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Why go underground?

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

Other ‘Multi-disciplinary’ studies

• Pure and applied cosmic ray studies, 

• Gravitational waves studies

• Misc. Earth and Environmental Sciences

• Geo-microbiology & life in extreme environs

• Astrobiology and planetary exploration

• Quantum sensors, quantum computing

• Etc…

Deep Underground Science Themes 
Neutrino 

Studies

ULB Gamma 

spectroscopy
Life in 

Boulby

salt

Geology &

geophysics

Biology, 

astrobiology and 

more.

Dark Matter 

Studies



What’s needed from an underground lab? (1)

Cosmic ray Muons…

• Deep underground facilities provide rock overburden & 

commensurate reduction in c.r. flux & spallation induced 

products (neutrons)

Neutrons… 

Production from

• c.r. muon spallation

• U/Th fission

• α, n reactions

Gammas….

• Reduction in γ-ray background at higher 

energies from c.r. and neutron reduction

• Below 3.5MeV dependent on local geology

Radon….

• Dependent on local geology 

& ventilation

Low Backgrounds…
Muon Flux vs. Depth

Gamma 

backgrounds

Boulby 1400

Go underground…

Choose low 

background rock…

Experimental Space with…



Underground Labs around the world….

Boulby

SURF

SNOLAB

LNGS

JINPING

CALLIO LAB

In mines and 

under mountains



Other Factors:

Facility Infrastructure, operations and support factors:

– Good surface & underground infrastructure & support facilities

– Reliable utilities: power, ventilation, heat management, water, gases/liquids

– Good Health & Safety and security systems

– Scientific and technical support personnel: design, construction, operation/analysis

– Ancillary science support facilities: low background assay systems, clean rooms 

workshops etc, etc …

Various other site characteristics that matter to science teams:

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

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

– Cleanliness, vibration and other interferences

– Suitable geology / environmental characteristics

‘A hole in the ground is 

not a facility!’

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 

What’s 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
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China Jinping Underground Laboratory (CJPL)

CJPL-I
(4000 m3)

CJPL-II
（300,000 m3）

 Rock overburden 2400 m

 Muon flux 3.03×10−10 cm−2s−1

 Experimental space >330,000 m3

Astro. Phys. 172 , 103147, (2025) 

Yalong river 
hydroelectric 

project

2010+

2020+
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Large Shielding Facilities at CJPL-II

 Large Water Shielding 

in B2-Hall

 For PandaX LXe-TPC 

experiment

 Large LN2 Shielding in 

C1-Hall

 For CDEX HPGe DM & 

0𝛎𝛃𝛃 experiment

 Large PE Shielding 

Room in C2-Hall

 Total 16 low-BG HPGe 

γ spectrometers

1745 m3 LN2 Tank

LN filling completed

5500 m3 Water 1 m thick PE wall

GeTHU

➢ 15 low-BG γ spectrometers

ARGUS

➢ Ultralow-BG γ spectrometer

GeTHU ARGUS

Providing low γ/n environment  

Pit

Top view of the Tank

Look at the 

PandaX det.
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Research Activities at CJPL-II

CDEX
DM&0𝛎𝛃𝛃 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 0𝛎𝛃𝛃

NvDEX
Se-86 0𝛎𝛃𝛃

ICSER
Integrated Circuit Soft 

Error Research

…

PandaX
DM&0𝛎𝛃𝛃 via LXe-TPC

CJPL welcomes researchers worldwide to submit proposals!

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

CDEX – 300/1T to come 
soon

See talk by Zeng Zhi – Monday TAUP 25



From Takeda, LRT-24
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Super-K 2025:

• Running with Gd
doping since 2020

From Takeda, LRT-24



Excavation of the Massive Cavern for 

Hyper-Kamiokande
Completed on July 31, 2025

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

• The project reached a major milestone!

• Full-scale operations are scheduled to begin in 
2028.

14

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: Yemilab now 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 Jungho So – TAUP2025                                 



AMoRE Hall



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 – Current Physics Highlights
Strong and diverse program with exciting future

LUX-ZEPLIN (LZ)

• Direct search for dark matter using    
10 tonnes xenon

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

MAJORANA DEMONSTRATOR (MJD)

• Investigate neutrinoless double-
beta decay using 44 kg Ge 

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

CASPAR

• Stellar fusion reactions to study 
nucleosynthesis using accelerator 

• 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 92’ H)

1x Utility Cavern:
190m L x 20m W x 11m H
(624' L x 64' W x 37’ H)

21

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



Sanford Underground Research Facility SURF Overview | August 2025 23

4850L Space Needed for Future Experiments
U.S. strategic plan recognized need for more UG space, endorsed expansion

Up to Two Detector Caverns:
100m L x 20m W x 24m H

(330’ L x 66' W x 80’ H)

Proposed Funding Model

Phase A $13M State of SD

Phase B $100M Private

Outfitting $100M Federal

✓

P5 recommendations to DOE/NSF (Dec 2023):

− “With SURF, the U.S. has created a premier 

underground laboratory”

− Fund SURF expansion outfitting for neutrino 

& dark matter expts

SD approved $13M

Phase A construction 

completed Mar-Sep 2024

Proposed expanded 

area ‘on a timeframe 

of next generation 

experiments 

(~2030)’



SNOLAB 

Status Update

Deep Underground Science Laboratory

Vale‘s Creighton mine, Sudbury

Northern Ontario, Canada

DEAP

SNO, SNO+ 

and more…

Creighton mine, Sudbury

Ontario

Depth 2070m (6010mwe)

Volume  37,241m^3



Science programme goals:

1) Increase our understanding of the particles 

and forces that have shaped the universe.

• What is the nature of dark matter?

• What is the nature of the neutrino?

2) Collaborate in scientific research requiring 

deep underground facilities.

• Neutrino observatories (solar, supernovae, 

geo, reactor, etc.)

• Effects of radiation on biological systems

• Environmental monitoring (nuclear non-

proliferation, etc.)

3) Pursue opportunities in emerging areas of 

underground science.

• Quantum technologies (quantum 

computing, sensors, and materials)

SNOLAB Science Program
Broad & Multidisciplinary

4) Become an intellectual hub that fosters collaboration 

and connection. (Jodie Cooley 2025)

Free space 
in Cryopit



Background Characterization Capabilities

HPGe

gamma 

counting

XIA UltraLo-1800
high-sensitivity alpha 

counting

Assay Capabilities

• HPGe gamma counters

• Dual-detector system, well detector, multiple coaxial

• Radon measurement systems

• Analysis of water, gases, and emanation from materials

• Radon measured with Lucas cells (produced in house)

• Alpha counting:

• XIA UltraLo-1800 and ORTEC Alpha Duo spectrometers

• Inductively Coupled Plasma Mass Spectrometry

• ICP-MS instrument:  Agilent 8900 ICP-QQQ

• Radium assay of water/leachate

• HTiO and beta/alpha coincidence counting

Underground Background Measurements

• Continuous radon monitoring:  Durridge RAD7s

• Neutrons:  Bubble Technology BDS System

• Gammas:  NaI detectors

• EMI:  RIGOL spectrum analyzer (9 kHz to 7.5 GHz)

ICP-MS low-level 

elemental analysis



• New decision-making framework introduced in the 

2024 Canadian federal budget to support Canadian 

Major Research Facilities (MRF).  SNOLAB was 

named on of six research facilities included in the 

framework.

• CFI is assessing long-term capital and operational 

needs of each MRF.

• SNOLAB asked to provide detailed and reliable 

budget estimates for the next 15 years under three 

budget scenarios.

1. Maintain current levels of operation​

2. Fully support the needs of the Canadian 

research community​

3. Increase global competitiveness​.  

SNOLAB 15-Year Plan: Highlights

Also considering expansion UNDERGROUND
Underground expansion?         X                ✓ ✓



• New decision-making framework introduced in the 

2024 Canadian federal budget to support Canadian 

Major Research Facilities (MRF).  SNOLAB was 

named on of six research facilities included in the 

framework.

• CFI is assessing long-term capital and operational 

needs of each MRF.

• SNOLAB asked to provide detailed and reliable 

budget estimates for the next 15 years under three 

budget scenarios.

1. Maintain current levels of operation​

2. Fully support the needs of the Canadian 

research community​

3. Increase global competitiveness​.  

SNOLAB 15-Year Plan: Highlights

Also considering expansion UNDERGROUND
Underground expansion?         X                ✓ ✓

Would be delivered 
late 2030s



World Deep Underground Science Labs

SNOLAB (CA)

SURF (US) LSC (ES)

Boulby (GB)

LSM (F)

LNGS (IT)

CallioLab (FI)

Baksan (RU)

Kamioka (JP)
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12 national Deep Underground Labs currently in operation (others being considered) 
A large almost worldwide distributed infrastructure
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Andes (Ch, Ar)

Southern HemisphereSouthern Hemisphere
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Stawell Underground Physics Laboratory

• Operational since October 2023.

• Located within Stawell Gold Mines, operational mine 
~2.5 hours west of Melbourne, Victoria, Australia. 

• Research Space: 260m2 / 2500m3

• Radon: Limited access to 10 Bq/m3 from a surface air line. 
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Stawell Underground Physics Laboratory

SABRE South
Direct detection dark matter 

experiment.

Installation and construction 

phase underway. 

Commissioned 2026.

CELLAR
Cryogenic Facility

Proteox MX dilution fridge

Operational 2026. 

Research Program:

• Quantum technologies

• Low mass dark matter

• Gravitational waves

Materials Screening
Future proposed capability. 

Future Proposals
Radiation biology facilities.

Clean room 20m2.  



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)

Europe



Gran Sasso National Laboratory - LNGS

3800 m.w.e.

1.1 μ / (m2 h)

Area: 
Volume: 

Italy. Under Gran Sasso Mountains (<2hr frm Rome)

Shielded by 1400 m (3800 m.w.e.) of rock

Total Muon flux 3 10-8 cm-2 s-1

Radon ~100 Bq/m3 with 5-8 air changes/day

Largest lab in Europe

3 main experimental halls:

~100 m long, 20 m width and 18 m height

Established 1980s



Area: 
Volume: 

E. Previtali

Xenon-nT

Gran Sasso National Laboratory - LNGS



DS20K

BELLOTTI IBF

LVD

LEGEND-200CRESST

CUORE

DAMA/LIBRA

SABRE

LUNA-400

GEMINI

GINGER

STELLA ENTRANCE

EXIT

CUPID

BOREXINO

CUPID R&D

VIP

LIME/CYGNUS

COSINUS

COSMIC SILENCELNGS Experiments

o Running
o Construction/Commissioning
o Decommissioning

CRYOPLATFORM

CYGNO

XENONnT



Decommissioning of Borexino
and re-arrangement of LNGS 
Hall C

LEGEND-200 (operational)

LEGEND-1000 
(planned)

Hall B
Hall A

Hall C



The LSM Underground Laboratory

Deepest Underground Lab in Europe

4800 m.w.e: muon flux reduced by >106

Radon ~10-15 Bq/m3

LSM Lab midway in the 13km France/Italy highway road tunnel

Surface lab (office, garage, museum)

Straight-forward access (trucks up to 9m) 

Science prog adapted to lab size:

● Low-mass DM Experiments

● 0vBB technologies

● HPGe array for ULB activies

Space is now 

tight. 

Plans being 

developed to 

install a new 

mezzanine 

level

Volume: 

3,500m3

TESSERACT (DM) to follow 
SuperNEMO.



Canfranc Underground 

Laboratory, SPAIN

Depth = 800m 

Volume = 10,000m3



Boulby 

Underground

Laboratory: 

Status and plans 

for the UK’s deep 

underground 

science facility.

Sean Paling

Boulby Underground 

Laboratory, UK

Sean Paling. Boulby Underground Lab. 2025



Boulby Geology & Mining
Excavations are in Salt (NaCl), Potash (KCl) and Polyhalite 

(K2Ca2Mg(SO4)). Permian evaporite layers left over from 

the Zechstein Sea (250m.yrs past).

Over 40 kms of tunnel mined each year (now >1,000kms), 

the long-lived roadways being cut in the lower NaCl layer.

Boulby Geology

Low activity salt

U ~67 ppb, 

Th ~125 ppb

PotashPolyhalite

Rock-Salt

Mine Shafts

Typical Boulby
Salt Roadway

Zechstein Sea

Current Lab
(2017)

Britain’s 

deepest mine. 

1.1 to 1.3km

deep. 

>1000kms 

tunnel

●



BUGS Material screening

Office space, chemistry & 
clean prep lab, storage and 
staging space, IT room, 
conference room, 

Surface support and 
staging building

Boulby Underground Lab Facilities 2024: >4000m3 class 1k & 10k 
(ISO 6 & 7) clean room lab space. 10Gb Internet. AC, air filtration, 
5T & 10T lifting, LN generation, fume hood & clean prep space. 
3000m3 Outside Experimentation Area (OEA) with power & 
internet. Supported access to wider mine environs.

3000m3 Outside 

Experimentation Area

Supported access to 
surrounding geology & UG 

environs. Power, 
wifi/internet.

Volume 4000m3

Depth 1,100m

(>2800 m.w.e.)

Radon <3Bq/m3



Boulby Science Now & Future
Particle physics and ultra-low background studies

BUGS



Multidisciplinary Science 
Applied low background particle physics, Earth and 
Environmental science, Astrobiology & Planetary Exploration 
Technology Development.

MINAR:

Astrobiology and planetary exploration technology development

Remote3

Public Engagement

RESOURCE:

Compressed

gas energy

storage R&D

BUTTON: 

Neutrino 

technology 

testbed



Future facilities & science @ Boulby…

Boulby Activities Now 

and in the Future



Excavations for stage 1 now underway

A new lab @ Boulby

Boulby Development Project 

New Laboratory and New Science.

Stage 2 Polyhalite)

Total volume 

(Stage 1 + stage 2) 

~120,000m3 Stage 2 

(Polyhalite)

~(30m)3 main 

cavity

Stage 1: Clean manufacturing and multi-
science lab in salt (1.1km) - 2028

Stage 2: Next Gen Rare Event Lab 
in Polyhalite (1.3km)  ~2030+

Stage 1 (2028)
Stage 2 (2030+)

ISO 6                                     Radio-
assay

ISO 7

w
as

te

ta
n

ks

Temporary
  storage

15t 

Tran
sfe

r

Com
ponents in/out

Noble gas store
                                ODH enclosure

Facility 
control

sh
o

w
e

rs
/

la
u

n
d

ry

27 x 6 x 4.5
(20 x 9.2 x 4.5)

10 x 6 x 4.5 44 x 6 x 4.5

StoreGowning

18 x 10 x 6
   (20 x 9.2 x 4.5)
  storage on roof

28 x 8 x 12
(20 x 9.2 x 4.5)

12 x 12 x 7.2 

60 x 12 x 12
(65 x 9.2 x 4.5-15)

Personnel/Xe

to Stage 2 in salt

Electro-chem/Wet-lab 
below load platform
         12 x 12 x 6

16 x 12 x 7.2
(20 x 9.2 x 7.2)

Mine services 
feedrooms

6 x 6 x 3m deep 
assembly pit: 
15m headroom

12 x 12 x 12 

load platform, 7m height

28 x 8 x 12

40 x 12 x 10
  (40 x 9.2 x 7)

15 x 6 x 4.5
(20 x 9.2 x 4.5)

“office clean” route to obs window/platform

23 x 8 x 4.5 restrooms

Access drift to -1.3 km depth polyhalite

existing salt roadway

R
R

S
(+

R
R

S H
V

A
C

)

20t 

M
e

ss
 r

o
o

m
s/

o
ff

ic
es

 

32 x 6 x 4.5
(20 x 9.2 x 4.5)

storage

10 x 12 x 7.2
  (15 x 9.2 x 4.5)

Storage

18 x 8 x  10-12

32 x 6 x 4.5

03 Oct 2023 AB,DW,JH,PE
Last change 16 Nov 23 AB/JH/PE/DW 

to Stage 2 in polyhalite

ISO7

office

Assembly, Test, Store

Clean Manufacture

load platform, 7m height

286m

118m

<<<(1:8)

>>> (1:8)

>>> (1:8)

>> (1:20)

Cleaning/
debagging

Cleaning/
debagging

Waste tanks

W
aste tanks

0 100 200 300
Stage 1, salt, -1100m

North

Hall

South
Hall

Stage 1 (Salt)

Boulby now EXPANDING to host expanding science

DRAFT: 2-stage Designs



Boulby Development Project: 

Stage 1 Excavation

Excavation almost complete. Expected Oct 2025. (Outfitting ~2028)

Stage 1 

Functional 

Design

Depth:

1.1km

Volume:

~60,000m3

Work in 

progress 

2024/25

North Hall will be 10m high with 
additional 14m (dia) 5m (h) pits 
(15m height in total)

Stage 1 lab will give >5 x increase in clean 
multi-disciplinary experimental space 



New Lab(s) Design

Stage 1 XLZD Pre-Construction

Stage 1 
Lab

Stage 1 Ventilation

Stage 1 Lining Options

Surface Building PlansXLZD in Stage 2

Stage 2 
Lab



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)

Labs not covered in 
talk are included as 
additional slides



Sean Paling

STFC Boulby Underground Laboratory

Globally there is wide variety of excellent deep underground science facilities operating. (I believe) 

the underground science communities are well served by the facilities that have emerged to meet 

their various needs.

In the future:

• Science projects (and demands on facilities) will grow:

• Some large spaces needed, more stringent cleanliness and low background requirements, 

more severe engineering and technology challenges, and more.

• The underground labs will be (and are) looking to meet these needs.

Overview of World Deep Underground Science 
Facilities - SUMMARY

International Underground Lab cooperation.

• Benefit to be had from sharing of operational practices and possibly international coordination of 

use of space and support systems (low background counting etc)…    Discussions to be had.



Additional Slides





BAKSAN Neutrino 
Observatory (Russia)

Misc Sources…

https://indico.stfc.ac.uk/event/1058/



Towards a new lab 

in South America?

Alberto Etchegoyen –

alberto.etchegoyen@iteda.gob.ar

Manuel Platino –

manuel.platino@iteda.gob.ar

Andeslab.org

mailto:alberto.etchegoyen@iteda.gob.ar
mailto:manuel.platino@iteda.gov.ar


Image from SANRAL/ZA

Paarl Africa Underground Laboratory 

~1300 m

A B

Approx. Cover (m)

A: 604 to 694
B: 511 to 551

North Bore

South  Bore

Huguenot Tunnel  – Du Toitskloof Mountain –

Potential Lab Locations A and B

under ~800 m maximum rock overburden

One of 3 proposed lab 

designs. ~

• 40m(L) x 16m(H) x 16m(W)

• Total volume of 10,240m3

inc an access corridor

Muography of tunnel: 1,5 
years of measurements 
in- and outside of tunnel

Muon tracker from 
J.Marteau (IP2I Lyon, FR)

Possible 

delivery 
2029/30

Plans for a new lab 

in South Africa


