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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 2023: >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.
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Boulby Science Now & Future
Particle physics and ultra-low background studies



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

BUGS Facility: (Boulby Under-
Ground Screening)

• ULB Germanium (8)
• XIA: Surface alphas (2)
• Radon Emanation *
• ICPMS *           * Commissioning



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

RECON:
Radionuclide
monitoring for 
nuclear
security

RESOURCE:
Compressed

gas energy
storage R&D

Deep 
CARBON:

Muon Tomog 
R&D for CCS 

& more



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

MINAR: MINe Analogue Research

MINAR:
Astrobiology and planetary exploration technology development



Boulby Activities Now and 
Potential Future



UK Underground Science Facilities. Now 
and the Future…What Boulby Is:

• An internationally-important centre for pure & applied multi-disciplinary science.
• A local (North East) and national asset for science, technology and outreach/education. 
• A successful and proud example of science and industry partnership
• A UKRI/UK facility with potential, opportunity and support for wide-ranging growth. 

STFC/Boulby now looking to: continue to develop the UK underground 
science facilities to further enable truly internationally-important astro-

particle physics and pure and applied multi-disciplinary science.

Short term: Maximally exploit the current Boulby facility to host world class 
Astro-particle Physics & Low Background Science, Earth & Environmental 
Science, Astrobiology & Planetary Exploration Studies

Medium-to long term: Prepare to build a major new deep underground science 
facility in the UK to host next-generation world-leading science projects 
coming 2030+

Boulby Development Project:
Plans & preparations for a major new multi-disciplinary Deep Underground Science Facility in the UK



Boulby Feasibility Study (Boulby-FS)
Boulby-FS (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 & 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?

Results: It IS feasible, well motivated and timely. 
Outfitted facility: £100-200m (Inc contingency, VAT)

Government ‘fit’: Levelling Up, Strength in Places, 
Build Back Better, UK Science Superpower…

10 T 
Liquid 
Xenon

LZ @ SURF. 
Next generation 

in the UK?

New lab 
specifications 

& designs

(Now superseded)



A new world-leading UK underground science 
facility hosting next-generation science 2030+

• Searches for Dark Matter (inc. XLZD)
• Neutrino studies
• Quantum Sensors, Quantum Computing
• Pure & applied low background particle physics
• Earth and Environmental Sciences 
• Astrobiology & planetary exploration.
• Outreach, Education and more…

“Towards a major new 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.” 

A new UK facility will bring:
• HIGH-impact, world-leading science
• LARGE multi-national collaborations
• BIG fundamental science questions
• MAJOR local & national investment, 

employment, impact and visibility

Government ‘fit’: Levelling Up, Strength in Places, UK 
Science Superpower…

Boulby Development Project (BDP) 
3-year Preliminary IF-funded study

~£3M from 2022-2025
• Location & site design
• Science Prog Development
• Business case development
• Stakeholder Liaison

Led by STFC/UKRI & UK science community

Summary: Boulby Development Project (BDP)…
Regional 

R&D 
Spending 

2017-18

Boulby



Task 1: Site and Facility Development

>30,000m3 experiment and support space. High spec 
construction assembly and operation facilities

a) Next-level review of new lab design required. 
Meeting needs of all possible experiments

Boulby Feasibility Study 2021
Option for 2-phase 
design in salt (1.1km) 
and Polyhalite (1.3km). 
Construction, assembly 
& experimental space 
in both phases 

Available sites @ Boulby Mine

b) Next level site and excavation design development. 

c) Next level excavation and facility build plans to be 
developed…

Zone 2 6/23

Salt 
1.1km Polyhalite 

1.3 km

Phase 1 (2028)
Phase 2 (2030)



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

Sean Paling. Boulby Underground Lab. 2023



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
(July 23)

Buchmuller, 
Coleman, Mitchell,

Newbold et al. 

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

Sean Paling. Boulby Underground Lab. 2023



Boulby Underground
Laboratory: Status, plans and 
opportunities for growth.

Boulby Underground Lab status
• The UK’s deep underground science facility
• Medium scale and depth. A strong history in Dark 

Matter search technology development
• A rich and varied current science programme in 

astroparticle physics and misc. pure and applied  
low background science, Earth and 
environmental science, astrobiology and 
planetary exploration studies.

Future plans:
• A number of new multi-disciplinary studies are 

expressing interest in Boulby. We are now 
looking to facilitate these projects with the current 
and expanded facilities.

• In addition, with strong national support we are 
now working toward a major expansion of 
facilities to enable the UK to host major 
international next-generation Dark Matter and 
neutrino studies from 2030+

Summary…

Sean Paling. Boulby Underground Lab. 2023


