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Deep Underground Lab Worldwide
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Yalong river hydropower development company
dig tunnels under Jinping Mountain to generate power




Deep Underground and ultra-low Radiation background
FaC|I|ty for frontier phyS|cs experiments (DURF)
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JinPing Tunnel View
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Muon flux at CJPL

Measured p-flux at CJPL: :
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Neutron flux at CJPL

CJPL total neutron flux ~(2.7+£0.1)x10™°> cm~2s™1
~1000 times lower than ground level
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Nucl. Instrum. Meth. A. 2017, 859, 37-40 1073
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Expacs: simulated surface neurton spectrum
https : //phits. jaea. go. jp/expacs/

Neutron spectrum at CJPL
NIMA 859 (2017) 37 — 40
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U, Th in Cement and Rock

Low background rock @JinPing mountain
Spemal made low background cement (U,Th~6 Bq/kg)
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Radioactivity [Bg/kg]

detector
Th-232
Rock In-situ HPGe 3.69 0.52 4.28
Cement In-situ HPGe 5.810.06 6.7+0.03 148.9+1.70
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Radon at CJPL

Low Radon(~15 Bq/m3) for Large space(>300,000 m?3)
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> 45,000 m3/h ventilation via low-bkg
pressurized pipes

» All experiment area in positive press-
ure

» Radon-proof layer cover all surfaces,
Rn emission<0.1 mBqg/m?/s

Radon Concentration [Bg/m?3]
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Radon at CJPL

8 low-temperature radon adsorption devices

» low-bkg active carbon (Ra-226<1 Bq/kg)
> Rn suppression factor>1000 (Rn<20 mBg/m3), Flow>220 m3/h
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Rn at experiment hall
(average ~15 Bqg/m3)

Device output
(Rn<20 mBg/m?3)
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Shielding Facilities at CJPL

Combined shielding

Copper + Lead + Polyethylene (Large H.O shielding\
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Large LN Shielding

'he«LHl ﬂ{t"énk

 For CDEX experiment (HPGe)
* Volume ®13mxH13m ~1725 m3
« >6m LN shielding at center

* LN filling started at Dec. 2024
and completed at Jun. 2025

 Environmental BG <10-° cpkkd
@2MeV after shielding
(simulation)
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Large Water Shielding

 For PandaX (LXe-TPC)
« 4500 m3 pure water

 Environmental BG
<10+ cpkkd @2MeV
after shielding
(simulation)
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Combined Shielding

e Cu20cm
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Background in Combined Shielding

Environmental background
> Geant4: 5x104 cpkkd @2MeV for HPGe
> Measurement with HPGe: BG <4x103 cpkkd @2MeV
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Background spectra measured by a HPGe detector Experiment set-up
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Radioactivity analysis facilities

Ground Lab @Xichang
» ~4000m? space
» ~5km to airport
» ~200km to UL (3-hr drive)

Altitude (m)

%( 2 sets,

XIA\UltraLog1800] - Element-XR ICPMS

~10.0 uBg/kg

..... 2 e | 207 GeTHU (mBy/ko):
TITORS » 3 setsin CJPL-I
+ 15 sets in CJPL-II

wm P2 ———< S s e ‘ | ; s~ ~\Cig
nnnnn ——
4
GeTHU-1/2/3
@CJPL-I

wwwwwwwwwwwwwww

1
3
£
E;i
8
wi
o

wwwwwwwwwwww

MRS >
(ERRERR) ‘ . —
FhmzaEssse— e Comemmec kR = T ’ — e
D2 Oraig T e —— ? v ———
5 I SIS T A S et o~ e e = = - 1 7



ARGUS: 5-detector y-spectrometer

Ge#0 Ge#1 Gett2 Ge#3 Gett4
2.4 kg 2.2 kg 2.2 kg 2.2 kg 2.2 kg
120% 100% 100% 100% 100%

90.9 cpkd 166.6 cpkd 103.8 cpkd 145.4 cpkd 182.7 cpkd
cpkd: cts/kg/day

4 horizontal Det.
(Ge#1~4) .

Shield: 20cm Cu '+ 20cm Pb + 1m PE

1 central Det. (Ge#0)

TAUP2025 POSTER, Ultra-Low Background Germanium Spectrometers at the CJPL, 2025.08, XiChang
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ARGUS: 5-detector y-spectrometer

Minimum detection activity (MDA)

» Copper sample (Maline cup) + 100-day measurement
> MDA of Bi-214(U-238) ~ 50uBq/kg

» MDA of Cs-137 ~ 20 uBqg/kg

90-day background spectra Sample setup
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Research Activities at CJPL

JUNA

Jinping Underground Nuclear Pandax
Astrophysics experiment DM&OvBB via LXe-TPC

Aucxiliary

gate no. 2 CDEX
\‘ DM&0vBp via HPGe

\ No. 1
gateway
/ GeoDEX
Deep underground geologic time

No.2d variation in-situ detector experiment

CUPID-CJPL

Mo-100 Ovpg via LMO
scintillation bolometer

No. 2 auxiliary
tunnel |

Service

And more: N tumel A
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Integrated Circuit Soft \

JNE

Error Research A2 L .
Hall A Jinping Neutrino Program
JPDUQIE Ring
el AB 5
Underground Quantum B3 & ice \M‘ddl
= = | e
Qubit experiment i g4 tunnelB connecting tunnel
B2 @l Service
umm Hall B tunnel C
~ ; No. 1 auxiliary tunnel
2
Auxiliary tunnel Hall C \ ‘ Traffic Dtraina e
unne

B Traffic tunnel

! Service tunnel B
B 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
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JPDUQIE

JinPing Deep Underground Quantum Instrument Experiment
Muon

Operate shielded superconducting

LT quantum qubits in CJPL

— “ W RELIE =
P Aert it SE s S i

Beijing Academy of Quantum Information Sciences CJPL P R——
BHEAY  BETREKEFRERAE

Ground CJPL CJPL + shield

~100 mHz ~60 mHz ~5 mHz

Study qubit response to radiation and origins of
residual errors in a cosmic-ray-free environment

qubit response model

flux-tunable superconducting
transmon qubit
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96-qubit system
with 28 good qubits
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http://cjpl.tsinghua.edu.cn/

ARGUS data analysis

Single Detector Analysis

Calculate isotope activity (4) by Sj;;':g'me ﬁpeak
characteristic gamma peaks via a net peak . "
area method A t.  ROI £ 5 Net spectrum
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CDEX

-1745-m3- O Founded in 2009, 10 institutions, more than
100 people now

O Search for Dark Matter and Ge-76 Ovf3f3 via
low-threshold HPGe detectors

O Currently building the 50-kg DM detector

in Large LN shielding in C2

2009-2016 2016-2022 Planed

Large LN shielding =

CDEX-1 CDEX-10 A
D;;;-.le_N R + DM: x-N (SI/SD) IICDEX'SO‘I
Axi;)n & Axion-like DM ° DM:X-N (EFT) ‘\\ (DMm) ,l'
CDEX first ovpp result Solir dhark photon Semz? CDEX-1T
* Dark photon DM . SS 0 DM...
P2 Ca « DM: CR boosted DM y N (OvBe, )
s (e - DM: Exotic DM | CDEX-300 }
DM: x-N (Migdal Effect) ., pm. x-e \  (OVBp) i
\ /

,l
e

D|V_|= X-N (A!Vl) . * DM: Evaporating PBHs \
Axion & Axion-like DM

~-——’

lean
roo!
A o
';[ e arra
@13mx13m

liquid nitrogen

Experiment hall g",f;",,‘;‘
14m(H)x14m(W)x130m (L) H18m
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« Started in 2009, consists of dozens of Universities and research
Institutions

* Increasing LXe detector mass for DM and neutrino studies
« Currently upgrading to PandaX-xT

PandaX-xT

PandaX-4T
At

y

Phase-1 120 kg

PandaX
& paNDAN
;‘ (E8% &

2010-2014 2015-2019 2020-2026
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CUPID-CJPL

> Developing key technologies for a ton-scale Mo-100
OvBB experiment

> Building a prototype facility in CJPL

> Design for the ton-scale experiment in CJPL.

Key technologies

Crystal growth & Quality control
Detector & Electronics

Cryogenic system
Data collection & analysis...

Prototype @CJPL

i CJPL 2400m,Rock, Muon-flux=3.03x10-1° cm2s™! 'jg

¥l

CJPL Protoiype

LMO array at CJPL:

7-kg Mo (Mo-100 enrichment >95%)

Crystal size: 45 x45 x45 mm?3
Detector number: ~44

Ton-scale design

Shielding

7-7/2 SenSItIVlty > 1028 yr

Test & QC for mass production
Modularized detector

Complex shielding
Background & sensitivity ...
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JUNA

Jinping Underground Nuclear Astrophysics experiment

 Started in 2013, 7 Universities and research Institutions

 Goals: Nuclear astrophysics study using underground
accelerator

« Next phase: Super JUNA
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] @ Kontos et al. 2013 (prompt)
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0.30 - H sun - X Osborne et al. 1984 (prompt)
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0 50 100 150 200 250 300 350 400
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JUNA platform Existing data and energy range planned to be covered by
at CJPL-II Hall A1 JUNA Run2
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Jinping Neutrino Program

« Ever growing interest Pit for 500—ton Neutrino Observatory at Hall D2

from the community.
o Active working group.

o Starting CDR draft:
Welcome to join!

|
2015 Workshop of Jinping Neutrino Program

V1639613
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