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found that this approximation significantly improves the code performance in terms of CPU, without
appreciable loss of information. These “electron-ion” pairs are passed to the Geant4 end-of-event
action, via the sensitive-detector hit collection, for signal formation. The current singal is estimated
using Garfield++ to simulate the drift of the ions and electrons with Runge-Kutta-Fehlberg drift
line integration. A Garfield++ sensor object calculates the current induced by each “electron-ion”
pair using the Shockley-Ramo theorem [15, 16].

An example simulated current signal produced by the interaction of a 2.38 keV electron, from
the decay of 37Ar to 37Cl via electron capture, is shown in Fig. 7a. The arrival of each ionisation
electron at the anode results in distinct spikes in the current as each avalanche occurs. The current
signal is integrated and processed through an electronics module to form the voltage pulse, as
shown in Fig. 7b, which shows the transformation of Fig. 7a. In this case, a simple charge sensitive
amplifier with an integration time constant of 150 µs is used.
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Figure 7: (a) The current induced and (b) the readout pulse produced by a 2.38 keV electron
interacting in the gas Ar:CH4(98% : 2%) at 300 mbar from an initial radius of 10 cm.

3 Simulation Results

A 15 cm radius detector was simulated using a 1 mm radius anode at 1430 V and several gas
mixtures. Two configurations were tested: an ideal detector with the analytic field and an ANSYS
field map of a laboratory configuration of the support structure and correction electrode.

3.1 E�ect of the Gas Mixture

Figure 8 shows example pulses produced by 2.38 keV electrons, with identical initial positions, in
two di�erent gases with the laboratory configuration, demonstrating a number of features. The
mean amplitude of the pulses in He:Ne:CH4 is (6.3 ± 1.5) Arb. Units and is (2.5 ± 0.5) Arb. Units
in Ne:CH4, as expected from the Townsend and attachment coe�cients shown in Fig. 5c. The gain
fluctuations are demonstrated by the variance in amplitude between pulses produced under the same
conditions. The time at which the pulses start forming is di�erent, as expected by the drift velocity
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Further detector applications: 
 Ioannis Manthos  

Tech. and Ind. App. session 
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 Robert Ward  
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Search for Kaluza-Klein axions 

K. Nikolopoulos / 9 May 2022 / Light Dark Matter Searches with Spherical Proportional Counters

 Search for solar Kaluza-Klein axions 
 Gravitationally bound to the solar system 
 Potential explanation of the corona heating problem 

 Decays to two photons 
 Two coincident point-like events with similar energy 

 Data collected at LSM 
 Exposure:  
 Ne:CH4(0.7%) at 3.1 bar

4.3 day ⋅ m3

Phys.Rev.D 105 (2022) 1, 012002

Astropart.Phys. 97 (2018) 54-62

Phys.Rev.D 105 (2022) 1, 012002
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 NEWS-G Collaboration
 5 countries
 10 institutes 
 ~40 collaborators

 Direct light DM search
 Light gaseous tagets (H, He, Ne) 
 Low energy threshold 
 Favourable quenching factor

 Three underground laboratories
 SNOLAB
 Laboratoire Souterrain de Modane
 Boulby Underground Laboratory

New Experiments With Spheres -Gas
Light Dark Matter search 

NEWS-G LSM results and SNOlab project

Gilles	Gerbier
Queen’s	University

EDU	2017				
Qui	Nhon-ICISE– July	27th 2017

Principles	of	gaseous	spherical	detector	
Light	Dark	Matter	search		with	SEDINE	at	LSM	
NEWS-SNO	project,	future	ideas
Outlook

https://news-g.org/
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Direct Detection: Light Dark Matter
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Favourable recoil energy 
distribution for lighter targets

For lighter elements more of the recoil 
energy turns into detectable signal

Recoil Energy Distribution

mDM=1 GeV

SRIM estimates
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Quenching factor measurements: TUNL

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target
PRD 105 (2022) 5, 052004

 Neutron scattering-induced nuclear recoils 
 Van de Graaff accelerator (Duke University) 
 20 MeV protons (pulsed) on   

 (Quasi-)mono-energetic neutrons 
 Calibration using an  source

7Li

55Fe
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Quenching factor measurements: COMIMAC
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COMIMAC

Detector

1 m Hole in 13 m Plate

Faraday Cup

Wien Filter and
Focussing Electrodes

 Electrons and ions of known kinetic energy 
 Compare detector response 
 Ion energy 2 - 13 keV 
 Electron energy 1.5 - 13 keV

arXiv:2201.09566

COMIMAC
NIMA 832 (2016) 214
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Complementary approach: Quenching factor 
estimates through W-value measurements

Astropart.Phys. 141 (2022) 102707
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Figure 3: Current status of searches for spin-independent elastic WIMP-nucleus scattering assuming the standard
parameters for an isothermal WIMP halo: ⇢0 = 0.3GeV/cm

3, v0 = 220 km/ s, vesc = 544 km/ s. Results
labelled "M" were obtained assuming the Migdal effect [131]. Results labelled "Surf" are from experiments
not operated underground. The ⌫-floor shown here for a Ge target is a discovery limit defined as the cross
section �d at which a given experiment has a 90% probability to detect a WIMP with a scattering cross sec-
tion � > �d at �3 sigma. It is computed using the assumptions and the methodology described in [151, 153],
however, it has been extended to very low DM mass range by assuming an unrealistic 1meV threshold below
0.8GeV/c

2. Shown are results from CDEX [155], CDMSLite [156], COSINE-100 [157], CRESST [158, 159],
DAMA/LIBRA [160] (contours from [161]), DAMIC [162], DarkSide-50 [163, 164], DEAP-3600 [144], EDEL-
WEISS [165,166], LUX [167,168], NEWS-G [169], PandaX-II [170], SuperCDMS [171], XENON100 [172] and
XENON1T [41, 173–175].

Bubble chambers filled with targets containing 19F have the highest sensitivity to spin-dependent
WIMP-proton couplings. The best limit to date is from PICO-60 using a 52 kg C3F8 target [176]. At
lower WIMP mass, between 2GeV/c

2 and 4GeV/c
2, the best constraints come from PICASSO (3.0 kg

of C4F10 [177]). CRESST used crystals containing lithium to probe spin-dependent DM-proton interac-
tions down to DM mass of ⇠800MeV/c

2 [178]. The strongest constraints on spin-dependent WIMP-
neutron scattering above ⇠3GeV/c

2 are placed by the LXe TPCs with the most sensitive result to-date
coming from XENON1T [41,179]. The results from the cryogenic bolometers (Super)CDMS [180,181]
and CRESST give the strongest constraints below ⇠3GeV/c

2. CDMSLite [182] uses the Neganov-
Trofimov-Luke effect to constrain spin-dependent WIMP-proton/neutron interactions down to m� =

1.5GeV/c
2 and CRESST-III [159] exploits the presence of the isotope 17O in the CaWO4 target to

constrain spin-dependent WIMP-neutron interactions for DM particle’s mass as low as 160MeV/c
2.

Exploiting the Migdal effect again significantly enhances the sensitivity of LXe TPCs to low-mass DM
with XENON1T providing the most stringent exclusion limits for both, spin-dependent WIMP-proton
and WIMP-neutron couplings between 80MeV/c

2
� 2GeV/c

2 and 90MeV/c
2
� 2GeV/c

2, respect-

27

9

Landscape of Direct Detection searches

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

arXiv:2104.07634

 Also constraints on spin-dependent proton/neutron-DM interactions
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Qui	Nhon-ICISE– July	27th 2017

Principles	of	gaseous	spherical	detector	
Light	Dark	Matter	search		with	SEDINE	at	LSM	
NEWS-SNO	project,	future	ideas
Outlook

 Also constraints on spin-dependent proton/neutron-DM interactions
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SNOGLOBE: ⌀140 cm detector

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

3 cm archaeological lead

22 cm of Very Low Activity lead

Stainless steel skin

40 cm  high density polyethylene

Ø140 cm 
4N Copper (99.99% pure)  

Ultra-pure electroplated inner layer
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Sensor read-out
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Single anode: Drift and Amplification fields connected  
E =

Va

r2

rarc

rc − ra
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Vara

r2

Simulation:JINST 15 (2020) 06, C06013
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Single anode: Drift and Amplification fields connected  
E =

Va

r2

rarc

rc − ra
≈

Vara

r2

 ACHINOS: Multi-anode sensor
Multiple anodes placed at equal radii
Decoupling drift and amplification fields
Opportunity: individual anode read-out

JINST 12 (2017) 12, P12031

Simulation:JINST 15 (2020) 06, C06013
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Αχινός (EL: sea urchin)
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 ACHINOS: Multi-anode sensor
Multiple anodes placed at equal radii
Decoupling drift and amplification fields
Opportunity: individual anode read-out

JINST 12 (2017) 12, P12031

Simulation:JINST 15 (2020) 06, C06013
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SNOGLOBE at LSM

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

NIMA 988 (2021) 164844

 2019: detector assembly in France 
 Hemispheres e-beam welded
 500 μm electroformed inner layer

 April 2019: initial commissioning at LSM
 UV laser and 37Ar calibration
 Multi-anode sensor

 July 2019: Pb and H2O shield installed
 ~10 days of physics data
 135 mbar of CH4 (~100g)

https://doi.org/10.1016/j.nima.2020.164844
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Electron Counting

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

Time separation

 Pulse treatment (deconvolution)
Resolve individual electrons

 Diffusion O(100μs)
 Obtain time separation of peaks
 Surface vs volume discrimination

Signal and background model
 Derived from simulations 
 Validated with calibration data  

Laser 2-peak data
Simulation

37Ar 2-peak data
Simulation

Surface events:  
wide distribution,  
large time separation

Volume events:  
concentrated in small  
time separation

PRELIMINARY

PRELIMINARY
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Results with LSM data

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

PRELIMINARY
PRELIMINARY

PRELIMINARY
 Data divided into 2/3/4 peak
 Maximum likelihood fit to time separation
 Only test data analysed so far: ~30% data

 Remaining data is blinded
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LSM Physics Result

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

 90% upper limits set with profile likelihood ratio
 Exposure 0.12 kg·days

PRELIMINARY



Arrival at SNOLab (Dec ’19)
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Installation at SNOLAB
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Unwrapped and baked (Sep ’20)

Pb shielding arrival

Detector Installation

PE shielding installation

Seismic platform installation

SNOGLOBE complete (Dec ’20)



Arrival at SNOLab (Dec ’19)

16

Installation at SNOLAB

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

Unwrapped and baked (Sep ’20)

Pb shielding arrival

Detector Installation

PE shielding installation

Seismic platform installation

SNOGLOBE complete (Dec ’20)



Arrival at SNOLab (Dec ’19)
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Installation at SNOLAB
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Unwrapped and baked (Sep ’20)

Pb shielding arrival

Detector Installation

PE shielding installation

Seismic platform installation

SNOGLOBE complete (Dec ’20)

Assumptions: 
Ne+10%CH4, 20kg.days, F=0.2,θ=0.12, bkg 1.78dru, 
SRIM IQF,  ROI: 0.014-1keVee, Opt. Int. Method
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Electroformed Cuprum Manufacturing Experiment
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A ⌀140 cm sphere electroformed underground in SNOLAB 
 Builds on achievements of NEWS-G electroplating  

 36 µm/day →  ~1 mm/month  
 No machining or welding - grow sphere directly  
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NEWS-G: SEDINE NEWS-G: SNOGLOBE
DarkSide-50 NEWS-G: ECUME
CRESST-III      
CDMSLite  FloorνHe 
Xenon 1T - Migdal

0.3dru
Ne:CH

4(10%) 2bar

Current Status 
 ⌀30 cm scale prototype to be produced at PNNL 

 Bath designed and assembled 
 Initial electroformation tests undertaken 

 ⌀140 cm detector to follow shortly after 
 Use existing shielding for physics exploitation
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Electroformed Cuprum Manufacturing Experiment
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A ⌀140 cm sphere electroformed underground in SNOLAB 
 Builds on achievements of NEWS-G electroplating  

 36 µm/day →  ~1 mm/month  
 No machining or welding - grow sphere directly  

PNNL Shallow  
Underground Laboratory
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DarkSPHERE

K. Nikolopoulos / 9 May 2022 / Light Dark Matter Searches with Spherical Proportional Counters

DarkSPHERE

Legend:
Water

3000

All dimensions in mm

2500

5 bar He:C4H10 (90%:10%)   
(27 kg target mass)

 ⌀300cm intact underground electroformed spherical proportional counter 
 Low background water-based shield  
 2.5 m thickness sufficient for <0.01 dru 
 Dominant background photos in the cavern 
 R&D on-going for ACHINOS
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DarkSPHERE: Physics Potential

K. Nikolopoulos / 9 May 2022 / Light Dark Matter Searches with Spherical Proportional Counters

Nuclear Recoils

Spin 
Independent

0.02 dru

0.3 dru

Preliminary
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DarkSPHERE: Physics Potential
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Nuclear Recoils

SD - Proton

Preliminary

Spin 
Independent

0.02 dru

0.3 dru

Preliminary
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DarkSPHERE: Physics Potential
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Nuclear Recoils

SD - Proton

Preliminary

SD - Neutron
Preliminary

Spin 
Independent

0.02 dru

0.3 dru

Preliminary
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DarkSPHERE: Physics Potential
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Nuclear Recoils
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DarkSPHERE: Physics Potential
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Summary

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

NEWS-G: rich physics and R&D programme, exploring 
new territory with Spherical Proportional Counters

 Significant advances on instrumentation and techniques
 Electroformation, ACHINOS, …
 Quenching factor measurements
 Electron counting

 New world-leading constraints
 Data taking in SNOLAB to start imminently
 Several detectors scheduled/planned for the coming years

Many physics opportunities to look forward to!

PRELIMINARY
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Additional Slides

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target
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Ionisation quenching factor

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

PRELIMINARY
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238U and 232Th decay chains

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target
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Higher purity materials

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

 Copper common material for rare event experiments
 Strong enough to build gas vessels 
 No long-lived isotopes (67Cu t1/2=62h)
 Low cost/commercially available at high purity

 Backgrounds
 Cosmogenic: 63Cu(n,⍺)60Co from fast neutrons
 Contaminants: 238U/232Th decay chains

4N Aurubis AG Oxygen Free 
Copper (99.99% pure)

 Spun into two hemispheres
 Electron-beam welded together
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210Pb contamination
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https://www.xia.com/ultralo-theory.html
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210Pb contamination
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29±10 (stat)+9-3 mBq/kg

NIM A 988 (2021) 164844
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Copper Electroplating
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SNOLAB detector: 4N Aurubis AG Oxygen Free Cu (99.99% pure)
 Out-of-equilibrium 210Pb contamination: 29±10 (stat)+9-3 mBq/kg
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Copper Electroplating
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Background
 Bremsstrahlung X-rays from 210Pb and 210Bi β-decays in Cu

Pb

Po

Bi

4N Copper

Gas

SNOLAB detector: 4N Aurubis AG Oxygen Free Cu (99.99% pure)
 Out-of-equilibrium 210Pb contamination: 29±10 (stat)+9-3 mBq/kg
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Copper Electroplating
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Background
 Bremsstrahlung X-rays from 210Pb and 210Bi β-decays in Cu

Pb

Po

Bi

4N Copper

Gas
Pb

Po

Bi

4N Copper

500 m
EF Copper Gas

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

µ

SNOLAB detector: 4N Aurubis AG Oxygen Free Cu (99.99% pure)
 Out-of-equilibrium 210Pb contamination: 29±10 (stat)+9-3 mBq/kg
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Copper Electroplating

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

Electroplating setup at LSM

~36 μm/day

NIM A 988 (2021) 164844
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ACHINOS performance with DLC coating
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Ar:CH4  (98:2) 
1000 mbar 
HV1 = 2200 V,  
HV2 = 0 V 
2 mm Ø anodes 

Measurement of the 5.9 keV 55Fe X-ray line

 Good energy resolution
 High pressure operation 
 High gain
 Stability
 2 channel read-out
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Towards individual anode readout

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

Far 
Electrode

Near 
Electrode

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

Near electrode weighting field on Far Side

Far electrode weighting field on Far Side
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Event reconstruction
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In the future: Individual anode read-out → track reconstruction

60-anodes (truncated icosahedron)
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NEWS-G: Prototype at LSM
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Polyethylene 30cmLead 15cm

Copper 8cm SEDINE Ø60cm SPC

Sensor  
(Ø6.3 mm)

Laboratoire Souterrain de Modane

[Astropart. Phys. 97, 54 (2018)]

~5 μ/m2/day

 Chin.Phys.C 45 (2021) 2, 025001



 Various quenching factor definitions in the literature  
 fraction of ion kinetic energy dissipated as ionisation electrons and excitation of atomic and 
quasi-molecular states 
 ratio of the ‘‘visible’’ energy in an ionisation detector to the recoil kinetic energy 
 conversion factor between kinetic energy of an electron and ion that result to the same 
‘‘visible’’ energy in the ionisation detector
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Quenching factor: W-value measurements

K. Nikolopoulos / 9 May 2022 / Light Dark Matter Searches with Spherical Proportional Counters
Astropart.Phys. 141 (2022) 102707
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Quenching factor: W-value measurements
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 Quenching factor intimately connected to W-value 
 W-value is the average energy required to liberate an e-ion pair 
 Typically, detector response calibrated with electrons of known energy
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Quenching factor: W-value measurements

K. Nikolopoulos / 9 May 2022 / Light Dark Matter Searches with Spherical Proportional Counters
Astropart.Phys. 141 (2022) 102707
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Coherent Elastic ν-Nucleus Scattering 
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K. Nikolopoulos Research Statement

Geant4 [36, 37, 38], a toolkit for the simulation of the passage of particles through matter, and Garfield++ [39],
a toolkit for the simulation of gaseous particle detectors that interfaces to Heed for particle interactions [40]
and Magboltz for modelling electron transport parameters in gases [41]. The electric field in Garfield++ can
be described either analytically or with the use of finite element method software like ANSYS [42]. This is of
paramount important for the interpretation of the data and for facilitating R&D, as demonstrated in Ref. [33].
This software framework has attracted interest within the RD50 Collaboration, while we contribute to the
Garfield++ codebase.

� Dual read-out. The possibility of dual read-out, ionisation charge and scintillation light, will be investigated, a
capability that would be crucial for background rejection in neutrinoless double-b decays searches with R2D2.

2 NEWS-G: Coherent Elastic Neutrino Nucleus Scattering

Coherent elastic neutrino-nucleus scattering (CEnNS) is a process in which neutrinos scatter off a nucleus, which acts
as a single particle. Within the SM, CEnNS is described by the neutral current interaction of neutrinos and quarks and
it scales proportionally to the neutron number squared [43]. Typically, CEnNS results in low energy nuclear recoils
and its observation requires a source of neutrinos with energies below O(10 MeV). There are several appropriate
terrestrial, e.g. stopped pion/muon, nuclear reactors, and 51Cr, and astrophysical sources, e.g. solar, supernovae, and
atmospheric neutrinos. Given that these sources have distinct neutrino energy spectra and different neutrino flavour
compositions, they all provide important and complementary information for CEnNS studies.

The first observation of CEnNS was reported in 2017 by the COHERENT collaboration with a CsI[Na] scintillating
crystal detector [44], and more recently using a single-phase liquid argon target [45]. The observation of CEnNS,
which has important implications for not only high-energy physics, but also astrophysics, nuclear physics, and be-
yond, has motivated substantial theoretical work and new ways to probe physics beyond the SM have been proposed.
Correspondingly, this has motivated the development of new experiments, employing new detector technologies to
extend the sensitivity. Importantly, there is a unique complementarity between searches for CEnNS and direct DM
searches, as the sensitivity of the latter will be eventually affected by solar neutrino, atmospheric, and supernovae
neutrinos which will interact in a detector through CEnNS [46], the so-called neutrino floor. As a result, CEnNS is a
new experimental field connecting the DM and reactor neutrino communities.

(a) (b)

Figure 5: (a) Expected differential event rate as a function of the recoil energyat 10 m distance from the nuclear
reactor core. (b) Drawing of NEWS-G3 showing the shield and the 60 cm in diameter spherical proportional counter.

The spherical proportional counter is an appealing technology for the detection of neutrinos through CEnNS. The
detector’s sub-keV energy threshold detector enables a rich physics program, which includes probing physics beyond
the SM that will appear as deviations in the nuclear recoil spectra [47]. For example, the measurement of a non-zero
neutrino magnetic moment [48] and the search for sterile neutrinos. Furthermore, the use of spherical proportional
counters for CEnNS detection can lead to several applications related to nuclear reactors, such as reactor neutrino
flux monitoring, control plutonium production, and study of reactor anti-neutrino energy spectrum, which is not well
understood below the Q-value of the inverse b -decay process.

Page 6 of 12

 CEvNS opens a window to investigation non-standard neutrino interactions 
 First observations by COHERENT in NaI (2017) and Ar (2020)
 Unique complementarity with DM searches as sensitivity reaches the neutrino floor

 NEWS-G3: A low-threshold low-background sea-level facility
 Environmental and cosmogenic background studies towards reactor CEνNS studies
 Shielding: Layers of pure copper, polyethylene, and lead, with active muon veto
 Assembly has started

10 m distance from nuclear reactor core

Neon: 11 events/kg/day/GW 

Muon veto
Lead

Polyethylene 

Copper
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Detector Calibration
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Parallel photo-detector 
to tag laser events

Common DAQ for timing 
analysis between two channel

Tunable transmission 
to control the mean 
number of electrons

A powerful UV laser capable of 
extracting 100s of electrons

Phys. Rev. D 99, 102003 (2019)

 213 nm laser used to extract primary electrons from detector wall 
 Photo-detector in parallel tags events and monitors laser power 
 Laser intensity can be tuned to extract 1 to 100 photo-electrons
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Modelling Single Electron Response

K. Nikolopoulos / 9 July 2022 / NEWS-G searches for light DM: Results with a hydrogen-rich target

 N photo-electrons are extracted from the surface of the sphere: Poisson 
 Each photo-electron creates S avalanche electrons 
 Sum the contributions of all N photo-electrons: Nth convolution of Polya 
 The overall response is convolved with a Gaussian to model baseline noise
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Phys. Rev. D 99, 102003 (2019)



  

Laser-induced peak

37Ar 2.82 keV peak

37Ar 2.82 keV peak

Before correction

After correction
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Detector Monitoring
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 Long runs, response fluctuations induced by: 
 temperature/pressure changes
 O2 contamination 
 sensor damage
 …

 37Ar calibrations
 crucial information
 can only be used at the end of a run

 Laser system
 detector response monitoring in physics runs

Phys. Rev. D 99, 102003 (2019)



38

Electron counting characterisation
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 Low-intensity, 213nm UV-laser extracts 
electrons from copper surface

 Characterise avalanche gain and peak-counting 
 Electron detection efficiency: 60% 
 Separation of electron peaks above 8 μs

 37Ar injected at the end of physics campaign
 (almost) mono-energetic lines at 200 eV, 270 eV, 
and 2.8 keV 
 detector response monitoring in physics runs

PRELIMINARY

PRELIMINARY

PRELIMINARY
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Gas Purification
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Molecular Sieves
H2O Removal

Copper Oxide 
O2 Removal

UOB-F2 → Only H2O component
UOB-F3 → Only O2 component

UOB-F1

 Gas purification required to avoid contaminants: O2, H2O, electronegative gases 
 Maintain high electron collection efficiency for large volumes 

 Challenge: Radon emanation from purifiers 
 Custom-made filter prepared in collaboration will Univ. Liverpool 

 Small number of controlled components 
 Assay emanation of individual components 
 Tests at Univ. Birmingham and Univ. Zaragoza → interesting beyond NEWS-G

Electron Survival Probability

SPC Simulation 
Ar:CH4 2% 1.1bar

Filter activation
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Gas Purification
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Flow 
meter

BGA

Purifier 
under test 

Recirculation 
pump

 Purifiers may affect gas composition 
 e.g. remove larger molecules: CH4, iC4H10 

 UOB-F1 tested at Zaragoza 
 Ne:iC4H10(2%)  with 2% relative uncertainty 

 No change in gas composition observed

K. Altenmüller et al. N-33-03 IEEE NSS 2021 U. Zaragoza

 222Rn emanation tested with Single-Fill mode 
 Controlled injection through purifier at 3mbar/s 

 No filter: 0.014Hz 
 Entegris: 1.2 Hz 
 UOB-F1: 0.06 Hz


