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OUTLOOK

 The EIC project and its physics scope

 The ePIC Collaboration and Detector

 ePIC in Trieste, Italy and European 
context
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The EIC Project in a nutshell

 Enable the ultimate QCD exploration

 By a high-luminosity polarized electron-ion 
collider: the EIC 

 By a detector highly integrated with the 
collider and capable to cope with the 
overall EIC physics scope, ePIC 

 Status : approved project progressing towards 
its realization at BNL

 Key ingredients : the ample community 
supporting the EIC and the long dedicated 
effort path 
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The EIC 
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THE PATH TO THE EIC PROJECT

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.

2021
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EIC PHYSICS: ultimate QCD exploration
In short words: 
Investigate with precision the universal dynamics of gluons to understand 
the emergence of hadronic and nuclear matter and their properties 
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In terms of major open questions:

How does the spin of 
the nucleon arise? 

How does the mass 
of the nucleon arise? 

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

How do quarks and gluons 
interact with a nuclear 
medium?
How do the confined 
hadronic states emerge? 
How do the quark-gluon 
interactions create 
nuclear binding?

What are the 
emergent properties 
of dense system of 
gluons?
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The EIC Collider

IP6 detector included 
in the project

Usage  of RHIC tunnel and RHIC p/ion complex

Ion acceleration 
and storage ring 

Electron
storage ring 

Electron 
acceleration  ring 
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The EIC schedule 

We are here

Design phase
Construction phase

Science  
Phase

   
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The ePIC Collaboration
ePIC Institutions  ePIC countries  ePIC World Regions
         177                                                    25                                           4

Currently: 
897 collaborators 
(from 2024 
Institutional 
Survey) 

2025 
collaboration 
survey ongoing
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THE COMPLETE ePIC DETECTOR
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Barrel

Central 
Detector  
(CD)

-4 < η < +4

Luminosity System 

η <-4

Low-Q2 Taggers

B0 Magnet Spectrometer

Zero Degree 
Calorimeter

η > 4η <-4

Roman Pots and 
Off-Momentum 
Detectors 

CD

η > 4
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ePIC Central Detector  (CD)

Very naturally organized in:

• Backward endcap
• Barrel
• Forward endcap

             subsystems 
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e p / ion 

Barrel
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TRACKING IN ePIC CD
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Complementary tracking technologies characterized by light 
materials

SVT: Si trackers based on ALICE ITS3 65 nm MAPS sensors
 Low mass, Fine space resolution < 20 µm

MPGD trackers
 Good time resolution O (10 ns)
 Cylindrical MICROMEGAS
 Planar µR-WELL with GEM pre-amplification

Tracking material 
budget 
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ELECTROMAGNETIC CALORIMETRY IN ePIC CD
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PbWO4 

W/SciFi 

Pb/SciFi

AstroPix

-3.5<η<-1.7
22X0
~3k crystals
Router=64cm

-1.7<η<1.4
17X0
Pb/SciFi: 5760 readout 
ch.s
AstroPix: ~0.5B pixels

1.4<η<3.7
23X0
~16k towers
Router=160cm

SiPM sensors  for all Calorimeters in ePIC



14

HADRON CALORIMETRY IN ePIC CD
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Barrel Hcal
(re-use from sPHENIX)

SiPM sensors  for all Calorimeters in ePIC

Steel/scintillator sampling calorimetry in all ePIC HCals
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PID IN ePIC CD
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3 σ separation areas

DIS
π/Κ

Κ/p

e/π
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PID IN ePIC CDPID IN ePIC CD
Dual radiator RICH (dRICH);
Areogel  and gas 

The long proximity gap (~ 35 cm) 
enhances the resolution

Cherenkov imaging PID in 
backward endcap:

proximity focusing RICH 
(pfRICH)

High performance DIRC (hpDIRC)

High performance thanks to focalization 
and fine photosensor pizelization 

Pixels Strips

ToF by AC-LGADs 
Goals for the application in ePIC:

• 30 µm space resolution
• 25-35 ps time resolution
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PHOTOSENSORS for CHERENKOV PID IN ePIC
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For pfRICH (option for hpDIRC) : 
HRPPDs by INCOM
 large-size (12 x 12 cm2) MCP-PMTs, pixelized

For dRICH : SiPMs at -30oC

 Robust R&D for the validation 

Repeated irradiation/ annealing cycles
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ePIC @ INFN 

ePIC @ 14 INFN facilities

Activities: 

 Si trackers (BA, PD, TS)

 dRICH (BA, BO, CS, CT, 
FE, LNS, SA,TO, TS)

 MPGDs (Roma2)

 Physics (CS, TO, TS)

 Software & Computing 
(BA, CT, Roma1,TS)
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EIC/ePIC and EUROPE

ePIC is  now (October 2024) 
a CERN Recognized 
Experiment

EPPSU 2020:
EIC recognized as “other 
essential activities for particle 
physics” 

NuPPEC LRP 2024:
 Recommendations for Nuclear Physics Infrastructures:

 Collaboration with non-European Infrastructures: ePIC at EIC
 Hadron Physics:

 Future facilities and flagship experiments: PANDA, ePIC 

The 2021 ECFA Detector RoadMap:
EIC among the reference projects for 
the roadmap design: 
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TAKEAWAY MESSAGES
The EIC is a unique project, the word only one approved for the ultimate 
understanding of QCD
Most likely, the only novel high energy collider in the next 15-20 years

 The EIC project is approved and progressing towards construction

 The ePIC Collaboration for the project detector ePIC is working and 
highly committed
 The ePIC detector design is dictated by the physics scope
 A number of established and novel technologies needed to match this scope 

 INFN is deeply engaged in ePIC, Trieste is deeply engaged in ePIC
 Trieste promoted the INFN engagement in EIC  ePIC

 EIC & ePIC are integral elements of the European nuclear/particle 
physics landscape
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THANK YOU
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 Small β* 
 quads near to IP
 9.5 m to host the central detector 

 Asymmetry beam energies 
 Asymmetric detector design 

 Far detectors highly integrated with the storage rings 

  Synchrotron radiation background
 solenoid axis aligned with e beam 
 p/ion beams follow a helical path in the CD solenoid

 Other physical backgrounds
                 beam-gas scattering 

 Crab crossing 
 Vertex smearing to be removed with timing information 

fast timing in the range  ~30 – 40 ps

 Bunch crossing rate and crossing time
 Up to a bunch crossing every 10 ns
 The whole bunch crossing takes ~ 3 ns

ePIC DETECTOR CHALLENGES
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ELECTROMAGNETIC CALORIMETRY IN ePIC CD

EPPSU-2025, Workshop @ TS, 20/11/2024                                                        Silvia DALLA TORRE

ECal in backward endcap: PbWO4

• Consolidated technology

• Finest energy resolution 
• New challenge: preserving the 

resolution with SiPMs 

• Fine granularity 

Readout coupling
C-fiber 
structure to 
hold crystals
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ELECTROMAGNETIC CALORIMETRY IN ePIC CD
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ECal in the barrel: hybrid architecture

• Internal layers: imaging 
• SENSOR : Astropix (derived from 

ATLASpix3, design for NASA 
AMEGO-X mission) 

• New: active interposing layers

• External and interposing layers:
• Pb/Sci (validated: KLOE, GlueX, …)

We are here
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ELECTROMAGNETIC CALORIMETRY IN ePIC CD
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ECal in forward endcap: W/SciFi

• Pioneered by UCLA 
• sPHENIX EMCal: 25k towers

• Good resolution
• High granularity for 𝜋𝜋0

• e/h~1 for jets 
  ideal to operate in duet with the 

     forward endcap HCal
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CHERENKOV PID IN ePIC CD
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The long proximity gap (~ 35 cm) 
enhances the resolution

n = 1.040   10-11 
detected photons/ring 
at saturation

Cherenkov imaging PID in backward 
endcap:

proximity focusing RICH (pfRICH)
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CHERENKOV PID IN ePIC CD
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Cherenkov imaging PID in the barrel:

High performance DIRC (hpDIRC)

High performance thanks to 
focalization and fine photosensor 
pizelization 

A further option: 
HRPPDs
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CHERENKOV PID IN ePIC CD
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Aerogel:  n = 1. 020 – 1.026

Gas: C2F6

SiPMs 

Cherenkov imaging PID in the forward endcap:

Dual radiator RICH (dRICH)
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ToF PID IN ePIC CD
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HRPPDs

Cherenkov 
Imaging 

Timing 
measurement 

~ 100 % filling factor

Pixels Strips

AC-LGADs 
Goals for the application in ePIC:

• 30 µm space resolution
• 25-35 ps time resolution
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Si TRACKING IN ePIC CD
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ALICE MOSAIX EIC-LAS: 5/6 RSUs (Scalable 
Readout Unit) from ALICE 
ITS3 on staves 
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MPGD TRACKING IN ePIC CD
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Cylindrical MICROMEGAS

 Successful implementation at 
CLAS12 (Jlab)

 A single module PCB readout 
design, with two curvature radii 
(55 cm and 57.5 cm)

 Overlaps in phi and z allow for 
hermeticity

 Front end boards (FEBs) on 
system edges to reduce material 
budget

2-D readout for MPGDs in ePIC 

µR-WELL with GEM 
preamplification layer



34

Ultimate QCD exploration

REQUIREMENTS

 Access to gluon dominated 
region and wide kinematic range 
in x and Q2

 Access to spin structure and 3D 
spatial and momentum structure

 Accessing the highest gluon 
densities (                )

 Studying observables as a 
function of x, Q2, A, hadronic 
flavour, …
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THE EIC COLLIDER PROVIDES

 Large center-of-mass energy 
range:                                          

 √s = 21 -140 GeV 

 Polarized electron, proton and 
light nuclear beams ≥ 70%

 Nuclear beams, the heavier the 
better (from H to U)

 High luminosity (100 x HERA): 
1033-34 cm-2 s-1
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The EIC Collider
4 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) 
to restore head-
on collisions 

Small β*
y  

 
quads 
close to IP 
leaving 
~10 m for 
the 
detector  
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The EIC Collider

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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ePIC detector
 Large coverage (-3.5 < η < 3.5) for 

wide phase-space reach
 Excellent EM-calorimetry with PID 

support for e/π separation
 Fine resolution tracking by low 

mass detectors

 Fine pT resolution
 Extended PID systems for hadron 

identification
 H-calorimetry to attempt TMD 

assessment with jets (new world-
wide), as tail chatter, for µ 
identification

 Extend acceptance at extremely 
small scattering angles

 Fine vertex resolution by tracking

Ultimate QCD exploration
REQUIREMENTS                  

EPPSU-2025, Workshop @ TS, 20/11/2024                                                        Silvia DALLA TORRE
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The ePIC solenoid 
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Reference field 
value: 1.7 T
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TRACKING IN ePIC CD
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Tracking coverage 
vs η:

-3.5 < η < 3.5
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SENSORS FOR CALORIMETRY IN ePIC
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SiPM sensors  for all Calorimeters in ePIC

• SiPMs recently introduced in calorimetry

• direct experience is coming from  the 
applications in GlueX, STAR and sPHENIX 

• these colleagues now at work for ePIC 
calorimetry 

Relevant SiPM features for ePIC calorimetry

• Cost-effective technology

• Operation in magnetic field

• Wide dynamic range with tuned 
parameters for the different calorimeters

• Low noise with appropriate thresholding

• Effect of the radiation
• Not new, already addressed for STAR 

and sPHENIX
• Further irradiation campaigns on-

going 

ECal in red
HCal in blue

SiPM requirements 
for  HCals 
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ELECTROMAGNETIC CALORIMETRY IN ePIC CD
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PbWO4 

W/SciFi 

Pb/SciFi

AstroPix

-3.5<η<-1.7
22X0
~3k crystals
Router=64cm

-1.7<η<1.4
17X0
Pb/SciFi: 5760 readout 
ch.s
AstroPix: ~0.5B pixels

1.4<η<3.7
23X0
~16k towers
Router=160cm
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HADRON CALORIMETRY IN ePIC CD
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EHal in forward endcap: “SiPM on tile”

• Sampling calorimetry with Fe absorber
• Derived by a development for CALICE
• Tower structure with read-out at the rear face

The Insert

Simulation studies

with staggered tiles for 
improved space 

resolution 
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The double role of PID in ePIC CD
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Support electron identification, which 
cannot be provided by ECals only in DIS experiments 
with electron beams (see HERMES, JLab)

Hadron identification, a key ingredient for 
TMDs address by SIDIS and with the novel approach 
of jet reconstruction

Adding PID

The different physics channels require 
π contamination in the electron sample 
down to 10-4

π

Κ

275 GeV  p   18 GeV

275 GeV  p   18 GeV
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FAR FORWARD DETECTORS
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THE ePIC FAR FORFWARD DETECTORS
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THE ePIC FAR BACKWARD DETECTORS
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Luminosity monitor 
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THE ePIC FAR BACKWARD DETECTORS
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TECHNOLOGIES:  WORLD FIRST AT ePIC
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EIC Large Area Sensor 
(LAS), modification of 
ITS3 sensor with 5 or 6 
RSU forming staves as the 
basic building elements for 
the Outer Barrel and the 
Tracking Disks 

planar double 
amplification (GEM & 
μRWELL) modules & 2D-
strip readout for the MPGD 
outer trackers and disks 

SiPM as Photonsensors
in crystal calorimetry for 
backward endcap ECal 

Use of ASTROPIX in 
Calorimetry for the 
imaging barrel ECal

first-time full-size 
CALICE-like calorimeter 
in collider experiment in 
the forward HCal

HRPPDs for Cherenkov 
imaging and Time-of-Flight 
for pfRICH

First use of SiPMs as Photonsensors 
in a RICH for the dRICH

First time use of
AC-LGAD in a collider 
detector for barrel and 
forward endcap ToF
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