vienna)
Sherpa Stefan Hoeche (FNAL)

Validation of modern MCEGs with DIS data

• HERA H1, ZEUS, HERMES
• COMPASS



Current focus: Benchmarks & validation
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Full simulations

Fast simulations

EicRoot ESCalate Fun4All

eic-smear Delphes

Cross-tool validation
• Unified format for the output ROOT tree of all tools (work in progress)

• Collect simulation configuration and physics analyses (work in progress)

• Any study that is shared with the SWG can be used for benchmark & validation. 

• Based on analysis scripts and macros for the given study, the SWG can reproduce the results and build up a 

validation scheme on top of it.



More updates: Software News on eic.github.io
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https://eic.github.io/


Expressions of Interest (EOI)

EOI FAQ: Can institutions submit more than one EOI?
Institutions may very well consist of different groups that have more than one interest. 
However, individual institutions should not submit more than one EOI, and that EOI should 
be all-inclusive. Institutions may also join other groups and/or consortia in their EOI, with 
cross-referencing to the individual institution EOI.
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Consortium: Software
EIC collaborations will determine for themselves what they do for software, but that will 
likely include common software. 

IB Meeting: Expressions of Interest Q&A with E. C. Aschenauer and R. Ent 



Expression of Interest for EIC Software
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• All scientists of all levels, worldwide, should be enabled to actively participate in EIC simulations and analyses. 
• To achieve this goal, we must develop simulation and analysis software using modern and advanced technologies 

while hiding that complexity (user-centered design). 
• Input by the wider scientific and software communities is encouraged. 

Project Greenfield: Community-wide effort leveraging everyone’s experience
• define requirements for EIC Software

• Software components Simulation, reconstruction, physics analyses, streaming readout, online monitoring etc. 
• work together on common software projects based on these requirements

• Examples for common software DD4hep, Geant4, ACTS, Gaudi, JANA2, ROOT, Jupyter

• Emerging technologies Artificial Intelligence and Quantum Computing 



Timeline for Expression of Interest for EIC Software
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July 15

November 1

Announcement in EIC User Group Meeting 

Deadline for submission

Mid of August Project Greenfield meeting Explore common software goals we can 
work together as a group. 

Date Based on your availability Time 10:00 a.m. – 1:00 p.m. (EDT)

Cooperatively edit Expression of Interest September –
October



Next steps
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For questions or input: eicug-software-conveners@eicug.org

Add your availability on:  https://doodle.com/poll/wfzsfytfayayebfk

Announcement of meeting: July 31 

mailto:eicug-software-conveners@eicug.org
https://doodle.com/poll/wfzsfytfayayebfk


EIC Software Consortium in the last years
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In-person meetings
1. BNL (Oct. 17 2016)
2. BNL (Feb. 8 – 10 2017)
3. JLAB (May 1 – 2 2017)
4. SLAC (Jul. 6 – 7 2017)
5. ANL (Oct. 16 – 17 2017)
6. William & Mary (May 17 2018)
7. Trieste (May 20 – 21 2019)

EIC Software Meeting in Trieste



Common interfaces
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MCEG reconstruction
Containerization (Docker 
and singularity) of EIC 
simulations tools

Advice from ILC effort
• facilitate interoperability
• focus on exchange detector 

designs and data
• get the event data model 

right and keep it open
• pick a detector definition 

which is exchangeable

Norman Graf (SLAC) 
“It’s very difficult to herd cats 
keep physicists from re-inventing 
the wheel and writing new 
software packages.“
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Geant4 infrastructure for EICUG
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Requirements
• EIC Generic Detector R&D program (T. Ullrich) “a 

simple lite setup with a well defined geometry 
description standard that is easy to use”

• EICUG Flexible accelerator and detector interface with 
full support of existing IR designs and detector 
concepts 

Approach 
• common repository for detector R&D for EIC 
• common detector description in Geant4 (C++) and not 

yet DD4hep (sub-detectors developed in Geant4 (C++))
• common detector naming convention for EIC
• possible common hits output structure 
• tutorials on how to implement and integrate 

subdetectors (in Geant4) in EIC detector concepts

Discussion
• two in-person meetings 

• 07/10 EIC Software Meeting at BNL (minutes)
• 09/24 EIC Software Meeting at JLAB (minutes)

• evaluation 09/30, 10/21, 10/28, 11/18, 11/25

Two solutions proposed
1. detector simulations in ESCalate
2. detector simulations in fun4all

EicRoot used in Yellow Report Iniative, in particular for 
tracking studies

https://indico.bnl.gov/event/6336/
https://docs.google.com/document/d/1EvE1vaEJ59YM5XWLDK4ScVSbVPFxoOhpz2OI8nquB04/edit
https://www.jlab.org/indico/event/339/
https://docs.google.com/document/d/1uaUORcugOzTKaJWhSZfrS7cET-3Oq6NomlgedQIOhIc/edit


Consensus-based documents
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EIC Software Consortium

Geometry Description and detector 

interface

Abstract
This document summarizes  a possible path forward for the geometry description for the simulations

of EIC detectors. It contains the list  of what we believe should be the requirements for a EIC 

geometry description system. The considerations in this document are probably general enough and 

can be applied to any geometry system independently on the specific technology choice, the focus 

however is on the I/O of geometry and on the link to sensitivity information, since these two aspects

have been the focus of our discussions in ESC meetings in FY2017 . 

Initial considerations
It is safe to assume that in the time-scale for which detector simulations for EIC are needed Geant4 

will continue to be the de-facto standard for detector simulations, we should thus consider the 

paradigms implemented in Geant4 (e.g. hierarchical geometry, concepts of sensitive detectors and 

hits) as general guidelines for our future works.

There are two main use-cases that drive the development of a geometry module: simulation and 

reconstructions. It is an obvious requirement that the same geometry description should be used 

between the two subsystems. How to implement this paradigm is mainly left to the specific choices 

of experiments, and currently no real detector-independent framework has emerged so far as a widely

adopted standard. Many projects have tried to propose such frameworks(among the one mentioned 

in our meetings are SLIC and DD4hep) with somewhat limited success . It is very important to stress

that we do not believe that the lack of wider adoption is not due to inherent quality of the artifacts 

(that on the contrary is usually quite high), but since no large experiment has adopted these tools as 

standard the community behind these tools has remained small and fractionated.

Simulation requires the description of geometry in increased level of complexity: from the simplified 

ideal detectors used for concept studies, to the full detailed simulations of running experiment. The 

data reconstruction as a general idea requires a more conceptual description of the geometry in terms of

read-out elements instead of physical placements. In particular the mapping between sensitive 

geometry element and hits is of crucial importance.

We identified two possible ways of defining the geometry of a detector for simulation. 

Geometry implementation via code

The first approach, to write code that uses directly geometry primitives, is usually preferred for 

smaller applications, e.g. the majority of the examples distributed with Geant4 toolkit create the 

detector geometry in this way. In case of ROOT based frameworks this approach is quite natural, 

because you can add to this basic scenario some I/O and scripting capabilities (TGeo classes to 

describe the geometry in a program, ROOT I/O to write geometry elements, and ROOT scripts, 

that are programs by themselves, to steer the process).



Foster collaboration
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High Energy Physics

MCnet
Starting Collaboration 

SLAC Geant4
Established collaboration

HEP Software Foundation
Knowledge exchange

CERN ROOT
In frequent contact

EIC Streaming Readout Consortium
EICUG Yellow Report - Readout 
and DAQ subgroup

Nuclear Physics

EICUG Software Working Group Same software suite Seamless data 
processing from DAQ to data 
analysis using AI
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Reached out ACTS, ATLAS, DD4hep, Exascale Project, HDF5, ILC project, 
PyHEP, Project Jupyter



Collaboration on detector simulations

• collaboration with Geant4 International Collaboration

• liaison Makoto Asai (SLAC)

• Geant4 for EIC

• coordinate input for Geant4 validation based on EIC physics list 

maintained by (former) SLAC Geant4 group

• Geant4 10.6 recommended (released Dec. 6)
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EIC
• energy range is different from LHC

• validation, tuning and extension 

including test beam studies

09/24/19 Geant4 Technical Forum on EIC 

• EIC detector and physics simulations rely on Geant4

• knowledge transfer (e.g., sub-event parallelism or tessellated solids)

• maintain EIC physics lists

• request improved photo-nuclear and electro-nuclear reactions

21



Collaboration on physics event generation 

Unique MCEG requirements for EIC Science
• MCEG for polarized ep, ed, and eHe3

• including novel QCD phenomena: GPDs, TMDs
• MCEG for eA
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MCEG community 
• focus of last two decades: LHC

• lesson learned high-precision QCD 
measurements require high-precision MCEGs

• MCEG not about tuning but about physics
• ready to work on ep/eA



Exploring user-centered design
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Simulations on the web

Sam Markelon (UConn)

Universal web-based event display
• validation of the EIC simulations
• comparison of different 

detector designs using an 
unified approach

• public outreach

STAR software group effort



Exploring machine learning for EIC

24

W&M Undergrad
Nathan McConnell

W&M Undergrad
Joseph Guy

Track finding 
in Jlab 12 data

Documentation available

Track finding 
in toy data

using JLab JupyterHub at 
https://jupyter.jlab.org/
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Google protocol buffer based
• flexible
• portable
• no external dependencies

Development history within ESC

• Idea & original version (ProMC) by S.Chekanov for HepSim repository
• limited functionality MC application 

• Second version (EicMC) by A. Kiselev
• MC application with several advanced features

• Present development (ProIO) by D.Blyth
• General-purpose format with multi-language support

Self-descriptive file formats
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EicMC – self-descriptive MC files

by-product of ProMC import incorporation into EicRoot framework
è compact and portable C++ code (~3k lines) developed by Alexander Kiselev (BNL)
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EicMC feature-rich, flexible, self-descriptive
• no external dependencies on the user (input) side other than Google Protobuf library
• unified extendable binary MCEG format (all generators from eic-smear are supported)
• true automatic self-description built into the format core .proto file and the user library
• 64-bit implementation è no 16-/32-bit limitations on file size, record count
• flexible set of compression schemes (for file size, input speed, floating point precision)
• both sequential and direct  access to event records (with scalable multi-level 

catalogues)
• convenient user interface 
• performance (file size, speed) similar to or better than ProMC and ROOT equivalents

tested with Geant4



ProIO: Support of a collaborative data model

● In contrast to using C++ classes to form a data 
model, ProIO uses Google’s Protocol Buffers to 
implement a language-independent data 
model

● This means that C++, Python, Java, Go, etc. are 
all first-class.

● Native Python code, e.g., can be `pip` installed 
in seconds on any OS to enable full read/write 
support of data (see py-proio)

● ProIO supports multiple compression 
algorithms, self description, and metadata
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https://github.com/proio-org/py-proio


ProIO initiative 

28

Summer research on ProIO usage for EIC

• developing tools for inspecting the content of 
ProIO streams

• integrating the ProIO C++ library with Pythia8 
MCEG

• performing benchmarks of ProIO files

NIU Undergrad
Jose Alcaraz
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Exploring JupyterLab environment for EIC

• bridge to modern data science, e.g., 

• collaborative workspace to create and share Jupyter Notebooks

• web-based interactive analysis environment accessible, 
consistent, reproducible analyses

• fully extensible and modular build a collection of analyses and 
analysis tools

• narrative of the analysis 

Jupyter Notebooks
• writing analysis code

• visualization of results

Python

Root/C++
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• Nature 563, 145-146 (2018): “Why 
Jupyter is data scientists’ 
computational notebook of choice”

• more than three million Jupyter
Notebooks publicly available on 
GitHub



Future Trends in Nuclear Physics Computing
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The EIC Generic Detector R&D funding allowed us to build an active working group and 
foster collaborations in NP and HEP. 

We will continue to work with the EIC community, now solely as EICUG Software Working 
Group, and focus on: 

• Ensure high-quality simulations for the EIC detector development
• Common software projects that are ideally chosen by the EIC collaboration(s)

Thank you so much for your guidance and support in the last four years
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2016 – 2020


