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76 participants 74 participants

Gravitational Interactions Strong InteractionsElectroweak Interactions

Further exploration of the Standard Model 
Dark matter searches Electroweak symmetry breaking Deeper understanding of QCD 

Mission of Nuclear Physics 
• discover, explore, and understand 

all forms of nuclear matter

Frontiers in Nuclear Physics 
• One of the enduring mysteries of the universe is the nature of matter—what are its basic constituents and how do they interact to 

form the properties we observe? The largest contribution by far to the mass of the matter we are familiar with comes from protons 
and heavier nuclei.

• Although the fundamental particles that compose nuclear matter—quarks and gluons—are themselves relatively well understood, 
exactly how they interact and combine to form the different types of matter observed in the universe today and during its 
evolution remains largely unknown.

Nuclear Physics 
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The Electron-Ion Collider (EIC)
• World’s first collider of:

• Polarized electrons and polarized protons, 
• Polarized electrons and light ions (d, 3He), 
• Electrons and heavy ions (up to Uranium).

• The EIC will enable us to embark on a precision study of the nucleon 
and the nucleus at the scale of sea quarks and gluons, over all of the 
kinematic range that are relevant. 

• Jefferson Lab and BNL will be host laboratories for the EIC 
Experimental Program. Leadership roles in the EIC project are shared.

• More than 1360 accelerator, experimental, and theoretical physicists
from 267 institutions in 36 countries are part of the EIC User Group. 

• The experimental community is moving towards the formation of 
EPIC, the first collaboration to support the realization of the EIC
project detector.
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Figure 1.1: Schematic layout of the planned EIC accelerator based on the existing RHIC
complex at Brookhaven National Laboratory.

electrons and ions and use sophisticated, large detectors to identify specific reac-
tions whose precise measurement can yield previously unattainable insight into
the structure of the nucleon and nucleus. The EIC will open a new window into
the quantum world of the atomic nucleus and allow physicists access for the first
time to key, elusive aspects of nuclear structure in terms of the fundamental quark
and gluon constituents. Nuclear processes fuel the universe. Past research has
provided enormous benefit to society in terms of medicine, energy and other ap-

Frontier accelerator facility in the U.S.
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EIC Software Efforts

2016 – 2020 EIC Software Consortium (ESC)

2018 – now EICUG Software Working Group (SWG)

2019 – 2021 Yellow Report Initiative

2021 – 2022 Detector Collaboration Proposals

2022 – now EPIC Computing and Software (CompSW) Working Group 
EPIC Simulation, Production, and QA (SimQA) Working Group  
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Our Vision for Software & Computing at the EIC  

Software & computing are an integral part of our research:

• Goal We would like to ensure that scientists of all levels worldwide can participate in EIC analysis actively.
• User-Centered Design: To achieve this goal, we must develop simulation and analysis software using modern and 

advanced technologies while hiding that complexity (turnkey) and engage the wider community in the development. 

Rapid turnaround of data for the physics analysis and to start the work on publications:  

• Goal: Analysis-ready data from the DAQ system. 
• Compute-detector integration with AI at the DAQ and analysis level. 
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“The purpose of computing is insight, not numbers.” Richard Hamming (1962)

Survey

Future Trends in Nuclear Physics Computing2

Survey among NP Ph.D. students and postdocs in 
preparation of ”Future Trends in NP Computing”  
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Community Document on Software Vision  
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https://eic.github.io/activities/principles.html
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EPIC Software 
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EIC community asks for commonality and one software stack. 
The design of the modular simulation and reconstruction toolkit for the development of the EPIC 
detector and the EPIC science program is based on the EIC Software: Statement of Principles and a
decision-making process involving the wider EIC community. 

Edm4eic data model based on edm4hep and podio
Geometry Description and Detector Interface using DD4hep

MC Event 
Generators

Detector 
Simulations in 

Geant4

Readout 
Simulation 

(Digitization)

Reconstruction
in JANA2

Physics
Analyses

Simulation

Distributed Computing Approach for Large-Scale Simulations

CI/eicweb for Detector and Physics Benchmarks and Reproducibility

https://wiki.bnl.gov/EPIC/index.php?title=EIC_Single_Software_Stack_2022
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Training the EPIC Collaboration 
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Training Using Software Carpentry  format

Recordings available on YouTube

Driven by Wouter Deconinck
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EPIC CompSW and EICUG SWG
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Sylvester’s Picture of Salt & Pepper

EICUG  SWG

EPIC  CompSW

• EPIC Collaboration and EIC project have strict timeline with well-
defined deliverables from short to long term.  

• This defines the scope and deliverables of EPIC CompSW. 

• EICUG fosters the community. 
• EICUG SWG is a forum for discussion and forward-looking projects. 
• Ideal platform for cross-collaboration:  

• Experient and theory 
• EPIC and 2nd Detector 
• Interdisciplinary collaborations (data scientists, HEP, …) 
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EIC Software Community

• AI/ML 
• Detector collaborations

• EPIC and 2nd detector efforts 

• Geant4 collaboration
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• HEP Software Foundation
• Key4Hep: 

• Building up on ATHENA efforts  
• Theory community

• MC event generators (MCEGs)

• Software in very early life stage:  

• Focus on common software tools
• Avoid duplication of efforts. 

• Team up on challenges, e.g., heterogeneous computing. 

• Work with community standards, e.g., HepMC3 for event generation. 

• Engage with the wider NHEP community

← Our Meeting Today
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Priorities for Detector Design
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• Detector Simulations 
• Validation of Geant4: Make test-beam setup and results available. 
• Detector design optimization using AI/ML. 
• Accelerate detector simulations: 

• Fast and accurate simulations using AI/ML, e.g., for simulation of calorimeters, Cherenkov detectors. 
• Fast simulations fully integrated into Geant4. 

• Reconstruction
• Accelerate reconstruction using AI/ML. 
• Reconstruction with far-forward detectors fully integrated. 

Roman Pots

Off-Momentum Detectors

B0 Silicon Tracker and Preshower

Zero-Degree Calorimeter

B0pf combined function magnet

Focusing Quadrupoles

The Far-Forward Detectors

4

B1apf

PbW04 
EMCAL

All simulations done in GEANT4

9

THE COMPLETE DETECTOR

Total size detector: ~75m

Central detector: ~10m

Backward electron detection:   ~35m

Forward hadron spectrometer: ~40m

Auxiliary detectors needed to tag particles with 

very small scattering angles both in the outgoing 

lepton and hadron beam direction 

(B0-Taggers, Off-momentum taggers, Roman 

Pots, Zero-degree Calorimeter  and low Q2-

tagger). 

Barrel

Central 
Detector  
(CD)

EICUG meeting, Stony Brook, 7/26-29 , 2022                                                                             S. Dalla Torre

Slide from Alex Jentsch
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R&D Towards Next-Generation Detector Simulations
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Detector 
Simulation

• EIC focused project
• Turn-key application
• Built on top of Geant4 for full and fast simulations 
• With library of potential detector option

Project
• Support for high concurrency heterogeneous architectures and fast simulations 

integrated with full detector simulations allows to leverage AI/ML in Geant4.
• Next phase in concurrent Geant4: Sub-event parallelism.
• Integration in Key4Hep: Python layer for eAST (fully controllable by UI commands)

Requirements • Ease of leveraging new and rapidly evolving technologies:
• AI/ML to accelerate simulations 
• Heterogeneous architectures: 

• AI/ML is the best near term prospect for using LCF/Exascale effectively. 
• Ease of switching detector options 
• Ease of switching between detailed and coarse detector descriptions
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eAST example for using fast and full simultions

• Full simulation with optical photon 
transport to photo-multipliers
҆18.41 s/event
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• Full simulation without optical photon 
transport
҆0.119 s/event

• Shower parameterization with GFlash
҆0.00087 s/event

x 137

x 154

From Makoto Asai

5 GeV e-
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