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@ CENTERFOR "
— UNDERGROUND PHYSICS

|. Introduction

International Advisory Committeerecommendationn 2015 drhe IAC feelsthat a kiloton-scale scintillator detector
aimedinitially at detectinggeoneutrinoscould be a first stepinto neutrino scienceat C]PL, similar in principle to
BOREXINOand KamLAND, provided the abovementionedstudieslead to a positive conclusion,and makinguse of
everytrick that collaboration haslearnedto reduceenvironmentabackgroundswith subsequenspin-offs that might

includethedopingof suchdetectordor doublebetadeca.6
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(4) What is JinPing ? N PRSI

JinPing

£

A A screen of brocade.

A Refers to a girl's
residence, the boudoir.
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( 4\ Neutrino Physics at 2009 CHTERFOR "\«

_________________________________________________ UNDERGROUND PHYSICS

The APS DNP/DPF/DAP/DPB Joint Study on arXiv:physicg0411216

the future of neutrino physicsrecommends

1. a phasedprogram of sensitive searchesfor
neutrinolessnuclear double betadecay

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 among neutrinos.

3. development of an experiment to make e
precise measurements of the low-energy The Neutrino Matrix
neutrinos from the sun.
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@ CENTERFOR
7 UNDERGROUND PHYSICS

[l. Scientific assessment

Main issues whatarethebestfor us?
Calculation+ Measurement
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@ Solar neutrinos at Earth CENTERFOR N\
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Physics measurement: Total geoneutrinos in TNU

Geoneutrinos TNU
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Crustal
thickness
km

106

104

70
65
60
55
28'| | s
45
26| 40
35
-------- 30

2024/11/18

2024 - the 2nd Yemilab workshop- IBS HQ



(.\ Reactor neutrinos UNDERGRGUND PRYSICS
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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/1&protons/year
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4 1IND PHYSICS
( ‘\ Radon concentration at CJPL UNDERGROUND PHVSICS

arXiv:1806.06567
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( W One -ton Prototype detector UNDERGROUND PHVSICS

Orlglnal puUrposes:

V Test the detector system;

V Demonstrate the new techniques;
V Measure backgrounds.

Ultra Purae Water Circulation

Water Bucket

( :: Water Source
 —

Pura Waksr Maching
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A .
() Issue on CIPL cosmic ray flux s
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(4) Cosmicrayleakagestudy Aitmooses
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(4) CosmicrayfluxesatCJPL UNDERGROUND PRYSIS

r Draining Tunnel
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A .
(4) CosmicrayenergyatCPL UNDERGROUNG PYSC
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(4) Radoninthe detector T —
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C‘%@ Radon background study CRNTERFOR N

UNDERGROUND PHYSICS
arXiv:2212.13158
Normal glass PMT LS
214B; - (1.59 4+ 0.20) x 108
Decay rate [Bq/g] E?zg (164 Ui_l?) <107 <(1.01 + D:EO) % 10—9
YK (1.244+0.35) x 1072 -
238y (1.28 £ 0.16) x 10~12

Contamination level [g/g] ***Th (1.12+0.32) x 107% <(2.49 + 0.50) x 1013
YK (4.67+1.35) x 108 _

We need more efforts to develop lovibackground PMT and techniqgues
for controlling radioactive background in the target material.
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@ CENTERFOR
7 UNDERGROUND PHYSICS

Ill. Physical motivations

Main issues prepotent + achievable frontier
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(4) What is INE? T I

AJlnPlng Neutrino Experiment

A solar neutrino observatory aChina
JinPing undergroundLaboratory(CJPL)

500 cubic meter

Isotropic S-light

C-light with
directional info.

Alintend to build a costeffective detector
to study MeV-scale neutrinos with new
techni ques under t he
underground lab.
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24 N
( '\ Terrestrial matter effect SRR o s

Since CJPL is situated at a lower latitude, with good orientation and energ
measurements for solar neutrino events, we may have the opportunity to
discover the terrestrial matter effects on solar neutrino oscillation.

in matter with 812 > 1

Counts / 190.3 Days / 0.05

Densities in g cm 3

—— standard solution (day) === standard solution (night)

L L L L L IR | L L el
101t 10" 10*

E, [MeV]

Similar as SNO+, JNE will have a clean sample for solar neutrino events.
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(4) Physics Motivations A

K Solar "core" (thermal nuclear reactions MeV neutrino
oscillation at 100 million kilometers matter effec

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

neutrino tomography of the Earth's interior)

Nuclear cor€' (real Majorana neutrino)

A Supernovaficoreo (Collapse, explosionand neutrino
properties of massive stars)

W Reactor "core" (nuclear fission reaction, thousandkilometer
MeV neutrino oscillation)

N é
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@ CENTERFOR
7 UNDERGROUND PHYSICS

V. R&D efforts

Main issues reliable newtechniques costeffective

2024/11/18 2024 - the 2nd Yemilab workshop- IBS HQ 25



A
( '\ Slow liquid scintillator SRR o s

Coismic ray muon

Cherenkov light Isotropic liquid L + LS light - }
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A s
( '\ LiCl agueous solution test N BTveTs

arXiv. 2203.01860arXiv. 2211.05023
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( 4\ 8- |nch MCP -PMT development T B

V' Detectionefficiency 30%
V' Transition Time Spread 1.8ns
V Low -background glassand base

—
wn
5 18
wn 16
; 1.-4
1.2

Unit: Bg/kg: Upper limit @ 95% C.L. ' Edge Center Edge
-ma 20220916
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
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24 N
( '\ PMT light concentrator SRR o s
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We expect to gain 1.6 times more acceptance at a cost of 0.5 ns time spre
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(4) Upgrade one  -ton prototype P

—
—
-

- 1.7To test the new developec
N MCP-PMT performance;

f | 2. To measure neutron flux.
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( W MCP -PMT dark noise

_________________________________________________ UNDERGROUND PHYSICS
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The new 8inch MCP-PMT
can eventually go down to
2.5 kHz when the working

el temperature is below 19°C.
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@ Jinping Sim. & Ana. Package e

JSAP useS&eantdandGDML for studying
various detector geometries like spherice
and cylindrical detectors.

Electronics and trigger simulations are
Included, offering waveform readout

’ . . . . - Phvsi / Event
, A streamline style simulationis employed

Simulation Reconstruction

One segment loop
Primary : - : :

Generator module: A Detector simulation PMT hits E'eg”lor_"cs SAmUEE
Mix all background mmmmm—) module: E—) moduie. Waveforms
and sianal brima — hysi Add dark noise, ees——) OULPUL

Sllglnzl [arinEny Hit time in other Physics process Hittime inthis  pretrigger, pulse shaping file
vertices in this t simulation, obtain SO .

segmen o : segment and trigger, obtain the
segment. PMT hits information. waveforms
l I arxiv:2209.13772
PMT hits buffer
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( 4\ Event reconstruction

A Reconstruct both Cherenkov light and
scintillation light

A Event-by-eventdirection, energy, position
reconstruction

A C-light emissione > 5> pa )

arXiv:2209.13772
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