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I.Overview
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Go underground for frontier sciences
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●Dark matter

●Neutrino

●Nuclear astrophysics

●Proton decay

●Biology

●Seismology

●Rock mechanics

●……

Shielding Cosmic rays



Main underground laboratories in the world
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UK Boulby
ZEPLIN-DM

DDRIFT-DM

……

France Modane

EDELWEISS-DM 

NEMO-ββ

……

Italy

GRAN SASSO
DAMA/LIBRA-DM

XENON-DM

DarkSide-DM

GERDA-ββ

CUORE-ββ

……

Canada SNO

DEAP-DM

PICO-DM

……

US Sanford
LZ-DM

MAJORANA-ββ

US Soudan
CDMS-DM

……

Kamioka
XMASS

Kamioka
XMASS

Japan

Kamioka
XMASS-DM

Kamland-ZEN-ββ

……

Korea Y2L
KIMS-DM

AMORE-ββ

……

China CJPL
CDEX-DM

PandaX-DM

……



Main underground laboratories in the world

6



Jinping Hydroelectirc Power Plants Project 

~17km JinPing tunnel

CJPL

Yalong river meets Jinping Mountain:

• The largest tributary of Yangzi River

• Jinping river bend：150km long

One of the main 

tributaries

Jinping traffic tunnel

• 17.5km long x 2

• Overburden: max. 2400m, 73% of length >1500m. 

• Finished on Aug. 8, 2008 7



4 hydraulic tunnels

for electric power

generator 

Drain tunnel 

2 traffic tunnels
(Jinping Tunnel)

Tunnel Layout inside Jinping Mountain

CJPL-I

CJPL-II

West inlet

power

generator 
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China JinPing Underground Laboratory(CJPL)

● An ideal site for an underground laboratory!

● THU-YHPC cooperation on a new underground lab started in May 2009.

● CJPL-I site selected in Aug. 2009.

● Rock sampling and in-situ measurement to study environmental 

radioactivity.
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Inside of 

tunnel

East entrance to tunnel

~2.4km

CJPL
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Jinping Mountain

Site selection

Sampling & Measurement



CJPL Features

● Open on Dec. 12, 2010.

● Total space: ~4000 m3.

● Main Hall:  6.5m(W) × 6.5m(H) × 42m(L).

● Deepest underground laboratory with a rock overburden 

of 2400m.

● Low Muon f lux and low environmental background.
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Rock sample(Marble) measurement by Germanium

Radon concentration (Bq/m3)



II. The status of CJPL-I
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Layout of CJPL-I

Traffic Tunnel A 

Preparation Room

LBF

CDEX

PandaX

(not used)

 Total space: 4000 m3

 Main Lab Space: 6.5(W) x 6.5(H) x 42(L)

Truck reachable
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Experiments in CJPL-I

 Physics experiments: 

• 2 dark matter experiments: CDEX, PandaX (now to CJPL-II)

• 1 neutrino experiment: Jinping Neutrino experiment 

Low background counting facilities: 

• 4 low-background gamma spectrometers: GeTHU1, 2, 3,4

CDEX experiment PandaX(removed) Jinping neutrino Low-background γ spectrometers

GeTHU-1

GeTHU-3

GeTHU-2

GeTHU-4
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III. Current status of CJPL-II
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Deep Underground and ultra - low Radiat ion background 

Faci l i ty for  front ier  physics experiments(DURF) in CJPL -I I

 Internal Construction 

started at 2020/12

 Civil engineering will be 

finished in Oct. 2023

 All constructions will be 

completed at 2024

 4 experiment halls (A-D), 

total space of >300,000 m3

 Will be the deepest and 

largest underground lab 

worldwide 



Key Project: water-resistant and radon suppression
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 Monitoring Rn-222 in Hall-C2 in bare cavern state 

• Rn-222 concentration in 14~776 Bq/m3 (average 201 Bq/m3)

• Data fitting demonstrates a Rn-222 change cycle of 12.7 month

Det:  Alpha-GUARD PQ2000

Loc:  CJPL-Ⅱ hall-C2

Date:  2017.3-2020.12

Mea-time:  60 min/point

Radon concentration data

Radon change cycle fit



Key Project: water-resistant and radon suppression
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 Water-Resistant and Radon Suppression (WRRS) layer

• A dedicated structure using multi-layer protection against water and radon

Features of WRRS layer: 

 Preventing water and radon permeating from 

the rock into lab space simultaneously

 Covering the full-space of each experiment 

hall (wall and floor)

 Using low-background materials in WRRS

 7 layers, 9 processing, dozens of materials

Water-resistant and radon 

suppression layer



Civil engineering of CJPL-II
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 Water-resistant and radon suppression：construction on wall is completed except

for B2 hall, and processing on floor is ongoing

 Steel structure：Completed for A/B halls, and 70% completion for the rest

 PE shielding room：1427 m3 PE blocks entered, and 40% completion for construction

 Mechanical and electrical installation：60% completion for hall-A and 15% for 1/2

auxiliary tunnels

Water-resistant and radon 

suppression layer

Steel structure

PE shielding room

(under construction)

Under construction



Key Project: Large Nitrogen vessel shielding
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• Large LN tank completed

• Clean room under construction

• LN volume: Φ13m×H13m, ~1725 m3

• LN filling planed

1725 m3 LN2

1725 m3 LN2 tank in Hall C1Pit in Hall C1



Key Project: Large pure water tank shielding
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 Located in Hall-B2:

• Outer shield (4500 m3 water) and inner shield (1000 m3 water) 

• 12 L low-level radon measure device completed

• Water-radon system pressure test completed

Inner shield Outer shield 



Key Project: Assemble combine shielding 
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 Multi-purpose PE, Copper, and Lead shield

• PE room under construction, 40% completion

• Inner copper and lead combined shielding module under preparation

Copper and lead combined shield

PE shielding room 

(under construction)

PE shielding room 

(under construction)



Key Project: Ultra-low-background γ spectrometers 
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 mBq/kg spectrometers (GeTHU)

• Extension of current GeTHU-1/2/3/4

• Detection limit: mBq/kg scale

• Total 15 HPGe γ spectrometers

• Commercial HPGe detectors

 μBq/kg spectrometers (ARGUS)

• Detection limit: μBq/kg scale

• 5 commercial HPGe detectors

• Low-background shielding

HPGe Shielding



Key Project: Cavern safety monitor system
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 Detectors:

• Multi-detectors to monitor the rock vibration and displacement.



Key Project: Cavern safety monitor system
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 User Interface:



IV. Experiments in CJPL-II
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• CDEX   (DM+0νββ)    

• PandaX (DM+0νββ) 

• JUNA (Nuclear Astroparticle) 

• Jinping Neutrino Program  (Solar and Geoneutrino)

• SER (integrated circuit Soft Error Research)

• GeoDEX (Deep underground geologic experiment)

• CUPID-CJPL (0νββ) 

• NvDEx (0νββ) 

• More coming……



CDEX
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• Founded in 2009, 11 institutions, more than 100 people now

• Focused on Dark Matter detection and Ge-76 0νββ search using HPGe technology

Litao Yang’s Talk 

Hao Ma’s Talk 



CDEX
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The best SI sensitivity at 4-5GeV 

energy region from CDEX in 2018

PRL 120, 241301 (2018) PRL 123, 221301 (2019) PRL 123, 161301 (2019)

the best results at 50-180 MeV region

With Migdal Effect
Exclude the possible region  favored by 
CoGeNT and DAMA based on 4yr Data

Leading sensitivity in mV ~10-300 eV 

for solar dark photon

PRL 124, 111301 (2020)

Detected CR- accelerated DM and scaned

the new light-mass parameter region

PRD 106, 052008 (2022) PRL 129, 221301, 2022

DM-Electron recoil with HPGe



 Based on the CDEX-1 natural PCGe detector, first 76Ge 0νββ 

result in 2017.

 <mββ> sensitivity: one order less than GERDA-I at that time.

 Develop new BEGe detector for CDEX-0vbb experiment。

CDEX 76Ge 0νββ results

28第十六届粒子物理、核物理和宇宙学交叉学科前沿问题研讨会南开大学

Science China PMA (2017) 60: 071011 PRD 106, 032012, 2022



PandaX
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• Starting in 2009, consists of dozens of universities and research Institutions

• Goals: Increase LXe detector mass for DM and neutrino studies 

PandaX
Phase-I 
120 kg

Phase-II 
580 kg

PandaX-4T
3.7 ton

2020-2009 2010-2014 2015-2019

Jianglai Liu’s Talk 



PandaX
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JUNA
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• Starting in 2013, 7 universities and research Institutions

• Goals: Nuclear astrophysics study using underground accelerator 



JUNA
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Jinping Neutrino Program
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Pit for 500 ton Neutrino Observatory

Neutrino detector design1-ton prototype detector

Goal: 

• Solar neutrino detection

• Geoneutrino detection

• Supernova neutrino search



SER: deep underground integrated circuit Soft Error

Research
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• Radioisotopes in IC could cause soft error (SE) by emitting alpha particles 

• Study the SE rate in CJPL to prevent interference from atmosphere neutrons

• Compare test data in CJPL and Lasa to acquire “Golden data” for IC SE rate

Test at Lasa

• 6651 hr

Test at CJPL

• 6000 hr



GeoDEX
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Deep underground geologic time variation research 
center

(Hall-D1)

Local geologic time variation detectors
(different depth in tunnel)

CJPL-DURF

Control 

center Geologic time 
variation detector

Internal geomagnetic
information detector

gravity gradient
detector

Weak shape change
detector

• Deep underground geologic time variation in-situ detector experiment



CUPID-CJPL
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• 0νββ experiment based on Mo-100 isotope and LMO crystal calorimeter array.

 10 kg experiment

- low enrichment

- demonstrate key technologies

 250 kg+ experiment

- high enrichment

- probe mbb below 10meV 
36

Participate in CUPID project: 

crystal validation and electronics

Possible CUPID-1T configuration

Crystal Testing 

(2023-2028)

CUPID-CJPL-200/1T
(2028+)

> 250 kg enriched crystals

CUPID-CJPL Demo 
(2026-2028)

10 kg enriched crystals

Develop CUPID-reach/1T Technology

Build CUPID-reach or CUPID-1T at CJPL



NvDEx
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• 0νββ experiment based on Se-82 isotope and High pressure TPC.

• Topmetal technique to readout the 

ion signal.

• High pressure 82SeF6 gas as the 

source and target. 

• 200kg per module  *  5 



Welcome New Experiments and Collaborations
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Visit our web for more info:

https://cjpl.tsinghua.edu.cn/

Contact: 

cjpl@tsinghua.edu.cn

https://cjpl.tsinghua.edu.cn/
mailto:cjpl@tsinghua.edu.cn


Summary:
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• Series of important physical results on DM, nuclear astroparticle physics has 

been achieved based on CJPL deep underground platform. 

• CJPL-II will be the deepest (2400m rock) and largest (>300,000 m3 space) 

underground Lab worldwide; 

• CJPL-II plan to start operation in 2024. 

• More collaborations have planned to start their experiments in CJPL-II.

CJPL welcomes more projects worldwide to apply for using UL space !
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Welcome!


