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NEWS-G Ve\?v-‘

Light DM searches with a novel gaseous detector, the spherical proportional counter
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Spherical Proportional Counter

4pGaseous proportional counter

4Low capacitance, single-electron detection

4pSmallest surface area to volume ratio

4)Flexible choice of low-mass target nuclei
=H and C (in CH,, i-C4H10), He, Ne, etc.

4pRadiopure construction

. +—— Avalanche Region

<+ Anode

<+ Grounded Rod
Grounded Cathode

\
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Recent NEWS-G Results

7o) 10°
F
o 10°
4pS140 detector: 2140 cm detector 10°
=99.99% pure Cu with 0.5mm electroplated
radiopure Cu internal layer 10°
4pBuilt and tested in LSM
= First physics from commissioning data 102
(pure CH4)
4 First physics run in SNOLAB 10
= Analysis underway (Ne:CH4)
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Simulated backgrounds in SNOGLOBE @

Towards the Neutrino Floor

Cosmogenic activation

(1 year cooling)
20.4%

Shield materials
19.8%

SEDINE SNOGLOBE
Gas mixture
@60cm @140cm 4.8%

NOSV Cu 99.99% Cu Cavern

Copper 0
500 um EFCu Layer 54_4[%{) 0.6%

o @

Current detectors
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Cosmogenic activation

(1 year cooling)
20.4%

Shield materials
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Simulated backgrounds in SNOGLOBE @
..underground

Towards the Neutrino Floor

OS

(1 year cooling
20.4%

tivation

Shield materials
19.8%

SEDINE SNOGLOBE
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NOSV Cu 99.99% Cu §6ao/vern
. 0

500 um EFCu Layer
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Simulated backgrounds in SNOGLOBE @
..underground

Towards the Neutrino Floor

OS

(1 year cooling
20.4%

tivation

Water-based shield

ShieTa mesasials

19.8%
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. 0
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Simulated backgrounds in SNOGLOBE @
..underground

Towards the Neutrino Floor

OS

(1 year cooling
20.4%

tivation

Water-based shield

ShieTa mesasials

19.8%

SEDINE SNOGLOBE DarkSPHERE-30 DarkSPHERE
@60cm 2140cm @30cm 4G§>/f mixture
NOSV Cu 99.99% Cu Ungerground EF Cu Y ! or Caovem
500 um EFCu Layer 5429 Sy 0.6%
: Electroforming...

Current detectors Future NEWS-G DM projects
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Simulated backgrounds in SNOGLOBE  \Vev2
..underground

Towards the Neutrino Floor

PHYSICAL REVIEW D 108, 112006 (2023)

OS

(1 year cooling
20.4%

tivation

Exploring light dark matter with the S s
proportional counter electroformed underground
at the Boulby Underground Laboratory

L. Balogh,1 ¢ Beaufort,2 M. Chapellier,3 E.C. Corcoran,4 J.-M. Coquillat,3 A. Dastgheibi-Fa.rd,2 b & Deng,5 D. Dumford,5
C. Garrah,5 G. Gerbier,3 L. Giomataris,6 G. Giroux,3 P. Gorel,7 M. Gros,6 P. Gros,3 0. Guillaudin,2 E. W. Hoppe,8
I. Katsioulas,” F. Kelly,* P. Knights®,”" P. Lautridou,'® I. Manthos®,” R. D. Martin,’ J. Matthews,’ J.-F. Muraz,”
1 Neep@,9 K. Nikolopoulostﬁi,9 P. O’Brien,5 M.-C. Piro,5 N. Rowe,3 D. Santos,2 G. Savvidis,3 Kk Savvidis,11
F. Vazquez de Sola Fernandez,m R. Ward’

Water-based shield

19.8%

(NEWS-G Collaboration)

E. Banks,]2 L. Hamaide,13 C. McCabe@,l?’ K. Mimasu,l?’ and S. Paling12
SEDINE SNOGLOBE DarkSPHERE-30 DarkSPHERE

Gas mixture

@60cm @140cm @30cm 4.8%
NOSV Cu 99.99% Cu Ungerground EF Cu or Caovern
Electroforming...
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Current detectors Future NEWS-G DM projects
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Simulated backgrounds in SNOGLOBE  \Vev2
..underground

Towards the Neutrino Floor
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Exploring light dark matter with the S R
proportional counter electroformed underground
at the Boulby Underground Laboratory
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Water-based shield

19.8%

(NEWS-G Collaboration)

E. Banks,]2 L. Hamaide,l?’ C. McCabe@,l?’ K. Mimasu,]3 and S. Paling12
SEDINE SNOGLOBE DarkSPHERE-30 DarkSPHERE

Gas mixture

@60cm @140cm @30cm 4.8%
NOSV Cu 99.99% Cu Ungerground EF Cu dergrou or Caovern
Electroforming...

4pRecent proposal from team from 9 UK institutes

O o o = UK-led direct DM search in UK, benefitting
é——’ -

——{ from international NEWS-G experience,
Current detectors Future NEWS-G DM projects completed R&D, and wider DM experience

= UNIVERSITYOF
#*y BIRMINGHAM Patrick Knights - DarkSPHERE - EFCA-UK, Durham 24/09/2024 6



https://doi.org/10.1103/PhysRevD.108.112006

Science and
o Facillties Council 222Rn ~3 Bq/m3 P_Scovell, DMUK 2019
DarkSPHERE in Boulb M. iy s s,
Laboratory R _—

4pDarkSPHERE will use a modular water-based shield
4pA pure water shield is sufficient for background goal of

0.01 event/keV/kg/day in RO | 2]

Keuper marl

Bunter Sandstone

¢ Conceptual design fits in
{ Large Experiment Cavern }

[ ¢

DarkSPHERE
@3 m Fully Electroformed SPC

Access to detector

Modular water-based shield
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DarkSPHERE (23m) Physics Potential
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4)‘Neutrino-floor’ reaching potential in DM-nucleon Sl interactions

“World-leading potential in SD interactions through natural-abundance H and C isotopes

4p230cm prototype in Boulby in a DarkSPHERE-like shield will have world-leading sensitivity
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DarkSPHERE (23m) Physics Potential
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“World-leading potential in SD interactions through natural-abundance H and C isotopes
4p230cm prototype in Boulby in a DarkSPHERE-like shield will have world-leading sensitivity
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DarkSPHERE (23m) Physics Potential
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DarkSPHERE (23m) Physics Potential
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E FCu i n Bo u lby Example electroforming bath

#ECUME project: R&D completed for @140cm detector + scale model at;” c quthwe National Laboratory
4STFC funding for an ultra-pure EFCu facility underground in Boulby F VAR

=Currently under construction _— TN
fPEFCu facility to be employed by other efforts (e.g. XLZD) N

Credit: E W Hoppe, PNNL

E97 UNIVERSITYOF
~*y BIRMINGHAM Patrick Knights - DarkSPHERE - EFCA-UK, Durham 2410912024 .



https://indico.sanfordlab.org/event/29/contributions/475/attachments/310/792/LRT-2022-Electroforming%20Hoppe.pdf

E FCu i n Bo u lby Example electroforming bath

. t Pacific Northwest National Laborat
#ECUME project: R&D completed for 2140cm detector + scale model g J West Rationa’ Labora ory

4STFC funding for an ultra-pure EFCu facility underground in Boulby
=Currently under construction
4pEFCu facility to be employed by other efforts (e.g. XLZD)

Boulby EFCu [ F#g%
Facility oot
ng_:t@

Credit: E W Hoppe, PNNL
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E FCu i n Bo u lby Example electroforming bath

HECUME project: R&D completed for @140cm detector + scale model oo iorwest National Laborataty

#STFC funding for an ultra-pure EFCu facility underground in Boulby <
=Currently under construction Y. N

4pEFCu facility to be employed by other efforts (e.g. XLZD) VY
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E FCu i n BO u lby Example electroforming bath

. t Pacific Northwest National Laborat
#ECUME project: R&D completed for 2140cm detector + scale model ~ ° f actic 9_ s

4STFC funding for an ultra-pure EFCu facility underground in Boulby 4
= Currently under construction T — , R
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Ultra-Pure Cu Electroforming

4pMain background source Cu detector
532 4pFavourable electrochemical properties of
o Pa copper - Possible to produce copper with
**  reduced contaminants (e.g. U, Th, K, etc.)
#pPerforming this underground -

! suppressed cosmogenic activation
22%3 4pUsed by several experiments, e.g. NEWS-G
= UK a kay player in this

218 214 210

Po Po Po
84 s1m 214 /84 160 us 210 /84 138 d
Bi | Bi

21 4 /83 20 m 83 5d 206
Pb Pb
82 27 m 82 Stable

Nucl.Instrum.Meth.A 988 (2021) 164844
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https://doi.org/10.1016/j.nima.2020.164844

Ultra-Pure Cu Electroforming

4pMain background source Cu detector
a4 ‘PFavourable electrochemical properties of
o Pa | copper - Possible to produce copper with
**  reduced contaminants (e.g. U, Th, K, etc.)
4pPerforming this underground -
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Ultra-Pure Cu Electroforming

4pMain background source Cu detector
>34 f)pFavourable electrochemical properties of
Pa | copper - Possible to produce copper with
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