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Search for low mass dark
matter with SPCs

A NEWSG uses Spherical Proportional Counters (SPCs) to
search for low mass WIMPs.

A Low mass sensitivity is reached with:

A Light atomic mass targets (H, He, Ne)

A Low threshold
A Low electronic noise
A High amplification

A Low background
A Simple configuration, high purity copper
A Surface electron rejection with pulse shape
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A Single electron counting
10°

doi: 10.1016/j.nima.2019.162390




First demonstration: SEDINE at LSM

A First DM search results with a 66m SPC in 2018.

A Simple analysis featuring a booster decision tree to choose the ROI in the rise time vs.
energy parameter space
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The NEW& experiment

A140-cm SPC made from commerci
C10G100 copper, electroplated with
0.5 mm copper

ACompact shield with innermost
layer archeological Pb

AStainless steel shell flushed with
nitrogen

AGas circulation and radon trapping

Alnstallation completed in summer
2021

3 cm Archeological lead

22 cm Low Activity lead

Stainless steel skin

2140 cm Copper sphere

40 em HDPE

L. Baloglet al2023JINSTL8 T02005



CO p p e r B a C kg ro u n d S XIA Ultralo-1800 (XMASS Collaboration)

100 1 +}+ Total measured bulk ?1°Po
&= Total modelled bulk 1°Po
#== Total modelled bulk ?'°Pb

Surface 21%Pb can be mitigated with surface etching 801

60 1

Measurements of alpha particles with XIA surface
alpha counter can be used to assess 21%Pb in the

Bulk Activity [mBq/kg]

bulk 40
‘% 1.5 dru
For C10100 copper (4.5N) we found more (~30 201
mBq/kg) 21°Pb in the bulk than expected from U/Th
measurements %o 0.5 1.0 1.5 2.0 2.5

Time [years]

210pp in the copper bulk will be the leading source - - — EP— ¢
. i 2100 igure 3: Measurements of the « particles from the decay o
of background in NEWS-G at SNOLAB (*1°Bi 210Po in a sample of C10100 copper used in the production of

bremsstrahlung) the NEWS-G detector. Time is measured from the estimated
production date of the copper. The purple (green) line shows
the fitted 219Po (210Pb) activity over time, with the bands
showing the 1o region.
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Copper Electroplating

To mitigate bulk 21°Pb backgrounds, the 140-
cm NEWS-G SPC hemispheres were

electroplated with 0.5 mm pure copper at
LSM

To Pump and Filter

To Power Supply

Stainless

Steel Ring Conductivity Probe

Inner Hemisphere
To Power Supply

Detector Hemisphere
Electrolyte

Nucl.Instrum.Meth.A 988 (2021) 164844




The ACHINOS sensor

A Multi-ball sensor enhances thefigld at large radius,
while conserving strong amplification

A Multi-channel reaebut allows for further
background rejection (sparks, spurious)
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NEWSG at LSM

A Sphere and Pb shield fabricated in France

A Storage of copper and electroplating at LSMHoratoireSouterrain de Modane) to mitigate cosmogenic
activation

A Full installation, commissioning and physics run (purg @H.SM in summefall 2019 before DAM KM
needed the space (from installation to shipping out in 5 months!)

\§ A~ IO 8L, S8 ,
0.5 mm copper plating on Sphere in Pb shield installed in NEWS-G shipping to SNOLAB after
hemispheres at LSM to manage temporary water shield in summer commissioning at 1 week physics

210ph in copper bulk 2019 run with 135 mbar pure CH,
8
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Electron Counting

APrimary electrons diffuse during &
drift

AAfter pulse processing (double
deconvolution), individual
electrons (~30 eV) become
visible

ADiscrimination between 1-@nd

2 € events (background
suppression)
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Single electron background

AObservation of an excess of single electrons
AEspecially high after alpha events

ARemoving 5 sec after each alpha reduces backgro

rate by 70% (14% deadtime)

Average shape of alpha event signal and exponential fits in methane
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Electron Time Separation

A Single electrons are discarded

ATime separation between electrons in >1 electron events is a measure of
diffusion and allows to reject backgrounds from inner surface
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Nuclear Recoll lonization Yield

AQuenching factor values from

—

existing Wvalue measurements for £..- |
lons and measurements from EoeE- B Drtemimkeg
COMIMAC SOTE et
0.6 :_ Logarithmic extrapgggggn
AThe more conservative logarithmic .-
extrapolation was used to derive the o=
expected WIMP signal o3
0.2
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N [1] I. Katsioulas et al, Astropart. Phys. 141, 102707 (2022)

shc Comimac [2] L. Balogh et al, EJP C, 2022 12



Results
NEW!: Physical Review Letters 134 (14), 141002 (20 / "'--

A1.12 kgday CHphysics run
AProfile likelihood fit on 2,3,4 electron

events

AContribution from WIMP, surface,
volume and single electron pileup
(accidentals)

ANo significant WIMP signal is observed
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New WIMP Constraints

Strongest constraints on sparependent WIMHdroton (directly on H)
crosssection in the 0.1& 1.2 GeV range!

Physical Review Letters 134 (14), 141002 (2025)
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NEWSG at SNOLAB

A Installation and commissioning heavily impacted by pandemic shutdown and restrictions
A Strong support from SNOLAB with contractor team installing NEW&ing fall 2020
A Complete installation and beginning of commissioning in summer 2021

Dec 11th, 2019 Jan 29th, 2020 Mar 24th, 2021
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NEWSG at SNOLAB

APhysics runs were conducted with48&j, and HeCH, targets
A Surface background is addressed witlsitu etching

A Single electron background is addressed with gas purity improvement and radon
removal

A Several improvements on gas purity and {r@equency noise are underway
AMore physics soon with NEH,, CH and HeCH,
A e -
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Singleelectron background due to electron
attachment
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SingleElectron Backgroundw

AControlled injection of oxygen to understand the effect of electron
attachment on the singlelectron background (paper in progress)

Uncorrelated and correlated rates and O2 concentration vs time
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xc(lBs001: 998 mbar of Ne+2%CH,. no source, HV1=1050V, HVZ=1090V, laser 1504 50% at 1Hz xc0Bs001: 998 mbar of Ne<2%CH,, no source, HVL= 1050V, HVZ=1090V, laser 1504 50% at 1Hz
South: South triggered positive events. Higher PF trigger.

South: South triggered positive events. Higher PF trigger.

2.3 mHz

A 1-bar Ne(98)CH(2)
A Leak fixed, but no gas recirculation
A Highgain, lownoise

Physics Run Analysis I zpeaks | 3 peaks
A 2nd SNOLAB physics run ' e |
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MinIECUMEA 30cm intact undergrouneelectroformed SPC prototype

A Copper and acids samples from platting on a cylindrical mandrel reveal thatdpade (10X cheaper) acid is viable
option

A Mini-ECumHEnandrel holder assembled

A Spherical acrylic mandrel was fabricated but present defects in coppeelectro forming and does not correspond to
fabrication drawings

A PNNL will proceed with electroforming on spherical mandrel to learn from the experience of platting a spherical ob

The ECA electroforming bath at PNNL MiniECuMEmandrel holder MiniECuMEacrylic mandrel



Future of NEWS:DarkSphere
Proposal for a-Bn electroformed SPC Boulby

DarkSPHERE

/Al dimensions in mm
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Conclusions

ANew, worldleading spirdependent WIMPproton constraints at LSM

APhysics data was collected with neon and helium target at SNOLAB,
data analysis underway

AAddressing surface background with electrochemistry

AAddressing singlelectron background with gas purification

AWe continue physics data taking at SNOLAB with Ne, He and H target:
AElectroformingMiniEcumeat PNNL is concluding

ANew-generationDarkSpheravas proposed aBoulbywhile
electroforming efforts have started
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Extra slides
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Dark matter preliminary analyses

10%

103 4

A The DM analysis for the neon data is ongoing.

102 4

A Laser calibration fits show the contributions from all numbers of
primary electrons.

101 4

10° 4

A Fits of3’Ar data show different gains for each southern anode of the
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aC h I n 0 $ e n S O r ot South ticgere posioes v iher 7 tipger -+ Ampilmi(:imm esite events. Higher 7 tagers
A Physics test data for multiple number of electrons hint at a lessel’ 2peaks | 3 peals
contribution from the singleslectron background compared to the LU 23 mHz

x€23s002_cut0: 998 mbar of Ne+2%CHa, 3Ar source, HV1=1050V, HV2=1090V, laser 150A 50% at 1Hz

A New diffusion model that takes ~ ~
fluctuations into account currently
In the works.

A Working on limits using MCMC fits -

LSM data. |
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Scheme of the experimental set-up

C aI i b rati O n . Photo Detector Preamplifier
A A UV laser is directed at the inner copper surface of the sphere and relea —
electrons through the photoelectric effect. The UV light also goes to a il
photodetector so the laser events can be tagged as a control.

A Some argof87 is released inside the sphere, and the gas diffuses in the
whole volume. This isotope is radioactive and has two peaks that enable
energy calibration, as well as ionisation and attachment parametrization .

LASER

A The quenching factor waseasured at COMIMA&S well agbtained
from literature Wvalues The

Wo = 30.0*)13eV, U =15.70"032eV, F =0.43 £ 0.05
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ionization yield Wameasured in %09 m  QF from W ratios .
situ and in a 30 cm sphere at ‘5;;"8 s :
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Past measurement at TUNL

~ )

e Quenching factor measurements at TUNL (Duke
tandem facility) 55
e The nuclear recoil energies covered were 0.34 to -
10 keVnr s
\ ) § //////// 7 7Rtk /UJ.,—;-/?-)?/"/';';;/-/-;/J
< 0.3 1
! g
§ 0.2 1
SPC Sk (
= 15cm ¢ = QF mean joint fit
target: Li 0.1 + SRIM
=== Lindhard theory
lo uncertainty from joint fit on the QF,
\ Total systematics
‘ S ; ; : ; o
P - Neutron P yw /. Enr [keVi/]
BPM S Marie et al.
Phys. Rev. D. Vol. 105, No. 5, 052004 (2022)
2024-07-18 ICHEP 2024 5
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Current plans

UdeM tandem accelerator: planning to do QF measurements

/

e Possibility to go to ~10 times lower energy than

EN-1 5 MV Tandem

Wide variety of heavy ion beams available.

TU N L ~5kev 4 pA of continuous proton current.

< 1 keV energy resolution / stability.

e 51V(p,n) as target offering large number of near
threshold resonances

e Better rejection to gamma background by B-10
neutron capture

e Working on building a new backing detector

-

2024-07-18 ICHEP 2024 6
Neha Panchal 28
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