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Electron Ion Collider (EIC)
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Five Key Physics Questions: A machine beyond the current stare-of-the-art

* Origin of nucleon spin * Highly polarized electron, nucleon and light

» 3D tomography of nucleons ion beams (~70%)
Capability to collide light to heavy ion beams
(e.g., up to U)

* Emergence of nucleon mass

* Emergence of hadronic matter

Wide and variable centre-of-mass energy 27 teraction Reglon
(20-100 GeV and upgradeable up to 140 GeV)

High collision luminosity (10°3 — 10°* cm=2s1) N« _ ‘ | P b

* Gluon saturation and high
density QCD

—— ——

Luminosity Photon pC Hadron Rear Forward

Monitor Beam Polarimeter SC Magnets __ ] SC Magnets Dipoles
Ring Inside /

Hadron Storage Ring electrons P ‘

n nem C < ' SUBPROJECT LEGEND
;__";‘_’_'_”—,i; ity -:.."'f—‘- .. T L — h; _______ . ' e = e - Booster ===== Accelerator Storage Rings (ASR)
= BlR - B oim - T @ Detector (DET)
U " um _ - - P N ===== |nteraction Region (IR)

ss==== Electron Injector (EIN)
===== Project & Integrated Performance (IP)

Electron Beam: 5-10 GeV (upgradeable to 18 GeV)
lon Beams: 40 - 275 GeV

Ring Outside

*Not to scale v

Low Q? Off Momentum Roman Zero Degree
Taggers ePIC detector ‘ Detectors ~ Pots  Calorimeter First collider with polarized electron and

light ion beams!

The only new hlgh energy colllder in upcommg decades
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ePIC detector @ EIC = ep@
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dRICH@ePIC

A dual-radiator Ring Imaging CHerenkov (dRICH) detector
* |dentification (30-separation) of 7/ K/P (3 to 50 GeV/c)
« e/rx separation from few hundred MeV/c to 10 GeV/c

Dual Radiator (for broad momentum coverage)
+ Aerogel: for low-intermediate momenta
® Word record size of tile (~20 cm)

© Baseline refractive index = 1.026 (optimized)

o Chromatic dispersion: 6 X 107% nm~!at A = 400 nm
+ @Gas (CzFg): for high-momenta particles

© Nominal refractive index = 1.00086 (STP)

« Chromatic dispersion: 0.2 X 107 nm =1 at A = 350 nm

Optical System (spherical focusing mirrors ~ 10 m? area)

+ Precise imaging of Cherenkov Rings

+ Designed to minimize aberrations and maximize the resolution

‘ dRICH is base-lined; further studies for detailed optimization ‘
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Front-end boards

——  (FEB)

'\Readout board
‘AFEBS o)
dRICH PDU
Photosensors (SiPM)
+ Distributed in 6 sectors associated : ﬁ— AR A AR AR RS fRARSSA
S0 NN N IR NN S
with six 60° spherical mirror sectors s A M R e

+ Compactness and B-tolerance
+ High PDE in UV-visible range

+ Fast timing (~ns)
* 208-209 PDUs per sector
* 4 SiPMs per PDU
* 64 channels per SiPM

PDUs arrangement

Lightweight mechanical structure ‘ 4 ‘
with minimum material budget
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Software Stack & Reconstruction Algorithm QP@

Simulation

| Sensor : :
- Mirror

| Surface

| Surface

Event Generation | - —
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_ . — Photons
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Reconstruction Algorithms y, Geometry 0 e L B -
~_ ) Compact Files o , B .
| Reconstruction Framework ) \ o T I nve rse Ray Tra CI ng ( I RT)

| Backward reconstruction from detected hit (D) to
= S photon direction
A Focussing of photons by spherical mirror -> reduces
. emission point uncertainty

Reconstruc;igr;)?tfﬁlpm Meth0d0|ogy:
Assumption of emission point (E) and finding

— — photon vector following the law of reflection at R.
S SRR dRICH reconstruction

software is fully Provide single photon Cherenkov angle

embedded in the overall :
Reconsiucion s For each track and mass hypothesis, event-based )(2

ePIC software stack. . _ _
is estimated for detected photons and associated
with the track within a =20-window

Configurations

Followed by robust validation & optimisation protocol
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Effect of different SIPM sensors & noise INFN GP@
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e UV SiPM in Gas—> more photons but worse SPR (chromaticity), but increased photon count (dominates) - Net improvement
e [n aerogel, acrylic filter limits the gain for UV SiPM & Overall (gas & aerogel), 75 um SiPM provides better performance; thanks to the reduced dead area!
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No Noise =%

e More effect on aerogel (~0.5 dark count hits) per
aerogel ring due to the much larger aerogel radius
w.r.t. the gas ring radius
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Summary > © I\&j
e Efficient hadron PID is essential for EIC physics programme Other Relevant Highlights (DIS-2026)

@ dRICH: Central for success of SIDIS programme of ePIC experiment; supports Simone Vallarino: 5 May 2026 (WG6)
the reconstruction of heavy flavour particles by the identification of the decay
products

© Emphasis on R&D and Engineering activities |

Jihee Kim: 6 May 2026 (WG6)
® Ongoing developments on pfRICH at ePIC
Lorenzo Polizzi: 6 May 2026 (WG6)

e Challenges: detector space, solenoidal B, high radiation (sensor region)

e dRICH simulations are playing a significant role in providing the information/
feedback for detector design optimization:

o Properties of two radiators& Optical parameters of the sensors © ePIC PID performance in SIDIS processes
o Impact of noise on detector performance Sandro Geminiani: 6 May 2026 (WG6)
e End-to-end established simulation and reconstruction framework (physics © ePIC-dRICH streaming R/O system

performance forthcoming) + John Lajoie: 8 May 2026 (Planery 5)
e Future: Al/ML (involving CNN) based algorithm for future dRICH PID
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