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Overview

» Physics goals of the electron-ion collider
» The ePIC detector & backward ECAL
» ASIC for readout of the backward ECAL
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What is the electron-ion collider?
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» Luminosity = 1033-34 /cm2/s, 10-100 /fb/year
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» 10 ns bunch spacing w/ 500 kHz integration rate
) (1 collision per 200 BX)

» Energy recovery linac w/ hadron beam cooling

» 2 interaction points with detector caverns
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A new collider based on existing proton (500 GeV)
and ion (e.g., Au @ 200 GeV) rings at BNL
=Fecatures polarized (>70%) DIS with e-p

=|_arge variety of colliding nuclei up to uranium
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Why does the world need an EIC?

1.
1 " EIC YELLOW REPORT i , EIC YELLOW REPORT ( Il EIC YELLOW REPORT
y W Volume I: Executive Summary : ' Volume lI: Physics Volume lII: Detector

~900 pages, ~400 authors including CEA, [JCLab, CPHT
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The EIC as a (polarized,
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Origin of nucleon spin

—— =

L

. | Kinematic reach of EIC vs previous polarized collisions “
Proton spin has 3 possible components — e
4 | Current polarized DIS e/y+p data: |l
10 _ Current polarized RHIC p+p data:
1 1 |
-= ;AX(y) +AG(y) + L o+aly) 8"
2 e

T T T §'0F
quarks gluons OAM g |
Current constraints: :

e EMC polarized DIS data —> quarks are not enough 10 109 102 o 1

Parton momentum fraction, x

——

e RHIC polarized p-p data —> gluons may not be either =

=

| Projected constraints on nucleon spin §
= The origin of the nucleon spin poorly known! ] e————
DSSV14 dataset
L R EEEE» 1.5 - +EICDIS /s = 45 GeV
M EICDIS /s = 45 — 140 GeV
e : 8 1.0
e Crux of the problem: No helicity constraints below x < 0.005 = | -
e Excellent EIC potential thanks to large longitudinal polarization of e and p T ool ‘ =05
. e . . 4 — —=J0
e Constraints from EIC on AG will indirectly constrain orbital ang. mom. (L) S o-osf o o— R
s =05
e Requires excellent energy resolution in ECALSs, particularly in backward | 0% — 10 GeV?
: : : . —1.5}
(i.e., electron-going) direction I T

1/2- [,y 5(Ag + 1/2AY) dz
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Origin of nucleon mass

e

 Projections for Y photoproduction ]‘i

e O9% of the visible mass of the universe from nuclei

032 §  EICY 10 on 100 GeV (100 fb-!)
® Higgs mechanism accounts for 1% of it, the rest Is 0.30 Gl R Weng eal. (2020
dynamically generated by QCD trace anomaly .
e \What can the EIC tell us about the origin of mass? tﬁsr;t{g?g*ﬁiﬁafs\ §:°-24‘ l ! L

e e e 0.22- - 10 <W<16Gev

. ; mRlE: < <8 o

1) Measure g and g contributions to energy-momentum tensor Ziz : v/
Unknown term is the gluon contribution to the trace anomaly, VS E T 0
the “gluon condensate” e ]

. | | * Projection for the pion form fact
=Probed by exclusive threshold quarkonium production M — —

| 1 | 1 |

. .‘\nu';ulnli:n et al.
0.6 ® Ackermann p(e,e’m*)n
. A Brauel et al. (Reanalyzed)
m JLab (F 1)
o JLab (F -2)
0.5 —{¢{) JLab 12 GeV (projected errors)

or |

2)Measurements sensitive to Dynamical Chiral Symmetry Breaking

Pion mass from QCD, while kaons have a Higgs contribution

=Probed by comparing the pion and kaon form factors

; Melntichouk Duality
0.1- Hutauruk Cloet & Thomas BSE+NJL |-

Nesterenko & Radyushkin QSR

¥ Roberts et al Dyson-Schwinger

Requires measurement of recoil protons at very forward rapidity 00 I3 de lelo el Light Front &7
B — 0 10 20 30
Q® (GeV?)
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Multi-dimensional imaging of the nucleon

_ _ I N —— — —

e Standard DIS give you 1D (longitudinal) parton momentum Iransverse momentum distribution of up quark w/x = 0.in

—— = = = = = =

* Due to confinement partons also have transverse momentum s S }//;
& QO })5/- :
~ )% 2
e £|C can measure the poorly known 3D structure of the nucleon £ g s o
G 150 15 :
S 100F 20 > 5 | .
@ }/5 N O~ S F0
N S : of T AT T
e TMDs sensitive to 3D structure of nucleon via spin-orbit coupling 2- a4 / / / /
. . . . : 05 0 05 0 02 04 06 o8 1107
e TMDs can be measured in semi-inclusive DIS, w/ transversely polarized proton Momentum along x axis (GeV) Quark transverse momentum (GeV)

- Large Q2 range of EIC probes evolution of TMDs, more complex than PDFs

1
|

4

- Gluon TMDs sensitive to long distance structure of QCD, completely unknown | Projection of gluon transverse spatial

| Deeply Virtua ‘:, distribution from excll ‘ ]

= can be measured with dijets and/or heavy flavor ﬁ Compron S - -
e Requires good PID (zz/K/p) & d or 3He polarized beams for flavor dependence - o
e — e > 15.8 < Q2 + M3, < 25.1 GeV?

* Transverse spatial distribution also accessible (Generalized Parton Distribution)

e Measured via exclusive reactions, i.e., DVCS & deeply virtual meson production /.\

e Requires forward proton detection & careful choice of accelerator configuration T
e ————————————RRTT by (fm)

Distribution of gluons
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— _7

Using heavy ion )
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Nuclear modification to the PDFs

= ——— _ —— —

' Kinematic reach of inclusive DIS in e-A |

e Parton distributions are modified inside nuclei
10*
e Precision nPDFs essential for interpretation of heavy ion data o Bisting Measurements with A 56 (Fe): T
: 3
e Cleaner than data from hadron colliders < F .a
o [ ©f
: : : O B
e | arge kinematic range compared to previous DIS S0
o F
e [ncorporate A dependence in a single global fit § F
e e ——————etemmeSESEEESTT = L
2 F
3 -
m -
3
" Impa -
LL’ ’ 01 Lol v vl L v vl v A il RN
10 107 107 10 107 1

EPPS16* 12 = 2 GeV? EPPS16 Parton momentum fraction, x

A =56
EPPS16* + Ogc+ Of@™

e Strong constraint on high-x gluons from cc,

produced mainly by photon-gluon fusion

e Requires excellent impact parameter resolution

0.01 0.1
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GGluon saturation

]

Al

- Suppression of back-to-back correlations in e-
L - — S— e —

— _ p— —

0.50 = — — - I
pr® > 2 GeV mep
. . . . . . . R . trig a8854 . oep smeared
e Saturation of gluon distribution is inevitable, but difficult to measure unambiguously PRSP > LGV
0.2 < z,"'%, 2p%°° < 0.4 oeAu smeared

e When saturation scale Qs > AQCD, gluon dynamics calculable in effective field theory /5 = 90 GeV

e Qs ~ A3 —> e-A collisions are the idea probe of saturation

e Crucial to understand dependence on nuclear target thickness
N e

- Sensitivity of diffraction in e-A to saturation 1‘

Key signatures . L
. . 18 o?-soﬁv? fLdt = 1 b VA g 22/ ° +P(AU)= @'+ plAu) + V
e Suppression of back-to-back correlations Gg s, § §20r., om0 mUA
. . . | o E’ E | . . . § ‘a:. 1.8 0.."./,-,:‘.;.”( x<001
e | arge diffractive cross-section at EIC, characterized by events w/ rapidity gap 8 "1 oot 05 1
‘5 » 1.2; . 5 1.4 JaA L T .
. . . . < | B bl L LT TN
- Since x-section ~ (gluon PDF)2 sensitive to onset of saturation g ; ' o . SRk .
3 g 0.8 "g & ' noooooooo‘::on:)oiao'g?:lf:\QQQOQ60}0#00*0*«
I " £ ..§ o — S Jy saturation (bSat)
- Color-dipole-moment-dependent suppression of vector mesons 35 06 TRNEEEEREEEEEEE  § ) O humsecaicnsiineniiinsssaststtibt
e —— A ) § ] O a 0.6 o saruration f‘f‘.“:)...cnoinn----.-.
W 0.4 IS é ..o!.“""... Experimontal Culs
g 0.2 shadowing model (LTS) é o h|(f,'1., procuci)l < 4
| O 0.2 P(Viaecny prodes) > 1 GoVie
0 Lol il — 0 beran Lk ki FRTTY FRTTY FRTRY PR AT
1 10 1 2 3 4 5 6 7 8 8 10
M2 (GeV?) Q2(GeV?)
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QCD in cold nuclear matter

:

lﬁ Jet suppression in e-A {

- 10GeV x100 GeV e+Au -
1.— _______________________________________ —
s | |
2 | i
P e e Parton energy loss in cold nuclear matter is z B
....... ‘v b -4
PSR B | R , _ _
) el o a2 poorly constrained (0.02 < g < 0.014 GeV?2/fm) Vol h
Y O - - - - Should exhibit strong energy dependence i 18 GeV 275 Ge ek ’
" - Separate from final state effects by looking at jet E . ]
N ~s - -
radius dependence z [ B
C eeee————— ettt xs i R=08 -
" . R=05 |
06— Anti-k, 2<n<4 R=03 —
5 ‘A 110 ] — 115 — ] Zb 25
Jet P, (GeV)
‘Nuclear modification to heavy quark hadrons in e-A |
P — —r I Y T — et
| o Understanding Nadronization - D at 10 GeV (e) x 100 GeV (A) ; - B’ at 10 GeV (e) x 100 GeV (A)
4 .;% | sl 2GeV<pr<3 GeV — —2<n<0 1 I 2GeV<pr<3GeV .
1 T, - Pre-bound state of heavy flavor - ; - e Ny
. I e uIIZZooooIoZIIEEEEa .
hadrons expected to form in-medium ops e | 3 10 pesim e — T
h ! *s ! \‘\.‘?“
AT NN,
o L - Expect large rapidity dependence of — _2<p<0 %,
-'.-‘v?.'f;--" L - 0<p<2 ™
| nuclear modification factor | | o 2<p<4
PR et eEnssERA— e R N R
0%3 0.4 0.5 0.6 0.7 0.8 0.9 » 0.(())3 0.4 0.5 0.6 0.7 0.8 0.9 »
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ePI&ﬁ detector

e [racking
- 1.7 T solenoid

- MAPS tracker based on ALICE ITS3
- + MPGD (e.g., micromegas)

3 5.0m

e Full coverage PID
- TOF at low p (AC-LGAD, 30 ps)

el - Various Cherenkov solutions at high p

e Calorimeters
- SciGlass or imaging barrel ECAL
- sSPHENIX barrel HCAL
- High segmentation ECAL + HCAL in forward direction
- High resolution ECAL in backward direction
- Backward HCAL (tail catcher) 7

Hadrons == 4+ E|ectrons

+ very forward: ZDC, roman pots, charge particle tracking, etc.
+ very backward: calo for luminosity monitoring & low Q2 tagging

NB: ePIC is continuous (streaming) readout detector, there is no triggering
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The electron-going ECAL (EEEMCal)

. ~2<n<-1 i -1<n<0 . -
"1 e+p 18 GeV x 275 GeV | Requires excellent energy resolution & =
' P;THIA DIS = — DIS electron : 9y L | 2% /\/E D 1% i
i I ow energy threshold for determining event article E: ~ 0.05-15 GeV |
S . Photons Kinematics, particularly for inclusive DIS el il

Low occupancy & radiation compared to a hadron collider

15 20

p (GeV/c) p (GeV/c)
Scattered electrons have to be detected in the Lepton Endcap (-3.5 <1 < -1.0) p/A beam _ electron beam
. | 1045 AL L DL LY h,gh Q2
Crucial role! Measure: E N 101" (N.C. Inclusive Simulation n
_ dxdQ? X0
» Scattered e- from DIS 10°E 40%° editm-x
» Direct y from DVCS - E.=18Gev &
T2l E =275 GeV 2 n=0
S 1F e 6 = 90° 4
[~ X A O
Needs to: > F A =- _ 2
" : ‘T 10 8 = 1%5853 3 = 2.5228 3
» distinguish e- from z+/- : . W E ]
» collect bremsstrahlung y's L - NY ;
» reject photons from a0 ; § <y = C
O —————— e iy S
1010‘5 101—4 1(;—1 1 1 = = Central 4 g

Detector

Region of physics enabled by the EEEMCal
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EEEMCal design

Excellent energy resolution requires a homogenous calorimeter
State of the art is PobWO4, e.g., CMS ECAL

1i

Flange of the

External structure & beam pipe

cooling

e ~ 3000 PWO crystals

cooling plates

e 20 cm long —> 22 Xo

Cables
e 2 cm Moliere radius (2x2 cm crystals)
e Produced by CRYTUR (Czechia)

e PWO-Il —> 50% more p.e. than PWO

beam pipe

Internal structure &

0 10 20 30 40 50 60 70 80 90 100

cooling Crystal ID
- current option under consideration
read-out boards R— / S14160-6015PS parameter value
PbWO, crystal & > Effective photosensitive area 6x6 mm?*
internal support structure Number of pixels 159565
universal support frame  p|rc bars Fill Factor > 319
Peak sensitivity wavelength 460 nm Read()ut by SlPM
PDE (at 460nm) 32%
' : Gain 3.6times10°
Mechanical design by [JCLab Preakdown voltags TRL5 Y 2X2 array per crystal
DCR (typical/Max.) - 3/10x10° counts/second
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EEEMCal in simulation

719 photon seperation efficiency

== % = —

_ _

| Charged pion rej

olution |

tion

uEnergy reé

~ O c
S - S 12000} §‘
l&m 45 - e 0.5GeV S 1—o o ° o
e r [z - o 1.0GeV k2 B
n ‘ 5 » 2.0GeV - o
4 S 100001~  + 500ev w1l
- - 10.0GeV d 0.81—
3.5 i o 20.0GeV i
af 8000} 3
» o 1.81 | T )
m —==1.22 ® —= . 0.6
25) = \E — -
C 6000} "
2:_ — -4 T
I : 4 0.4
151 4000} + + -
= = Q . -t - -
- 4 | + + .
1 S,
m » | . + P
: 2000} t 0T +++ al
0.5’__ - +' " :{" .
m - o o )
06.1 L1 é L1 41 . é L 11 é L 11 10 Ll 11 121 1 11 14 Ll 11 16 Ll 11 18 L 12 lo L1l - I ...l B I" - . T l i - l I l l l l l l I l
[ Ll Ladhe Jodhe h|.|‘.’r | PO | 0111 [0 TN W ST N T T T T T T T T O
E[GeV, 90 75 80 85 90 95 100 0 2 4 6 8 10 12 14 16 18 20
‘ e- efficiency[%) P [GeV]

Geant4 simulations w/ particle guns
Electronics & SiPM not yet included
PhD thesis of Pu-Kai Wang (IJCLab)

R R S SessetmmmestET
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Calorimeter readout at ePIC

——  ——— ————|

' SiPMs of the various ePIC calorimeters |

HCALSs Will use a variant of the CI\/I PR
 Already first beam test results for forward HCAL

Ins:ert Forward HCal Forward ECal Barrel HCal Barrel ECal Backward ECal Backward HCal
Calorimeter

O i :
Ch | 68 C3 LFHCal | SiPM 1.3x1.3 1.3x1.3 1.3x1.3
<D( 100 0; e ﬁ" trigger:d amy:;e Slize Or)i(%x3 rrnnrrnn Andx3x3rrnnrr?1 6x6 mm2 3x3 mm 6x6 mm2 Or):(3x3 rrr?rrnn
eV )
Voltage 38-45V 50-53 V 33-47 V 38V 40-46 V 50-53 V
500|- iy Array of SIPM . 50r 10 2x2 - 2x2 5 0r 10
_— (summing) Parallel
C it / 320pF 1.6-3.2 nF 1.6-3.2 nF
| R — °2ﬁ§n§2.°° or128% pF  And 6.4-12r.]8 nF 10int st 2.5/0h Or 6.4-12.2; nF
o) — —— " —r— ‘ L
6 8 10 12 14 - :
Time stamp (250
Material from N. Novitsky (ORNL) Dynamic range TBD TBD 0.29pC-5.8 nC TBD 10-10,000pC  0.1pC-320 pC
We would like to use the same ROC for EEEMCal Beyond design considerations HGCROC has obvious advantages
‘Flash ADC”/FPGA alternative planned for barrel ECal » Builds HGCAL experience, infrastructure, etc.
= requires much more power, cooling » Proximity & cooperation w/ OMEGA benetficial for ePIC calo effort
R ——— mammaean A ANRE

Goal: Convince ePIC that ASIC solution meets requirements (resolution, stability, linearity)
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HGCROC

"H2GCROC” version (SiPM)

» /2 channels per card
» Large dynamic range, from MIPs to ~TeV (CMS)
» Measures

- ADC: 10 bit, 0.4fC resolution

- TOT: 12 bit, 2.5fC resolution

» Low power consumption

n
-
M| NI Ui

- C— -

B .
...m—-‘“;-—-f"-u- T S WY -
. N '- e ,' '_v 4 3 y »
- ~—~ - . 5 - - 4 - .

- ¥ L phal .

T

—

el I e

» Linearity better than 1% over tull range

-

|

|
A
|
g
I

|

|

|

|

» Fast shaping time (~20 ns)

» Radiation hard

» Input capacitance: 100 - 2.5 nF, 10 nF grouping under study
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"“CALOROC” for EIC

Evolution for EIC readout [F. Dulucq] mega
Evolution of H2GCROC : CALOROC1 (2024) ! !mega

« Data streaming : auto-trigger and zero-suppress, 200 MHz clock | | |
» SiPM readout calorimetry : CMS H2GCROC with EIC readout (200 MHz clock and fast commands)

* Already done in HKROC (see backup) — SiPM from 500 pF to 2.5 nF (or 10 nF)
— ~5-10 mW/channel

Aﬂal@g| Mxed | Dl@.tﬁl L1A Fast commands [<§—— A.ﬂﬂlcigl M.xed I Digital NxLlA Fast comumnands . .
| | port  |4— e 2 versions : conservative and exploratory

| [
| | port
_ o — > | | ADC/TDC : ] —i‘ — Conservative : uses H2GCROC (ADC, TOT) as it is and replaces the backend
A
N

M

Data — Exploratory : new analog part (dynamic gain switching).

iu

|
|
_J>—'>ADC 'l o RAM Ty ] DR [y — ADC/TDC] Y 5 > >
V|2 M links i — ' |3 I Tinks — Pin to pin compatible
: - : g 2 - : - : 5-. 2 — Backend « a la HKROC » : auto-triggered, zero-suppressed
o _ g { © - g — 40 MHz internal clocking (ADC, TDCs) Fi
— D | e | e — > > p{EDoTDc) > -
>D »[ADC |-» e == >/ > p{ADCTOC » +  Channel number tbd : 32 (HKROC) or 64 (HGCROC) |
| | Slow control | —w | | Slow contral  |<€—p — Cost issue and pin/pin compatibility with prototypes
I I port (DC)  |[w— [ | port (12C) -

Plans for 2024

« CALOROC =H2GCROC (SiPM) for EIC
— Analog part = H2GCROC, backend EIC specific
— Need to choose HGCROC pin-pin compatibility (64 ch) or HKROC size (32ch)
— 2 versions : conservative (ADC/ToT), improved (multi-gain) “
— Costin MPW : 2 * (50 or 100 mm?) * 2 k€ > Engineering run = 250 k€
— Mid/fall 2024 tbd

Backend being redesigned for EIC clock and selt-triggering
Considering swapping TOT for additional ADC resolution
“dynamic gain switching”
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Local “CaloROC” workforce

LLR added to IN2P3 "master project”, which can be used, e.g., to purchase small equipment
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Signal injection tests

-Iéser-darkbox setﬁ b A

|
J - 2 typical gains

i
;}
|
L

- o Low gain (Physics mode): 44 fC/ADC gain, 50 fC noise (1.25 ADCu)
o High gain (Calibration mode): 10 fC/ADC gain, 20 fC noise (2 ADCu)

Laser PILAS
Picosecond Pulsed

3‘;::2 I::e:ﬂ;::th o Calibration mode: Single-photon-spectrum meaa
405nm. * 2mm?Z « Imm?:
Laser 405nm = 1751 O-p-e- LRe.
300 1501
Absorptive _§ <20 é 1251 2P
Lenses E 200 E 45
% 150 % 75
100 50- “ 3 p.e.
50+ 4 p.e. 25
0- 0- |-III“ ||||III|II““I||||._l..lll....__. e |o oo
300 310 320 330 340 350 360 370 380 460 480 500 520 540 560
Amplitude [ADC] Amplitude [ADC]
*Extra step for 9mm? SiPM calibration:
» Single photo-electron peaks measurable in small SIPMs The large Cye; of the 9mm? SiPM produce an Without DNL 1
increment of DNL and make it harder to see correction: 5
» Already difficult to see in a 9mm2 SiPM (CMS-version) the photon separation.
- - . . - - The DNL can be mitigated taking data with * 0
» Requires dedicated (high-gain) HGCROC calibration mode, different pedestal levels using the ASIC to .
_ _ move the pedestals (7rim_inv parameter). . ]
as well as various tricks to see the peaks SPS is clearer after aligning the data. O o
e R CdLT: EIC chips 27 nov 23 16
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Testing EIC SiPMs

400 1

- "j 300

Testing SiPMs at OMEGA, we haa issue/%rerodciilty | ||| |||
) |||||“| “ ||“‘||| |\I ..

i
|
|

# of Entries
N
o
o

—

LE

| |

' Decided mprove the robustness |
460 480 500 520

L
Amplitude [ADC]

» We readout 4 SiPMs through the HGCROC: (9mm2, 36mm2) x (10um, 15um)
v We see the signal through all four

Cannot see single p.e.’s in 36 mm2 SIPMs, 9mmz2 seems to be the limit

Not a limitation of the HGCROC, also cannot see p.e.’s directly on scope

Credit: Le Dortz

Measure P1:area(C2) P2:time@Iv(C2) P3:edae@Iv(C3) P4:fwhm(F1) P5:sdev(C2) P6: P7:--- P8:- - -
value -12.9576 pWb — 0 4.1 pWb 455 pv — - —
mean -25.48 pWb 63.270 ns 0 4.1 pWb 677.7 wV - - —
min -97.9816 pWb 56.265 ns 0 4.1 pWb 68 uVv — - —
max 28.1753 pWb 67.011 ns 0 4.1 oWb 2.56 mV — - —
sdev 17.01 pWb 1.585 ns 0 - 3754wV - - —
num 9.734e+3 189 19.690e+3 1 19.618e+3 0 0 0
status Wi s & s v v
1 _ F1___ hist(P1)] ; Thase -115.2 ns|(Trigger () 1818
1.00 V/div 1.00 mV/div 10.0 #/div§ : 20.0 ns/div]Auto 480 mV
0 mV offset] 2.00 mV ofst 10.0 pWbH 2 kS 10 GS/s|Edge Positive
2471 k#} !
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SIPM measurements

1 Experimental setup
e
Ms |

Hamatsu SiPMs models S14160 - 3010,3015 and 6010 are tested. They can be read in two ways: either |
directly with a short coaxial cable or using a PCB matrix. The PCB matrix links the cathode to an {‘"
HV entry with a resistor and capacitance and the anode to a readout connector to which a resistor I

was added a posteriori. It is shown in Fig. 1. Four samples are available:

erent SiP

e 3 x 3 mm? with 10 um pixels (3010) read with the direct connection with a short coaxial cable
e 3 x 3 mm? with 15 um pixels (3015) read with the direct connection with a short coaxial cable 17 - — 9 mmz, 10 um, Direct
e 3 x 3 mm? with 15 um pixels (3015) read with a PCB matrix 9 mm?, 15 um, Direct
e 6 x 6 mm? with 10 um pixels (6010) read with a PCB matrix 10{ —— 9 mm?, 15 um, PCB

—— 36 mm?, 10 um, PCB

0 1 2 3 4 5 6
Energy [MeV]

Figure 3: S/N ratio as a function of the incident energy.

Figure 1: PCB matrix holding a 36 mm? SiPM. A resistor is added on the readout side.

Stand-alone SIPM measurements being done @ |[JCLab (Pilleux)
S e EEEmemmeaae e
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HGCROC+SiPM simulations

ADC input vs Charge @10nF required charge resolution for forward ECAL vs charge

2.00 -+ | —— Required charge resolution
m MIP = 432.0fC
1.75 - —— ADC charge resolution for 10nF
1071 3 —— RMS noise for 10nF
1.50 + ]

Voltage (V)
o — —
~ o N
W <o v

Charge (C)

—
<

0.50 - 1015 -
0.25 -
0.00 -
o.'o o.'s 1,'0 1.'5 2.'0 10-13 10-12 10-11 1010 10-°
Charge (C) le—11 Charge (C)

Linearity within 0.5%

 studied for various gains & input cap

Charge resolution is within spe

Simulations by P. Dumas (OMEGA)
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HGCROC outlook

o Test SIPMs arrays w/ different contigurations (serial vs. parallel)

=An 4x4 array of 9mm2 SiPMs will arrive next week

e Set up laser or LED dark box at LLR

e Aiming for beam tests with a minimal crystal + SIPM array in 2024,
using DAQ developed for forward HCAL

e Needs dedicated person-power to converge,

= postdoc will take the lead & also contribute to HGCAL eftort
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EIC Schedule

ePIC Collaboration Meeting, January 9-13, 2024

Electron-ion collider

E.C. Aschenauer & R. Ent

= Solenoid and Barrel HCal need to be ready by Jan 2029
= all other subdetectors need to be ready between 06/29 to 06/30
depending on their location in the detector

18 January 2024
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Summary

» EIC: Interesting & varied physics program for the ‘30s
» LLR has the opportunity to get in on the ground floor

» EEEMCal seems an appropriate entry point

- ECAL technology we know very well

- Maintain our expertise in exploiting ASICs from OMEGA
» LLR has prioritized my request for an IN2P3 post-doc to support

the HGCROC effort, ensuring overlap w/ Lida (defending in '25)
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Backup
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Table 2.1: Different categories of processes measured at an EIC (Initial state: Colliding elec-
tron (¢), proton (p), and nuclei (A). Final state: Scattered electron (¢'), neutrino (v), photon
(), hadron (h), and hadronic final state (X)).

Neutral-current Inclusive DIS: ¢ + p/A — ¢ + X; ¢

for this process, it is essential to detect the scattered

electron, ¢/, with high precision. All other final state

particles (X) are ignored. The scattered electron is crit- 2
ical for all processes to determine the event kinematics. } Y

Charged-current Inclusive DIS: ¢ + p/A — v+ X; V..
at high enough momentum transfer Q?, the electron- T T '

quark interaction is mediated by the exchange of a W ’
gauge boson instead of the virtual photon. In this case
the event kinematic cannot be reconstructed from the } ¥

scattered electron, but needs to be reconstructed from  p
the final state particles.

Semi-inclusive DIS: e+ p/A — ¢’ + h*" + X, which . ¢
requires measurement of at least one identified hadron \\//

in coincidence with the scattered electron. %y
2 h, ..
p = | X
Exclusive DIS:e +p/A — ' +p'/A' +4/h*/VM, e .
which require the measurement of all particles in the
event with high precision. 2y
-
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Central Detector Non-DOE Interest & In-Kind

Forward Electromagnetic
Calorimeter

Superconducting
Solenoid

Dual-radiator
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Electromagnetic Tracking
Calorimeter Detectors
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h @ Backward Hadronic Data-Acquisition

Calorimeter Electronics

Time-of-Flight
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1st Wave of Milestones for Detector IKC

ltaly-INFN
US-NSF

UK

ltaly-INFN
ltaly-INFN
ltaly-INFN
France-IN2P3
France-CEA
UK

ltaly-INFN
ltaly-INFN
France-IN2P3
France-CEA
UK

Electron-1on collider

Outcome on detector solenoid funding (CD-3A scope)
Outcome on MSRI funding (CD-3A scope)

UKRI outcome on funding proposal

JLab iCRADA draft on magnet

BNL iCRADA draft on magnet

ICRADAs on magnet signed

PPD draft

PPD draft

PPD draft

JLab iCRADA signed (excluding magnet scope)

PPD draft / excluding magnet scope

JLab iCRADA and BNL iCRADA signed (draft in Jun/Jul)
JLab iCRADA signed (draft in Jun/Jul)

JLab iCRADA signed (draft in Jun/Jul)

CD-2/CD-3 Director’s Review / All PPDs signed
CD-2/3 OPA review

CD-2/3 ESAAB

December 2023
January 2024
January 2024
February 2024
March 2024
May 2024

May 2024

June 2024
August 2024
August 2024
August 2024
September 2024
September 2024
September 2024
November 2024
January 2025
April 2025
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DOE led/ signed

US Lab led/
signed

Government to Government
Science & Technology (S&T) Agreement

Agency to Agency
Implementing Agreement

Statement of Interest

Project Annex

Project Planning
Documents (PPDs)

B binding (contractual)

] not-binding




