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Tunnel Layout inside Jinping Mountain
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Fig. 1. Cross gection of Jinping mountain and location of the CJIPL.

>>>>>

4 hydraulic tunnels
for electric power
generator




China JinPing Underground Laboratory(CJPL)

e THU-EHDC cooperation on a new underground lab started in May 2009
e CJPL-I site selected in Aug. 2009

e Rock sampling and in-situ measurement to study environmental
radioactivity

e An ideal site for an underground laboratory
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:: ; Chinese Physics C (2013) | & Wee |
CJPL Features NS
e Deepest underground lab with 2400m rock overburden 5— \\  wodan
e Opened on Dec. 12, 2010 W (2.0£0.4) X109 cm s T CJIPL

e Or -~ 60 m-2y-1
| I | | 1111 | 111 1 | 1|
0 1

2

e Total space: ~4000 m3

L1 | 111 1 | 111 1 | 1111 | 111
3 4 5 7
Equivalent Vertical Depth(km.w.e)

e Main Hall: 6.5m(W) x 6.5m(H) x 42m(L)

Radon concentration (Bg/m?3)

e Low muon flux and environmental background 150
100
' e — 50 tai—1- .
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e

: Rock sample(Marble) measured by Ge detector
Ra-226  Th-232

T SRS _—Low e~ OmeBd® B0 Gpokey) (911ke)
Rock Sample <1.1 1.8+£02 <0.27
Service tunnel Entrance Ground Level(Beyjing)  ~600 ~25 ~50 .




Logistics of CIJPL

e Comprehensively supported by Yalong river company

e Convenient & Comfortable for researchers

Fllghts to major cities
/ High-speed railway

High way from Xichang
airport to CJP
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Layout of CIJPL-I
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7.5m(H) x6.5m (W) x 40m (L) CIPLE&#: ~40!

(moved to CJPL-II)

m Total space: 4000 m3 Jinping Neutrino Exp.
H Main Lab Space: 6.5(W) x 6.5(H) x 42(L) 10




CDEX PandaX(removed) Jinping neutrino Exp. Low-background y spectrometers

O Physics experiments
« 2 dark matter experiments: CDEX, PandaX (now to CJPL-II)
* 1 neutrino experiment: Jinping Neutrino Exp.

O Low background counting facility
* 4 low-background y-ray spectrometers: GeTHU1-4
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Deep Underground and ultra-low Radiation background
Facility for frontier physics experiments(DURF) in CJPL-II

Auxiliary
gate no. 2

N

No. 1
/ e

Service

:\ ljtunneIA
N

Hall A

Connecting
tunnel AB

No. 2 auxiliary
tunnel |

No. 2 gateway

A2

Auxiliary gate no. 1

N

Drainage
Traffic_tunnel
tunnel B

B3 ™\ Service Middle
B1 g4 tunnelB connecting tunnel

B2 1 Service

Hall B tunnel C N
No. 1 auxiliary tunnel
2
Aukxiliary tunnel Hall C ’

Traffic tunnel ;
= Service

I Drainage tunnel D1 tunnel D Traffic
Connecting tunnel A

Each experimental hall measures D2 tunnel CD

14m (H) X 14m (W) x 130m (L) Hall D

Proposal approved in 2019

Construction started in
Dec. 2020

Civil engineering to be
finished late 2023

To be completed late 2024

4 experiment halls (A-D),
total space of >300,000 m3

To be the deepest and
largest underground lab
worldwide
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Civil engineering of CJPL-II

[0 Cavern extension and reinforcement
« Completed at Jan. 2020

Pit for PE shielding TS = -Reinforcement

Excavation

\NE_SW o731 /
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Reinforcement

Reinforcement
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Civil engineering of CJPL-II

O Water-resistant and radon suppression: construction on wall is completed except
for B2 hall, and processing on floor is ongoing

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

O PE shielding room: completed

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

. e W ' : PE shielding roem
Water-resistant and radon - -4 :
suppression layer \u |

o

= =7 74

. e T
P‘; - /

L]~

Steel structure - R IGRRBACARERIRTHTZIR
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Key Project: water-resistant and radon suppression

O Monitoring Rn-222 in Hall-C2 in bare caverns
« Rn-222 concentration in 14~776 Bg/m?® (average 201 Bg/m3)
« Data fitting demonstrates a Rn-222 variation cycle of 12.7 month

Radon concentration data

/Bq-m3
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>

|m ml <

* monitoring point TET %2, s %, % %,
' i R e e e I ]
Det: Alpha-GUARD PQ2000 LTI =0 Radon variation cycle fit .
| "JI’ s ‘é 300 - : -
LOC: C\]PL-II haII-CZ 37 ’- - I UL A g 250 " . -
Date: 2017.3-2021.1 RIS ] . : -
] . . . - — {]\/\

Mea-time: 60 min/point T\ - L _ iy




Key Project: water-resistant and radon suppression

O Water-Resistant and Radon Suppression (WRRS) layer

RakzE
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A dedicated engineering using multi-layer protection against water and radon

Features of WRRS layer:

| » Preventing water and radon permeating from

the rock 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

17




Key Project: water-resistant and radon suppression

O Radon suppression power of the WRRS layers  <o0.1 mBg/ms
« After WRRS, radon exhalation reduced to less than 1% of its initial value

Radon exhalation rate
(mBgem--2es1)

WRRS layers

Value Error Detection limit

Rock (before WRRS) 6.99 0.331 0.239

Concrete 3.23 0.171 0.058

HDPE 0.09 0.057 0.075

Accelerated rubber layer - - 0.075

Concrete-polymer-cement 0.14 0.092 0.087

Polyurethane cement - - 0.080

Polyurethane top-coat - - 0.077

Polyurethane varnish - - 0.072

(@) RAFEL =M i




Key Project: Large Nitrogen vessel shielding

o K e R 58
« Large LN tank completed —— r—h T

« Clean room under construction | -

« LN volume: ®13m xXH13m,~1725 m3 | ” i i gl
* LN filling planned in. 2024 |

1725 m3 LN,
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Key Project: Large pure water tank shielding

 Located in Hall-B2
« Quter shield (4500 m? water) and inner shield (1000 m* water)
« 12 L low-level radon measurement device completed

Outer shield \




Key Project: Combined shielding module

O Multi-purpose shielding combined by PE, Copper, and Lead
 PE room completed
* Inner copper and lead combined shielding module under production

Copper and lead combined shielding module

AR B R R 000

PE shielding room

(under construc;i = =

R :',',
RZIGRRARRARIZSTRIR 21




Key Project: Ultra-low-background y spectrometers

O mBaq/kg spectrometers (GeTHU)
 Extension of current GeTHU-1/2/3/4
« Detection limit: ~ mBg/kg scale
 Total 15 HPGe y spectrometers
« Commercial HPGe detectors

R e

O uBg/kg spectrometers (ARGUS)
« Detection limit: ~ uBg/kg
« 5 commercial HPGe detectors
 Low-background shielding

(b) HFREEHA
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Key Project: Low-background material selection

0 Measurement and selection of construction materials

Samples are randomly selected at the construction site and measured at
GeTHU gamma-spectrometers

2703 samples, 24359 h In total until Sept. 30, 2023
Work with manufacturers to get low-background cement

Measured %amples ‘l
|

GeTHU-3 E

23




Key Project: Cavern safety monitoring system

0 Multi-detectors to monitor the earth/rock movements

CERTIMUS
y ) \
gUrI\

certimus

Bolt stress meter

Egﬁ’é‘é " 4 . i y

microseismic monltormg system gravity meter seismograph osmometer

fe 1k 4%

£ 8

24
Disturbed Stress monitor displacement sensor Surface deformation monitor rock cracking monitor



Key Project: Cavern safety monitor system

O Monitoring rock-burst for construction 1

« Continuous monitoring with real-time data }
processing for rock-burst early warning

« Total 27 rock-burst predicted in 120 days,
Including a BO+7~0+10 level rock-burst at
2021/9/7

o RS

[/

| R R R
/

N
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N
o

MEESE (DD
>
BRI AL TS (LgE/D)

=
o
1

O Monitoring construction effects on science

experiment
« Continuous rock movement monitoring during
construction

« Monitor data help adjust and optimize blast
design to control blasting vibration velocity
within 0.5 cm/s



Key Project: Cavern safety monitor system

O User Interface of monitoring system
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Ground laboratory in Xichang

Experimental building

e

%’/7" =]

ST

Clean room

" ICP-MS room Ventilator room Basement storage room
Labs for sample treatment

'''''
111111777

AA

Office building(5/6F)
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V. Experiment proposals of CJPL-I|

« CDEX, PandaX

- JUNA

« Jinping Neutrino Program
« CUPID-China, NvDEX

« GeoDEX, IC SER Exp.

» Process for Approving and Supporting Proposed New Experiments



CDEX &5

* Founded in 2009, 11 institutions, more than 100 people now
* Focused on Dark Matter detection and Ge-76 Ovf33 search using HPGe technology

2009-2016 2016-2020 Planed

!
|
\

« DM: x-N (Migdal Effect)
« DM: x-N (AM)
e Axion & Axion-like DM

DM: x-e

(Ovpp) :'l
DM: Evaporating PBHs

CDEX-1 CDEX-10 F 9
CDEX-2A - DM: x-N (SI/SD) |[CDEX-50!
AL e « DM: x-N (EFT \ (DM) [
* Axion & Axion-like DM I- X- (k h) A y
* CDEX first ovBp result : g::l‘(r dha;toF:l ;::Im ,::-_::\ CDEX-1T
CDEX-1B  DM: CpR boosted DM 1/ \\ (OvBg, DM...)
* DM: x-N (S1/SD) « DM: Exotic DM CDEX-300 1

H-!—w—l-w—\
H-'w-u-!—r-'-ﬂﬂ.

Clean room for detector and HPG
electronics preparation € array

[

Pit size @13 mx 13 m
Experiment hall @18 m ‘ liquid nitrogen
14m(H) Xx14mW)x130m() H18m

—

29
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PandaX

« Started in 2009, consists of dozens of Universities and research Institutions
* Increasing LXe detector mass for DM and neutrino studies

PandaX-4T
3.7 ton

Phase-ll

PandaX

& PANDAK

30



JUNA

e« Started in 2013, 7 Universities and research Institutions

« Goals: Nuclear astrophysics study using underground accelerator

Aug. 2013
Startup
meeting

Dec. 2021
Project
commission

JUNA Milestone

Jan. 2015
Project
inauguration

May 2021
25Mg, 19F,13C
and 12C data

ready

Mar. 2016
On site start

Dec. 2020
Beam
underground

May 2017
Beam on

April 2019
Target ready
Acc. Ready

Dec. 2017
3 mA on ground

Dec. 2018
Der. Ready




Jinping Neutrino Program

A < gy
| Workshop o

=

o Ever growing interest
from the community.

o Active working group.

o Starting CDR draft:
Welcome to join!

¥ g =
lln:\;wv Neutrino L\perimcnt m7 =

s

T me

2015 V\orl\shop of Jinping Neutrino Program

Pit for 500 ton Neutrino Observatory at Hall D2

BARK
HE2m 274

1
5 M2
t~g
700 i 700
1o
| ACI0RA R RRE N1 0cm
| s EH0BO 15 15cm I+
| HRCI0RAS WAL X1 0cm |
| weLC30,¥300m |
B/ )
: Vel Y 650 |2
I 1639613 [ |
gl T [ g
4 S |l R
g 8
L, oo 2, 1 Hall D2
T iR % 30x 20008\ F
g SLEAIAR), e\ : N 8 2023/10/24 09:47
| o PIv1636.313 — = ;E—

e ' SEIG R AR, K16k, F1aK, IE
j&%“&%g I (ﬂ‘éfﬁﬁfrl&n) 3.8K, A TAETER OKHES5RFE)

Neutrino detector design
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CUPID-CJPL: 199Mo-based bolometric exp.
for OVvBB search

Crystal testing CUPID-CJPL demonstrator CUPID-CJPL-200/1T
(2021-2022) (2022-2024) (2024+)
6-12 natural crystals 10 kg, 36 enriched crystals >1000 enriched crystals
CUPID-China —— 10°E ]
o Fudan University* AR ; 5 years of data 3
o Beijing Normal University* , ]
o Shanghai Institute of Applied Physics -— I CUORE sensitivity (Te)
o Shanghai Institute of Ceramics ‘ R ; 107 T CUPID-:szL Demo:strator (Mo)
o Shanghai JiaoTong University* Light ¥
o Tsinghua University o= — Thermometers Inverted hierarchy
o University of Science and Technology s (J P v
of China* :
o Ningbo University f:;;gs\; ; *
Y < A - Normal hierarchy
A=Y ~ Scintillating
= < bolometer
' Sncelo?s
~ SINAP o 2
*officially joined international CUPID From Long Ma, Fudan U. 10 " (meV) 10 10

lightest
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NvDEXx for 82Se OvBfB search

e High pressure 8:SeF, Gas TPC
e Direct read-out by top-metal CMOS sensors

e Prototype detector being built

NvDEx-100

steel pressure vessel copper shielding

Readout
Plane 2

From Hao Qiu,
IMP, CAS

field cage focusing & read-out electronics planes

* 100kg #SeF, gas at 10 atm in the sensitive volume

+ first build an on-ground prototype, starting with non-poisonous SFg gas 34



GeoDEX

Deep underground geologic time variation in-situ detector experiment

Deep underground geologic time variation
research at Hall D1

---------- e Control Geol i
R €Y eologic time
%'J’HU— " n @ TN\ center variation
T detector-o ¢

E Internal
N geomagnetlc
-~ information-e

g s ————m— - | 1" detector

| WEMRREA x|

™ ;EEEE : ravit

ﬁ |- 36SHmE : ?adien)’:

ne B SRR TR S Xk

‘l‘\\" vJ//./:/‘/",ll'lfU, e
”“l ‘\B\"l\l’l \&@\}'{4’%‘/’4’5 e \\\\;\i“h th

lw’ ‘\\\I/I’ /l '\ dn “"l \\\‘\“v “%}"|\!“||}';i“n:-
Local geologic time variation detectors
(different depth in the tunnel)

\\
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|IC SER: deep underground Integrated Circuit Soft
Error Research

* Radioisotopes in IC could cause soft error (SE) by emitting alpha particles
 Study the SE rate in CJPL to prevent interference from atmospheric neutrons
« Compare test data in CJPL and Lhasa to acquire “Golden data” for IC SE rate

| SBU | MCU2 | MCU3 | MCU24 |_{BSEU | SEURH]
24 12 7 i3 2 56

SRERf il
13/cm/hr(NYHBTE)  6.5/cm2/hr(NY P51

Test at Lhasa
e 6651 hr

4 a2  HIRoRT
A 10~10-3/0m2
war | | 10~10Yem?/hr

ERNEE
BPSG

|"m—|-|w T

‘:Eﬂﬁﬂl"‘;? -

n+ | | P r
FERX S 55354
o :

Test at CJPL-I
6000 hr

ﬁ%}iﬁz fﬁ_ﬁ(;iﬁz EE EE%_ Adopted from

e
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Process for Approving and Su
New Experiments

wx ( Ja

Science v

About v News & Events Outreach v Internal

Jinping resenvo

A photo of Jinping reservoir.

Visit our website for more info:
https://cjpl.tsinghua.edu.cn/

Contact:
cjpl@tsinghua.edu.cn

oporting Proposed

The process for
approving and suppor
new experiments

Application

Experimental

Group

Scientific
Committee

g proposed

01. Submits the Letter of Intent and support-
ing materials

02. Reviews the Conceptual Design Report
(CDR) to assess the scientific potential

03. Reviews the Technical Design Report
A (TDR) to assess space allocation, needs
A am— for supporting resources, safety respon

sibility, etc

CJPL

« PROCESS -

Management
Institution

Reviews the CDR, TDR and funding, etc

Givestheapproval to the Local Management
Institution, after CJPL and the Management
Committee approves the project.

Signs an occupancy agreement with the
primary supporting institution of the
experimental group. The experimental
group shall conduct experiments accord-
ing to the application and agreement, and
abide by the rules and regulations of CJPL
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V. Summary

CJPL-II will be the deepest (2400m rock) and largest (>300,000 m? space) underground
Lab worldwide

Most civil engineering of CJPL-ll.completed, the remaining will be finished in 2023
CJPL-II plans to start operation at the end of 2024

The water-resistant and radon suppression in CJPL-Il controls radon exhalation rate to
less than 0.1 mBg/m?/s

Construction materials are measured and selected to control their background

Cavern safety monitoring system ensures the safe and smooth operation of CJPL-II

CJPL welcomes experiment proposals worldwide !
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