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The EIC will make extremely important contributions to our 
understanding of nucleon structure
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The EIC will make extremely important contributions to our 
understanding of nucleon structure

Main physics topics to be explored at the EIC:
➢Nucleon structure – full three-dimensional 

momentum and spatial structure, as well as spin 
structure
➢Origin of nucleon (hadron) mass – how is the 

nucleon’s mass generated by the underlying 
internal partonic interactions
➢Gluon saturation – at the smallest momentum 

fractions, the parton density can grow so large that 
their interactions enter a non-linear regime
➢Science beyond the 2018 National Academies of 

Science (NAS) report
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The EIC will make extremely important contributions to our 
understanding of nucleon structure

Where to find more information:

➢EIC White Paper

➢2018 NAS Report

➢EIC Yellow Report
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https://arxiv.org/abs/1212.1701
https://nap.nationalacademies.org/catalog/25171/an-assessment-of-us-based-electron-ion-collider-science
https://arxiv.org/abs/2103.05419


Why use electrons – physics depends on the resolution of the 
probe

ν

ν
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Why use electrons – physics depends on the resolution of the 
probe

ν

ν

Deep Inelastic Scattering (DIS): 
Provides information on 

underlying partonic structure of 
the protons and neutrons
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Why use electrons – can determine probe’s resolution (and 
other important quantities) by measuring outgoing electron 
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Deep Inelastic 
Scattering (DIS)

time

Probe 
resolution

Momentum fraction 
of struck parton

Event ‘inelasticity’ –
related to polarization of 

the probe
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Deep Inelastic 
Scattering (DIS)

time

Why use electrons – can determine probe’s resolution (and 
other important quantities) by measuring outgoing electron 



Physics example – Nuclear PDFs and gluon saturation
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Inclusive scattering formalism



Neutral Current (NC) inclusive scattering cross section

For an unpolarized proton (nucleus):
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NC Structure Functions
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NC Structure Functions in the Quark-Parton model
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Different linear 
combinations of 

quark pdfs 

= 0 in quark-parton model



Unpolarized nucleon PDFs
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Unpolarized nuclear PDFs at the EIC
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e-Au NC at 𝑠 = 89 GeV (18x110 GeV)



Gluon saturation at high energies (low x)
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Gluon saturation at high energies (low x)
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Gluon saturation at high energies (low x)
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Detector requirements and associated detector design challenges
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Detector requirements from EIC Yellow report



Detector requirements and associated detector design challenges
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➢ Hermetic coverage for scattered electron – leave 
no gaps in EMcal coverage while also 
incorporating PID readout

➢ Particle momentum resolution in the forward and 
backward direction – design trackers to optimize 
momentum resolution when the particle has a 
large component parallel to the solenoid field

➢ Scattered electron purity in the backwards 
direction and barrel – high-precision EMcals and 
additional detectors for low momentum

➢ Barrel PID for π/K/p separation down to very low 
momenta – DIRC only covers down to ~600 MeV/c

➢ Forward calorimetry and PID – want good jet 
energy resolution; space is constrained for PID 
detector placement

Detector requirements from EIC Yellow report



EIC detector proposals
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ECCE – EIC Comprehensive 
Chromodynamics Experiment

ATHENA – A Totally Hermetic 
Electron-Nucleus Apparatus

CORE – a COmpact
detectoR for the EIC

https://doi.org/10.5281/zenodo.6537588
https://doi.org/10.5281/zenodo.6539707
https://doi.org/10.5281/zenodo.6536630


EIC detector proposals
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ECCE – EIC Comprehensive 
Chromodynamics Experiment

ATHENA – A Totally Hermetic 
Electron-Nucleus Apparatus

CORE – a COmpact
detectoR for the EIC

ECCE is a proposal for the first EIC detector. The 
detector would use the 1.4 T BaBar solenoid as 

well the barrel hadronic calorimetry under 
construction for the sPHENIX experiment. The 

magnet’s bore diameter is 2.84 m.

https://doi.org/10.5281/zenodo.6537588
https://doi.org/10.5281/zenodo.6539707
https://doi.org/10.5281/zenodo.6536630


EIC detector proposals
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ECCE – EIC Comprehensive 
Chromodynamics Experiment

ATHENA – A Totally Hermetic 
Electron-Nucleus Apparatus

CORE – a COmpact
detectoR for the EIC

ATHENA is also a proposal 
for the first EIC detector. The 

detector would use a new 
solenoid magnet which can 
operate at a maximum field 
of 3 T and has an inner bore 

diameter of 3.2 m.

https://doi.org/10.5281/zenodo.6537588
https://doi.org/10.5281/zenodo.6539707
https://doi.org/10.5281/zenodo.6536630


EIC detector proposals
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ECCE – EIC Comprehensive 
Chromodynamics Experiment

ATHENA – A Totally Hermetic 
Electron-Nucleus Apparatus

CORE – a COmpact
detectoR for the EIC

CORE is a proposal for either the 1st or the 2nd

EIC detector. The overall size of this detector 
would be smaller than the other two proposed 
detectors. The final design is still ongoing, with 

much work focused on the design of the 2nd

interaction region. 

https://doi.org/10.5281/zenodo.6537588
https://doi.org/10.5281/zenodo.6539707
https://doi.org/10.5281/zenodo.6536630


Details of ECCE detector
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Details of ECCE detector
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Details of ECCE detector
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Details of ECCE detector
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Details of ATHENA detector
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Details of ATHENA detector
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Details of ATHENA detector
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Details of ATHENA detector
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ECCE and ATHENA comparison – forward calorimetry
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ECCE design

EMcal Hcal

ECCE Pb/Shashlik Fe/W/Scint
(longitudinally 

segmented)

ATHENA W/SciFi (similar 
to sPHENIX)

Fe/Scint (similar to
STAR FCS)

SciFi calorimeter



EIC Detector Proposal Advisory Panel (DPAP) report 

➢The three detector proposals were submitted in December 2021. The 
DPAP report was then issued in March 2022.

➢The main conclusions from the report are as follows:
“The panel finds that ECCE and ATHENA fulfill all requirements for a Detector 1. ECCE has 
several advantages, in particular reduced risk and cost, and qualifies best for Detector 1. 
CORE presented a more conceptual design...The panel unanimously recommends ECCE as 
Detector 1. The proto-collaboration is urged to openly accept additional collaborators and 
quickly consolidate its design so that the Project Detector can advance to CD2/3a in a timely 
way.”

“The panel supports the case for a second EIC detector, however, given the current funding 
and available resources, the committee finds that a decision on Detector 2 should be delayed 
until the resources and schedule for the Project detector (Detector 1) are more fully realized.”
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https://www.bnl.gov/dpapanelmeeting/


Towards the first EIC detector

➢Following the DPAP report, the ECCE and ATHENA ‘collaborations’ have 
merged into a single Detector 1 effort, and joint detector and physics 
working groups have now been formed.

➢“The overall goal of the detector WG’s is to optimize the ECCE reference 
design towards a technical design…”.

➢The physics working groups should “[w]ork with the Detector Working 
Groups to perform constant validation of the performances for physics 
observables.”

➢The upshot of the above is that certain parts of the Detector 1 design –
such as the use of the BaBar solenoid – have been set. Other aspects, such 
as the final detector subsystem decisions are being discussed by the 
working groups.
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Examples – tracking and calorimetry

➢Much discussion on how to optimize tracker 
design. For example, the option below was 
presented at last week’s tracking WG meeting.

7/18/22 UC Consortium Meeting 35

EMcal Hcal

ECCE Pb/Shashlik Fe/W/Scint
(longitudinally 

segmented)

ATHENA W/SciFi (similar 
to sPHENIX)

Fe/Scint (similar to STAR 
FCS)

Detector 1 
(Recommended)

ATHENA ECCE?

➢ Ease of construction
➢ Less space needed for W/SciFi
➢ Better shower containment
➢ Comparable costs

https://indico.bnl.gov/event/16352/contributions/66005/attachments/42151/70571/20220714_MPGD_choices_KG_v2.pdf


How to get involved

➢Sign up for the Detector 1 mailing lists and attend some of the WG 
meetings.

➢Software information:
➢Try to run some of the EIC event generators. See this tutorial.

➢For the detector geometry, the decision seems to be to move towards using 
DD4HEP. See this repository for ATHENA based examples.

➢Not sure what the plan is for the reconstruction software (eJana?).
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https://lists.bnl.gov/mailman/listinfo
https://indico.bnl.gov/category/402/
https://github.com/cipriangal/eicGenTutorials
https://github.com/AIDASoft/DD4hep
https://github.com/bschmookler/athena_ana


Summary

➢The EIC will make very important contributions to nuclear physics. 
The presentations today and tomorrow will cover a wide variety of 
topics.

➢In order to make the best possible measurements at the EIC, a given 
detector needs to fulfill many requirements, which together present 
significant technical challenges.

➢Following the DPAP process, a new Detector 1 ‘collaboration’ has 
formed and is working towards designing a comprehensive, general-
purpose EIC detector.
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