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Outline

ü The Electron-Ion Collider (EIC) facility

ü The ePIC Collaboration and the EIC project detector (ePIC)

ü EIC project and schedule

ü IN2P3 physics and detector interests

ü National perspective and summary
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The EIC facility

e: 5 GeV to 18 GeVp: 41 GeV, 100 to 275 GeV

p/A beam e beam

Project Design Goals

ÅHigh Luminosity: L= 1033 ï 1034cm-2sec-1, 10 ï 100 fb-1/year

ÅHighly Polarized Beams:  70%

ÅLarge Center of Mass Energy Range: Ecm = 29 ï 140 GeV

ÅLarge Ion Species Range:  protons ï Uranium

ÅLarge Detector Acceptance and Good Background Conditions

ÅAccommodate a Second Interaction Region (IR)

The EIC project and the ePIC detector
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Luminosity and kinematic coverage

The EIC project and the ePIC detector
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EIC development: some critical steps
ü INT workshop series (2010) and white paper (2012, updated in 2014 for LRP)

ü 2015: US Long-range plan (LRP)

Recommendation 3: construct a high-luminosity polarized electron-ion collider (EIC) as the highest 
priority for new construction following the completion of FRIB

ü 2018: Review of the EIC science case by the National Academy of Sciences

ά¢ƘŜ ŎƻƳƳƛǘǘŜŜ ŦƛƴŘǎ ǘƘŀǘ ǘƘŜ ǎŎƛŜƴŎŜ ǘƘŀǘ Ŏŀƴ ōŜ ŀŘŘǊŜǎǎŜŘ ōȅ ŀƴ 9L/ ƛǎ 
compelling, fundamental and timelyΦέ

ü 2020: DoE announcement of CD-л όάƳƛǎǎƛƻƴ ƴŜŜŘέύ ŀƴŘ ǎƛǘŜ ǎŜƭŜŎǘƛƻƴ ό.ǊƻƻƪƘŀǾŜƴ bŀǘƛƻƴŀƭ [ŀōύ

ü 2020: Yellow report initiative

Goal: advance thestate and detail of the documented physics studies (White Paper, INT program 
proceedings) and detector conceptsin preparation for the realization of the EIC. 

2103.05419 (3/2021), Nucl. Phys. A 1026 (2022) 122447 

Strong involvement of the French community (both theorists and experimentalists)

The EIC project and the ePIC detector

https://arxiv.org/abs/2103.05419
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The EIC Users Group
Formed in 2016, currently:
Å 1546 members ς and growing
Å 40 countries,
Å 298 institutions

International participation growing

Annual EICUG meeting:
 

Å 2016 UC Berkeley, CA
Å 2016 Argonne, IL
Å 2017 Trieste, Italy
Å 2018 CUA, Washington, DC
Å 2019 Paris, France
Å 2020 Miami, FL
Å 2021 VUU, VA & UCR, CA
Å 2022 Stony Brook U, NY
Å 2023 Warsaw, Poland
Å 2024 Lehigh U, PA

The EIC project and the ePIC detector
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Recent activity (2021-2022)

Á EIC Conceptual Design Report (CDR)

Á Call for detector proposals (2021)
Three proposals submitted:

ü ePIC Collaboration formed in 2022

ü Community merged
(primarily from ATHENA and ECCE)

ü Detector concept basedin ECCE with
additions/replacements from ATHENA

ü 2023: NSAC Long-range plan 
Recommendation3:                  

expeditiouscompletionof the EIC

ü 2024: NuPECCLong-range plan
EIC/ePIC recommendedƛƴ ΨLƴŦǊŀǎǘǊǳŎǘǳǊŜǎΩ 
ŀƴŘ ΨIŀŘǊƻƴ PhysicsΩ chapters

2021

The EIC project and the ePIC detector
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The     ePIC Collaboration Warsaw, July 2023

JLab, Jan. 2023

ANL, Jan. 2024
Å More than 850 

collaborators

Å 177 Institutions

Å 26 Countries

EICUG/ePIC Meeting ς Lehigh, July 2024

The EIC project and the ePIC detector
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The EIC project detector: ePIC
hadronic calorimeters

e/m calorimeters          

ToF, DIRC,  

RICH detectors

MAPS tracker

MPG trackers

Solenoidal Magnet

25 subdetectors
incl. polarimeters

Tracking:
Å New 1.7T solenoid
Å Si MAPS Tracker
Å MPGDs (mRWELL/mMegas)

PID:
Å Backward pfRICH
Å Barrel hpDIRC
Å Forward dRICH
Å Barrel & Forward TOF (AC-LGAD)

Calorimetry:
Å Backward HCal (Steel+scint) 
Å PbWO4 EMCal in backward 

direction
Å Sampling & Imaging Barrel 

EMCal
Å Outer HCal (sPHENIX re-use)
Å Finely segmented EMCal 

+HCal in forward direction

Far-Forward Detectors:
Å B0 Tracking and Photon 

Detection
Å Roman Pots and Off-

Momentum Detectors.
Å Zero-Degree Calorimeter

Far-Backward Detectors:
Å Luminosity monitor.
Å Low-Q2 Tagger

The EIC project and the ePIC detector
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ePIC ASICs
Goal: minimize number of ASICs & exploit commonalities among the different detectors

ü EICROC by OMEGA is the only ASIC considered for pixelated AC-LGADs detectors in ePIC

ü HGCROC3/CALOROC by OMEGA is the only ASIC considered for SiPM calorimeters in ePIC

ü There currently 8 calorimeters in ePIC planning/considering to use CALOROC for their readout

ü There are currently 4 pixelated AC-LGAD detectors + 1 HRPPD (pfRICH) are planning to use EICROC for their readout 

The EIC project and the ePIC detector
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EIC schedule

ü Dec 2021 (CD-1): Start of detector design (throughCD-3)

ü Dec 2025: R&D completed (expectedCD-2)

ü 2027: Start of construction(expectedCD-3),    

ü 2034:Start of earlyphysics program (expectedCD-4A)

ü 2036:Project completion(expectedCD4) and start of operations

EIC project timeline

Conclusion of

RHIC Operation

Construction Phase

Science Phase

The thinner bars indicate that R&D and design 

can continue at a small level beyond CD-2 and CD-3

CD-2:

Approve prelim. design for all subdetectors

Design Maturity: >60%

Need ñpre-òTDR (or draft TDR)

Baseline project in scope, cost, schedule

CD-3:

Approve final design for all subdetectors

Design Maturity: ~90%

Need full TDR

CD-3A:

Approve start of long-lead procurements

CD-3A items passed final design review

All interfaces related to them are frozen

Authorization received March 28, 2024.

Updated EIC Critical Decision Plan

CD-0/Site Selection      December 2019 ṉ

CD-1                                     June 2021 ṉ

CD-3A                                 March 2024 ṉ

CD-3B Review January 7-9 2025

CD-2/3C Review End of 2025?

CD-3 Review End of 2026?

early CD-4 December 2034?

CD-4 December 2036?

As presentedby the EIC projecton Oct9, 2024

The EIC project and the ePIC detector

https://indico.in2p3.fr/event/33456/contributions/144315/attachments/87643/132306/EIC_France_2024_100924_v4.pdf
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EIC project cost: budget profile & in-kind contribution

Total cost: $2.8B
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M
$

Fiscal Year

DOE Actual DOE IRA EIC Request New York State

RHIC Ops Concludes

Assumed Peak Annual Funding
$300M per year EIC Ops Operations

Starting w/Electron Injector 

ü EIC detector: $300M ($200M DoE; $100M in-kind)

ü EIC accelerator: $1.3B ($1.25B DoE; $50M in-kind)

ü Other: management ($200M), infrastructure ($250M), pre-ƻǇǎ όϷрлaύΣ ŎƻƴǘƛƴƎŜƴŎȅΧ

The EIC project and the ePIC detector
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EIC Detector Work Organization

Integrationof                Collaboration in EIC Project WBS:

The EIC project and the ePIC detector
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Transverse Momentum 
Dependent Distributions Generalized Parton 

Distributions

Physics interests of IN2P3 groups: 3D imaging

Å DeeplyVirtual Compton Scattering(DVCS)

Å DeeplyVirtual MesonProduction (DVMP)

3D imagingof the nucleonand nuclei
throughGeneralizedParton Distributions (GPDs)

Experimentallyaccessible with exclusive reactions:

The EIC project and the ePIC detector



Diffraction cross-sections have                                                           
s          strong discovery potential:

High sensitivity to gluon density in linear 
ǊŜƎƛƳŜΥ  ˋ~[g(x,Q2)]2 

Dramatic changes in cross-sections with 
onset of non-linear strong color fields

21/10/2024 15

Physics interests : hadronization, saturation

The EIC project and the ePIC detector

Control of n by selectingkinematics;

Alsoundercontrol the nuclearsize.

Coloredquark emergesas colorneutral 
hadron

What is the impact of coloredmedia on 
confinement?

Unprecedented n, the virtual photon 
energy range @ EIC : precision &  control 

Identify light vs. charm hadrons in e-A: 

Understand energy loss of light vs. 
heavy quarks in cold nuclear matter. 

Provides insight into energy loss in the 
Quark-Gluon Plasma

Energy loss by light vs. heavy quarks:

DIS at collider energies enables 
control of parton/event kinematics
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Detector interests of IN2P3 groups

Roman Pots:
ü AC-LGAD sensors
ü Readout ASIC under 

development

EEMCal:
ü PWO crystals
ü SiPM readout

ǇΩ

ŜΩ

g

Roman Pots

EEEMCal

The EIC project and the ePIC detector
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Electron-going endcap ECAL

Electromagnetic (EM) 
calorimetry is key to any 

EIC detector concept

High resolution in the forward region (endcap) 
can only be achieved with homogeneous 

materials, such as crystals and glass

Building on previous experience with EM calorimeters 
(JLab Hall A PbF2, JLab Hall-B PWO IC, JLab Hall-. It{ t²hΣ t!b5! t²hΧύ

In synergy with ongoing IJCLab projects for JLab (NPS lead tungsten calorimeter)

R&D in 2015 with funds from the 
generic R&D program by the US DoE:

- Almost every channel needs to              
measured the scattered electron
- EM e-endcap calorimeter :
               -3.5 < h < -1

International consortium of 14 institutions:

The EIC project and the ePIC detector
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EIC Roman Pots

Illustration of crab crossing at EIC

35 m from the interaction point

Sketch of the present concept

[ŀȅƻǳǘ ƻŦ ǘƘŜ άŦŀǊ-ŦƻǊǿŀǊŘέ 
EIC detectors

ü Key detector for exclusive reactions and diffractive processes

ü DVCS protons will mostly be detected by the Roman Pots

ü Detector requirements:

Å Good timing (~30 ps) to reduce momentum smearing due to crabbing

Å Good position (0.5³0.5 mm2) resolution for a pT resolution <10 MeV/c

Å .Ŝ ǇƻǎƛǘƛƻƴŜŘ ŀǎ ŎƭƻǎŜ ŀǎ ǇƻǎǎƛōƭŜ ǘƻ ǘƘŜ ōŜŀƳ όάŜŘƎŜƭŜǎǎέ ŘŜǘŜŎǘƻǊǎύ

Proposed detector technology:

AC-coupled Low Gain 
Avalanche Diodes (LGADs)

The EIC project and the ePIC detector
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EIC Roman Pots: organizational chart

The EIC project and the ePIC detector
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EIC Roman Pots: human resources

The EIC project and the ePIC detector
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Roman Pots: mechanical contribution
ü Coolingsystem:

ü Module arrangement in Roman Pots station planes:

Coolingconcept for ATLAS-HGTD (LGAD+ALTIROC)

Preliminary design:

- 4 ASICsper sensor

- 128 ASICsper layer (top & bottom)

- 2 layersper station (512 ASICs)

- 2 stations of RP: 1024 ASICs

The EIC project and the ePIC detector
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National perspective

RecentEIC France workshop (Oct9-11, 2024): 
https://indico.in2p3.fr/e/EIC-France-2024

ü Strong experimental interest from IJCLab, LLR and IRFU/CEA

ü Large theory interest from many groups: IN2P3+INP (CNRS) & IPhT (CEA)

ü Featured in several funded projects: STRONG 2020 (EU), Gluodynamics (P2IO)

ü5ƛǎŎǳǎǎŜŘ ǿƛǘƘƛƴ ǘƘŜ Ψ9ȄŜǊŎƛǎŜ ŘŜ ǇǊƻǎǇŜŎǘƛǾŜ nationaleΩ όD¢лоύ

ü EIC contribution submitted:

ü 26 permanent staff 

(9 theory, 13 experiment, 4 IT & Accelerator)

ü 8 different labs  (3 theory, 5 experiment)

ü EIC appears among the recommendations

 of the report

The EIC project and the ePIC detector

https://indico.in2p3.fr/e/EIC-France-2024


21/10/2024 23

Strong synergy with theory activity in France

ü Our physics interests have a large overlap with theory activities at France (IN2P3, INP, CEA)

ü Field of GPDs has had strong contributions by French theorists from the start

ü Theory interests include:

ü Saturation physics

ü GPDs (through DVCS, DVMP and other processes)

ü TMDs (gluon TMDs in particular)

ü Nuclear PDFs

ü Quarkonia

The EIC project and the ePIC detector
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Summary

ü The EIC facility will address fundamental questions on the structure and dynamics of nucleons and nuclei 
in terms of quarks and gluons, using precision measurements including:

ü We propose to continue and significantly increase our involvement and detector contributions towards 
the realization of ePIC:

ü ASIC developments for these detectors will benefit many other subsystems in ePIC and will increase our 
visibility and contribution to the overall detector.

Á Parton distributions in nuclei/QCD at extreme parton densities ς saturation
Á Spin and flavor structure of the nucleon and nuclei
Á Tomography (p/A) Transverse Momentum Distributions and Spatial Imaging

Á Mechanical design and front-end electronics for the backward EM
Á Readout electronics and mechanical integration for the Roman Pots

The EIC project and the ePIC detector
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Back-up

The EIC project and the ePIC detector
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Avis des CS précédents (1/2)

Conseil scientifique IJCLab, Nov. 2020

Á A joint PhD thesis (typically, hardware in EIC and data analysis in JLab) is a good idea today. 
Á The calorimeter project has relatively moderate risk: there is a strong need of a calorimeter in the backward. 

This will thus ensure a visible contribution of the EIC-IJCLab group in one important sub-detector.
Á The Roman pots part is riskier since there is no guarantee that a viable ASIC can be developed for this solution. 

If it works, it will also be a very visible contribution.

Á[Ŝ ƎǊƻǳǇŜ ŘŜ ƭΩLtbh ŀŦŦƛŎƘŜ ŘΩƻǊŜǎ Ŝǘ ŘŞƧŁ ǎƻƴ ƛƴǘŞǊşǘ Ŝǘ ǇŀǊǘƛŎƛǇŜ ŀŎǘƛǾŜƳŜƴǘ ŀǳ ŘŞǾŜƭƻǇǇŜƳŜƴǘ ŘŜ ŎŜ ǇǊƻƧŜǘΦ 
[Ŝ ŎƻƴǎŜƛƭ ƴƻǘŜ ǉǳŜ ƭΩLwC¦ Ŝǎǘ ŀǳƧƻǳǊŘΩƘǳƛ Ǉƭǳǎ ŎƭŀƛǊŜƳŜƴǘ ŜƴƎŀƎŞ Řŀƴǎ ƭΩ9L/ ǉǳŜ ƭΩLbнtоΦ

Á¦ƴ ŜƴƎŀƎŜƳŜƴǘ Řŀƴǎ ƭΩǳƴ ŘŜǎ ŘŜǳȄ ŀǳ ƳƻƛƴǎΣ ƭΩ9L/ Ŝǘκƻǳ C!LwΣ Ŝǎǘ ƛƴŘƛǎǇŜƴǎŀōƭŜ Ł ƭΩŀǾŜƴƛǊ ŘŜ ƭŀ ǇƘȅǎƛǉǳŜ 
hadronique en France, en complément de ce qui se fera auprès du LHC. 

Á Le CS félicite le groupe de s'impliquer dès maintenant dans une activité à long terme sur EIC, projet de 
machine au niveau mondial pour la physique hadronique. 

Á[Ŝ ƎǊƻǳǇŜ ŘŜ ƭΩLtbh ŀ ǘƻǳǎ ƭŜǎ ŀǘƻǳǘǎ ǇƻǳǊ jouer un rôle leader en France.

Conseil scientifique IN2P3, Feb. 2018

Conseil scientifique IPNO, July 2017

The EIC project and the ePIC detector
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Avis des CS précédents (2/2)

Á LeCSsouligneen effet la pertinencede la contribution techniqueproposée,laquelleǎΩƛƴǎŎǊƛǘdansƭΩŜȄǇŜǊǘƛǎŜ
historique du laboratoire sur la calorimétrie,renforce les liens avecOMEGAet valoriseƭΩŜȄǇŞǊƛŜƴŎŜacquise
avecCALICE,CMS-HGCALet HyperKamiokandesur la caractérisationŘΩASICs.

ÁLƭ Ŝǎǘ ŘƻƴŎ ƧǳŘƛŎƛŜǳȄ ǇƻǳǊ ƭŜǎ ŞǉǳƛǇŜǎ ŘŜ ƭΩLW/[ŀō ŘŜ ǎŜ ǇƻǎƛǘƛƻƴƴŜǊ ƳŀƛƴǘŜƴŀƴǘ Ŝǘ ŘΩƻǳǾǊƛǊ ƭŜǎ ŘƛǎŎǳǎǎƛƻƴǎ Ł ǳƴ 
Ǉƭǳǎ Ƙŀǳǘ ƴƛǾŜŀǳ ŜƴǘǊŜ ƭΩLbнtо Ŝǘ ƭŀ 5h9Φ 

Á ƭŜǎ ŘŜǳȄ ŜƴƎŀƎŜƳŜƴǘǎ ǘŜŎƘƴƛǉǳŜǎ ώΧϐ ƴŜ ǎƻƴǘ Ǉŀǎ Ŝƴ ŀŘŞǉǳŀǘƛƻƴ ŀǾŜŎ ƭŜ ǇŜǘƛǘ ƴƻƳōǊŜ ŘŜ ǇƘȅǎƛŎƛŜƴǎ 
ǇŜǊƳŀƴŜƴǘǎ ŘŜ ƭΩƛƴǎǘƛǘǳǘ όнΦп C¢9ύ ŜƴƎŀƎŞǎ ǎǳǊ ƭŜ ǇǊƻƧŜǘ ŀŎǘǳŜƭƭŜƳŜƴǘΦ ώΧϐ Lƭ ŜƴŎƻǳǊŀƎŜ ƭϥŞǉǳƛǇŜ ŎƻƴŎŜǊƴŞŜ Ł 
rechercher d'autres partenaires ou à se recentrer sur un nombre plus réduit de contributions.

Conseil scientifique LLR, Janvier2024

Conseil scientifique IN2P3, Octobre2022

The EIC project and the ePIC detector
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Roman Pots mechanical integration

Roman Pots

Off-Momentum 
Detectors

The EIC project and the ePIC detector
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Schedule ï what do the CD milestones mean?

¶ CD-0 ï Approve mission need: this documents that a scientific goal or a new capability, 

requiring material investment exists.

¶ CD-1 ï Approve Alternative Selection and Cost Range: serves as a determination that 

the selected alternative and approach is optimized to meet the mission need defined at CD-

0. What is perhaps most relevant is that CD-1 allows for release of Project Engineering and 

Design (PED) funds, which means the next phases of design of accelerator and detector 

can begin.

¶ CD-2 ïApprove Performance Baseline: CD-2 is an approval of the preliminary design of 

the project and the baseline scope, cost, and schedule. What is most relevant is that CD-2 

means there is now a definitive plan that the project will be measured against in cost, 

schedule and technical performance. 

¶ CD-3 ïApprove Start of Construction: CD-3 is an approval of the projectôs final design 

and authorizes release of funds for construction. What is most relevant is that projects can 

now proceed with construction related procurements and activities. CD-3 is sometimes split 

in CD-3A in a tailored approach to approve start construction for long-lead procurements.

¶ CD-4 ï Approve Start of Operations or Project Completion: CD-4 provides recognition 

that the projectôs objectives have been met. CD-4 is sometimes split in CD-4A that allows, 

after agreed-upon criteria for technical success have been met, for transition into 

operations, and CD-4B that provides the formal closeout of the project.
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Outlook to CD-2 ï Detector In-Kind Contributions (IKC)

ÅThe IKC target for the EIC detector is about 30% of the total scope approx. $100M.

ÅThe INFN/detector iCRADA is the most advanced.

     PPDs preparations are ongoing.

ÅThe preparation of iCRADAs ï Second Phase ï is starting.

Status: folding in

Å Reuse of components enabled 

by explicit design (e.g., barrel 

HCal, cradle, DIRC bars, é.)

Å In-kind contributions to PED

Å Likely IKC

Å UK detector (UKRI/STFC)

Å Italy/INFN detector

Å Italy/INFN magnet

Å CEA/IN2P3 detector

Å Possible IKC

Å Japan detector

Å Korea detector

Å Canada detector

Å Taiwan detector

Å NSF/MSRI

we would surpass this $100M goal.

This is coded in P6 in anticipation of 

further proposal confirmations and 

the signed formal agreements.


