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Introduction: Boulby
Open since 1968, mining potash (KCl) for 
fertiliser: now polyhalite. 

Deepest mine in the UK @ 1.1 km (2805 
m.w.e). 

Laboratory operated by STFC in 
partnership with ICL. 

Surface comprised of office and laboratory 
space. 

Underground comprised of 4000 m3 

cleanroom laboratory space.
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Dark Matter & Neutrinos @ 
Boulby
1990s: First dark matter experiments at Boulby using NaI crystals 
[Phys.Rep.307(1998)275-282]. 

1990s - 2012: ZEPLIN Xe programme. 

2001 - 2012: DRIFT low pressure gas TPC with directional and track-
length discrimination. Next gen: CYGNUS. 

DarkSphere: R&D for Cu electroforming for 3 m spherical 
proportional counter detector [arxiv:2301.05183].  

Button: Water-based anti-neutrino detector, currently under 
construction. 3

ZEPLIN II ZEPLIN III

 First ever dual-phase Xe detector for DM searches: 
[Astropart.Phys.28(2007)287-302].
→

ZEPLIN II



Astrobiology @ Boulby
SELLR: Ultra-low radiation dose astrobiology experiments. 

Test linear relation between radiation dose & damage to an organism (bacteria). 

Ran in ZEPLIN II castle w/ collaboration with DM physicists for background 
modelling: [Front.Astron.SpaceSci.14(2020)] .
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Facilities 
Underground:  

> 4000 m3 class 1k & 10k (ISO 6 & 7) clean room lab 
space. 

10 Gb internet; AC; air filtration; 5T & 10T lifting; LN 
generation; fume hood; clean prep space. 

Boulby Underground Screening (BUGS): 

8 ULB Germanium detectors. 

2 XIA Surface ⍺ detectors. 

Currently commissioning Rn emanation & IC-PMS. 

Goals? PPT sensitivity for G3 DM & neutrino experiments. 

[j.astropartphys.2017.11.006, arXiv.2308.03444].
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https://doi.org/10.1016/j.astropartphys.2017.11.006
https://doi.org/10.48550/arXiv.2308.03444


QUEST-DMC: Overview
The QUantum Enhanced Superfluid 
Technologies-Dark Matter Collaboration 
(QUEST-DMC) programme: 

1) What is dark matter? (WP1) 

2) How did the early Universe evolve? (WP2) 

QUEST detector: Search for -3He atom 
scattering in superfluid 3He target enclosed in 
1 cm3 bolometer box, instrumented with a 
nanowire sensitive to quasiparticles. Readout 
performed with lock-in amplifier or SQUID.

χ
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QUEST-DMC: Overview
Projected sub-eV energy thresholds opens up a new window of parameter space to 
search for light dark matter particles via spin-independent and spin-dependent 
interactions. 

[Eur. Phys. J. C (2024) 84:248] 
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QUEST-DMC: Radioassay

8Assayed 18 materials so far.

“QUEST-DMC: Background Modelling and Resulting 
Heat Deposit for a Superfluid Helium-3 Bolometer”

[arXiv:2402.00181].



Boulby Expansion
“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”. 

Medium scale expansion in current lab (2025-2030). 

New excavation (2030++) for next generation low background particle 
physics. 

Host world-leading next generation science 2030+: fundamental and 
applied low background science including quantum sensors and quantum 
computing.
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Boulby Expansion
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Courtesy of Sean Paling



Proposal: UltraDark
STFC Call: £10 million for medium term, world leading dark matter experiment. 

Proposal: Construct low background, ultra-low temperature platform with international 
access for dark matter and isolated quantum system experiments. 
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Twin facilities – underground at Boulby and 
above ground at RHUL for commissioning 
and pilot runs. 

Cryogen-free dilution refrigerators with 
nuclear demagnetisation stage capable of 
reaching <0.5 mK [arxiv:2209.07903]. 



Proposal: UltraDark
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Muon flux @ 2805 m.w.e: (4.09 ± 0.15) x 10-8 cm2/s. 

Measured using ZEPLIN liquid scintillator muon 
veto: [Nucl.Instrum.Meth.A511(2003)347-353].



Proposal: UltraDark
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Low activity rock: mainly halite (NaCl) with minor sylvite and 
mudstone impurities. 

HPGe assay [Bq/kg]: 

Low Radon air: 2.23 ± 0.03 Bq/m3 (main lab) [arxiv:2308.03444]. 

Lab gamma flux measurement using Ge detectors: 
[J.Radioanal.Nucl.Chem.298(2019)1483-1489].

Laboratory Gamma Activity 

238U 232Th 40K

0.40 ± 0.09 0.6 ± 0.1 11 ± 1

0.128 /cm2/s



Proposal: UltraDark
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HDPE lead: 30 cm on wheels. 

Lead shield: 
- External 10 cm. 
- Internal 3 cm. 

Estimated gamma flux:  
(1.28) × 10-3 /cm2/s. 

Shielding

Internal lead shield made 
from 500 year old 

Hampton Court lead 
supplied by NPL.



Proposal: UltraDark
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Cosmic muon induced neutrons in rock: 1.72 × 10-6 /cm2/s. 
- Measured using liquid scintillator: [Astropart. Phys. 27(2007)326-338]. 

After HDPE shielding: 1.42 × 10-8 /cm2/s. 

Induced in lead: 1.75 × 10-9 /cm2/s. 

Gammas from neutron capture in HDPE: 1.71 × 10-6 /cm2/s. 

Shielded by lead at mixing chamber: 8.53 × 10-7 /cm2/s. 

Secondaries



Proposal: UltraDark
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Radiogenic background from detector 
components: [Eur.Phys.J.C (2024)84:248]. 

Current model: 3.09 × 10-2 /cm2/s. 
Optimistic case: 1.24 × 10-3 /cm2/s. 
(Improved material choices and internal shielding). 

Similar level to gamma flux: (1.28) × 10-3 /cm2/s.

Underground Estimate



Proposal: UltraDark
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Same shielding and secondary production 
considerations.  

Starting from much higher cosmic muons & 
neutron fluxes: 

Muon: 1.67 x 10-2 /cm2/s; Neutron: 1.63 x 10-2 /cm2/s

Surface Comparison

Muon: 1.58 × 10-2 /cm2/s 
Neutron: 7.96 × 10-3 /cm2/s 
Gamma: 2.91 × 10-2 /cm2/s 
(Optimistic) detector 
radiogenic: 1.24 × 10-3 /cm2/s 



Proposal: UltraDark
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Exploring Silicon Photomultipliers (SiPMs) as 
candidate photon sensors for QUEST-DMC.  

SiPMs: solid-state photodetectors with single-photon 
sensitivity (~ 106 gain factor). 

At cryogenic temperatures (~80 K), SiPMs boast 
excellent single-photon resolution and extremely low 
dark-noise - very important for dark matter 
experiments.

Photon Detection Currently operating SiPM at ~10 
mK… 

…it works! (Never been shown to 
operate < 1 K before). 

Work is ongoing to characterise 
the device at 10 mK and optimise 
the readout noise.



Summary & Outlook
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Boulby is the world’s 
only polyhalite mine. 

Naturally low activity 
rock and low radon 
air compared to other 
underground 
facilities. 

Boulby has a long history 
in dark matter searches 
& low background 
science. 

Substantial development 
& expansion planned.  

UltraDark: unique 
proposal to reach <mK 
temperatures. 

Follow Boulby on X: https://x.com/boulbylab



Backup
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Interdisciplinary Science
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Earth and Environmental: 
- RECON: CTBT Atmospheric radionuclide 
monitoring for nuclear security 
- Muon Tomography - developing techniques for 
deep 3D geological surveying for applications 
including carbon capture and storage 
[Phil.Trans.R.SocA377(2018)0059] 

Astrobiology and planetary exploration 
technology development: 
- MINAR (Mine Analogue Research) and BISAL 
(Boulby International Subsurface Astrobiology 
Lab) (webpage)

https://www.boulby.stfc.ac.uk/Pages/Astrobiology-and-Planetary-Exploration.aspx


Germanium Screening
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Nondestructive HPGe for U, Th chain measurements at keV-MeV energies. 

Different detector types and configurations for range of different sample geometries and ray energies.  

Detectors inside 10 cm lead + 10 cm high purity copper castles and constructed using low radioactivity 
materials. 

Castle purged with N2 gas to remove airborne Rn, residual Rn in the N2 removed using charcoal traps. 

γ−

Extensively used by LZ and DarkSide 
projects during commissioning. 

18 samples assayed so far for 
QUEST-DMC project.



Boulby Development Project
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Boulby Development Project (2022-2025): expand current lab and infrastructure to host low 
background particle physics and multi-disciplinary underground science experiments. 

Beyond this (2025-2030): looking to host world leading medium scale dark matter detector:  
£10 million fund. 

Continued expansion in a staged approach (2030++): 
1. Current salt strata (1.1km) - house medium scale experiment and expand for expand for 
long term multi-disciplinary lab.                                                                                 
2. Deeper polyhalite (1.3km) - large experimental cavern targeting next generation low 
background particle physics. 
                                                                                         

Prepare to host world-leading next generation science 2030+: fundamental and applied 
low background science including quantum sensors and quantum computing. 


