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



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



Current Projects Status

CYGNUS - DM R&D E/P

News-G - DM R&D A

BUGS: Ge, XIA, RnEm - Material 
Screening A

RECON - Nuclear Security R&D A

BUTTON – Nuclear security R&D A

Muon Tomog – CCS & undersea 
Geoimaging R&D A

RESOURCE – Energy store R&D A

Seismology/AION R&D A

BISAL – Biology/Astrobiology A

MINAR – Planetary Exploration Tech 
development

A

Misc. Other.
SELLR, C14, Adrok, BIO-SPHERE… A/P

Outreach/ Education
- Misc events, progs, Remote3… A

Medium Term (Current Lab + mods) Status

BUGS: Ge, XIA, RnEm, ICPMS -
Material Screening A/P

BUTTON-30 – Nuclear security R&D A

RECON+ - Nuclear Security R&D A/P

DarkSPHERE – DM Search I

DATUM – Neutrino Tech R&D I

SoLAr/SOLAIRE – DM/Neutrino R&D I

AION-100 & 1000 R&D I

Seismology Array – Geosurvey R&D I

RESOURCE+ – Energy store R&D A/I

Muon Tomog – CCS & undersea 
Geoimaging R&D A/I

BISAL+ – Biology/Astrobiology A/I

MINAR+ – Planetary Exploration Tech 
development

A/I

Misc. Other.
Quantum Computing Tech R&D? -

Outreach/ Education: 
General Public, Schools + A

Long Term (Current lab plus  major new lab)

Particle Physics and Low Background Science: 
Dark Matter: Major Next Gen Experiments:
• Xenon (XLZD)
• Argon (DarkSideLM+)
• Gas (DarkSPHERE+)
Neutrinos: 
• BUTTON-100+
• DATUM (LEGEND Support), 
• SoLAR / SOLAIRE +….
Mat screening & LB Techniques: A world’s best facility: 
• Ge, XIA, RnEm, ICPMS, Cleanlines & Engineering R&D
Misc Other:
• AION-100
• AION 1000
• Nuclear Security Gamma spec
• Quantum Computing Technology R&D?

Earth & Environmental Science:
• Sustainable Energy R&D
• 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
• Robotics and AI
• Mining and industry application development.

Outreach and Education: 
• A National Centre for Science and technology 

outreach and education. 
Status: A = Active, P = Paused, E = End,            

I = Interest confirmed
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2023-2030

2030-2040+

Target projects 
for a major new 

UK underground 
facility / campus

Now

Boulby Science Activities Now 
and Potential Future



Towards a Major New Boulby Facility
Boulby Feasibility Study (2020-21) Overview:
• Community-led study of motivation, context 

and practicalities of creating a major new 
deep underground science facility in UK

• Infrastructure specifications for potential projects 
(Dark Matter, Neutrinos, VLBAI & more).

• Conceptual designs for excavations and outfitting 
laboratories in 1.1km (Salt) and 1.4km 
(Polyhalite) layers

• Staffing and surface facility needs.
• Detailed costs and schedules.

Submitte
d to 

STFC June 

2021

New lab in Salt?

New lab in Poly?

10 T 
Liquid 
Xenon

LZ @ SURF. 
Next generation 

in the UK?

New lab 
specifications 

& designs

Results / Outcomes 
:• Feasibility and timeliness confirmed • Development Project (STFC) launched • Implementation this decade



Next Step: Boulby Development Project (BDP)

UKRI Preliminary Infrastructure Funding
Granted: 3 year project (2022/3-2024/5).

Tasks / Deliverables:
1) Facility design development (for sites at 

various depths and locations). Next 
level specification requirements capture

2) Business case(s), economic impact 
studies, risks → Submission to UKRI

3) Stakeholder engagement: Local, 
National & International:

• Public & Partners
• Government
• Science communities & funders

Boulby Development 
Project Infrastructure 

Bid: 2022-2025

Next level planning and preparing for a…
“… greatly expanded underground science facility in the 
North East, with the potential to host a major international 
science infrastructure, such as a next generation dark matter 
experiment.” (STFC strategic delivery plan (2022-2025)

BDP Project 
Goal:

Boulby 
Development 
Timeline



ALONGSIDE new underground laboratories to be excavated, there is strong user interest 
and STFC support for hosting atomic interferometry projects (AION 100 & 1000) in existing 
or new commercial shafts at or near Boulby Lab in NE England.

Prospects for Atomic Interferometry at Boulby…

Shaft 3
Tailings Shaft
180m

Shaft 1
Rock Shaft
1.1km

Shaft 2
Personnel 
1.1km



Boulby SHAFT 3: Tailings shaft. Possible location for AION-100 @ Boulby

Prospects for Atomic Interferometry at Boulby…

Tailings (no. 3) shaft specs:
• 180m vertical shaft
• ~50m from coastal cliffs.
• 5m diameter shaft with 3T 

capacity crane.
• Personnel Cage (used few 

times/day), water & ventilation 
pipes, access stairs/ladders



Prospects for Atomic Interferometry at Boulby…

DRAFT schematics of AION-100 in Boulby No. 3 shaft.
It DOES look practicable from a local engineering perspective. More detailed 
engineering(+) work now to be done…

Boulby SHAFT 3: Tailings shaft. Possible location for AION-100 @ Boulby

Existing steel 
framework 

Water 
Pipes

Lift cage space

Ladder 
access

Proposed AION 
Interferometer 

tube

Sidearm 
Footprint



Prospects for Atomic Interferometry at Boulby…

Next-level 
site evaluation & 

preparation 
studies in 

planning phase
(Mar 23)

Buchmuller, 
Coleman, Mitchell,

Newbold et al.

Boulby SHAFT 3: Tailings shaft. Possible location for AION-100 @ Boulby



Boulby & NE UK region site possibilities / opportunities for AION-1000.

Prospects for Atomic Interferometry at / near Boulby…

Woodsmith 
Mine 

Boulby Mine 

Discussions re: hosting AION-1000 at both sites underway. 
Detailed engineering, logistics & background studies planned

Boulby Mine (existing):
Shafts 1 & 2
2 x 1.1km depth shafts
5m diameter
Current use:
• Shaft 1: Rock 

transport
• Shaft 2: Personnel  

Woodsmith Mine 
(Construction - Eta 2030):

2 x 1.5km depth shafts
7m diameter

37km Material Transport 
System ( MTS) tunnel with 

misc. >100m access shafts



Summary… 

• Boulby Mine: 
o Working polyhalite mine. Home of the UK’s STFC Boulby Underground Laboratory
o Very supportive mine hosts
o 180m shaft 3 ‘tailings shaft’ has potential as site for  AION-100. Has depth, support infrastructure and 

likely free space.
o Also two 1.1km main shafts at Boulby, with potential for later hosting of AION-1000
o Early logistics evaluation positive; more detailed engineering, logistics and background studies being 

launched 

Next Steps?
• Detailed engineering, logistics and 

background studies to be 
completed over the next 12 months

• Woodsmith Mine:
o New 1.5km depth polyhalite mine under construction <20km 

from Boulby
o Also interested and supportive of AION hosting 

considerations.
o Potential opportunities for both AION-100 & AION-1000

• There is strong UK support for and interest in hosting both AION 100 and AION 1000 in NE England, 
at or near, Boulby Mine.


