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The ALICE 3 bRICH detector

ALICE
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https://cds.cern.ch/record/2803563?ln=de

2024 beam test set-up@PS-T10

Aerogel radiator 2 cm thick tile with n=1.03& 8.5 cm @ 400 nm
Central array 1 HPK SiPM S13361-3050AE-08 (64 3x33iiMs)
Ring arrays7 HPK SiPM S13361-2050AE-08 (64 2x2SiMs)
SiPM cooling Down to -5 °C using water chiller + Peltier Cells
Proximity gap 23.4 cm between aerogel and SiPMs flushed with .
Front-end Custom board based on Radioroc 2 FE ASIC and pico

Additional vessel equipped with 2 extra HPK SiPM S1332620AE-08
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DCR bkg suppression using timing

ALICE

TAssuming all hits at candidate Cherenkov photon for ringaastuction
1Signal hits fall in a few ns window wrt track on top of RayleigpCR bkg
HPossibility to significantly suppress uncorrelated DCR bkg usiming
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Cherenkov angle recostruction

ALICE

1Single photon angular resolution at angle saturation of about 4.2aar
1Background level consistent with expectations @ operation Tdan,

TApproximately 6 selected hits per track at saturatiomth 25% acceptance

Single photon Cherenkov angle [mrad]
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Separation power vs momentum

TComparing results with positive beam @ 8,9,10 GeV/c withi\N R10
fReconstructed ring angles follow the expected scaling with moren
1Separation of E K and p beyond & with EK limit at 10 GeVt as required
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ALICE
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Conclusions

ALICE

Measured RICH performance

tMeasured photon yield, single photon angular resolution
and ring angular resolution consistent with ALICE 3 target

TEXcellent signal efficiency signal-to-background ratio
achieved in time matching windows shorter than 5 ns

tPerformance scaling vs momentum in agreement with
expectations (e.g. > uéN separationupto N srGeV/c)

tStable reconstruction performance beyond MHz/mm > DCR
values considering proper DAQ / time matching windows
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Thank you for your attention

Nicola.Nicassio@ba.infn.it
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Silicon PhotoMultiplier (SiPM)
characterization for LHCb RICH Upgrade Il

Simon Ghizzo

University & INFN Genova

18/03/2025




LHCDb RICH detectors and Upgrade I

I Single photon angular resolution
of less than 0.5 mrad

I Maintain the occupancy
below 30%

I Increase spatial granularity with
1 - 3 mm? pixel size

| Introduce timing information with
< 100 ps resolution per channel

I Replace MaPMTs; SiPMs are
considered as an option

Simon Ghizzo University & INFN Genova 18/03/2025 2/8



Silicon PhotoMultiplier

Simon Ghizzo

Solid-state single photon sensors.

Formed by a grid of many Single Photon Avalance
Diode (SPAD) ! proportional behaviour.

High photon detection ef ciency (PDE), high gain,
insensitivity to magnetic elds, low bias voltage,
and good timing resolution.

High dark count rate (DCR) at room temperature,
which increases signi cantly with irradiation.

Mitigation by operating SiPMs at suf ciently low
temperatures, radiation shielding, and annealing
during detector maintenance periods.

University & INFN Genova 18/03/2025 3/8



SiPM characterization in lab

Joint effort of all LHCb/RICH INFN institutes (MiB,
FE, PG, PD).

Preliminary measurements to validate the
methodology.

Full characterization before and after irradiation
(and annealing), starting with measurements of Vy,
and DCR, using a cryostat with liquid nitrogen
(from +25Cto  -190C).

Characterization of 75 SiPMs of 5 different models.

Simon Ghizzo University & INFN Genova 18/03/2025 4/8



Preliminary results - Vy,

The temperature dependence
of Vi is linear.
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Preliminary results - DCR

The temperature dependence
of DCR is exponential-like.

Simon Ghizzo University & INFN Genova 18/03/2025 6/8



Conclusion and Future Outlooks

Preliminary evaluation of the temperature dependencies of Vy,
and DCR is consistent with expectations.
Perform other measurements:

| Gain

| Photon Detection Ef ciency (PDE)

| Time resolution

To do this, integrate a laser into the setup.

Plan to use the ampli er designed by MiB (see D. Trotta talk) to
characterize all the 75 SiPMs.

Use a bigger LN2 cryostat to have access to a ner gradient in
temperature.

Perform characterization after irradiation and annealing.

Simon Ghizzo University & INFN Genova 18/03/2025 718
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