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- Light nuclei

Unexplored low
mass region - light
dark matter

Combination of requirements necessitates

novel detector approaches!
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The Spherical Proportional Counter

“Achinos” Sensor Key strengths for a light DM search:

- Choice in gas targets (light nuclei) and
pressures

- Low capacitance: low electronic noise,
single electron threshold

- Detector fiducialisation

- Simple design: entirely radiopure
construction

- Electric field split between drift and
amplification region

- Decoupling of regions by Achinos
sensor and position reconstruction

«—— Avalanche Region

<+— Grounded Rod
Grounded Cathode

E ~ —2’.-'“(1’1‘ Applications: x-ray/alpha
r spectroscopy, neutron detection!
C =~ 4rmegry
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Achinos Sensor

Increased DM sensitivity comes from increased exposure

.. 102 4
via. : —— Single anode
] :Qgggzgiﬂ:ﬁ:re | —— 11-anode ACHINOS
oo . . . . 10! 4 —— 60-anode ACHINOS
Requires higher gain — Higher E-field (G~E/P) € 5
U
Challenge: hard to scale V with size and pressure (EccVr, /r?) > 10°
Solution: “Achinos” sensor o 5
v
2
= 1071
5 .
o
L
- .
10-¢ ;
Avalanche: Individual anode radius + ‘
voltage 10-3 , _ , , , :
- Drift: Combined field of all anodes 20 40 60 80 100 120 140

Radius [ecm]
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https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11023
https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11023
https://iopscience.iop.org/article/10.1088/1748-0221/15/11/P11023
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Fraction of nuclear recoil energy dissipated via ionisation
- Visible energy in an SPC
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New measurement campaign at NCSR

Demokritos, Athens
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Current SPCs: NEWS-G
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S$140 in SNOLAB - 2140 cm detector of 4N (99.99%

: Phys. Rev. Lett. 134, 141002
pure) copper (electroplated inner layer) 10°g—

. . = \ Borexino
First physics run finalised 2023, first results B N
published 10° - {
~20 kg-days exposure with Ne:CH, 1043_
8 10°: 1% =
e E ‘% E
3 B % o
° 10 3
\ 3 em Archeological lead : :
22 em Low Activity lead 10 = 3
\ Stainless steel skin 1 l;— l :%g _ —;'
\ ‘\\\ k 10" _' . 1 ool 1 04}9\90. | >.=. e | i
\‘ V - 2140 cm Copper sphere 1 0—1 1 10
\ 40 cm HDPE MX [GeV/Cz]
[INST 18 (2023) 02, T02005
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https://iopscience.iop.org/article/10.1088/1748-0221/18/02/T02005
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.141002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.141002
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.134.141002
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Reducing Backgrounds

Based on simulated backgrounds

Cosmogenic activation

1 vear coolin
gmgﬁ g) SEDINE S140
260 cm @140 cm
NOSV Cu 99.99% Cu

500 pm EFCu Layer

Shield materials
19.8%

Q

Gas mixture

Cavern

Copper 0.6%
54.4%
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Reducing Backgrounds o
Based on simulated backgrounds
Underground construction
Cos enic activation
cooling) SEDINE $140 DarkSPHERE-30 DarkSPHERE
@60 cm @140 cm @30 cm
NOSV Cu 99.99% Cu Underground EFCu

.eld materials
' 8%

Gas mixture

Cavern

Co 0.6%

54.4%

Fully electroformed detector

500 pm EFCu Layer

Q Q
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DarkSPHERE Experiment
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DarkSPHERE: @ 3 m detector constructed  1of {777

underground

- Fully electroformed underground

- Water-based shield
- Boulby as potential host

Pure water shield: 0.01 cpd/kg/keV in ROI
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Shielding Photon-induced Neutron-induced Muon-induced L

Configuration Photon Neutron Photon

U ~4X108/cm?

Mountain overburden

[ Soudan “l\ \s_l\ Kamioka
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SNOLAB ™ S
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1 2 3

2.5m water  4.2x 107%(0.3) 9x 107%(5) 1.3 x 1071 (0.4) 5 x 107*(4)

DarkSPHERE
@3 m Fully Electroformed SPC

Access to detector

Modular water-based shield

Phys. Rev. D
108, 112006

R&D sphere to assess
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112006
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.112006
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Towards DarkSPHERE-30

Working towards commissioning of @30 cm SPC in Boulby:
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- Fully electroformed & - zK
] _ T £ F ;
Also capable of world-leading limits Y, 10-37L \ J
S - %Y \ ]
Key requirements being worked towards: c 107%, RPN
. . . = Y 2
- Underground electroforming of sphere - to begin this year! o - &0% N i
. . o -
- Suitable underground performance - in process! 3 1077k “""f;bé“\ 3
- Water-based shielding: sims in process, decision beingmade = '+ o \ e ]
" o 10 E P*«.Sb ‘\ 3
: or N :
10—41 L 6}3\ \ <
107%¢ N DarkSide-5
C N.,‘- _
10743 éaﬁgfﬁf Po0%10%) S
- 300 days neutrino floor
CE(0.014, 1) keV
—44 . PR | . A | . TN
107702 1071 100 10

DM mass m, [GeV/c?]

Proposed location!
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Towards DarkSPHERE-30 AL AN

Underground Electroforming Assessing Underground Performance at Boulby
Produces ultra-pure copper: R&D SPC currently underground in Boulby
- Underground: no cosmogenic activation - Aim: Achieve single electron sensitivity underground
- Process preferences copper deposition over
radio-impurities Plan: Utilise 213 nm UV laser system currently used for
- Effective removal of radio-impurities gas property studies
First ultra-pure copper electro-plated in Boulby
- Moving towards 30 cm sphere Demonstration for future use as in-situ monitoring
S Charge Detected [pC
See talk from G. Rogers on Qo0 oo e o3 i
Thursday! - Lo‘elolt Ie.l I5I |
— See talk from P. Walters : N e Cuont 114 A
"’){ [ m b 104 Calculated Gain:21396 + 620
A == ot y on Thursday!

108

UV laser, 213 nm, 1-10 Hz pulse rate 102;

| = iy = . .-
k ‘ e o

Counts / 1500 Electrons Detected

101k

T i 0
—— 10% 50 100 150 200
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Pure Alloys Project

See also pure alloys project: Improving mechanical performance of

EFCU W/ Cucr alloyS! Layer Thickness
- D. SD athara NI MA (2026) Configuration Crlayer Culayer Alloy Time
- D. Spathara arXiv:2509.07406 (um) (um) (um)
Single-sided 1.5 245 246.5 32h
Requires novel materials design to optimize alloy composition Double-sided 3 245 493 32h
- e.g. Alloy profile impacts material properties Double-sided 6 490 986 5d
- Layer thickness and specifics of heat treatment impacts alloy profile
0.600 0.600 1 0.600
0.580 0.580 S 0.580 See: D. Spathara
0.560- 1050°C - 24 hours 05604 5 24 hours 0.560 Communications
— 0.540 = 0.5404 - 0.5401 /
- s g i Rl 2hours | &%) Physics vol 8, 464
8" g g (2025)
8 0.500 1 — 8_0.500* 8 0.500 _/
% 0.4801 L\1050°C - 32 hours % 0.480 % 0.4801
= 0.460 = 0.460- 5 = 0.460-
1025°C - 72 hours
0.4404 0.440 1 0.440 1
5 | Note: from
0.4201 - 0.420 1 5 ) " 0.420 1 - ] ]
0.400 LLLL --0 T T T 0.400 T T T T -Tm}e —-0 T T 0.400 T T T T :'Tlm'e . 0 T T simu Iatlo ns
0 0.5 1 1.5 2 2.5 0 05 1 16 2 25 3 35 4 45 5 0 1 2 3 4 5§ 6 7 8 9 10
( D, Distance (m) x10" (r;-’h\j Distance (m) x10" \l’H‘D Distance (m) x10"

(a) (b) (c)
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https://www.sciencedirect.com/science/article/pii/S0168900225007727?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168900225007727?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168900225007727?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0168900225007727?via%3Dihub
https://arxiv.org/abs/2509.07406
https://arxiv.org/abs/2509.07406
https://arxiv.org/abs/2509.07406
https://arxiv.org/abs/2509.07406
https://www.nature.com/articles/s42005-025-02363-z
https://www.nature.com/articles/s42005-025-02363-z
https://www.nature.com/articles/s42005-025-02363-z
https://www.nature.com/articles/s42005-025-02363-z
https://www.nature.com/articles/s42005-025-02363-z
https://www.nature.com/articles/s42005-025-02363-z
https://www.nature.com/articles/s42005-025-02363-z
https://www.nature.com/articles/s42005-025-02363-z
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Detectors for Spallation Backgrounds &

| Co-authors: H-M. Huckvale, A. Mattison | Study muon-induced neutron backgrounds with detectors
constructed in Birmingham:
M - Constituent PMTs characterised for quality assessment
L - Final detectors characterised for muon tagging

Ability to separate muon-induced neutrons strengthens neutron
SPC background characterisation

detector - SPC capable of neutron measurements with N, gas
(NIMA, vol 1049, 168124 (2023))

-

i} PMT QA testing setup
/ . Data
/)1 L_) sCinti"ator detectors 175 [ Lindau Approximation rDark Box —
u 150 S Optical Breadboard _ |
0 ND Filter
3125 ’ \ Pinhole \\\K
S; 200 -'. Collimator P a ﬂ\ D
Assembled detector (efficiencies >99%) £ » / ‘ A
_{‘r 50 ‘ ( / /
25 } '\\ \
% 250 s00 75(.)“‘ 1000 1250 1500 '+

Pulse Integrals (pC)

Oscllloscope HV Power Supply
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Physics Potential
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 Sensitivity up to the neutrino floor in S| DM-nucleon interactions

« SD limits for both p/n interactions are world-leading via H and C isotopes

« A 230 cm detector also capable of world-leading limits, actively working towards commissioning
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Physics Potential
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 Sensitivity is enhanced via the Migdal effect

DM-electron scattering limits possible via low threshold

Other exotic candidates can also be studied
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Summary
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neutrino floor

Light DM mass range largely unexplored - spherical proportional < 107* "
counters well-suited to explore this region 8. 1077 \
210—33 30%4? )
. . o
First results from S140 detector at SNOLAB published, world- g %y,
leading in DM-p interactions N .
5 107 %3% \
. . - SO
DarkSPHERE is proposed as a future detector that will reduce key 1071 o
backgrounds dominant in current SPCs 1042
- Fully electroformed L -4 [30% . Upper L
EHS.I-C;;ISm (90%:10%)
- Constructed underground T
102

- Pure water-based shielding

Converging towards a 230 cm fully electroformed detector
(DarkSPHERE-30)

- Electroforming of sphere planned for this year
- Underground performance of SPC in Boulby being studied

Lachlan Milligan - l.j.milligan@bham.ac.uk - IOP HEPP 2026
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Backups
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Electroforming underground produces ultra-pure

copper:

- Underground: no cosmogenic activation

- Electroformation process preferences copper
deposition over radio-impurities

- Effective removal of radio-impurities

First ultra-pure copper electro-plated in Boulby
- Moving towards 30 cm sphere

Power supply _I

Cathode

Reduction Potentials
Cu?t+2e =2 Cu: +0.34 V

Pb2* + 2e" = Pb: -0.13 V
Ut +3e=2U: -1.80V

L[‘“::_e'f;f" :;-gg‘\; See also pure alloys project (D. Spathara NIMA (2026)
- arXiv:2509.07406):

Electrolyte ) - Improving mechanical performance of EFCu w/ CuCr
() = alloys!
Reduction

Lachlan Milligan - l.j.milligan@bham.ac.uk - IOP HEPP 2026

See talk from G. Rogers on
Thursday!

Oxidation
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Assessing Underground Performance
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R&D SPC currently underground in Boulby

DAQ

- @Goal: assess performance of SPC in underground
environment
- Aim: Achieve single electron sensitivity underground

Pulsed: 10 Hz

A =213 nm

230 cm

Laser

W “SFe source

Plan: Utilise 213 nm UV laser system currently used for
gas property studies

Demonstration for future use as in-situ monitoring

UV laser, 213 nm, 10 Hz pulse rate

Lachlan Milligan - l.j.milligan@bham.ac.uk - IOP HEPP 2026

Counts / 1500 Electrons Detected

See talk from P. Walters on
Thursday!

Charge Detected [pC]
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- Anode Voltage : 1450V

- Laser Current: 114 A+
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