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The proton gets even more complicated
• As you ramp up the energy, the proton becomes awash with more partons!

Three “valence” quarks 
inside proton.

Sea quark pairs and newly-
produced gluons.

Higher energy! (more 
powerful microscope)
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3 Valence 
Quarks

Sea Quarks and 
Gluons

Increase 
Energy

The Proton Mass
• The proton mass composition is also rather complicated to pin-down!

• Mass does not arise as 
simple sum of quark masses!

• Mass is driven by a 
complicated sum of various 
QCD interactions!!
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Mass is driven by a 
complicated sum of 
various QCD 
interactions! 

The Structure of the Proton

Fourth EIC-Asia Meeting

Only 20-30% of the proton spin comes 
from the valence quarks!
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Fraction of Proton Momentum Carried by Parton

Where does this 
saturate?

What do these 
distributions look like 
for protons in a 
nucleus? 
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Longitudinal Momentum Structure
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3D imaging in space and momentum 

longitudinal structure (PDF)
+ transverse  position Information (GPDs)
+ transverse momentum information (TMDs)

A. BACCHETTA, M. CONTALBRIGO: THE PROTON IN 3D

Fig. 6  The transverse-momentum distribution may be different for quarks of 
different flavors. There are some indications that the up-quarks are closer to 
the center than the down-quarks. The above pictures are compatible with 
existing data.

VOL28 / NO1-2 / ANNO2012 > 23

Fig. 7  Polarization-averaged distributions, as in figs. 4 and 5, are cylindrically 
symmetric. But when the spin of the nucleon is taken into account (indicated 
by the white arrow in the plots), the distribution can be distorted. These 
images are elaborated starting from real data and show that the distortion for 
up- and down-quarks is opposite (see, e.g., [19, 20]). Large uncertainties are 
still affecting these pictures.

3D DISTRIBUTIONS EXTRACTED FROM DATA

�30

Figure 8. The down quark TMD PDF in b-space(left) and kT -space(right) presented at different values of

x. The color shows the size of the uncertainty relative the value of distribution.

6 Conclusions

We have extracted the unpolarized transverse momentum dependent parton distribution function
(TMDPDF) and rapidity anomalous dimension (also known as Collins-Soper kernel) from Drell-Yan
data. The analysis has been performed in the ⇣-prescription with NNLO perturbative inputs. We
have also provided an estimation of the errors on the extracted functions with the replica method.
The values of TMDPDF and rapidity anomalous dimension, together with the code that evaluates
the cross-section, are available at [45], as a part of the artemide package. We plan to release grids
for TMDPDFs extracted in this work also through the TMDlib [69].

Theoretical predictions are based on the newly developed concepts of ⇣-prescription and op-
timal TMD proposed in ref. [27]. This combination provides a clear separation between the non-
perturbative effects in the evolution factor and the intrinsic transverse momentum dependence.
Additionally, the ⇣-prescription permits the usage of different perturbative orders in the collinear
matching and TMD evolution. For that reasons, the precise values of the rapidity anomalous di-
mension (±1%(4%, 6%) accuracy at b = 1(3, 5) GeV�1) are relevant for any observable that obeys
TMD evolution.

In our analysis, we have included a large set of data points, which spans a wide range of
energies (4 < Q < 150 GeV) and x (x > 10�4), see fig. 1. The data set can be roughly split into
the low-energy data, which includes experiments E288, E605, E772 and PHENIX at RHIC, and
the high-energy data from Tevatron (CDF and D0) and LHC (ATLAS, CMS, LHCb) in similar
proportion. To exclude the influence of power corrections to TMD factorization we consider only
the low-qT part of the data set, as described in sec. 3. A good portion of data is included in the fit
of TMD distributions for the first time, that is the data from E772, PHENIX, some parts of ATLAS
and D0 data. For the first time, the data from LHC have been included without restrictions (the
only previous attempt to include LHC data in a TMDPDF fit is [13], where systematic uncertainties
and normalization has been treated in a simplified manner). We have shown that the inclusion of
LHC data greatly restricts the non-perturbative models at smaller b (b . 2 GeV�1) and smaller x

(x . 0.05), and therefore they are highly relevant for studies of the intrinsic structure of hadrons.
A detailed comparison of fits with and without LHC data has been discussed in sec. 5.

The extracted TMDPDF shows a non-trivial x-dependence that is not dictated only by the
collinear asymptotic limit of PDFs. In particular, we find that the unpolarized TMDPDF is bigger
(in impact parameter space) at larger x, see fig. 7. This indirectly implies a smaller value of the
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Bertone, Scimemi, Vladimirov, 
arXiv:1902.08474

Bacchetta, Delcarro, Pisano, Radici,  
Signori, arXiv:1703.10157

Unpolarized nucleon

Transversely polarized nucleonRHIC is the only polarized hadron collider in the 
world à EIC polarization capabilities

3D Imaging in Space and Momentum



Neutral Current DIS

● Detection of 
scattered electron 
with high precision - 
event kinematics

Charged Current DIS

● Event kinematics 
from the final state 
particles (Jacquet-
Blondel method)

Semi-Inclusive DIS

● Precise detection of 
scattered electron in 
coincidence with at 
least 1 hadron 

Deep Exclusive Processes

● Detection of all 
particles in event

DIS event kinematics - scattered electron or final state particles (CC DIS, low y)

Parton 
Distributions in 
nucleons and 

nuclei

Spin and 
Flavor structure of 

nucleons and 
nuclei

QCD at Extreme 
Parton Densities - 

Saturation  

Tomography
Spatial Imaging

Tomography 
Transverse 

Momentum Dist.

Experimental Processes to Access EIC Physics
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● How do the nucleon properties like mass and spin emerge from quarks and their 
interactions?

● How are the sea quarks and gluons distributed in space and momentum inside 
the nucleon? How is spin dynamically generated?

s
● What is the mechanism through which quark-gluon interactions give rise to 

nuclear binding?

● Is there a saturation point for the density of gluons in nuclei at high energies, and 
does this lead to the formation of gluonic matter with universal properties across 
all nuclei, including the proton?

● In what manner do color-charged quarks and gluons, along with 
colorless jets, interact with the nuclear medium? And how do the 
confined hadronic states emerge from these quarks and gluons?

● What impact does a high-density nuclear environment have on the 
interactions, correlations, and behaviors of quarks and gluons?

The Collaboration Pursues the Science

6/30/2024 Fourth EIC-Asia Meeting



The ePIC Collaboration
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Warsaw, July 2023What is 

6/30/2024

JLab, Jan. 2023

ANL, 
Jan. 2024

ePIC is a community of 
scientists dedicated to 
realizing the EIC science 
mission. 

The ePIC Collaboration is 
as unique as the ePIC 
detector. Fourth EIC-Asia Meeting
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ePIC Initiated in 
July 2022

Currently: 
>850 collaborators 
(from 2024 
Institutional 
Survey) 

>650 members 
active in ePIC 
activities

Fourth EIC-Asia Meeting

• Univ. of Texas at Austin

• Univ. Mohammed V in Rabat 

• Univ. Ibn Tofail in Kénitra 

• Univ. Mohammed 
   Premier in Oujda 

• Univ. Mohammed VI 
   in Bengurir

New Institutions Joining ePIC in 2024:

• Kent State Univ.
• Laboratoire 

Leprince-Ringuet (LLR)
• American University 

in Cairo
• Central University 

of Haryana
• Indian Institute of 

Technology Mandi



ePIC Collaboration Structure 
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Collaboration Council
Institutional Representatives

Ad-Hoc CommitteesStanding Committees
DE&I

Conferences and Talks
Membership

Elections
Publications

Spokesperson’s 
Office

Spokesperson (SP)
Deputies Executive Board

Technical Coordinator 
(TC)

Software and Computing 
Coordinator (SCC)

Analysis Coordinator 
(AC)

EIC Project

Technical Coordinator (Acting)
• Silvia Dalla Torre (INFN)
Deputy TC’s:
Prakhar Garg (Yale)
Oskar Hartbrich (ORNL)
Matt Posik (Temple)

SCC Coordinator
• Markus Diefenthaler (JLab)
Dmitry Kalinkin 
(Kentucky, Deputy SCC for Development)
Torre Wenaus 
(BNL, Deputy SCC for Infrastructure)
Wouter Deconinck 
(U. Manitoba, Deputy SCC for Operations)

Analysis Co-Coordinators
• Rosi Reed (Lehigh Univ.)
• Salvatore Fazio (Univ. Calabria)



New Cross-Cutting 
WG Co-Conveners

Red: International 
Blue: New since last DAC

ePIC Working Group Structure
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Red: International 
Blue: New since last DAC

ePIC DSC Structure

Fourth EIC-Asia Meeting



Collaboration Council
Institutional Representatives

Ad-Hoc CommitteesStanding Committees
DE&I

Conferences and Talks
Membership

Elections
Publications

DE&I Committee: 
Chair: Megan Connors (GSU)
Vice-Chair: Christine Nattrass (UTK)
Francesco Bossù (CEA-Saclay), Wouter Deconinck 
(University of Manitoba), Narbe Kalantarians (Virginia 
Union University) , Iris Ponce Pinto (Yale University) , 
Maya Shimomura (Nara Women’s University) , Allison Zec 
(University of New Hampshire)

ePIC Committees 
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Conferences and Talks: 
Chair: Maria Zurek (ANL)
Vice-Chair: Brian Page (BNL)
Barbara Jacak (Berkeley), Daniel Brandenburg (OSU), Dmitry 
Kalinkin (Kentucky), Nick Zachariou (York), Xuan Li (LANL), 
Nicola Rubini (Bologna), Wouter Deconinck (Manitoba)

All ePIC Standing Committees now formed 
and at work. 

Membership Committee: 
Chair: Peter Steinberg (BNL)
Vice-Chair: Pietro Anontioli (INFN-Bologna)
Friederike Bock (ORNL), Helen Caines (Yale), Doug 
Higinbotham (JLab), Bedhangas Moharty (NISER), Silvia 
Niccolai (IJCLAB), Marzia Rosati (ISU)Elections Committee: 

Chair: Helen Caines (Yale)
Vice-Chair: Ken Barish (UCR)
Past-Chair: John Arrington (LBNL)
Maria Stefaniak (OSU), Domenico Elia (INFN)

Publications Committee: 
Chair: Rene Bellwied (U. Houston)
Vice –Chair: Annalisa Mastroserio (INFN Bari)
Lokesh Kumar (Panjab U.), Michela Chiosso (Torino), 
Prithwish Tribedy (BNL), Markus Diefenthaler (JLab), Sevil 
Salur (Rutgers),
ex-officio w. Conferences and Talks Committee: 
Daniel Brandenburg (OSU)



Regular Cadence of the Collaboration
• New CC WG co-convenors submitted for Collaboration Council for  

endorsement
• New DSC Leaders and Technical Coordinators
• Collaboration Council Vice-Chair Election: 
• Thomas Ullrich (BNL) elected new CC Vice Chair

• Physics Working Group Convener Rotations
• PWG Co-conveners serve staggered two-year terms
• SP Office will submit new PWG conveners for CC endorsement at July 

collaboration meeting 

•  Spokesperson election in February 2025

6/30/2024 Fourth EIC-Asia Meeting



CERN Recognized Experiment
• ePIC Application for CERN Recognized 

Experiment:
• ePIC leadership has submitted an application 

to become a CERN Recognized Experiment 
• Strong synergies between CERN and EIC 
• Important for access to CERN resources (test 

beams, …)
• Increase visibility in the European community

• ePIC presentation to CERN Recognized 
Experiments Committee (REC) Feb 8th 
• Research Board confirmed the positive REC 

recommendation at CERN Council Meeting 
March 21-22nd 
• Working with Helge Meinhard on next 

steps

6/30/2024 Fourth EIC-Asia Meeting



• In 2024 the ePIC collaboration will produce: 
• A draft of the ePIC contributions to the EIC TDR 

• The EIC TDR is the top priority
• Chapters on Physics Goals and Requirements and Experimental Systems
• Not just the document, but the simulations and detector R&D that form the basis
• Requires close cooperation between the collaboration and the project! 

• An ePIC Detector Design paper:
• Derived and expanded from the Experimental Systems TDR chapter

• An ePIC Physics Performance paper: 
• Derived and expanded from the Physics Goals and Requirements TDR chapter

• Both to be published in a scientific journal  (such as NIMA, JINST, or PRC)
• These publications will serve as a focus in developing the ePIC Membership and Publication policies. 

TDR Strategy and Publications

6/30/2024

process 
design 
phase

structuring the 
effort

writing
(TDR/notes)

draft ePIC 
pre-TDR

Preparing 
papers for
publicationMid Jan.24

Late 2024End Oct. 24Mid Mar.24

Focused activity in the 
Technical and 
Integration Council

Early 2025

ePIC pre-
TDR (CD-2)

Fourth EIC-Asia Meeting



Analysis Coordination in ePIC
• Analysis Coordination is responsible for the simulations that 

demonstrate the ability of ePIC to do EIC science
• A critical part of the TDR development process
• Organizing physics “benchmark” plots for the TDR
• Sets priorities for reconstruction development in conjunction with Software 

and Computing

6/30/2024 Fourth EIC-Asia Meeting

DRAFT pre-TDR Plots In Development



The ePIC Detector
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ePIC Detector Design

Tracking:
• New 1.7T (2.0T) solenoid
• Si MAPS Tracker
• MPGDs (µRWELL/µMegas)

PID:
• high-performance DIRC
• proximity-focused RICH
• dual-radiator RICH
• AC-LGAD (~30ps TOF)

Calorimetry:
• Imaging Barrel EMCal
• PbWO4 EMCal (backwards)
• Finely segmented EMCal +HCal

in forward direction
• Outer HCal (sPHENIX re-use)
• Backwards HCal (tail-catcher)

6/30/2024 Fourth EIC-Asia Meeting

hadrons electrons

h=0 5.0m4.5m

6.52m

“Backward” “Forward”



Far-Forward and Far-Backward Detectors

Far-Backward 
Detectors
• Luminosity 

monitor
• Low-Q2 Tagging 

Detectors

Roman Pots

Off-Momentum Detectors

B0 Silicon Tracker and Preshower

Zero-Degree Calorimeter

B0pf combined function magnet

Focusing Quadrupoles

Far-Forward Detectors
• B0 Tracking and Photon 

Detection
• Roman Pots and Off-

Momentum Detectors
• Zero-Degree Calorimeter

PbW04 
EMCAL

8.5m

Si Tracking

6/30/2024 Fourth EIC-Asia Meeting



ePIC Tracking Detectors
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world’s first
at       

MAPS Barrel + Disks
MPGD Barrels + Disks
AC-LGAD based ToF

• MAPS Tracker: 
• Small pixels (20 µm), low power 

consumption (<20 mW/cm2) and 
material budget (0.05% to 0.55% X/X0) 
per layer

• Based on ALICE ITS3 development
• Vertex layers optimized for beam pipe 

bakeout and ITS-3 sensor size
• Barrel layers based on EIC LAS 

development
• Forward and backwards disks

• MPGD Layers:
• Provide timing and pattern recognition 

redundancy
• Cylindrical µMEGAs 
• Planar µRWell’s before hpDIRC

• Impact point and direction for 
ring seeding 

•   AC-LGAD TOF and AstroPix (BECAL)
• Additional space point for pattern 

recognition / redundancy 

world’s first
at       



Particle ID

Proximity Focused 
(pfRICH)

● Long proximity gap (~40 cm)
● Sensor: HRPPDs
● up to 9 GeV/c 3s π/K sep.

High-Performance DIRC
● Quartz bar radiator (BaBAR bars) 
● light detection with MCP-PMTs
● Fully focused
● π/K 3s separation at 6 GeV/c

Dual-Radiator RICH(dRICH)

AC-LGAD
TOF (~30ps)

● Accurate space point for tracking
● forward disk and central barrel

● C2F6 Gas Volume and Aerogel
● Sensors tiled on spheres (SiPMs)
● π/K 3s sep. at 50 GeV/c

6/30/2024 Fourth EIC-Asia Meeting

world’s first
at       world’s first

at       

world’s first
at       

hadrons electrons



Calorimetry

Backwards EMCal
PbW04 crystals, SiPM 

photosensor

High granularity 
W/SciFi EMCal 

Longitudinally separated 
HCAL with high-h insert

Barrel HCAL 
(sPHENIX re-use)

Backwards HCal
Steel/Sc Sandwich

tail catcher

6/30/2024 Fourth EIC-Asia Meeting

world’s first
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world’s first
at       

hadrons electrons



• The ePIC/EIC Science program will offer fundamental, new insights into 
QCD and the dynamical generation of hadron structure

• The ePIC Collaboration is strong, active and growing!
• New member institutions bring new strengths
• International participation is key to the success of ePIC!

• International collaborators play key roles in collaboration leadership

• The ePIC Detector Design is progressing
• Collaboration DSC’s are leading the detector efforts
• Detector R&D efforts transitioning to PED and integration

Take-Away Messages

6/30/2024 Fourth EIC-Asia Meeting
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Formation of ePIC Policies
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Latest drafts of Membership and Conference 
and Talks Policies presentated to Collaboration 
Council on April 26th.

The Membership Policy defines the process by 
which individuals and institutions establish 
“good standing” – from the current draft: 
• Individual “good standing” requires a one-

time identifiable contribution to ePIC
• Institutional “good standing” requires an 

annual “Statement of Service”
• Threshold for combined service to ePIC

The Conference and Talks Policy defines the 
processes governing the speaker selection, 
quality assurance, approval, and archiving of 
conference abstracts and oral and poster 
presentations delivered at scientific 
conferences, workshops, etc. 

The Membership and Conference and Talks Policies drafts are fairly advanced and 
potentially could be put to the Collaboration Council for approval at the July 2024 
collaboration meeting. The Membership Committee anticipates the first review of 
collaboration institutions “Statements of Service” in 2025. 

A Code of Conduct  and Publications Policy are in development by the DE&I and 
Publications committees. It is hoped that drafts will be available for the 
collaboration by the July 2024 collaboration meeting. 



ePIC Conference Presentations
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A selection of ePIC presentations at conferences in 
the past year: 

Spin 2023:  
two invited talks

Two invited, two contributed 

Forward Physics and 
QCD at the LHC and 

the EIC - 798 WE-
Heraeus Seminar

invited talk

SESAPS 2023:  invited talk 2nd workshop on 
advancing the 

understanding of non-
perturbative QCD using 

energy flow

Three invited talks

AI4EIC: four talks

Six contributed talks

Multiple contributed,
posters

Invited talk

Invited talk

Six contributed talks

Invited talk

EPIPHANY 2024: 
invited talk

Two invited talks

Invited talk

23rd Zimanyi School 
Winter Workshop

invited talk

Two invited talks

Invited talk



Experimental Access to EIC Physics

Access to EIC Physics through
🌕 Large kinematic coverage

🌕 Polarized electron and hadron 
beams and unpolarized 
nuclear beams with high 
luminosities

🌕 Detector setup fulfilling 
specific requirements of the 
polarized e-p/A collider
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ePIC Resources

6/30/2024

• Public Website - https://www.bnl.gov/eic/epic.php
• Mailing Lists – https://lists.bnl.gov/mailman/listinfo
• Indico Agenda - https://indico.bnl.gov/category/402/
• ePIC Software and Computing: https://indico.bnl.gov/category/435/

• Wiki - https://wiki.bnl.gov/EPIC
• ePIC Software Training: 
• Landing Page: https://eic.github.io/documentation/landingpage.html
• Tutorials: https://eic.github.io/documentation/tutorials.html

• Mattermost:   https://chat.epic-eic.org
• ePIC Zenodo Community: https://zenodo.org/communities/epic

Fourth EIC-Asia Meeting
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https://eic.github.io/documentation/landingpage.html
https://eic.github.io/documentation/tutorials.html
https://chat.epic-eic.org/
https://zenodo.org/communities/epic


EICUG Membership
• The EICUG is a vital organization to 

promote the interests of the EIC 
community! 
• Without the EICUG we would never 

have gotten far enough to form ePIC!

• Please register your institution!
• Check with your EICUG IB 

representative to get registered as 
a member

• https://www.eicug.org/content/join.html
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Broadening Engagement in ePIC
• The ePIC collaboration must be a welcoming environment for people to 

pursue their science
• Established procedures to welcome new institutions and integrate them 

into the collaboration 
• Meeting with SP Office and establish contacts within the collaboration

• User Learning WG established landing page as a one-stop location for 
onboarding with ePIC Software and Computing 
(https://eic.github.io/documentation/landingpage.html)
• Well-attended tutorials held at Jan. Collaboration Meeting and April. ePIC 

Software and Computing Meeting @ CERN
• AC’s organized meeting to onboard EIC-India Institutions (Feb.)
• …

6/30/2024 Fourth EIC-Asia Meeting
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● Call for proposals issued jointly by BNL and JLab in March 2021 (Due Dec 2021)
○ ATHENA, CORE and ECCE proposals submitted

● DPAP  review Dec 2021 – Jan 2022, closeout March 2022
○ ECCE proposal chosen as basis for first EIC detector reference design 

● Spring/Summer 2022 – ATHENA and ECCE form joint leadership team
○ Joint WG’s formed and consolidation process undertaken
○ Coordination with EIC project on development of technical design

● Collaboration formation process started July 2022

● Charter ratified & elected ePIC Leadership Team February 2023

● EIC/ePIC endorsed as highest priority for new facility construction in 2023 LRP.

● Working towards TDR and CD-3A (review Nov. 2023) and CD-2/3 (2025)

Detector Design Process Timeline

Detector and machine design 
parameters driven by physics 
objectives
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