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Italian participating institutes

INFN, University, Politecnico Bari SiPM R&D, module, mechanics, aerogel
characterization

INFN, University Salerno SiPM R&D, module (sensor characterization also
in cryogenic condition)

INFN-To (ltaly) FEE ASIC

In collaboration with LNGS-NOA for the packging and with FBK for the SiPM R&D



ALICE Salerno group joined to the project

b (1) NEMES Lab (I): prototipazione e produzione, su piccola

Misure di parametri ambientali

B s e dn fumao i conctt scala, di schede elettroniche multistrato

di ventilazione e nelle cappe di aspirazione, misura della
temperatura in laboratorio, misura dell'umidita nei processi
produttivi, misura di pi i diffi iale in camere bianch
del livello di comfort in ambienti sensibili).
- Misuratore di umidita;

- Mi: di sp iad
- Camera climatica;

- Misura di acustica;

- Accelerometro;

di grandezze fisiche (Caratterizzazione elettrica di

materiali di nuova concezione)
Il NEMES_LAB & con str i s
di precisione (certificato di taratura) per la
misura di grandezze elettriche. Tale
strumentazione & gestita da remoto tramite

interfaccia Rs-232 o GPIB con appositi |, .
programmi LabVIEW. Il laboratorio & dotato dei _a LS

Misure di pre

seguentoi strumenti:

. Electrometer 6517a;

O Picoammeter;
Probe Station (misura a quattro contatti)
Test Fixture (misura di resistenza)

o Source Meter (corrente e resistenza) - Gaussmetro;
Resistenze di calibrazione con certificato - Spettrometro ottico;
Sorgente di calibrazione per misure di - Termocamera;

et e temp con ] - Termometro Infrarossi;
certificato - Anali i %

» e 590CV (mi di ita in nalizzatore di spettro.

funzione della tensione e del tempo)

Sistema di misura grandezze elettriche

Simulazione, Progettazione CAD e realizzazione 3D

Responsabile scientifico: ‘
Prof. Salvatore De Pasquale

Responsabile tecnico: | . //
‘ Prototipi realizzati negli ultimi mesi =

Dott. Nicola Funicello

Personale afferente al laboratorio: ‘ // 7

Simulazione di un Magnete da 0.5 T

Prof.ssa Annalisa De Caro

Prof. Daniele De Gruttola ‘

o | Reaching low temperature with liquid N

Dott. Alberto Caliva /
Y Y ‘
| | i

Dott.ssa Cristina Ripoli

Stampante 3D in Resina

Dott. Luigi Dello Stritto

\ Jf ;

Magnete da 0.5 Tesla (supporto realizzato con stampa 3D)
Struttura Certificata ISO 9001:2015

Cosmic ray telesco
L4 -




ALICE 3 - RICH

Extend electron and charged hadron ID at momenta
higher than the TOF range, e.g in the barrel:

e/r : 0.5 -2 GeV/c
/K :2.0-10.0 GeV/c
K/p : 4.0 -16.0 GeV/c

ALICE

Barrel RICH: aerogel Cherenkov radiator (2cm,

> n=1.03) + 20 cm expansion gap + SiPM photon

detector
Forward RICH: idem, but aerogel n = 1.006

Results from “fast” parametric simulation, assuming a Cherenkov angle resolution at saturation of 1.5 mrad and a TOF time resolution of 20 ps

LI AL 6\
e/x 30 separation S 102
(=3 TOF (inner) @
) TOF (outer) S
(7] TOF (forward) -
(Z RICH (barrel) Q

=) RICH (forward) 10

K/n 30 separation
() TOF (inner)
E=) TOF (outer)
) TOF (forward)
) RICH (barrel)
=) RICH (forward)




ALICE 3 - RICH

y[m]

bRICH fRICH bRICH

Barrel RICH ~ Forward RICH disk '
arrel RICH Forward RICH disks [ pawamLs number of | number of | SiPM area | aerogel

Radius (m) 0.9t01.2 0.15t0 1.2 modules modules [m?] area [m?]
z range (m) -3.50 to 3.50 +4.3

Surface (m?) 28 9
Acceptance In| <2 2<n|<4
Granularity (mm?) 1x1to2x2 1x1to2x2 Inl <2

Projective

864 220 30.7 22.7 7.5 6.6




ALICE 3 - RICH %

2 ALXCE

(o)
/OCV%O The Cherenkov radiator comprises hydrophobic aerogel
lo,

Single layer aerogel

tiles (15 x 15 x 2 cm3 refractive index n = 1.03)
Ba SEI Ine > / The photodetection layer, positioned 20 cm from the
I g

. = radiator, relies purely on proximity focusing.
option

Each photon detector module covers an area of
approximately 20 x 20 cm?, featuring an optimized SiPM
pixel size of 2 x 2 mm?, 1x1 cm? die.

L=2 cm d~20cm

Alternative options

Double (or multi) layer aerogel

SiO, SiPM array Aerogel SiPM
aerogel W time —
— — / resolution Gasn~1.00
/ scales with
/é/ 2 l/\/nph

» D
»

_\\ -;‘n

ny<n L=2 cm Proximity Gap




Simulation studies (by N. Nicassio): assumptions %

ALICE
Radiator Photon sensor
* Aerogel,n=1.03 * Silicon Photon Multiplier (SiPM)
e Tickness: 2 cm * Pixel size: 2x2 mm?2
* Transmittance and n vs wavelenght from Aerogel * PDE=40% at 450 nm
Factory Co., Ltd. (Chiba, Japan) data * Intrinsic single SiPM time resolution: 50 ps

 DCR: 50 kHz/mm?2

Cylindrical projective geometry
* All aerogel tiles oriented toward nominal interacion point 24 sectors in z

* Full coverage to charged particles without ovelaps | > 36 modules in I’¢ for each sector
* Trapeizoidal tile profile to maximize the acceptance




Simulation studies (by N. Nicassio): PID purity in p-p and Pb-Pb %

ALICE

 Angle reconstruction N\ PP, ccbiased, ySyy = 14TeV, Pythiag, B=2T
* Based on Hough Transform method Eo.zs:— = F omee  oMan  ePen ekan ePm 3
(HTM) o R z
* Timing cut on hit-track matching %020:— 1'05 # ""-.,-.:E
* HTM Ny min cut on clustered hits & T 0B i
. . o po . 0.15}- - e ]
Particle identification 5 / w R S B :
* Bayesian approach + probability cut s 100 ps matchin L P ¢ _ .
Back d - HT rine hits > 13 : ook ¢ ++ 7 Bayesian PID -
ackgroun : ring hits 2 ST #++ | PHI6)>08 -

* Photons emitted by different tracks 0.085 123456M ts[va/] 1oy ' e e e
. . omentum [GeV/c Momentum [GeV/c]

Aerogel Rayleigh scattered photons Pb-Pb, b <3.5 fm (0-5%), VSyn = 5.52 TeV, Pythiag, B=2T
. . o 14 T T T T

* SIPM dark Count hlts (In DAQ gate) gozsi] y g C (] Elec ° Muon ® Pion KaonI ° Pr[ot E
Photodetector hit map of Pb-Pb event |2 T a ]
C B 100 - : .
3 zz c T 0.8 ® ?_‘
- o15: : 0_63 o ¢ f
I : ~ f Hough Transform 10 oab ! 3
::Z 5 0_10: S / o 0.;.5 n atchmg 025 . .. Bayesian PID :
)ljzm]wo : Pb-Pb event L 3l etk - HT ring hits 213] ' C .."-‘0..’ . P(H | 9c) >0.8 -
) 100 Z[cm] 0.050' I1H”2I”ISI”I"'HHSHHSHH ””é”llélllm 1 0.00"'2 ‘IM 118 I I 12 l 14

9 A AT o ) \ Momentum [GeV/c] Momentéjm [GeV/(y
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Simulation studies (by N. Nicassio): Machine learning vs HTM %

"\ (HTM: 6, = 200 ps, DCR = 1 MHz/mm?) (—_ML: g, = 200 ps, DCR = 1 MHAz/min2 & E

Dataset 2 s I ISE
'g- : OEIeTc OMuon OPlon Kaon oProt ] 1.34 4 Elec 4 Muon 4+ Pion Kaon 4 Prot
¢ Sk Pb'Pb (b < 35 fm), B=2T a 12:_ Note: Conidering high DCR + worse SiPM SPTR _: 1? Note: Conidering high DCR + worse SiPM SPTR
- ~200M charged tracks at bRICH % 1.0 -esseasee W‘“ e Lo _
. "‘-ﬁ:j‘ 0.91 & it
- Composition: *, K*, p*, et, ut o ’*Hi o] ++
- 0.7 1
ML vs HTM-based PID S\ l
. . - e, Pb-Pb (0-5%) 1 O'i: 4 4
. Ove_raII bettgr effciency*purity o4 Ny =9 . o Pb-Pb (0-5%)
achieved using ML w.r.t. HTM ozt % P(H|6,) > 0.8 : 02, XGB score > 0.8
- Note: Efficiency limits in HTM 0,00+ ®00toac® *esenectonsee b ® . . | . . . | . . ] PP S ) S0
0 2 4 6 8 10 12 14 0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
due boundary effects: need Momentum [GeV/d] Momentum [GeV/c]
; T sl 7 1T T T T T > 1.4
for reflned.NHTM confjltlons g NIRL R L L L AR L 5 Bl 4 de 4w 4 o =
- The effect is automatlcally % "I Note: Conidering high DCR + worse S|PM SPTR ] %1:17 Note: Conidering high DCR + worse SiPM SPTR
learned by my ML algorithm A 1.0f 11210l e
Better e* & u* purities with ML || o 2% q;‘:'-“'-"""""' Zr il | NS - ‘W#W
e Better e & u* purities wi 0.8 00 * % o 08| ¥,
- . o . ] 0.71 $ rlll"
° H ~ 0.6/ ¥ .. s 7 0.61%¢ % INPRQGRESS
ML worsening above = 10 GeV/c * ¢+‘ " Pb-Pb (0-5%) E 0] ! L
- Limited statistics of high-p T C e Ny =9 ] o # b Pb-Pb (0-5%) ﬂhﬁ ]
. . .. n ‘ HTM = ] 7 ' !
particles in training dataset oz : *+++¢+++P+(H| 9 )> 0.8 z 02| * % XGB score > 0.8 {
. o e U A AL T T '.‘.\
NEXt Step' Tralnlng on Iarger Sample 0'OO' 2 4 6+ 8 10 12 14 O00 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
\ AR Momentum [GeV/c] JL Momentum [GeV/c] )

lllll

E290\ Can be improved a lot training with more statistics 9




Photon detector %

SiPM specifications: ALICE
pixel size = 2x2 mm?, die (SiPM array) size ~ 1x1 cm?, PDE > 40% at 450 nm, DCR < 50 kHz/mm?,

radiation hardness: NIEL ~ 10%? 1 MeV neqg/cm?, time resolution < 100ps,

packaging fill factor > 90% (TSV interconnection)

Explore custom solutions for 2.5D configuration in CMOS Imaging Sensor technology (partnership with FBK)

MIP detection by thin radiator window for TOF
* Anti-reflecting coating

FEE ASIC

Module concept and cooling integration (cool down up to -30/-40 °C to reduce the DCR).

e e s }SiPM Array

e —— = ——— P(CB Interposer with embedded CO2 cooling and annealing

m— | — e AsiC

10



The barrel RICH challenges — Radiation Load

ALXCE

Last update: April 2023

2033 2034 2035

J|F| J|J|AIS|IOIN|D|J|F J|J|AIS|ON|D}J[FIMAM J|J|AISIOINID{J|FIM

Shutdown/Technical stop
Protons physics
cee Ions
= Commissioning with beam
Hardware commissioning
Radiation load for Run 5+6 in pp collisions Radiation load for Run 5+6 in Pb-Pb collisions
'I’OIRI‘:A
w uGREfS )
TID NIEL HEH . particle fluence S TID NIEL HEH . particle fluence
Element R (m) (rad) (1 MeV neq/em?)  (kHz/cm?) o ‘2?:1)0,:2) EV a I u at e d Element Ri{m) (rad) (1 MeV neg/cm?)  (kHz/cm?) o Fzz:zllcn:lz)
with FLUKA
Barrel RICH 0.9 3.3x10¢ 8.3 x 101 8.3 12 Barrel RICH 0.9 4.7 x 102 1.2 x 1010 25 3.5
(assuming
o L3
Barrel RICH 1.2 1.4 x 104 6.1x 101 4.3 5 65/’ runnlng Barrel RICH 1.2 2.0 x 102 8.8 x 109 1.3 1.5
efficiency)
Forward RICH 0.1 71x105  85x107  20x102  2.8x102 Foward RICH 45 10x10¢  1.2x 10" 57 81
isk disk

For the Barrel RICH: NIEL ~ 8.4 x 10*! 1 MeV n,,/cm? (even worse with ECal, ~10*?)
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The barrel RICH challenges — Radiation Load

* High radiation load expected in the barrel (NIEL ~ 8.4 x 10** 1 MeV neq/cm? ) - SiPM DCR

increases to not tollerable values (> 1 MHz/mm?)

* Improve SiPM radiation hardness

* Development of cooling/annealing strategy

From R. Preghenella

[ [ [
HPK S13360-3050VS Vi =4V

current increases
inearly with fluence

~ 100x dark current reduction with oven annealing:
sensor functions as if it received ~ 100x less fluence

—— new

—e— irradiated

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

10°n 107 D

new 11
oq 10 Neq

DCR (Hz)

E | l [ =
_ HPK S13360-3050VS Voer =4V
= 500kHz 10x DCR reduction 3
§_ 55 kHz l =
- — —
- Online annealing -
:_E very promising results from first _:
E exploratory study done in 2022 5
o does not reach recovery level
L obtained with oven, but —-
E . 100 times faster =
C e can be done in-situ =
L- e repeated many times = —
= —e— 10° neq 3
 —®—online@T=175°C & ]
= —e— 200 hours @ T = 150 °C T=-30°C =
C I | | 7]

New

Irradiated

Currentann. Oven ann.

dark rate [kHz/mm?)

-
o
w

-
o
N

-
o

-

107"

@)

ALICE
NIMA 846 (2017) 106—125
= SiPM HPK S13360-3050CS « 40 °C
F 20 °C
B «0°C
+ =20 °C
u v f40 °C
?M/a
_.It..l.,.I...I...I...l...l..,l...l...l
0.02 004 006 008 01 012 014 0.16 0.18 0.2

relative overvoltage [ ] 12



Dual-phase CO2 cooling - A good choice for HEP applications

Micro-channel cooling on Si - A silicon-embedded technology
micro-channel cooling in Si is a favorable technology

Cooling option

advantages of dual-phase CO:cooling for HEP applications:

large latent heat transfer due to the phase change energy for the transition of liquid to gas
operation with low mass flow of the coolant is possible
low mass flow as well as a low liquid viscosity results in a low pressure drop along cooling pipe

* alow pressure drop allows the use of small pipe diameters or technical solutions like micro-
channel cooling, which allows new detector design concepts
high heat transfer capability (typical ~8000 W/Km) is possible despite small pipe diameters
practical temperature range of -40°C to 25 °C for detector application
CO:zis a natural, non-toxic, non-flammable, radiation resistant and non-magnetic gas

optimized thermal contact with heat sources

Detector cooling, 16th Terascale Detector Workshop @ |L E @ E
2024 | Jan-Hendrik Arling & Sergio Diez, 21.02.2024

Hybrid pixel detector & Monolithic CMOS detector Monolithic CMOS detector

heaVily Simpliﬁed assemblies micro-channe| Coo"ng p|ate
reduction of material
efficient for cooling “chip-like” heat densities

basic technological process: deep RIE + (anodic, eutectic, fusion) wafer bonding
further integrations also possible!

example: metal Re-Distribution Layers (RDL) (M. Ulldn et al. (HSTD13, 2023))

with integrated micro-channels



ASIC FEE development

ALCOR (A Low Power Chip for Optical sensors Readout) is a ASIC developed to readout
silicon photomultipliers at low temperature. The chip is designed in a 110 nm CMOS

| N —
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technology
Developed by INFN-Torino for SiPM sensors used in the dRICH detector of the ePIC
experiment at EIC.
Current plan for the RICH FEE ASIC
* Use ALCOR chip with modularity optimized for the RICH
* Already started a collaboration between INFN Bari, INFN Torino and INAOE (Mexico) c
* |f ALCOR TDC is suitable also for TOF/RICH purpose only further minor modifications =
will be needed 0
* ePIC Run for 64 channel ASIC foreseen beginning 2025 ©
/ Coarse counter /; \
"| TDC1 Fine counter : Dat:l::nbnoetltom
| [ = ==
T "|TDC4FInecounter Datafgntrol RS
= Channel configuration block \
\ TDC3 / /

8x8 pixel matrix ASIC ePIC version
(64 channels)

14

Configuration from
bottom channel

Configuration
to up channel



FEE ASIC: simulation results %

> 120 R B BN i o e A e
E) :*2TDC,M128 == 2TDC,M64 =#=4TDC,M128 =e=4TDC,M64 : (—-éj :-‘-2TDC,M128 == 2TDC,M64 ==4TDC,M128 =e=4TDC,M64 :
O 1.09—e—0—0-o o——0-0 o 10
5 | TN | -
% 0.8_ : %’) 0.8__ .......................................... —
(%) B . - b - 2 -
T oo Jime gate: 1ns | o [ DCR=2MHz/mm i
L | _ O B ]
9 F 11 at 0.5 PE : - 2 T Probablllty of SiPM giving .
e ™ Nsig 1% 2 . ® 04 signal due to bkg ]
= [&&N,, > 1TDC ! : s 0 | .
o o2 i T 5 : :
® | Generated Ng;g 1 j @
N il 0 el TR B 4 : = -
* 10 10? 10° 10° gt'is 0.0 [ | (R S |
Dark Count Rate [kHz/mm?] Time gate start w.r.t. signal [ns]

Dead time effects of ALCOR TDCs not an issue provided to keep the SiPM DCR below 2 MHz/mm?

If a reset is applied to the TDCs from 1 ns to tens of ns before signal arrival, significant efficiency loss mitigation is achieved even
with very high DCR

Using a proper time gate for the reset of TDCs is possible to keep excellent efficiency not only in LeadingEdge mode, but also in
ToT/SlewRate mode

The ultimate efficiency limits vs DCR set by the recovery time of the SiPM —>Possible improvements by including signal shapmg
by the electronics



FEE ASIC: simulation results

RALICE
FE output signal time constants FE response to many PE signals
( Vout Tail, Rq = 300 kOhm, Area = 2x2 mm2 ) [ FE Output, Rq = 300 kOhm, A = 2x2 mm2
70 - 1400 -
— Fit: 11 = 3.2 ns, T, = 28.9ns ---= 0.5 pe th
60 t  FE output for 1pe input signl 1200 Npe =1
—— Npe =2
50 1 My fit model 1000+ _ ::g: z io
t—B t—B _ _
< 40 V() = ale ) if t >B < 800- Npe = 20
e 0 ift<B &
> 30 < 600
201 400 -
101 200
0 - 0
100 125 150 175 200 225 250 275 0 50 100 150 200 250 300
Time [ns] Time [ns]
g /L J

: Next step: Studying pile-up of multiple photons and SiPM DCR bkg at FE level :

16
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Packaging: NOA facility at LNGS (Gran Sasso, Italy)

The DarkSide-20k experiment at LNGS SiPMs based on FBK NUV-HD-Cryo DesignLICE

Dual-phase argon TPC for searching direct evidence of dark matter at the man Ufa ctu red by LFoun d ry
INFN underground laboratory LNGS, foreseen to begin operations in 2026

« ~21 m2TPC PDU (2 optical planes, Top and Bottom of the TPC)
The TPC is equipped with SiPMs for detecting the prompt scintillation light

e ~5 m?2Veto PDU (all around the TPC)

Titanium Vessel L e ‘ - ° TotaI =26 m2 Of SiPM

Vertical drift .
348 cm * 1400 wafers (200 mm, 268 SiPM per wafer, 7.9 x 11.7 mm?)

y

Optical Plane ——

VPDU+ \

* SPAD size = 30um

Calibration

| ‘ * Yield by contract= 80%, actual is ~95%
TPC/Veto e Cathode on the backside, anode pads for wire bonding
Optical Plane

* Photodetector Module (PDM) is 5 x 5 cm? single output

VPDU+

* PDU 20 x 20 cm? = 16 PDM with 4 differential output channels (1

Cold Structure channel = 4 PDMs summed)

Warm Structure

SiPMs surface comparable to that
needed for the ALICE 3 RICH!!




RALICE

Packaging: NOA facility at LNGS (Gran Sasso, Italy)

Characi®ion area

e
=

We can benefit from
the DarkSide
experience!

Already in contact with
LNGS director and NOA
responsible!!

The Nuova Officina Assergi: future perspectives beyond
DarkSide-20k (https://doi.org/10.22323/1.441.0310)
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Aerogel characterization

e Agilent — Cary 4000 — Series UV-Vis Spectrophotometer ALICE
acquired by Bari INFN unit beginning 2024.
* Equipped with an integration sphere

* Transparency measurement on aerogel samples already
started

A ~ —
i £
v 1_ .................................................................................................................................................................................... 3
A <
[ -
v : : : : : : :
(Y R S — P c— S— S— A—
0.6 iidffloii.| —e— Total transmittance <T, >
B —u— Diffuse transmittance <T ;>
0.8 i .| —— LiNAC transmittance <T,, > [ AN /4N | —— Transmission length
B —=— Total reflectance <R_> R &Y 7 A —— Scattering length
—— Abosrption length
02 o se0sses S OSSR RTINSO SR
Tl
11 | I | S I | I ___" " o

300 400 500 600 700 800 200 300 400 500 600 700 800 1
A (nm) A (nm)



2023 prototype beam test (PS T10 2-18 October) %
ALICE

S13361-1350 with

2 mm of SiO2
S13361-3075 S13361-3075 with
With 1 mm of SiO2 1 mm of SiO2

S13361-3075 with
m of MgF2




Cherenkov angle and timing

Beam test results in term of angular resolution and number of detected photo-electron using commercial SiPM and ALICE
electronic, in agreement with simulation!!

U :I ] L I UL ] LI I L L I LI I UL l L I L I I: w T T 1 71 l T 1 1 71 I T 1 1 1 I T 1T T T I T I 1 1 [ T 1 T 1 l T 1 T T ]
$ 900 Beam: + 8 Govi — = N _ LY .
= - eam-; t eVic Entries 16153 Q25000 Preliminary MO: $13361-3075 w/1 mm MgF, |
- —e— Data -
© 800~ Pion Norm 883.1£12.3 —] ~ B M1: S13361-3075 w/1 mm SiO, |
~ F Deta big . . @ - ALICE 3 study + PETIROC 2A front-end ASICs
T s0F. —F Pion Mean 241100 € o000l M
» - " N - 3 — ]
3 = |AT | < 5 - Pion Sigma  4.015 +0.038 ] o) C Entries 248490 |
‘= 600 Prot Norm 595.4+10.7 © - ]
= = : 73 n ¢ Norm 25817.93+67.80 |
f_’ 500 Prot Mean SLa =00 = 15000~ Mean -0.85+0.15
8 200 = Prot Sigma  3.699 +0.04 E B ! Sigma 75.80+0.13 -
90 = Bkg Norm  0.1058 £0.0034 - 10000— —
€ 300 = 3 C Beam:- 10 GeV/ic ]
> F Preliminary - - —~ Data
< 200F- = 5000[— - Fit
100 ALICE 3 study = B ]
07160 180 200 220 240 260 280 300 320 340 ~Ps08 =000 500 0 200, 1000, 1500 " 2000
Single hit angle [mrad] M1,maxq ~ M0,maxq tP

Paper in preparation: “A compact and fast SiPM-based RICH detector for the future high-energy physics experiments”
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LAPPD option for fRICH

4 Radiation load for Run 5 + 6 in pp collisions I e e - (7]
’ ’ - - ~ ~ \ A \ A 2.49
TID NIEL HEH Ch. particle fluence = ' TR e \ N
Element R E
emen m) (ad)  (1MeVnegemy)  (kHz/em?) diziars) S| ' 7/ 7 Yacuumvesseflength:8m ' 1 |
2 1 / 7 - - - ~ \ \ | 2
'g \ b »,  Outer radius vacuum vessel: 207 m | /
\ " 1
FeaRRiCH g5 9.7x105  39x10  2.1x102 4.4 %102 = I
disk B3
2/ ; a |
. N . 0.5
Operation beyond 1013 MeV neq/cm? leads to SiPM DCR increase above tens of MHz/mm? . ,
* SiPM-based single photon detection not trivial even accounting cooling + annealing L
The expected radiation load is not an issue for vacuum-based devices like MCPs and LAPPDs 2 Tin center
* Excellent time resolution, low DCR and high radiation hardness make them ideal for the g SR S T NP B S T
leCH Axial position z [m]
/ Preliminary studies with LAPPDs n = 1.015, € [2, 4], central Pb-Pb \
'§3G:""""""c""l'_"'"""‘: @ o N BEEE EEEE RS RS R R R 5-4-0: B EEEN EEEF EREFEEEY ERES EEEY ERY EER™ 31-4 T
‘g" 25: DOI: 10.13S 3/nCC/|2020'20011'X_: -o§ 22§ 2)(2 lnmzce"S :::g;z _i g 3.5f . | mZCe“S ::f:z;z _f _§ iz 4 Elec 4 Muon 4 Pion Kaon 4+ Prot
= C . E ’ = = E = - L L
i ’\\ | 3 | 1%fill factor o |5 B sob | 91%fill factor S |4 Bw
o L - Qo E n=1.03 —: e E n=1.030 3 O 1.0 os.
2 2o » » R RGE = é 2.5F 1 ool g —
§ r \ 1 ° 1y 3 o = E 0.8 b } ‘;W
£ 16l \ 1 3 -4 . - - o i
S . \ 1 § v 00-0-000-0000000000 ] T FEEEEEEEEAEEEREERRRT o *:M
C - |.ioto | { @ r . 0.5
: AR f i8as0sasusssusvscs LS e e
5 ] - > y - |mt,p=10GeV/c,B=2T 1 o3 ’ #
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2024 beam test %

LICE

pamatiy New PS beam test forseeen for Oct 24!
fi' '} Upgrading the set-up with

ce=? + SiPM array with 2 mm of pitch = Target sensor for ALICE 3 RICH
* Timing measurement:

* New custom front-end boards based on Radioroc/Weeroc and

picoTDC/CERN
* The first version is under test

* Read-out and DAQ with Mosaic boards
e Position measurement still based on the Petiroc 2A boards
e All the boards with common clock and trigger signals
Prototype still based on on-the-shelf components
» Test aerogel focusing configuration

B
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RICH 2025 plans @

RLXCE

e Aerogel Characterization (ePIC synergy)
* Setup for measuring the aerogel refractive index will be

‘ ! rotatable
Y e T b . . . .
He-Ne-laser @wmm e  screen implemented,  enabling  comprehensive  optical
characterization of the Cherenkov radiator.

|
1

——— . q— - —
" -
*ete,
“»

-

! Grain !
.l dmln
: I
,-'\ symmefry
plane
Setup of the refractive index measurement shown in [2]. -
iE) B SiPM Array

SC) no no n n

5k ( field ( field ( field field ol ( field =
S | S, | B | co cerose with embecied o2 coving

e Study of the prototype interposer and 1 | E e
cooling system I | N |

 Milestone: ottimizzazione configurazione
interposer con annesso sistema di cooling a

microcanali

* Test new prototype at CERN-PS
* Position measurement: new FEE/RO to improve single photon detection efficiency

* Increase photon sensor acceptance (25 modules, 2.5 k€ each) 2



RICH 2025 plans

* RUN ASIC ALCOR
* One wafer of ALCOR v3 from the ePIC RUN for testing
purpose
* Packaging studies for the ALICE RICH configuration

YhAhdhddodd

% oF
)
o
% o
'
o
3 o
i>
e

6.8 mm

* RICH module mock-up construction for installation test

Drawing realized by INFN Bari CAD service




ECFA DRD4 activities

DRD4 WP 4.4.1: Coupling of a thin Cherenkov radiator to SIPMs, for TOF of charged particles
DRD4 WP 4.4.2: SiPM array, with mm-scale pixelization, suitable for use in TOF prototypes

Reflections at the SiPM interface: reduce reflection to increase PDE | ppp4 WP 4.4.1

Solutions: s d
* Conventional single-layer antireflection coating (ARC) . 3
e (Multi-layer) ARC: double-layer ARC and triple-layer ARC g

* Textured Si surface with upright random nano/micro pyramids formed by anisotropic etching.

Triple-layer ARC
Double-layer ARC \ /

Single-layer ARC Mo (air)
ngle-ayer \/ n, (air) \f é%m)
No ARC n, (air) n, (ARC,) n, (ARC,)
\/ 1o n, (ARC) n, (ARC,) ns (ARC;)

n (Si)

N/
i f
. ns (SI) ) (Sl) - n (SI) -

SiPM matrices have 64 channels, 3x3 mm? cells and 50 or ¢
75 pum micro-cells.

Three matrices have an epoxy resin (n ~ 1.55), while the 02
last one has a silicone resin (n ~ 1.41).

The total and diffuse reflectance have been measured :>
using the Agilent - Cary 4000 - Series UV-Vis
Spectrophotometer available in INFN laboratories in 0.05
Bari.

Total reflectance - tested matrices Diffuse reflectance - tested matrices

444 -<<4<>

—=&—— Epoxy Resin 50um

} ——=&—— Epoxy Resin 50um 0.04
—&—— Epoxy Resin 75um . h

—&—— Epoxy Resin 75um

ddda‘
<

?)
——#—— Epoxy Resin (?) + High Refractive index —*—— Epoxy Resin (?) + High Refractive index

—%—— Silicone Resin + Quartz 0.02 s Silicone Resin + Quartz
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ECFA DRD4 activities

Planar surface

Textured surface

Yuguo Tao at al. doi: 10.1038/s41598-022-18280-y

* SiPM array (reference)
* Textured + Double-layer ARC
» Textured + Triple-layer ARC

Reflection [%]
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Compairison of total and diffuse Reflection on polished, AR coated and textured Si

—Si Polished Total Reflection

—Si Polished AR coated Total Reflection

—Si Textured 5Back Total Reflection

—Si Textured AR coated 5Back Total Reflection

- =Si Polished Diffuse Reflection

- =Si Polished AR coated Diffuse Reflection

- =Si Textured 5Back Diffuse Reflection

- -Si Textured AR coated 5Back Diffuse Reflection

\\/\PRELIMINARY

Total/diffuse reflection of Si samples with Integration
Sphere on Lambda 650 Perkin EImer Spectrometer
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Wavelength [nm]

Improving sensor timing response
Plans for 2025: creation of micro lenses to

optimize SPAD timing response

Dead area High-field region Dead area

Active area

DRD4 WP 4.4.1

00 20 40 60 80 100 120 140 160

X[pm]

DRD4 WP 4.4.2

Realization of fast electronic boards for timing measurements with TDC FE integrated as
. WEEROC/OMEGA and/or FastIC+ 27




Budget request

@

QLICE

Sezione Importo Descrizione
Bari 40 k€ 2 Test beam da 2 sett. al CERN x 8 pers.
5 k€ partecipazione riunioni al CERN (2 riunioni di 5 gg ciascuna) (DRD4 WP 4.4 )
Salerno 10 k€ 2 Test beam da 2 sett. al CERN x 2 pers.

Consumo, inventario, etc

Sezione | Importo Descrizione
Bari 60 k€ SiPMs ed elettronica di FE/RO per prototipo da testare sul fascio
20 k€ Studio prototipo interposer e sistema di cooling
40 k€ One wafer of ALCOR v3 from the ePIC RUN + packaging studies for ALICE 3 - RICH configuration
10 k€ Costruzione mock-up modulo RICH
5 k€ Realizzazione micro lenti per ottimizzare risposta temporale SPAD (DRD4 WP 4.4.1)
30 k€ realizzazione di schede elettroniche per misure di timing con FE della WEEROC/OMEGA e/o FastIC+ (DRD4
WP 4.4.2)

28



Sinergie

Sigla in gruppo 5
ASPIDES: A CMOS SPAD and Digital SiPM Platform for High Energy Physics (ASPIDES)

The goal of this research activity is the development of a technology platform for the design, production and commissioning of
dSiPMs, detectors with single-photon sensitivity and embedded functionalities. The activity will target applications to light
detection for dual-readout calorimetry at future leptonic collider experiments, RICH and neutrino experiments.

In the research activity, the collaboration will pursue the development of a planar detector in a standard CMOS technology,

naturally lending itself to the design of a monolithic sensor, where the front-end electronics and the sensitive element lie in the
same substrate.

29
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Aerogel characterization

Measurements performed with a Perkin Elmer spectrometer: integrating sphere and two different light sourcestpc

cover the range 250 - 800 nm

TOTAL TRANSMITTANCE

PMT and InrsaAs or
PO Detecion

Sampile Baam

Transmisson Por with

Eampia etandard plate

Refleciance Port with

DIFFUSE TRANSMITTANCE

PS5 Detectors

Zample B2am

Transmession Port with

sample

PMT and InGads or

Reflectance Port open

Linear
TRANSMITTANCE =
total T. — diffuse T.

Each tile was placed into a holder
(10x10 cm?) and mounted onto a metal
ridge sliding perpendicular to the beam to
explore different positions of the samples

T [ %R

n=103

= [iffused + Angular (%T)
Diffused (%T)

= Angular (%T)

— Reflected (3R]

= N sample, %T

—— Mo sample %R

T T
400 200 800

10




Aerogel characterization %

__t —t(1+1) Bt Ct ALICE
T()[):e Atrasm = e Ag As/)=A.e 28 «p 2%

Lengths evaluated from average

f \ transmittance values.
TRANSMISSION LENGTH: Emz
__t €
T(/l) =e Atraim :
Atrasm = —
kt In(T) Yy 10
7 |
J ol
(L) -cr 7
e \As/=p 2% 1
A4 ¥ Ags -
Ascar = — e -
C ® Ayasm |

1 0- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1
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(" ABSORPTION LENGTH:

t Bt
e (E)z A-e 18 SMALL IMPACT OF THE ABSORPTION ON
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Aerogel characterization

Transmittance fitted by Hunt formula [NIM A 440 (2000) 338-347] ALICE

— t —t(1+1) Ct
T(A) = e Mrasm =g Ay Ag =A'€_)l_4

-~ F n=1.03 - F
< osf S osf
N osk =k
Voosk Voosk
0.7 F 0.7 ff
06 0.6 f
05 05
0.4 | 0.4 |
03 x? / ndf 0.01502/110 | 03 x*/ndf 0018287110 1
0.2 i A 1+ 0 |. 0.2 T A 1+ 0 |
Ct 0.009438 + 5.368e-05 T Ct 0.01066 + 6.516e-05
0.1 0.1f
[ 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 L 1 1 1 I 1 1 1 1 1 1 [ 1 1 1 1 1 1 1 1 1 1 1 1 1 L 1 1 L 1 1 1 I 1 1 1 1 1 1
%00 300 400 500 600 700 800 %00 300 400 500 600 700 800
A [nm] A [nm]
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Aerogel characterization

Transmittance fitted by Hunt basic: Transmittance fitted by Hunt extended: ALICE
—t— ) _ct S Bt _ct
T()D = e Atrasm =e Ay Ag =A- e A T(}l) — e Atrasm = e Ay Ag =A. e A8 .o A%
Assuming.' Assuming_-
Ay negligible Ay~ 28
Ag ~ 2% Ag ~ 2%
AR N
509‘ <09
"V os 'V osf:
" TE BETTER FIT
0.6 [ 0.6 [
i i N
05 05 i
04fF 04ff
i i x?/ ndf 3.258e-05/ 108
i %2 / ndf 0.01502/110 | 031 A 0.9838 +9.525e—05 |
02 A 1+ 0 | 02t Ct 0.008051 + 6.58¢—06 |..
i Ct 0.009438 + 5.368¢-05 i Bt 1.191e-05 + 5.95¢-08
0.1f i 0.1}
~:11111.11 PR SR R T N T T SN N N W NN RN N A TN R NN AN B ':1111||111111!|1111|11|11111|
%00 300 400 500 600 700 800 %00 300 400 500 600 700 800
A [nm] A [nm]

<T> = average of the transmittance values at the different points on the tile #1 (n = 1.03) 4



Aerogel characterization

The shape of the tile has implications on the transmittance.

n=1.03

min tickness (mm): 19.690
max tickness (mm): 20.385
standard deviation: 0.172
average (mm): 19.955

e\
““"v"
NS85

thickness [cm]
thickness [cm]

n=1.04

min tickness (mm): 19.271
max tickness (mm): 21.798
standard deviation: ©0.335

average (mm): 19.641
T X Ef ~
St E- O 0.577 E’
- 4 0.708cC> > 4 I n=1.05
f g f 0576 3 min tickness (mm): 19.965
- N [ | [ | | [ | 0.707® - N [ | [ | [ | ® .
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0708 § i g standard deviation: ©.098
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= 05731
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Aerogel characterization

Thickness and flatness measurement in metrology lab at CERN!

* Results obtained on a tile of n = 1.03 with the touch probe system (force applied by the probe is 2 gr).
* The measuring system is the LEITZ PMMC with == 0.3 um of precision

Thickness =19.96 + 0.17

Plane Y- side =0.7060

Plane Y+ side = 1.2716

Meniscus shape
due to fabrication
process

There is a variation in thickness from the centre to the edges, of the order of 0.4 mm, and a different

planarity in the two faces, one 0.7 mm, the other 1.27 mm. In general the tiles have the shape of a
dome.

* The manufacturer (Aerogel Factory Ltd, Chiba, JP) stated that it is possible to improve the flatness and 47
the thickness uniformity;

* the planarity can be mapped, to include the defect in the reconstruction of the Cherenkov angle.
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Simulation studies (by N. Nicassio)

Single photon angular resolution
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