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01 Introduction

The energy resolution of the JNE detector is closely related
to its overall photon collection efficiency, which is improved by

equipping the PMTs with light concentrators.

Yy

» Light concentrator

* Economical and effective approach to improve PMT
coverage
*  Wide field of view and high geometric collection

efficiency
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01 Introduction
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01 Introduction

> Al
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Coating process
Lanzhou University(left)

O Evaporation: Electron beam

Wanhao Coating(right)

O Evaporation: Resistor
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01 Introduction

» Light bowl design

PMT Efficiency Curve
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01 Introduction

» PMT Background Test

» ABS
U238 0.0079%£0.0032 <0.0074 0.0920%£0.0056 0.006£0.015
Th232 <0.0044 <0.0071 <0.0085 0.035+0.044
K (natural) 11.8%£2.5 23.3%£3.6 18.8+£2.3 60£30

SNO-STR-92-006
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01 Introduction

> All components of the light collector can be mass-produced.

.+ light bowl S LD

e clamp cylinder

* rubber ring
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02 Test facility
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02 Test facility
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03 Validation

» Three experiments

* Customized light concentrator: check the light bowl curve, Air

* Published in: Nucl.Instrum.Meth.A 1080 (2025) 170755 * e-Print: 2502.20712 [hep-ex]

* Mold-produced light concentrator: check the light bowl curve, Air

 underwater: match the actual usage environment.

» With the same analysis method
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03 Validation

» Analysis method
* LED sample: 365nm, 415nm, 465nm, 480nm

* Calculate the trigger rate R of the LED signal in each Run, N,,. number of PMT firings in the signal

interval, N the estimated dark noise level, N, . the total number of signals generated,

R = (Nhit _ Nnoise) /Ntotal

e A: the expected value of the Poisson distribution

A=—log (1—R)

noise:

N = Arestpmr/AcatipmT

* Comparing the 1 values from two data acquisitions, one with the light collector and one without

factor — 77con/nbare
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03 Validation

Peak value overlay
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03 Validation

> Baseline disturbance correction

» h_dark_noise_chid_0 » h_dark_noise_chid_48
g 70000 — Entries 311983 E = Entries 321640
3 - Mean  1.483e+04 3 C Mean  1.483+04
. "~ 50000 Std Dev 3.81 ¥ 60000 — . Std Dev 8.69
u f 3
0000 50000
5 — C
40000 40000
2 E o
1 _M 30000— 30000 =
O . : :
f) e - -
o\21T 20000 C
10000 — 10000
B N N R R A ) RTINS NI e 1, NN RS I
14760 14780 14800 14820 14840 14860 14880 14900 14760 14780 14800 14820 14840 14860 14880

!
14900

« ADC<u-5c

Peak value after cut (Channelld=0) Peak value after cut (Channelld=48)
" h_peakv_cut_chid_0 " _ h_peakv_cut_chid_48
z : Entries 16995 € 160— Entries 12893
3 120— Mean 1.457e+04 3 C Mean 1.474e+04
o o
I Std Dev 182.7 140; Std Dev 56.77
wr lest PMT = .
- 120~ Cali PMT
80— 100
sol_ so:—
r 60—
40— F
B a0l
20— F
= 20—
TRl A Ll o T AN AVRRTTIN EFTETENEN P RTARTINL N Con il b b hednwet®™ 0
14000 14100 14200 14300 14400 14500 14600 14700 14800 14900 19006 74100 74200 14300 14400 14500 14600 14700 14800 14300
ADC ADC

2026/7/6 Jinping Workshop 2026 14



03 Validation

» signal window

e Gaussian + A
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03 Validation

LED 365: Concentrator Factors LED 415: Concentrator Factors
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04 conclusion

» Air: The performance of the handcrafted concentrator matches well with
the mass-produced version.

» Water: The experimental test factor matches well with the MC simulation
factoro

» Next to do:

* Systematic uncertainty

O Uncertainty from the diameter of the diffusion ball

O The installation of the light concentrator

0 The installation of the PMT

* Accelerated aging test
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Ratio

Ratio
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Reflectance (R)

Light Reflectance from Water to Air
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Ratio (Conc 1/ Conc 0)

Ratio (Conc 1/ Conc 0)
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Ratio of (Conc 1/ Conc 0) vs Angle for LED 365
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Ratio (Conc 1/ Conc 0)

Ratio (Conc 1/ Conc 0)

Ratio of (Conc 1/ Conc 0) vs Angle for LED 465
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  R = （ Nhit − Nnoise ） / Ntotal


  𝜆 = − l o g （ 1 − R ）


  𝜂 =  𝜆  T e s t P M T /  𝜆  C a l i P M T


  𝜂


  f a c t o r = 𝜂 con / 𝜂 bare


  f ( x ) =  1  𝜎   2 𝜋  e  −     ( x − 𝜇 ) 2  2  𝜎 2


  f ( x ) =  1  𝜎   2 𝜋  e  −     ( x − 𝜇 ) 2  2  𝜎 2 + A

