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Direct Search tfor DM
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Light DM Detection: Kinematics
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= Kinematic matching means low-mass targets are favourable for light-DM detection by nuclear recoils
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Light DM Detection: Ionisation Quenching
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® Favourable ionisation quenching factor
= Direct detection using light target gases (H, He, Ne)
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NEWS-G Collaboration

New Experiments With Spheres - Gas

Light DM searches with a novel gaseous detector, the spherlcal proportional counter
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Spherical Pr()p()rti()nal COunteI‘ JINST, 2008, P09007

Single-anode readout or Multi-anode Readout
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|. Giomataris and G. Charpak in CEA Saclay
(sphere was previously a LEP RF cavity)
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® 260 cm detector, SEDINE, with NOSV copper

® Ne:CH4 (99.3%:0.7%) at 3.1 bar (280 g)
® 9.6 kg day exposure (34.1 days total)

—
o
3

Limit set on spin independent
DM coupling with standard
assumptions on DM velocities,
escape velocity and with
quenching factor of Neon
nuclear recoils in Neon
calculated from SRIM
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http://inspirehep.net/record/1605384?ln=en

SNOGLOBE

B New 2130 cm detector

® 4N (99.99% pure) Aurubis copper

® Now being commissioned in SNOLAB Location in SNOLAB

DEAP-3600 |
WY

’ 3 em Archeological lead

22 ecm Low Activity lead

Stainless steel skin

# 140 em Copper sphere

40 em HDPE
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Radioactivity of Copper

® U/Th content assessment with ICP-MS: very optimistic
e Secular equilibrium broken by %22Rn contamination

B Recently, measure 4'°Po alpha and infer 2'°Pb activity with
XIA UltraLo-1800

*29+10 mBqg/kg ¢'°Pb in NEWS-G copper
- Becomes main background
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Copper Electroplating

B Copper electroplating
* Preferentially deposits copper: purification

| R R N

® 500 um electroplated layer to detector

Inner surface To Pump and Filler
. To Power Supply
® Background reduction by factor Shiveion Goncuctiiy Probe
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https://doi.org/10.1016/j.nima.2020.164844

Copper Electroplating s A

® Copper deposition rate achieved ~36 um/day _— F‘right T“BTl}l | T‘“BU/] |
Sample & nbq/kg nbq/kg

*Potential to electroform full detector on feasible time scale C10100 Cu 87+16 27.9+1.9

(Machined) -

*|CP-MS assay of sample comparable to other EF copper = .
Electroformed o2 LY

Hemisphere 2 0.614 < .24 < (.11

Nuclesr Inst ard Methods in Physics Research, A 83 (2021) 164324

B S LA Contents lists available at ScienceDizect o an
" 5y Rt wﬂ
O Al - - WA
P % Nuclear Inst. and Methods in Physics Research, A S

A ). =

Fl1 SEVIER journal hcmepage: www.elsevier.com/ ocatain ma

Copper electroplating for background suppression in the NEWS-G experiment =~ W) \

L. Belogh®, C. Beaufurl ®, A. Brossard*, R. Bunker ©, J.-F. Caron ®, M. Chapellie: *, ——
J.-M. Coquillat®, E.C. Corcoran <, S. Crawford °, A. Dastgheibi Fard *, Y. Deng ©, K. Dering®,

D. Durnford ©, G. Garbier®, 1. Giomataris ’, G. Giroux °, P. Gore. &, M. Gros ', P. Gres®,

0. Guillaudin®, £ W. Hoppe*, 1. Katsioulas', ¥. Kelly !, P. Knigats¥»", L. Kwon !, 8. Langrock ",

P. Lautridou®, R.D. Martin®, J.-P. Mols’, J.-F. Muraz *, X.-F. Navick ', T. Neep/, K. Nikolopoulos/,

P. O'Brier. ©, R. Owen ', M. C. Piro®, D. Santcs®, G. Savvidis®, I. Savvidis', F. Vazquez de Sola

Fernandez *, M. Vidal®, R. Werd’, M. Zampaclo ®

(NEWS-G Collaboration)

S. Alcantar Anguiano©, 1.J. Arnquist©, M.L. di Vacri °, K. Harouaka ©, X. Kobayashi ™™*,
K.S. Thommasson ©

ANvporesen' of Phydes Trgiaveritg Plyice B Adrenmy, Qiowa’c Dniveery, Firgonn, Oeteriy V71 VA Cnve
"LEST, Unteerste Grenolle Alpes, CVRS/INZPI, Greroble Frone

“Pecific Northwest Natoaa Latovatory. Rehland WA 96332, USA

4 Cocrrinry & Chenbe Frgineoing Diparenen, Reyel Military Collage of Cavade, Kingtem, Catzrio X7K 784, Ceneds
“ Depersmen: of Physics, Jriversity of Abete, Sdmunton, Aberte, TEG 2R2, Crnada

YIRFU, CEA, Uriwreité FarisSeelay T-9119) CitsarYiwete Fromce

SLxperynent of Pryscs and Assoncmy, Loweran Lenersty, Sudbery, untono, Ve 200, Lanada

ESNOLAE. lively. Cateria. P3Y IN2. Carada

Ahe B MDwuld Cusalisn Asvopaitide Plosics Researh Iistlge, Queen's Uiddeaisily, Rogson, ON, K7L 3N6, Cuada
'School of Phvsizs and Astraromy, Jriversty of Séminghan, Bémingham BI1S 21T, Uneed Kinpdon

k SUBATECH, IMT-Atlcndque, Un'veryité de Nentes TNIPS-CNRS, Nentws, Fronce

"Ansote Unresity of Jaessclonicy, (heselonc, Ureees

T Kerviake Ohewetrey ORE lriverdty of Tekyo, Figndhi Moz eai, Kamicka Fivla, Cijie S0 THS, Tapen

" Kav ‘nutiure or the Payses ol Maberuxics uf te Unberse, Unversity of Tocye, Nashivg, Chibe Z77-6582 Jopuan

NIMA 988 (2021) 164844

UNIVERSITYOF Irfu- ceasacia
BIRMINGHAM yg a8 rece s P Knights - Boulby Feasibility Study Meeting 2021 26/02/2021 11

de I'Univers



https://doi.org/10.1016/j.nima.2020.164844

Current Status

Arrival in SNOLAB |
Arrival in CubeHall

Complete assembly

: .
-
‘. p— o

Installation in shield

. .
,' .
.-‘_",—-p‘

Installing PE shield
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NEWS-G@SNOLAB: Physics Potential
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Assumptions

Flat background (1.78 dru)
Ne:CHas (90%:10%)

Exposure 20 kg*days

Energy window [14 eVee, 1 keVee]
F=0.2, 6=0.12

SRIM quenching factor
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Backgrounds in NEWS-G@SNOLAB

Cosmogenic Activation (1 year cooling)

Cavern

Gas Mixture

Numbers from A. Brossard, PhD Thesis, 2020
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Next Stage

= ECUME - an underground-electroformed 140 cm sphere
*Electroformed in SNOLAB
*No machining or welding - grow sphere directly

® Builds on achievements of NEWS-G electroplating

*36 um/day — ~1 mm/month

Status:
B R&D for 30 cm prototype bath at PNNL
* Procurement of parts underway
® Full-scale planned to be underway by Autumn 2021

= ECUME is initially dedicated to NEWS-G, but after it will be
an electroplating facility available in SNOLAB
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Backgrounds in NEWS-G@SNOLAB

Cosmogenic Activation (1 year cooling)

Cavern

Gas Mixture

Numbers from A. Brossard, PhD Thesis, 2020
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Multi-anode readout with

DarkSPHERE potential for individual anode

read-out (TPC-like mode)

= Studying in simulation
JINST 15 (2020) 06, C06013

23 m fully underground-

1 GeV muon, 100 Torr

electroformed detector e P
Operation with 5 bar
He:CaH1o (30%:10%) DarkSPHERE m——
(27 kg) E.?gesé);tlme[usll IIIIII . l
. ~ 4: Single Anode
=| arge mass of light = 10°F — ;;gnojeﬁgg:mgz E
targets %103_ Infinite anodes ACHINOS 5
L%

Multi-physics potential
m Dark Matter search

= Ov2B decay search 10°] :
. - s o
CEvVNSs physics o o
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https://doi.org/10.1088/1748-0221/15/06/C06013

DarkSPHERE Shielding 30 om water

® Goal: background from shield and environment to be
same order as that from EF copper (0.002 dru <1 keV)

® Working to constraints of Boulby’'s Large Experimental
Cavern (7xX7x7 m?3) 7

m 2 options considered:
*Only water
*\Water-lead-water

® Only water needs 3.5 m to achieve goal
*Wouldn't fit in currently available space

® \Water-lead-water is viable option

® Also investigating active component (i.e. liquid

20 cm lead

130 cm water

DarkSPHERE

scintillator) Configuration Environmental Environmental
Photons [dru] Neutrons [dru]
Water (2 m) 3 0.002
Water (3.5 m) 0.002 <0.002
J.Radioanal.Nucl.Chem. 298 (2013) 3, 1483-1489
NIMA 505 (2003) 688-698 Water-lead 0.005 0.002
Astropart.Phys. 22 (2005) 409-420
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https://doi.org/10.1007/s10967-013-2540-9
https://doi.org/10.1016/S0168-9002(03)00983-5
https://doi.org/10.1016/j.astropartphys.2004.09.005

Spherical Proportional Counters in Boulby

® 230 cm detector arrived in Boulby Dec. 2019
= Aim to study:
* Instrumentation R&D in controlled environment
- €.g. space charge measurements
* Neutron flux
- thermal/fast neutrons
- n/y discrimination
* Gas purification studies
- Purpose-built O2/H20 filter with U. of Liverpool
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Neutron Measurements in Birmingham - 1 bar N2
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Summary

% I I R | / I I R | I I T T I'E
cEJ 10°B3E- NEWS-G: SEDINE NEWS-G: SNOGLOBE -
" Fully underground-electroformed spheres will have . n-34f — Daksides == NEWS-GIECUME =
L . . »10 " E CRESST-III — — NEWS-G: DarkSPHERE =
significantly enhanced discovery potential © 1 035L — comsLie “ust He v Floor E
: : : : : - = o o =
= ECUME is will begin construction this year S 1o 36k — Teren'i oMo S
= DarkSPHERE has potential to reach neutrino floor S10°%F =
. . .y C 1 A38L _f
*Detailed studies of read-out and shielding underway = 10 oF N
: : A Y E =
* Conceptual designs conducted targeting Boulby as host 18_405 0.0 dﬂ}\ =
® Electroformation is the way to suppress background in 1 0_412_ | N E
rare-event search experiments 10742 - =~ E
= - o
= SNOLAB’s ECUME will be worlds largest underground -43[ OO -
: IF J J 10 % S(I)ZE’E %I\L/I ILI)I E)A\ pF;\r(Limn \\\\k \\\\\\\\i\\\\i\\\i\\’SN\\‘\\“\%\ﬁ@
electroformation facility 10-%4E Daoon \\\\\\\\\\\§\\\ LAMMMN
_ o = E 50barHe10% C,H, N\ \3\\% \\\\\\\\x
® Electroformation capability in Boulby relevant for future 45 L 300 days ANIH:Hn
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rare-event search experiments qo 46—l
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