Mass tests of silicon photomultiplier (SiPM)
arrays for the TAO experiment

Junior researcher, DLNP
Sharov Vladislav

Russian

R s F s AN LA

Foundation
Under grant #21-42-00023 Dubna, 2022 G reen «wv




e

: . ‘ e . 3
" Guatig Zhou "’ '

1onn Shen Zhen @i ®

TAQO experiment

Daya Bay

R,

JUNO = Hong Kong
e, g 1
¢ Sy S3km
’ "\
il . @ JUNO-TAO

@ Taishan NPP
Yangjiang NPP

Figure 1. JUNO-TAO location

SiPMs array 8x8

Figure 3. TAO detector design

~4000 arrays
~10° SiPMs

The main purpose of the TAO experiment is to provide a
reference spectrum for JUNO, eliminating the possible
model dependence due to fine structure in the reactor
antineutrino spectrum in determining the neutrino mass
ordering.

x107
120 [ 2000 days of data taking  —— Np oscillations
i Only solar term
100: —— Normal ordering
3 —— Inverted ordering
> -
[ - 3
= 80p
~ i
= -
a L
60 o,
g sin” 20,
@ C
= N
Sl (1]
20k
DU

Eg, (MeV)

Figure 2. The expected antineutrino energy spectrum weighted
by IBD cross-section with and without oscillation at the JUNO
experiment for normal ordering and inverted ordering
assuming 2000 days of data-taking. Dependence on the four
oscillation parameters is shown



Mass tests of SiPM arrays

Parameters Specification Ax8 R 8x8 array |

PDE > 50% :
Dark count rate < 100 Hz/mm?
Probability of correlated <10% (at -50°C)
noise
. . o
Uniformity of Vg < 10% Figure 4. Tile samples
Size of the SiPM device > 6 x 6 mm?
SiPM coverage within tiles < 94%
Power supply
connector Self-stabilized

LED source

32-channel PCB for 64-channel PCB for
4x8 tile prototype 8x8 tile prototype

XY — Translation

Signal connector stage

SiPM tile

Figure 5. Design of the pre-measurement stand for single SiPM tile studies



Number of counts, N
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Figure 7. Charge spectrum of SiPM

SiPM number along Y axis, N
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Figure 6. Stand for testing SiPM arrays

Breakdown voltage map
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Figure 8. Array breakdown voltage map
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Number of photoelectrons map

Entries 32
] Mean x 2.011
e e e .|Meany  3.998
i e CHSRY i . " |StdDevx 1.108
Tz .. |StdDevy 2261
1.2 Integral ~ 46.420
0.8
0.6 Il | 1
04 & & p L,;‘;m - o e
0.2 o
go .
8
Sy
o,hbefs
Yok 3 s,
3, jer Alond
b2 1 P !

Figure 9. Array photoelectron distribution map



Control and power units W

s Main Features: MAPA®OH
+5V

U SR M S " VME mechanics

128 channels

Based on AD5535B chip
Voltage up to 200 V, 14-bit
i i * Max current 500 pA/ch

1xSHV connector
2x68pin IDC connectors
PCB power supply £12V, +5V by VME

_Connectors

CAN-open protocol
CAN interface on VME bus

Mezzanine with AD55358 DAC chip

Figure 10. Power unit

Main Features:

VME mechanics

Micro PC: phyCORE-i.MX7

CAN-int, CAN-ext

2x connecion interfaces; 1GBPS (SFP) and 100MBPs (RJ45)

COM port (RS232) and USB (B-type) for direct access to the micro
PC

PCB power supply £12V, +5V by VME

CAN-open protocol

CAN interface on VME bus

Figure 11. Control unit
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Figure 12. Integral nonlinearity example for single DAC channel
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Figure 14. Reconstructed of intermediate points of real data using the spline algorithm
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Figure 15. The results of setting the voltage on the channel: a) without calibration; b) with calibration Figure 16. Chip temperature stability



