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Boulby Underground B

A working polyhalite and rock-salt mine on the North , - W Labortory
East coast of England. : | S

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

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

Polyhalite:
# K;Ca,Mg(SO,)
F [1 T
V M‘?ﬁ,l“*’“’“%‘@ Ships worldwide for
T §F§ﬁh§\ agricultural fertiliser
V7 Whitby

= Deepest mine in
- Britain: 1300km

The world’s first polyhalite mine

12 miles North of Whitby, N. Yorks View from Staithes



Boulby Geology & Mining

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

(K,Ca,Mg(SO,)). 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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Boulby Underground
Laboratory

3 =. Boulby Underground Laboratory

The UK’s deep underground science facility
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 & Technology Outside
Facilities Council (STFC) in partnership with the Experimentation Area
mine operators ICL-UK (OEA)

Bunter Sandstone

Cosmic radiation attenuated

4000m3 class 10k
and 1k clean lab
space

Factor ~106
reduction in

cosmic ray flux
vS. surface

Lab entrance



fand

iiding

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

‘conference room,

Supported access to
surrounding geology & UG
environs. Power,
wifi/internet.

i

3000m3 Outside
Experimentation Area




Boulby Underground Laboratory (UK)
| Working Mine, 2850 mwe

Current vol: 7,200m3

ZEPLIN+ (past), BUGS, News-G,
RECON, BUTTON & more...

World deep underground
laboratories...

N
\ﬂ | World Underground Labs

Jinp>in'g Mountain’

& =
" . N 2400 m s
2
CJPL
- G ~
SNOLAB (Canada) SIS Yalong river
Active Mine, 5890 mwe . CJPL Jlnplng (Chlna)
Current vol: 30,000m? ——— Ve, - Hydro power plant, >6000 mwe
SNO+, SuperCDMS, Deep3600, Insfo;métiogf:'.c;m: Jinping (CN) Current VO’I 330 000m3
? ‘ :ciTltt\:/e Ssli :ss : ’
PICO, Next Gen OvBB (tO Come.) -gre\:ilyusrebvietws Panda-X, CDEX, JUNA,
GeoDEX, JNE and more to come
] ) e X
12 national Deep Underground Labs currently in operation (others being considered)
A large almost worldwide distributed infrastructure

Gran Sasso National Laboratory
LNGS (ltaly)

Under mountain, 3800 mwe
Current vol: 180,000m?

Borexino, Xenon, DarkSide +

SURF Laboratory (USA)

Disused Mine, 4200 mwe

Current vol: 7,100m?

LZ, MJD, DUNE (to come)




Facilities Council

Boulby Underground Ez. ey
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* The UK’s deep underground science facility. s e ] ol :
One Of 5 in Europe’ <15 in the World. T \ ; 10- E._ ...................................................................................................... » C ................
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Technology Facilities Council (STFC). a e
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* Operations, H&S & science How does Boulby Compare? 5 oot
programme managed by 23 * Low Radon levels (3 Bg/m®)  §'*'F | e, Sci P Stat
onsite staff and supported by « Diverse science programme. =, st g S0 150 cience rrogramme otatus
* Science and Industry partnership SuRF
Rutherford Appleton Lab (PPD). & Plans.
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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 2023 Lovo
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Science Programme Status
and Plans.

« Astroparticle & Low Background Science
« Earth & Environmental Science
« Astrobiology & Planetary Exploration Studies

* Quantum Sensors and Computing (new)

Outreach & Education

Oct 2025



Teohnelogy
mohno
Fb:llll]e:‘guun:d

Boulby Underground
Laboratory

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)

]0_39 : 1“ l“ C ‘ 2

Boulby Dark Matter Studies...

Boulby has hosted Dark Matter search studies for over two decades.
Including the NAIAD, DRIFT & ZEPLIN experiment programmes.
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ZEPLIN-11 & IlI:
The world’s first
2-phase Xenon
dark matter
detectors
(Finished 2011)

World DM particle
search limits and future
projections

40,000

ZEPLIN-III @ Boulby



Spherical Proportional
Counters (SPC) at Boulby

NEWS-G
DarkSPHERE

K. Nikolopoulos, P. Knights, L. Millins, High-purity copper electroformation
G. Rogers, D. Spathara, P. Walters Towards scaled-up, electroformed,

University of Birmingham UNIVERSITYOr detector at Boulby, 3m diam. 5 bar
and international NEWS-G ' He:CH.H., DarkSPHERE

NEWS-G Activities at Boulby

® |nstrumentation developments Vew'_b
o Multi-anode sensor
o Gas filtration
o Rate effect studies

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

i BIRMINGHAM
Collaboration
11-anode
sensor . .
See talks Giovanni Rogers
DarkSPHERE
@3 m Fully Electroformed SPC here by: Peter Walte rS
Access to detector
Modular water-based shield
<+—— Avalanche Region N'_| 10_36 %
§ ool . SPC Sensitivities
Proposed = DN v ;
@) C [ ]
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SPC concept: Variable target e = s @? AN 3
Low E;,, Low mass sensitivity S8 104k s o
gs. o™ 10—42;
Sclence and . : 10743 L PR T :
Facilities Council 'I % ! Eg?oo.gfé‘.y,sl) keV neutrino floor E
Boulby Underground ' e T T 1, [

Laboratory AI-S30 R&D Detector Copper electroforming at Boulby DM mass m, [GeV/c?]



Ultra Low Background Material
Screening @ Boulby (BUGS)

<0.0001 '
|- alphas/cm?/hr

XIA alpha particle

T g e COUNter
Co N < —

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

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

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

BUGS (UG): A range of HPGe detectors and alpha particle detectors
for intrinsic and surface radioactivity measurements.

[ 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

* All now in operation




RECON:

Multidisciplinary Science smosphorz | B Afe  RECON: CTBT Atmospheric

Improving the sensitivity of Nuclear Test Monitoring

monitoring for

Applied low background particle physics, Earth and nuclear [ ey RO sonitosivg

Environmental science, Astrobiology & Planetary Exploration secunty
Technology Development.

MINAR:
Astrobiology and planetary exploration technology development

N i :'A.: ;
v .
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intermnational Monstoring

/ 7 Improving the & sensitivity of atmospheric radionuclide monitori System Sites
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0.053467

Lulea University 0.253418 RES OURCE . RESOURCE Collaboration:

Ty KORE rover 3D area i S : British Geological Survey

s P et mapping Pt} e Compressed u Boulby Underground Lab

Remote? A ~0.560303 =2 University of Cardiff

Public Engagement ; ’ gas energy Low Carbon Technologies
s e 0887168 storage R&D .

-1.174072

Y57
1.480557 Plan for In-situ Testing at Boulby Mine

Birmingham University
BlOSPH ERE Human Habltabllltv Studies -1.787842 * 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)

Boulby Mine Gallery

2.094727 * Helps to regulate the production of renewable energy o 2otsiie spacg

Edinburgh University
MUFFHINS water activity
monitoring payload

~2.401611

Full depth
of halite
20m

2.708456

Anhydrit

Mid-scale rock Pothole
. _ # = Sensor amays at 120" intervals around caverns A and 8

engineering

tests of gas :

containment in

core
and run dissolution tests. and pressure cycle.

salt cavities for .
energy storage O So e




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

non-proliferation implementation

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

(WbLS)
Boulby provides uniquely suited
experimental space in ultra-low
background Environment. .
30T Liquid Filled (Gd+H,0, Water Anti-neutrino e_,po/: \@Gd
Based Liquid Scintillator (WBLS) discrimination with o v
and Gd-WbLS) prototype detector. Gd-H,0 =< 2

A US-UK proof of concept project for a

Water Based Liquid Scintillator

World
antineutrino
flux levels

BUTTON-30 is a proof of concept for a future 1-kT
detector providing 100-tonne fiducial volume

Lawrence
Livermore ‘s alen

Mooy AWE

~50 members across 16
institutions in the UK and
u.s.

BERKELEY LAB
&9\ THE UNIVERSITY
&Y of EDINBURGH

k? Brookhaven

&

National Laboratory

Science and
Technology
Facilities Council

Boulby Underground
Laboratory

<A University of

% Sheffield

UNIVERSITY OF

LIVERPOOL

X/
-' Pacific Northwest

UF [FLORIDA

|)' UniVCrSit @ 8 TyE UNIVERSITY OF
ofGlasgov% Penn & 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: Jan—April 25

Oct 2025.
BUTTON-30 now assembled
and preparing for liquid fill




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, Remote3...

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

Now

E/P

A/l

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 =2. Fyture facilities & science @ Boulby?

Laboratory

CM=- AION-100 & AION-1000 @ Boulby? Seetalks Martin Bauer
hereby: Ashlea Kemp

Bt e Quantum Computing in Coming to Boulby soon...
Ultralow background Oxford Instruments
environment? Proteox MX Dilution Fridge
[ = Quantum Computing Going -

— Underground .
:‘;omcosmimys may be heading underground to shield Future quantum computers may have - u r’l U"f
il . to be built UNDERGROUND to protect

them from cosmic rays and other
natural radiation that can hinder their
performance, study claims

MailOnline

i
o
= .‘--'

Shaft 2
Shaft 1 Personnel
Rock Shaft ~ Shaft
1.1km 1.1km

Shaft 3
Tailings Shaft
180m

Boulby Underground Laboratory 2023

AION-20, 100 & 1000: Atomic interformetry for — e ) T
GW and light DM studies physicsworld iy DAk sind O Unabegeound

QUANTUM COMPUTING | RESEARCH UPDATE £ Cryogenic capabilities

« High data rate capabilities

« Secure space, reliable services (power,
cooling etc)

Cosmic-ray threat to quantum computing greater than
previously thought

28 Jul 2021 Margaret Ha

Quantum Sensors and Quantum Computing I collaboration with National

Quantum Computing Centre (NQCC).
Will be available for use by wider community.



Next Generation Xe Dark Matter(+) o

Detector (XLZD)

Lux-ZEPLIN (LZ). SURF, S. Dakota, USA

LZ: 10T 2-phase Drk Matter detector operating in SURF lab,
USA. Early 2-phase Xe technology developed in the UK.
STFC/UK investment continues.

Xenon-nT
LNGS, ltaly

sensitivity
(Akerib P5
town hall

mtg 2023)

XLZD

2021 merging

of LZ, Xenon
and DARWIN

teams

DARWIN
(Proposed)

XLZD

50-100T LXe
Operation 2032+
Site evaluation
underway

Could XLZD be
constructed
and operated at
Boulby 2030+?

Gradient of Xe discovery limit, n = —(dInc/dInMT) !
15 2.0 25 3.0
< ] -
10-# T T — S
074.

SI dark matter-nucleon cross section [cm
=) =)
i o
3

=3
e
S

fin S

Dark matter mass [GeV/c?]

Next generation world’s best Dark
Matter (+) detector. Expected 2030+

* pp neutrinos
* Solar
metallicity
« "Be, B, hep

Dark Matter
* Dark photons * Spin-independent
* Axion-like particles * Spin-dependent
* Sub-GeV

N ¢ Inclastic

Neutrino Nature

* Neutrinoless
double beta decay

4 + Double electron

capture

* Magnetic Moment




Science and
Technology

- Boulby Development Project [«
R F::* Task 1: Site and design Development. oy undesoun

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

Stage 2: Full depth science lab in
Polyhalite (1.3km) ~2030+

p Stage 1 (Salt) DRAFT: 2-stage Designs
\<§\k7 30m)? main g
= 4 , ~(30m)3 main A~
RILr \I\. cavity AN N
—\ =\ _ P / "\
Total volume & 2 N > O
(Stage 1 + stage 2) g © Stage 2
~120,000m3 O (Polyhalite)

S Excavations for stage 1 of expansion
SH-Sen currently expected to begin mid-2024.




Stage 1 Excavation:

Atrium 1 (internal ouftfitted lab
Stage 1Lab {1515%0m) 1807 dimensions)

Hall 1
7 ” (30x8x9m)
(| Atrium 2
(15%15%x9m)
e Hall 2
/ (30x8x9m)
d an ’ / Atrium 3 bt
/4 (15%15x9m)
Hall 3
(30x8x9m)

Atrium 4
(15x15x9m)
1%t floor plant room
“‘*“i -
4 -

Radio assay
(15x7x4m)

Meeting
rooms

a Crew mess
..... > | o
L /| ’ Control room

Clean lock

Now complete (Oct 2025) — now awaiting formal
independent sign-off.
Planning for outfitting now underway




ST HALL INSTALLED CEILING LEVEL

New Lab(s) Design

9500
CRANE HEIGHT

oo o o gomn 205 m @ 10 m high o m.Sta ge 1
s
future drifts to -1.3km polyhalite & Stage 2 ) b
J— | | 1
SEHALL EXCAVATED FLOOR EVEL i
350 —‘ IN WALL STRUCTURE
107m HALL FLOOR STRUCTURE

5000 BASIN DEPTH

- 325 STRUCTURAL SUPPORT

feer amranctment [ — 350 FILL LAYER
‘ JTII i i
18 1 15 ar
3 1 ! 1
‘South Gallery ref level (ceiling) 1.5m ‘S1HALL EXCAVATED BASIN LEVEL 1 '
[:mmm‘ wor i | owe tha Nerth Gatery esing) . L @ 9600 - 7
‘edstiog selt roadway i * @ o) SECTION VIEW FROM STAGE 1 ENTRY/CLEANLOCK (WEST LOOKING EAST) mm m FLOOR
¥C29 L TO LEVEL OF LAB
* 340m @ 5 m high " . ~11m DIAMETER
Stage 1 XLZD Pre-Construction HOMIEW

30 Aug 24 BDP

Last change: 05 Nov 2024 JH

I Stage 2 Design, revision 5.1.3 I

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

Sy 2P -

Il hoping to negotiate Stage 1 Lining Options
Handling/ process goods-only lift and spiral stairs - . SN o
in one raise bore i\ S

basin option

Under-tank
basin option,
S 2 CO.nSIStent WIth Facility Design and Experiment Design are closely entwined. : oK . . e \ - \—? = =
tage min 7m shaft dep — Current building 3 Pad for on-site
. A s i pper Expt Hal —4 - .
Notch in shaft is baseline [Sectiona] 36mx20mx 10m recena 30x13m 5N ! . data centre option

Upper Lab

30x3m

Lab

but complicates liner Portacabin palace
Entry
& may depend on stress R 2x3x% 10m 5
" I T .
e/ AEm®O directiancinirock S tomeni Surface Tech Buildifig
b (max footprint 30 x 30m)

id-lewiwithfioor 36X 20mx5m  Cryostat -

XLZD in Stage 2 ' Surface Building option
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Latest news from Boulby

Underground Laboratory: Summary... Caboratory &
Status & plans for the UK’s Deep Boulby Underground Lab Status:
Underground Science Facility. « The UK's deep underground science facility

* Medium scale & depth. A strong history in Dark
Matter search technology development

=4 Thank You
o - « Arich & varied science programme in pure &
- I oconnm o applied low background science, Earth &
T— | o | environmental science, astrobiology & planetary
= - exploration, quantum sensors & computing.

Future plans:

« We are now looking to significantly expand &
improve facilities at Boulby to accommodate
future projects across all science themes, inc. a
major rare event study (XLZD)

SR \ Please Contact us...
RELEESTNCEESY - Stage 1 (of a two-stage) facility expansion —
N . e now underway.

; Facebook:Boulby Undefground Laboratory
Sean Paling . . 0
STFC Boulby Underground Laboratory You Tube: Boulby Underground Laboratory « Come and visit us!

sean.paling@stfc.ac.uk April 2025
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