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ePIC dRICH

Dual-radiator Ring-imaging Cherenkov Detector (dRICH)

Essential to access flavor information

3D mechanical model

vy

-

Aerogel %

Gas

volume

Goals: Entrance 7
Face -

Hadron 3c—separation between 3 - 50 GeV/c
Complement electron ID below 15 GeV/c
Cover forward pseudorapidity 1.5 (barrel) - 3.5 (b. pipe)

dRICH Features:

Extended 3-50 GeV/c momentum range --> Dual radiator

Single-photon detection in high Bfield --> SiPM
Limited space --> Compact optics with curved detector
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Technical Performance Requirements

Momentum reach above 15 GeV/c to overlap with gas n=1.026

Aerogel: More than 10 detected photons from 4 cm thickness dn/dX =6 10¢ nm!
Single photon resolution approaching 2 mrad scattering length > 50 mm
Gas: Momentum reach above 50 GeV/c at pseudorapidity > 2.5 with n = 1.00086

More than 20 detected photons from 1 m depth
Single photon resolution approaching 1 mrad

C,F¢ dn/dX =0.2 106 nm!
absorption length >100 m

Carbon fiber material
Roughness of few nm
Angular precision < 0.3 mrad
Reflectivity = 90 %

Focalization of Cherenkov light onto the detector surface
Mirror: Preservation of the Cherenkov information
Material budget limited to O(2 %) of radiation length

Single photon detection capability in highly non-uniform magnetic field
Excellent PDE in the visible range to cope with aerogel

Spatial resolution of 3 x 3 mm?
Time resolution O(100 ps)

SRV RV

Sensors: Marginal contribution to the angular resolution SiPM Operation at < -30 degrees
Preserve prompt Cherenkov information Annealing curing cycles
Tolerance to few 1010 1-MeV neutron equivalent fluence
Below 1 p.e. signal threshold capability ALCOR chip (ToT architecture)
Readout: Preserve sensor time resolution to cope with dark counts and accidentals e Time resolution <200 ps
More than 300 kHz/ch rate capability Rate >300 kHz/ch
Streaming readout with suppression of no-interaction frames Digital programmable shutter
. Acceptance maximized in 1.5 — 3.5 pseudorapidity range Composite materials
Mechanics: Material budget minimized in acceptance Single open volume
Compatibility with barrel maintenance at IP6 Detector in the barrel shadow
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Aerogel Technical Performance

Aerogel with n=1.026 validated with lab and prototype tests
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Aerogel Pre-Production

First large aerogel tile demonstrators delivered

based on dRICH baseline specifications

An effort should be pursued by the vendor to keep the aerogel quality parameters as close as possible or better than
the following reference values.

General specifications:
No eracks or bubbles inside the block. Single spallings which decrease its area no more than 0.25 % are
acceptable on the top surface:
Lateral dimension tolerance within 0.25 mm;

No evident disuniformity inside the tile volume

Technical specifications:
Refractive index, to be chosen by the customer, in the range from 1.025 to 1,030, with a maximum tile-

to-tile variation of +/-0.002; 7 o A [
Tolerance on thickness +/- 1 mm, being the error intended as the maximum tile-to-tile variation; \l\
Absorption coefficient, defined as the constant term of the Hunt parameterization of the aerogel ] /3 R L T B L R s s e o
transmission, bigger than 0.95; > "\ \ ;\z /r
Scattering length wavelength bigger than 45 mm at 400 nm; \’L,\ \'x 3 - !f 7
Planarity of the transmission surface, defined as the maximum peak to valley variation, does not exceed L N = 3 s b Y Y /
1.5 % of the lateral dimensions. 4 \\\ / o / \ | — *.
¢ y/ y v \ \ S
“ - 7 S 7
/™~ -\ / £ |
Engineering of the aerogel wall expected by 2026 e e} ,
- V.
* optimize area vs number of tiles \ \ ' M
* minimize the waste of material \ A 4 | > \A* /
X /N AN f |
\ / X \/
e e . - / e \ L
* minimize the dead/low-efficiency gaps “ L FT1L%% 4
™~ L »‘L A 4
* optimize thickness: =l ///T“
- photon yield vs resolution Active Area = 21605 cm? , Active Area = 21368 cm?
- planarity Dead Ara =3269 cm? (13%) ' Dead Ara =3506 cm? (14%)
Wasted Area = 9112 cm? (27 %) Wasted Area = 1868 cm? (7 %)
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Technical Performance Requirements

Momentum reach above 15 GeV/c to overlap with gas n=1.026

Aerogel: More than 10 detected photons from 4 cm thickness dn/dX =6 10¢ nm!
Single photon resolution approaching 2 mrad scattering length > 50 mm
Gas: Momentum reach above 50 GeV/c at pseudorapidity > 2.5 with n = 1.00086

More than 20 detected photons from 1 m depth
Single photon resolution approachingl mrad

C,F¢ dn/dX =0.2 106 nm!
absorption length >100 m

Carbon fiber material
Roughness of few nm
Angular precision < 0.3 mrad
Reflectivity = 90 %

Focalization of Cherenkov light onto the detector surface
Mirror: Preservation of the Cherenkov information
Material budget limited to O(2 %) of radiation length

Single photon detection capability in highly non-uniform magnetic field
Excellent PDE in the visible range to cope with aerogel

Spatial resolution of 3 x 3 mm?
Time resolution O(100 ps)

SRV RV

Sensors: Marginal contribution to the angular resolution SiPM Operation at < -30 degrees
Preserve prompt Cherenkov information Annealing curing cycles
Tolerance to few 1010 1-MeV neutron equivalent fluence
Below 1 p.e. signal threshold capability ALCOR chip (ToT architecture)
Readout: Preserve sensor time resolution to cope with dark counts and accidentals e Time resolution <200 ps
More than 300 kHz/ch rate capability Rate >300 kHz/ch
Streaming readout with suppression of no-interaction frames Digital programmable shutter
. Acceptance maximized in 1.5 — 3.5 pseudorapidity range Composite materials
Mechanics: Material budget minimized in acceptance Single open volume
Compatibility with barrel maintenance at IP6 Detector in the barrel shadow
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Gas Radiator Technical Performance

Baseline Hexsafluoroethane validated with lab and beam tests Transmission in UV range >98 %

C,F; molecular weight: 138.01 g/mol Il;f:;frium uv 1.00-

boiling point: -78.1 °C ry‘:::;l?romator

melting point: -100.6 °C . ;fs';'r::;::';:;;

density: 5.734 kg/m3 at 24°C measurement
1 covalent + 6 hydrogen bonds density: 16.08 kg/m?3 at-78°C
BT e e e e e )
CF, (160/149 1368 357 0.32 03335 1.8 %
C,Fp 248/238 486 478 029 030 28 24 % T T——

Sonar
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Measured 139.7 m/s - ke P yP 1 Expected SPE ~ 1 mrad
speed of sound confirms 13958 e 08
negligible contaminants Error on spee of sound 60~ x =
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(e 04 \~,’<Ii+
wer - 5

error on ternperature o 02

20 25
Photon/particie [#]
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Pressure (atm) —»

Z 2T am

Development of gas separation protocols expected by 2026

Gas Separation and Purging

Purging via liquefaction of unwanted gas
Updated vapor-liquid equilibrium C,Fs-CO, model, test in preparation at CERN
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Design of online purity monitors expected by 2026

Sonar to measure speed of sound

10 bar chamber + specrophotometer to measure
light transmission in the visible range

Nominal sensitivity down to 10 ppm of refractive index



Technical Performance Requirements

Momentum reach above 15 GeV/c to overlap with gas n=1.026

Aerogel: More than 10 detected photons from 4 cm thickness dn/dX =6 10¢ nm!
Single photon resolution approaching 2 mrad scattering length > 50 mm
Gas: Momentum reach above 50 GeV/c at pseudorapidity > 2.5 with n = 1.00086

More than 20 detected photons from 1 m depth
Single photon resolution approaching 1 mrad

C,F¢ dn/dX =0.2 106 nm!
absorption length >100 m

Carbon fiber material
Roughness of few nm
Angular precision < 0.3 mrad
Reflectivity = 90 %

Focalization of Cherenkov light onto the detector surface
Mirror: Preservation of the Cherenkov information
Material budget limited to O(2 %) of radiation length

Single photon detection capability in highly non-uniform magnetic field
Excellent PDE in the visible range to cope with aerogel

Spatial resolution of 3 x 3 mm?
Time resolution O(100 ps)

SRV RV

Sensors: Marginal contribution to the angular resolution SiPM Operation at < -30 degrees
Preserve prompt Cherenkov information Annealing curing cycles
Tolerance to few 1010 1-MeV neutron equivalent fluence
Below 1 p.e. signal threshold capability ALCOR chip (ToT architecture)
Readout: Preserve sensor time resolution to cope with dark counts and accidentals e Time resolution <200 ps
More than 300 kHz/ch rate capability Rate >300 kHz/ch
Streaming readout with suppression of no-interaction frames Digital programmable shutter
. Acceptance maximized in 1.5 — 3.5 pseudorapidity range Composite materials
Mechanics: Material budget minimized in acceptance Single open volume
Compatibility with barrel maintenance at IP6 Detector in the barrel shadow
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Mirror Technical Performance

CFRP substrate mid-size (~¥50 cm side) demonstrator validated with lab tests before coating

Annex C. Technical Requisite

Each spherical mirror is supplied with

- aspol-size measurement,
- areport on dimensions,

- no reflective coating.

The spherical mirrors are replicated from the same mandrel. The latter is realized with the novel
cost-effective technology that reduces the mandrel total mass and cost. Each mirror fulfills the
following optical quality specification:

- Radius within 1% of nominal RoC value
(the nominal RoC values is defined by the customer before production in the range
2000 mm +/- 10%),

- Roughness <2 nm,

- Pointlike image spot size D0 < 2.5 mm,

2Fe).
Compatibility with SiO; reflecting coating.

Compatibility with fluorocarbon gases (

Spot Image
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Mirror Substrate & Coating

Ongoing activities with possible synergies with pfRICH to be completed by 2026

Studying special material (ultra-low degassing) Developing portable reflectivity test bench

X-ray reflectivity off CMA mirror
(rho ~ 2.1 g/cm?3, roughness ~ 1 nm)

ZA o = | SHARED MATERIALS %
Y& SMiF | INstruMENTATION FACILITY ‘

Access to a variety of instruments for v
precision characterization of materials

AFM images of coated surface (SBU) 8 :: _/MWMWW MM\“’ VVU\

showing roughness of < 100 nm obs ol ols 0% s
qlA)
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Technical Performance Requirements

Momentum reach above 15 GeV/c to overlap with gas n=1.026

Aerogel: More than 10 detected photons from 4 cm thickness dn/dX =6 10¢ nm!
Single photon resolution approaching 2 mrad scattering length > 50 mm
Gas: Momentum reach above 50 GeV/c at pseudorapidity > 2.5 with n = 1.00086

More than 20 detected photons from 1 m depth
Single photon resolution approaching 1 mrad

C,F¢ dn/dX =0.2 106 nm!
absorption length >100 m

Carbon fiber material
Roughness of few nm
Angular precision < 0.3 mrad
Reflectivity = 90 %

Focalization of Cherenkov light onto the detector surface
Mirror: Preservation of the Cherenkov information
Material budget limited to O(2 %) of radiation length

Single photon detection capability in highly non-uniform magnetic field
Excellent PDE in the visible range to cope with aerogel

Spatial resolution of 3 x 3 mm?
Time resolution O(100 ps)

SRV RV

Sensors: Marginal contribution to the angular resolution SiPM Operation at < -30 degrees
Preserve prompt Cherenkov information Annealing curing cycles
Tolerance to few 1010 1-MeV neutron equivalent fluence
Below 1 p.e. signal threshold capability ALCOR chip (ToT architecture)
Readout: Preserve sensor time resolution to cope with dark counts and accidentals e Time resolution <200 ps
More than 300 kHz/ch rate capability Rate >300 kHz/ch
Streaming readout with suppression of no-interaction frames Digital programmable shutter
. Acceptance maximized in 1.5 — 3.5 pseudorapidity range Composite materials
Mechanics: Material budget minimized in acceptance Single open volume
Compatibility with barrel maintenance at IP6 Detector in the barrel shadow
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Photon Detector

Steadly progress of photodetector towards integrated design completion in 2026

towards construction

26 hEh
2022

electronics v1

>

2023

electronics v2

2024 2025/26

electronics v3

electronics v2.1

+5 ns timing cut T F
€ sof L e
GOF v, el oo Full size engineering
of T e & test article
2of~ ; : * 5
oF & +SiPM carrierv3
20 R +RDO
40?
460; ©0
a0 S S + ALCOR 64ch
el Sl N +FEBOA

X (mm) slide inspired by Pietro Antoniolix (mm)
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Sensor Technical Performance

Baseline specs defined at the SiPM LLP Rewiew in fall 2023 after several tests on a variety of sensors

baseline sensor device
64 (8x8) channel SiPM array

SiPM technical specs

M. Contalbrigo
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3x3 mm?/ channel

Eaametes fake (umnmwmwmnzsc,mm
Device type SiPM array .
T o Py—— Based on PDE vs DCR studies
Active Area 3 x 3 mm? active area of one channel, total active area is 64 x 3 x 3 mm? over ava riety Of SI PM
Device Area < 28 x 28 mm? device area should be small such as to have > 75% fraction of active area over device total area 75 3r
Pixel Size 40 - 80 um pitch of the microcell SPAD °7_,_,’ naf- new annealed
Package Type surface mount .% - e post109 neq
Operating voltage <64V P~ E
Peak Sensitivity 400 - 450 nm g 2'4;_
PDE > 35% at peak sensitivity wavelength E} 2-2;_
Gain >15108 § 2k
DCR <1.5MHz g, 1.83_
Temperature coefficient of Vop <60mv/C ? 1.65—
Direct crosstalk probability <10% r Hamamatsu
Terminal capacity <600 pF tar ‘/ —e— $13360-3050
" : 1:0F —e— 513360-3075
Packing granularity 7 —8— S14160-3050
Vop variation within a tray <300 mV Vop variation between channels in one device IS '“1 = pre e “;'62 s I;Bs -
Recharge Time <100 ns ctau recharge time constant dark count rate (kHz)
Fill Factor > 70%
Protective Layer silicone resin (n=1.5 - 1.6) radiation resistant, heat resistant (up to T = 180 C)
DCR at low temperature <10 kHz atT=-30C we will evaluate as
DCR increase with radiation damage <1 MHz/10°neq at T =-30 C, after a radiation damage corresponding to 10° 1-MeV neutron equivalent / cm? (neq) pal‘t of QA, testing
Residual DCR after annealing < 25 kHz / 10° neq at T =-30 C, after a radiation damage of 10° neq and a 150 hours annealing cycle at T = 150 C sensor samples in
Single photon time resolution < 200 ps FWHM corresponding to < 85 ps RMS received batches 8



Photon yield

Sensor Layout Engineering

Time resolution with ALCOR redout

includes contributions

o= 2Tps =

[ after irradiation and annealing

-

50 5 60
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o 40r g [T
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o
£ 34f t
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% 321 —— t
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0 10 better time resolution with 75 ym SPADs
PDU comfortably below o, = 150 ps also at low V..
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time (ns)
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2 25 3 35
signal coincidences / triggers (%)
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e purchased and received
o 4x matrices with 50 um SPADs
o 12x matrices with 75 pm SPADs
o several single-SiPM sensors
e goal
o assemble few new PDUs
o use them in the next beam test
o evaluate expected PDE improvement

eRD102-FY25

% ' , 4
ol Uve || UVE | sTD
B 75um fif SOUm i 50 pm

S,

e u
T



Annealing Engineering @

Completion of engineering of the SiPM optimized layout and temperature treatments expected by 2026

Recomm. (DAC): Annealing procedures should be investigated, and defined; this will

have implications for the design of the read-out board (heating). Details of in-situ annealing protocol based on Joule-effect

g
]
. . . . =
online self-annealing with forward bias g
Qo
()} AL IR B R L £
(@) R ]
© § 14 >
E S & “\\\\“
o e
© S W heetees
3 Wy sty ;
“— 5 -
o Sog .
c % 0.6
9 175C
-— 04 150 C
(&) 125¢C
S o2 100 ratio wrt. new sensor
= —1 0 50 100 150200 feature_s ) ) . o
1 0 - -+ — annealing cycles (hours) e like a final FEB with all annealing circuitry
1 e  SMA connectors to inspect SiPM signals on scope
J goals
. i ] e test realistic dRICH annealing electronics
oven | i U i e study/engineering of annealing process details

level with

= front-end
97% cured v M _ anneaiing
no ALCOR chip circuitry

damage 1 . - . on this board

| |HoT SURFACE /’
ponNoT 7

TOUCH ik,

1072} = =t o 3
T=100°C 1 T =125°C 1 T =150°C ] I ECS 17 O
IlIIllIl\ IlHLI,ul I- IIIIHII| IIlLI.LI.I| l- HllHIl' IllU.llIl_LIJ.U.llj IlH; IIIIUI.Il_I_LLllJ.I.Il_LLLLLIJl.l_L[ \
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light gray points are all sensors annea“ng t| me (hOUI’S)

coloured points are averaged over sensors
coloured brackets is the RMS
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simulations (T, =60C) N

mbient
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Technical Performance Requirements

Momentum reach above 15 GeV/c to overlap with gas n=1.026

Aerogel: More than 10 detected photons from 4 cm thickness dn/dX =6 10¢ nm!
Single photon resolution approaching 2 mrad scattering length > 50 mm
Gas: Momentum reach above 50 GeV/c at pseudorapidity > 2.5 with n = 1.00086

More than 20 detected photons from 1 m depth
Single photon resolution approaching 1 mrad

C,F¢ dn/dX =0.2 106 nm!
absorption length >100 m

Carbon fiber material
Roughness of few nm
Angular precision < 0.3 mrad
Reflectivity = 90 %

Focalization of Cherenkov light onto the detector surface
Mirror: Preservation of the Cherenkov information
Material budget limited to O(2 %) of radiation length

Single photon detection capability in highly non-uniform magnetic field
Excellent PDE in the visible range to cope with aerogel

Spatial resolution of 3 x 3 mm?
Time resolution O(100 ps)

SRV RV

Sensors: Marginal contribution to the angular resolution SiPM Operation at < -30 degrees
Preserve prompt Cherenkov information Annealing curing cycles
Tolerance to few 1010 1-MeV neutron equivalent fluence
Below 1 p.e. signal threshold capability ALCOR chip (ToT architecture)
Readout: Preserve sensor time resolution to cope with dark counts and accidentals e Time resolution <200 ps
More than 300 kHz/ch rate capability Rate >300 kHz/ch
Streaming readout with suppression of no-interaction frames Digital programmable shutter
. Acceptance maximized in 1.5 — 3.5 pseudorapidity range Composite materials
Mechanics: Material budget minimized in acceptance Single open volume
Compatibility with barrel maintenance at IP6 Detector in the barrel shadow
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ALCOR Readout Chip & FEB

ALCOR spces defined with years of lab + beam tests with the 32 channel version - ALCORv64 ready for pilot production

MPW run in March ‘25

ALCOR block diagram

/ ALCOR pixel

Disc 1
- RCG
w2
Disc2
¢ 0
e 1
0C2 Pixel block |
\ ¢ 3 i /
} ~
TPSWITER — Cortguraten bom Confguration o
lower channel upper channel

ALCOR key specifications

Function Digitization from SiPMs with 1 p.e. sensitivity
Mode Single-photon tagging or time and charge
Tech Node 110 nm CMOS
Channels 64 (8x8), dual polarity

_QQAL’} <1nF
Digitization 20-40 ps TDCs, TOA + TOT; Timing <150 ps
Shutter Width: 2-3 ns, programmable latency
Input Rate <2.4 MHz (up to 5 MHz on single channel)
Clock 394.08 MHz operation from BX 98.5 MHz
Links 788 Mbps LVDS, SPI configuration
Power 12 mW/ch
Package BGA
Rad Tolerance Radiation hard

M. Contalbrigo

Silicon die layout

Compact ball-grid array (BGA)
package with interposer
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V (mV)

Improved timing and digital shutter
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Readout Electronic

Design of the readout electronics in the “final” ePIC layout version is ready for test production.

« 3rigid PCB connected with 2 flex PCB

« Four connectors to front-end board, 100 pins
SAMTEC LSHM-150-03.0-L-DV-A-N-K-TR

+ Four Hamamatsu arrays of 64 SiPMs each

* 256 SiPMs in total

TOP

Front-End Board (FEB)

Carrier v3

Test-production started ‘Jan 25

Readout Board (RDO) - N -
Si5319 P';ﬂ'"::'cgrns

DO LDO uC

TSMC 16 nm FinFET process
Alcor bus

=
@
o
8]
o
73
e
A

Alcor bus
(high —> Artix VIRx+ FL
density Ultrascale+ B
connector)

LDO
Si5326

9.0cm

3.54inches Y
onnector
Artix

» Ultrascale+
& FPGA

8.2cm
ﬁ 3.2 inches

PolarFire
FPGA
(scrubber)

programming
connector

VTRx+

5.2cm
28 nm process
(config memory is SEU immune) 2.04 inches 4‘9 Cn:] 4‘9 cm
1.57 inches 1.57 inches VTRX+ pigtail
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Readout Irradiation Tests

Singe-event upset (SEU) rate of dRICH electronics is manageable with standard firmware redundancy and resets features

ALCOR radiation tolerance

Regular irradiation campaign ongoing:

Neutron irradiation campaign at LNL-CN (9-11 October 24)

Gamma irradiation campaign at CERN-GIF (14-16 October 24) TID5 = 2.3 krad
(for 1000 fb™1)

Proton irradiation campaign at TIFPA (12-14 December 24)

Drift chamber monitor to measure
the actual proton fluence.
7

RDO radiation tolerance

e ECCR 0=9.8 10" cm?bit  periphery register — no TMR in ALCOR v2.1

e BCR 0=6.1-10"cm?bit periphery register - no TMR in ALCOR v2.1
e PCR no SEU detected re-written every 10 seconds to mimick TMR
22:51 TFine MIN/MAX spread
Measured Mean SEU time @ ePIC 5 200
Q
. : 175
Si5326 (clock) osgy = (389 +0.54) - 10714500 4h =
§ g 15.0
Attiny (power) osgy = (2114 0.50) - 10745 |:> 3.8h Zns
s
@ 10.0
Our estimates Osgy (%) P 7.5 h
; months
AU15P (FPGA) g a7Bz0zn) 10" 2 min 50
il (230£028) 107 0 100 200 300 400 500 600
TID [ krad ]
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Technical Performance Requirements

Momentum reach above 15 GeV/c to overlap with gas n=1.026

Aerogel: More than 10 detected photons from 4 cm thickness dn/dX =6 10¢ nm!
Single photon resolution approaching 2 mrad scattering length > 50 mm
Gas: Momentum reach above 50 GeV/c at pseudorapidity > 2.5 with n = 1.00086

More than 20 detected photons from 1 m depth
Single photon resolution approaching 1 mrad

C,F¢ dn/dX =0.2 106 nm!
absorption length >100 m

Carbon fiber material
Roughness of few nm
Angular precision < 0.3 mrad
Reflectivity = 90 %

Focalization of Cherenkov light onto the detector surface
Mirror: Preservation of the Cherenkov information
Material budget limited to O(2 %) of radiation length

Single photon detection capability in highly non-uniform magnetic field
Excellent PDE in the visible range to cope with aerogel

Spatial resolution of 3 x 3 mm?
Time resolution O(100 ps)

SRV SRV

Sensors: Marginal contribution to the angular resolution SiPM Operation at < -30 degrees
Preserve prompt Cherenkov information Annealing curing cycles
Tolerance to few 1010 1-MeV neutron equivalent fluence
Below 1 p.e. signal threshold capability ALCOR chip (ToT architecture)
Readout: Preserve sensor time resolution to cope with dark counts and accidentals e Time resolution <200 ps
More than 300 kHz/ch rate capability Rate >300 kHz/ch
Streaming readout with suppression of no-interaction frames Digital programmable shutter
. Acceptance maximized in 1.5 — 3.5 pseudorapidity range Composite materials
Mechanics: Material budget minimized in acceptance Single open volume
Compatibility with barrel maintenance at IP6 Detector in the barrel shadow
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General Layout

Shell
(CFRP bulk) g

Detector box
(aluminum) Exit window

(CFRP sandwich)

Entrance window
(CFRP sandwich)

Recomm. (DAC): Provide material forthe pending decision on
the single vs two vessel version of the detector.

New assigned workforce

Cooling:  Carlo Mingioni (engineer, TO)
Marco Nenni (engineer, TO)

Detector Box: Michele Melchiorri (engineer, FE)

A detailed mechanical model of the single-vessel detector is outlined with composite materials

Total wieght: ~ 2 ton

PDU Detector

Detector Box

Prototype: Antonio Grmek (LNS)

Off-axis bore

Giuseppe Laudani (PhD, LNS)

M. Contalbrigo ePIC / EIC Project Detector R&D Day - April 16, 2025
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Induced Gradients

Ongoing comparative simulation vs prototype thermal study expected to be completed by mid 2026

SiPM plane, cycled from 22° to -30° 3 mm lucite window

Recomm. (DAC): Investigate whether windows are necessary to separate regions at
different temperatures (gas radiator and the photon detector), and if needed, whether
they impact performance significantly.

Recomm. (PID): Perform a thermal simulation of the dRICH SiPM array considering
different operating temperatures and impact on the quartz window and gas radiator.

Ongoing study with ANSYS workbench simulations
Benchmarked by dRICH prototype

Gradients are largely mitigated by
- double lucite window (with air gap) x0.5

- 8 mm thick quartz window

- inner gas recirculation x 0.1

Gas volume with thermocouples

5 I Tem peratu re proflle ' ' '

z ™ W' gt Vw1 " s " Window surac

ol l[ 1 AT AT II\WHIII AN Iﬂ'l‘ WI'IMWI"W% ™ -
e s Ga.svomn.‘e Lo o g | Temperatureprofile _

10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
Time [s]

14:30 15:00 15:30 16:00 16:30 17:00 17:30 18:00
Time [s]
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Real-scale Prototype

Engineering of all the mechanical details pursued with the real-scale prototype being realized in 2025

PO issued
eRD102-FY25 —

i St THRY. \ ol > o e ikl AA(1:10) L

PN

oS0 o
: (‘\0@“’@
.\‘\zw\o\
V Y e\'\\° W
LA

N X A= & SB

R :
SIN: 26000001 i ) 2
e s

|IIIIlIlPIIIIIIIIIIIIIIIIIIIIilI!IIIIII

c(1:10)

B(1:10)

Carbon Fiber Type. Loyers | Orientation

076 Notes (unless otherwise specified):

er | GG3BOT-A2K22T-IMPS03Z-42% | 2 o F
2| Catbon P giz{:;:g‘;;:::x;‘;:i: i : :ZI: *  Parts and assemblies must be free of burrs and sharp edges.
. e e e e e — e « Al materials must be clean, degreased, and free of impurities.
C F R P La er compos ItIO n ‘GG3BOT12K-20T-IMPS03Z-42% | 2 3 0.76 *  Any changes must be authorized.
y p 6 | Carbon Fiber | GG390T-12K-2:2TIMPS03Z-425% | 2 o 076 +  Ifyou have any doubts, please ask I

T T ™ T o T T g T T 1 Qg T E T
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Realistic Components

Aerogel support
Piezo-electric B

translator @t

Mirror mounting and alignment (aka NA62)

\ Belts to piezo

actuators

Bolts to tension

Modular Mirror
Holder S “——__| Sprungtoallow L

mirror insertion |
and removal |

< Three conceptualized mirror mounting —
locations for the beam test
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dRICH Prototypes

Previous validations:

Dual-radiator concept

C,Fg radiator gas performance
Aerogel rafractive index
SiPM-ALCOR readout chain
EIC-drive readout plane

Temperature gradients

y (mm)

2025 main goals:

Real scale 1-sector prototype 1

with demo components

103

ALCOR redout with RDO

ool

S I | Neolooelooilons

Slot at SPS H8 in November 0 W02 TN W B = ring radius (mm)
gas ring aerogel rings

m mKp
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dRICH technological choices are supported by a structured performance and simulations activity

Essential to guide technological choices
Effective entry-point for new collaborators

New performance study group being initiated
Focussed on SIDIS physics

Experience in Spin Physics and Nucelon Structure gained at
HERMES (DESY), CLAS12 (JLab) and COMPASS (CERN)

INFN FE-BO-PV-TO-SA-LNS-TS (7 staff, 5 student/postdoc)

el
/‘ fragmentation
function
elementary () K
cross-section b h
“dé
final detected
IS/ hadron

Incoming proton 7
= o . }X
— = — >
P distribution
function
T

Close collaboration with Theory groups already
active in inpact studies on (un-)polarized TMDs

INFN PV-TO (4 staff, 1 student/postdoc)

M. Contalbrigo

Significant reinforcement of the simulation group

e New group also provided resources to perform many new simulation - 12h/

day allocation for ePIC
» Substantial use of GPUs

¢ Simulations and Reconstruction in EICrecon

@)
“*~ GPU Facility @CUK

GPU Specifications

oo kel Xeon(F) Gekd 6130 CPU @ 2 100H:

.Availability
12h per day
for ePIC activities

Parallel processing of
DRICH simulations

INFN TS-CS
U. of Salerno
Duke U.
Central U. of Karnataka
Central U. of Haryana
Ramaiah U. of Applied Science

ePIC / EIC Project Detector R&D Day - April 16, 2025

(5 staff, 11 student/postdoc)

dRICH Performance Study



dRICH Performance Study

Simulation within ePIC dd4hep framework accounts for tracking, material budget and magnetic bending.

Ir =
Recomm. (PID): Capture the bi-directional interface between tracking and PID detectors: o
e.g., translation between position and angular resolution requirements for PID detectors 08 ;
< L[
Model bases on lab characterization and test-beam data of components @ ¢ : 10
=~ = a
. . - ] -
e.g. impact of optimized refractive index :é; 0.4—:
20 — -
& i ] 34 2 =
° #y(n = 1,026) 32 g 02— 1
18 P ————— .
5 #7(n = 1,019) > C
; 30) w [
i
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! B : C ’
214 2 s 8 | -0.2— 10
‘E ... 244 O
E 1 22
12
20 0.2
a5 10 20 0 P 50 60 e 015*
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K" - ©* Separation power i
. . o . > 0.1 10
Tige 3as0 7 350 [
i ' S o05-
6 +f! 325 PY | i. 325 :’- 0.051
i ' .
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l! . . ’ he) =
A .!ii. 275 i $ ili. 275 &)-005_ 1
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3 ,”" 3 Tiiii g .
2 "'Hp,. | = 2 : "!I.i;l, B -0.15
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Quality Assurance Charge 6/7

QA is organized to allow essential acceptance tests on 100% of components plus in-depth sample characterization

Recomm. (PID): Create detailed QA plans, including the fraction of devices to be tested.

QA stations organized in order to Aerogel: Integrity, defects, transmittance, refractive index, dimensions, planarity
Be close to the assembling site Mirror: Dimensions, shape accuracy, radius, reflectivity
Ensure adequate personnel training Sensors:  Electrical connections, quench resistor, IV characteristics, DCR, relative PDE
Provide redundancy & investment synergy Readout: Electrical connections, bias levels, threshold and gain scans, time jitter, DAQ rate
Support specific in-deep characterization studies Gas: Refractive index, transparency, sound speed, leakage rate

Component QA station 1 QA station2 | QA detail and backup | QA Acceptance | In-depth
Aerogel Temple U. BNL INFN-BA 100 % 5%
Gas BNL INEN-TS 2% 2%
Mirror JLab Duke U. 100 % 10%
Sensor (SiPM) | INFN CS-SA-CT INEN-TS INEN-BO 100 % 1%
Readout INEN-BO INFN-FE INEN-TO 100 % 1%

M. Contalbrigo
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Construction Plan

A construction plan is outlined accounting for lead, assembling and commissioning time

Recomm. (DAC): Present atleasta vague timeline forthe project at the next DAC review.

Year 2025 2026 2027 2028 2029 2030
Month 4 s 6 7 8 9101112/ 1 2 3 4 5 6 7 8 9101112/ 1 2 3 4 5 6 7 8 91011121 2 3 4 5 6 7 8 9101112/ 1 2 3 4 5 6 7 8 9101112/ 1 2 3 4 5 6 7 & 9101112
Milestones ASS RR? IN§
Construction
FDR - Final Design Complete (dRICH) [T TTTTITI
SiPM Tender, Production, QA tests ‘ | ‘ | ‘ | ‘ ‘ ‘ ‘ ‘ ‘
ALCOR chip Tender, Production, QA tests ‘ I ‘ | | |
FEE board & DAQ Tender, Production, QA tests ‘ | J | ‘ | ‘ { ‘ ‘ ‘ ‘ |
Slow Control Tender, Production, QA tests | ‘ | ‘ ‘ ‘ ‘ ‘ ‘ | | ‘ | ‘ H
Power supply Tender, Production, QA tests ‘ ‘ ‘ ‘ ‘ | ‘ | ‘ | | ‘ | 3 | ‘ ‘
Vessel Tender, Production, QA tests | | ‘ | ‘ | ‘ [ ‘ ‘ ‘ ‘ I | :
Detector box Tender, Production, QA tests | l I J [ ] { I ] I I [ I { | J
Cooling System Tender, Production, QA tests [TTTTTTTT]
Gas system Tender, Production, QA tests | ‘ | ‘ ‘ ‘ ‘ ‘ ‘ |
Gas Tender, Production, QA tests | ‘ | ‘ ‘ ‘ ‘
Aerogel Tender, Production, QA tests | ‘ ‘ | | ‘ | ‘ | ‘ | | ‘
Mirror Tender, Production, QA tests | l I ‘ [ ] [ I | ] ‘ | I [ I ‘ I 1
Alignment Tender, Production, QA tests
Assembling Assembling
Photo-detector Assembling of Photo Sensors & Electroncis, DAQ Readout System ‘ | | ‘ | ‘ ‘ | ‘ | ‘ | ‘ ‘ ‘ ‘ ‘ ‘ | |
Mechanics & Optics ~ Mechanical Assembly | | ‘ ] ‘ [ ‘ | |
Detector box Detector box disassembling & shipping | ‘ | i | ‘
Detector box Detector box final assembling & test
Services Slow Control, Interlock and DAQ Installation ‘ ‘ I | ‘ | | ‘ ‘ |
Gas and Cooling Gas and Cooling System Installation & Test I { [ | {
Validation Functionality tests < Prel' Design <— TDR

Stage 1: Stage from beginning the procurement for the PDU components (asics, SiPM, carrier, FEB, RDO...)
Anticipate mirror and gas procurement to reduce risk

Stage 2 : Central 2-3 year for the detector box assembling before delivery to BNL
Aerogel production after engineering optimization
Gas system after BNL authority approval

Stage 3: Mechanical structures
Assembling and completion of services
6 months of contingency and funcionality tests
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Conclusions

dRICH Design Status is documented in pre-TDR:
Essential technical performance has been detailed for each dRICH component
Engineering is ongoing with pre-productions for performance vs cost optimization
Workforce is increasing, with focus in simulations and engineering
Ultimate achievements expected in 2025 (real-scale prototype, RDO, ALCOR64) according to P6 detector R&D milestones
On track for Final Design completion in January 2027 as for P6
Milestones FY24:
v Preliminary definition of the technical specifications of all the dRICH components (April '24);
v/ Complete mechanical design of the dRICH structure (June '24);
V' Integration of the readout and optical component developments in a real-scale prototype (October ’24).
Milestones FY25:

v/ Validation of dRICH production readiness with the real-scale prototype and realistic com-ponent demonstrators (July ’25).
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Conclusions

Validate production readiness as matched with photosensors,
readout electronics, and integrated cooling, including validation by

prototypes that the EIC requirements can be met

FY25: Real scale prototype completion & performance assessment. [March 2025]

Projected to be completed this FY. Per 2024 Detector R&D Day:
working on reproducibility and improvements. Multiple validations
completed and component QA has been set up. Demos completed
(aerogel, mirrors, etc.). Completion of integrated cooling (and thermal

treatments) is last step.
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