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Boulby Mine AICL

A working polyhalite and rock-salt mine on the North B " m ——
East coast of England. = e

Owned by Israel Chemicals Ltd. (ICL-UK). Locally
operated as Cleveland Potash Ltd.

Major local employer: ~500 direct staff and 2000
indirect employment.

Polyhalite:
% K2Ca,Mg(SO,)
F [T T
7 M"“‘“ﬂb"%r Ships worldwide for
SO agricultural fertiliser
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= Deepest mine in
- Britain: 1300km
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Boulby Geology & Mining

Excavations are in Salt (NaCl), Potash (KCI) and Polyhalite

(K,Ca,Mg(S0O,)). Permian evaporite layers left over from the
Zechstein Sea (250m.yrs past).

Over 40 kms of tunnel mined each year (now >1,000kms in total),
the long-lived roadways being cut in the lower NaCl layer.
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M =5. Boulby Underground Laboratory

Boulby Underground
Laboratory
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The UKOs deep undergr ounp
operating in a working potash and salt mine.

1.1km depth (2805 mwe). With low background
surrounding rock-salt

Operated by the UK&s Science gau“;l'e
Facilities Council (STFC) in partnership with the Experimentation Area
mine operators ICL-UK (OEA)

Bunter Sandstone
Cosmic radiation attenuated

4000mS class 10k
and 1k clean lab
space

Factor ~10°¢
reduction in
cosmic ray flux
vS. surface
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Lab entrance



Office space, chemistry & OU/upported access to
clean prep lab, storage and surrounding geology & UG

staging space, IT room environs. Power,
.~ conference room, wifi/internet.

3000m? Outside
Experimentation Area




Old lab collapsed to create
W2 dziaA RS SELIS
N

Lighting, 240/110V power, Internet
[ WIFI. Ventilation, doors, MINAR
Base Station Hut

HdziaARS |

Geology &

Geophysics -
Astrobiology, s . = —
MINAR, Mars s

Analogue space

RESOURCE Project Outside Experimentation / MINAR Are

sean.paling@stfc.ac.uk



Boulby Underground Laboratory (UK)

~ | Working Mine, 2850 mwe

Current vol: 7,200m?

ZEPLIN+ (past), BUGS, News-G,
RECON, BUTTON & mor e

World deep underground
| aborator i e s@

World Underground Labs

N e | calliotab (Fi) | | Baksan (RU) |
SNOLAB (Canada) -
éﬁtrlpleenlt\ﬂ\;gﬁ,:gBOSggoTnv;/e Ear Kamioka (Japan)
. ) | NGs (i) | Active Mine, 2700 mwe
SNO+, SuperCDMS, Deep3600, < Current vol- 150.000m
PICO, Next Gen OvBB (to come?) Super-K, XMAS, Kamland-Zen +.
i~ Hyper-K (nearby, to come)

Y

13 National DULs in operation or under construction
A large almost worldwide distributed infrastructure m
Gran Sasso National Laborator
SURF Laboratory (USA) LNGS (Ital%

Disused Mine, 4200 mwe
Current vol: 7,100m3
LZ, MJD, DUNE (to come)

Under mountain, 3800 mwe
Current vol: 180,000m?3
Borexino, Xenon, DarkSide +




Facilities Council
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wide-ranging operational & high « Earth & Environmental Science

level support.
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Astrobiology & Planetary Exploration Studies

Outreach & Education
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Boulby Underground
Laboratory

Working alongside
Mining @ Boulby

STFBoulby Lab responsibility:
Run and maintain the lab

Facilitate / Support Science L p
Health & Safety TR ”- -

. AT
Operations Impact LS

ey

Outreach & Media ol T X

/)

CPL/ICL support us:

Keep the mine operating and safe
Emergency H&S

Materials transportation

High level support

AICL
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Technology
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Boulby Underground
Laboratory

sean.paling@stfc.ac.uk

Science Programme Status
and Plans.

A Astroparticle & Low Background Science

A Earth & Environmental Science

A Astrobiology & Planetary Exploration Studies
A Quantum Sensors and Computing (new)

A Outreach & Education

April 2025
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Boulby has hoste@ark Matter searctstudies for over two decades.
Including theNAIAD, DRIFT & ZEPldiperiment programmes.

Boulby now hosts CYGNUS directional DM programme, NEYWS Velocity
DarkSphere R&D and providing ULB material screening for other vy
studies,inc LUXZEPLIN (LZ)
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Spherical Proportional
Counters (SPC) at Boulby

NEWS-G
DarkSPHERE

K. Nikolopoulos, P. Knights, L. Millins,
G. Rogers, D. Spathara, P. Walters
University of Birmingham
and international NEWS-G
Collaboration

NEWS-G Activities at Boulby

0 Instrumentation developments Vew'_b
2 Multi-anode sensor
3 Gas filtration
3 Rate effect studies

O Neutron spectroscopy (with N, gas)
32 Neutron background surveys
32 Industrial applications

ﬁ High-purity copper electroformation
Towards scaled-up, electroformed,
detector at Boulby, 3m diam. 5 bar

He:CH,H,, DarkSPHERE

Eg'3 UNIVERSITYOF
=y BIRMINGHAM

11-anode
sensor

See at IOP: Dimitra Spathara- Talk
Giovanni Rogers Poster
Peter Walters- Poster

DarkSPHERE
@3 m Fully Electroformed SPC

Access to detector

Modular water-based shield
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Ultra Low Background Material
Screening @ Boulby (BUGS)

\ !

1 <0_0'001 " ; - - : BUGS (UG): A range of HPGe detectors and alpha particle detectors
‘ for intrinsic and surface radioactivity measurements.

|- alphas/cm?hr

XIA alpha particle
= ST Counter
Lo —— '

8 ULB Ge detector systems, 2 XIA alpha
counters, 2 Rn emanation systems, ICPMS

.4 il
ICP-MS (Surface): Newly installed system for trace element analysis and
isotopic ratio measurements.

BUGS Facility: (Boulby Under -Ground
Screening)

ULB Germanium (8)

XIA: Surface alphas (2)

Radon Emanation (2)
ICPMS-QQQ * Allnow in operation

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

To o To I

At this conf aLHlfd % Talk Mon pm
Sid Ahmed Maouloud d Talk Tues pm
Sophie Carroll & Poster Mon pm

. Aiming for ALL key ULB screening
systems under one (1.1km) roof.




Multidisciplinary Science

Applied low background particle physics, Earth and
Environmental science, Astrobiology & Planetary Exploration

Technology Development.

Astrobiology and planetary exploration technology development

MINAR VII & VIII.
2018 - 2021

NASA-JPL
Signatures of life studies

Lulea University
KORE rover 3D area

Remote3 4. MBRRINE

Public Engagement

Birmingham University
BIOSPHERE Human Habitability Studies

Edinburgh University
MUFFHINS water activity
monitoring payload

Deep
CARBON:
Muon Tomog

Muon Tomography / Geo-survey

Development of a Muon Tomography techniques for deep 3D STFC-Boulby,
R&D for CCS p Og p y q p Durham, Sheffield,

geologlcal surveying - inc Carbon Capture @ Storage (CCS) Bath, NASA

& more : Cosmic ray muons Potential for cheap, reliable, practical, real-time long-term
{ / monitoring of deep structures. Potential applications:
CCssite - Deep geological repository monitoring.
- Monitoring in Carbon Capture & Storage (CCS)

MINAR:

1.587891

1.281006

0.974121

0.667235

0.280352

0.053467

0.253418

~0.560303

-0.857168

-1.174072

~2.401611

2.708456

array §
CCS site simulation

Status: Project phase 1 - "
complete. Spin-out company for Q Q I
Muon Tomog applications A

created (Sheffield, Durham).

souratTebis 19301

Muon detector Muon-tides detector development

Bore hole detector installation

Deep-Carbon Project: £1.4M funding from UK
Dept of Energy & Climate change (DECC) &
Premier Oil:

Low Carbon Technologies

storage R&D

* Engineering solutions have been devised to store energy
whilst production is high and feed it into the grid when
production is low (e.g. CAES, hydrogen storage)

* Helps to regulate the production of renewable energy

Mid-scale rock i
engineering
tests of gas D s
containment in core testing holes.Study core
salt cavities for
energy storage

Next: UK-Japan proposed * Bore-hole detector development & testing *
study of Muon Tomography for Muon-Tides technology demonstrator
Tsunami early warning (2020) * Simulations of technique performance in CCS
R ESOU RC E : RESOURCE Collaboration:
British Geological Survey
C om p resse d Boulby Underground Lab
University of Cardiff
gas energy

Plan for In-situ Testing at Boulby Mine

Boulby Mine Gallery

Testing hole
1
Borehole spacing )

Testing hole
. @

Halite

Full depth
of halite
=20m

Anhydrite

# = Sensor armays at 120" intervals around caverns A and 8

core pilot hole. Study
mist hanical

e
properties of core. Also drill and

solution-miney
and run dissolution tests. and pressure cycle.

(2) Driland coreshallow hole o m.




Project RECON 1T CTBT Verification.

Science and
% Techp_nlngy _
Enhancing the capability to monitor for signs of nuclear testing Facilities Council
AV\//'. NUCLEAR SECURITY
= TECHNOLOGIES

AWE and STFC Boulby have recently
established a collaboration framework
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AWE have been collaborating ¢ —

. 3 g\WEBouIby systems are ~JOOx more sensmv‘. for sonr
with STFC Boulby for ~ 8 years radionuclides

to develop an advanced 10° A
coincidence detector system | | (45 Siton Background ||
capable of improving o L

measurement sensitivity for

radionuclide samples used for
verification of the : i

Comprehensive Nuclediest F T é‘”’ Ly
Ban Treaty (CTBT). 1=t MaT——

2500
The International Monitoring System (IMS) Radionuclide Network _ _ sy e
Figures from Goodwiat al., (2025) In draft



BUTTON: a technology testbed
for future (anti)neutrino detection

A USUK proof of concept project for a
non-proliferation implementation

Part of a worldwide effort to develop
WbLS detector technology. Other
experiments include EOS at LBNL and
the Brookhaven 3@on at BNL.

(WbLS
Boulby provides uniquely suited
experimental space in ultrfpw

background Environment.

30T L|qU|d F|"ed (Gd'f(ﬂ'l Water Anti-neutrino e_’po/: \@Gd
Based Liquid Scintillator (WBLS)  discrimination with XS@ v

and GAWbLS) prototype detector. GdH,0

Water Based Liquid Scintillator ¢ 5

4 /
A
S s é ==
' Nm )  \N\(A

World

antineutrino
flux levels

BUTTORBO is a proof of concept for a futurekIl
detector providing 10@onne fiducial volume

kawrence ’\/\

ivermore

National AM
L/

Laboratory

BERKELEY LAB O @ ?E%}I\JI\{;IL\J/EE?—[ITY
k}‘ Brookhaven

~50 members across 16
institutions in the UK and

National Laboratory

A University of

‘' % Sheffield

Boulby Underground \"‘/nvm
Laboratory
UNIVERSITY of MY ERSLTY oF \/
UF | FLORIDA LIVERPOOL R 'r‘l Pacific Northwest
Unlverslty @Pel II I g THE UNIVERSITY OF
' Glasgow e S WARWICK

Funded in the UK by STFC from the UKRI Fund for International Collaboration
& the MoD, & in the U.S. by NNSA (National Nuclear Security Administration).

Button @ Boulby Feb 25



BUTTON Installation T Jan 25

{88 o6l GKAa ORYT o
Adam Tarrant Talk and Poster ‘
James GoodingTalk




Boulby Science Activities Now

and Potential Future

Particle Physics
& Low Background

Earth &
Environmental

Astrobiology &
Planetary Exploration

Current Projects

CYGNUS - DM R&D
News-G - DM R&D

BUGS: Ge, XIA, RnEm - Material
Screening

RECON - Nuclear Security R&D
BUTTON — Nuclear security R&D

Muon Tomog — CCS & undersea
Geoimaging R&D

RESOURCE - Energy store R&D
Seismology/AION R&D

BISAL — Biology/Astrobiology

MINAR — Planetary Exploration Tech
development

Misc. Other.
SELLR, C14, BIO-SPHERE...

Outreach/ Education
- Misc events, progs, Remotes3...

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

Now

E/P

BUGS: Ge, XIA, RnEm, ICPMS -
Material Screening

BUTTON-30 — Nuclear security R&D
RECON+ - Nuclear Security R&D

DarkSPHERE, SDMS, SOLAIRE,
UltraDark, MechQSDM — DM Search

DATUM — Neutrino Tech R&D
SoLAr — Neutrino R&D
Seismology Array — Geosurvey R&D

RESOURCE+ — Energy store R&D

Muon Tomog — CCS & undersea
Geoimaging R&D

BISAL+ — Biology/Astrobiology

MINAR+ — Planetary Exploration Tech

development

Misc. Other.
AION R&D — Atomic Interferometry
Quantum Computing Tech R&D?

Outreach/ Education:
General Public, Schools +

2023-2030

Medium Term (Current Lab + mods) m

A/l

A/l

A/l

A/l

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+)

*  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.




Science and

8= Eyture facilities & science @ Boulby?

Laboratory

Sclence and

smmrs AION-100 & AION-1000 @ Boulby? Quantum Sensors and
Quantum Computing

Atom Interferometer
Observatory and Network

L Quantum Computing Going
Boulby Underground
Laboratory
Q M COMPUT IRESEAR POATE Underground
?rgrann:z? "::i?:r:\a:;:ters may be heading underground to shield Future quantum computers may have
31A0g2020 to be built UNDERGROUND to protect
\ 2 L PN them from cosmic rays and other
P "/// natural radiation that can hinder their

performance, study claims

Mail Online

v
Shalvs Shaft 2
a
ok Shaft 1 Personnel
Talhngs Shaft ROCk Shaft Shaft PUBLISHED: 09:34, 27 August 2020 |
180m 1.1km 1.1km & 2
Boulby Underground Laboratory 2023 Ors s i i ot et o e g oy
. Environment Required:
. * Low cosmic ray rate and ambient
AION-100 & 100: Atomic interformetry for GW physicsworld Sorlsiig bickgioid B Uideegrousd
and Ilght D M StUdIeS QUANTUM COMPUTING | RESEARCH UPDATE O Cryogenic capabillties
Quantum Computing I | cosmic-ray threat to quantum computing greater than = High data rats capatilitios

Secure space, reliable services (power,

Ultralow background previouslyth0u§ht cooling etc)

environment | R




Research themes of the Boulby programme

Boulby Future Earth and
Environmental Science

Developing program of Earth science research at
Boulby by a consortium of UK universities and industry.

Earth science at Boulby workshop August 2024

AN

Sustainable

energy.

Seismology. - NERC

Geological scoping study
proposal

repositori es.

SENSE: Pilots studies and towards a major national seismic observatory.

Workshop of 17 universities and 4 companies has led to a

EL?P;nS@ (t))fe%ng |2(t)9hgsrigtaerg(§) rtg)yg[r\?énRg. Barth science research, AION experiment and North Sea regional earthquake monitoring.

Seismometers and fibre optic acoustic sensors deployed to baseline vibration levels for



