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Electron-Ion Collider

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 a large kinematics
range.

A The EIC Yellow Report (Nucl. Phys. A 1026 (2022) 122447) describes the
physics case, the resulting detector requirements, and the evolving detector

concepts for the experimental program.

Brookhaven National Lab and Jefferson Lab will be the host laboratories for
the EIC program. Leadership roles in the EIC project are shared.

EIC operations will start in about a decade.


https://inspirehep.net/literature/1851258

ePIC Experiment

* ePIC is the primary experiment at the EIC
* [t is a highly integrated, multi-purpose experiment

* The experiment is being developed by the ePIC collaboration in
partnership with the EIC Project




ePIC collaborators from all over the world!

»= 1034 collaborators
from

167 institutions
from

GREENLAND

Figures from the ePIC Phonebook



Central ePIC Detector

* New 1.7 TSC solenoid, 2.8 m bore diameter ¢

5.0m

Tracking

*  SiVertex Tracker MAPS wafer-level stitched
sensors (ALICE ITS3)

Si Tracker MAPS barrel and disks

Gaseous tracker: MPGDs (WLRWELL, MMG)
cylindrical and planar

high performance DIRC (hpDIRC)
dual RICH (aerogel + gas) (forward)
* proximity focussing RICH (backward)
* ToF using AC-LGAD (barrel+forward)

EM Calorimetry

* imaging EMCal (barrel)

*  W-powder/SciFi (forward)
*  PbWO, crystals (backward)

Hadron calorimetry

* FeSc (barrel, re-used from sPHENIX) |
*  Steel/Scint — W/Scint (backward/forward) Fiure courtesy o BNE

hadrons >

6.7m




Far- Forward/ Far-Backward System

ePIC detector is 90 meters long! The centr far-forward, and far-backward regions are integrated with the IR

B0 Magnet Spectrometer

» detection of forward scattered protons and and y

» 4 tracking layers each of AC-LGAD / EICROC (
500x500 um? pixel) — Synergy with forward ToF

« EMCAL: 2x2x20 cm3 PbWO, calorimeter —
Synergy with backward ECal

Luminosity System ‘\Na‘d
* Measure bunch-by-bunch luminosity through Bethe-Heitler process e ?a‘?oag
« Pair-spectrometer: each with 2 tracking layers of AC-LGAD / FCFD 30“\"120\0‘5 ©

— Synergy with Barrel-ToF A%

« Calorimeter: Tungsten-powder + SciFi SPACAL — Synergy with
forward ECal

Zero Degree Calorimeter
» Detection of forward
scattered neutrons and y
« EMCAL: 2x2x20 cm?
Roman Pots and Off- PbWOQO, calorimeter —

Momentum Detectors Synergy with backward
» Detection of forward ECal
scattered protons and « HCAL: Steel-SiPM-on-
18 nuclei Tile — Synergy with
Low-Q2 Taggers » 2 stations with 2 tracking forward HCal
« detection of scattered electrons layers each
« 2 stations with 4 tracking layers each ~ * AC-LGAD/EICROC (
(16x18cm2) Si / Timepix4 500x500 pm? pixel) —
« Calorimeter: Tungsten-powder + SciFi Synergy with forward ToF

SPACAL - Synergy with forward ECal

Figures courtesy of BNL



Current installation schedule

ZD Oezc 3 April 51(1)13%,0 Milestone
CD-3 2030 March PO_0305_0900 early CD-4 CD-4
Q2/2027 4 T 4 2031 Oct  jan July 2032 Q1/2034 Q1/2036
N 4 2031 2032 April
2032
= = = = e e = e e e === == — ol —— o e -l — o e — e - o == D ool . = = = = —— -
Construction pre-0ps ‘
IR-6 ready Detector Early stallrt of Start of
for installation Adsembled and Operations Operations
4 v Ready for & &
lower half Endcap HCals v osmic Data  SCience Science
barrel Hcal completed Hadron Endcaf] Taking
installed Solenoid Detectors
Solenoid Field mapping installed
delivered dRICH
Barrel Ecal ECal
ready
for installation
v
v 2 Lepton Endcap
Barrel Heal Barrel Detectors Detectors
& Solenoid installed installed
installed ECal, DIRC+mRWell, bRICH
followed by low ToF+MPDG ECal
power test MAPS-Barrel+Disks
MPDG-Disks

(Assumes the present best-known schedule)



Software deliverables

process structuring the draft ePIC ePIC pre-TDR
design phase » effort pre-TDR > (CD-2)

writing
Mid Jan 24 t (TDR/notes) 4

Mid Mar.24 End Oct. 24

Preparing papers for
publication

!

Late 2024 2025

ePIC Software & Computing is essential to the Technical Design Report, providing
advanced software and simulation productions that are the input for detector and
physics studies



Guiding Principles:
° Statement of Software Principles
° Sustainability

Deputy Coordinator (Operations)
Wouter Deconinck (U. Manitoba)

Operation Working Groups:
® Production
e User Learning
® Validation

Software & Computing

)

Software and Computing Coordinator
Markus Diefenthaler (Jefferson Lab)

Deputy Coordinator (Development)
Dmitry Kalinkin (U Kentucky)

Development Working Groups:
e Physics and Detector Simulation
® Reconstruction Framework and
Algorithms
® Analysis Tools (not yet activated)

Organization structured around user’s needs

Cross-cutting Working Group:
e Data and Analysis Preservation

Deputy Coordinator (Infrastructure)
Torre Wenaus (BNL)

Infrastructure Working Groups:
e Streaming Computing Model
& Multi-Architecture Computing (not
yet activated)
@ Distributed Computing (not yet 9
activated)



User-centered design

o We will aim for user-centered design:

» We will enable scientists of all levels worldwide to actively participate in
the science program of the EIC, keeping the barriers low for smaller
teams.

* EIC software will run on the systems used by the community, easily.

* We aim for a modular development paradigm for algorithms and tools
without the need for users to interface with the entire software
environment.

EIC SOFTWARE:

° We will embrace our community:
* EIC software will be open source with attribution to its contributors.
* We will use publicly available productivity tools.

Statement of Principles

* EIC software will be accessible by the whole community.

¢ We will ensure that mission critical software components are not
dependent on the expertise of a single developer, but managed and
maintained by a core group.

* We will not reinvent the wheel but rather aim to build on and extend
existing efforts in the wider scientific community.

¢ We will support the community with active training and support sessions
where experienced software developers and users interact with new
users.

* We will support the careers of scientists who dedicate their time and
effort towards software development.

https://eic.github.io/activities/principles.html v



Simulation Campaign Strategy

Objectives:
1. Achieve continuous deployment of the software used for detector and physics simulations

2. Ensure regular updates of simulation productions for detector and physics studies, and for
geometry and algorithm development

3. Implement timely validation and quality control for simulation productions on datasets that
require substantial time and resources

Week 1: Week 2: .
> Velrg"lctatlon & >> '(Ij'argelted t >> Week 3 >> Week 4 > PI‘O dUCtIOH -rea dY!
validation evelopmen
4

YYMM.O YY.MM.¢ YY.MM.2 In the past year, monthly simulation campaigns

consumed approximately 15 million core hours on the
Tagged software releases OSE generating over 500 TB of simulation data.

11



User Learning

Supports the users by providing training, documentation and support
Preliminary Technical Design Report (deliverable) is upcoming
User Learning supports the user’s needs (i.e. simulation, analysis....)

Eic-shell Easy to get started locally... in only 1 line!
curl -L get.epic-eic.org | bash

Based on container images, the same images are used
for simulation campaigns.

Organize hybrid (live/virtual) tutorials every 1-2 months
Support the trainers in developing engaging material and documentation
Goal to develop discoverable software

12



Past year training events

2025

May: HSF India/ePIC Workshop

April: Inclusive kinematics reconstruction tutorial

March: Getting started with a physics analysis tutorial

February: Analysis and working the simulation output,
Understanding the simulation output

2024
October: Validation and benchmarking tutorial
September: Working with simulation output
April: ePIC Software tutorials at CERN
Overview of ePIC software,
working with simulation output,
simulating detectors and their readout,
reconstruction algorithms

13



Landlng Page https: //eic.github.io/documentation/landingpage.html

EE ) Software O~ Resources £~ Activities ® ~ Organization 5 ~ Policies £}~ Get Started Ml ~

Landing Page

Get started |ePIC Tutorials

HEP Software
Training Center

ePlC Image
Viewer

Welcome to the ePIC Landing Page!

Our mailing list: ><] eic-projdet-compsw-I@lists.bnl.gov

Subscribe here: https://lists.bnl.gov/mailman/listinfo/eic-projdet-compsw-I 14


https://eic.github.io/documentation/landingpage.html

Independent user onboarding

EE a“N Software (O~ Resources £~ Activities ® ~ Organization L, ~ Policies £~ Get Started L~

Get Started

Welcome to the Get Started section. This page will guide you through the steps to get setup for contributing and working in our
software framework.

1. Join GitHub: https://github.com/eic

o GitHub serves as a central platform for version control, code review, issue tracking, and documentation. We maintain
the EIC organization on GitHub for collaborative development of all software related to the EIC.

o Read Access: Contact <] eic-software-l-request®@lists.bnl.gov from your institutional email address. Include in
your email your GitHub username and confirmation of whether you or your sponsor/advisor is a member of the EICUG
or ePIC.

o Write Access: For access to specific repositories, you can request to join various GitHub teams. For example, join
'EPIC Devs' for software development within the ePIC collaboration.

2. Join Mattermost: https://chat.epic-eic.org/
o We use Mattermost for our main communication channel.
o You can join by emailing any group member to be added.
3. Sign up for our mailing lists:
o Collaboration mailing list (subscribe here): <] eic-projdet-collab-I@lists.bnl.gov

Refer to HSF
training Center for
common tools

o Software mailing list (subscribe here): <] eic-projdet-compsw-I@lists.bnl.gov
4. Join a project! Checkout the ePIC wiki to get involved:
o Physics Working Group
o Detector Subsystems
o Software Working Group
5. Refer back to the landing page to checkout HEP Software and ePIC tutorials

15



Current documentation of tutorials

Software ()~ Resources £}~ Activities ® ~ Organization 3~ Policies £ ~ Get Started M~

Please join the Mattermost Software Tutorials channel for updates/announcements and questions
about tutorials.

Note that the tutorials as presented below are not intended to be followed in a strict sequence. New
users should start with the “Setting up an enviornment” tutorial. Beyond this, we encourage users to
pick and choose the tutorials on topics they want to explore.
Current tutorials are summarised in the table below -

Tutorial Difficulty Tags Description Resources

Setting up an environment Beginner [Setup] [Environment] Get started with the ePIC software Video 1 - Video 2
environment

Analysis and simulation Beginner/Advanced [Analysis] [Data] Learn how to analyze simulation data  Video Video2

output

Simulating detectors Expert [Simulation] [Detector] Development of detector geometry Video
[DD4hep] using DD4hep

Modifying geometry and Advanced [Geometry] [Digitization] Learn to customize detector -

digitization configurations

Understanding simulation Advanced [Simulation] [Data] Deep dive into simulation data Video

output structure

Getting started with physics  Advanced [Physics] [Analysis] Physics analysis introduction Video

analysis

Inclusive kinematics Advanced [Reconstruction] [Kinematics] Learn kinematics reconstruction Video

reconstruction techniques

Reconstruction algorithms Expert [Algorithms] [Reconstruction] Study different reconstruction Video 1 -+ Video 2 16

approaches



Tutorials use standard format

l Search...

—

10} Home Code of Conduct Setup Episodes ~ Extras ~ License Improve this page

EIC Tutorial: Geometry Development with DD4hep
% Prerequisites

This tutorial forms part of the EIC tutorial series:

e Setting Up Your Environment

e Geometry Development with DD4hep
e Simulations Using DDsim and Geant4
¢ Reconstruction Algorithms in JANA2
¢ Analysis of Reconstructed Data

Schedule

Setup Download files required for the lesson
00:00 1. Geometry Definition How do we define geometry using DD4hep?
00:25 2. Viewing the geometry How can we view the geometry?
00:45 3. Modifying geometry How do we modify or add geometry defined in DD4hep?
01:45 Finish

The actual schedule may vary slightly depending on the topics and exercises chosen by the instructor.

Licensed under CC-BY 4.0 2018-2025 by The Carpentries Edit on GitHub / Contributing / Source / Cite / Contact
Licensed under CC-BY 4.0 2016-2018 by Software Carpentry Foundation

Using The Carpentries style version 9.5.3.



User support

[ N J ePIC

Helpdesk channel

ePIC v A Y¢ Helpdesk~ 2270 3 [ Allquestions welcome, no judgement. ® prOVIdeS CI‘UCIal near/real-
= Q Find channel EICrech;n/src/detectors/FECALl—TCl)MCU),FECALSCFI,FECALCOMMON)? Or is there a safe way to check which tlme Supp()rt tO users

geometry model was used in dd4hep within ElCrecon/src/detectors/FECAL.cc code and switch digi configs?

(‘) Mattermost FReeebiTion & Q search

Software Tutorials

[l Threads 7 Edited
Vi
v CHANNELS .
ar .
& 6replies Follow
@ CERN Apr'24 Tutorials >
® CERN Meeing 202 Software Tutorials
@ Collab Mtg Jan'24
. h 1 fi lal

@® Collab MtgJan'24 Tutorials Hi Experts, | have been trying to access the sample below since three days. Previously, | was able to access (a cnanne or tUtO rla
@ compsw few weeks ago), but now it's giving a server error. Can you please tell me why there is an error now?

[dtn-eic.jlab.org:1094] / > Is /work/eic2/EPIC/RECO/24.12.0/epic_craterlake/SIDIS/DO_ABCONV/pythia8.306- announcements an d
@ firehose 1.1/10x100/g2_100/hiDiv

[ERROR] Server responded with an error: [3011] Unable to locate 3 f 3
© Helpdesk /work/eic2/EPIC/RECO/24.12.0/epic_craterlake/SIDIS/DO_ABCONV/pythia8.306-1.1/10x100/q2_100/hiDiv; no ln Orm atlon
@ Off-Topic such file or directory
B} SC Conveners [dtn-eic.jlab.org:1094] / >

a @& 34replies Follow
®
®

firehose for simulation
Town Square . .
Add channels prOdUCtlon ﬁleS and
| information

+]

18



Goal: discoverable software

Structure focus groups to better understand how users interact with the software.
- Evaluate students and postdocs, all users
- Evaluate what software is used, barriers to work
- Understand research goals

Implement “message of the day” in eic-shell to share news and updates about the
software

Creative idea: Table-top role-playing trainer to teach about the software

19



Summary

* The ePIC software stack is a modern and modular toolkit built from NP/HEP community tools and
components from HPC and Data Science; ePIC is an active member of the software & computing
community in NHEP

* User Learning is critical for onboarding new collaboration members, training them to successfully use
software and simulations, and supporting their transition from users to developers.

* High level milestones ensures that the agile development process is continuously confronted with real
world exercising of the software and the developing realization of the computing model:
* Priority always given to meeting near-term needs. ePIC leverages monthly production campaigns,
benchmarks, and timeline-based prioritization to ensure timely completion of the simulation
studies for the Technical Design Report.

* Longer range timeline progressively exercising the streaming computing model to deliver for the
needs of the Critical Decision process, for specific applications, e.g. test beams, for scaling and
capability challenges, and ultimately for the phases of data taking.

Many thanks to the ePIC Collaboration, my User Learning co-convener Stephen Kay, our Software & Computing

Coordinator Markus Diefenthaler, and our software deputies Wouter Deconinck, Dmitry Kalinkin, and Torre Wenaus

20
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