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e In Belle Il, MCP-PMTs with extended lifetime have been installed and they have limited lifetime

depending on accumulated charge.

e We are trying to understand if they eventually can be replaced with SiPMs.

e We irradiated 24 SiPMs modules with different neutron fluxes and tested by laser.

e Eight of them are processed to study their response.

e Collected data are read from modules and analyzed.
A . . Dimension Pitch Distance Neutron 1 MeV  Charge Time

Index Producer e P ) " e i i ,

[mmxmm| [pum)] [cm] eg/cm” fluence  [mC]| [h]

8 FBK 3 5.3 15 18.36 1.0-10*" 2.86  5.88
9 FBK 3 X .3 15 18.24 5.0-10° 1.41 2.90
1 FBK B3 15 5824 1.0-10? 0.94 1.93
11 FBK 1 x1 15 15.86 2.0-101° 4.26  8.77
12 FBK 1 x 1 15 30.86 1.0-1010 8.07  16.61
13 FBK | 15 15.74 5.0-107 1.05  2.16
14 FBK [ | 15 30.74 1.0-10” 0.80 1.65
15 Hamamatsu 3 % 3 50 33.46 1.0-10° 0.95 1.95 s
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Gain as function of bias voltage
for SIPM #11
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Gain as function of bias voltage BIaE
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Gain as function of bias voltage
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Gain as function of bias voltage for SiPM #11 at temperature 0
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Gain as function of bias voltage
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Gain as function of bias voltage for SiPM #11 at temperature -20
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Gain as function of bias voltage
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Gain as function of bias voltage for SiPM #11 at temperature -35
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Gain as function of overvoltage
for SIPM #11
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Gain as function of overvoltage
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Gain as function of overvoltage for SiPM #11 at temperature 20
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Gain as function of overvoltage
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Gain as function of overvoltage
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Gain as function of overvoltage

Gain as function of overvoltage for SiPM #11 at temperature -35
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Time resolution for first photon
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Time resolution

for first photon peak

Time resolution of first peak for SiPM #11 at 20° el
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Time resolution for first photon peak
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Time resolution of first peak for SiPM #11 at 0° el
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Time resolution for first photon peak
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Time resolution for first photon peak BIaE
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Time resolution for other photon peaks B CNFN
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Time resolution for other photon peaks
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Time resolution of other peaks for SiPM #11 at 0° el
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Time resolution for other photon peaks
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Dark count rate for SiPM #11
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Dark count rate
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Dark count rate for SiPM #11 at 20° Belle II
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Jakub Kandra, INFN Padova

Dark count rate for SiPM #11 at 0° Sl
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Gain as function of bias voltage
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Gain as function of bias voltage
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Gain as function of bias voltage BIaE
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Gain as function of bias voltage

Gain as function of bias voltage for SiPM #15 at temperature -35
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Dark count rate for SIPM #9
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Dark count rate Bl
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Jakub Kandra, INFN Padova
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Dark count rate

Dark count rate for SiPM #9 at -35° el
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Time resolution for first photon peak
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Time resolution for first photon peak
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Dark count rate
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Dark count rate
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Dark count rate

Dark count rate for SiPM #10 at -35°
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Background iterated 10 times
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Background iterated 20 times Bl
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Background iterated 40 times
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Background iterated 50 times
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Background iterated 60 times Bl
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Difference between background and original waveform
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Background iterated 70 times Bl
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Background iterated 80 times
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Breakdown voltages at temperatures for SiPMs INFN

Index of SiPM 11 12 13 14 15
Producer FBK FBK FBK FBK Hamamatsu
Dimension [mm xmm]| Lx 1 I %8 1x1 1x1 33
Pitch [pm] 15 15 15 15 50
Breakdown Breakdown Breakdown Breakdown Breakdown
voltage [Vo] voltage [Vo] voltage [Vo] voltage [Vo] voltage [Vo]
Temperature [°] non-irr irr non-irr irr non-irr irr non-irr irr non-irr irr
20 33.13 32,63 | 33.15 32.03 | 32.56 31.78 | 32.43 3217 | 38.16 37.66
10 33.78  32.20 | 32.06 31.77 | 31.93 31.60 | 32.22 31.89 | 37.73  37.08
0 31.16 2845 | 31.53 3137 | 31.81 31.26 | 31.31 31.50 | 37.76 37.00
-10 31.36 31.64 | 31.55 30.25 | 30.79 30.97 | 31.20 31.16 | 37.39  36.65
-20 31.19 31.06 | 3095 3094 | 31.20 30.71 | 31.43 31.05 | 36.88 36.16
-30 31.53 30.79 | 31.25 30.69 | 30.81 3049 | 30.65 30.54 | 35.77 35.83
-35 30.45 30.50 | 30.76 30.44 | 30.62 30.32 | 30.41 29.85 | 35.73  35.63
-40 29.97  30.16 | 30.59 3040 | 30.05 30.29 | 30.48 30.35 | 35.26  36.66

e For Hamamatsu device the breakdown voltages agree with previous measurements
e For some FBK devices, the breakdown voltages do not agree with previous measurements.

e After finishing studies related to breakdown voltage, we will continue with extraction time resolution
177
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Fit of photon spectra Bl

SiPM #13

e Photon spectra
are extracted

e Photon spectra
are fitted sum of
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Fit of time resolution Bl

Belle IT

e Split photon photon spectra

spectra into two TTITES
rehgi;)ns: firsli 500 Chies 2
photon pea B Std Dev  13.92
(green) and other L
photon peaks 2 4003_
(red) s L
e For#13 SiPMs, o SRl
we fit first photon § o
peak (green) and 200
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