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Project scope

Design and fabricate an electromagnetic calorimeter (mechanical structure, readout electronics, etc.)

PCB
adaptators

Cables

—ndcap: cylindrical geometry
e| ocated 175cm from interaction point

o\\Veight ~ 3 tons w/ support & services

Electronic boxes +
cooling

Figure 5: Conceptual design of the ePIC electron endcap electromagnetic calorimeter support, developed by IJCLab.

» Only a homogenous electromagnetic calorimeter will fulfill the energy resolution requirements
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Active material: PWO

ePIC specifications
Characterics

e Fast

e imensions

- 20 cm depth ~ 22 X0 to minimize shower leakage
e Compact - 2 cm transverse size to match Moliere radius

e Fabrication

- Fabricated by CRYTUR (Czechia)
- PWO-Il —> 50% more p.e. than PWO

e Performance

e Radiation hard
e Mature technology used by

many experiments (CMS, JLab)

- Energy resolution: op/E ~ 2 %/\/Z_Z D 1%

- Position resolution: 2mm @ 1-3 GeV
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Crystal ID

Detailed investigation of SciGlass, a cheater alternative, were conducted at [JCLab

ePurchase of crystals assured by the U.S. (= 9 million euros)
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Signal Collection: Silicon Photomultipliers

SIPMs have rapidly developed over the last ~15 years
All ePIC calorimeters will use SiIPMs of various models (size, pitch, etc.)
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Figure 10: PWO crystal readout by an array of 16 Hamamatsu $14160-1315 SiPMs.

Baseline SiIPM version
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SIPM characterization

Studies of SIPMs with PWO crystals funded by an IN2P3 R&T project (2022-2024)
Various SIPM models were tested by Vincent Chaumat (IR) & Noémie Pilleux (Ph ) @ |CJLab

® 3X3 MmM=2 vS 6X6 mm? Advantages '

{e Better signal-to-noise at very low energies

e Relatively small capacitance into ROC \-
e Best single photo-electron spectrum for initial gain estimation ?;
i Disadvantages
| » Worse linearity over the full range :-'
¥i I\/Iore Channels than Iarger S|PI\/I dependmg on readout scheme

e 10 vs 15 micron pitch

» 3X3 mMm2 w/ 15 micron pitch is current baseline —
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Figure 9: Left: waveform (top) and integrated signal (bottom) showing single photo-electron signals in Hamamatsu 15 um Vs
pixel SiPMs. Signals are produced with a low-intensity LED. Right: Linearity measurement, showing 2% linearity up to 3500 (b) 15um

photo-electrons.
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Detector simulations

DIRC

*Energy resolution close to specifications

e *Pion rejection at about 103 with reasonably high efficiency
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Figure 7: EEEMCal simulated performance using the ePIC detector framework including all materials. Left: energy resolution
as a function of the incident particle energy. Right: pion rejection factor as a function of energy and different values of electron

efficiency.
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Mechanical design

Cystals in 4x4 arrays
1 PCB per array

Gain monitoring with
an optical fiber
(1 per crystal)

PCB

adaptator \

(esembIVoris
. crystals

One cable per PCB adaptator

on the front and back of crystals
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stacked w/ 0.5 mm-think carbon fiber plates

Figure 8: EEEMCal installation fixtures that allow for installing the detector safely into the ePIC detector barrel.
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Readout electronics: CaloROC

ASIC designed by OMEGA will be used for nearly all the calorimeters of ePIC
Detalls covered in dedicated talk

Ongoing studies use similar chip designed for CMS (HGCROC

ASIC (or COTSADC + FPGA)

. e shaper & j ADC j ADC 12-14 bit
[] preamp driver 80-125 MSPS
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=

Figure 11: Signal path block diagram of the proposed front-end.

write out channel number followed
by hit record, for the earliest hit

(other channels)

(for presamples)

M/ 2023

Protoboard designed by LFHCal team to read HG

NB: An alternative solution based on commercial flashADC is also being considered for EEEMCal
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ASIC testing/characterization

e [nfrastructure for mass testing of ASICs
developed at LLR & Omega for CMS
e Expertise & facilities useful for ePIC //// ///

e ASICs for protoboards tested LLR /////// ﬁ-% T\\ \\ N

* [n addition to ASIC design/tabrication, 7///% Il ﬁT\W

we aim to maintain French expertise in

testing & characterization ,

Figure 12: HGCROC robotic testing facility at LLR.
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Beamtest setup

ERN. jointy with CAL|

5x5 crystal prototype designed at |JCLab
Only 4 crystals equipped for 1st test

Readout identical to forward HCAL
HGCROC protoboard + KCU (FPGA)

Trigger
scintillators

Interface card between SiPM &
ASIC designed by LLR

Figure 17: Beam test setup at CERN SP (September 2024).

Figure 16: CAD drawing of the interface between the SiPMs and the ASICs.
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Beam-test measurements

of|ectron data collected at 1-5 GeV

o\\Naveforms for each of the 16 SiPMs attached to
a single crystal, with independent readout

eSignal rise time of 25-50 ns followed by a decay
of 100 ns, close to expectation for PWO

eSimilar amplitude observed in each SIPM

eDid not manage to get data for configuration with
grouped SIPM —currently under investigation on
test bench w/ help from OMEGA
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Thermal studies

hermal simulations were conducted which indicate that detector meets 0.1C stability requirement
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Figure 13: ANSYS simulation of the temperature of crystals. The detector is surrounded by cold (19 °C) plates. Cold plates
are also placed in the inner region, around the whole to let the beampipe go through. Figure 14: Temperature measured as a function of time at different positions across the PWO crystals during the beam-test

measurements at CERN with the 5x5 EEEMCal prototype.

Beam test data is being studied to validate simulations
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Conclusions

e \We are targeting a French contribution to the backward

e France has played a leading role in the EEEMCal design choices in terms of mechanical structure,

choice of active materials & signal detection technology

e \We are currently in the prototype testing phase

- We recently collected data with the full chain: crystal-SIPM-HG

“MCal (

ROC-

-EMCal) for ePIC

» Essential detector for all of the physics goals of the EIC program

DAQ

- Upcoming beam tests at DESY w/ 5x5 prototype will allow us to test different readout configurations

- Aim for adoption of Omega ASIC for this detector

e Planning for the construction phase of the detector is starting to take shape
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