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Why go underground?

Low Background Particle / Astroparticle Physics

Å Direct dark matter searches

Å Atmospheric, solar & supernova neutrinos

Å Reactor and accelerator neutrinos

Å Neutrino-less double beta decay

Å Nuclear astrophysics / stellar reactions

Å Misc. rare-decay processes

Other óMulti-disciplinaryô studies

Å Pure and applied cosmic ray studies, 

Å Gravitational waves studies

Å Misc. Earth and Environmental Sciences

Å Geo-microbiology & life in extreme environs

Å Astrobiology and planetary exploration

Å Quantum sensors, quantum computing

Å Etcé
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Whatôs needed from an underground lab? (1)

Cosmic ray Muonsé

ÅDeep underground facilities provide rock overburden & 

commensurate reduction in c.r. flux & spallation induced 

products (neutrons)

Neutronsé 

Production from

Å c.r. muon spallation

Å U/Th fission

Å Ŭ, n reactions

Gammasé.

Å Reduction in ɔ-ray background at higher 

energies from c.r. and neutron reduction

Å Below 3.5MeV dependent on local geology

Radoné.

Å Dependent on local geology 

& ventilation
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Muon Flux vs. Depth

Gamma 

backgrounds
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Go undergroundé

Choose low 

background rocké

Experimental Space withé



Underground Labs around the worldé.

Boulby

SURF

SNOLAB

LNGS

JINPING

CALLIO LAB

In mines and 

under mountains



Other Factors:

Facility Infrastructure, operations and support factors:

ïGood surface & underground infrastructure & support facilities

ïReliable utilities: power, ventilation, heat management, water, gases/liquids

ïGood Health & Safety and security systems

ïScientific and technical support personnel: design, construction, operation/analysis

ïAncillary science support facilities: low background assay systems, clean rooms 

workshops etc, etc é

Various other site characteristics that matter to science teams:

ïEase of Access (vertical or horizontal); Max installation size limitations

ïLocation (neutrino flux from beam/reactor, ease of travel, quality of life)

ïCleanliness, vibration and other interferences

ïSuitable geology / environmental characteristics

óA hole in the ground is 

not a facility!ô

Local politics & science community: Solid host nation political and financial support, 

strong local science community involvement and support. 

Other non infrastructure-based 
things can be important too 

Whatôs needed from an underground lab? (2)



World Deep Underground Science Labs

SNOLAB (CA)

SURF (US) LSC (ES)

Boulby(GB)

LSM (F)

LNGS (IT)

CallioLab(FI)

Baksan(RU)

Kamioka(JP)

Jinping (CN)

Y2L/Yemilab(KR)

SUPL (AU)

12 national Deep Underground Labs currently in operation (others being considered) 
A large almost worldwide distributed infrastructure

PAUL (SA)
Andes (Ch, Ar)

Review and update from a facilities 
perspective.

Information from:
- Submitted slides
- Facility websites
- Previous reviews



World Deep Underground Science Labs

SNOLAB (CA)

SURF (US) LSC (ES)

Boulby(GB)

LSM (F)

LNGS (IT)

CallioLab(FI)
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PAUL (SA)
Andes (Ch, Ar)
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Review and update from a facilities 
perspective.

Information from:
- Submitted slides
- Facility websites
- Previous reviews
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China Jinping Underground Laboratory (CJPL)

CJPL -I
(4000 m 3)

CJPL -II
α300,000 m 3β

Å Rock overburden 2400 m

Å Muon flux 3.03 ×10 ĭ10 cm ĭ2sĭ1

Å Experimental space > 330,000 m 3

Astro. Phys. 172 , 103147, (2025) 

Yalong river 
hydroelectric 

project

2010+

2020+
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Large Shielding Facilities at CJPL -II

Å Large Water Shielding 

in B 2-Hall

Å For PandaX LXe -TPC 

experiment

Å Large LN 2 Shielding in 

C1-Hall

Å For CDEX HPGe DM & 

0 experiment

Å Large PE Shielding 

Room in C 2-Hall

Å Total 16 low -BG HPGe 

Ȃ spectrometers

1745 m 3 LN 2 Tank

LN filling completed

5500 m 3 Water 1 m thick PE wall

GeTHU

ü 15 low -BG Ȃspectrometers

ARGUS

ü Ultralow -BG Ȃspectrometer

GeTHU ARGUS

Providing low ɔ/n environment  

Pit

Top view of the Tank

Look at the 

PandaX det.
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Research Activities at CJPL -II

CDEX
DM&0 via HPGe

JUNA
Jinping Underground Nuclear 

Astrophysics experiment

JNE
Jinping Neutrino Program

GeoDEX
Deep underground geologic time 

variation in -situ detector experiment

And more:

CUPID -CJPL
Mo -100 0

NvDEX
Se -86 0

ICSER
Integrated Circuit Soft 

Error Research

é

PandaX
DM& 0 via LXe -TPC

CJPL welcomes researchers worldwide to submit proposals!

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

CDEX ǲ300/1T to come 
soon

See talk by Zeng ZhiςMonday TAUP 25



From Takeda, LRT-24
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Super -K 2025 :

ÅRunning with Gd
doping since 2020

From Takeda, LRT-24



Excavation of the Massive Cavern for 

Hyper -Kamiokande
Completed on July 31, 2025

Åhttps://www.icrr.u - tokyo.ac.jp/en/news/16770/

ÅThe project reached a major milestone!

ÅFull-scale operations are scheduled to begin in 
2028.
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93.7m high

69m wide

https://www.icrr.u-tokyo.ac.jp/en/news/16770/
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Since 2003

- KIMS (DM)

- COSINE (DM)

- AMoRE (0vBB)

- HPGe

Y2L

(2003+)

(2022+)
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2025: Yemilabnow fully operational.
AMoRE-II & COSINE-100 installed & preparing for operation.
Other science to come (Neutrinos, Geology, Biology ++)

AMoRE-II @ 
Yemilab

COSINE @ Yemilab

See talk by JunghoSo ςTAUP2025                                 



AMoREHall



World Deep Underground Science Labs

SNOLAB (CA)

SURF (US) LSC (ES)

Boulby(GB)

LSM (F)

LNGS (IT)

CallioLab(FI)

Baksan(RU)

Kamioka(JP)

Jinping (CN)

Y2L/Yemilab(KR)

SUPL (AU)

12 national Deep Underground Labs currently in operation (others being considered) 
A large almost worldwide distributed infrastructure

PAUL (SA)
Andes (Ch, Ar)

North 
America



SURF Overview

August 2025

Sanford Underground 

Research Facility (SURF)

Homestake mine, Lead, South 

Dakota, USA

Depth - 4850L (1480 m, 4300 mwe)

Davis Campus (1018 m2 / 4633 m3)

Ross Campus (920 m2 /3144 m3)
J. Heise 2025

(Schematic 2018)



Sanford Underground Research Facility SURF Overview | August 2025 20

SURF Science Program ïCurrent Physics Highlights
Strong and diverse program with exciting future

LUX-ZEPLIN (LZ)

Å Direct search for dark matter using    
10 tonnes xenon

Å World-leading WIMP-search results 
announced July 2022 + Aug 2024

MAJORANA DEMONSTRATOR (MJD)

Å Investigate neutrinoless double-
beta decay using 44 kg Ge 

Å Final Ge result July 2022, Ta-180 
decay search first results June 2023

CASPAR

Å Stellar fusion reactions to study 
nucleosynthesis using accelerator 

Å Initial phase 2015-2021, next phase 
starting in 2025, last for 3+ years



Sanford Underground Research Facility SURF Overview | August 2025

2x Detector Caverns:
145m L x 20m W x 28m H
(475' L x 65' W x 92ô H)

1x Utility Cavern:
190m L x 20m W x 11m H
(624' L x 64' W x 37ô H)
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Concrete Supply Chamber
#6 Winze 

Rock Dump

Maintenance

Shop

Expanded Access Drifts
(5.2m W x 6.3m H)

Ventilation Borehole 

to 3650L

Ross 

Shaft

Generator Room

Excavation complete

Cryostat installation begins early 2026

Science starts late 2029

Operations until ~2050

Long-Baseline Neutrino Facility (LBNF)
LBNF will host the Deep Underground Neutrino Experiment (DUNE)



Sanford Underground Research Facility SURF Overview | August 2025

LBNF North Cavern

Sanford Underground Research Facility 22SURF Overview | August 2025


