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Spherical Proportional Counter

Electric field scales as 1/r2, volume divided in: “drift” and “amplification” regions

Capacitance independent of size: low electronic noise — single electron threshold
?‘ 0: _E9:\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
(3 _0_2: :C) 8:_ 2.38 keV Electron; 1430V, 2mm anode
=k 5 & —Ar 98% CH, 2% 300 mbar
5—0.4: i 7;
8_0'6:_ = § 6
-0.8— - = :
. o 5f
-1 48
n = af
-1.2F 48 F
- S 3
1.4 -4 3;
1.6 S
_1. 8 238keV electron; 1430V, 2mm anode E i
"F —Ar98%CH, 2% 300 mbar - .
Covv b b b b b b by i C
0 5 10 15 20 25 30 35 4( Q) 50 100 150 200 250 300 350 400
Time [us] Time [us]
@ YT
= C  2.38 keV Electrons; Initial Radius = 10 cm ]
2 8 —He72.5% Ne 25.0% CH, 2.5% 1.0 bar =
Fo! —Ne 94.0% CH, 6.0% 1.0 bar ]
<7
o)
2%
S 5
g L
o 4
0
z3
2i
1= J
:\\\\\\\\‘\\\‘\\\\\\\\\\\\\\\\‘\
QJ 50 100 150 200 250 300 350 400

Time [us]

K. Nikolopoulos / 16 November 2021 / Status of the NEWS-G experiment | BIRMINGHAM 2



Pulse Shap
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Pulse Shape Discrimination
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Pulse Shape Discrimination
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Pulse Shape Discrimination
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“Surface’-like events

5.9 keV X-rays
from 55Fe decays
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K. Nikolopoulos / 16 November 2021 / Status of the NEWS-G experiment BIRMINGHAM 3




New Experiments With Spheres - Gas (ve=

10" NEWS-G Collaboration Meeting June 2021

B NEWS-G Collaboration

2 5 countries
z 10 Institutes
z ~40 collaborators

®m Three underground laboratories
» SNOLAB
» Laboratoire Souterrain de Modane
» Boulby Underground Laboratory
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New Experlments With Spheres - Gas

Dark Matter-nucleon ogg [cm*]
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m Search for DM candidates in 0.05 - 10 GeV range  :»
®m Direct Detection experiment
» Novel Spherical Gaseous Proportional Counter
» Light gases as target (H, He, Ne)
> Better projectile - target kinematic match

- Quenching Factor
o o
(o)) (o]

©
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> Low energy threshold
> Favourable quenching factor o b

Energy [keV]
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W-value
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https://arxiv.org/pdf/2109.01055.pdf

W-value

Estimation of the ionisation quenching factor in gases from W-value measurements arXiv:2105.01414

I. Katsioulas,!** P. Knights,’»? and K. Nikolopoulos®

! School of Physics and Astronomy, University of Birmingham, B15 2TT, United Kingdom ] ‘1] ‘1]
2IRFU, CEA, Universite Paris-Saclay, F-91191 Gif-sur-Yvette, France E e ]\Il * e(E ) e(E )
(Dated: May 5, 2021) qf — — —_—

The effect of ionisation quenching for ions is critical for experiments relying on the measurement E E W( E )
of low energy recoils, such as direct Dark Matter searches. We present ionisation quenching factor l
estimates over a range of energies for protons, a-particles, and heavier ions in Ha, CHy4, Na, Ar,

CO2, and C3Hg gases, estimated from the respective reference W-value measurements. The resulting
ionisation quenching factors are compared with predictions from SRIM.
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https://arxiv.org/pdf/2105.01414.pdf

NEWS-G: Prototype at LSM
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Search for Solar Kaluza-Klein axions
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NEWS-G at SNOLAB

m First NEWS-G results obtained with SEDINE

2 @60 cm detector installed at Modane
[Astropart. Phys. 97, 54 (2018)]

® 29140 cm detector installed at SNOLAB ... 5
» Detector commissioning on-going ..
» Physics data-taking to follow .-
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Installation at SNOLAB
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Installation at SNOLAB

Data taking

Arrival at SNOLab (Dec '19)

current rate {(Hz)
global rate {(Hz)

Detector Installation

PE shielding installation
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Reducing Backgrounds
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Copper Electroplating

SNOLAB detector: 4N Aurubis AG Oxygen Free Cu (99.99% pure)
> QOut-of-equilibrium 210Pb contamination: 29+10 (stat)+°.3 mBqg/kg
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Copper Electroplating

SNOLAB detector: 4N Aurubis AG Oxygen Free Cu (99.99% pure)
> QOut-of-equilibrium 210Pb contamination: 29+10 (stat)+°.3 mBqg/kg

Background
> Bremsstrahlung X-rays from 210Pp and 210Bj 3-decays in Cu

Gas
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Copper Electroplating

SNOLAB detector: 4N Aurubis AG Oxygen Free Cu (99.99% pure)
> Out-of-equilibrium 210Pb contamination: 29+10 (stat)+9.3 mBqg/kg

Background
> Bremsstrahlung X-rays from 210Pb and 210Bi [3-decays in Cu

Internal shield
Ultra-pure Cu layer on detector inner surface
Suppresses 210Pb and 210Bi backgrounds by factor 2.6 under 1 keV
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Copper Electroplating

SNOLAB detector: 4N Aurubis AG Oxygen Free Cu (99.99% pure)
Out-of-equilibrium 210Pb contamination: 29+10 (stat)+9.3 mBqg/kg

Background
Bremsstrahlung X-rays from 210Ppb and 219Bi B-decays in Cu

Internal shield
Ultra-pure Cu layer on detector inner surface
> Suppresses 219Pb and 210Bi backgrounds by factor 2.6 under 1 keV

Nuclear Inst. and Methods in Physics Research, A 988 (2021) 164844 NlM A 988 2021 164844
Contents lists available at ScienceDirect . —
Nuclear Inst. and Methods in Physics Research, A —
journal homepage: www.elsevier.com/locate/nima
h
4N Copper : Copper electroplating for background suppression in the NEWS-G experiment /W
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Electroformed Cuprum Manufacturing Experiment

Ei: uUME

A 2140 cm sphere electroformed underground in SNOLAB
2 Builds on achievements of NEWS-G electroplating

2 36 um/day — ~1 mm/month
2 No machining or welding - grow sphere directly
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Electroformed Cuprum Manufacturing Experiment

Ei: uUME

A 2140 cm sphere electroformed underground in SNOLAB

2 Builds on achievements of NEWS-G electroplating
2 36 ym/day — ~1 mm/month
2 No machining or welding - grow sphere directly
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Increasing larget Mass
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Increasing Target Mass

Single anode: Drift and Amplification fields are connected FE =
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Increasing Target Mass

r,r V. r
Single anode: Drift and Amplification fields are connected E=— ———~ —*
r2r.—r, r

ACHINOS: Multi-anode sensor JINST 12 (2017) 12, P12031
> Multiple anodes placed at equal radii
» Decoupling drift and amplification fields
» Opportunity: individual anode read-out

EZ  UNIVERSITYOF
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Increasing Target Mass

Single anode: Drift and Amplification fields are connected FE =
3D printed ACHINOS with DLC coating

1 11 spherical metallic anodes B ACHINOS: Multi-anode sensor JINST 12 (2017) 12, P12031
2 Multiple anodes placed at equal radii

» Decoupling drift and amplification fields

» Opportunity: individual anode read-out

a rCl rC ~ VCl rCl

2 ~0
r2r.—r, r

Insulated wires

Resistive central electrode Support rod

JINST 15 (2020) 11, 11
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Increasing Target Mass

Single anode: Drift and Amplification fields are connected FE =
3D printed ACHINOS with DLC coating

| 11 spherical metallic anodes ACHINOS: Multi-anode sensor JINST 12 (2017) 12, P12031
2 Multiple anodes placed at equal radii

» Decoupling drift and amplification fields

» Opportunity: individual anode read-out

a rCl rC ~ VCl rCl

2 ~0
r2r.—r, r

Resistive central electrode

—
o
[6,]

'g' T T T T T T T T T | T T T | T T T | T T T T ?
. § . Single Anode .
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ACHINOS performance with DLC coating

Measurement of the 5.9 keV 55Fe X-ray line

® Good energy resolution
®m High pressure operation
® High gain

m Stability

®m 2 channel read-out
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Fiducialisation

Birmingham simulation framework, combining strengths of Geant4 and Garfield++
JINST 15 (2020) 06, C06013

Near
Electrode

Far
Electrode

00

-1.00 -0.75 -0.50 —0.25 0.00 0.25 0.50 0.75 1.00
Asymmetry Risetime [us]

B Reading out individual ACHINOS anodes: position of interaction can be reconstructed
B First tests: Separate the anodes in two electrodes “Near” and “Far” (from the rod)

2z Asymmetry of pulse amplitudes: zenith angle

2 Pulse rise-time: radius
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Event reconstruction

Individual anode read-out: track reconstruction

750 1 GeV muon, 100 Torr
Initial electrons
* Start

0 200 400 600 800 1000 1200 1400
A Peak time [us]

60-anodes (truncated icosahedron)
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R2D2: R&D towards OvBB with SPC

®m Rare Decays with Radial Detector (R2D2)
» R&D effort for Ov33 searches with SPC
®m Aim towards tonne-scale 136Xe with 1% FWHM at

Qpp=2.458 MeV
® Recent and future work:

» Demonstrated energy resolution in Ar-prototype

» Light and charge read-out
1 Demonstrate zero background

1 Demonstrate large mass operation

——r—————Vv———V-v

' Preliminary

ADU (Arbitrary units)
(o]
(=
(=
o

6000+

4000}

e ———

e I A S S

Grid shielding SiPMJ|
located underneath

...........

600 800 1000
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JINST 16 (2021) 03, P03012

R2D2 spherical TPC.: first energy resolution results

R. Bouet,? J. Busto,” V. Cecchini,*f C. Cerna,? A. Dastgheibi-Fard,“ F. Druillole,” C. Jollet,*
P. Hellmuth,® I. Katsioulas,? P. Knights,%¢ |. Giomataris,® M. Gros,* P. Lautridou,”
A. Meregaglia,”"* X.F. Navick,* T. Neep,d K. Nikolopoulos,? F. Perrot,” F. Piquemal,®
M. Roche, B. Thomas,® R. Ward“ and M. Zampaolo®
“CENBG, Université de Bordeaux, CNRS/IN2P3,
F-33175 Gradignan, France
bBCPPM, Université d’Aix-Marseille, CNRS/IN2P3,
F-13288 Marseille, France
“LPSC-LSM, CNRS/IN2P3, Université Grenoble-Alpes,
F-73500 Modane, France
4School of Physics and Astronomy, University of Birmingham,
Birmingham, B15 2TT, UK.
¢IRFU, CEA, Université Paris-Saclay,
F-91191 Gif-sur-Yvette, France
I SUBATECH, IMT-Atlantique, Université de Nantes, CNRS-IN2P3,
F-44307 Nantes, France

E-mail: anselmo.meregaglia@cern.ch

Data Simulation

@ (b)

Figure 13. (a) 3D-plot of the observables (Qt, Dt, Pt) measured for the *'°Po source at a pressure o
200 mbar. (b) The corresponding plot obtained from simulation, with the marker colours indicating the

initial « direction, as in the previous figures.
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In-situ neutron measurements

® Neutrons: critical background in DM searches
® Underground measurements scarce
m Nitrogen gas

z 14N+n—14C+p + 625 keV

X-Z prod'ection

% 14N+n_’11 B+a - 159 kev 907 Neutron“ENT O.O)iSCeV
Neutron Beam |
----------> §15_
0.025 eV v .
180°( " <
Parameters _
EQSOcm vessel :
: N2 at 300mbar : 0'00 200 400 _ 600 800 1000
®2mm anode —
| | S
14 —— ¥N(n, a)!'B
Neutron Beam o
4 MeV .
180°f" <
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2z N2 gas

® Multi-anode sensor

2 11 anodes

2 o 1mm

2 2 channel read-out
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Reaching the neutrino floor
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DarkSPHERE

Volume x10: 2300cm intact underground electroformed spherical proportional counter
Shielding: Full water shielding option and water/lead option considered

United
Kingdom

Boulby/Underground|Laboratory.
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DarkSPHERE: Physics Potential

Nuclear Recoils
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Summary

— -32 — T T T e
NEWS-G has a rich R&D programme towards exploring 5_13:33 :Efr“k”;;,‘iiiED'l”E::EE&:Z’,IEEEI‘;SSE"BE
new DM territory with Spherical Proportional Counters 218—35 Eggaii?"Mgdl HevFaor
» Significant instrumentation advances g 18::: O
2 Electroformation, ACHINOS, ... 210:22 O.O‘;:::u) :\\
& Several detectors scheduled/planned for the coming years 1840 % c;/\ @,,;\:\\
& Sensitivity down to the neutrino floor 107 ’”’3)\’3%,\\\___
Many physics opportunities: DM Nuclear (spin dependent 1843 crcLunARY e N
and independent) and electron recoils, CEVNS, axions, ... 13:‘: bcc
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