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Go underground for frontier sciences

oDark matter
ONeutrino
ONuclear-astrophysics
OProton decay
oBiology
0Seismology

ORock mechanics
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Main underground laboratories in the world
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Total muon flux (cm=2s1)
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CHINA

JinpingHydroelectircPower Plants Project
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Sichuan Province

S\,\\sha River
l Jinping tunnels

Yunnan Province

; ~17km Jumg tu
Yalong river meets Jinping Mountain

nnel E s
SN TS U A
. Jinping trafflctunnel
A The largest tributary of Yangzi River A 17.5km long x 2
A Jinping river bendE 150km long

A Overburden: max. 2400m, 73% of length >1500m
A Finished on Aug. 8, 2008



Tunnel Layout inside Jinping Mountain
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Fig. 1. Cross section of Jinping mountain and location of the CJPL.
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China JinPing Underground Laboratory(CJPL)

0 An ideal site for an underground laboratory!

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

0 CJPL-I site selected in Aug. 2009.

0 Rock sampling and in-situ measurement to study environmental
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CJPL Features

0 Open on Dec. 12, 2010.
0 Total space: ~4000 mS3, 150
100

0 Main Hall: 6.5m(W) ; 6.5m(H) { 42m(L).

0 Deepest underground laboratory with a rock overburden

Radon concentratiomB(/md)

| "
50 fu |
I 'i} U Al

of 2400m.

0 Low Muon flux and low environmental background.

Rock sample(Marble) measurement by Germaniur

(Unit : Bg/kg) K-40

Ra-226  Th-232
(609keV) (911keV)

Rock Sample <1.1 1.8£02 <0.27
Ground Level(Beijing)  ~600 ~25 ~50







Layout of CIJPL-I
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7.5m(H) x 6.5m (W) x 40m (L) CIPLE&EH: ~40

(not used)

A Total space: 4000 m 3 FITGIPETELEL XElL

A Main Lab Space: 6.5(W) x 6.5(H) x 42(L) 12
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CDEX experiment PandaX(removed) Jinping neutrino Low-background 2 spectrometers

A Physics experiments:
A 2 dark matter experiments: CDEX, PandaX (now to CJPL-II)
A 1 neutrino experiment: Jinping Neutrino experiment

A Low background counting facilities:
A 4 low-background gamma spectrometers: GeTHU1, 2, 3,4






Deep Underground and ultra-low Radiation background
Facility for frontier physics experiments(DURF) in CJPL-II
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China Jinping Underground Laboratory

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
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Key Project: water-resistant and radon suppression

A Monitoring Rn-222 in Hall-C2 in bare cavern state
A Rn-222 concentration in 14~776 Bg/m? (average 201 Bg/m3)
A Data fitting demonstrates a Rn-222 change cycle of 12.7 month
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Key Project: water-resistant and radon suppression

A Water-Resistant and Radon Suppression (WRRS) layer
A A dedicated structure using multi-layer protection against water and radon
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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
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Civil engineering of CJPL-II

A Water-resistant and radon suppressionc construction on wall is completed excepté
' for B2 hall, and processing on floor is.ongoing |

A Steel structurec Completed for A/B halls, and 70% completion for the rest
A PE shielding rooma 1427 m3 PE blocks entered, and 40% completion for construction

A Mechanical and electrical installationc 60% completion for hall-A and 15% for 1/25
| auxiliary tunnels |

Water-resistant and radon _ B 9 PE shielding room .
suppression layer - g | (under cong;‘)“’ o

Steel structure
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Key Project: Large Nitrogen vessel shielding
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A Large LN tank completed —

A Clean room under construction
A LN volume: 4 1 & H13m, ~1725 m3
A LN filling planed

1725 n# LN,
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Key Project: Large pure water tank shielding

A Located in Hall-B2:
A Outer shield (4500 m?3 water)-and inner shield (1000 m3 water)
A 12 L low-level radon measure device completed
A Water-radon system pressure test completed

Inner shielg_,‘-- Outer shield
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Key Project: Assemble combine shielding

A Multi-purpose PE, Copper, and Lead shield
A PE room under construction, 40% completion
A Inner copper and lead combined shielding module under preparation

Copper and lead combined shield

|

PE shielding foom

(under construction)
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Key Project: Ultra-low-background o spectrometers

A mBaq/kg spectrometers (GeTHU)
Extension of current GeTHU-1/2/3/4
Detection limit: mBqg/kg scale

Total 15 HPGe 2 spectrometers
Commercial HPGe detectors

o To Po Ix

A eBqg/kg spectrometers (ARGUS)
A Detection limit; eBg/kg scale
A 5 commercial HPGe detectors
A Low-background shielding

(b) FREEHY



Key Project: Cavern safety monitor system

A Detectors:
A Multi-detectors to monitor the rock vibration and displacement.
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certimus

Bolt stress meter

\a

microseismic monitoring system gravity meter seismograph osmometer
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Disturbed Stress monitor displacement sensor Surface deformation monitor rock cracking monitor



Key Project: Cavern safety monitor system

A User Interface:
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V. Experiments in CJPL-II

ACDE X ( DM+03bb)

APandaX ( DM+03 b b)

A JUNA (Nuclear Astroparticle)

A Jinping Neutrino Program (Solar and Geoneutrino)
A SER (integrated circuit Soft Error Research)

A GeoDEX (Deep underground geologic experiment)
A CUPID-CJPL( 03)b b

ANVDEx ( 03)b b

AMor e comingéé



CDEX &5

A Founded in 2009, 11 institutions, more than 100 people now
A Focused on Dark Matter detection and Ge-76 03b bsearch using HPGe technology

2009-2016 2016-2020 2021- Planed
CDEX-1 CDEX-10 #77 7S LitaoYang6s
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Clean room for detector and
electronics preparation HPGe array
it i @13 mx13m

Pit size A
Experiment hall 218 m ‘ liquid nitrogen

14mH) Xx14mW)x130m (L) H18m
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PRL 120, 241301 (2018)
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PandaX

A Starting in 2009, consists of dozens of universities and research Institutions
A Goals: Increase LXe detector mass for DM and neutrino studies SemleL 1 w6 e

PandaX -4T
3.7 ton

PandaX

& PANDAK

2010 -2014 2015 -2019
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PandaX \1sx

1 l /'.‘
/ /

——— PandaX-4T 2021 (this work)

—— PandaX-ll 2020

1

——— XENONI1T 2018

SI WIMP-nucleon cross-section (cm?)
1 3

2

Fig. 9. The 90% C.L. upper limit vs. m, for the SI WIMP-nucleon elastic cross section from
PandaX-4T commissioning data (red), overlaid with that from LUX 2017,* XENONIT 20182 and

PandaX-II 2020.° The green band represents the +1¢ sensitivity band.
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JUNA

A Starting in 2013, 7 universities and research Institutions

A 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
ground

April 2019
Target ready
Acc. Ready

Dec. 2017
3 mA on ground

Dec. 2018
Der. Ready
Beam 10 mA




JUNA Aric

Measurement of °F(p, y)*’Nereaction
suggests CNO breakout in first stars

https://doi.org/10.1038/541586-022-05230-x
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™| Check for updates

PHYSICAL REVIEW LETTERS 127, 152702 (2021)

Direct Measurement of the Astrophysical ’F(p,ay)!%0 Reaction
in the Deepest Operational Underground Laboratory

L.Y. Zhang,' J. Su,' J.J. He®,"” M. Wiescher,”" R.J. deBoer,” D. Kahl,” Y.J. Chen,' X. Y. Li,' J.G. Wang,*
L. Zhang,j E. Q. Cao,” H. Zhang,5 Z.C. Zhang,ﬁ T.Y. Jiao,* Y.D. Sheng,1 L.H. ‘Wang,1 L.Y. Song,1 X.Z. Jiang,1
Z.M. Li,' E.T. Li,° S. Wang,’ G. Lian,” Z.H. Li,” X.D. Tang,* H. W. Zhao,* L. T. Sun,* Q. wu.! 1. Q. Li,*
B. Q. Cui,’ L. H. Chen,’ R. G. Ma,’ B. Guo,” S. W. Xu,*J. Y. Li,* N. C. Qi,* W. L. Sun,* X. Y. Guo,} P. Zhang,® Y. H. Chen,®
Y. Zhou,® J.F. Zhou,® I.R. He,® C.S. Shang,® M. C. Li,®* X. H. Zhou,* Y. H. Zhang,* F. S. Zhang,'
Z.G. Ho,* H.S. Xu,* J. P Chcn,éand W.P. Liu™*

Liyong Zhang', Jianjun He"=, Richard J. deBoer?, Michael Wiescher®™=, Alexander Heger®,
Daid Kahl*, Jun Su', Daniel Odell®, Yinji Chen’, Xinyue Li', Jianguo Wang®, Long Zhang’,
Fugiang Cao’, Hao Zhang', Zhicheng Zhang", Xinzhi Jiang', Luohuan Wang', Ziming Li",
Luyang Song’, Hongwei Zhao®, Liangting Sun®, Qi Wu®, Jiaging Li®, Baoqun Cufi’, Lihua Chen’,
Ruigang Ma’, Ertao Li*, Gang Lian’, Yaode Sheng', Zhihong LV, Bing Guo’, Xiaohong Zhou®,
Yuhu Zhang®, Hushan Xu®, Jianping Cheng' & Weiping Liu™*™

Proposed mechanisms for the production of calcium in the first stars (population 1
stars)—primordial stars that formed out of the matter of the Big Bang—are at odds
with observations'. Advanced nuclear burning and supernovae were thought to be
the dominantsource of the calcium production seen in all stars®. Here we suggest
aqualitatively different path to calcium production through breakout from the
‘warm’ carbon-nitrogen-oxygen (CNO) cycle through a direct experimental
measurement of the F(p, y)*Ne breakout reaction down to a very low energy point
of186 kiloelectronvolts, reporting a key resonance at 225 kiloelectronvolts. Inthe
domain of astrophysical interest?, at around 0.1gigakelvin, this thermonuclear
®F(p, y)*"Nerateis up toa factor of 7.4 larger than the previous recommended rate’.
Our stellar models show a stronger breakout during stellar hydrogen burning than
previously thought***, and may reveal the nature of calcium productionin
population Il stars imprinted on the oldest known ultra-iron-poor star,
SMSS0313-6708°. Our experimental result was obtained in the China JinPing
Underground Laboratory’, which offers an environment with an extremely low
cosmic-ray-induced background®. Our rate showcases the effect that faint
population Il star supernovae can have on the nucleosynthesis observed inthe
oldest known stars and first galaxies, which are key mission targets of the James Webb
Space Telescope®.
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Jinping Neutrino Program

Goal: Pit for 500 ton Neutrino Observatory
A Solar neutrino detection //#\\
A Geoneutrino detection 4
A Supernova neutrino search | N N |
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SER: deep underground integrated circuit Soft Error
Research
A Radioisotopes in IC could cause soft error (SE) by emitting alpha particles

A Study the SE rate in CJPL to prevent interference from atmosphere neutrons
A Compare test data in CJPL and Lasa toc

SRR £
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Test at Lasa
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Test at CJPL
A 6000 hr
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