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JUNO Physics Goals:

- Neutrino mass hierarchy measurements

UNCO DETECTOR OVERVIEVS

The Jiangmen Underground Neutrino Observatory
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Taishan Antineutrino Observatory
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) PRO TODETECTOR OVERVIEES

TAQO Tile - array of 32 516088 Hamamatsu MPPCs
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\\ 32x MPPC chip : effective photosensitive area 12.0(X) x 6.0(Y) Connector : ERM8-020-09.0-S-DV-K-TR /
(SAMTEC)
[NOTE]

1. General tolerance: +0.1
2. Connected each of 2 chips in parallel (X: A-=D, Y: 1 -4)
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| I | Anode (XY)

6.0£005

G | )
45002 | |

20.0x02

4.0
6.0

MPPC chip (XY-1) MPPC chip (XY-2)

Cathode (XY)

. Main parameters

Number of channels |6 (2 SIPMs In parallel)
-ffective photosensitive area |2 % | ] mimZeh
P1xel prtch 75 Ui

PDE at 420 nm 4976
Breakdown voltage 48 + 2V

Gain 4.0x |06

Dark Count Rate at -50°C 45 Hz/mm?

Crosstalk probability L) e
5 *at operating voltage




SCANNING STATION DESIGN

Light distribution system
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5 [ ESTING PROCED TS

Main scan

Tile

Cooling 4 h Tile
down * Heating up *

>

5 min 65 Mmin

installation deinstallation

Light field scan

(once/day)

40 min 5 min

Single scan time ~6h
3 scans/day or 48 tiles/day

Total mass testing time ~90 days
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Green «w

Run status:

Run progress:

Hardware Info:  Status: OK

ae TUP CON TROL SOF FVVATSE

A8 swegs wewos o

MAIN RUN § LIGHT RUN | STOP RUN

osciLLoscoreE

Run configuration Info:

Server status: Web Digitizers T SiPM Power  HV Multiplexer LED Current Meter Stage Controller Stage Decoder Setting: Value:
Device status: Server 080c-6358 0CD9-6B60 connected [dev/ttyUSB4  [dev/ttyUSB1 [dev/ttyUSBO _ [dev/ttyUSB3 Applied config ID: 28
Tile position #: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 LED intesity: 400
TSensor SN: cc705ff  4063fff d858fff d4b74ff cd7e2ff 40505ff f3f51ff c5a72ff cd8cOff d6cb7ff cdefcff d8890ff d7480ff ce2b6ff dlabdff d83a6ff T L e T 600
Temperature: m -48.69 -49.44 -48.81 -4950 -4750 -47.94 -49.00 -49.19 -4756 -48.44 -47.25 -4856 -47.75 -47.69 -48.88 -48.63 Trigger type: 0
Tile SiPMs Voltage: relay # 1 52.998 V Run statistics: 30000
Reff. SiPMs Voltage: ON 52919V Start from voltage: 48
LED state: I N .. of voltage points: 6
Measurement mode: Spectrum Current First overvoltage point: 1
Current multiplexer CH#: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Voltage step: 1
Current meter: Tile #4 -5.943261e-9 A Reff.SiPM voltage: 52.92
Stage position: #home [X:0, Y:0] Decoder X: 0 Decoder Y: 0

Current Multiplexer - Set Channel: 5 - Server status code: 200 MCUnit: ok

5.0V ‘ CH1 CH2 CH3 CH4 CH5 CHG6 CH7 CHS8 CH9 CH10 CH11 CH12 CH13 CH14 CH15 CH16 6.0V
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Digitizer parameters Single oscillogram

Number of channels 16 ;‘ 10 us

Time discretization LAD 7
Resolution |4 bit

Region for

Voltage range . i DCR estimation
Maximum window width | 6us (&

| ADC - S5IPM Tile data acquisition I
2 ADC - continuous monitoring of LF with Reff. SiPMs 1

Run parameters:

Parameters Values

Number of oscillograms 30k

Time window for light pulses 0.5 us/oscillogram
Time window for dark pulses |0 us/oscillogram
Voltage scan range | -6V

Voltage scan step Ly

Parameters Values | 05
; | ] US B,
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Charge spectrum [cd96b60 CH06]

=z
0‘9: 1000 Entries 26701
= L
=3
3 L
s r . Mean  —14501.609 = 6.619
g 800
g : Std Dev 1081.609 £ 4.681
Z i JJ|J‘
600 \ Integral 26700.000
400 ﬂ

200 lﬂ

j L.

0

11 | | 1 ) 111 L1l 111 ) 1
-16000 -14000 -12000 -10000 -8000 -6000 -4000 -2000 0
Charge, ADC channels

‘PDEtao sipm —

M - number of photoelectrons

TAO SiPMs

Absolute PDE value:

Reff. SiPMs

Number of counts, N

Htao sipm > PDE'ref sipm

800

700

600

500

400

300

200

100

Charge spectrum [cd96b60 CHO6]

Href sipm

0

\ /

LV

Mean

Std Dev

Integral

24772

-13303.236 = 11.473

1805.774 £ 8.113

24772.000

aire

TTT T[T T T T[T T T T[T T T T[T T T T[T T T T[T T T T[TTTT[T
e
——

| - — | 111 | | L“—d"“h« o | L1 1 | - 1
-16000 -14000 -12000 -10000 -8000 -6000 -4000 -2000 0
Charge, ADC channels

Number of counts, N

800

700

600

500

400

300

200

100

Estimation of the number of photoelectrons

Charge spectrum

~
3

8 8 &

JIIIITITTITITI|T1T1 TITI'TITIlHIIlTTT

Number of counts, N

8

LED is ON

' |

' l | B SN - l

| |

2500
2000
1500
1000
500

V'YYIY'YYIVY'VI'Y"I'YYYIYY!Y

N,D
N,
0,

10000
1764
8641

LED is OFF
_‘_‘—ﬁ—

0

5 10

THR = Q0+3xStd.Dev.

;| - l - '

- ' l - | - |

15

1 | 1*Lb4.1 Ll_l_l ik

10

20

Accuracy: +0.5%

Charge spectrum [cd96b60 CH06]
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GAIN & BREAKDOWN VOLIAGE

Gain-Voltage dependence

Gain [Tile SN: 201 mez: 2 ch: 2]
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Branching Poisson
crosstalk process

Random primary (Photo) events

-
0

3

S

Random CT events
A

Generalized Poisson distribution

,Lt(/,l + n/l)n—le—(p&n/l)
n!

P(n|u,A) =

More details in:
S.Vinogradoy, (201 |). Analytical models of
probability distribution and excess noise factor of

Solid State Photomultiplier signals with crosstalk.
Pl = o5 |0, 1016/nima.20] |.| |.086.

LRSS AL

Crosstalk evaluation

Bul

L

lding charge spectra

‘racting and calculation of

values:

Vean of spectrum

Pedestal position of spectrum
Number of photoelectrons (p)
Gain of pixel (Q)

Fvetase ol respense

S = Meanspcctrum — Pospedestal

Crosstalk probability

Charge spectrum [cd96b60 CHO6]

Z n ;

4 700 ] Entries 26912

5

8 :

‘5 600 | Mean ~—10884.319 +21.689

o)

0 :

g 500 ....| StdDev 3536.437 = 15.336

Z
400 Integral 26587.000
300 et bt - S — E— -
200 || N bt b SUA T — A— -
100 |- o - e T L — E— -

0 (- -S| | | | I 11 | | | I 1
-16000 -14000 -12000 -10000 -8000 -6000 -4000 -2000 0

Charge, ADC channels

(Gate window: 500ns

a=1-H1 \/(Q15y)2+(.“5Q1)2+(

S

Pcrosstalk =1- 6.’,13])(—)\)

Qlﬂ 6S)2

Accuracy: 3%



PARK COUNT RATE

Single waveforms CHO06
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DCR curve reconstruction by
means of software analysis ADC
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e FIELD SCAN PERFORMZAR S

The light field
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nght stablllty during the main run [Scan#143, Tile: 8]

0.5

11 FIELD STABIETEE

Over single scan

- g g xZ / ndf 68.46518 / 95
- ' : ' PO 0.40860 = 0.00045
R N L T e
e G R T LT LY B 5 0AS O TR A & S Lo XMy X TR XTI i
5 I T T T B T T
09: 30 10 00 10:30 11:00 11:30 12:00 12:30 13:00 13:30 14:00
Time

Light stability distribution during the main run [Scan#143, Tile: 8]

=
4 30
=
o 25
o
©
= 20
o
E 15
=
10
5

u Entries 96
- Mean 0.4087
— Std Dev 0.003836
- Integral 96
E %2 / ndf 1.098 / 4
— Constant 28.64 + 3.80
u Mean 0.4089 + 0.0004
— Sigma  0.004053 + 0.000387
C L | A B R S
3 0.35 04 0.45 0.5 0.55 0.6

Number of photoelectrons, ph.e.



Number of counts, N

FIAIIN SCAN PERFORMATINEES

Single scan

i

....................................................

.............................................................................................................................................

.........................................................

i 1 1 1 1 ||-|I 1 1 1 | 1 1 1 1 | 1 1 1 1

256
32.53

Entries
Mean
Std Dev 2.143

Integral 256

30

40 50

60 70
Gain, pC

Number of counts, N
N W = Ol (@)
(@) (@) (@) o o

-l
o

PO

Breakdown vo

- g

IIIIiIIIIiIIIIiIIIIiITIIJI-I

Itage [Scan#143]

Entries 256

Mean 46.71

Std Dev 0.297

Integral 256

""""" Gain vs Voltage [Scan#143, Tile: 1, SiPM: 2]
o 50? ....... R S S F s S T S
e - : : : : : : : ;

e [ i } } } } } } }

: 0 - : : : : : : : H
b 8O R Tndf 317473
- | PO ~301.8 = 0.564

25 T 64712 0.01087

205

oS S S S NN S S VO S
50 505 51 515 52 525 53 535 54
""""" Voltlage,V

I-I'll'II'IIII'II'Il'II'III'IllllII'II|IIII|IIII

2 43 44 45 46

47 48 49 50 51 52

Breakdown voltage, V



o1
(=)

Number of counts, N
N
o

N W
(=) (=)
IIII|IIII|IIII|IIII|IIII|I

-
(=

FIAIIN SCAN PERFORMATINEES

Single scan

PDE [Scan#143, 4V] Number of photoelectrons [Scan#143, 4V]

Entries 256 Entries 256

a1
o

Mean 0.6166 Mean 1.776

N
Q1

Std Dev 0.02625 Std Dev 0.3707

=N
o

Integral 256 Integral 256

.............................................................

-t
a1

Number of counts, N
Number of counts, N
N
o

..........................................................................

*before
coérrectic?n of
light field map

1 1 1 | | 1 1 1 | | | I | | 1 1 | 1 1 1 | | 1 1 1 | | 1 1 1 | | | I 0 :I 1 1 | | 1 1 | | 1 1 1 | | | I | 1 1 1 IA‘ 1 1 1 | | 1 1 1 | | 1 1 1 |
8.2 o3 04 05 06 07 08 0.9 1 0 0.5 1 1.5 2 2.5 3 3.5 4

PDE | Number of photoelectrons, ph.e.

S &
T T T T T T T T I
| | | | |

-t
(=)

.............................................................

-t
o

Cross-talk [Scan#143, 4V] Dark count rate [Scan: 143, 4V]

Entries 256

Dark current [Scan#143, 4V]

Entries 256

M Entries 256 . . . .
| Mean - <15.48

"""" Mean 88.98
L. |stdpev 2033

N
1

a1
o

Mean 0.255

Std Dev 0.02339 Std Dev 3.859

Integral 256

Integral 256 Integral 256

...........................................................................................................................................................................................................................

-t
o1

...................................................................................

Number of counts, N
N
o
W
o

Number of counts, N
=~
o

-
o
N
o

-------------- 10

0 1]]‘|i|‘l]]jj||||A!_‘||||i||||i|[[[i[[[[i[[[[i[][]i]]]] 0IIIiIIIilllilllilllilllllll IIHiImIiIII _IllillliIlliIIIiII—LIiIIIiIIIiIIIiIIIiIII

o 01 02 03 04 05 06 07 08 09 1 20 40 60 80 100 120 140 160 180 200 —qOO 80 60 40 20 0 20 40 60 80 100
Cross-talk Rate, C/(s x mmA2) | Current, nA

o

| 8




* [ he testing procedures and methoc

SUMHYIART

* [ he setup design has been develo

been developed an

* 1 he testing setup h
iNto operation In China

* [Wwo pa

* All tiles

d appliec

as been producec

Ders relatec

bublishec

have alreac

In PEPAN Letters anc

v been testec

* [ he data analysis Is In progress

19

e

S have

dNC

DU

to the setup have been
JINST



