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Boulby Underground Laboratory

The UK’s deep underground
science facility operating in a
working polyhalite and salt
mine.

Dundee
Edint}urgh

1.1km depth (2805 mwe). With e s . i

Cosmic radiation attenuated

N Boulby Underground
Kingdom 'Labmamry

low background surrounding
rock-salt

Limerick

Operated by the UK’s Science
& Technology Facilities Council
(STFC) in partnership with the
mine operators ICL T

AICL

Oxford

Bristol

Factor ~108
reduction in
cosmic ray flux
vs. surface
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Underground Science

DRIFT/CYGNUS: Dark Matter Search

NEWS-G: New technology for dark matter searches
BUGS: Ultra-low background materials screening (for LUX-
ZEPLIN and Super-K-Gd and more)

RESOURCE: Battery earth research for energy storage
SELLR: Life in Low background radiation

BISAL: Geomicrobiology / Astrobiology studies

MINAR: Space Exploration Tech. Development

Misc. Geology / Geoscience

AWEGe and WATCHMAN: Nuclear security

Etc... (More to come).

CYGNUS Dark Matter R&D
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Boulby Facility Details

 The UK’s deep underground science facility. s
One of 4 in EU. ~15 in the world. - @ \&\\ esa
THE UNIVERSITY

of EDINBURGH European Space Agency
e Supports work of 9 collaborative projects;

astrophysics to climate, geology, environment
etc

Rt The
‘ ‘fm"‘ g?nersu.y

Sheffield.

‘FDurhdm

Unive I‘\l[‘n

e 40 institutions, >150 scientists and students.

The World’s
Underground
labs

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

« Operations, H&S & science programme How does Boulby Compare?
managed by 8 onsite staff and supported by * Lowest Radon levels (3 Bg/m3)

Rutherford Appleton Lab (PPD). * Most diverse science prog.
* Science and Industry partnership

* Mine operators CPL provide wide-ranging
operational & higher level support.
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" st

3000m? Outside
Experimentation Area

Surface support and
staging building

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

Boulby Underground Lab Facilities 2019:

>4000m3 class 1k & 10k clean room lab space
100Mb Internet AC, Air filtration, 5T & 10T lifting,
LN generation, fume hood & clean prep space.
3000m?3 Outside Expt. Area. With power & internet

BUGS Material screening/




Working alon

mi

i

ge

-
BSI

o

o
- i
CPL/ICL support us:
Keep the mine operating and safe
Emergency H&S
Materials transportation

Misc. Facility maintenance

ulby Lab responsibility:

Facilitate the Science
Manage Safety
Operations Impact
Outreach & Media




Boulby Geology & Mining SN -'

Excavations are in Salt (NaCl) & Polyhalite Permian evaporite layers
left over from the Zechstein Sea.

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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Dark Matter Searches

2

WIMP-nucleon cross section [em*)

 NAIAD

o ZEPLIN-III

« ZEPLIN-II was the first dual-phase liquid
xenon dark matter detector*
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Dark Matter Searches

CYGNUS: R&D for DIRECTIONAL Dark
Matter detection.

)
2
T
STATUS: Programme operating at Boulby since 2001. o
Currently limit-setting and conducting system 2
o
performance & scale-up R&D. Plans for further R&D & ! e =
expansion / collaboration (CYGNUS). o 7 pual (1”?3 =
L | total) Negative.
~ lon DRIFT TPC
Directional detection
Occidental College, Alpha track
New Mexico,
Colorado State, Simulated
Hawaii, Wellesley, data
Sheffield,
Edinburgh, Boulby
TSI WIMP flux

Directional DM detection — providing the
most powerful direct detection signature

issues and technologies for scale up - CYGNUS




Dark Matter Searches

NEWS-G
Using SPC- Spherical Projection Chambers
Searching for light dark matter

Run by University of Birmingham particle physics

1. group
e Installation of R&D vessel in December 2019

UNIVERSITYOF
BIRMINGHAM

E Field [V/m]
10

SEDINE detector
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Ortec — Without N, 3

E With
08— " =

BUGS Material Screening

Growing suite (‘BUGS’) of Ultra-Low-Background (ULB) germanium detector systems to ® o
support Dark Matter & misc ‘rare-event’ studies

@ [kg" ko &7

Fate [k
L=]
=

Background 3
Spectra 5

ULB counting studies .
supporting UK DM (LZ) and &
neutrino study communities. §

Sensitivity down to <50ppt
U/Th per sample, & improving 3

Our Current Detectors;
- Ortec 1.8 kg (72%) p-type (ULB)
- Canberra 2.0 kg (112%) & 3.2 kg
- (171%) p-types (S-ULB)
- 2x Canberra BEGe detectors (5030
& ULB, 6530 S-ULB)

: : : e e - Canberra SAGe Well-type (LB)
Boul.by unde.rtaklng major - Germanil ySuite (IgUGS) - XIA Surface Particle detector
role in material selection :
for LUX-ZEPLIN and SK-

Gd/T2K

In collaboration with UCL,
DMUK, Sheffield, Edinburgh
and others

" /LZ DETECTOR(S) Gddoaded

, liquid scintillator
veto detector
Lwx L.

water tank o | LXe ‘skin”

1 % | detector
A

XIA- for investigating
surface and bulk alphas,
and for cleaning
procedures

« LXe HX

HV umbilical -

low-bk| | W
cryostat

New automate®EN2 filling
system

LUX-ZEPLIN




Environment Monitoring - BLEM

Please select a start date

dd/mmlyyyy

Please select an end date

Please select a start time

00:00

Set to 24 hours ago

Please select an end time

dd/mmiyyyy 00:00 Setiinow
Expand all Select all Deselect all
Temperatures | Pressures | Humidities |
Auis type for particle data Linear ® Logarithmic

Show thresholds for particle sensors.

20.5 micron dust particles |
Radon Readings |

Gas Readings 1

Do you want lo take averages of the datapoints?

Board 1, Device 1. Measuring 02
Board 1, Device 2. Measuring 02
Board 1, Device 3. Measuring 02

Board 1, Device 4. Measuring 02

21 micron dust particles |

No, use dala from every minute ®

Board 2, Device 1. Measuring C52
Board 2, Device 2. Measuring CS2
Board 2, Device 3. Measuring CS2

Board 2, Device 4. Measuring H2S

=5 micron dust particles |

Yes, take the five minute average

Power/kW
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MINAR

e Testing of instruments and methods for subsurface exploration of
planets/moons
* Develop new educational material ' Zemif,  MINAR - SPLIT
P v : ;:Tl"qﬁA "
* Astronaut training
* Qutreach and live-links

s Boulby Underground Laboratory M UK Centre for
Astrobiology's live video

UK Centre for Astroblology w




22\ British
EE Geological Survey

Expert | Impartial | Innovative

RESOURCE

« British Geological Survey 7

Boulby Mine Gallery

- Large scale energy storage e —
for renewable energy .. ||

» Uses compressed air, stored | = e || 4
in cavities in the rock oty AR

. This air is released to turn | " L iled

turbines when energy is e

-
Bz % = Sensor arrays at 120° intervals around caverns A and B

n e e d e d @) Drill and core pilot hole. Study (@ Drill and core intermediate hole to

fabric, chemistry and mechanical 8m and deep hole to 15m. Study and
properties of core. Also drill and compare core. Case holes and form

« Small scale study at Boulby | sy e
initially is testing the
technigues to create these
cavities

@ Drill and core shallow hole to 5m.
ole, cem jand
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NPL

C14 National Physical Laboratory

« National Physical Laboratory

* Looking to improve the half-life measurements radgaton
of Carbon-14 £

« Discrepancy between existing measurements PPPP

- Measurement challenge lies in getting the most Sneter L
stable equipment over a long period of time High-voltage

power supply

Ammeter

Radiocarbon production (based on GLOPIS-75 on SFCP2004 timescale)

——— Tree rings (Stuiver et al., 1998)
=  [Kiritimati, Barbados, Araki corals (Fairbanks et al., 2005; this study) — 1000
O Araki and Barbados corals (Pa-confirmed Th/U age)
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SELLR

How does life respond to low levels of radiation?
* Using bacteria (bactilla subtillis) exposed to

varying levels of radiation, the response below
normal background can be found

Cs137 source

Current radiation dose-risk models

Risk
——  Supralinear/Mypersensitive

—— Linear No Threshold /

Threshold
Hormetic

Risk

A
Y
Dose

I
v

—~
Sub-background

Background - >100x
100x background background
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oo
AWE-Ge

‘4)
« Atomic Weapons Establishment

» Testing air filtration samples for telltale signs of
nuclear experimentation

« CTBT verification

* An ongoing study to see what benefits being
underground would give them, compared to their
existing lab

Science and
Technology

Facilities Council




World
antineutrino

AIT/WATCHMAN/NE1 e

« A WATer CHerenkov Planned HARTLEPOOL REACTORS WATCHMAN detector at the Boulby mine
Monitor of ANtineutrinos excavation, 5
«  6KT prototype detector: installation & | : 1 g;)(;e:AWt oer core A 6KT Gd-
R&D for anti-neutrino operation 202088 S LS. | ¢ 25km standoff i
monitoring of nuclear to 2025(+) : ' looking at

reactors for Global Nuclear
Non-Proliferation purposes
& more

anti-neutrinos
from
Hartlepool
nuclear
reactor

3500 tons of gadolinium doped N
water

3000 photomultiplier tubes

Signal: ~11 events/month/core
Background: ~20 events/month )




AIT-WATCHMAN Technology & Science

— Overview of long term research plan
1) Reactor Monitoring for

. . Standoff for >10" km 2>102 km v ~10® km

Nuclear Non-proliferation ewng. =

operations >~10°t

Wpi?hinl days to months - onmm vy

- on on-$
A prototype R&D detector for @, ... drecionaity
proof-of-principle and R&D for & wator based
remote monitoring of distant insirmentation
reactors e wATSiAN
:J:&%:;%sz

2) Technology Development
& Fundamental Science

~6 year Lifecycle Plan

2?_132017 activities ny_‘y\_ls__ﬂogo_cgb\l Loni-torm vision I
Supernovae Neutrinos: Studies of Geo-neutrinos: Studies of the Earth’s

A world-class research exploding stars (immediate capability) centre (possible with later AIT

detector for technology phases)

development and fundamental

neutrino science R&D

A world-class pure & applied
neutrino science project




North Workings Rock stress

|t ﬁ: modelling

ﬂi New excavation required

'
A

Watchman Davation - update 3-13-19 after
site/rank meeting

Planned
excavation,
installation & T . B = }
to 2025(+) AN e ' /
)‘{'
15,000m?3
2000W AIT/WATCHMAN site

2 1 2001s

Pit Bottom
Dark Matter Lab

South Workings
80+ collaborators

from 20+ US & UK

institutions
Existing STFC-Boulby
Deep underground

science facility




Generation 3 Rare Event Detector

Feasibility study started

Space and facilities need to be thoroughly evaluated
Simulations of current background and additional shielding
Technical and cost suitability

STFC Opportunities Call 2019

Feasibility Study for Developing the Boulby Underground Laboratory into

a Facility for Future Major International Projects
H Araujo, ) Dobson, C Ghag, V Kudryavtsev, P Majewski, S Paling, R Saakyan,
P. Scovell, N Smith, TJ Sumner
Imperial College London, University of Sheffield, University College London, Rutherford Appleton
Laboratory, Boulby Underground Laboratory, [SNOLAB]

Case for Support

Project Description & Objectives

We propose a feasibility study info the use of the Boulby Underground Laboratory (hereafter
Boulby) as a host facility for future major international rare event search experiments in an ultra-
low background environment. The outcome will be a report detailing typical experimental
requirements and expectations for the construction and operation of a host facility, informed by a
conceptual design level engineering study. Use cases from the fields of direct dark matter (DDM)
searches, using 50-500 tonnes of liquid target, and neutrinoless double-beta decay (OvBE), with up
to 1000kg of solid targets within large volume liquid veto systems, will form the first input. There will
be consultation with the wider community on possible candidate experiments. The study will
include a recommendation on future development steps for Boulby to evolve as an international
facility together with the associated estimated costs involved.

Scientific Justification

Boulby!'l has already successfully hosted a number of intemational projects, including DDM
searches DRIFT | and 1l 23, NAIAD B, ZEPLIN I, Il and 11l 27, and a study of aerosol nucleation,
SKYEL. Currently it houses a number of international activities, including one of the world’s best
screening facilities for low-radioactivity materials, BUGS [, laboratories for life in extreme
conditions (BISAL/MINAR) "'l and low-radiation environments %!, and muon tomearaphv

Muon flux (m‘zs")

10 4+———r———————f——r—— T
[ o Y2U 1
I ®sc 1
.3 gl I .
10 F Kamioka. ® ARF ]
® Boulby
r SUPL ® LNGS 1
10" i CallioLab @ E
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E SURF @ °® ;]
[ LSM
®  Baksan
10°+ .
» SNOLAB @ .
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10 e +— : Lt —t —
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Depth (m)
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Outreach

This week the Rutherford Appleton Lab have been hosting a group of Did you know that we run a regular talks programme with different guest

children for their annual Summer Coding week. This year Boulby was speaker, here at the museum? They're great for anyone who loves social ‘
chosen as a site to test their robots as if they were Mars Rovers. The kids and local history or simply for those who want to grab a cuppa and meet like-

have worked hard coding these robots and the live tests are underway now! minded people.

Most of our talks are drop-in on the day and cost £2 which includes a cup of ‘ m
=

tea or coffee. T pee— : g h b t;--nu:r e 4
. i ol | NRN; '-'lf-{“,
The next talk will take place on Tuesday 22 October and is presented by # j ars B e iy e

Rt

scientist Christopher Toth from STFC's Boulby Underground Laboratory.

Find out more here https://www.prestonparkmuseum.co.uk/home/events/

MINED OVER MATTER
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Thanks for listening!

ed.banks@stfc.ac.uk
boulby@stfc.ac.uk

Facebook: Boulby Underground Laboratory
Twitter: @boulbylab
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