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Who is this 
summary for?

• Those who attended the WS1 don’t 
need this summary

• Those who presented detailed talks 
also  don’t need this summary

This summary is for:
• Those who attended WS2 which ran 

parallel to WS1 (this)
• Those who chose to attend to the 

beaches, boats and para-gliders…
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EIC Physics at-a-Glance
Eur. Phys. J. A 52 (2016) 9, 268 arXiv:1212.1701 (nucl-ex)

How are the sea quarks and gluons, and their spins, distributed in 
space and momentum inside the nucleon?  How do the nucleon 
properties (mass & spin) emerge from their interactions?

How do color-charged quarks and gluons, and colorless jets, interact 
with a nuclear medium? How do the confined hadronic states 
emerge from these quarks and gluons? How do the quark-gluon 
interactions create nuclear binding?QS: Matter of Definition and Frame (II)

7

Infinite Momentum Frame:
• BFKL (linear QCD): splitting functions ⇒ gluon density grows
• BK (non-linear): recombination of gluons ⇒ gluon density tamed

BFKL: BK adds:

αs << 1αs ∼ 1 ΛQCD

know how to 
do physics here?
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• At Qs:   gluon emission balanced by recombination

Unintegrated gluon distribution
depends on kT and x:
the majority of gluons have 
transverse momentum kT ~ QS
(common definition)
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gluon 
emission

gluon 
recombination

?

How does a dense nuclear environment affect the quark- 
and gluon- distributions? What happens to the gluon 
density in nuclei? Does it saturate at high energy, giving rise 
to a gluonic matter with universal properties in all nuclei, 
even the proton? =
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EIC science:
compelling, fundamental

and timely

Physics of EIC
• Emergence of Spin 
• Emergence of Mass  
• Physics of high-density gluon fields

Machine Design Parameters:
• High luminosity: up to 1033-1034 cm-2sec-1 

• a factor ~100-1000 times HERA 
• Broad range in center-of-mass energy: ~20-140 GeV
• Polarized beams e-, p, and light ion beams with flexible spin 

patterns/orientation
• Broad range in hadron species: protons…. Uranium
• Up to two detectors well-integrated detector(s) into the machine lattice 

National Academy of Science, Engineering and Medicine 
Assessment July 2018 
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Day 1: EIC Introduction
• EIC project (Yech), Accelerator (Montag) & Detector design philosophy (Surrow) 
• ePIC: Tracking (Posik), Particle ID (Preghenella), Calorimetry (Hornidge)

Day 2: EIC Detector 1: ePIC detector, measurements & challenges
• Measurements: GPD’s (Niccolai), polarimetry (Gaskell), Luminosity (Piotrzkowsky)
• Measurements: high Q2 (Puckett), TMDs (Surrow) and Meson structure (Briscoe)

Day 3: Second detector?
• Why? (Deshpande) and How? (preliminary ideas and discussion) (Nadel-Turonski)

14 talks in all, one remote (Yech) 
All excellent talks, good discussions

Also, a special thanks to the  Early Career Chairs 
(Saskia Plura, Yasemin Schelhaas and Yannick Wunderlich)



EIC Workshop 1:
Experimental 
Opportunities & 
Challenges 

Day 1: EIC project and 
ePIC detector 

Session 1: Yeck, Montag, Surrow

Session 2: Posik, Preghenella, 
Hornidge
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EIC Advisors
     Research Review Board   

Machine  
     Detector 
     and 
     Project 
     Advisors   

Science 

Technical 
     Support
     Integration   

BNL DIrector   
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Perhaps the most challenging machine ever built.
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Montag
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RHIC ~ 120
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Relevant in the discussion of two 
interaction regions (later)



Examples of ingenuity of accelerator scientists amongst many others
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Hadron Storage Ring



Examples of technical challenges 
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Electrons: has history from BELLE 
Proton/nuclei : new but R&D synergy with LHC
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e-beam handling 



Detector and 
Measurements

• Electron and hadron beam 
polarimetry (Gaskell)

• Measurement of luminosity 
(Piotrzkowsky)

• Detector design philosophy and 
ePIC detector design (Surrow)
• Tracker subsystem (Posik)
• Particle Identification 

(Preghenella)
• Calorimetry (Hornidge)
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Rapid 
Cycling 

Synchrotron Electron 
Storage 

RIng

Various difficulties and challenges discussed see 
the talk for details and their mitigation
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Although we are building up 
substantially over what we 
had in HERA, EIC presents 
new and fundamental 
technical and intellectual 
challenges (opportunities)  
because of its 
• high luminosity
• diverse species of nuclei 

and 
• variable center of mass 

energies.
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Preamble: LEP luminosity analysis 
recently (after 20 yrs) published 
new data, that improved the by a 
factor ~two and even the central 
value changed. Impacting the 
number of light neutrinos from 
hadronic cross section 
measurement at Z peak. Some 
2sigma discrepancies are done. 
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Other complications:
• Bunch by bunch intensity 

(luminosity) variation
• How well can that be 

constrained…. For spin 
measurements?
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Great deal of things to 
be learnt and done… 
investigated and 
”lumino-meter” 
designed and 
implemented reliably 
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DIS kinematics

Advantages off an 
e-A collider over  

A-A  collider

Precision and 
control
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Small

Large

Ra
di
us

Posik

Preghenella

Hornidge
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Complicated Accelerator
Challenging IR design
Detector components 

need to be embedded in 
accelerator lattice
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Innermost detector
Smallest radius

Closes to the beam pipe
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Simulation
Studies
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Challenging but achievable tracking performance. 
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Particle ID techniques and how it works 
and where the limitations come from?



11/04/23 EIC WS1: Experimental Challenges and Opportunities at the EIC 45



11/04/23 EIC WS1: Experimental Challenges and Opportunities at the EIC 46

See RP’s talk for all details of the detailed  of design and 
construction details and challenges, readout / chips plan, 

proto-type , radiation studies, test beam results: All of 
which builds the confidence that the ePIC PID will work! 
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Gave an overview of 
Canadian scientific, 
technical interest in the EIC 
Project as a whole and an 
overview of various group 
activities
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EIC Experimental 
Opportunities and 
Challenges 

Day 3: 2nd Detector and 
prospects

Session: 

Deshpande, 

Nadel-Turonski
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Connect to new fields

v High energy particle physics
v Low energy nuclear physics
v Explore other connections

(see NAS Report)
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Pawel Nadel-Turonski 

Rapid Cycling Synchrotron (RCS)
Hadron Storage Ring (HSR)
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Detector Concepts and new ideas being pursued 
through the EIC Users Group

Note: IR Design, 2nd focus and details shown so far 
are VERY preliminary and needs significant 
technical effort.

2nd IR is outside the purview of the EIC project.
-- A strong science case, complementary and some 
overlapping 
-- complementary design
-- complementary leadership and contributions



Physics 
Measurements:
Niccolai, Puckett, Briscoe and Surrow
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EIC with the 
planned ePIC
Detector

JLAB22

Post EIC Project Era idea (?)
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High energy pion, kaon beam impinging on 
various targets (fixed)

Will require hadron beam extraction from 
the current RHIC ring, and a fixed target 
experimental hall.

A post EIC era idea
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Transversity

First proof of 
principle 

measurement



Outlook
• A high luminosity polarized e-p/e-A collider with 

variable center of mass energy, will be built in 
the next 10 years and will operate for next two 
decades -- addressing some of the most 
profound questions in QCD.

• A large user group and a collaboration is 
gathering around the project to realize it with 
BNL and Jefferson Lab. Supported by the US 
DOE (NP) and with many international partner 
funding agencies.

• Great opportunities for scientist from around the 
world to contribute & lead explored and 
unexplored avenues on the scientific and 
technical front. 
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The Scientific Foundation for an EIC 
was Built Over Two Decades2002

2007
2009

2013

2015 2018

2010
Gluons and the Quark Sea at 
High Energies 2012

“…essential 
accelerator and 
detector R&D 
[for EIC] should 
be given very 
high priority
in the short 
term.”

“We 
recommend the 
allocation of 
resources …to 
lay the 
foundation for a 
polarized 
Electron-Ion 
Collider…”

“..a new 
dedicated 
facility will be 
essential for 
answering 
some of the 
most central 
questions.”

“a high-energy high-
luminosity polarized 
EIC [is] the highest 
priority for new 
facility construction 
following the 
completion of FRIB.”

The science questions 
that an EIC will answer 
are central to 
completing an 
understanding of 
atoms as well as being 
integral to the agenda 
of nuclear physics 
today.”

“The quantitative 
study of matter in this 
new regime [where 
abundant gluons 
dominate] requires a 
new experimental 
facility: an Electron 
Ion Collider..”

Electron-Ion 
Collider..absolutely central 
to the nuclear science 
program of the  next 
decade.

Major Nuclear 
Physics Facilities for 
the Next Decade

NSAC 

March 14, 2013

2021

Science Requirements and Detector Concepts for the 
EIC – Drives the requirements of EIC detectors

arXiv:2103.05419

Build 
expeditiously 

2023
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Timeline:
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Critical
Decisions

DefinitionInitiation Execution Closeout

Operating* 
Funds

Operating 
Funds

Project Engineering and 
Design (PED) Funds

Construction 
& PED
Funds

Conceptual 
Design

Preliminary 
Design

Final 
Design

Construction

CD-1
Approve 

Alternative 
Selection
and Cost 
Range

CD-4
Approve

Start of Operations 
or Project 

Completion

CD-3
Approve 
Start of 

Construction 
or Execution

CD-2
Approve 

Performance 
Baseline (PB)

CD-0
Approve 
Mission 
Need

EICEIC Critical Decision Plan
CD-0/Site Selection      December 2019 ✓
CD-1                                     June 2021 ✓
CD-3A January 2024
CD-2/3 April 2025
CD-4A October 2032
CD-4 October 2034

CD-3A: (review mid-November)
Define Baseline:
technologies, Scope, Cost  & Schedule
Long Lead Procurement (LLP) items
Design Maturity: ~90%
Plan is tracked through EVMS
& Change control process
Start of construction for LLPs

Conclusion of
RHIC Operation

Construction Phase

Science Phase
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Worldwide Interest in EIC
Map of institution’s locations

Formed 2016 –
• 1417 collaborators,
• 37 countries,
• 285 institutions
as of October 02, 2023.
Strong International Participation.

The EIC User Group: 
https://eicug.github.io/ 

Annual EICUG meeting
2016 UC Berkeley, CA
2016 Argonne, IL
2017 Trieste, Italy
2018 CUA, Washington, DC
2019 Paris, France
2020 FIU, Miami, FL
2021 VUU, VA  & UCR, CA
2022 Stony Brook U, NY
2023 Warsaw, Poland
2024 Lehigh U, PA
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Two documents: with overlapping 
arguments
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arXiv: 2303.08228v2 March 24, 20234

Ent and Milner et al for the EICUG SC

Case for two detectors being made from Nuclear and Particle Physics 



EIC Accelerator 
Design

76

Center of Mass Energies: 20GeV - 140GeV

Luminosity: 1033 - 1034 cm-2s-1 / 10-100fb-1 / year

Highly Polarized Beams: 70%

Large Ion Species Range: p to U

Number of Interaction Regions: Up to 2!


