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

PIg

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

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

MIrrors: large outward-reflecting, 6 open sectors

Sensors: 3x3 mm? pixel, 0.5 m? / sector

o single-photon detection inside high B field (~ 1 T)
o outside of acceptance, reduced constraints
o best candidate for SiPM option
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SiPM option for RICH optical readout CINAA
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o insensitive to magnetic field
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Neutron fluxes at the EIC CINFR

[neutmn i abowe 1000 oV o 2Tior. 101 * inegaied kevkook ] Most of the key physics topics discussed in the EIC White Paper [2] are
achievable with an integrated luminosity of 10 fb~! corresponding to 30 weeks of
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- R&D on SiPM as potential photodetector for dRICH, main goal
study SiPM usability for Cherenkov up to 10" 1-MeV neqlcm2
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relevant also for space applications
the total dose depends on the specific orbit and
the shielding of the instrumentation

but in typical Low Earth Orbits (LEO)
- or Polar orbit (for few years operations)

i the total dose is in the order of
10" particles/cm?

location of dRICH photosensors
neutron fluence ~ 1-5 10" n / cm? / fb™"
(> 100 keV ~ 1 MeV n, )

e radiation level is moderate

e magnetic field is high(ish)




Neutron fluxes at the EIC

[neutron flux above 100.0 keV in [n/cm *]for 1.0 fb ' integrated luminosity ]
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Most of the key physics topics discussed in the EIC White Paper [2] are
achievable with an integrated luminosity of 10 fb~! corresponding to 30 weeks of
operations. One notable exception is studying the spatial distributions of quarks
and gluons in the proton with polarized beams. These measurements require an
integrated luminosity of up to 100 fb—! and would therefore benefit from an in-
creased luminosity of 10**cm 2 sec ™.

R&D on radiation

R&D on SiPM as poter damage and CH, main goal

study SiPM usability | Mitigations strategies | 1_yey n_jcm?
is also relevant for eq

DRD4

—

relevant also for space applications
the total dose depends on the specific orbit and
the shielding of the instrumentation

but in typical Low Earth Orbits (LEO)
or Polar orbit (for few years operations)

I the total dose is in the order of
10" particles/cm?




SIPM characterisation



Irradiation at Trento Proton-Therapy hall (TIFPA) ineN

multiple types of SiPM: commercial Hamamatsu (13360 and 14160) and SENSL (MicroFJ)
prototypes from FBK (rad.hard and timing optimised)
different SPAD size:  from 15t0 75 ym

T ~ 3x3 mm? SiPM sensors

~ 4x8 “matrix” (carrier board)

proton irradiation in 2021, 2022
proton and neutron irradiation in 2023




Characterisation setup

e climatic chamber
low-temperature operation (T =-30 C)

e 2x 40-channel multiplexers
source meter

e ALCOR-based front-end chain
FPGA (Xilinx) readout

automatic measurement of 4x SiPM boards (128 channels)

+100.0000 pA



INFN

ALCOR: A Low Power Ch|p for Optical sensor Readout
developed by INFN-TO for DarkSide

“LCOR_FE, LR 32-pixel matrix mixed-signal ASIC
19342021 '\\\\\\\\\\\\\\\lIHIHHII//////////

MMignone

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 9
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Air-cooled portable Peltier box

designed and realised by us based on Laird cooler assembly
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: . 2nd airbox unit being tested  system installed on 13-14 April in
alrbOX In COsenza before shipping to Cosenza Cosenza — ready to contribute to

. . . —3rd airbox system to be N\ SiPM characterisation
[ alrbOX InSta"ed In Cosenza assembled in Salerno in July

after tests in Bologna — Torino in line for the 4th system
shipped to Cosenza ‘
system installed on 13-14 April
good teamwork ‘
m Bologna
m Cosenza
m Salerno

e Cosenza ready to

contribute
o to SiPM characterisation
o in charge of proton-energy
scan
e 3rd airbox to Salerno
o system will be installed in July
o increase SiPM test capacity

e Torino in line for 4th

O O O O

system
o for tests of ALCOR chip with
SiPM atlow T

Bologna lab Cosenza lab



Characterisation setup in Cosenza

IV characteristics of 3 different SiPM types compared
measured both in Bolognha and Cosenza setups

- Bologna uses climatic chamber

- Cosenza uses AirBox air-cooled Peltier setup

the results are nicely compatible between the two setups
Cosenza setup is up and running to efficiently
contribute to SiPM R&D and characterisation

» Bologna o~
Cosenza ’, e
S13360-3050 I S13360-3075

Vbias (V) Vbias (V)

Vbias (V)

|
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2022 test beam at CERN-PS

dRICH prototlpe on PS beamle Wlthl SiPM-ALCOR box | | o
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successful operation of SiPM
irradiated (with protons up to 10")
and annealed (in oven at 150 C)
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2022 test beam at CERN-PS CINFR

dRICH prototipe on PS beamline W|th S|PM-ALCOR box + 5 ns timing cut

HPK 14160 HPK 13360

oOFEn
HEE "1 1 1]

successful operation of SiPM -
irradiated (with protons up to 10"°) =

and annealed (in oven at 150 C) il

-50 -40 -30 -20 -10 0 10 30 40 50

time coincidences "™ £ s 14

8 GeV negative beam (aerogel rings)




New photosensor plane for 2023 test beam at CERN

developing mechanical layout ' new readout electronics

new SiPM readout unit based on
Hamamatsu S13360-3050 arrays
integrated with cooling and
ALCOR front-end electronics




PhotoDetector Unit — PDU

current version (v2) possible future version (v3)

Peltier cooling layout final cooling layout
8x ALCOR-32 asics 4x ALCOR-64 asics
4x ALCOR-FE-DUAL boards 4x FEB boards

4x adapter boards 1x RDO board



Small vs. large SPAD sensors
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[datasheet] 50 um sensors have 40% PDE, 25 ym have 25%
[measured] 50 ym sensors have lower DCR than 25 ym when new
[measured] both sensors have similar DCR after irradiation

<R

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

17



first preliminary comparison between NEW sensors
Hamamatsu 75 MM SPAD sensors Hamamatsu S13360-3050 (50 pm SPADs)
Hamamatsu S13360-3075 (75 ym SPADs)
identical technology, different SPAD size
B we knew already that 50 um are better that 25 ym for us
| | —=— S13360-3050 50 um preliminary results show that 75 um are better that 25 ym
averaged over the 4 sensors tested here
75 ym sensors have sensibly lower DCR than 50 ym
and it is known that 75 ym sensors have larger PDE
B — 75 ym SPADs might soon become the baseline

DRC (Hz)

—— S513360-3075 B

T
[
[\ (i]
ix/

1]

we need of course to characterise and test them deeply
with irradiation, annealing and everything else
10° 75 um 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)
5 um | | S0 pm————]

(Typ. Ta=25 °C) - (Typ. Ta=25 °C)
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New Hamamatsu prototype samples

samples of newly-developed Hamamatsu SiPM . . ( Large area
; igh NUV sensitivity with quartz Pile up suppression :
samples based on S13360 series by reducing capacitance [ small dead space ]

on paper they look VERY promising T

being shipped to Bologna (arriving soon)
we will characterise and test them in full
irradiation, annealing, laser, whatever...

88
6.8 126015
(0.46)

‘ QUARTZ

HIREASSESS, |~ ceramc

|
| |
e fp—— - ' | we will receive £30%
| next week samples | ,,,
of these prototype
S LoeAAR R A s L 1] SiPMs with 50 pm
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\_EFFECTIVE PHOTOSENSITIVE AREA
B ( 200 300 400 500 600 700 800 900

o

1 ! 1 ! |

]

GENERAL TOLERANCE : %0.2mm 030

-Au-WIRES ARE NOT PROTECTED. Wavelength[nm]
N . :
N RE| /1 | '&m |  S13360-UVE-SMD — Prototype : based on S13360 series (75um)
N o

FIRSTISSUE BIf | 20200421 wa | ™ mg RY230427 aar Conventional : $14520 series (75um)
MARK CONTENTS DATE APPR CHCK CHCK DESN DRAW | PROJ HAMAMATSU PHOTONICS K.K.
ol BB A8 KR ®E ®E Bt 2w |zmx| Q= RRRN—7ZZARXR
T 5 T B BRAK03-0002 B

T 2 T 3 Y



annealing



Repeated irradiation-annealing cycles (INe

oven annealing

§ = HPK S13360-3050VS Voyer =4V = test reproducibility of repeated
émd‘é = irradiation-annealing cycles
= ;_ < < _; simulate a realistic experimental situation
10°L 8 8 2 e campaign is concluded
il o B il Bl ] o partial results reported here
- k / k - —— o all measurements in following slides
107 o — e 4 cycles performed in 2022
%_E § § = o irradiation fluence/cycle of 10° Neg
10710 ;_ = S _; o annealing in oven for 150 hours at 150 °C
e interleaved with full characterisation
E E o new
10712 i _ o  after each irradiation
E a o after each annealing

new irradiated annealed irradiated annealed irradiated annealed irradiated annealed

'eycle  2"Wcycle 39cycle 4" cycle
21



Repeated irradiation-annealing cycles
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test reproducibility of repeated

irradiation-annealing cycles
simulate a realistic experimental situation

consistent irradiation damage

o DCRincreases by ~ 500 kHz (@ vover = 4)

o after each shot of 10° Neg

consistent residual damage
o ~15KkHz (@ vover = 4) of residual DCR
o  builds up after each irradiation-annealing

annealing cures same fraction

of newly-produced damage
~97% for HPK S13360-3050 sensors

22



Online annealing

explore solutions for in-situ annealing
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oven annealing when DCR > 300 kHz (few times)
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after several years one might
need/want to replace the SiPMs
with new rad. harder technology
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Automated multiple SiPM online annealing <

SiPM and adapter boards

scientific thermal camera

HV distribution-control board
12 single-channel PWM control
ARDUINO driven

mechanical supports

25



light source

Arduino and
PWM circuits SiPM matrix|
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Automated multiple SiPM online annealing

online temperature monitor and control of each SiPM (selected ROIs on thermal image + individual PWM)

FLIR temperatures v PID values Arduino PWM
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|
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commissioning of the system looks promising for 2023 irradiation/annealing campaign studies



Automated multiple SiPM online annealing — towards experiment

current system developed to fulfill requirements for 2023
~irradiation/annealing tests in the laboratories
e allows to control each single SiPM
e large discrete components
¢ PWM modulated gate of MOSFET
e Arduino controlled

possibly better implementation for the experiment using linear control instead of PWM is being studied

e simple BJT scheme with few components per channel (2) VBias
current flowing through the SiPM is controlled by a digital
potentiometer

e smallest footprint transistor

e impact on the performance of the detector to be estimate
o increase input capacitance (negligible)
o increase in current noise

H ALCOR_FE

BCB46BLP4-7B




Automated multiple SiPM online annealing — towards experiment

assume similar space for 8-ch
needs 8 for each FEB (64-ch)

can be arranged in a 4x2 matrix
needs 40 x 30 mm of FEB space
— not negligible, but not bad !

put transistors on the SiPM carrier?

example

50 kOhm
AD5206BRUZ50 6 ch
potentiometer with SPI

this is still brainstorming, ideas are there
possibly better implementation for the experiment using linear control instead of PWM is being studied

e simple BJT scheme with few components per channel (2) VBias

e current flowing through the SiPM is controlled by a digital
potentiometer

e smallest footprint transistor

e impact on the performance of the detector to be estimate
o increase input capacitance (negligible)
o increase in current noise

I= ALCOR_FE

BCB46BLP4-7B




Online annealing in the experiment

e forward-bias current annealing
o intrinsically more safe than reverse bias annealing
m  makes use of quenching resistor for current
o  requires inverted bias polarity wrt. the one used for photodetection
m likely needs a dedicated power-supply system
m need to look at circuitry to do that
o annealing currents are ~ 10x larger than reverse bias annealing
m  bigger components to withstand the currents
o likely does not need to control at single SiPM level the bias voltage
o  need to monitor single SiPM for safe operation

e reverse-bias current annealing
o less safe that forward bias annealing
m it depends on sensors gain and DCR
m  which might be slightly different from sensor to sensor
o  requires illumination of sensors
m to approximately equalise current response of SPADs and SiPMs
o does not need different voltage polarity wrt. the one used for photodetection
m use same HV power-supply system
o annealing currents are lower
m  but still larger that normal operation
m require higher power in HV PS
m or study how to perform distributed annealing
o  needs to control at single SiPM level the bias voltage
o  needs to monitor single SiPM for safe operation

both have pros and cons
likely the cons of
forward-bias annealing are
stronger that the cons of
reverse-bias annealing

30



Online annealing in the experiment

e fluid-based annealing

o use the SiPM cooling circuit to bring hot fluid
m cooling plant must be heating as well, but this is commercial stuff
m likely the safest approach for the sensors
m  maybe not for the electronics?

o does not need monitor at single SiPM level
m global monitor of the PDU should be sufficient

o does not need control at single SiPM level
m in principle not even at dRICH sector level

o it has to be tested if it is an effective way to anneal the sensors
m  we will give it a try this year
m but this program was not funded

o it needs time to switch the SiPM cooling from cold to hot operation

m unlikely this can be done with same frequency as current-based annealing

e other ideas to test
o use a mix of current-based and fluid-based

o have infrared lamps that can be positioned by moving them in front of the sensors

31



Can we put a thermal camera in the experiment?

explore the possibility of having one thermal
camera for each dRICH sector at a fixed
position with a mirror that can be oriented to
focus onto the sensors, perhaps exploiting the
optics of the imaging mirrors

this could allow for scanning of multiple
sensors with a single thermal camera

questions:
can this be really done
space allocation
calculation for optics
radiation damage to camera
o we have IR devices in space




Thermal scanner in front of sensors?

another possible, but not obviously realisable,
idea could be to have a sort of scanner
running over a structure in front of the sensors.

during normal operation, the scanner head is
in HOME position without obstructing the
sensor view

during annealing the scanner head starts
scanning the sensor surface moving in one
direction (think about the Xerox/scanning
machines)

scanner head can also be the light source for
reverse-bias annealing

crazy idea? maybe, but operation would be
simple and annealing safe



timing performance



We recently received the new laser : "-f

goal is to measure time resolution of the complete chain

©)

will be able to measure relative variation of PDE

(@)
(@)

characteristics of the laser

©)

(@)
(@)
(@)
(@)
(@)
Sy
(@)

(@)
(@)

stem is being commissioned with climatic chamber

before and after SiPM irradiation and annealing

plans also to measure relative variation of PDE vs. incident photon angle
we have a calibrated diode to try absolute PDE determination on single photon
m not trivial need to measure absorption of absorbers

picosecond pulsed laser
401.4 nm

25 ps FWHM pulse width

< 4 ps synchronisation jitter
up to 20 MHz repetition rate
> 2 W peak power

optical components

m absorption (<< 1 photon/pulse)

m transport

m collimation of light
synchronisation with ALCOR readout system
precision measurement of reference time

absorber systemB collimation systemp®



light

picosecond laser

pulse generator
synchronisation

FPGA

configuration
readout

neutral density
attenuation filters

single
photons

trigger pulse
10-100 kHz

data stream

camera climatica
T=-30C

optical fibre
+ focuser
+ collimator

il =

SiPM matrix
+ electronics




We recently received the new laser

much nicer pulse response wrt. old LED-based system, need to work on sychronisation and calibration

15 hDelta_tot
Entries 83202
M 0.86
1200|— VvS. TOT |V sl
S StdDevx  8.025
. StdDevy  1.98
1000— 10
800— r 1
= L i | 1 | |
| 10 20 30 20 50 60 70
- . . INFN
600 Light response with pulsed LED
- integrated coincidences / triggers as a proxy for PDE
2 %) "'[lv'Ivvv'rvg)o‘Os' ----- L e e e e e
400 — S LED light 78 | actual LED light yield unknown
()] ()] - < 5% coincidences / triggers
- = ‘S0.05 — LED light emission is low po L stable within
- ~107? = r WPeset} | S%RMS
(%) 7} L Weltes oo
- € R F sfatiete”
200 3 c0.04} N
o (] [ v
— after pulse o /g ¥
| or spurious hit ‘O [ b, ‘
B 10 background g 0.03;
[ - | T e v O posay s Bey ye pergied] ge oy e d] g g pd] e e EaErSp‘l)i?s:e!ore © I
—3 —2 = 1 0 1 2 3 4 5 | 0.02 - reference sensor —|
. s measured multiple times
H H H monitor LED light yield stability
hit- trigger time (ns) ../ b
ot o~ 0.01- ¢ -
! [ .
[ 8 b ]
L background subtraction 1 [ i reference sensor
S R L ok B \ L]
-200 0 200 =5 0 5 10 15

hit - trigger time (ns) over voltage (V),



Preliminary first results with timing laser
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measured PDE increases with Vbias

eventually the SNR also increases with Vbias

— low Vbias seems NOT the best working point

important to evaluate FBK sensors, because they are

know to have higher PDE and better time resolution

bias voltage (V)



XYZ linear translation stage also arrived, not installed yet

e brand new linear translation stage
o 200 mm stroke on all axes
o to be installed inside the climatic chamber
o translate SiPM prototype matrices wrt. laser
m orviceversa if more conveniente

e compatible with low-temperature operation
o vacuum technology
o designed to operate down to -40 C
e automatic scan multiple SiPM performance
o time resolution of multiple SiPM
o as a function of the position on the SiPM
m can use focused light
o relative single-photon PDE




Characterisation plans with laser

e measure time resolution

(@)
(@)
(@)
(@)
(@)
(@)

before and after irradiation

before and after annealing cycles

as a function of bias voltage

for different ALCOR configurations

of different SiPM types and SPADs

... basically everything that comes into mind

e measure relative (perhaps absolute) PDE

(@)

(@)

as above
also as a function of photon incidence angle




SIPM irradiation in 2023



SiPM plans for FY 2023

we have not been originally funded and
eventually only partially, but we’ll keep
the milestones alive as much as possible

Milestones FY 2023

critical results for pre-TDR

Timing measurement of irradiated (and
annealed) sensors (6/2023)

Comparison of the results achieved with
proton and neutron irradiation sources
(8/2023)

Study of annealing in-situ technique with a

proposed model selected as baseline for the

pre-TDR (9/2023)

single-photon time resolution
o  of full SIPM-ALCOR readout chain
m  no capacity to measure it so far
o critical to set performance simulation

alternative annealing solutions
o  so far done with industrial oven (days)
o  address ideas for faster / in-situ recovery
m  exploration started, promising
m critical to become structured R&D

irradiation campaigns
o  so far only with 150 MeV protons
o critical to collect data on neutron damage
m  might be topologically different
m effectiveness of annealing
m test NIEL damage hypothesis
o irradiation needed to test new annealings

operation at low temperature
o  so far characterisation in climatic chamber
m  compare results with TEC (Peltier) cooling
o  explore alternative solution to TEC
m  liquid, hybrid (liquid + TEC) approaches
development of new sensors
o  within INFN-FBK collaboration agreement
m critical for procurement risk mitigation
o  reduction of DCR
m field / thickness optimisation
m  exploration of advanced microlensing
o  development of “monolithic” SiPM sensor array
] wire bonded, cost reduction
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SiPM custom boards for ongoing R&D

35 new boards have been produced

e new SiPM carriers \/

o  keep same boards designed in 2020
o  populate 3 rows
F ias o m 4 sensors/row
Tee ns | o  sensors from Hamamatsu
' m  4x S13360-3050
m  4x S14160-3050
m  4x S13360-3075
e perform different type of

irradiation/annealing studies
o  one carrier board for each study
e keep a minimal statistical sample for
each study
o 4 sensors/type

INFN BO

SIPM CARRIER

{ MAMAY V2AE3
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Boards to irradiate at TIFPA in June 2023

e proton energy scan [5 boards]
o  proton energy: 145, 75, 45, 25, 18 MeV
m  will scan 5 values of the hardness factor K
m K=11,15,20,25,3.0
o fluence to be defined
m fixed proton fluence — damage scales with K
e online annealing [2 boards]
o 145 MeV standard energy
o split10°n . fluence in 10x repeated irradiation-annealing cycles
= 10%%hots
m  30-minutes long online annealing
o forward and reverse current bias

e offline annealing [7 boards]

o 145 MeV standard energy

o 10° neutron equivalent fluence

o  study annealing in the laboratory
m standard oven (150 h - 150 C)
m forward current
m reverse current
m infrared lamp annealing
m else

o  study impact of preventive-annealing
m standard oven (150 h - 150 C)
m  multiple standard cycles (4x cycles)

will do 10° fluence in June
10"° fluence later this year
delivered on the same boards

—

slot on 9-10
June
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Proton Energy Scan

pencil beam broad beam desired beam
150 MeV 145 MeV 25 MeV

() —»

accelerator dual-ring
scattering
system

RW3 energy SiPM carrier
degraders board

change the number of energy degrader to achieve the desired beam

need to study material / thickness and pieces available at TIFPA 40



Proton Energy Scan

measure 5 points on the

e hardness factor (K) curve
Proton induced displacement damage in Silicon (K)

2 .
].0 T L R | T LB L | T LA R R | T L L S L K<1.1 Cannotbeachleved

- : max 150 MeV with broad beam
—o— Summers et al. (1333) | energy loss in silicon too large at
- —— Huhtinen & Aarnio (1993) low proton energy
g 10' = —s will cause variation of K while
% C ) crossing the sensor
= 140
o T U on. -~ T 25 300 “m
2 R S S, e R ?g h :
g/ 100 S e T TR LT TE T 1:1 g a.e;—
L = 3‘12_, ............. 18 Mev proton
S S o - averageK~3
10'1 1 1 L1l : 1 : 1 l T | 1 : Il 1 Lol 1 1 I PO Z.Qf """"""" max deVIatIOI’\ ~ 33%
100 101 102 103 104 S IO.AZ ! I ! 0.:]4 — ID.(I]S — 0.158 c;epﬂ: in;il}?:bn (‘cm)

A. Vasielescu & G. Lindstroem 47



Boards to irradiate at LNL in August 2023

e online annealing [2 boards]
o we have 3 days, we can do many rounds
o split 10° N, fluence in 10x repeated irradiation-annealing cycles
m 108 shots
m 30-minutes long online annealing
o forward and reverse current bias

e offline annealing [9 boards]
o we have only one access in 2023

o increasing neutron equivalent fluence with standard oven [3 boards]
m fluence 10° 10'° 10"
m standard oven (150 h - 150 C)

o study annealing in the laboratory [4 boards]

m fluence 10° slot on 2-3-4

m forward current

August

m reverse current
m infrared lamp annealing
m else
o study impact of preventive-annealing [2 boards]
m fluence 10°
m standard oven (150 h - 150 C)
m  multiple standard cycles (4x cycles)
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SIPM run with FBK



SiPM run with FBK sipmdeic project (NN

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

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 in line with
detectors and to provide a strong alternative to commercially-available sensors. One N .

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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Single-die Multi-channel sensor

l

<100 um

6 mm

12 mm /\—

this was the original idea in the proposal, more
ideas are on the table for discussion with FBK

<100 um




PCB mounting

<500 um

<300 pm
m\\q\am Q\q\a m\\lz\\am m\\q\am

this was the original idea in the proposal, more
ideas are on the table for discussion with FBK




EIC readout unit : 50.0 mm :

total area
50.0 x 52.8 mm?
active area
48 X 48 mm?
87.3 % coverage

very similar coverage
compared to
Hamamatsu-based solution

52.8 mm

o oo
HUL

=

i

this was the original idea in the proposal, more
ideas are on the table for discussion with FBK




SIPM sensor selection



SiPM sensor selection: end of 2024 / beginning 2025

e we already have a baseline sensor
o Hamamatsu S13360-3050

e but we know that it might not be the best choice
o see the 50 vs. 25 ym and the 75 vs. 50 ym SPAD story
o we already have hints 75 pm
m let’s fully test them this year
m  we do not have 75 um for beam test of prototype
m  we need to test 75 um on the beamline with prototype next year (likely Autumn)
e we have an R&D with FBK to improve their technology

o DCR of FBK sensors already close to Hamamatsu
m  we know how to improve that — very-low field implantation

o FBK sensors have in principle better time resolution 1901 “«‘ ZEbER S0 0. . i
m  see publications, factor of two smaller than S13360 - y g0 e, e i it
o wait until FBK run for EIC is completed § - N\ et FBK NOVHD no Rean 2018, do. dndmm?
m  we will fully test the sensors in 2024 = i R i "
m characterisation g =
m irradiation E _— “\\ \__“__“\ﬁt‘\.
= annealing A e ,
m andsoon.... 2 1 S R bt R
o we will install them on the dRICH prototype for beam test E 70 N s S S S
m also this goes in Autumn 2024 '
1 3 5 7 9 11 13

overvoltage [V]
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after several years one might
need/want to replace the SiPMs
with new rad. harder technology
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Detector Seminar

Silicon Photomultiplier technologies developed at FBK: roadmap towards 3D
integrated devices

by Dr Alberto Gola (Fondazione Bruno Kessler (IT))

Friday Apr 21,2023, 11:00AM - 12:15PM Europe/Zurich
9 40/S2-DO1 - Salle Dirac (CERN)

Status and perspectives of
SiPMs at FBK

a range of possibilities for R&D A
to have improved SiPM sensors Chietr Scientist

- backside illuminated

- 3D integration

- microlensing / nanophotonics
charge-focusing

id



