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Low mass dark matter searches

Search for DM candidates in 0.05 - 10 GeV range 
Direct Detection experiment  

Novel detectors required that: 
Use light targets (H, He, Ne) 

Better projectile - target kinematic match 
Low energy threshold 
Favourable quenching factor 
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Unexplored 

Territory

Going beyond the state-of-the-art
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The Spherical Proportional Counter
An innovative gaseous detector for rare event searches and applications

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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Electric field scales as 1/r2, volume divided 
in:  “drift” and “amplification” regions
Capacitance independent of size: low 
electronic noise → single electron threshold
Simple design: construction solely by radio 
pure materials
Event discrimination through pulse shape 
parameters: Background discrimination and 
fiducialisation
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I.Giomataris et al, JINST, 2008, P09007 
I.Katsioulas et al, JINST, 13, 2018, P11006 

Used in several applications:  
X-ray spectroscopy, α-spectroscopy, neutron detection 

Ideal for Rare Event searches!  

 I.Manthos, Neutron spectroscopy with SPCs 
Tue April 5th, 11:00 am

 P. Knights, R2D2 0νββ Experiment 
Wed April 6th, 11:15 am

CHECK OUT
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New Experiments With Spheres - Gas
 NEWS-G Collaboration

5 countries
10 institutes 
~40 collaborators

 Three underground laboratories
SNOLAB
Laboratoire Souterrain de Modane
Boulby Underground Laboratory
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New Experiments With Spheres -Gas
Light Dark Matter search 

NEWS-G LSM results and SNOlab project
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Spherical Proportional Counters! 
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NEWS-G at SNOLAB
The SNOGLOBE detector

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)  

Assembled at LSM

Assumptions: 
Ne+10%CH4, 20kg.days, F=0.2,θ=0.12, bkg 1.78dru, 
SRIM IQF,  ROI: 0.014-1keVee, Opt. Int. Method

‣First NEWS-G results obtained with SEDINE 
∅60 cm detector installed at Modane 
[Astropart. Phys. 97, 54 (2018)] 

‣∅140 cm detector installed at SNOLAB
‣Detector commissioning on-going 
‣Physics data-taking to follow 
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High Purity Copper 
An ideal material for low radioactivity construction

 Copper common material for rare event experiments
 Strong, pure, inexpensive
 No long-lived isotopes (67Cu t1/2=62h)

 Backgrounds
 Cosmogenic and 238U/232Th decay chain

∅ 140cm detector at SNOLAB 
4N Aurubis AG Oxygen Free Copper 
(99.99% pure)

 Spun into two hemispheres
 Electron-beam welded together
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Long-lived!

Directly measured 
with mass 
spectrometers 
~10 µBq/kg Gas at normal conditions: 

found in the atmosphere 
breaks secular equilibrium
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Copper contamination - Background
Backgrounds from Rn and its progenies

NIM A 988 (2021) 164844

Estimation of out-of-equilibrium 210Pb 
contamination through low background α-particle 
counting

XIA UltraLo-1800 
https://www.xia.com/ultralo-theory.html

29±10 (stat)+9-3 mBq/kg
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Radioassay for NEWS-G showed: 
~10 μBq/kg using ICP-MS from 238U and 232Th 
~28.5 mBq/kg from out of equilibrium 210Pb using 
XIA UltraLo by inferring progeny activities 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Underground electroplated copper
Shielding against Rn-chain induced radiation

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  - 500 μm thick
 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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Underground electroformation at LSM

Electroplating setup at LSM

Plated surface

Hemisphere after plating

~36 μm/day

NIM A 988 (2021) 164844

NIM A 988 (2021) 164844

 Copper deposition rate ~1 mm/month! 
 Potential for fully electroformed detector 
 Electroformed copper < 0.1 µBq/kg U
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Reducing Backgrounds
SNOGLOBE’s current background budget
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Electroformed Cuprum Manufacturing Experiment
Fully electroformed underground detectors
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Xenon 1T - Migdal

0.3 dru

Ne:CH
4(10%) Current Status 

 ⌀30 cm scale prototype to be produced at PNNL 
 Bath designed 
 Procurement of parts underway  
 Electroformation to start soon 

 ⌀140 cm detector to follow shortly after 
 Use existing shielding for physics exploitation
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ECuME electroforming facility initially dedicated 
to NEWS-G, but then a long term asset for 

SNOLAB and the community

A ⌀140 cm sphere electroformed underground in SNOLAB 
 Builds on NEWS-G achievements on electroplating  

 36 µm/day →  ~1 mm/month  
 No machining or welding - fully grown sphere directly  
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DarkSPHERE: Detector Design 
NEWS-G detector evolution

12

mailto:i.katsioulas@bham.ac.uk


Ioannis Katsioulas | i.katsioulas@bham.ac.uk | IOP-HEPP 2022

DarkSPHERE: Detector Design 
World leading research in North Yorkshire

 ⌀300cm intact underground electroformed SPC 
Volume ×10 

Full water shielding 
 BG 0.01dru (<1 keV)  

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

Possibility to host DarkSPHERE at  Boulby’s Large Experimental Cavern
 Possibility for a 7×7×7m3 detector without further excavations
 Funding obtained for setting-up electroformation facility
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DarkSPHERE: Physics Potential
Unprecedented sensitivity in light WIMPs searches

Beyond DM:
 0νββ searches
 Neutrino physics
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DarkSPHERE has the potential to probe uncharted territory 
in light Dark Matter searches

 Nuclear recoils: Spin-independent and spin-dependent
 Electron recoils

Spin Independent
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0.01dru

0.3dru

Nuclear Recoils

SD - Proton

3He (5g)

SD - Neutron
Hamaide,McCabe

90% CL Upper Limit
He:C4H10 (90%:10%)
⌀3m, 5bar, 300days
ne-≥1
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Electron Recoils Based on arXiv:2110.02985
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Increasing target mass
The multi-anode sensor ACHINOS
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Single Anode
11-anode ACHINOS (ANSYS)
60-anode ACHINOS (ANSYS)
Infinite anodes ACHINOS

×7

×33

×250

Single anode: Drift and Amplification fields are coupled  

E =
Va

r2

rarc

rc − ra
≈

Vara

r2
3D printed ACHINOS with DLC coating

Resistive central electrode

11 spherical metallic anodes

Insulated wires

Support rod

Αχινός (greek. sea urchin)

JINST 15 (2020) 11, 11

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

A.Guiganon et al JINST 12 (2017) P12031
I. Giomataris et al JINST 15 (2020) P11023

15

Collective iso-potentials Electric field lines  
near the anodes
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Fiducialisation and event reconstruction
Studies with the Birmingham simulation framework

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) 
 Asymmetry of pulse amplitudes: zenith angle 
 Pulse rise-time: radius

Simulation Software

Many software toolkits exist for the simulation of particle detectors:

Geant4 for the simulation of the passage of particles through matter [4]

Garfield++ for the simulation of gaseous particle detectors [5], further interfacing
to:

Heed for particle interactions [6]

ANSYS, a finite-element-method software, for electric field modelling [7]

Magboltz for gas transport parameter modelling [8]

The challenge: is it possible to combine the strengths of each toolkit within a single
framework?

R. Ward (University of Birmingham) Simulation of Spherical Proportional Counters 28th October 2019 3 / 14
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60-anodes (truncated icosahedron)

In the future
Individual anode read-out → track reconstruction
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Signal Asymmetry Signal Rise time
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NEWS-G LSM results and SNOlab project
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Outlook

NEWS-G has a rich R&D programme towards exploring new 
DM territory with Spherical Proportional Counters

 Significant instrumentation advances
 Electroformation, ACHINOS, …

 Several detectors scheduled/planned for the coming years
 Sensitivity down to the neutrino floor 

Many physics opportunities: DM Nuclear (spin dependent 
and independent) and electron recoils, 0νββ, …
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