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What is the Electron-Ion Collider?
● First major collider to be built in 

North America in the 21st century
○ Polarized electrons, 10-20 GeV
○ Polarized light ions (p, d, 3He) and 

unpolarized nuclei → U, 50-250 GeV
○ Center-of-mass energy of 28-140 GeV
○ High luminosity 𝓛 of 1033–1034 cm-2 s-1

○ Second interaction region possible

● International facility with estimated 
cost of about US$2.5B

● Large community of 1300+ users at 
220+ institutions in 30+ countries

● Site: Brookhaven National Lab, NY 2



Electron-Ion Collider: Bridge From Quarks to Nuclei
● While we understand the fundamental building blocks and their interaction, 

observable properties of nuclear matter emerge out of a complex system 
of strongly interacting quarks and gluons that is not as well understood.

Mission of EIC: How do up and down quarks, sea quarks, and gluons create the 
building blocks of the nuclei of atoms, neutrons, and protons?
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● How does the mass of the nucleon arise?
○ While the Higgs mechanism can explain all of the 

mass of the electron, it accounts for only a small 
part of the mass of the proton and neutron

● How does the spin of the nucleon arise?
○ Three spin ½ quarks, bound by gluons, each with 

angular momentum, form a spin ½ proton. 

● What are the emergent properties of 
dense systems of gluons?

○ How does nuclear matter behave at extremely 
high densities found in astrophysical systems?

The EIC Will Answer Three Big Questions

4



Accessing Quarks in Electron-Ion Collisions
Key variables x and Q2 in deep-inelastic scattering (DIS)

● Four-momentum transfer of virtual photon
Q2 = -q2 = -(k - k’)2 (resolution of our probe)

● Fraction of momentum of struck quark x

Asymmetric reaction (unlike e.g. pp at LHC):

● Electrons in “backward” direction
● Hadrons go in every direction
● Need excellent e-/π- separation
● Different regions see different

particle types and fluxes 5



Milestones in the Electron-Ion Collider Development
● 2012: Community White Paper
● 2018: Nat. Acad. of Sci., Eng., and Med.,

An Assessment of U.S.-Based Electron-Ion 
Collider Science.

● 2018: Two pre-conceptual design reports
○ eRHIC at Brookhaven National Lab
○ JLEIC at Jefferson Lab

● 2019: U.S. Dept. of Energy Critical Decision 0 
(CD-0, approval of mission need, project start)

● 2020: Site selection of Brookhaven National Lab
● 2020: Yellow Report to advance the state and 

detail of physics studies and detector concepts
● EIC project as partnership between two labs: 

Brookhaven National Lab and Jefferson Lab 6



Milestones in the Electron-Ion Collider Development
The 2021 EIC Yellow Report describes the physics case, the 
resulting detector requirements, and the evolving detector 
concepts for the experimental program at the EIC. 

The studies leading to the EIC Yellow Report were 
commissioned and organized by the EIC User Group (1257 
scientists from 251 institutions in 33 countries). 

The EIC Yellow Report is aligned with the current project plans 
and was an important input to the DOE CD-1 decision. 

Reference: arXiv:2103.05419

900 pages, 1780 references 7

https://arxiv.org/abs/2103.05419


EIC IRs Design and Detector Development

Long list of detector technologies were evaluated in light of performance 
specifications in the “Detector Requirements/R&D Handbook” and Yellow Report 8

Asymmetric 
kinematics

Detector concepts

Detailed simulations



Milestones in the Electron-Ion Collider Development
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● 2021: Large detector proposal development:
○ ATHENA: 3T solenoid, Si+MM+GEM tracker, imaging barrel EM cal, proximity-focused RICH
○ ECCE: 1.5T BaBar solenoid, Si+muRWell trackers, projective SciGlass EM cal, modular RICH

○ CORE: smaller effort focused on specific exclusive reaction channels at 2nd IR

● 2022: Selection of ECCE proposal as reference for EIC project detector
○ DPAP advisory panel: ECCE design achieves physics goals with lowest risk and cost
○ Successful integration of ATHENA and ECCE communities within two months(!)

● 2023: Detector TDR for EIC Project CD-2/3a review (by January 2024)
○ 2022: technology selection for few areas where multiple options
○ 2023: finalization of design parametrization

ATHENA: A Totally Hermetic 
Electron-Nucleus Apparatus



Milestones in the Electron-Ion Collider Development
● 2016: EIC Software Consortium as part of EIC Generic R&D program

○ Activities included: interoperability and common interfaces between simulation components
○ Produce consensus-based community documents setting out vision for EIC software

● 2019: EIC User Group Software Working Group
○ Community endorsement of software as a valuable endeavor for the EIC user group
○ Focus on preparing the community for detector (proto-)collaborations

■ Coordinate during Yellow Report preparation
■ Coordinate during proposal development process
■ Prevent (attempt to) fragmentation of software efforts, focus on modularity

● 2022: EIC “Detector-1” Computing and Software Working Group
○ Single software stack decision process, together with EICUG SWG
○ Short term goals in organizing collaboration around single software stack: at best half of the 

collaboration will need to learn a lot of new things (at worst the whole collaboration).

Software



User-Centered Design at the EIC
● Annual “State of EIC Software” exercise (2021, 2022)

○ Quantitative survey with question consistency from year to year
○ Qualitative focus groups (~5 users each) to drill into recurring themes

● Development of user personas to highlight diversity of experiences





User-Centered Design:
● State of Software Survey
● Follow-up Focus Groups
● Develop Testing Community

Data and Analysis Preservation:
● User Analysis Code/Software Registry
● Tutorials on Reproducible Analyses

Discoverable Software:
● Single Point of Entry (~ key4hep)
● Feasible Option for >80% of EIC 

Simulations and Analyses

Workflows:
● Template Repositories for Key 

Analyses
● Template Repositories and Validation 

Workflows

User-Centered Design



Preliminary. Pending proofing and publication.



Fun4All

● Data analysis & simulation framework of 
the (s)PHENIX experiments at RHIC, 
adapted for the Electron-Ion Collider and 
the ECCE proposal

● ROOT-based and steered through macros
● Training benefits:

○ ROOT is the same familiar user interface 
that everyone is already proficient in 
(though most users still stuck on ROOT5)

● Disadvantages:
○ Not easy to satisfy Statement of Principles

From Two EIC Software Stacks… 
DD4hep + Gaudi

● Developed for the ATHENA proposal 
based on experience of LHCb and in 
alignment with key4HEP project

● Many different modules interfacing with 
each other

● Training challenges:
○ Multiple different packages with different 

languages and usage patterns
○ Built on new approaches not traditionally 

used in nuclear physics
○ Tendency of nuclear physicists to avoid 

anything not developed in-house

Challenge: how to convince users to abandon what they are familiar with?



… to a Single Software Stack for the EIC
● Advantage of the ability to start from a blank slate, including AI/ML
● Only way to meet the performance requirements for the EIC:

○ Streaming readout, distributed computing
○ Heterogeneous computing and flexibility for future hardware changes

● Deliberative single software selection process ongoing
○ Consider each component separately (geometry encoding, data model, reconstruction 

framework, code repository, data analysis preservation, etc)
○ Develop a community requirements document with stakeholder input
○ Invite open submission of proposals solutions for each component
○ Presentation and discussion of pros and cons, in the context of the statement of principles 
○ Attempt at consensus building among computing/software experts
○ Open for endorsement by community members
○ Current consensus positions reached: GitHub repository hosting, gitlab CI backend, DD4hep 

geometry definition, podio flat data models, EDM4hep as initial data model



Software Training Pyramid

https://iris-hep.org/ssc.html



Tutorials

- Aimed at new users without 
any previous knowledge

- First impressions are 
everything!

- Framed around completion of 
one typical task, no bells and 
whistles

- Ability to focus on overall 
paradigms and philosophies

- Works well synchronously; 
users skim asynchronously

- Examples: quickstarts, hello 
worlds, focus of Carpentries 
and HSF Training curriculum

Reference Documentation

- Aimed at expert users who 
know what they want to do, but 
need the calling syntax or an 
option they don’t know yet

- High completeness but low 
discoverability: hard to find if 
you don’t know what exists

- Asynchronous access only
- Examples: -h, man, 

cppreference.com
- What this is not: running 

doxygen on undocumented 
code and calling it 
documentation

Topical Guides (e.g. how-to)

- Aimed at intermediate users 
asking how to solve a problem.

- Where discoverability of new 
functionality can be provided

- Demonstrate range of 
functionality that is possible

- Should cover the majority of use 
cases and concept areas 
(because this is where users 
discover the full functionality)

- Opportunity for synchronous 
training, but not everyone will 
need to know every topic

- Examples: many readthedocs

Training Material Types

Thanks to IRIS-HEP slack for valuable insights and discussion.



Software Training: Proposal Phase
Synchronous and interactive training opportunities
● Online interactive tutorials (recorded) at start of detector proposal 

development, ~30 users per tutorial per collaboration
● Online interactive sessions at the annual Center for Frontiers in Nuclear 

Science (CFNS) Summer School on the Physics of the Electron-Ion Collider, 
~30 users per year

● Regular office hours (up to 3 times per week): inexpensive way to support and 
train users, get early feedback, and do an hour of work if no one shows



Software Training: Proposal Phase
Asynchronous training opportunities and docs
● Readthedocs (but poorly structured)
● Tutorial landing pages
● Doxygen



Development of EIC Software Training Plan
Topics of ongoing discussions:

● Building opportunities for early career researchers into training plan for them 
to gain exposure as trainers (and reduce the pressures on limited mentors)

● Be conscious about the various types and backgrounds of users, the various 
types of documentation, and ensure the matrix is fully filled out and that 
typical user journeys are mapped out (or we know where the gaps are)

● Ensure all training topics are accessible in asynchronous ways with select 
topics offered on a regular synchronous schedule

● Curation (or CI) to avoid stale documentation



Summary
The EIC Software community has learned various lessons from the initiatives of 
the last years and has started to organize itself around a forward looking vision for 
a software stack for the EIC in the era of streaming readout and AI/ML. We have 
built an active software community and collaboration with various HEP project. We 
are excited to engage further with the HSF and other HEP projects.


