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TAO SIPM

»TAO physics goals ACU(from DYB) Gd-LS overflow tank(200L,51500 X 170mm)

1. Model-independent reactor neutrino spectrum for Level sensor
JUNO (with energy resolution < 3% /VE) . (DNS8O0)
2. A new benchmark to test the nuclear database

SS tank (92100 X2200mm)

Filling port

> Detector scheme (DN35)

2.8t Gd-LS + 47t SiPM (~10m?) + 3.5t LAB/Silicon Oil (SO)
Running at -50 °C, ~30m to core /‘

Shells and S1PM array

Cable
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feed through
e (DN160) __ 18,k
»SiPM Tiles =8 ot | SiPMamay PCB
PDE ~ 50 % p Cu support (ID:1884, T: 12) -/ SL2SIE()
Coverage ~95% ; Z N 91

Size = 5x5 cm? Acrylic ball (OD:1840, T:20)

Gap

HPK Array i N
; N il SS Tark (ID:2090, T -
>Sub detectors 4100 tiles Ti alloy {8 \
~300mm height
1. Central detector (CD) o L el
2. Veto and shielding LAB exhausting(DN40) and LS filling port(DN20)

Acrylic vessel + Gd-LS Lol
- +
SiPM array + copper shell Top HPDE + plastic scintillator

SS tank + LAB/Silicon Oj] Surround: Water tank+ PMT (3”)

ACU (from DYB) Bottom: 10-cm lead
Cryogenic system+ cooling pipes + Heat insulation (PU)

This review addresses SiPM mass-testing
and SiPM power system



THIS REVIEW

Requirements and testing methods on
SiPM testing. N. Anfimov

SiPM burn-in testing. P. Hu

Technical overview on SiPM mass-testing.
A. Rybnikov

SiPM power System. N.Anfimov



SIPM MASS-TESTING
REQUIREMENTS AND METHODS

- Overview of requirements on SIPMs specifications
- Uniformity of breakdown voltage

- Range of operating voltage

- Devwviation of dark current

s DOR

- Galn

- PDE deviation from eftective PD
- Crosstalks

- Afterpulses

A Ble
- Summary




EWVERVIEVY OF REQUIREMENTS

L SRS SPECIHIC ALICHG S

1 imaenisions of Tiles

2. Window material

3. Defects in the window material oubbies, pits, eto)

All will b t by IHER
4. Cracks and pattern defects on silicon wilhe o S

5. Radio purity of Tiles
6. Compatibility with LAB

/. lype and mounting of connectors

| (d) Burning test

(from contract)



EWVERVIEVY OF REQUIREMENTS

L SRS SPECIHIC ALICHG S

(for Mass testing)

8. Uniformity of breakdown voltage (Vuq) within 0.19V range

9. Range of operating voltage (V.,) > 6.5V

0. Deviation of dark current @Q V., + 95%
| |.DCR In each channel < 41./ Hz/mm?2

| 2. Gain in each channel > 1| x |06

| 3. For each channel, Ae = -25% (PDEes, PDE, Pen)

(from contract)



Item 8: Uniformity of breakdown voltage (Vo) 0.19V [peak-to-peak]
Item 9: Range of operating voltage (V.,) > 6.5V

Add Average Vbd

Good uniformity over Good uniformity

all SiPMs on the tile e —p  Small spread Dbw e

Gain—\/o\tage dependents

Gain [Tile SN: 201 mez: 2 ch: 2]

Our assumption Is In the worst case:

Gain

approximate Vpq spread btw SIPMs < £+ 5x0.19V
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Number of counts, N

Number of counts, N

Number of counts, N

EEVIATION OF DARK CURRKEFES

e < 506 LT Y RIC AL A0% (a5t Dev ) irom average vall o

Dark current distribution [Vr: 45.4V, Vov: -2.0V]
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Dark current distribution [Vr: 50.4V, Vov: 3.0V]
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Dark current, nA
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Dark current distribution [Vr: 51.4V, Vov: 4.0V]
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Dark current, nA
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Dark current [Tile SN: 201, mean values over all SiPMs]
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{ Dark current distribution [Vr: 52.4V, Vov: 5.0V] Dark current distribution [Vr: 53.4V, Vov: 6.0V]
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Dark current distribution [Vr: 54.4V, Vov: 7.0V]
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FARK COUNT RS
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Single oscillogram Run parameters:
e e e ey Parameters
| O us : 5 i _ Bl . Time window 10 us/oscillogram

: PDE,
i Gain, i AP estimation
o

Number of oscillograms 30k

Total acquisition time U second

SIPM area | mm?
Expected DCR

o Rate@-50°C/ Accuracy
_ )
DCR | Rate@-50°C/mm CipM I std.dev]

430 cps ~ 4076

Region for
DCR estimation

Minimal 10 cps

Typical | 3.7 GDS 600 cps ~4 | %

MENdE! L chs 1800 cps | =206 ¢ 0

Max probability of pile-ups:
Typical pulse duration: 500 ns
Average rate in window (lus): 0.006 [2pulses*500ns*44mm2*41.7cps]

JINR ADC (16ch/125MHz/14bit/2V/1 6us/ | 0GBLInk) Probability of pile-up (2 or more pulses): 0.002%

= e g




LARK COUNT RAEE
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Software reconstructed DCR Curve

Average waveform CHOO [1000 events]
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Number of counts, N
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Charge spectrum [no ped subtraction] [SN2866 CHOO]
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Entries 30000

Mean 351.473 = 1.897

Std Dev 328.309 + 1.341

Integral 29954.000

1500 2000
Charge, pC

P0—-P1 | @ the full length
Kamp * g of signals

GAINyizel =

°0 - pedestal position
| - position of the |sI Dedk
Kamp - coeft. of the amplifier
q - elementary charge

Accuracy: (042 ~ 0.13)7% (5«



Number of counts, N
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: ; Charge spectrum [no ped subtraction] [SN2866 CHO0O0]
Mean values over all SIPMs on Tile Building charge spectra
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[ For each channel: Ag > -25% ]

Final accuracy

Absolute PDE value:

Htao sipm
PDEtao sipm —
Href sipm

X PDEref sitpm

s

Number of photoelectrons: d/:\;;:;icgn
<Utao sipm, Mref sipm) | |
ey U

(IHEP team)

Accuracy: 3%

A= PDEx——

/ ’

..

PDEEff

probability [max 23%]:

€ foss

Mean coverage of the Sit I cells (i Tl
C=0.896 (by contract)

_ffectlve PDE value:

PDEgss = 0.51 + 0.35 X P.,, + 0.84 X P4 + (4.2 x 107*
+2%x107* x P.,,) X DCR

~ 7B

Correlated noise R

AccUracy: =70

/\

alk probability : Afterpulse probabillity:

Accuracy: £(3.6 ~ 0.7)% (3 ~ 7V) == Ofiline analisys



Method maturity ~100%

SUNMPMIART

-quipment maturity ~50%
-xisting components: PS boards, ADCs, Light system, Current system, Irigger unit

Missing components: mechanics, interface and mother PCBs

Software maturity ~/0%

ADC SW no CLI, PS SW no CANOpen support, Analysis SW no WF analysis

-xport restrictions from Russia

Partial production in China
Jotal cost: ~60k$ (Onsite)

Semi-Clean room, gloves,

5

D protection, wearing
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Single waveform CHOO [Event#1] | (QR QS)/QR [Pa: 10.00%, cut] ' : : :

s o | | - i Afterpulse estimation technigues:
.:c; 100\ AN g » E - - ~ : :'td . g.:’;: I 5 Fast/Total
"g C qh) __ (QR-QS)/QR [Pa: 10.00%, cut] < S : ;
%- - g - Int | 5 .
5 20 g o s Integration of waveforms in the long/
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Peak maximum positions time-histogram (0-16000 ns region)

e EEEE W

Peak maximum positions time-histogram (0-16000 ns region)

2. Fitting of waveforms

\ - requires computing pever

ey : - offline analisys

| ‘ - is not resolved within 100-200 ns

102 Il 102

103:|'

soo 750 1000 1250 1500 1750 >s so - 100 125 1s0 175 200
=

Outstanding Issues:
- what Is the gate for afterpulse estimation
- what Is the minimal time to resolve afterpulse signals from the prime pulse



P ERPULSES

All and 1,2,3,4 p.e. Peak maximum positions time-histogram (0-16000 ns region) Wave forms of the signal with afterpulses in the 127-130 region
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