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Boulby Underground Laboratory:

Status and plans for the UK’s deep underground science
facility

* About the facility

« Current science programme:

o Astroparticle physics and Low Background science

o Earth & Environmental Science
o Astrobiology & Planetary Exploration Studies

« Future plans:
o Small, medium & large (Expansion for Future DM/OvBB)

Find out more:
@BoulbyLab

www.stfc.ac.uk/boulby

STFC Boulby April 2022 EovD
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The UK’s deep underground
science facility operating in a

working polyhalite & salt mine. i J
1.1km depth (2805 mwe). With O
low background surrounding ezl vadi®
rock-salt e

Operated by the UK’s Science
& Technology Facilities
Council (STFC) in partnership ‘

with the mine operators ICL

Boulby Underground Laboratory m
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Boulby Geology & Mlnlng m

Major local employer. Open since 1968.

Originally mining potash (KCl) for fertiliser.
Now first and only producers of polyhalite

Excavations are in Salt (NaCl) & Potash
(KCI) Permian evaporite layers left over

from the Zechstein Sea.
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Boulby Underground Lab Facilities 2020:
>4000m3 class 1k & 10k clean room lab space
100Mb Internet AC, Air filtration, 5T & 10T
liftting, LN generation, fume hood & clean prep
BUGS* Material screening | 3000m3 Outside Expt. Area. Power & internet




Underground Science @ Boulby Mine

e
. DRIFT/CYGNUS: Directional Dark Matter ~ ZNCL T
» Spherical Proportional Counters (NEWS-G) R&D .

» BUGS: Ultra-low background material screening

« AWE(Ge): Atmospheric gamma spectroscopy

« RESOURCE: Salt cavity energy storage study
* Deep Carbon: Muon tomography for CCS+

* AIT-NEO: Neutrino detection for nuclear security
* BISAL: Geo-microbiology / Astrobiology studies
 MINAR: Space Exploration Tech. Development
 Etc... (More to come). Astrobiology & planetary

exploration

A busy & growing multi-disciplinary science programme: Eg Scance and

Astrophysics and Low Background science, Earth and A
. . . . Boulby Underground

Environmental Science, Astrobiology and Planetary Exploration.  Laboratory
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* The UK'’s deep underground science facility.
One of 4 in Europe, <15 in the world.

» Supports work of >10 collaborative projects
(astrophysics to climate, geology, environment

etc), >40 institutions, >170 scientists & students.
The World’s

* Facility funded and operated by the Science &
Technology Facilities Council (STFC).

Underground labs

Boulby Facility Detalils...

:T;‘ « CallioLab 400 Overburden
» Operations, H&S & science How does Boulby Compare? ?05 FNPVEL.
programme managed by 10 (+2) .DL'OW Radon levels (3 Bg/m®) =07 s U000 0
: * Diverse science programme. 3 F Boulby 1100 . ®
onsite staff and supported by . Science and Industryppargtnership 2o couy 400 .8 S 130
Rutherford Appleton Lab (PPD). g Y
10°
E CJPL
. . g SNOLAB * -
* Mine operators ICIT-UK provide 10" 5""7006 2000 3000 4000 5000 6000 7000 8000
wide-ranging operational & high Yercalcopihlmivied
level support. -
Science and é‘ N
Technology 1 ) 5
Facilities Council 01
\:t'rfi zers Gamma °%
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E [keV]




. //Sm‘ulby Lab responsibility:

R @ Run and maintain the lab

w F Facilitate / Support Science

Health & Safety

BRSES  CPL/ICL support us: Operations Impact

Keep the mine operating and safe  Outreach & Media
Emergency H&S
Materials transportation

High Ievel oVe Vot d M
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Boulby Underground Laboratory:

Status and plans for the UK’s deep underground science
facility

* About the facility

« Current science programme:

o Astroparticle physics and Low Background science

o Earth & Environmental Science
o Astrobiology & Planetary Exploration Studies

« Future plans:
o Small, medium & large (Expansion for Future DM/OvBB)

Find out more:
@BoulbyLab

www.stfc.ac.uk/boulby

STFC Boulby April 2022 EovD



I == Boulby Dark Matter Studies... m

Laboratory

Boulby has hosted Dark Matter search studies
for over two decades. Including the NAIAD,

DRIFT & ZEPLIN experiment programmes. velocity

(km s-1)

Boulby now hosts CYGNUS directional DM

programme, NEWS-G/Dark-Sphere R&D and |
providing ULB material screening for other . o TR 10,090
studies, inc LUX-ZEPLIN (LZ) Galactic

rotation curves

20,000 30,000 40,000

Distance (light years)

Snowmass Community Summer Study 2013

7L WA Dok i Dt ZEPLIN-11 & III:

10°% e 1072

10-% 104 The world’s first
T [ g 2-phase Xenon
5 g dark matter
3 : detectors
(Finished 2011)
g =
> o ETEE | M’.fw'f*""" o3

S N g 7 g 10" World DM particle

o T s L R T ) search limits and

WIMP Mass [GeV/c’] future projections ZEPLIN-IIl @ Boulby



m Dark Matter Studies @ Boulby.

DRIFT/CYGNUS: R&D for DIRECTIONAL
Dark Matter detection.

STATUS: Programme operating at Boulby since 2001.
Limit-setting and conducting system performance &
scale-up R&D. Plans for further R&D & expansion /
collaboration (CYGNUS).

Aqinog @ pII-1418a

Dual (1m3
total) Negative.
lon DRIFT TPC

Simulated
data

cidental College,

New Mexico,
Colorado State,

awaii, Wellesley,
Sheffield, :
dinburgh, Boulby =k

e AT =]
4

u‘:-l(»"n\uu.::::“.\ntx".":': WlMP ﬂux

Directional DM detection — providing the
most powerful direct detection signature




SPC Sensitivities

NEWS.G: SEDITNE NEWS.G: SILOGLOBE
DarkSide-50 — = NEWS-G: ECUME
- CRESST-I1 — = NEWS-G: DarkSPHERE
. COMS LIt «.e He v Floor

Xenon 1T - Migdal
Spherical Proportional
Counter (SPC) studies
@ Boulby

PREUMMNARY
90" CL Upper Lima

k. Nikolopoulos oo T o1, Neutrino Floor
I. Katsioulas, P. Knights, T. 10748
Need, R. Ward . L i ' m (Gevich
University of Birmingham Al-S30 R&D Detector o - : -
And wider NEWS-G Collab- pyrpose-made Direction of R&D at Boulby
gas filter ) _
Outiet 11-anode sensor e |nstrumentation development
alongside NEWS-G at SNOLAB
g Copper o Multi-anode sensor
 — Oxide o  Gas mixtures & filtration
re:%?/al ® Working towards scaled-up
<:| Molecul detector at Boulby, 3m diam.
olecular
-y DarkSPHERE
removal ® Establishing Electro-forming
i Capability at Boulby for Dark
SPC concept: Variable target Injet SPHERE and beyond
Low Ey,, Low mass sensitivity (I. Katsioulas, This conf.)
Simulation study of Neutron Beam “ : =
neutron interactions @ = = = = = = = = = — > TS\

in the S30 at Boulby 4 MeV




<0.0001 '
alphas/cm?/hr

XIA alpha particle
— sl et ... counter
8 ULB Ge detector systems, 2 XIA alpha o

counters, Rn emanation, ICPMS to come o

~ Lunehead
= Chaloner

1

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

+LZ PMTs

Aiming for ALL key ULB screening
systems under one (1.1km) roof.
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RESOURCE: Rock engineering feasibility
study of salt cavity compressed gas
sustainable energy storage

= Boulby Mine Gallery
Boulby, British g |
Geology Survey | ... L om - L%
B |[Codtogetam | _ Bowhclespedng SD
Manchester. oty @[ oy |} || L Am
fuei:snegue ' . - e '?‘e':ting hole
N o lzggallery [ S SEIOm « @®
opening * fas = E E Halite
ERSaB: Gamma spectroscopy & low . i ® i
background counting environmental S N A oN-
radioactivity studies Low Background Science, ot 08
H H Pilot hole = s prUIne
Boulby, Scottish Universities Env. Research Earth & E.nwronment Science, CCrAOIM 4 = sensor araysat 120" nervas around caverns Aand 8
Ctr (SUERC), Atomic Weapons Estab. (AWE) Astrobiology & Planetary
Exploration...

Life in Boulby Salt...

MINAR: Space Technology
Development
Boulby,

Edinburgh, NASA,
York, ICL etc.

Plus Misc. Geology &
Geoscience (& more to BISAL
come)...

: Astrobiology / Geo-microbiology. Studies of
life in salt, life on Earth & beyond

STFC Boulby April 2022



MINAR V_ gth to zoth MINAR - SPLIT
October 2017

MINAR 5

Overall objectives:

»To test instruments and methods for the subsurface exploration of the Moon
and Mars.

»To develop new educational material. MINAR — Pac Man, HABIT

& many more
Main accomplishments:

» Testing of life detection equipment and planetary exploration instruments from:
NASA JPL, NASA Ames, University of Leicester, Space-X Institution, University of
Newcastle, University of Edinburgh, Lulea University of Technology.

» Development of education materials on planetary exploration at primary and
secondary school level.

» Training of ESA Astronaut, Matthias Maurer.

» Life links from Boulby with up to 38,000 views.

» Live link with Kalam Centre, India

Lot Boulby Underground Laboratory shared UK Centre for /
Astrobiology's live video 1

UK Centre for Astrobiology v




MINAR VII & VIIL.
2018 - 2020

Lulea University
KORE rover 3D area

LA Nat Hist. Museum
Fluid inclusions in salts

Edinburgh University
MUFFHINS water activity
monitoring payload

mapping
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(M =:. Boulby Growth Potential & m
Plans....

Laboratory

Develop as a truly internationally-important centre for astro-particle
physics and pure and applied multi-disciplinary science.

« Expand in all current science theme areas:
o Astro-particle Physics & Low Background Science
o Earth & Environmental Science
o Astrobiology & Planetary Exploration Studies

* For Astro-particle Physics & Low Background Science:

o Develop BUGS to give world’s best support for future ULB projects
o Host/support new medium-scale projects: (BOLEYN, DarkSPHERE+)

o EXPAND to host Next Generation Dark Matter & Rare Event
Studies & more.

Find out more:
@BoulbyLab

www.stfc.ac.uk/boulby

STFC Boulby Underground Lab 2022 flinE 4 > |



FUtu < SCience... Continue current studies, PLUS...

Expanded MINAR & Planetary exploration technology
development. Links to mining / industry, Robotics.

-

RESOURCE+: Advanced salt cavity test facility for studies of t":f"' N

= ;
R e—y .,
i AL

compressed gas energy storage. " Robotcs
Misc. Geoscience R&D: geological repositories / waste -3 -3
containment, geothermal energy and more. S B .

BUGS+: Expanding ultra low background material screening : »
and environmental gamma spectroscopy. | T
Misc. applied low background studies: AWE-Ge/RECON, RESOUR;IZ};;] 'sttﬁflgi
Muon Tomography, QCLB (Quantum Computing)

Misc: medium scale astro-particle studies: DarkSPHERE,
AION, LEGEND, AIT-NEO / BOLEYN,

Large scale EXPANSION: Next Gen DM / OvBB decay +

 fNeutrinos & nuclear
non-proliferation:

~

Develop as a truly multi-disciplinary facility for Astrophysics and Low
Background science, Earth and Environmental Science, Astrobiology
and Planetary Exploration Technology Development.




World

AlT—NEO (WATCHMAN) antineutrino

flux levels

A WATer CHerenkov Monitor of
ANtineutrinos

Design,
excavation,
installation &
operation 2019
to 2027(+)

HARTLEPOOL REACTORS WATCHMAN detector at the Boulby mine

e 2 cores
e 1570 MWt per core
e 25 km standoff

A ~6kT Gd-
loaded water
(& WBLS)
detector
looking at
anti-neutrinos
from nearby
nuclear
reactors
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NEW ~6kT prototype detector: R&D for anti-neutrino monitoring of
nuclear reactors for global nuclear non-proliferation purposes & more
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v .09°
s North Workings

Main cavity and
ancillary tunnels. 7
Design, Concept. design 5
excavation,
installation &
operation
2019 to

2027(+)

Pit Bottom

Dark Matter Lab £ South Workings
(/ N

Existing STFC-Boulby
Deep underground

. Pyt Science and
science facility ol

Technology
Faciities Council

100+
Collaborators

from 20+ US/UK

research
institutes

AICLY

Status & Next Steps

* Full AIT-NEO now not likely to go ahead at Boulby

» Continued collaborative (US/UK) work undertaken on
technology demonstrators — inc 30T system @ Boulby

« ‘BOLEYN”: Boulby antineutrino detection technology

testbed. Engineering, operation, technology, fill
medium and low-background studies.

* Installation —> operation @ Boulby: 2022-2024

AIT-NEO (WATCHMAN) Status...

AIT-NEO recent happenings:

» 2018-Present: Detector design and
performance studies. (L. Kneale, C. Toth, S.
Wilson, Y Schellback). Studies of new site
location, geology, designs, costs and schedule

* June 2021: NEW news from EDF of
Hartlepool closure in 2024 due to new
understanding of aging rates.

* December 2021: News of early closure
(2028) of next nearest power stations
(Heysham 2 and Torness).

BOLEYN.

~30T antineutrino
technology
testbed.

. (A Scarff, this
conference)




Cross Section [cm’

[l =+. Next Generation Rare Event Studies

Boulby Underground

Laboratory @ B O u I by

Towards EXPANDING Boulby to host MAJOR
international Dark Matter, neutrino & .
fundamental science projects from 2028+

Boulby-FS study:
Infrastructure design,
feasibility & costing
studies for next
generation Dark Matter
and/or OvBB detectors
Study undertaken
2020-2021

10+

L -

Expansion bringing to the UK:
— ol | | g * HIGH-impact, world-leading science
S rPIIN ico NN | Wy  BIG fundamental science questions
- LARGE multi-national collaborations
« MAJOR local & national investment,

WIMP mass [GeV/c’]
Next generation DM . .y ers
E.g. LZ / XENON / impact and visibility
and/or OvBB at Boulby? DARWIN / G3
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FINAL REPORT

FEASIBILITY STUDY
FOR DEVELOPING THE BOULBY UNDERGROUND LABORATORY
INTO A FACILITY FOR FUTURE MAJOR
INTERNATIONAL PROJECTS

Supported by the STFC Opportunities Call 2019

H M Aradjo’, J Dobson?, C Ghag?, S Greenwood®, V A Kudryavtsev®, P Majewski®
S M Paling®, V Pé&*, R Saakyan?, P R Scovell®, N Smith®, and T J Sumner'”

' Imperial College London, UK
?University College London, UK
YSTFC Rutherford Appleton Laboratory, UK
* University of Sheftfield, UK
$STFC Bouby Underground Laboratory, UK
SSNOLAB, CA

Corresponding author (t.sumner@imperialac.uk)

June 25, 2021

Issue v1.0

OFFICIAL-SENSITIVE [COMMERCIAL]

Government ‘fit’: Levelling Up,
Strength in Places, Build Back Better

Boulby Feasibility Study (Boulby-FS)

Boulby-FS Study Overview:

« Context and need: Dark Matter (DM), Neutrinoless Double

Beta Decay (OvBB)

» Infrastructure specifications for potential projects (LXe &
LAr DM, Ge OvBB, and more)).

» Conceptual designs for excavations and outfitted labs — in
1.1km (Salt) and 1.4km (Polyhalite) layers

« Staffing and surface facility needs.
» Detailed costs and schedules.

§
Ao o \/
b G

A li' -
tlew lab in I:IY?

b
o
o

10°

[CallioLab 660 ®

o CallioLab 400
a LSC

Soudan

™ o Kamioka

« CallioLab 990
o LNGS

Boulby 1100 *

Boulby 1400 °

SURF *

o CallioLab 1390

a LSM

SNOLAB ®

Overburden |

e Flat
= Mountain |

« CJPL

i ] 1 ] 1 i
1000 2000 3000 4000 5000 6000 7000 8000

Vertical depth [m w.e.]

Results: It IS feasible, well motivated and timely.

Outfitted facility: £100m+ (Inc contingency, VAT)
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Status & Next Steps

Next Generation Dark Matter(+)
@ Boulby?

Preliminary details and descnplions

name if relew

mumu acromym o

Boulby Underground Laboratory - Dark Matter and Bleyor

Next steps funding request submitted to e

Significant change 10 existing capabllity (e.g. major upgrade,
new wave of a survey o other data collection activity)

Submitting Council(sJUKRI team(s)

UKRI in 2021. -

0 AHRC O BESRC O EPSRC O ESRC O Innovate UK 0 MRC
O NERC O Research England 8 STFC O Ednfrastructure Team
O Large mutsidisciplinary facilities (STFC managed)

Boulby Future:

UKRI Contact(s) Email addeess(es)

Prot. Sean Paiing (TWG contat - Aeh Wosdcock)

Future (3 year) work includes:

S3enTal GREQN WMk, GAOINGRING SRS Bad DUSHOSS Cate PIoparaton 1or & major
Boulby Underground Laboratory from 2026,

Up I Capabity of e

UKRI Bid

Long description of the pretiminary activity

TE00 woeds. please continue 1o the naxi Box when full - tor
Ac)

o Next step facility conceptual designs
(1.1km & 1.4km)

o Scoping, networking, community
engagement.

o Business case, economic impact

-=-§

o, The U oo endecpound sioce Ry eouting b o waring s o

studies, risks — Submission to BEIS

4. 5 15 GoNvo8 the S0ech 12 e wllimato ek inpesed by #UTNG beckgiounds. Col
ndate a single hid-generaton Dark Matier delector (IGDM), with woridwide part «.»on

2020 2025 2030

Boulby current science and medium-scale project development
» Astro-particle & Low background Science

+ Earth & Environmental Science = = e - —————n———————— -»

» Astrobiology & Planetary Exploration

Boulby Infrastructure development for 3GDM+ Site
—————— | 2 ------------} --------—-----’ Beneficial
Feasibility Design & Preparation Construction & Outfitting Occupancy
(Boulby-FS) (Infrastructure proposal)

Detector development for 3GDM (Rare-event community)

-------------- *-—---------------- LB B R

Collaboration / strategy Design & Pre-install Construction Construction & Operate
development

Doty Curment science and medhum e<ale rofect developmant

Intrastructure developmert for GOM+

AIT-NEO

a
AT Concephal Ban First Desgn AIT Constnchion NEO nsiwtatcn  NEOOparation

) Towseds & Major Upiht i mmwnmmv.—wwnm,v
v astrectioes o Bouby, enading the fack 3 Ganerstion Durk wmvm_nu roect and
Evng 3 516D change Uit i capabibties for my ,.(wym-« ncation 106 ovire

Now seeking community:

« Attention / understanding

* Support..

« Collaboration &
involvement...
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Thank You....

N Please Contact us...

-

Sean Paling

\ ‘ Email: Boulby(@stfc.ac.uk
Web: wwaw.sifesac.uk/boulby

Facebook: Boulbv Undef¥ground Laboratory

STFC Boulby Underground Laboratory You Tube: Boulby Underground Laboratory



mailto:Boulby@stfc.ac.uk
http://www.stfc.ac.uk/boulby
https://www.facebook.com/BoulbyUndergroundLaboratory
https://www.youtube.com/channel/UC7FfOTKcOTP2CWGsDLHc6Lw

%ot Boulby Underground Lab Backgrounds

Cosmic ray muon backgrounds: 10000 grrrrmr
Measured as (3.79 £ 0.04(stat) £ 0.11 (sys)) x 108 cm=2. s 1000 “‘G“'fa°:'a"‘(i°fy“)“m L
1 (2850 i 20 mwe) 100 \ h ! Boulby salt mine (UK)
H. Araujo, et al., Astroparticle Physics 29 (2008) 471-481. _E’ -
-
Radon: 8
0.1
Measured as 2.5 +/- 1.6 Bq.m=3 (year round) oo
Internal reports (JIF Lab 2015)
1E-3
Neutrons:
Simulations based on U/Th content:
1.2 x 10°¢ neutrons.cm2s1 (>500keV @rock/cavern bndry). Gammas:
M.J. Carson et al., Astrop. Phys 21 (2004) 667. Germanium detector survey of Boulby JIF Lab Area

Flux =0.128 cm2s1
Measured as: (1.72 = 0.61(stat) £ 0.38(sys)) x 10©cm=2s1
M.J. Tziaferi et al., Astrop. Phys 27 (2007) 326-338. D. Malczewski et al. J. Radioanal. Nucl. Chem.
298 (2013) 1483-1489.

Sean Paling, Paul Scovell - 2021



