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ePIC- a Collaboration driven by the science!

The EIC will unravel the 
different contribution 

from the quarks, gluons 
and orbital angular 

momentum

SPIN is one of the 
fundamental properties 

of matter.
All elementary particles, 
but the Higgs carry spin.

Spin cannot be 
explained by a static 
picture of the proton

It is the interplay 
between the intrinsic 

properties and 
interactions of quarks 

and gluons

How can we 
understand their 

dynamical origin in 
QCD?

What is the relation to 
Confinement

How are the quarks 
and gluon distributed in 
space and momentum 
inside the nucleon & 

nuclei? 
How do the nucleon 
properties emerge 

from them and  their 
interactions?

Does the mass of visible 
matter emerge from 

quark-gluon interactions?

Atom: Binding/Mass = 
 0.00000001

Nucleus: Binding/Mass =
 0.01

Proton: Binding/Mass =
 100

For the proton the EIC will 
determine an important 
term contributing to the 

proton mass, the so-
called “QCD trace 

anomaly

How do the confined 
hadronic states 

emerge from quarks 
and gluons? 

Is the structure of a 
free and bound 

nucleon the same?
How do quarks and 
gluons, interact with 
a nuclear medium?
How do the quark-
gluon interactions 

create nuclear 
binding?

What happens to the 
gluon density in nuclei? 
Does it saturate at high 

energy?

How many gluons can 
fit in a proton?

How does a dense 
nuclear environment 
affect the quarks and 

gluons, their 
correlations, and their 

interactions?

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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What process must be measured?

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 

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.

QCD at Extreme 
Parton Densities - 

Saturation  

∫ ℒdt: ~1	fb!" ~10	fb!" ~100	fb!"
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SINCLUSIVE PHYSICS
Tyler Kutz (MIT)

Stephen Maple (Birmingham)

SSEMI-INCLUSIVE PHYSICS
Stefan Diehl (UConn)

Ralf Seidl (RIKEN)

SEXCLUSIVE, DIFFRACTION AND TAGGING
Raphael Dupre (Orsay)
Zhoudunming Tu (BNL)

SJETS AND HEAVY FLAVOR
Olga Evdokimov (UIC)
Rongrong Ma (BNL)

SBSM AND PRECISION EW
Ciprian Gal (JLab)

Juliette Memmei (Manitoba)

§ Each PWG convener is for a two-years term staggered 
§ Conveners in blue are ending their term in July 2025
§ PWGs typically meet by-weekly

Mailing list: eic-projdet-Inclusive-l@lists.bnl.gov 
Indico: https://indico.bnl.gov/category/417/

Mailing list: eic-projdet-semiincl-l@lists.bnl.gov
Indico: https://indico.bnl.gov/category/418/

Mailing list: eic-projdet-jethf-l@lists.bnl.gov
Indico: https://indico.bnl.gov/category/420/

Mailing list: eic-projdet-excldiff-l@lists.bnl.gov 
Indico: https://indico.bnl.gov/category/419/

Mailing list: eic-projdet-semiincl-l@lists.bnl.gov
Indico: https://indico.bnl.gov/category/421/

PHYSICS ANALYSIS COORDINATORS
Salvatore Fazio (Cosenza) - Rachel Montgomery (Glasgow)

Rosi Reed (Lehigh) - deputy

Structure of the             Physics Working Groups
IN

FN
 people’s involvem

ent
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528 June 2024

pre–TDR (60% design completion) ⟹ December 2025

TDR (90% design completion) ⟹ ~ late 2026

§ (pre)TDR are a deliverable of the EIC Project (project manager acts as editor)

§ describe the accelerator + ePIC experiment

§ Chapter 8: (hundreds pages) focus on the ePIC Detector Description, basic 
performance, Software, and data preservation

§ Chapter 2: (~60 pager) focus on holistic detector performance, physics performance 
and science reach

• Holistic detector performance → Technical Coordinator office acts as editor

• Physics and science reach → Analysis Coordinators act as editors

• We envision the publication of a spin—off physics performance paper(s)

Technical Design Report
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EIC Early Science Report
o Previous workshops:

• Sep. 13, 2024: https://indico.bnl.gov/event/24432/

• Jan. 2025, plenary at Coll. Meeting: https://agenda.infn.it/event/43344/timetable/#20250122.detailed 

• Apr. 2025, CFNS @ Stony Brook: https://indico.cfnssbu.physics.sunysb.edu/event/410/overview

o Goal of this exercise: 
• Highlight meaningful and impactful science within early years of running without 

undermining the importance of achieving full EIC capabilities
• Meaningful: The EIC early science program must engage the collaboration; it must get 

the collaboration excited about working hard for the future. It must have a balance of 
breadth and depth

• Impactful: The EIC early science program must take the first steps down the path to 
realizing the EIC science goals

o Deliverable: 
• Report to be published by the ePIC Collaboration (~mid 2026)

https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://agenda.infn.it/event/43344/timetable/
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview
https://indico.cfnssbu.physics.sunysb.edu/event/410/overview


7

o What machine capabilities can we expect for Early Science?
• See Sergei Nagaitzev’s talk in the first Early Science Workshop: https://indico.bnl.gov/event/24432/

o Matrix based on latest news by the Project:
• See Elke Aschenauer’s talk at the Collab. Meeting in Frascati: https://agenda.infn.it/event/43344/contributions/250126/

NB: ePIC installation plan calls for the full ePIC to be installed year-1 (exception for roman pots and OMD)

EIC Early Science Matrix

https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://indico.bnl.gov/event/24432/
https://agenda.infn.it/event/43344/contributions/250126/
https://agenda.infn.it/event/43344/contributions/250126/
https://agenda.infn.it/event/43344/contributions/250126/
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o The Science document submitted to the 
European Strategy for Particle Physics 
panel

• arXiv:2504.01236

• ZENODO: https://zenodo.org/records/15102075

• Jointly submitted by EICUG and ePIC

• Key Italian contribution!

ePIC science document for the inputs to the EPPSU 2025

https://arxiv.org/abs/2504.01236
https://arxiv.org/abs/2504.01236
https://arxiv.org/abs/2504.01236
https://arxiv.org/abs/2504.01236
https://arxiv.org/abs/2504.01236
https://arxiv.org/abs/2504.01236
https://zenodo.org/records/15102075
https://zenodo.org/records/15102075
https://zenodo.org/records/15102075
https://zenodo.org/records/15102075
https://zenodo.org/records/15102075
https://zenodo.org/records/15102075


9

Highlights on the performance 
on some physics measurements 

of the           detector 
§ ALL IS A WORK IN PROGRESS!
• Software framework, event reconstruction, tools... are 

being finalized and are evolving as we speak!
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o Reconstruct inclusive kinematics 
using various methods 
➙compare reconstruction 

performance 
• Color of point indicates best 

method for y (inelasticity)
• Size of point indicates y 

resolution 
o ~30% or better y resolution 

across 𝒙 − 𝑸𝟐 plane

ePIC performance: DIS kinematics with ePIC 

Kinematic Resolutions

Key detector performance: 
• Electron ID
• Fine y resolution over large phase space
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ePIC performance: proton momentum via f.f. spectrometers 

𝒕 = − 𝒑" − 𝒑 𝟐, in exclusive and diffractive processes is directedly measured via far 
forward trackers, roman pots (RPs) and B0

Reconstructed 𝒕 not corrected for acceptance
Optimization studies ongoing! Key detector performance: 

• 𝑡- lever arm in FF spectrometers
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ePIC performance: 𝚼 production 

• Ratio yields 1 : 0.45 : 0.33 from 
STARlight paper

• Fitted with the Double-Sided 
Crystal Ball function

• 𝑚!"# = 𝑚!$#
PDGmass!"
PDGmass#"

ϒ(1S), ϒ(2S), ϒ(3S) → 𝑒$𝑒%

o Sensitivity to gluon distributions
o Challenges: tracking resolution
o First studies at low 𝑄%

left -> right: Different rapidity intervals

Key detector performance: 
• Acceptance and low material for 

VM decay leptons
• Resolution of lepton pair inv. mass
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ePIC performance: Open D0 reconstruction with ePIC 
o Direct access to gluons at medium to high x by 

tagging photon-gluon fusion
• projected statistical precision for 𝐷& 𝑅'()
• Invariant mass distributions of π + K pairs vs 

different 𝐷& rapidity intervals
› Assessing tracking performance
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Key detector performance: 
• Vertexing 
• Electron ID
• Fine resolution in y over a 

large phase space

see Shyam Kumar’s talk
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ePIC performance: Double Spin Asymmetries - 𝑨𝟏
𝒑

Q2 > 2 GeV2, W > 4 GeV2 0.05 < y < 0.95

Fully simulated 𝑨𝟏
𝒑 determination

o Contributions to proton’s spin 
o Realistic eID 

• Electron method 
• Acceptance and Bin migrations from 

simulation
o 𝑨𝟏

𝒑	calculated according to parametrization 
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What we want to measure: Ø 6-fold differential cross sections in SIDIS
Ø Azimuthal asymmetries and their modulations 

EIC envisions a rich program to probe spin-orbit effects 
within the proton and during hadronization, and explore 
the 3D spin structure of the proton in momentum space
• Extends the SiDIS kinematic coverage of an order ~2 in 

both 𝑥 and 𝑄%  

EIC Yellow Report: kin. reach for Sivers and Collins

ePIC will access TMDs primarily through SIDIS for single hadrons, as well as other semi-inclusive processes with 
the production of di-hadrons and jets

Scientific goals: TMDs 

Key detector performance: 
• Azimuthal acceptance
• PID
• Acceptance
• Vertexing (heavy flavor)
• Quality of tracking
• HCal (for jets)
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ePIC performance: Unpolarized TMDs
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Expected statistical/total uncertainty of un-polarized TMD PDFs for π+ 
• Inner (outer) circles: statistical(total) uncertainty 
• Colors: beam energy configuration with highest statistics in a bin 

Uncertainties based on the MAP24 global TMD fit
• Lighter shades: based on existing data 
• Darker shades: after including ePIC data

see Marco Radici’s talk
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ePIC performance: Collins Asymmetries

§ Collins asymmetries can be obtained from identified hadrons within jets
§ The Collins FF plotted vs the fractional hadron momentum z and 

transverse momentum relative to the jet momentum and its axis
§ Projections assume a 10 fb-1 luminosity
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o Collins Asymmetry: effect due to convolution 
of quark transversity (ℎ$

%) and Collins FF (𝐻$&/%
( )

• Advantage of jet+hadron Collins over 
single hadron SIDIS: 
• jets provide proxy for fragmenting parton
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ePIC performance: Collins Asymmetries

o Projected statistical precision for 𝜋, 𝐾, 𝑝 
Collins Asymmetry

o Collins Asymmetry: effect due to convolution of quark 
transversity (ℎ$

%) and Collins FF (𝐻$&/%
( )

• Advantage of jet+hadron Collins over single hadron SIDIS: 
jets provide proxy for fragmenting parton
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ePIC performance: DVMP in e-A
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𝑒Au → 𝜙 → 𝐾&𝐾'

o Coherent electroproduction of 𝜙 meson in eA
o Sensitivity to gluon saturation
o Challenges: PID and FF detectors crucial to measure the 

decay kaons, reconstruct 𝑡  and veto the incoherent part
o Figure: challenge of vetoing incoherent still not overcome
o … but ongoing studies are very promising for improving the 

reconstruction of the minima in the coherent xsec.

Key detector performance: 
• Scattered electron
• Particle ID
• veto of incoherent 
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Scientific goals: jets as a versatile probe 

o Jets are extremely powerful probes!
• Dynamically generated, sensitive to !"#$  scales
• Good proxy for parton kinematics
• Like SIDIS (multiple particles in FS), but also 

encode correlations between particles
! Via both jet clustering & substructure

o Can provide input on all areas of EIC physics program
‒ (n)PDFs,

› e.g. PRD 102, 074015 (2020)
‒ Spin/flavor structure of nuclei,

› e.g. PRD 103, 074023 (2021)
‒ Saturation/extreme parton density, 

› e.g. PRL 116, 202301 (2016)
‒ TMDs/GPDs,

› e.g. PRL 116, 202301 (2016)
‒ Cold nuclear matter effects,

› e.g. arXiv:2308.08143

PRD 103, 074023 (2021)

PRL 116, 202301 (2016)PRD 102, 074015 (2020)

arXiv:2308.08143

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.074015
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.074023
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.202301
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.202301
https://arxiv.org/abs/2303.08143
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.074023
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.202301
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.074015
https://arxiv.org/abs/2303.08143
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ePIC performance: jets Energy Scale/Resolution

o Above: JES (left) & JER (right) for charged jets
• Reco jets from tracks, truth jets from 

stable final particles
• Jets matched via Δ𝑅 = Δ𝜑⊕Δ𝜂 < 0.1 

o Only charged particles used due to lack of adequate 
PF algorithm, and to assess tracking performance

! Note: baseline particle flow algorithm a 
development priority for 2025
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ePIC performance: jet 𝑨𝑳𝑳

o Figures: projected statistical precision for jet 𝐴((
• CoM energy & luminosity approximate the 

anticipated 𝑒+𝑝 conditions in years 2, 3 of EIC

o Double-spin asymmetry (𝑨𝑳𝑳): ⁄𝜎⇉ − 𝜎⇆ 𝜎⇉ + 𝜎⇆
• Measured 𝐴(( ∝ sum of convolutions of parton 

helicity distributions
• Provides crucial constraints on polarized PDFs
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o Italy has some potential to exploit (and help with the TDR cause): 
• !"#$%&'(")*"+%"&,"(-%./(0123(#&$(45254(672(%8#'%&'(%&(898"&.:8(3*#,";

• !"#$%&'(")*"+%"&,"(-%./($%<<+#,.%="(>2?3(#.(@ABC(69&3".(9<('D:9&(3#.:+#.%9&;(
• !"#$%&'(")*"+%"&,"(-%./("),D:3%="(*+9,"33"3(#&$(E>23(6*#+.9&%,(3*#.%#D(.989'+#*/F;

• #&$(89+"G

o H**9+.:&%.F(<9+(1I4,I(#&$(>/I2I(3.:$"&.3(JK(8#L"(*D9.3(9:.(9<(+",9&3.+:,."$(+99.(.+""3

o H**9+.:&%.F(<9+(")*"+%"&,"$(>/I2I3(#&$(*93.$9,3
• @9D%3.%,($".",.9+(*"+<9+8#&,"

• M9%&("<<9+.3(-%./(+",9&3.+:,.%9&
• %8*#,.(3.:$%"3(<9+(./"("&D#+'"$(*/F3%,3(*#*"+

How can we help?
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q INFN has one of the two Physics Analysis Coordinators (PACs)

q Exclusive Physics: Cosenza - Milestone y23
• N3"(./"(&9="D(Ap5O('"&"+#.9+(PA:+I(>/F3I(QI(O(RS(6STSS;(UV(RWUX(.9(,+"#."(*3":$9$#.# I(

A).+#,.(E>23(YF(*"+<9+8%&'('D9Y#D(Z!H(<%.3(9<(=#+%9:3(89$"D3(%&(9+$"+(.9([:#&.%<F(./"(
%8*#,.(9<(">5O(%&(,9&3.+#%&%&'(O??3(#&$(E>23V(<+98(2\O4(#&$(0O4(8"#3:+"8"&.3(JK(
*#*"+(3:Y8%.."$(.9(./"(M9:+&#D(#+]%=^S_T7IT_UTR

q SIDIS Physics: Bologna, Ferrara, Pavia, Salerno, Torino, Trieste, Genoa, ++ - Milestone y25
"Realizzazione di studi di performance dei PID detectors nella estrazione delle TMDs, 
che costituiranno input al Cap. 2 del TDR e relativo articolo esteso sulla fisica di ePIC"

• Susanna Costanza (PV) ,99+$%&#.%9&(./"("<<9+.3(à(3""(4:3#&&#`3(.#DL

• Close collaboration with theorists in PV (M. Radici’s group)
• Close ties with the INFN’s lead in the construction of the dRICH

• C%8(#.(3""$%&'(#&(5Z?Z(D"#$"+3/%*(%&(./"(45254(((

INFN’s current involvement with physics analysis

https://arxiv.org/abs/2503.05908
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q Inclusive diffraction: Cosenza, Torino 
• ").+#,.%9&(9<($%<<+#,.%="(>2?3(%&(*+9.9&3(#&$(&:,D"%V(#(*+9Y"(<9+('D:9&(3#.:+#.%9&(

q Heavy flavor Physics: Bari, Pavia à(4/F#8(a:8#+`3(.#DL
• b:#&.%<F(./"(%8*#,.(<9+(./"(.+#,L"+(%&.9(/"#=F(<D#=9+(*/F3%,3

• 2"="D9*(3",9&$#+F(="+.")(+",9&3.+:,.%9&(<9+(/"#=F(<D#=9+(.#''%&'
• H&"(9<(./"($"<%&"$(reconstruction priorities

q Elastip e+p scattering: Genoa à(1%L/#%D(H3%*"&L9`3(.#DL
• b:#&.%<F(./"(bA2(B#$%#.%="(O9++",.%9&3(.9(,+933(3",.%9&3(<9+(./"(S)S("c*("D#3.%,(*+9,"33

• O98*#+"(-%./(*+"=%9:3(3.:$%"3(9&(./"(.9*%,(
• AD#3.%,(,+933(3",.%9&3d3*%&J#3F88".+%"3('%="(#,,"33(.9(*+9.9&(A1J<9+8J<#,.9+3(EE6b2;(

#&$(EM6b2;

INFN’s current involvement with physics analysis
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ü 0/"(A5O(*+9=%$"3(#&(:&*+","$"&."$(9**9+.:&%.F(<9+(./"(:D.%8#."(:&$"+3.#&$%&'(9<(bO2
ü 5Z?Z(*"9*D"(%&=9D="8"&.(%&(*/F3%,3(#&#DF3%3(%3(<#3.('+9-%&'

§ 5 physics topicsG(3*#&&%&'(9="+(3 PWGs
§ 2025 milestone 9&(45254d0123

New excitement ahead
o A="&.(+",9&3.+:,.%9&(Y"%&'(<%&#D%e"$(f(&9="D(#&#DF3%3(.99D3(Y"%&'($"="D9*"$

• Z"-V(89+"(+"#D%3.%,V(%8*#,.(3.:$%"3(
• 02B(/#3(#(,/#*."+(9&(*/F3%,3(3.:$%"3

• B"*9+.(9&(A#+DF(4,%"&,"( (
o 5.(%3(ZHg(./"(+%'/.(.%8"(.9(M9%&(./"("<<9+.3(#&$('".(%&=9D="$h(

step 1: "8#%D(./"(,9&="&"+3(9<(F9:+(<#=9+%."(>gE(#&$(subscribe the mailing list
step 2:(M9%&(./"((bi)weeky meetings
step 3:(actively engage %&(3.:$%"3(#&$("<<9+.3

Summary


