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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

S

* Misc. rare-decay processes Geology & i b
geophysics L
Other ‘Multi-disciplinary’ studies S B k-
« Pure and applied cosmic ray studies, §:°) @(‘,b |5
- Gravitational waves studies
« Misc. Earth and Environmental Sciences ULB Gamma
« Geo-microbiology & life in extreme environs - spectroscopy
« Astrobiology and planetary exploration ' W o
« Quantum sensors, quantum computing Biolo : Technology
. 9 Facilities Council
 Etc... astrobiology and

Boulby Underground
Laboratory

more.



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

Experimental Space with... Low Backgrounds...

) Go underground...
Cosmic ray Muons... J

« Deep underground facilities provide rock overburden &
commensurate reduction in c.r. flux & spallation induced
products (neutrons)

Neutrons...
Production from Radon....
e c.r. muon spallation ° Depen_de_nt on local geology
e U/Th fission & ventilation
@, n reactions \ \
Choose low
Gammas.... _— background rock...

« Reduction in y-ray background at higher
energies from c.r. and neutron reduction
« Below 3.5MeV dependent on local geology

counts /hWkeV

Gamma
backgrounds
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Underground Labs around the world....

In mines and
Boulby under mountains
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What’s needed from an underground lab? (2)

Other Factors: : :
‘A hole in the ground is

Facility Infrastructure, operations and support factors: not a facility!”
— 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

Other non infrastructure-based

things can be important too ,
Science and
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.
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- Facility websites
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China Jinping Underground Laboratory (CJPL)

O Rock overburden 2400 m
O Muon flux 3.03x10"1°cm—2s-1
O Experimental space >330,000 m3

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

O Large Water Shielding
in B2-Hall

O For PandaX LXe-TPC
experiment

5500 m3 W

Look at the
PandaX det.

O Large LN, Shielding in
C1-Hall

O For CDEX HPGe DM &
Ovp experiment

1745 m3 LN, Tank —
iLN fi Ilmg co pleted

L - o]

‘_.-l‘

B - FRN
of the H*ﬁ%“ '*f.

O Large PE Shielding
Room in C2-Hall

O Total 16 low-BG HPGe

Y spectrometers

GeTHU

> 15 low-BG y spectrometers
ARGUS

> Ultralow-BG y spectrometer

10



Research Activities at CJPL-II

JUNA

Jinping Underground Nuclear
Astrophysics experiment

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

PandaX
DM&O0vEB via LXe-TPC

And more:
CUPID-CJPL

Mo-100 Ov@g

NVvDEX
ICSER

Integrated Circuit Soft
Error Research

Se-86 Ov@g

Auxiliary
gate no. 2

CDEX - 300/1T to come

soon

No. 1

No. 2 auxiliary

CDEX
DM&OvEE via HPGe

tunnel ’

Service

;\ [/tunnel A
Al

R

Hall A

Connecting
tunnel AB

No. 2 gateway

A2

B3 ™\ Service
B1 g4 tunnelB

B2 (@]
No. 1 auxiliary tunnel
®» .o v
Hall C ’

Service
D1

tunnel D
Connecting

Each experimental hall measures D2

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

Middle
connecting tunnel

Service
tunnel C

Hall B

Auxiliary tunnel
Bl Traffic tunnel
Bl Drainage tunnel

tunnel CD

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 Zeng Zhi — Monday TAUP 25

CJPL welcomes researchers worldwide to submit proposails!
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® Kamioka underground (I\/lozum| mme)

® 1000 m overburden

® Super-K, KamLAND, EGADS, CADLES, NEWAGE, XMASS, KAGRA, CLIO -

® Tochibora mine

® 600 m overburden
® 3 km far from Mozumi mine.
It is now being excavated.

Mt. Ikeno-yama
(Mozumi mine)

/ t"‘lOOO m

From Takeda, LRT-24

Mt. Nijugo-yama
(Tochibora mine)

k.
Surface I I K

OROVILLE (USA)

BOULBY (UK
/ GRAN SASSO (raly)
HOMESTAKE (USA)

CANFRANC (Spain)  /
ST. GOTHARD (Switzerland)  »
FREJUS (France)}
MONT BLANC (France)
T

SUDBURY (Canada}
v BAKSAN (Russia)\

T

1000

2000

3000

4000

Depth (m.w.e)

9

5000

6000



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- _ ar SNna * Running with Gd
decay. ® mospheric, solar, neutrinos, : :
" . DSNB, proton decay, indirect DM clojpling slee 2021
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, 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 4
2028. 93.7m high
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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

Since 2003
~150 km from Seoul
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3 Gan neun: : .
B \"’D : R | - COSINE (DM)
onghae - s ‘ Entrance
Yemﬁab ® Yemilab: (2022+) ‘ S MR - /VORE (0vEB)
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~150 km from IBS-HQ
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. - s
Yemilab

Main tunnel end
[STA. 0+782.50 IBS tunnel end
——— STh. 0+517.50
® Completed in September 2022. . o
® 1,000 m depth and 3,000 m3 exclusive experimental area . 8D
® YL facilities are being relocated to YemilLab. Sorae

® Large halls for AMoRE-II, LSC w/cyclotron/accelerator
and purification.
® Ladder halls for COSINE, HPGe/Alpha, Refuge, etc.

-

entrance

,mm

2025: Yemilab now fully operational.
AMORE-II & COSINE-100 installed & preparing for operation.

Other science to come (Neutrinos, Geology, Biology ++

- 8- J o altenTLiu-eIthe
=7, T ... COSINE

65.5m(12.0%)
STA. 0+B804.50




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.

E \ e Y2L: : : ) !
E RN < = WIPP (USA)  Ref. Chin. Phys. C 45, 025001 (2021)
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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 — Current Physics Highlights

Strong and dlverse 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

&)
Q Sanford Underground Research Facility

MAJORANA DEMONSTRATOR (MJD) CASPAR

Investigate neutrinoless double- Stellar fusion reactions to study
beta decay using 44 kg Ge nucleosynthesis using accelerator

Final Ge result July 2022, Ta-180 Initial phase 2015-2021, next phase
decay search first results June 2023 starting in 2025, last for 3+ years

SURF Overview | August 2025 20



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' W x 92 H)

1x Utility Cavern:

190mLx20mWx11mH
(624' L x 64' W x 37" H)

#6 Winze
Rock Dump

SURF Overview | August 2025
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4850L Space Needed for Future Experiments

U.S. strategic plan recognized need for more UG space, endorsed expansion

SD approved $13V

Proposed expanded
area ‘on a timeframe

LAVHS S3LVA
14VHS SSOd

of next generation Phase A construction Phase A $13M State of SD /
(efggg'g)‘,e”ts completed Mar-Sep 2024 Phase B | $100M Private
\DAVIS Outfitting $100M Federal

S
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- Fund SURF expansion outfitting for neutrino
& dark matter expts
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FUTURE SCIENCE

Up to Two Detector Caverns: EXPANSION S
100m L x 20m W x 24m H PHASE B PUS

(330'L x 66' W x 80" H)

Sanford Underground Research Facility SURF Overview | August 2025



Granite
Gabbro

CN Tower
553 m (1815 1)

Creighton mine, Sudbury t
Ontario

SNOLAB

/Depth 2070m (6010mwe)
- Volume 37,241m"3




e Free space
N B Science Program

Broad & Multidisciplinary SNgLAB

Science programme goals: >y

1) Increase our understanding of the particles | S —

Cryopit Future Experiments

and forces that have shaped the universe. Next generation experiment Laboratory Facilities
. Cube Hall OvBg decay or dark matter Experiment Areas

* Whatis the nature of dark matter? DEAP-3600, PICO500, NEWS-G |
. ] tential for | ject after 2030 Electrical Shop J-Drift

* What is the nature of the neutrino? R - S . SENSEI, DAMIC,

. . ope o o Halo Stub
2) Collaborate in scientific research requiring HALD Qscura
P ' g Machine Shop
deep underground facilities. poRentigl braartowah for ) i
future expansion _
* Neutrino observatories (solar, supernovae, Laddey Labs
PICOA40, SBC, CUTE, - .

geo, reactor, etc.) e SuperCDMS A

* Effects of radiation on biological systems LRV Schtiatar, " Life Sciences Lab — N, - A <3
Te Diol, TeA, LN2 Chemistry, REPAIR —

* Environmental monitoring (nuclear non-

SNO Cavern 5000 m? of class 2000 cleanroom
proliferation, etc.) SNO+ SNO+ Te = underground.
- . . Potential for lav:;e o BGskground s <2000 particles >0.5 pm in
3) Pursue opportunltles In emerging areas of ; HPGe assay/screening, XRF, Radon Boards, diameter per ft* arXiv:
roject after 2040 P Alaliban s
pAsd FLAME, XIA, CTBT Dual HPGe, 2600 m? of dirty space

underground science. IceCube DOM Testing

* Quantum technologies (quantum
computing, sensors, and materials) 4) Become an intellectual hub that fosters collaboration

and connection. (Jodie Cooley 2025)



Background Characterization Capabilities SNaLAB

Assay Capabilities
* HPGe gamma counters
e 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)
e Alpha counting:
e XIA UltraLo-1800 and ORTEC Alpha Duo spectrometers XIA Ultralo-1800
* Inductively Coupled Plasma Mass Spectrometry high-sensitivity alpha
« ICP-MS instrument: Agilent 8900 ICP-QQQ counting
e Radium assay of water/leachate

» HTiO and beta/alpha coincidence counting
Underground Background Measurements
e Continuous radon monitoring: Durridge RAD7s
* Neutrons: Bubble Technology BDS System

ICP-MS low-level
elemental analysis

* Gammas: Nal detectors
e EMI: RIGOL spectrum analyzer (9 kHz to 7.5 GHz)




SNOLAB 15-Year Plan: Highlights

e
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.
CFl 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.

Also considering expansion UNDERGROUND

New Building Feature
Outside the Vale control zone
Large auditorium’

Training space

Additional surface lab space

Additional office and collaboration
space

Warehouse

Visitor Centre

Food preparation space (kitchenette)
Hostel

Day Care (on-site)

Cafeteria (on-site)

Underground expansion?

Scenario1

Addition
equivalent to
size of current

space

Addition
equivalent to
size of current

space (3

floors)

X

X XXX X X

Scenario 2

Addition 50%
larger than
current space

Expansion to
5 floors of
such space

<< <

X | X | X

SNgLAB

Scenario 3
(v

Addition 50%
larger than
current
space

Expansion to
5 floors of
such space

N o e @@



SNOLAB 15-Year Plan: Highlights SNgLAB

* Newdecisitc Scenario 2 & 3: New Underground Lab Space Sr\t:l(AB

2024 Canacd
i
M ajor Rese Large Cavity for Beyond Existing Lab
Tonne Scale OvBB decay or 3
named on ¢ e, Phase | Ladder Labs _

Addition 50%
larger than
current

* CFlis assess space

- ‘ 5 floors of
* SNOLAB ask N such s:aace

Phase Il Large Cavity
framework.

budget esti
bU dget s New Ladder Labs experiments and/or
1. Mai expanded facilities and capabilities to
support future program
2. Full
rese Wou |d be delivered . Utilities including Distillation Raise, Chiller
3 In cr | ate 20305 T — Raise, Electrical Room
:
~Cafeteria (on-site] - x - x -
Also considering expansion UNDERGROUND :
& €XPp Underground expansion? X v v



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




| ///,:\ STAWELL
Stawell Underground Physics Laboratory \Q@) L

» Operational since October 2023.

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

Research Space: 260m? / 2500m3

Radon: Limited access to 10 Bg/m3 from a surface air line.
Depth . MWE 2V AN\
1025m rock over burden £y 2000 W

Relative Humidity
40-70%

Temperature
21°C +/- 2

450 Bg/m? 3.6x10%cm?/s

Type of access
Helical drive-in via operational
mine

[}
[}
0 Average radon concentration Total muon flux
+

Figure 1 — Stawell’'s location
relative to key capital cities



A\ PRYSICS LAB

. 7Nl
Stawell Underground Physics Laboratory Q@) UNDERGRDUA

.';_A”‘.fi.
!

CELLAR

Cryogenic Facility

3 Proteox MX dilution fridge
Operational 2026.
Research Program:

_+ Quantum technologies

ey ‘4.
SiTES
2 IM »,
i) ¥+ Low mass dark matter
) » , * Gravitational waves

T
l 5 "'l i T IS B S Materials Screening
W I TN il ; Future proposed capability,

SABRE South

Direct detection dark matter
experiment.

Installation and construction
phase underway.
Commissioned 2026.

e
— —
‘

|

Future Proposals
Radiation biology facilities.
Clean room 20m?,

MATERIALS
[, ANTEROOM .

o /'\
=\ STAWELL
31 /(5))) UNDERGROUND
N7 BHSIcs Lie



World Deep Underground Science Labs

SURF (US)

SNOLAB (CA)

.

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




Gran Sasso National Laboratory - LNGS

Italy. Under Gran Sasso Mountains (<2hr frm Rome)
Shielded by 1400 m (3800 m.w.e.) of rock Area: 17.800 m”
Total Muon flux 3 108 cm2 s'. Volume: 180.000 m”
Radon ~100 Bg/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

cosmic SILENCE XENONnT

EXIT CRESST LEGEND-200 GEMINI COSINUS
CUORE \_ LUNA-400\ LVD GINGER
CUPID

BELLOTTI IBF

CUPID R&D

cyeno
BOREXINO
D > Gran Sasso
LIME/CYGNUS . 233 - DS20K National

CRYOPLATFORM }aboratory
X ENTRANCE
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LNGS Experiments COSMIC SILENCE  XENONNT

T CRESST LEGEND-200 GEMINI /' COSINUS
CUORE LUNA-400 LVD GINGER
CUPID
BELLOTTI IBE
' CUPID R&D
cyeno & ==

1 | >
\ < | : BOREXINO
LIME/CYGNUS \‘ " | DS20K

CRYOPLATFORM

DAMA/LIBRA
STELLA

o Running
o Construction/Commissioning
o Decommissioning

ENTRANCE

Underground Surface: 17,800 m*
Underground Volume: 180,000 m?



Decommissioning of Borexino

Decommissioning of Borexino

Water and scintillator removal from Borexino and CTF completed

Hall C Borexino The dismount program for Borexino
Water Tank » Dismount activities will be organized to minimize interferences
an r e - a,r r an g e I I l e n O - * Many plants will not be available in hall C
Technological « Reconfiguration of safety infrastructures will be necessary
Infrastructures + Dismounting will start before the end of the year
Hall C
Water Tank | The new design for the hall C imply:
m » LEGEND-1000 in the North part
Aiéis » Discussion ongoing to install a new experiment in central part
» New infrastructures to support experiments
L E G E N D - 2 O O (O pe ra_tl 9] nal) Ds20k A new big cryogenic plant for LN production will be realized
Area « Located south of hall C just outside the hall

* Design completed
+ Construction will start soon

LEGEND-1000
(planned)

DarkSide-20k

In construction at LNGS




4 GRENOBLE

The LSM Underground Laboratory || @ e5c YA iiNP

' FRANCE
VOI U me: E Tunnel routier du Fréjus

Deepest Underground Lab in Europe
4800 m.w.e: muon flux reduced by >10°
Radon ~10-15 Bg/m3

Servitudes ;
dlectricité, ventilation,
climatisation

Experiment Focus Technology Description

SuperNEMO  OvBp Tracking- OvBp demonstrator tracking-calorimetry technique,
calorimeter  aiming at improving the sensitivity on the Oupg (T1z =

6 x 1024y with 8.3 kg of &Se). Its scientific scope

includes detailed studies of the 2vpp, single-state vs

higher-state dominance discrimination, and the

constraining of gA.
BINGO ovpp Gryogenic OV R&D facusing on developing innovative
technologies to achieve a very low background index,
of the order of 10-scounts/(keV kg yr) in the region of

nterest. Science progAad

B, apted to lab size: T
e e e st ot s smes. @ Low-mass DM Experiments

2

DAMIC-M DM SiceD DArk Matter In CCDs at Modane experiment employs e (VBB tech no|og ies
<= thick, fully depleted silicon charged-coupled devices
(CCDs) to search for dark matter particles with a /1
D o e o ok e e HPGe array for ULB activies Tunnel coutier de Fréjus
- MIMAC DM TPC An original prototype detector based on the direct s = — S AL . emm — T ®

coupling of a large pixelated micromegas with a
special developed fast self-triggered electronics
showing the feasibility of a new generation of
directional detectors.

;"'

< o it

Free sﬁ;oe
6%

F -’

RAMURE Bio Bio experiment on the long-term impact of natural

radioactivity on living organisms, in particular those
inhabiting aquatic ecosystems.
CELL STEM Bio Cryopreservation of stem cell in absence of
radioactivity background.
AQURA Quantum Study on the impact of natural radioactivity on -l a0 T Experiments
Clocks modern atomic quantum clocks. lall a ley 56%
o : T —
LSM is developing a low background centre of R T dy roaad 1 .
Low excellence, which will incorporate the local expertise . e .
q,;j PARTAGe Background HPGe and capitalises on the low background HPGe - . s
Counting detectors curenty a LSM whie adding addtonal Straight-forward access (trucks up to 9m B
ardware to this suite. |
=~ ™



Canfranc Underground

Canfran C U nderg rO U nd La Laboratory, SPAIN

Depth = 800m

= 3
Located in Spanish-French Pyrenees border. Two-way access tunnels: abandoned train tunnel and operative road tunnel. Volume = 10,000m
First experiments (IGEX, ...) since 1986. Modern lab, 1600 m2, operative since 2010. 260 scientists from 50 institutions.
800 meters (v) of rock - muon flux is 5x10-7 cm-2s-1 ; neutron flux (E<10MeV) is 3.5x10-6 cm-2s-! ; gamma flux is 2 cm-2s-1

Radon abatement system: 220 m3/h radon-reduced air at 1mBa/m3 n
Parc .\m;n‘r: Regional Ga Y - 5
des Landes de Gascogne Agen 5 p g
@ E —n. .

Montauban
FRANCE st M o
Auch Toulouse - ﬁr
Bilbao s-n&g-sm'rf Pau o ntilation shaft in Rioseta, 1400 m
b :

NEXT-100 experiment -TPC with 100 kg of
Xe-136 at high pressure - installed @LSC to
search for neutrinoless double beta decay. In
operation since December 2023.

Lourdes

- ” m
Vitoria: c(v;“ml Pamgionl P 3l N ()
Parc hffre’_]] wonal
WIeOers Anegioroe,
m g e,

Huesca
3

Biarnitz 4 r
.
'
'

€07 ]
Zaragoza Ueida
d o

SPAIN &=

e

LLG(

Tarr. a;aru a ' "
Salou ) T T L) L T T L) T ] Li T L T T T T T T

2Km 3

NEXT-HD - TPC with 1 ton of Xe-136 at high
pressure will start construction plans in 2025.
Already working on LRT for the ton-scale
experiment: higher purity copper shielding, light
extraction with fibers,...

HPGe detector GeRysy ICPMS-QQQ underground EFCu: DAMIC lids ANAIS Experiment



Science and
Technology
Facilities Council

Boulby
Underground
Laboratory:
Status and plans
for the UK’s deep
underground
science facility.

Sean Paling
Boulby Underground
Laboratory, UK

s —— s o

P

IEI o~ " Sean Paling
Boulby Underground RNCTFC Boulby Underground Science Facility

Laboratory

Astropartlcle physics & ultra

low background studies

Ea?th and environmental science,

\Aslroblology and planetary
e exploratlon

Boulby Underground Laboratory:
- The UK’s deep underground science
facility. Current status and future plans

Underground lab @ Boulby

Sean Paling. Boulby Underground Lab. 2025



Boulby Geology & Mining

Excavations are in Salt (NaCl), Potash (KCI) and Polyhalite Britain’s
(K,Ca,Mg(SO,)). Permian evaporite layers left over from  deepest mine.

the Zechstein Sea (250m.yrs past). 1.1to 1.3km
deep.

Over 40 kms of tunnel mined each year (now >1,000kms), >1000kms |

the long-lived roadways being cut in the lower NaCl layer. tunnel r
HAHSHFT FEOCKSHAFT r \". Typical BOUIby '/'
METRES ro.2 o 1 Polyhalite Potash ' 9. SaltRoadway
S e, Ao < 1 LT 7 .. 4
e e T T == 21 years [& : -
Zechstein Sea
E Rock-Salt -
Low activity salt
3 U ~67 ppb,
.,,.. ano &-_ P RS - Th ~125 ppb Mine Shafts
| e i . . 5'_.;;
; > PR Tt e T W RSN : O O O urrent Lab
o s P | | At | | ETEE e e SRE SIS kN (2017)
L BLUTTER FMUDSTONE e 13 L S . %
5 " FEARIAR e S ey _“'«—»\ 2 |
: in MLIGSTONE B+ 4 I
LT _ T : e 'é P e _ 4T ";"‘»-4"”'"\'\ K Science and
= : : e 1 y A ) - Technology
. I ) QS Facilities Council

_|1_iu-u_ e ﬁ- L ;,,,_: % ave ? \.rﬁ o
oo : > o . RS e o = \ ! /L ICL AR _ ' Boulby Underground
- ' ' S Laboratory

Boulby Geology




. : v Office space, chemistry &

' clean prep lab, storage and
staging space, IT room

{ conference room,

orted access to
surreﬂﬁﬁlp geology & UG
- environs. Power,
== wifi/internet.

3000m? Qutside
Experimentation Area

ace support and
staging building

Volume 4000ms3
Depth 1,100m

& (>2800 m.w.e.)
Radon <3Bq/m3




Boulby Science Now & Future

Particle physics and ultra-low background studies

BUGS

\ R .

<0.0001 \
alphas/cm?/hr

XIA alpha particle
Pr—

; counters ;
8 ULB Ge detector systems, 2 XIA alpha
counters, Rn emanation (2), ICPMS-QQQ

BUGS (Boulby UnderGround
Screening). World-class
material screening for current
and future ULB experiments.
Towards PPT sensitivity for G3
DM and Neutrino experiments

Sclence and
Pees et

Boulby Underground
Laboratory
Boulby has hosted Dark Matter search studies

for over two decades. Including the NAIAD,
DRIFT & ZEPLIN experiment programmes.

Boulby now hosts CYGNUS directional DM
programme, NEWS-G/Dark-Sphere R&D and
providing ULB material screening for other

studies, inc LUX-ZEPLIN (LZ) Galactic

rotation curves

ZEPLIN-11 & llI:
The world’s first
2-phase Xenon

detectors
(Finished 2011)

Z z g &

WIMP-sclecn cross section [pb]

World DM particle
search limits and
future projections

dark matter |

Boulby Dark Matter Studies... otk

ZEPLIN-III @ Boulby

NEWS-G

Spherical Proportional
Counter (SPC) studies
@ Boulby

ALSI0 RAD Detecior

11-anode sensor

SPC concept: Variable target

Low E,, Low mass sensithvity

Simulation study of Neutron Beam
noutron iINeractions = = = = = = = = = = -
in the S30 at Boulby 4 MeV

CAmQO

DU SRy

w ] %
™, [Gevic’)

Direction of R&D at Boulby

alongsido NEWS-G at SNOLAB
o Mult-anode sensor
0 Gas mixtures & fitration

Working towards scaled-up
detector at Boulby, 3m diam,
DarkSPHERE
Estabishing Electro-forming
Capability at Boulby for Dark
SPHERE and beyond

(/. Katsioufas, This canf)

N




M u I tl d | SC | p | | N ary SC | ence Blt\nguthr?rllxlo BUTTON-30: a technology testbed

for future (anti)neutrino detection
tech nOIOgy A US-UK proof of concept project for a non-proliferation implementation
testbed

Applied low background particle physics, Earth and

EﬂVIfOnmenfOI SCIenCG, Asfrobiology & Planefary Explorahon BUTTON—30_isa_proofofconceptforafuture1—deetectorproviding

100-tonne fiducial volume

Part of a worldwide effort to develop
WhbLS detector technology. Other
experiments include EOS at LBNL and
the Brookhaven 30-ton at BNL.

Technology Development.

MINAR:
Astrobiology and planetary exploration technology development

MINAR VII & VIII.
2018 - 2021

Water Based
Liquid
Scintillator

1587891
1.281006 PMT structure | &
installation | A
completed July
2025

0.974121

NASA-JPL N\ 0.667236
Signatures of life studies

Anti-neutrino
discrimination

0.260352 with Gd-H,0
Button @ Boulby Feh 25
0.053467
Lulea University 0.253418 RESOURCE: RESOURCE Collaboration:
Tt KORE rover 3D area : British Geological Survey
5 aanile < _H S Compressed Boulby Underground Lab
Remote3 ! -0.560303 University of Cardiff

Public Engagemenf . ; . gas energy L it Cafts - Technoioal
) 5 5 -0.867168 Storage R&D ow Carbon |echnologies

-1.174072

1.480557

Birmingham University
BIOSPHERE Human Habitability Studies -1.787842 * Engineering solutions have boen devised 10 store energy

whilst production is high and feed it into the gnid when
production is low (e.g. CAES, hydrogen storage)

2.094727 * Helps to regulate the production of renewable energy

Edinburgh University
MUFFHINS water activity
monitoring payload

-2.401611

2.708456

Mid-scale rock
engineering
tests of gas
containment in
salt cavities for
— i energy storage




Sclence and
Technology
Facilities Council

Boulby Underground

Laboratory

Earth & Particle Physics

Astrobiology &

Boulby Activities Now
and in the Future

m

CYGNUS - DM R&D

€ News-G- DM R&D A
=]
# BUGS: Ge, XIA, RnEm - Material A
& Screening
z
s RECON - Nuclear Security R&D A
of
BUTTON — Nuclear security R&D A
*_.E Muon Tomog — CCS & undersea A
E Geoimaging R&D
=]
E RESOURCE — Energy store R&D A
“  Seismology/AION R&D A
§  BISAL — Biology/Astrobiology A
LEL MINAR — Planetary Exploration Tech A
; development
£ Misc. Other. i
&  SELLR, C14, Adrok, BIO-SPHERE...
Outreach/ Education A

- Misc events, progs, Remote3...

Status: A = Active, P = Paused, E = End,
| = Interest confirmed

2023-2030

Medium Term (Current Lab + mods) m

BUGS: Ge, XIA, RnEm, ICPMS -

A
Material Screening
BUTTON-30 — Nuclear security R&D A
RECON+ - Nuclear Security R&D A/l
DarkSPHERE, SDMS, SOLAIRE, |
UltraDark, MechQSDM — DM Search
DATUM — Neutrino Tech R&D I
SolLAr — Neutrino R&D |
Seismology Array — Geosurvey R&D I
RESOURCE+ — Energy store R&D A/l
Muon Tomog — CCS & undersea A/l
Geoimaging R&D
BISAL+ — Biology/Astrobiology A/l
MINAR+ — Planetary Exploration Tech Al
development
Misc. Other.
AION R&D — Atomic Interferometry A
Quantum Computing Tech R&D? I
Outreach/ Education: A

General Public, Schools +

Future facilities & science @ Boulby...

2030-2040+

Long Term (Current lab plus major new lab)

Particle Physics and Low Background Science:
Dark Matter: Major Next Gen Experiments:

*  Xenon (XLZD)

*  Argon (SOLAIRE+)

*  Gas (DarkSPHERE+)

e ULT technologies for DM

*  Quantum Technologies for DM
Neutrinos:

*  BUTTON-100+

*  DATUM (LEGEND Support),

¢  SolAR +....

Mat screening & LB Techniques: A world’s best facility:

* Ge, XIA, RnEm, ICPMS, Cleanliness & Engineering R&D
* RECON+ - Nuclear Security Gamma spec

Target projects
for a major new
UK underground
facility / campus

Earth & Environmental Science:

» Sustainable Energy R&D (Gas Storage, Geotherm, CCS)
* Local/Global Seismology Observatory

* Geological Repositories R&D

* Misc geology / Geophysics R&D

Astrobiology & Planetary Exploration:

* Extremophile R&D

* Astrobiology / life beyond Earth R&D

* Human habitation R&D

* Planetary exploration technology development
* Mining and industry application development.

Quantum Sensors and Computing:
*  AION-20/100/100 — Atomic Interferometry
*  Quantum Sensor and Computing Technology R&D

Outreach and Education:
* A National Centre for Science and technology outreach
and education.




sclence and
Technology

Boulby Development Project
New Laboratory and New Science.  suby underground

Laboratory

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

L t,,i;':*.

Stage 2 (2030+)

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

DRAFT: 2-stage Designs

*
-
\\\ } o ) S
* /\\\{ s ~(30m)® main_<as
- cavit T g
Total volume <N o . .

< N . >
el

(Stage 1 + stage 2) < R N
G5 Stage 2

G8 T ARE e S Wy ~120,000m? N >
té\ &N 5 2 - NS (Polyhalite)
L ; ¢ . e :\\ N

A

L Boulby now EXPANDING to host expanding science [+ Excavations for stage 1 now underway



Work in

Boulby Development Project: progress

2024/25

Stage 1 Excavation

SIS

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

LeSggam high 206m@10mhigh | s L 10m high

: 5: Ramp o . - 1 | - Material infout ramy
Level i sttan) J 1 A / e - L i Stage:l-
T — Functional

e = N = o3 e o 7
I "m = . L - 107 m Design
e Depth:

1x 1.1km

Gl | w— T . Volume:
= ~60,000m3

[y

p=3

i

o
|5
i |5
reee(0TT)

\_v dwey

ke
PILLAR 2

South Gallery ref level (ceiling) 1.5m

U
lower than North Gallery (ceiling).
[Er— i’/ | ry (ceiling). |

* 340m @ 5 m high

Stage 1 lab will give >5 x increase in clean
multi-disciplinary experimental space Excavation almost complete. Expected Oct 2025. (Outfitting ~2028)




New Lab(s) Design

53 14ad R5ALLD CRING LOVTL

500
HEIGHT

205 m @ 10 m high o »:-Stage 1

[ 161 200¢. 800+ k1.

[
S21ALLERANATED FOOR VL L f
350 = IN WALL STRUCTURE
HALL FLOOR STRUCTURE )
5000 BASIN DEPTH
T— — 325 STRUCTURAL SUPPORT
| Wl Iﬁw mwn-;\.w AN J» '7 350 FILL LAYER
H 1 !

=il

TS AL BRI A VL i
- & 9800 -

SECTION VIEW FROM STAGE 1 ENTRY/CLEANLOCK (WEST LOOKING EAST)

basin option

Stage 2

Handling/ process

-+ el X
X2 O
v 340m @ 5 m high - .
Stage 1 XLZD Pre-Construction
I Stage 2 Design, revision 5.1.3 | li?:;‘éﬁ% o
Max gradie

U-L connecting ramp could
enter at LC1 or LC2 if better.

| hoping to negotiate
goods-only lift and spiral stairs
in one raise bore

Under-tank
basin option,
consistent with

Facility Design and Experiment Design are closely entwined.

. . . Uy * Expt Hall
Notch in shaft is baseline [section St n 2t 10 _ 30x13m

Lab but complicates liner [P s B I | Portacabin palace
> depend o Stress :“ : s . ...mshﬁlll ........ "L‘f,, ........... 3% 10
e/ AmN@O irections i e
directions in rock P Lower Expt Hall

el i fezr 36m o F0m ks Crecstat r

XLZD in Stage 2

min 7m shaft dep Currentbuilding

" Pad for on-site
data centre option
30x3m

Surface Tech Buildifig
(max footprint 30 x 30m)

Surface Building Plans




World Deep Underground Science Labs

SURF (US) —®

Labs not covered in
talk are included as
additional slides

SNOLAB (CA)

s

CallioLab (FI)

LSM (F)

Boulby (GB) —® \

LSC (ES’7'

LNGS (IT)

|

Baksan (RU)

Y2L/Yemilab (KR)

/

'\ N

Jinping (CN)

Kamioka (JP)

SUPL (AU) \‘

12 national Deep Underground Labs currently in operation (others being considered)

A large almost worldwide distributed infrastructure




Overview of World Deep Underground Science
Facilities - SUMMARY

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:

e 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.

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.

Sean Paling El

STFC Boulby Underground Laboratory Boulby Underground

Laboratory

Science and
Technology
Facilities Council
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CALLIO

\:... - T

N s

i

Coordinator: Jari Joutsenvaara
(jari.joutsenvaara@oulu.fi)

For more information, please visit:
www.calliolab.com

en/callio-lab

University of Oulu
Kerttu Saalasti Insfitute

at the Pyhasalmi Mine, in Pyhajarvi Finland

About the Pyhdsalmi mine:

Underground mining since 1967 (Cu, Zn & pyrite )
1.4 km (~4100 mwe) flat overburden

Access via incline (12 km) or elevator

Mining ceased in 2022

Transitioning from mine to repurposing

Owned by Pyhdsalmi Mine Oy
Post-mining activities coordinated by the Pyhajarvi
town-owned Callio- Mine for Business
Science activities coordinated by the University of Oulu
Callio Lab
({}) Kﬂhu !AAL/AS'I
INSTITUTE

Pyhé&salmi Mine

UNIVERSITY
OF OULY

Basic information:
Benefits From The Whole Mine Site And Infrastructure Education and training
Project-based Operations — Low Operational Costs i
Research Activities At Callio Lab Coordinated By The Kerttu

Saalasti Institute, University Of Oulu Mining & tunnelling

An EPOS Research Infrastructure (ESFRI, 2020) E Mine reuse
A FIN-EPOS Infrastructure (FIRI, 2020)
Member of DULIA network and collaborating with CELLAR

network Geothermal research

Founding member of European Underground Laboratories

Assaciation (EUL, BSUIN projects) Undergroundlabs.network ) .
Working environment

Underground H&S

Multidisciplinary research and experiments

since 2015

Future food &
Underground farming

SpacelLab

Earth Observation
and remote sensing

Deep underground low
background facility

Particle physics &
muography

Something new?




Baksan Large Neutrino Telescope Project:

BAKSAN Neutrino rotebypes and Perspectives Laboratory structure at Baksan

Show affiliations

. Lukanov, A. D. ; Budzinskaya, A. A.; Gangapshev, A. N.; Gawrin, VU N.;
S e rV a O r u S S I a Fazliakhmetov, A. N. ; lbragimova, T. V. ; Kazalov, V. V. ; Kuzminov, V. V. ;
Lubsandorzhiev, B. K. ; Malyshkin, Yu. M. ; Nanzanov, D. A.; Novikova, G. Ya. ;

Petkov, V. B. ; Shikhin, A. A. ; Sidorenkov, A. Yu. ; Smirnov, O. Yu. ; Ushakov, N. A ; See V.V. Kuzmin, Eur. Phys J Plus (2012) 127
Veretenkin, E. P. ; Voronin, D. M. ; Yanovich, E. A. e ! 3 :

BUST’s hall

The article reports on the current status of the Baksan Large Neutrino Telescope

¢ " " : Low Bkg Lab2 +

roject and des: some select Its of the first st f the project
project and d cnhes? .e s.e ec .we. results of the first stage of the project, a Lasarlnterfarcen. a !’.l;
detector prototype with a liquid scintillator mass of 0.5 tons. The results of the 620 m - 1000 m w.e. '

second stage of the project, a prototype with liquid scintillator mass of 5 tons, and
project prospects also presented.

‘ \
Low Bkg Lab3 7 1500m B

DULIA-BIO 2024 - Bio Sciences in Deep Underground Laboratories, Publication: Physics of Atomic Nuclel, Volume 86, Issue 6, p.1380-1384 «DULB-4900» GeoPhys
. . Aug 19 — 22, 2024 Guildhall, York L Pub Date: February 2024 GeoPhys g p : Labl OGRAN's hall
Biological researches at the deep underground low radiation bor o114/ 10657 78823050182 7 Wbz 3400w
background laboratory (DULB-4900) and tunnel of Baksan ) ' ) £ ,
Neutrino Observatory: biophysics and microbiology Bibcode: 2004PAN..5.1330L © [ N GGNT's hall
Zarubin Mikhail?, Kravchenko Elena?, Gangapshev Albert?
1joint Institute for Nuclear R ch, Dubna, Russi
2|nstitute for Nuclear Research, Moscow, Russia /i H
ptstndie ol https://indico.stfc.ac.uk/event/1058/
Baksan Neutrino Observatory - Laney.
2 a R : D o AN AL F/%
BNO (INR RAS) was founded in the late 60-80t" in the B % =

Neutrino Village (1700 m.a.s.l.) located 22 km from 2 . = ) g
Scientific program at Baksan: highlights

related to fields of astrophysics, particle physics and
nuclear physics. Moreover newer topics of
interdisciplinary research are linked to geophysics, &
geology and biology (since 2019

‘,3 gl 2\ BUST (Baksan Underground Scintillation Telescope)
. study of cosmic rays with surface and underground detectors

gravitational ollapse supernova rate < 0.07/year (90% CL)

GGNT (Gallium-Germanium Neutrino Telescope)
Solar neutrinos observatory

gES‘llf (Baksan Experiment on Sterile Transitions) with *'Cr source (3.4 Mci) and 0.6-1m
aseline

LBR (Low Background Researches)
Investigation of rare decay processes (DBD and DM)

LGG (Laboratory for Geophysics)
Geophysics and gravitational waves

New:
cryogenic laboratory for bolometers (Mo-based DBD)
long term: 5kt scale Borexino-like detector (prototype stage)

=353

Misc Sources...



The ANDES
Laboratory
project design is
ready to be
included in the
Agua Negra
tunnel call for
tenders

/ / \ v . ' J o 5 . - :m ) ;I'V \ ‘-:?|l
Towards a new lab ' s A

in South America?

Andeslab.org

Alberto Etchegoyen —

= : Manuel Platino —

Argentina and Chile collaborators designed, built, and tested
two innovative (3-x/y planes) muon veto telescopes ready to be installed.
(see poster 517)

Advanced research in MMCs and digital SiPMs in conjunction between ITeDA and KIT (Germany)



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

PRV

Paare Arrica Unoererounp LasoraTory

North Bore

SN

e (-
==

F Malek (CNS, France

Paarl Africa Underground Laboratory -

Symposium on Science at PAUL

Lodge, Du Toitskloal Mountains

Plans for a new lab

in South Africa

"oy

‘—”\7 V)I 7T I’I/‘/IV/ y 4 S 4 X ~ //;
s Y4 r‘af// s

One of 3 proposed lab
designs. ~ Possible
. Total volume of 10,_240m3 R 2029/30

@ inc an access corridor

\ Du| Toitskloof Tunnel & E—
Du Toﬂ‘lf. Kloof &y "’0'-'—;; "
tunnel vu:-.s\/.ijlm ”/— :
- ¥ 4 Muography of tunnel: 1,5
' years of measurements

in- and outside of tunnel b
Muon tracker from s =
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Figure 6-1. Proposed PAUL locations are shown on an excerpt of the geological longitudinal section (drawing no. C1870-0300-DRG-STN-233011)




