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The Electron-Ion Collider (EIC)

and the ePIC experiment
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BREAKING NEWS, January 2020

https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-
laboratory-host-major-new-nuclear-physics

https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
https://www.energy.gov/articles/us-department-energy-selects-brookhaven-national-laboratory-host-major-new-nuclear-physics
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THE PATH TO THE EIC PROJECT
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2020

NAS report

EIC projet is compelling, 
fundamental and timely

2023

NSAC LRP 2023:

We recommend the expeditious completion of the
EIC as the highest priority for facility
construction.

NSAC LRP 2015:

The EIC as the highest priority for new
facility construction.
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THE INTERNATIONAL COMMUNITY
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Among the main 
Achievements:
The Yellow Report• 1422 members

• 38 countries
• 291 institutions 
As of October 15, 2023

Nucl. Phys. A 1026 
(2022) 122447
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The EIC schedule 
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Project scope?

• The Accelerator with its 
infrastructure

• The Detector - ePIC
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The EIC schedule 
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DESIGN Phase 
CONSTRUCTION Phase 

SCIENCE
Phase 
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THE SCIENTIFIC SCOPE 

LHC and EIC workshop, Bad Honnef, 23-23/10/2023                   EIC and ePIC  Silvia DALLA TORRE

An evolution that has required 
time and improved “microscope” by 
increasing energy lepton probes and 
detectors of finer and finer precision 
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LEPTONS as HADRON PROBES @ HIGH ENERGY
Deep Inelastic Scattering – DIS

l – the lepton probe
l’ – the scattered lepton 
h – the hadron being studied: p, A
γ*- the virtual photon 

The most used kinematic variables (Lorentz invariant):
Q2 = -q2 , where q is the four-momentum of  γ*
                   q = p1-p3 
ν = (p1∙q)/M1

x = Q2 /2(p1∙q)          0<x<1
y = 2(p1∙q) / (p1+p2)2  0<y<1

l l’

dimensionless, 
introduced 
by Bjorken

Important, about Bjorken x:

x is interpreted as the fraction of 
the h momentum carried by the struck q;
this approximation is valid in the Lorentz frame,
where h and q masses can be neglected
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LEPTONS as HADRON PROBES @ HIGH ENERGY

Deep Inelastic Scattering – DIS

Much more information can come when :

 Access to a wider phase space 
domain is made possible

 polarized particle scattering
 part of the final state is measured: 

SIDIS (Semi-Inclusive DIS)
 The whole final state is measured: 

exclusive reactions 
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THE SCIENTIFIC SCOPE 
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Open questions in QCD and nuclear matter
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THE SCIENTIFIC SCOPE 
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Exploring new territories 
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THE SCIENTIFIC SCOPE 
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TMDs and SPIN
The 8 leading-twist quark TMD PDF
TMD - Transverse-Momentum–Dependent 

• Gluon contribution needs a deeper 
exploration 

• Orbital momentum to be extracted from 
TMDs
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THE SCIENTIFIC SCOPE 
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Spatial and Momentun structure of the N in 3D

MOMENTUM SPACE

Access to spin-orbit 
correlation (TMDs) via 
SIDIS

COORDINATE SPACE

Spin-dependent 2+1D 
coordinates space images 
from exclusive scattering

Nucleon 
tomography

Maria Żurek, EIC RRB, April 2023 
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THE SCIENTIFIC SCOPE 
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HOW DO NUCLEONS ACQUIRE MASS ?

Maria Żurek, EIC RRB, April 2023 
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THE SCIENTIFIC SCOPE 
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ACCESS TO A NEW STATE OF THE GLUONIC MATTER  

MOMENTUM SPACE

Access to spin-orbit 
correlation (TMDs) via 
SIDIS

Maria Żurek, EIC RRB, April 2023 
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The EIC Collider
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IP6 detector included 
in the project

Usage  of RHIC tunnel and RHIC p/ion complex
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The EIC Collider
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Head-on collision is 
restored by rotating 
the bunches before 
colliding  and, then, 
back (“crab 
crossing”)

3 critical ingredients for  HIGH LUMINOSITY

Bunches and beam crossing rates

Up to a beam crossing rate at the IR every 10ns
a challenge for the collider and the experiment !

CRAB CROSSING ANGLE  (25 mrad)
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The EIC Collider

LHC and EIC workshop, Bad Honnef, 23-23/10/2023                   EIC and ePIC  Silvia DALLA TORRE

ION SPECIES

The existing RHIC ion sources & 
ion acceleration chain 
provides already today 
all ions needed at EIC

BEAM POLARIZATION

ABOUT e POLARIZATION

ABOUT p/ light ion POLARIZATION
presently

empowerment

High polarization 3He and D beams also possible

MORE unique aspects 
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THE COMPLETE ePIC DETECTOR
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Total size detector: ~75m
Central detector: ~10m
Backward electron detection:   ~35m
Forward hadron spectrometer: ~40m

Auxiliary detectors needed to tag particles with 
very small scattering angles both in the outgoing 
lepton and hadron beam direction 
(B0-Taggers, Off-momentum taggers, Roman 
Pots, Zero-degree Calorimeter  and low Q2-
tagger). 

Barrel

Central 
Detector  
(CD)
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Far forward and backward
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Far 
Backward

Far 
Forward
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ePIC Central Detector
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Formed by:

• Backward endcap
• Barrel
• Forward endcap
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TRACKING IN ePIC CD
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Si tracker in green
MPGDs in blue

The 3 most 
internal 
layers are 
support-less !

Si trackers based on ALICE 
ITS3 65 nm MAPS sensors
 Five layers in the 

barrel and in the 
endcaps

Supplemented by MPGD 
trackers
 Cylindrical 

MICROMEGAS
 Planar µR-WELL
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CALORIMETRY IN ePIC CD
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Backwards HCal
Steel/Sc Sandwich

tail catcher

Backwards EMCal
PbW04 crystals

SiPMs of all Calorimeters

WScFi is a unique 
technology allowing to 
achieve e/h ~1 
(response to hadrons)

4 (6) layers of imaging 
calorimetry by Astropix 

MAPS,
and sampling 

calorimetry by Pb/SciFi 

Barrel Hcal
(re-use from sPHENIX)

Forward Hcal:
SiPM on tile 
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PID IN ePIC CD
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Single volume 
proximity 
focusing aerogel 
RICH with long 
proximity gap 
(~30-40 cm)
 Sensor: 

HRPPDs  
includeTOF

Single photon 
sensors:  SiPMs
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The ePIC Collaboration
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CONCLUDING REMARKS
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The EIC is a unique project, the only concrete one around the world for the 
ultimate understanding of QCD
The only novel collider in the next 20-30 years

 The EIC project is approved and progressing according to schedule

 The ePIC Collaboration for the project detector effort has kicked-off 
ePIC is designing the detector for the TDR (CD2&3)
EIC detector is an enormous undertaking that will require participation and 
expertise from both the US (Labs and academia) communities, as well as the 
international contributions (60% of Institutions from abroad world-wide) !
 In parallel, the new Collaboration has been formed and structured

 It is NOW the right time to join the effort and get involved !
 Have exciting perspectives with us designing, building, producing science 

within  ePIC
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