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Cosmic Microwave Background

 Astron.Astrophys. 641 (2020) A6

https://doi.org/10.1051/0004-6361/201833910
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Galactic rotation curves

Phil.Trans.Roy.Soc.Lond.A 320 (1986) 1556, 447-464

Cosmic Microwave Background

 Astron.Astrophys. 641 (2020) A6

Gravitational lensing 

Astrophys.J.Lett. 648 (2006) L109-L113
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https://doi.org/10.1051/0004-6361/201833910
https://doi.org/10.1086/508162
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Galactic rotation curves

Phil.Trans.Roy.Soc.Lond.A 320 (1986) 1556, 447-464

Cosmic Microwave Background

 Astron.Astrophys. 641 (2020) A6

DM properties: 

‘Weakly’ interacting

Non-baryonic

Electrically neutral

Non-relativistic

Long-lived 

No known particle 

solves the puzzle!

Gravitational lensing 

Astrophys.J.Lett. 648 (2006) L109-L113

https://doi.org/10.1098/rsta.1986.0128
https://doi.org/10.1051/0004-6361/201833910
https://doi.org/10.1086/508162
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Rept.Prog.Phys. 85 (2022) 5, 056201
Landscape of Direct DM Searches See A Cottle's Talk (next), 11:40 Tuesday

https://doi.org/10.1088/1361-6633/ac5754
https://indico.cern.ch/event/1388874/#23-dark-matter-direct-search-e
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Rept.Prog.Phys. 85 (2022) 5, 056201

Light DM region has attracted 
theoretical interest


Exploring light DM with nuclear 
recoils requires: 

➡Low energy threshold

➡Low-mass target nuclei

➡Novel approaches 

Landscape of Direct DM Searches See A Cottle's Talk (next), 11:40 Tuesday

https://doi.org/10.1088/1361-6633/ac5754
https://indico.cern.ch/event/1388874/#23-dark-matter-direct-search-e
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Rept.Prog.Phys. 85 (2022) 5, 056201
Searching for Light Dark Matter

More on MIGDAL: L Millins' Poster (Tuesday) 

https://doi.org/10.1088/1361-6633/ac5754
https://indico.cern.ch/event/1388874/#218-commissioning-of-the-migda
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NEWS-G
Light DM searches with a novel gaseous detector, the spherical proportional counter

13th NEWS-G Collaboration Meeting@Boulby Summer 2023
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Simple, few-channel read-out 

Radiopure construction
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NEWS-G S140 in SNOLAB
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SPC Instrumentation

7

Increased volume and pressure→improved DM sensitivity

Single anode: drift and avalanche fields coupled

➡E≃V·ra/r2 → higher voltage for same field at high r

➡Challenge to scale detector size or pressure
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SPC Instrumentation
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JINST 15 (2020) 11, 11

Idea: multiple anodes at fixed radius - ACHINOS

➡Avalanche field: anode radius + voltage

➡Drift field: Collective field of anodes


Increased volume and pressure→improved DM sensitivity

Single anode: drift and avalanche fields coupled

➡E≃V·ra/r2 → higher voltage for same field at high r

➡Challenge to scale detector size or pressure

https://doi.org/10.1088/1748-0221/15/11/P11023
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JINST 15 (2020) 11, 11

Idea: multiple anodes at fixed radius - ACHINOS

➡Avalanche field: anode radius + voltage

➡Drift field: Collective field of anodes


Increased volume and pressure→improved DM sensitivity

Single anode: drift and avalanche fields coupled

➡E≃V·ra/r2 → higher voltage for same field at high r

➡Challenge to scale detector size or pressure

11-anode ACHINOS simulation (2 channels)

Near

Far

Shared

https://doi.org/10.1088/1748-0221/15/11/P11023
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Unlocking the SPC’s Potential
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JINST 19 (2024) 01, P01018

Previous implementations grouped anodes for read-out

Developed capability for individual anodes read-out


Improved energy resolution, event localisation, 

Extensive simulation study of anode-by-anode gain variations

See L Millins' Poster (Monday) 

https://doi.org/10.1088/1748-0221/19/01/P01018
https://indico.cern.ch/event/1388874/#193-first-operation-of-an-achi


P Knights - NEWS-G - IOP APP, HEPP, NP 2024 09/04/2024

Unlocking the SPC’s Potential

8
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Overcoming Backgrounds in Copper
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α-spectroscopy measurements of NEWS-G Cu
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Additive-free, electroforming

‘High reduction potential’ of copper 
→ Preferentially deposited


α-spectroscopy measurements of NEWS-G Cu
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Ultra-Pure Copper Electroforming

10

500 μm electroplated layer to NEWS-G detector inner surface

Demonstrated potential to electroform full detector on 

feasible time scale
Pb

Po

Bi

4N Copper

500 m
EF Copper Gas
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~1 mm/month

Ultra-Pure Copper Electroforming

10

ICP-MS Assay


500 μm electroplated layer to NEWS-G detector inner surface

Demonstrated potential to electroform full detector on 

feasible time scale

NIMA 988 (2021) 164844

LSM

LSM

Pb

Po

Bi

4N Copper

500 m
EF Copper Gas

https://doi.org/10.1016/j.nima.2020.164844
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S140 in LSM

11

SNOGLOBE in SNOLAB

40 cm HDPE


22 cm Low 

Activity Lead

3 cm Archeological 

Lead

⌀140 cm detector 4N (99.99% pure) Aurubis copper 

➡Electroplated internal layer

Constructed and tested in LSM, France

✓Commissioning data analysis finalising (CH4)

JINST 18 (2023) 02, T02005

https://doi.org/10.1088/1748-0221/18/02/T02005
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SNOGLOBE in SNOLAB

40 cm HDPE


22 cm Low 

Activity Lead

3 cm Archeological 

Lead

⌀140 cm detector 4N (99.99% pure) Aurubis copper 

➡Electroplated internal layer

Constructed and tested in LSM, France

✓Commissioning data analysis finalising (CH4)

JINST 18 (2023) 02, T02005

Preliminary

135 mbar CH4

https://doi.org/10.1088/1748-0221/18/02/T02005
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SNOGLOBE in SNOLAB
⌀140 cm detector 4N (99.99% pure) Aurubis copper 

➡Electroplated internal layer

Constructed and tested in LSM, France

✓Commissioning data analysis finalising (CH4)

Preliminary

First physics run in SNOLAB finished early 2023

~20 kg·days exposure with Ne:CH4

Future physics runs: CH4, … 

S140 

SNOLAB

135 mbar CH4
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Towards the Neutrino Floor with NEWS-G

Shield materials
19.8%

Cosmogenic activation
(1 year cooling)
20.4%

Copper
54.4%

Cavern
0.6%

Gas mixture
4.8%

Simulated backgrounds in SNOGLOBE

Current detectors
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Cosmogenic activation
(1 year cooling)
20.4%

Copper
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Gas mixture
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Electroforming…


Water-based shield


…underground


Current detectors
 Future NEWS-G DM projects


Phys.Rev.D 108 (2023) 11, 112006

https://doi.org/10.1103/PhysRevD.108.112006
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DarkSPHERE in Boulby
DarkSPHERE will use a modular water-based shield

Boulby as potential host - UK’s deep-underground science facility

A pure water shield is sufficient for background goal of             
0.01 event/keV/kg/day in ROI

222Rn ~3 Bq/m3

μ ~4⨉10-8 /cm2/s
P. Scovell, DMUK 2019
NIMA 511 (2003) 347-353

https://indico.fnal.gov/event/19947/contributions/54719/attachments/34157/41788/DMUK_BoulbyUpdate.pdf
https://doi.org/10.1016/S0168-9002(03)01973-9
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DarkSPHERE in Boulby
DarkSPHERE will use a modular water-based shield

Boulby as potential host - UK’s deep-underground science facility

A pure water shield is sufficient for background goal of             
0.01 event/keV/kg/day in ROI

Current R&D SPC!

222Rn ~3 Bq/m3

μ ~4⨉10-8 /cm2/s
P. Scovell, DMUK 2019
NIMA 511 (2003) 347-353

https://indico.fnal.gov/event/19947/contributions/54719/attachments/34157/41788/DMUK_BoulbyUpdate.pdf
https://doi.org/10.1016/S0168-9002(03)01973-9
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DarkSPHERE will use a modular water-based shield

Boulby as potential host - UK’s deep-underground science facility

A pure water shield is sufficient for background goal of             
0.01 event/keV/kg/day in ROI

Current R&D SPC!

222Rn ~3 Bq/m3

μ ~4⨉10-8 /cm2/s
P. Scovell, DMUK 2019
NIMA 511 (2003) 347-353

Conceptual design fits in 

Large Experiment Cavern

https://indico.fnal.gov/event/19947/contributions/54719/attachments/34157/41788/DMUK_BoulbyUpdate.pdf
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Image credit: E W Hoppe, PNNL

Example electroforming bath

at Pacific Northwest National Laboratory
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Boulby EFCu Facility
STFC funding for an ultra-pure EFCu facility underground in Boulby

➡Facility currently under construction

Complements UK radioassay facilities, ultra-pure manufacturing plans in 

Boulby, and aspiration to host experiment

➡e.g. electroplating for Rn emanation reduction in XLZD

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

STFC funding for an ultra-pure EFCu facility underground in Boulby

➡Facility currently under construction

Complements UK radioassay facilities, ultra-pure manufacturing plans in 

Boulby, and aspiration to host experiment

➡e.g. electroplating for Rn emanation reduction in XLZD

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

Facility

First EFCu test in Boulby 

STFC funding for an ultra-pure EFCu facility underground in Boulby

➡Facility currently under construction

Complements UK radioassay facilities, ultra-pure manufacturing plans in 

Boulby, and aspiration to host experiment

➡e.g. electroplating for Rn emanation reduction in XLZD

Construction of bath underway

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

Facility

First EFCu test in Boulby 

⌀30cm SPC with world-leading 

physics potential to begin 


construction this year!

STFC funding for an ultra-pure EFCu facility underground in Boulby

➡Facility currently under construction

Complements UK radioassay facilities, ultra-pure manufacturing plans in 

Boulby, and aspiration to host experiment

➡e.g. electroplating for Rn emanation reduction in XLZD

Construction of bath underway

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

15

BUTTON - technology test bed for ν detection technologies

BUTTON-30 under construction in Boulby

➡~30 tonne first stage instrumented by ~100 10” PMTs

➡Fill media: water and water-based liquid scintillators 
(+Gd doping) 

Exploring synergies as active veto for DarkSPHERE

From: L Kneale, IOP HEPP&APP 2023

Rough sketch for scale 
with ⌀30 cm DarkSPHERE

See A Tarrant's Talk, 9:00 Wednesday

https://indico.cern.ch/event/1261135/timetable/?view=standard#72-button-a-technology-testbed
https://indico.cern.ch/event/1388874/#117-button-simulations-for-the
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DarkSPHERE Physics Potential

‘Neutrino-floor’ reaching potential in DM-nucleon SI interactions

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

⌀30cm prototype in Boulby in a DarkSPHERE-like shield will have world-leading sensitivity 



P Knights - NEWS-G - IOP APP, HEPP, NP 2024 09/04/2024 16

DarkSPHERE Physics Potential

‘Neutrino-floor’ reaching potential in DM-nucleon SI interactions

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

⌀30cm prototype in Boulby in a DarkSPHERE-like shield will have world-leading sensitivity 



P Knights - NEWS-G - IOP APP, HEPP, NP 2024 09/04/2024 16

DarkSPHERE Physics Potential

‘Neutrino-floor’ reaching potential in DM-nucleon SI interactions

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

⌀30cm prototype in Boulby in a DarkSPHERE-like shield will have world-leading sensitivity 



P Knights - NEWS-G - IOP APP, HEPP, NP 2024 09/04/2024 16

DarkSPHERE Physics Potential

‘Neutrino-floor’ reaching potential in DM-nucleon SI interactions

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

⌀30cm prototype in Boulby in a DarkSPHERE-like shield will have world-leading sensitivity 



P Knights - NEWS-G - IOP APP, HEPP, NP 2024 09/04/2024 17

DarkSPHERE Physics Potential

90% CL Upper Limit
He: i-C4H10 (90%:10%)
Sensitivity from He
⌀3m, 5bar, 300days
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Enhanced sensitivity through MIGDAL effect in nuclear scattering

Sensitivity to electron scattering through low threshold

DarkSPHERE can also study more exotic candidates
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Summary

18

Preliminary

Spherical proportional counters well suited to explore light DM candidates

NEWS-G completed first physics campaign in SNOLAB → analysis ongoing

Fully electroformed SPCs will overcome main background

➡DarkSPHERE planned for current Boulby lab space

➡Funding to physics in 5 years

➡30 cm fully EFCu detector to begin construction this year


