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Why go underground?

Neutrino </

Deep Underground Science Themes Dark Matter

Studies

Low Background Particle / Astroparticle Physics
Direct dark matter searches

Atmospheric, solar & supernova neutrinos
Reactor and accelerator neutrinos

Neutrino-less double beta decay

Nuclear astrophysics / stellar reactions

Misc. rare-decay processes Geology &
geophysics

Other dMulti-disciplinarydstudies ' ,
Pure and applied cosmic ray studies, §:°2 «P»I
Gravitational waves studies

Misc. Earth and Environmental Sciences ULB Gamma
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Astrobiology and planetary exploration ' e
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Quantum sensors, quantum computing Biology | Technology
! < 1
Etce astrobiology and .
more.

S

o o o o Jo I

8ouedT3TUDYS TEDOT

Too oo oo oo To To T

Boulby Underground
Laboratory



What® needed from an underground lab? (1)
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A Deep underground facilities provide rock overburden &
commensurate reduction in c.r. flux & spallation induced
products (neutrons)
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A Reduction in 2-ray background at higher
energies from c.r. and neutron reduction
A Below 3.5MeV dependent on local geology
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Under ground
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What® needed from an underground lab? (2)

Other Factors: : :
A hole in the ground is

Facility Infrastructure, operations and support factors: not a facility!o
I Good surface & underground infrastructure & support facilities
I Reliable utilities: power, ventilation, heat management, water, gases/liquids
I Good Health & Safety and security systems
i Scientific and technical support personnel: design, construction, operation/analysis

i Ancillary science support facilities: low background assay systems, clean rooms
workshops etc, etc &

Various other site characteristics that matter to science teams:
i Ease of Access (vertical or horizontal); Max installation size limitations
I Location (neutrino flux from beam/reactor, ease of travel, quality of life)
I Cleanliness, vibration and other interferences
I Suitable geology / environmental characteristics

Other non infrastructure-based

things can be important too ,
Science and
. ) ) ) ) " ) : Technology
Local politics & science community: Solid host nation political and financial support, - Facilities Council
strong local science community involvement and support. Boulby Underground

Laboratory



World Deep Underground Science Labs
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Review and update from a facilities
perspective.

Information from:

- Submitted slides
- Facility websites
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China Jinping Underground Laboratory (CJPL)

A Rock overburden 2400 m
A Muon flux 3.03 x10710 ¢m T2sT1
A Experimental space > 330,000 m3

Astro. Phys. 172, 103147, (2025)
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Large Shielding Facilities at CJPL -l

A Large Water Shielding
in B 2-Hall

A For PandaX LXe -TPC
experiment

A Large LN , Shielding in
C1-Hall

A For CDEX HPGe DM &
0 experiment

A Large PE Shielding

Roomin C 2-Hall

A  Total 16 low -BG HPGe

A spectrometers
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Research Activities at CJPL -l1I

JUNA

Jinping Underground Nuclear
Astrophysics experiment

PandaX
DM& O

via LXe -TPC

PandaX-4T since 2020
PandaX-20T to come soon

Auxiliary
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And more: |\ N
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Each experimental hall measures

14m (H) x 14m (W) x 130m (L) HallD

connecting tunnel
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D2

Service
tunnel C

Service
tunnel D
Connecting
tunnel CD

CDEX DAB00/1T to come

INalalal

DMé&O

CDEX

via HPGe

No. 2 gateway

No. 1 auxiliary tunnel

GeoDEX

Deep underground geologic time
variation in  -situ detector experiment

Auxiliary gate no. 1

JNE

Jinping Neutrino Program

T

Drainage
Traffic tunne

tunnel B

Traffic
tunnel A

See talk by Zenghi¢ Monday TAUP 25

CJPL welcomes researchers worldwide to submit proposals!
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It is now being excavated.



Kamioka underground facilities (Mozumi mine)

‘KamLAND (Tohoku Univ.)  Batass v ~- _ N
® 1 kton liquid scintillator detector. 10 4 k SuPer'Kam'Okande _
® Reactor, geo, low-energy & ©® 50 kton Gd-water Cherenkov Super -K 2025 :
astrophysical neutrinos, 136Xe Ovpp ' i‘:teCtoL- _ T — ARunning with  Gd
decay. ® mospheric, solar, neutrinos, : :
" . DSNB, proton decay, indirect DM (P SEE 280
searches, far detector for T2K. y

2

-
CANDLES (Oosaka Univ.) |

® CaF, scintillator.

® “8Ca Ovpp decay.
® lLow BG HPGe in Lab-D

Clean room in storage
® ICP-MS (Agilent7900)

ab-A
AICHAM

\.

-
XMASS

® 1 ton single-phase LXe detector.i
® Direct DM searches. ¢
® Data taking was completed.

EGADS
® 200 ton Gd-water test tank

.

Others in Lab-C
® Two ultra-low BG HPGe

totsu entrance
100 m

r — \
CLIO (Gravitational-wave)

Lab-I ® 100 mx 100 m prototype.

NEWAGE (Kobe Univ.)
® Three HPGe

W ® Low pressure TPC+MPGD Geophysics
® Low-BG a counter il ® Direction-sensitive direct ® 100 m X2 laser strainmeter.
® I[CP-MS DM searches. \ ' I

From Takeda, LRH



Excavation of the Massive Cavern for

Hyper -Kamiokande
Completed on July 31, 2025

A https://www.icrr.u  -tokyo.ac.jp/en/news/16770/
A The project reached a major milestone!

A Full-scale operations are scheduled to begin in f
2028. 93.7m high

~ $69.0m - 69m wide
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https://www.icrr.u-tokyo.ac.jp/en/news/16770/

Underground labs in Korea

® Yangyang Underground Laboratory (Y2L): (2003+)

\ ® Yangyang Pumped Storage Power plant
':'VZL ® /00 m overburden preston

~150 km from Seoul

Since 2003
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Yemilab

Main tunnel end
[STA. 0+782.50 IBS tunnel end
HPGe:15 STA. O+017.50
® Completed in September 2022. . o
® 1,000 m depth and 3,000 m3 exclusive experimental area i
® YL facilities are being relocated to YemilLab. il

® Large halls for AMoRE-II, LSC w/cyclotron/accelerator

and purification.
® Ladder halls for COSINE, HPGe/Alpha, Refuge, etc.

e

entrance

|STA.. G-897.00

2025:Yemilabnow fully operational.
AMoREI & COSINEOO installed & preparing for operation.
Other science to come (Neutrinos, Geology, Biolog

s Y LH PGe
COSINE

Mt. Yemi > Sy ¢
(EL 998¢ & TN Connecting LSC




Nuclear and Particle Physics:

* WIMP: COSINE-100U @ Yemilab
- Lower temperature (-30°C)
- Experiment will begin in 2025.

* 0vDBD: AMoRE-II @ Yemilab

- Large cryostat is under testing.

- Experiment will begin in 2026.
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World Deep Underground Science Labs
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Sanford Underground

SANFORD Research Facility (SURF)
UNDERGROUND Homestake mine, Lead, South
RESEARCH Dakota, USA
FACILITY S e

Depth - 4850L (1480 m, 4300 mwe) < A e

Davis Campus (1018 m? / 4633 m?3)
(Schematic 2018) Ross Campus (920 m2 /3144 m3)

J. Heise 2025



SURF Science Program i Current Physics Highlights

Strong and diverse program with exciting future

LUX-ZEPLIN (LZ) MAJORANA DEMONSTRATOR (MJD) CASPAR

A Direct search for dark matter using A Investigate neutrinoless double- A Stellar fusion reactions to study
10 tonnes xenon beta decay using 44 kg Ge nucleosynthesis using accelerator
A World-leading WIMP-search results A Final Ge result July 2022, Ta-180 A Initial phase 2015-2021, next phase

3 announced July 2022 + Aug 2024 decay search first results June 2023 starting in 2025, last for 3+ years
Q Sanford Underground Research Facility SURF Overview | August 2025




Long-Baseline Neutrino Facility (LBNF)

LBNF will host the Deep Underground Neutrino Experiment (DUNE)

Excavation complete Ventilation Borehole

Cryostat installation begins early 2026 to3650L N\ eﬂ“\\\a\:@

Science starts late 2029 P AN RN

Operations until ~2050 i~ Generator Room °F
Expanded Access Drifts o G‘(‘am‘oe( /

(52mWx 6.3mH) —

Maintenance
Shop —™™

NS

2X Detector Caverns:

145m L x 20m W x 28m H
(475" L x 65

1x Utility Cavern:

190mLx20mWx11mH
(624" L X ©64°

#6 Winze
Rock Dump

SURF Overview | August 2025



LBNF North Cavern

Sanford Underground Research Facility SURF Overview | August 2025



