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I. Introduction 

International AdvisoryCommitteerecommendationin 2015: óThe IAC feels that a kiloton-scale scintillator detector 

aimed initially  at detecting geoneutrinoscould be a first step into neutrino science at C]PL, similar in principle to

BOREXINO and KamLAND, provided the above-mentioned studies lead to a positive conclusion, and making use of 

every trick that collaboration has learnedto reduce environmental backgrounds, with subsequent spin-offs that might

include the doping of such detectors for double beta decay.ô
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Å A screen of brocade. 

Å Refers to a girl's 

residence, the boudoir.

JinPing

= JinPing 
Mountain

What is JinPing ?
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Where is JinPing ?
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Xichang Airpor t

Jinping

10 km

Jinping

Beijing

~1300km

Seoul

~2500km
Xichang Satellite Launch Center
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CJPL -I & CJPL -II 

2024 - the 2nd Yemilab workshop - IBS HQ

China JinPing underground Laboratory(CJPL)

Vertical overburden

~2400 m 

CJPL-I 

completed 

in 2009

CJPL-II 

excavation 

completed 

in 2018, 

available 

for use in 

2023.
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Neutrino Physics at 2009
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The APS DNP/DPF/DAP/DPB Joint Study on

the future of neutrino physicsrecommends:

1. a phasedprogram of sensitivesearchesfor

neutrinolessnuclear doublebetadecay.

2. a comprehensiveU.S. program to complete

our understanding of neutrino mixing, to

determine the character of the neutrino

mass spectrum and to search for CP

violation amongneutrinos.

3. development of an experiment to make

precise measurements of the low-energy

neutrinos from the sun.

arXiv:physics/0411216
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II. Scientific assessment 

Main issues what are the best for us?

Calculation + Measurement
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Solar neutrinos at Earth

2024 - the 2nd Yemilab workshop - IBS HQ



2024/11/18 10

Geoneutrinos
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Reactor neutrinos
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The projection is based on IAEA data (operation + construction) and 

the three-generation neutrino mixing parameters in 2022. 

1 TNU = 1 event/1032protons/year 
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Radon concentration at CJPL 
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arXiv:1806.06567
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One -ton Prototype detector

It started in 2017 and stopped in 2024.
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Original purposes:

VTest the detector system;

VDemonstrate the new techniques; 

VMeasure backgrounds. 
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Issue on CJPL cosmic ray flux 
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arXiv:1305.0899

Ⱨ Ȣ Ȣ Ἣἵ Ἳ

Our one-ton prototype detects 

almost two times more cosmic-

ray muons than expected. 

Expected: ~ 0.2 events/day

Measured: ~ 0.4 events/day
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Cosmic ray leakage study 
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arXiv:1305.0899

It favors muons from 

vertical  direction. 

arXiv:2007.15925

under mountains

below mine shaft

Yemilab

ͯȢ

Leak from 

the Valley
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Cosmic ray fluxes at CJPL 
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CJPL-II CJPL-I

Muon Flux Unit  Ἣἵ Ἳ
CJPL-I: Ȣ Ȣ ἻἼἩἼȢ Ȣ ἻὁἻȢ             arXiv:2409.04169 

CJPL- I A1 A2 B1 B2 C1 C2 D1 D2
Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ Ȣ
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Cosmic ray energy at CJPL
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arXiv:2409.04169

CJPL
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Radon in the detector
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Use 214Bi-214Po as 

an indicator to 

study the Radon 

origination. 

arXiv:2212.13158
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Radon background study 
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arXiv:2212.13158

Normal glass

We need more efforts to develop low-background PMT and techniques 

for controlling radioactive background in the target material. 
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III. Physical motivations 

Main issues prepotent + achievable + frontier 
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ÅJinPing Neutrino Experiment

A solar neutrino observatory at China 
JinPing underground Laboratory(CJPL)

ÅIntend to build a cost-effectivedetector 
to study MeV-scale neutrinos with new 
techniques under the worldôs deepest 
underground lab. 

500 cubic meter

Solar ⱨ Supernova ⱨ

ⱨ▄

▄

ⱨ▄
▄

ⱨ▄
ⱨ▄0

Geo-ⱨ

Isotropic S-light

C-light with 

directional info.

What is JNE ?
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Solar  Neutrino  Spectroscopy  
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VNo matter effect

VNo oscillation effect

VNo new physics

VA perfect solar neutrino detector

Solar neutrino

Solar neutrino

Recoil electron

Ᵽ
ⱨ ▄ ᴼⱨ ▄

╔ⱨ
□▄

□▄Ⱦ╣▄ẗἫἷἻⱣ

Add up

Kinetic smearing
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Terrestrial matter effect
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Since CJPL is situated at a lower latitude, with good orientation and energy 

measurements for solar neutrino events, we may have the opportunity to 

discover the terrestrial matter effects on solar neutrino oscillation. 

Similar as SNO+, JNE will have a clean sample for solar neutrino events.
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Physics Motivations
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Ƙ Solar "core" ( thermal nuclear reactions, MeV neutrino 

oscillation at 100 million kilometers, matter effect) 

ƙ Earth "core" (nuclear power source of plate motion, 

neutrino tomography of the Earth's interior) 

ƚ Nuclear core" ( real Majorana neutrino) 

ƛ Supernova ñcoreò (Collapse, explosion, and neutrino 

properties of massive stars) 

Ɯ Reactor "core" (nuclear fission reaction, thousand-kilometer 

MeV neutrino oscillation)

Ɲé
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IV. R&D efforts 

Main issues reliable new techniques + cost-effective
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Slow liquid scintillator  
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Cherenkov light 

with directional info.

Isotropic liquid 

scintillation light

Cherenkov detector LS detector

Ļ + LS light

Slow LS

Ļ+ LS lightLS light only

arXiv:1708.07781
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LiCl aqueous solution test 
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LiCl

aqueous solution
+

C-124H2O

(Water-based)

arXiv: 2203.01860, arXiv: 2211.05023

45% LiCl  in water

~ 25 P.E./MeV

ⱨ▄ ἘἱO ▄ ἌἭ

╔ⱨ ╣▄ Ȣ MeV
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8-inch  MCP -PMT development 
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V Detection efficiency  30%

V Transition Time Spread 1.8 ns

V Low-background glass and base 

Nuclide 2022-09-16 2022-10-09 2022-11-10 2023-03-06 2023-6-26

226Ra < 0.33 < 0.33 < 0.28 < 0.26 < 0.25

232Th < 0.18 < 0.20 < 0.18 < 0.18 < 0.18

40K 0.49 0.50 0.39 0.42 0.33

Unit: Bq/kg; Upper limit  @ 95% C.L. 
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PMT light concentrator 
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We expect to gain 1.6 times more acceptance at a cost of 0.5 ns time spread. 
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Data acquisition system
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GPS + WRGPS +WR

500 cubic meter

PMT waveform
Clock

Trigger

Data

PCle data storage board #4

PCle data storage board #1

Main trigger  board

Crate #16

Crate #1

GPS clock + WR switch
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New  DAQ  system  test
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arXiv:2404.10373
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Upgrade one -ton prototype
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1. To test the new developed 

MCP-PMT performance;

2. To measure neutron flux.
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MCP -PMT dark noise 
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Temperature: 18.8 ± 0.5 0C

60 MCP-PMTs on dry-run test
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0 0C          

10 0C

The new 8-inch MCP-PMT 

can eventually go down to 

2.5 kHz when the working 

temperature is below 19 0C.
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J inping Sim. & Ana. Package

¸ JSAP uses Geant4and GDML for studying 

various detector geometries like spherical 

and cylindrical detectors.

¸ Electronics and trigger simulations are 

included, offering waveform readout.

¸ A streamline style simulation is employed.

One segment loop

Generator module:

Mix all background 
and signal primary 
vertices in this 

segment.

Detector simulation 

module:
Physics process 
simulation, obtain 

PMT hits information.

Electronics simulation 

module:
Add dark noise, 
pretrigger, pulse shaping 

and trigger, obtain the 
waveforms

PMT hits buffer

Primary 

vertices
PMT hits

Output 

file

Waveforms

Hit time in other 

segment
Hit time in this 

segment

JSAP

Simulation Reconstruction

Physics 

analysis

Event 

visualization
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arXiv:2209.13772
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Event reconstruction 

ÅReconstruct both Cherenkov light and 

scintillation light 

ÅEvent-by-event direction, energy, position 

reconstruction

ÅC-light emission e > ♬> p å ♪

arXiv:2209.13772

Slow LS

Mineral 
Oil

PMT

Acrylic

Direct S- Photons

Direct C- Photons

▄

Dark Noise

Indirect S- Photons

Indirect C- Photons
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