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® Neutrino Astronomy and Telescopes

Tl
(% =i 7
%1"/40 mm.\“A

« High energy neutrinos as astronomical messenger

* Neutrino telescopes in the world

YR TREGEHIIPMT RS | 45+ 2 [ B AR BI4E 2 | 2022.08.11
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® Neutrino Astronomy and Telescopes A d R T

« High energy neutrinos as astronomical messenger

* Neutrino telescopes in the world

N\ TRIDENT

South Chlna Sea

WA TR IIPMT RS | 55+ 8 4 B A BI4E & | 2022.08.11
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® The tRoplcal Deep-sea Neutrino Telescope

 Selected Site: near 114.0°E, 17.4°N

» Abyssal plain

e full depth ~ 3.5km

180 km away from Yongxing
Island

F22°N

20°N

16°N

e
110°E 112°E 114°E 116°E

-6000 -5000 -4000 -3000 -2000 -1000 0 1000 2000 3000 4000 (m)

, Z.P. Ye, et al., TRIDENT Collaboration, arXiv:2207.04519 7
TR TR IIPMT R 48 | 45+ 4 [ = REHE4E 2y | 2022.08.11
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® The tRoplcal Deep-sea Neutrino Telescope

» Selected Site: near 114.0°E, 17.4°N

 Abyssal plain

e full depth ~ 3.5km

180 km away from Yongxing
Island

 TRIDENT Pathfinder Experiment

e carried out in 2021.09
* in-situ measurements of optical

properties

MR IRES T EIPMT RS | S+ Jm 4z B i AR H4E & | 2022.08.11



®T-REX

A-frame

i: ’I "
100 /
m y /e

Control & battery module

S

Light receiver module A

€

MT
Camera

41.79 m

AQN
NN\
NN

43.2 cm

I

Light emitter module

0

y
/

21.73m|

A\

RN
—~_/

Ballast (~700 kg)

TRIDENT EXplorer

Light receiver module B ——
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e Two measurement systems 1n Light
Detection Modules:
PMT and Camera

 Collecting data for ~ 2h

* (10, 50, 10) min for (405, 450, 525) nm
pulsing LEDs, respectively

* Three 3-inch PMTs in each module

 PMTs are externally triggered in 10 kHz

See W. Tian’s poster at
Session IX(5): Particle
Detector Technology

3420 m

Not to scale Seabed ~3475 m

YA TRB P IIPMT R0 | 45+ 4 B R BIAE & | 2022.08.11
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® Light Detection Module
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See M. X. Wang’s talk at Session
VI(5): Particle Detector Technology

17-inch glass sphere

Electronic boards for
| power supply, ADC and
data transmission

Penetrator &
vacuum valve

11
WA TR IPMT RS | 45+ 4 [ B AW B4R & | 2022.08.11



® Light Detection Module

e

17-inch glass sphere

—

Penetrator &
vacuum valve

————

S—

e

Optical gel

= &b

1) He

MR IRES T EIPMT RS | S+ Jm 4z B i AR H4E & | 2022.08.11
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See M. X. Wang’s talk at Session
VI(5): Particle Detector Technology

Electronic boards for

_| power supply, ADC and

data transmission

Three 3-inch PMTs

—
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 HZC Photonics XP72B22 PMT

2 kHz, max
1500V, max
Voltage

Typical characteristics of XP72B22
PMT given by datasheet

13
MR IRESE TR IPMT RS | S+ Ja 4w R Y AE & | 2022.08.11



® PMT Selection

« HZC Photonics XP72B22 PMT
* A sample of 50 PMTs were tested at USTC (by Zebo Tang’s group)

A d R
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12
12
8
o 8 w
S .
S S
i 4
23 24 25 26 27 28 0 1 2 3 4 5 6 7 8
QE@445 nm [%] Dark Count Rate [kHz]
8
i |
6
1= €
> >4
Sa S
2 H |_|_‘
300 325 350 3.75 4.00 425 450 475 500 °

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
e - , 'I'I'Sh[nsf]w e ) Amplitude [mV] 14
MR TPIPMT RS | 56— JRa E & e H4E S | 2022.08.11
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® PMT Selection ‘ N o LA

« HZC Photonics XP72B22 PMT
* A sample of 50 PMTs were tested at USTC (by Zebo Tang’s group)

12
12
8
e 2
g g
4 4
1000+
| | | | | | | | Il soo0
23 24 25 26 27 28 0 1 2 3 4 5 6 7 8 ¥
QE@445 nm [%] Dark Count Rate [kHz] >
8 % 600
o
8 =
—L 3 400;
O
6 =
z . A 200
o 34
(o]
Qa4 O
O,
2 0 20 40 60 80 100 120
H |_| |_|_‘ Time After Exposure [min]
3.00 3.25 3.50 3.75 4.00 425 450 4.75 5.00 v 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
Amplitude [mV] 15

'I'I'S“[nsf]ﬂr L
MR EHPIPMT R4 | 55— Ji2 E & AR S | 2022.08.11
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® Calibration Setup

_—

Computer

dark box

» Temperature controlled at ~ 2 degree

* To measure: LED brightness ratio,
relative photon detection efficiencies,
photon arrival time distribution 1n atr.

17
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® Results from Lab Calibration

1.051
£1.00
e
=) ) i
5005 LED brightness ratio
(|
= for 3 wavelengths
G 0.90 Camera
o
e / z
& (.85 e A
ratio = Com / InCom
0.80% , ; , , ] , 43.2 cm
200 420 440 460 480 500 520 [ [ 1T 1T —=F ; C |
Wavelengths [nm] >‘1.12 reference 0
§1.10]
% 1.08 InCo
C
S1.06
Relative detection efficiency@450nm g1.04)
@ 1.02]
§ 00 . S S S
0.981

e , o o A PMT#1 PMT#2 PMT#3 PMT#4 PMT#5 PMT#6 18
IR IR AP RIPMT RS | 56+ E42 R ey 4E 2 | 2022.08.11 PMT IDs



® Photon Arrival Time Distribution in Air TngNﬁ;éL;‘ij;QZ
10°: —— PMT#1
—— PMT#2
—— PMT#3
102 PMT#4
" —— PMT#5
c —— PMT#6
o
@) 103_
vV VA L/
102_

300 350 400 450 500 550 600 650 700
Time [ns]
* Describe the LED pulsing profile & PMT response
» Used to construct model to fit optical properties (absorption/scattering length) of the sea water

19
Y TR IPMT R4 | 5+ 6 4 [ B R HI4E 2 | 2022.08.11
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® Decoding optical properties of sea water

2500
* Measurement strategy: 2400
* LEDs pulse per 0.1ms ]
« ADC samples per4ns = 2300
5 ]
1000 ns waveform SR
2 A
< 22007
2100- \
200007000 T 400 600 800 1000
Time [ns]
A typical PMT waveform

21
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® Decoding optical properties of sea water

/
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« Reconstruct photon arrival time distribution in sea-water
(3 wavelengths, 6 PMT distributions for each wavelength)

10°
N + 21.56 m PMT data
+ +  41.62 m PMT data
10 ’
. + + one pair of PMTs measured
£ \ ' photon arrival time
& *, . distribution @ 450 nm
104’ ++ ' +
+ ++""'+H:|;|.|. +"'+
ey P STTRT. m*“'#m“*'“ﬂ#"#ﬂh*ﬂﬁtﬁ#wmiﬂﬂﬂﬁmﬂmww
10° - - - - -
200 300 400 500 600
Time [ns] 22

“URIREEE P PMT RS | 51— JE 2 B R e E 444 | 2022.08.11
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® Fitting optical properties of sea water

"=l R
NngTones

« Reconstruct photon arrival time distribution in sea-water
(3 wavelengths, 6 PMT distributions for each wavelength)
» Fitting experimental data with constructed model:

Tarrival =|TLED emission|® Tphoton propagation R IpPMT respsonse

U

Measured 1n calibration Simulated by GEANT4

experiment at the freezer , ,
See Z. Y. Wet’s poster at Session

[X(5): Particle Detector Technology

23
R IREEE P HIPMT RS | S5+ E e E R Y HE4E S | 2022.08.11
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® Fitting optical properties of sea water

"=l R
NngTones

« Reconstruct photon arrival time distribution in sea-water
(3 wavelengths, 6 PMT distributions for each wavelength)
» Fitting experimental data with constructed model:

Tarrival =|TLED emission|® Tphoton propagation R IpPMT respsonse

* Chi Square Test
K
(D; — M, — Zkzlﬂki )y &

)(222 ) +Zr,3

i=1 ! k=1

24
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® Fitting optical properties of sea water TgUNiﬁ,;éL’;ij:’;gZ
Absorption Length Scattering Length
120
28- }
‘s =100 .
- 26 c
2 o
o 1
9 G 80
5 g
S 3 60 }
3 ©
o) 221 ]
< wn
} "
20
400 420 440 460 480 500 520 400 420 440 460 480 500 520
Wavelength [nm] Wavelength [nm]
1 1 1

= +
Asca /1ray Amie
25
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® Best fitted model@450nm e

10°
—— 21.56 m PMT model _ 97 4+1 1
—— 41.62 m PMT model Aabs = _p.oM
+ 21.56 m PMT data |
10> + 41.62 m PMT data Aray = 2007 > m
o . +12
O Amie = 843" m
10"
$38
/Iatt = 18. 7—2 1
10° - - - ' '
200 300 400 500 600 1 1 1 1
Time [ns] — = -+ +
Aatt  “abs ﬂray Amie

26
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* Envisioned full detector: String Junction box ROV path
e volume ~ 8 km?3
* 1211 strings
e 30 hDOMs per string
L00m,
28
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* Envisioned full detector: String Junction box ROV path
e volume of 7.5 km3
* 1211 strings
e 30 hDOMs per string
« hDOM = PMT + SiPM
* 1n early 2030s
LDoom,

| N A 29
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® Summary and Outlook

« TRIDENT: envisioned neutrino telescope in South China Sea
 TRIDENT pathfinder experiment: measure optical properties at the selected site
« PMT System of T-REX: three 3-inch PMTs & pulsing LEDs@(405, 450, 525)nm

30
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® Summary and Outlook

« TRIDENT: envisioned neutrino telescope in South China Sea

TRIDENT pathfinder experiment: measure optical properties at the selected site
PMT System of T-REX: three 3-inch PMTs & pulsing LEDs@(405, 450, 525)nm
Further PMT selection among HZC Photonics, North Night Version and Hamamatsu
Pilot project (2022-2026): 3 strings

31
“HREL IR E TP IPMT RS | 45— 4 35 REYITHAE 2 | 2022.08.11
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® Fitting optical properties of sea water

120/
281
£ ‘€100 \
£ 20] <
(@) -+
c (@)]
9 E, 801
c 24 o
o c
o fa
§22 % %0 }
< &
40
201
400 420 440 460 480 500 520 400 420 440 460 480 500 520
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350+
z % H160
= E
§3oo~ =140/
3 g
120-
2250- et
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£ £ 100
8200 o £
ph S 80/
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® K40 Simulation

 abundance of K40: 10.78 = 0.21 Bg/kg
(Measured by PandaX Team at China Jingping Underground Laboratory )

* contribute to 4 kHz trigger rate per PMT

Frequncy [kHz]
N e >
W 9, (@)

[
S
1

o
S
1

.
t
$
o
. TRIDENT Preliminary

Simulation radius [m]

A d T
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c:’:”//40 m‘mu“

Simulation radius
<€ >

Light
Detection
Module

Sea water

Simulation setup in GEANT4
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® Effective Attenuation Length

u
NPE

b
NPE

u
b LED|

b
b LED

D?=21.56m
D"=41.62m

D b (D* — Db) u
(_)2 - e B ’latt,eff . ;/,PMT
Du ns
PMT
10°
; + 21.56 m PMT data
+ + 41.62 m PMT data
10” .
*E +
3 +
o +
U ++
10" o
* ++""'-H1:H, +++
FhpiphpHht P SR W#ﬂMWW#Mﬂ*#MﬂM
1 03 : : : : :
200 300 400 500 600

Time [ns]

N\

"=l R
'1/,0m\3$ /

NN\

g

A 7w
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NN\
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Camera
/
/
43.2 cm
[e——

35



‘/ 7 ’}.‘li gﬁ I'SJ' Lo G

&m TSUNG-DAO LEE INSTITUTE

® Chi Square Test

i(D —M; - Zz:k 1ﬂkz ’”k)z_l_ir]g

=1 0; k=1

« uncorrelated uncertainty o; includes:
e statistical fluctuation
e electronic noise
* uncertainty in the LED pulse profile and PMT time response
» f3,. is the contribution from the k™ correlated uncertainty, includes:
o fluctuations in LED brightness
 PMT gains
« PMT detection efficiencies
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