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’\ EIC and ePIC 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

n Status :

= EIC is an approved project progressing
towards its realization at BNL in
cooperation with JLab

= ePIC Collaboration established with ~ 900
members and high international character

DIS2025, Cape Town, 24-28 March 2025



ePi)| OUTLOOK

The path to the present status

The EIC project and its physics scope

The ePIC detector

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE
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ity, High E 2010

Gluons and the Quark Sea at
High Energies

The Eloctzon Toa Collsde

Major Nucle:
Physics Facilif = =
the Next Ded

NAS report

EIC projet is compelling,
fundamental and timely

2020 2021

ATHENA Detector Proposal

ATotally Hermetio
Y. . Y Electron Nucleus Apparatus
March 14 @F=sel S vy proposed for IP6 at the El on Collik

NsAQ

NSAC LRP 2015:

The EIC as the highest priority for new
facility construction.

.

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
nnnnnnnnnnnnnnnnnnnnnnnnn

NSAC LRP 2023:

We recommend the expeditious
EIC as the highest priority for faci

completion of the
lity construction.

DI1S2025, Cape Town, 24-28 March 2025

Silvia DALLATORRE
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( THE INTERNATIONAL COMMUNITY: the EIC-User Group

The EIC User Group:
https://eicuq.github.io/

Formed in 2016 —

* 1550 members
* 40 countries

* 6 world regions
* 303 institutions

As of March 11th, 2025

Institutions

Africa
outh

America

Oceania

Annual EICUG meeting
2016 UC Berkeley, CA
2016 Argonne, IL

2017 Trieste, Italy

2018 CUA, Washington, DC

2019 Paris, France
2020 Miami, FL

2021 VUU, VA & UCR, CA

2022 Stony Brook U, NY
2023 Warsaw, Poland
2024 Lehigh U., PA
2025 JLab, VA

Among the main

Achievements:

The Yellow Report
(2020)

Nucl. Phys. A 1026
(2022) 122447

DIS2025, Cape Town, 24-28 March 2025
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’\ e er oliaoborarion

The community dedicated to the EIC science mission
by the realization of the ePIC detector

Warsaw, July 2023 i Lehigh, July 2024

JLab, Jan. 2023

Frascati, July 2024

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE INFN 6
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1 e eF ollaboration

-

ePIC Institutions ePIC countries ePIC World Regions

177

N

ePIC initiated
in July 2022

Currently: i

897 collaborators o

[ Japan North America
W Jordap 45%
[ Moracen ;

egal
B Souttitsre Europe
[ soairf’ 279
[ Taiwan, Fro C
3 uk
B Ukraine

26 4

Africa
4%

North America
450, : Asia
37%

DIS2025, Cape Town, 24-28 March 2025

Silvia DALLA TORRE INFN
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The path to the present status

The EIC project and its physics scope

The ePIC detector

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE
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1 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

In terms of major open questions:

How does the spin of
the nucleon arise?

How does the mass
of the nucleon arise?

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?

How are the quarks

in space and

nucleon and nuclei?

and gluon distributed Y o

momentum inside the

I

>
Z

&
$

=

What are the
emergent properties
of dense system of
gluons?

DIS2025, Cape Town, 24-28 March 2025

Silvia DALLATORRE  (INFN



ep@ Ultimate QCD exploration

REQUIREMENTS THE EIC COLLIDER PROVIDES

- Access to gluon dominated - Large center-of-mass energy
region and wide kinematic range range:
in x and Q2 Vs = 28 -140 GeV

: Access to spin structureand 3D = Polarized electron, proton and
spatial and momentum structure light nuclear beams 2 70%

=  Accessing the highest gluon - Nuclear beams, the heavier the
densities ((QsA)z,chg[%]""’) better (from H to U)

=  Studying observables as a =  High luminosity (100 x HERA):
function of x, Q2, A, hadronic 103334 cm2 s-1
flavour, ...

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ((INFN 10
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Usage of RHIC tunnel and RHIC
~ p/ion complex

Low-Energy Electron Cooler

Electron Storage
Ring (ESR)

HSR 41 GeV
Bypass

EIC

Electro'rh \

Possibility of
instrumenting
a second IR

Hadron Storage
. Ring (HSR) %

it S

Rapid Cycling
Synchrotron

Electrtiy/

lons S Injector Li

Polarized
Electron Source

Polarized

lon Source HSR 24 GeV

“Warm?” Injection.Line

Design parameters

« ep ECM: 28-141 GeV
« 2 decades increase in kinematic coverage
in x and Q2 respect to fix target

« epl/eA luminosity up to 1033-1034 cm2 s-1
* > 100 time higher luminosity as HERA

* e, p beam polarization : 70% - unique
opportunity
« Polarization of light nuclei

* lons from H to U - ample variety
* Up to the highest density gluon systems

" [ Current polarized DIS e/u+p data: [l
10 £ Current polarized RHIC p+p data:
% 108 L €e+p
. )
Polarized <
e-p DIS s
§ [
3 [
@a L
(]
o 10}
1 — ——

L1 L a1l L 2 (e 1 PR ot PR
10 103 102 107" 1
Parton momentum fraction, x

DIS2025, Cape Town, 24-28 March 2025

Silvia DALLATORRE ¢ INFN 11
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oniaer

Usage of RHIC tunnel and RHIC
~ p/ion complex

Low-Energy Electron Cooler

Electron Storage

3 HSR 41 GeV
Ring (ESR)

Bypass

Injector Li

Polarized
Electron Source

HSR24 GeV
“Warm?” Injection.Line

Design parameters

ep ECM: 28-
.« 24~
o —> unique
opportunity
of light nuclei
rom H to U > ample variety
* Up to the highest density gluon systems
%\103; e+p

Polarized <
e-p DIS g

| L 2 (e 1 PR ot PR
103 102 107" 1
Parton momentum fraction, x

DIS2025, Cape Town, 24-28 March 2025

Silvia DALLATORRE (¢ INFN
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’\ e ollider
4 critical ingredients for HIGH LUMINOSITY

Coherent Cooling with FEL amplifier

PnnCIplfo Y.S Derbenev, Physical Review Letters 102, 114801 (2009) =
" Bunches and beam crossing rates
o, Moddtor, CTUNEE —» Species ‘ p e p e ‘ P e ‘ p e ‘ p e
FAR N ,
A = ot v Beam energy [GeV] 275 18 275 10 100 10 100 5 41 5
_ _ — _ - V5 [GeV] 1407 1049 632 447 28.6
o oo lag o Cand-wdth: BUW:THz No. of bunches 290 1160 1160 1160 1160
Proof of Principle Experiment at BNL, ongoing Species ‘ Au e Au e Au e Au e
Beam energy [GeV] 110 18 110 10 110 5 41 5
5 [GeV] 89.0 663 1469 26
e No. of bunches 290 1160 1160 1160
LT - i .
Strong Hadron Cooling Up to a beam crossing rate at the IR every 10ns
» Work continues on Strong Hadron Cooling, both the Coherent electron Cooling i I |
(CeC) approach and a backup solution based on a ring cooler a Cha”enge for the COIIIder and the experlment -
» Both approaches were reviewed in summer, no show stoppers found in either one

Crab cavity Crab cavity
Small B*y N f Collision f » 4 CRAB
Zj ads 2:0 ;\ Crabv‘gg:/ities /; CROSSING
ANGLE
eving | | A |l
: to restore head-
;l11£ m for WA ==\ = "™ on collisions
detector R -

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ((INFN 13
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e

ION SPECIES

MORE unique aspects

oniaer

BEAM POLARIZATION

ABOUT e POLARIZATION

The existing RHIC ion sources &

ion acceleration chain
provides already today
all ions needed at EIC

= resonance free acceleration up >18 GeV

lon Pairs

in the RHIC Complex

Zr-Zr, Ru-Ru (2018)

Au-Au (2016) *
Enormous d-Au (2016) .
versatility! p-Al (2013) ¢
is a unique 2'23 gglg; empowerment

g I -

capability! CU-AL (2012)

U-u (2012)

Cu-Cu (2012)

D-Au (2008)

.\‘ " cu-cu (2005)

on average, every bunch refilled in 2.2 min

ABOUT p/ light ion POLARIZATION

presently Measured RHIC Results:

Proton Source Polarization 83 %
Polarization at extraction from AGS 70%
Polarization at RHIC collision energy 60%

Planned near term improvements:

AGS: Stronger snake, skew quadrupoles,

increased injection energy

=>expect 80% at extraction of AGS

RHIC: Add 2 snakes to 4 existing no polarization loss
=> expect 80% in Polarization in RHIC and eRHIC

High polarization 3He and D beams also possible

DIS2025, Cape Town, 24-28 March 2025

Silvia DALLATORRE (INFN 14
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e Scneauie

Design phase

Construction
. phase
DOE Project Phases EIC Science Phase
e Onas’ sl «—— Plicitrgneenoand —»le— “pTEe” —> ie— R

L]
' Funds :

«— Conceptual __y |g Preliminary —y |q— Final__y |g Construction

Design Design Design
Critical CcD-0 CD-1 CD-2 CD-3 CD-4
Decisions Approve Approve Approve Approve Approve
Mission Alternative Performance Start of Start of Operations
Need Selection Baseline (PB) Construction or Project
and Cost or Execution Completion
Range
2019 2021 CD-2/3C, Performance Baseline, Q2FY26 | CD-4 early finish: Q4 2033
CD-3, Construction Start, Q1FY27% CD-4=Q1 2036

« CD-3A, Long Lead Procurement, approved March 2024. Excellent use of IRA funding. % FY25 and FY26 funding
» CD-3B, Long Lead Procurement, approval planned for March 2025. will impact CD-2 and CD-3
» CD-2, Project Performance Baseline, requires a more certain annual funding profile. milestone dates.

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ( INFN 15
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The path to the present status

The EIC project and its physics scope

The ePIC detector

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE
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1 Ultimate QCD exploration

S
REQUIREMENTS > ePIC detector
Measurement categories to address EIC physics: [=  Large coverage (-3.5 < 7 < 3.5) for
. ¢ , wide phase-space reach
* Inclusive DIS : .
, o . I Excellent EM-calorimetry with PID
» fine multi-dimensional binning in support for e/x separation
X, Q

* Semi-inclusive DIS
» 5-dimensional binning in x, @2, z, _
pr, ¢

=

» 4-dimensional binning in x, Q2 t,
fto reach [t > 1 GeV2

DIS2025, Cape Town, 24-28 March 2025

* Exclusive processes —

Fine resolution tracking by low
mass detectors

Fine p; resolution

Extended PID systems for hadron
identification

H-calorimetry to attempt TMD
assessment with jets (new world-
wide), as tail catcher, for u
identification

Extend acceptance at extremely
small scattering angles

Fine vertex resolution by tracking

Silvia DALLATORRE ((INFN 17
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high-q2

Barrel

electron beam

Hadron
Endcap

Central

Detector
(CD)

4<n<+4

2.0

1.5
> Detector,

1.0 1

. detectors

Collimator
Magnet%

x (m)
/

0.5 1

Forward spectfometer

Electrons

- (in BO) 4
5 b=
0.0 1 &
= {
=
QFf-moment@im detectors 1
Roman Pots
ff-momentu etectors 2
—0.5 4
T T T T T
—-40 =20 0

20 40

—n<_4 z{(m)

DIS2025, Cape Town, 24-28 March 2025

n>4

‘r|>4 _6“33‘_“

ey 1 Zero Degree
; | ‘ Calorimeter

¥ Roman Pots and
Off-Momentum
Detectors

Silvia DALLATORRE INFN 18
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eF entral Detector (CD)

p/A beam electron beam
-

e p/ion

hadronic calorimeters
™ /1
Barrel Er N , Solenoidal Magnet

e/m calorimeters

(ECal)

Time.of.Flight,
Very naturally organized in: DIRC,
RICH detectors

 Backward endcap
. Barrel MPGD trackers

*+ Forward endcap subsystems

MAPS tracker

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ( INFN 19
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oPI®)
=

7) Coil length 3512 mm B5300 <106
(B @ Z=-5300 mm) Stray field
Warm bore diameter 2840 mm 87400 requirement is
(B @ Z= 7400 mm) <106 pasedonIR
Cryostat length <3850 mm 83400 magnet location
<10G
— Cryostat outer diameter <3540 mm (B @ R=3400 mm)
i
7 | ® 83400
Parameter Value Comment
Central Field
20T .
B Reference field
Lowest value: 1.7 T
operating 05T
field B5300 B7400
@ @
: 125% )
/ U ,fFIEIC.' ) +100 cm around
Service Tower He Phase separator n c::rglw in center
l 80 cm radius Magnetic Field
" <0.1 (mrad@30GeV/c) Properties
Projectivity in <10 T/A/mm?
RICH Area From Z = 180 cm to
1 280 cm

[

Conductor Design
NbTi

Fiber Glass Insulation

20x@=0.7
R~0.3

7

5.12

11.92 '

DIS2025, Cape Town, 24-28 March 2025

Silvia DALLATORRE (INFN 20
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RACKING IN eF S

e _ Complementary tracking technologies characterized by light materials
'EE — SVT: Si trackers based on ALICE ITS3 65 nm MAPS sensors
: — . Fine space resolution < 5 um
— " Five cylindrical layers in the barrel and five disks in each endcap
—J | MPGD trackers
— =" . Good time resolution (9 (10 ns)
/ % - Cylindrical MICROMEGAS
- " Planar uR-WELL with GEM pre-amplification

Additional information

" AC-LGADs for ToF (PID) - very fine time resolution: 20/30 ps

" First layer of the barrel imaging EM calorimeter — fine space resolution (150 um), good

time resolution (~ 2 ns)
* MPGD _ _
| RWELL-ECT | |uRWELL-BOT| |CyMBaL| | uRWELL-ECT | « BOT Length: 340 om 0.4¢ TraCKII)n%I m?terlal
I \ - BOT Radius: 72.5 cr 035 udge
0.3%- § Beam Pipe
0255 | ~ Services
. : § Detector
e — * AC-LGAD
» ToF: Part of PID
,4__.‘\\\\\\\\\‘:&{({\%\%._ A

AC-LGAD Endcap | R NI
0 20 40 60 80 100 120 140 160 180
6 (deg)

—_—

SVT Endcaps SVT OB SVTIB SVT Endcaps electron  proton

AC-LGAD Barrel |

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ( INFN 21
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1 SENSORS FOR CALORIMETRY IN ePIC

-

SiPM sensors for all Calorimeters in ePIC
* SiPMs recently introduced in calorimetry

» direct experience is coming from the SiPM requirements

applications in GlueX, STAR and sPHENIX for HCals
» these colleagues now at work for ePIC
calorimetry ——— ECalinred —— sze ’ammm
HCal in blue Photon Detection Efficiency (PDE) SO5%
Relevant SiPM features for ePIC calorimetry Derk Gount Rate (00 o0 e
Fill factor >40%
» Cost-effective technology Peak sensitivit ) ~450 nm
« Operation in magnetic field Rad Dose and NeUtron FIUX
10x275GeV e+p @ 500.0 kHz, 1 fb™ min-bias integrated lumi. 10x275GeV e+p @ 500.0 kHz, 1 fb™ min-bias integrated lumi.
* Wide dynamic range with tuned O o Aidhsbiinie =
g " L ﬁ_ 10° &

parameters for the different calorimeters

-
Q
w

lonizing Dose [rads]

-
Q
>

« Low noise with appropriate thresholding

-
o
2,

MEQ Neutron Fluence [cl

D'
i
Q o
> o

1 ME

» Effect of the radiation

10°

« Not new, already addressed for STAR _ e
and sPHENIX = ... W,

« Further irradiation campaigns on- a0? zen
going

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ( INFN 22
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ep.@ ELECTROMAGNETIC CALORIMETRY IN ePIC CD

— W/SciFi

sssssssssss

=========

-1.7<n<1.4 SN
14<n<3.7 O e

17X,
Pb/SciFi: 5760 readout 23X,
~16k towers

ch.s

B -3.5<n<-1.7
AstroPix: ~0.5B pixels R,y er=160cm

22X,
~3k crystals

Router=64cm Pb/SciFi

AstroPix

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ((INFN 23
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ELECTROMAGNETIC CALORIMETRY IN ePIC CD

?

| ,

2]

DISe

SIDIS =0

p (GeVic) vs n

DVCS photons

PYTHIA
18 x 275 GeV

E, (GeV)

1 e-endcap

Barrel

h-endcap

MILOU DVCS
etp 18x275 GeV

F PYTHIA
C18 %275 GeV

nnnnnnnnnn

o:/E E range, 1tt suppression | w0/ discr.
GeV (In combination with
other subsystems)
[2 :é)% ${1 — 2}% 005_18 GEU Up‘ tﬂ' 104 Up tD ? GEUfC e
Y -\,lgﬂ]%ﬁl _3y% 0.05-50GeV  Upto 10* Up to 10 GeV/c

AstroPix

DIS2025, Cape Town, 24-28 March 2025

Silvia DALLATORRE 24



1 HADRON CALORIMETRY IN ePIC CD

-

Backward and barrel:

Barrel Hcal
(re-use from sPHENIX)

Steel/scintillator
sampling calorimetry -
CONSOLIDATED
TECHNOLOGY

« ldentification of
neutral hadron jets,
especially at low x

« Tail catcher for e/m
calorimeter

+ uidentification Forward endcap
-— T,
« Original design inspired by
CALICE development:
- 'SiPM om TILE”
; « High granularity insert at
! I .. high
- Jet energy measurement
- DIS kinematics
reconstruction “Hadronic
method”
= o §  muon ID

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ((INFN 25
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HADRON CALORIMETRY IN ePIC CD

EHal in forward endcap: “SiPM on tile”

Test-beam data of iron-scintillator calorimeters

— — — — —

1.8 mm absarber ... WA (1980)
CDF (1997) 1

4 COMPASS (1997) 1

« Sampling calorimetry with Fe absorber

H 0.25:- 48 ATLAS (2009) .
, « Derived by a development for CALICE ; & oo 1

4 mm Scintillator . PHENIX (2018,
- Tower structure with read-out at the rear face aznl ARG E

48 EIC ref. detector in DD4HEP |
Simulation studies

14.B mm ahsorber

The Insert 0-10f

0.05F E

detailed 8M tile assembly E
Iopton e 98 . | | 1 | n

reflecrive foil -6om - L A FR— FR— L L
0.00 20 40 60 80 100
amu m* energy [GeV]
_\a:ntillator top view 8M module
040 cm = EEDTT |
: insulating
layer
EsRfols o with staggered tiles for
3D-printed frame iPMs .
s nd L£Ds Improved space

resolution

TS D s
R i
aaeeiicaitc digty
16mm steel plat 4mm scintillator tiles transfer PCB I 9 q' B 020 i‘p &
m e piates - \‘%g‘gﬂgiﬂiL&Rg'!b'gs‘# 2
- WReePaatanti 2anlan s00utiens:
[ =< R R T ey
hadrons \e33e000d! (193082089861
iisttsetec: eion e
“!q!%‘g“' pat

8M tower module - 20 cm x 10 ecm x 140 em
-85cmx SemLFHCE towers

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ((INFN 26



1 The double role of PID in ePIC CD

-

Support electron identification, wnich
cannot be provided by ECals only in DIS experiments
with electron beams (see HERMES, JLab)

275 GeV p 2> € 18 GeV

107 ' L T T T T
10 Prr'm Value | -20< n< -1.0
1 l
L ]
10—1 ..'-- '..‘

/e Ratio

- @
-]U—ﬁ 1 1 Lol 1 I S I N N N |

1
p (GeV/c) \

Adding PID

The different physics channels require
n contamination in the electron sample
down to 10+

DI1S2025, Cape Town, 24-28 March 2025

Hadron identification, a key ingredient for
TMDs address by SIDIS and with the novel approach
of jet reconstruction 275GeV p > € 18 GeV
10 7990' Bef

P A : J'%W
g "r‘ M%:‘<Jl<025 bt 0. ::Lﬁ 50
O
O T
4y
L'— ’;’1*’; c'; *
@ - Io-wl:-zl‘:l-ool Il il Il rl [Fe=2] Il ‘\I =9\?’££:ﬂgl
| o L
© Eid n
- 1 ’E,_
) O e
>
O
O
2
- K :

1 Lovcalinilenl Lol -sfm‘w‘l 1 °|%¥2 E%‘G"P
-4 3 -2 1 4 -3 2 1 -4 -3 -2 1 4 -3 - \Eg‘;(xEJ
Silvia DALLA TORRE INFN 27
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PID IN ePIC CD

107
} Range of 30 n-K separation

DIS rythia e+p 18x275GeV 107 E pyma exprex2rs cev < 4w
g ‘E/K ; 10°

= | d
3 o separation areas % 10 {40
‘% 1] dRICH {aerogel) E 102

E i gl
§ 1 . ToF (HRPPD) = 102
\ £ E 10

f — ‘ - \\ 10-1 : U I Y USR] IPURPN IPIN L Af

Range of 3¢ K-p separation

| 102 =
— . Kl/p ;
hpDIRC - dRICH 3 .
3 » =+ 10 {dRICH (aerage) 3
E i 3
E | ' :
e e e £ o | b
g 1 | ToF =
] | ToF ]
pfRICH g , \ |
101 ey
5 Range of 30 e-x separation
; 10 3
\ 2 eln :
» © 3
\ P ]
3 € 10 "dRICH (gas] =
AC-LGADs £ :
-'(]E‘J dRICH (aerogel) 3
E pfRICH -
—~ L: —_— __—'g — § 1 R L hpDIRC _§
ToF 1 w = “
:PRD) - —~
10-1 ﬂ.-f..'\l\.“r\..l‘..‘l....|...;|.‘..\..'.;.
-5 -4 -3 -2 -1 a 1 2 3 4 5

DIS2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE ~ (INFN 28



N\

C °TD IN ePIC CC

Areogel and gas

High performance thanks to focalization

Cherenkov imaging PID in and fine photosensor pizelization

backward endcap:

proximity focusing RICH
(pfRICH)

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

ToF by AC-LGADs

Goals for the application in ePIC:

. [30 um space resolution ]
25-35 ps time resolution

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE INFN 29



1 PHOTOSENSORS for CHERENKOV PID IN ePIC

For pfRICH (option for hpDIRC) :

HRPPDs by INCOM

- large-size (12 x 12 cm?) MCP-PMTs, pixelized

e o 2 e 25082
g 1000 5o GaNE goof B men
T SR T R
5 s0— ,’:‘ 007+ 001 b r P4 0.082 001
B C 81505
3 H]ﬂ ‘ﬂ HV (PC) = 20V: ~75ps gwoi \ HV(PC)=100V:~35ps
F Y MIL 01 M
L ;JN % [L, F n
—500 (‘J 500’k o "mo?)ﬂ 1500 —%DO 500 1000 150
[ Leading edge timing, [ps] Leading edge timing, [ps]
1
& 1007
< r
© 80
< L
9 L
S 60
Q L \‘
s L
- -
2 w0 R
o [ —
5 [
Qo 20
w L
o L
(7 ) AR AN AU AU AN AN EVUUET AT I
0 20 40 60 80 100 120 140 160
Photocathode voltage, [V]

For dRICH : SiPMs at -30°C

- Robust R&D for the validation

High-temperature annealing recovery

Studies of radiation damage on SiPM . . .
5 “Online” self-induced annealing

2 F T T T 3 —
< F 3 = f E|
= FBK NUV-HD-CHK Vover =4V 3 = HPK S18360-3050VS Voer =4V 3
D4 T = G|
g 10 | g 10 -
° ¥ 3 3 i
E E|
10°F ! 108 2
E current increases = proton irgadfation campaigns
linearly with fluence E| in 2021, 2022 and 2023 ——— -
10°E 1 & g
= 3 X |
E 3 10 El
E | El
1010 L é E
E 107° =
L N ]
—o—new point is average over se: s 3 3
1072 & —o— irradiated rectangle represents RMS dispersion % : i';::’mg R 3
E | L 3
12 hal
new 9 10 T 10 —e— oven annealed (200 hours @ T = 150 °C; E
100, 10%n,  107n, 523 i9M sz : \’ ]
4x8 “matrix” board)
all resuilts are reported at T=-30C e A now 10%n,, 100, 10",

Repeated irradiation/ annealing cycles

Hamamatsu S131360-3050 @ Vover =4V, T=-30C
z . ‘ | ‘ ‘ | [ | B ~ T T T
£ 3 T .7 —
S— = — = 10" no annealing limit
"E E HPK 81 3360—3050\’5 VUVET =4 V\g m o E online annealing limit
L H | O C oven annealing limit
:l‘:) 10 E 3 U [a] o possible operation
3 £ B L
IR . |o
- g g 10
10°: 8 P8 i - F
E = == F =t = —— E| \ E 300 kHz
Ll e f
108 [’ == = 10°E
15 el E o) -
1010k | & 4 . — L
Dl « 500"
£ E el A ia gl o
1072k | o4 U)l 10 102 10°
£ | | | | | | ] 3 ; ; ; -1
T — < integrated luminosity (fo")
1S(Cycle 2ndcyc|e 3rdcyc|e 4(hcycle L Lol Lol Lol ]
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1 AR FORWARD C

-

BO trackers with AC-LGADS
BO calorimetry by crystals

RPs and OMDs by
pixelized AC-LGADs

BO detector

Exclusive /diffractive reactions
driving the design of FF area ->
reconstruction of particles outside
of the central detector ac%aptance

ZDC by crystals
and SiPM-on-tile

.\""'\.‘___.._ --..-"__’_, p! , n)
BOpf combined function magnet t:ptz
P Particles Angle [mrad] Distance from IP
BO-tracker Charged particles 5.5-20 cab-7m
Photons ( tagged)
. 7 Off-momentum Charged particles 0-5.0 0.4<xl<0.65 ca23-25m
vprotons at wide range of p;
. . . . gs Roman Pots Protons 0.6<xL<0.95 ca27-30m
v protons with different rigidity . .
Light nuclei 0*-5.0
v'neutrons and photons ZDC Neutrons 0-4.0 (5.5) ca35m
Photons
Silvia DALLATORRE INFN 31
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p THE ePIC FAR BACKWARD DETECTORS

,,,,, N

> This area is designed tohprovide coverage for the low-Q2 events (photoproduction, Q2 <~ 1GeV2) :
Need to measure a scattered electron position/angle and energy

> And luminosity detector (ep -> e’py bremsstrahlung photons)

Low Q2 tagqgers . . . . . ] LUMINOSITY MEASUREMENT Luminosity — high rate
High rate capability, Fine tracking, pixelization = ETHE R LR = calorimeter - W-SCiFi

Tracking — Timepix4 Hybrid (ASIC+Si tracker) —

Calorimetry — W/SciFi :
- LUMINQOSITY — pair spectrometers

TRACKING — AC-LGAD strips
CALORIMETRY — W-SciFi

‘ Lumi- dipole ‘

Low-Q2 ; .
Polarimeter : \Y
Tagier2 . dipole max
P | wp
KNG £ photon >|: I > | PHOT
Taggerl . Lo electron
Each station: £E exit window _length DOWN
4 tracking layers : min
Calorimeter B2BeR , L.
e Similar to ZEUS/HERA concept

DI1S2025, Cape Town, 24-28 March 2025 Silvia DALLATORRE INFN 32



1 TECHNOLOGIES: WORLD FIRST AT ePIC

EIC Large Area Sensor HRPPDs for Ch k

(LAS), modification of imagingsan%r Timeé?tg‘-lg;{ght first-time full-size

ITS3 sensor with 5 or 6 for pfRICH —_ CALICE-like calorimeter
2 in collider experiment in

RSU forming staves as the
basic building elements for
the Outer Barrel and the
Tracking Disks

the forward HCal

4
Up 0 520 mm
(No RSU overlap)

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

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

SiPM as Photonsensors First time use of
in crystal calorimetry for AC-LGAD in a collider
backward endcap ECal Use of ASTROPIX in detector for barrel and
o ' Calorimetry for the forward endcap ToF
imaging barrel ECal P
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The EIC is a unique project, the word only one approved for the ultimate
understanding of QC

Most likely, the only novel high energy collider in the next 15-20 years

The EIC project is approved and progressing toward full realization

: The ePIC Collaboration for the project detector is working and highly
committed to the detector and the physics scope

: The ePIC detector design is fully dictated by the physics scope

= A number of established and novel technologies required to match this
scope

3 Exciting perspectives in front of us designing, building, operating
ePIC and progressing in physics with our detector

= The time to join us is now!
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THANK YOU
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’\ THE ePIC FAR FORFWARD DETECTORS

Vertical ROMAN POTS

B0 trackers with
AC-LGADS

B0 calorimetry by
crystals

RPs and OMDs
by pixelized AC-
LGADs

Synergies with
forward ToF

« TRACKING -
Synergies with
forward ToF

« CALORIMETRY -
Synergy with
backward ECal
and ZDC

BO Trackers + Calorimeter

a
prty

ZDC by crystals and SiPM-
on-tile

- ECal - Synergy with
backward ECal and B0

BOpf combined function magnet .
calorimetry
« HCal - Synergies with

BO-tracke forward ECal insert
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p THE ePIC FAR BACKWARD DETECTORS

Low Q2 taggers

+ High rate capability

+ Fine tracking
pixelization

B2BeR

*— | photon ~

. exit window

LUMINOSITY — pair
. tcrgfokr?&;fR_ogcTi'FEiE APPLICATION spectrometers Luminosity — high rate calorimeter —
y CONSOLIDATED TECHNOLOGIES
Ti id i . + TRACKING - AC-
Imepixs — Wide experience . . LGAD strips +  W-SCIiFi - synergies with forward
accumulated with the different timepix Synergies with ECal
versions barrel ToF +  Cu-QFi
. CALORIM ETRY _ different CM energy PHOT different Luminosity
W-SciFi - Synergy A2 e 1o DZ;,E:QS;V
with farward ECal || "] HH N | A
;;:W ‘ lzr % 0:05— 3
éwﬂ i H i % 004 [- \ f
2 ' Llf ‘di‘L Z ooaf  — - f
« CALORIMETRY - Synergy with forward o LLWH " T AV
E C a I - ‘LJIL\; 0-0:) 1._‘5"]--\77‘«.4...&‘ [ o ‘hlt...J_uJE
In::i[:!emener;ybuncncrossing (Ge‘:l) pee 3022‘;’(;”26 v
?j:ﬁ;?ggdrg to the average phDiDl‘l .
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