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The dual-radiator (dRICH) for forward PID at EIC

PI

compact and cost-effective solution for broad momentum coverage at forward rapidity

e radiators: aerogel (n ~ 1.02) and C,F, (n ~ 1.0008)

® mirrors: Iarge outward-reﬂecting, 6 open sectors

® |Sensors: 3x3 mm2 pixel, 0.5 m?2 / sector

o single-photon detection inside high B field (~ 1 T)
o outside of acceptance, reduced constraints
o best candidate: SiPM option
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SiPM option and requirements for RICH optical readout

® pPros

o cheap

® COons

large dark count rates

not radiation tolerant
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o high photon efficieneyuirement &
o excellent time resolutiesvirement &

o insensitive to magneticidi@lehent =

technical solutions and
mitigation strategies
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Neutron fluxes at the dRICH location in EIC <l

Most of the key physics topics discussed in the EIC White Paper [2] are

Ineutron flux above 100.0 keV in [n/em ] for 1.0 fb ' integrated luminosity I

500 achievable with an integrated luminosity of 10 fb~! corresponding to 30 weeks of
§ operations. One notable exception is studying the spatial distributions of quarks
P Yellow Report and gluons in the proton with polarized beams. These measurements require an
g beam-beam interactions onl Y integrated luminosity of up to 100 fb—! and would therefore benefit from an in-
IS creased luminosity of 10°*cm 2> sec™'.

o
3
kS
S

R&D on SiPM as potential photodetector for dRICH, main goal
study SiPM usability for Cherenkov up to 10" 1-MeV n,,/cm?
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notice that 10" neq/cm?2 would correspond to 2000-10000 fb™! integrated £
quite a long time of EIC running before we reach there, if ever

location of dRICH phOtOSGﬂSOI’S it would be between 6-30 years of continuous running at £ = 10* s™ cm™

neutron fluence ~ 1-5 107 n/ cm? / fb-"!

(> 100 keV ~ 1 MeV nqy) — radiation damage studied in smaller steps of radiation load
e radiation level is moderate 10° 1-MeV n,/cm? most of the key physics topics
e magnetic field is high(ish) 10"0 1-MeV n,,/cm?2  should cover most demanding measurements

10" 1-MeV n,,/cm?  possibly never reached



Studies of radiation damage on SiPM
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High-temperature annealing recovery CINA

| IIIIIII|

1040

—o— new
—e— irradiated
—e— oven annealed (200 hours @ T = 150 °C
|

—o— new
—e— irradiated
—e— oven annealed (200 hours @ T = 150 °C
|

- S [ [ i ZF E [ [ E
—_ | 3 § e HPK S13360-3050VS Voer =4V = § e HPK S14160-3050HS Voer =4V =
< 1 Sk 1 Sk
- FBK NUV-HD-CHK Voo =4V 3 5 ¢ = 3 b e E
+— : over = o - - © L d
c : ——
D 1 nd ; 10 L 4 10°F E
} - 10 £ E £ e B
= 3 3 E 3 I E

107

new 10°n,  10°n,  10'"ng, new 10°n,  10°n,  10'"ng,

1078

T [
HPK S13360-3025VS Vover =8V

[
HPK S14160-3015PS Vg =8V

|IIII| IIIII|'|TI IIIII|'|T| IIIIIIII| IIIII|T|'| IIIIIIIII TTT

= ~ 100x current reduction
- sensor functions as if it
- received ~ 100x less fluence

)
1

current (A)

107

10710

107

—o— new :
—e— irradiated

T IIII|T|'| I IIIIIII| TTTIT

1071 E —e— oven annealed (200 hours @ T = 150 °C)

1 0~|0

I —o— new

—eo— irradiated

—e— oven annealed (200 hours @ T = 150 °C
| |

new 10°n,  10°n,  10'"ng, new 10°n

—o— new
—eo— irradiated
—e— oven annealed (200 hours @ T = 150 °C,
|

_LLLlJJJ] |IIIIlIJ.| IIIIIIII| IIIIIlIJ.| III]IIII| ]IIIILlIJ LI

107

L L L AL SN R SR AL AL el
ool ol ol ool ol ol il ol ol ool 0
L L L A AL AL SR AL AL el

|

e 10°n

10 11 10712
10" n 10''n
eq eq eq eq 1010 neq 1011 neq

similar observation with various types of Hamamatsu sensors 7



“Online” self-induced annealing for in-situ recovery <
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DCR after irradiation and annealing
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Repeated irradiation-annealing cycles (NN

oven annealing
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(Hz

online annealing every 2 10% neq (many times)

oven annealing when DCR > 300 kHz (few times)

NOTE 300 kHz limit assumes there is a bandwidth limitation from electronics
using ASIC shutter/strobe capabilities could increase limit by ~ 5x

BUT the one needs to know what is the limit of from physics performance
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depending on the actual DCR limit the photosensors
could survive “untouched” up to 4 10'° neq fluence

we might have more handles to increase lifetime:
lower temperature, more aggressive annealing
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SiPM photodetector unit — PDU

technical solution using cold plate and flex-PCB circuit

cold plate / heat exchanger provides uniform sensor cooling with no loss of active area

SiPM matrix array

<

~15-20 cm

photosensors
«— flex PCB

cooling

back-side connectors
electronics
front-end and readout
electronics boards
services

N

connections to services
HV, LV, DAQ, ...




SiPM cooling for low-temperature operation (-30 °C or lower) <

cold plate / heat exchanger

SiPM matrix array

external chiller with fluid recirculation (ie. siliconic oil)
the chiller here one is just a commercial example

cooling and heating capacity
could use heating capability for annealing? must be demonstrated to be feasible

cooling capacity at -40 C is large (1.5 kW)

General & Temperature Control

Temperature range -55...250°C

Temperature stability =0,01K

Heating / cooling capacity

Heating capacity

Cooling capacity




Automated multiple SiPM online self-annealing <

demonstrator system for online temperature monitor

/ and control of each individual SiPM

technical feasibility and implementation in the
experimental environment to be studied in details

thermal camera

SiPM sensors &
control electronics

monitor system

thermal image

14




ALCOR: A Low Power Chip for Optical sensor Readout o

developed by INFN-TO for DarkSide

‘ ® i
ALCOR_FE it | 2-pixel matrix mixed-signal ASI
i \\\\\\\\\\\\muuuum////////// 32-pixel ma ed-signal ASIC

103/2021
MMignone

mmun)
f .
i e the chip performs

o signal amplification

o conditioning and event digitisation

e each pixel features
o dual-polarity front-end amplifier
m low input impedance
m 4 programmable gain settings
o 2 leading-edge discriminators
o 4 TDCs based on analogue interpolation
m 250r50psLSB (@ 320 MHz)

e single-photon time-tagging mode
o continuous readout
o also with Time-Over-Threshold

fully digital output
o 4 LVDS TX data links 15




Preliminary first results with timing laser
o; decreases with Vbias DCR increases with Vbias
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— low Vbias seems NOT the best working point

) important to evaluate FBK sensors, because they are
bias voltage (V) know to have higher PDE and better time resolution




Small vs. large SPAD sensors

DCR (Hz)
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sensors operated at Hamamatsu recommended over-voltage
o [datasheet] 50 um sensors have 40% PDE, 25 ym have 25%
o [measured] 50 ym sensors have lower DCR than 25 ym when new
o [measured] both sensors have similar DCR after irradiation

<

sensors with small
SPADs have lower SNR
also after irradiation

small SPAD sensors are
not radiation harder
for single-photon
applications (RICH)

similar results and
conclusions obtained with
SENSL sensors
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first preliminary comparison between NEW sensors
Hamamatsu 75 MM SPAD sensors ﬁamama’gu 815360-3050 (50 ym SPADs)
Hamamatsu S13360-3075 (75 yum SPADs)
identical technology, different SPAD size
we knew already that 50 um are better that 25 pym for us
—=— S13360-3050 50 um preliminary results show that 75 pm are better that 25 ym
averaged over the 4 sensors tested here
75 um sensors have sensibly lower DCR than 50 um
and it is known that 75 ym sensors have larger PDE
e — 75 ym SPADs might soon become the baseline
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we need of course to characterise and test them deeply
with irradiation, annealing and everything else
103 75 uym this is our plan for 2023, this is R&D
for 2024 we need to buy 75 ym arrays to equip the dRICH
prototype and confirm they might be the best choice
(but keep in mind FBK)
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New Hamamatsu prototype samples

samples of newly-developed Hamamatsu SiPM a - e —— @ Large area
on paper they look VERY promising T T . [\
being shipped to Bologna (arriving soon) L\
we will characterise and test them in full - ;
irradiation, annealing, laser, whatever... sl
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SiPM run with FBK sipmdeic project (NN

funded and approved within
1) Sintesi del progetto di ricerca INFN-FBK Collaboration agreeme

Ring Imaging Cherenkov applications at the EIC require sensors with single-photon
detection capabilities with high efficiency and excellent time resolution. High dark
count rates (DCR) in SiPM can be counteracted with low-temperature operation and
radiation damage can be partially cured with high-temperature annealing. Even small
improvements towards reduction of DCR are helpful for a better exploitation of the o .
detectors and to provide a strong alternative to commercially-available sensors. One !n,l!ne with )

of the goals of the R&D is to exploit the already-mature FBK NUV-HD technologyT > initial operation
improve radiation tolerance and meet the needs for EIC. Increasing the fraction of of EIC

the sensor active area over the total area while retaining a low-cost process
(wire-bonding vs. TSV) is another important step to make FBK technology an even
more attractive solution for EIC. These research goals are in line with the timeline for
the initial operation of EIC and are targeted to the Technical Design Reports.

Another line of research aims to significantly reduce DCR and radiation vulnerability ™
in SiPM by reducing their active area while maintaining photodetection efficiency.

Such a study is exploratory and more ambitious, but has a high return potential. This might yield sensors for
part of the R&D is not targeted for the EIC initial operation phase, but might yield a > EIC RICH upgrades
new class of SiPM photosensors for the EIC RICH detector upgrades, for the and for ALICE3 RICH

ALICE3 RICH detector as well as future LHCb RICH upgrades.
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