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The Search for Low-Mass Dark Matter
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Requirements:
- Light targets (kinematics)
- Low energy threshold
- Low backgrounds
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The Spherical Proportional Counter (SPC)
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The NEWS-G Collaboration
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Recent Results from 
SEDINE at LSM
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The SEDINE Detector at Modane

● Prototype SPC at the Laboratoire Souterrain de Modane (LSM): SEDINE

● 60-cm SPC filled with Ne(99.3)CH4(0.7) at 3.1 bar (310 g active mass)

● 42 live day WIMP search run (9.7 kg-day) at 50 eV acquisition threshold 
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The SEDINE Detector at MODANE
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60-cm NOSV Copper SPC 6.3 mm sensor Shield: 2 - 7 cm Cu, 10 cm 
Pb, 30 cm PE
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Recent Results from SEDINE
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Recent Results from SEDINE
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Q. Arnaud, Queen’s
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Recent Results from SEDINE
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Q. Arnaud, Queen’s

ROI optimization with Boosted Decision Tree (BDT)
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Recent Results from SEDINE
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Good agreement between data and simulation:
Confidently derive the signal efficiency of cuts in rise time and energy from simulated WIMP events

Q. Arnaud, Queen’s
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Recent Results from SEDINE
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Q. Arnaud, Queen’s



Status of NEWS-G 
at SNOLAB
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Status of NEWS-G SNOLAB
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SNOLAB: 6000 mwe (0.27 μ/m2 /day) 140 cm diameter low activity copper 
(C10100) SPC

7 - 25 μBq/kg 232Th
1 - 5 μBq/kg 238U

Electropolishing and electroplating

Compact Shielding (35 t)
40 cm borated PE

22 cm low activity Pb (3 cm archeological Pb)
SS enveloppe flushed with pure N (radon 

mitigation)
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Status of NEWS-G SNOLAB
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Installation in SNOLAB 
“Cube Hall” in Spring 

2019
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Status of NEWS-G at SNOLAB
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Status of NEWS-G SNOLAB
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Recent progress:

Copper hemisphere “spinning” completed in France Glovebox ready
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Status of NEWS-G SNOLAB

Mitigation of the 210Pb bulk copper background:
(P. Knights, Fri. 11:40a)

Electroplating of the Hemisphere inside surface
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Status of NEWS-G SNOLAB

Status: 

● 0.5 mm plated on the 2 hemispheres underground at LSM
● Surfaces cleaned and passivated
● Stored in radon tight plastic and ready to electron-beam welding
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“Pulse Reverse 
Plating”
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Status of NEWS-G at SNOLAB
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● Improved sensitivity to low-mass WIMPs
○ Lighter targets (H,He)
○ Lower background
○ Lower threshold

● Improved gas quality and monitoring (P. Knights, Fri 
11:40a)

○ Recirculation
○ Getter
○ RGA

● Improved calibration and monitoring (P. Gros, Fri 11:20a)
○ Laser
○ 37Ar

● Quenching factor measurements
○ Neutron Beam (TUNL, Duke)
○ Ion/electron beam (LPSC, Grenoble)

● Sensor development (I. Katsioulas, Thu. 4:20p)
○ Better field uniformity
○ Electron extraction near walls
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Status of NEWS-G at SNOLAB
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● Improved sensitivity to low-mass WIMPs
○ Lighter targets (H,He)
○ Lower background
○ Lower threshold

● Improved gas quality and monitoring (P. Knights, Fri 
11:40a)

○ Recirculation
○ Getter
○ RGA

● Improved calibration and monitoring (P. Gros, Fri 11:20a)
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Updated sensitivity projection using current 
background model and Ne(90)CH4(10)
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Status of NEWS-G at SNOLAB
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● Improved sensitivity to low-mass WIMPs
○ Lighter targets (H,He)
○ Lower background
○ Lower threshold

● Improved gas quality and monitoring (P. Knights, Fri 
11:40a)

○ Recirculation
○ Getter
○ RGA

● Improved calibration and monitoring (P. Gros, Fri 11:20a)
○ Laser
○ 37Ar

● Quenching factor measurements
○ Neutron Beam (TUNL, Duke)
○ Ion/electron beam (LPSC, Grenoble)

● Sensor development (I. Katsioulas, Thu. 4:20p)
○ Better field uniformity
○ Electron extraction near walls

SEDINE

Queen’s



Quenching Factor 
Measurements at TUNL
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Quenching Factor Measurement at TUNL
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TUNL: Triangle Universities Nuclear Laboratories (Duke University, Durham, North Carolina, USA)
Tandem Van de Graaf Accelerator:

- Emax (p,d) = 20 MeV
- Pulsed: DC to 1 ns
- Imax = 5 µA
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Quenching Factor Measurement at TUNL

25

M. Vidal, Queen’s
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Quenching Factor Measurement at TUNL
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M. Vidal, Queen’s
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Quenching Factor Measurement at TUNL
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M. Vidal, Queen’s

● TOF cut and backing detector PSD cut

● Clear nuclear recoil signal found

● Energy scale (gain drift) set by 55Fe calibration
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Quenching Factor Measurement at TUNL
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M. Vidal, Queen’sBackground Subtraction
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Quenching Factor Measurement: outlook
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Outlook:

● Data analysis ongoing (55Fe calibration, systematics, neutron 
energy spectra)

● Second run at TUNL (Winter 2019):
○ Lower energies (down to 150 eVnr)
○ Pressure, gas mixture
○ Updated S15 sensor (better gain stability)
○ Second calibration point (1.4 keV aluminum fluorescence using 

aluminum sphere)

● Quenching factor measurements in parallel at CoMicmac 
facility in Grenoble

○ Electron cyclotron resonance source 1 - 40 keV electrons and ions
○ Injected in SPC through 1 µm hole in 12 µm stainless steel plate



Summary
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Summary and Outlook
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● NEWS-G
○ SPC advances: sensors, background, calibration and monitoring

● SEDINE at LSM
○ Recent results: published 9.7 kg-day Ne(99.3)CH4(0.7) dark matter search run

○ Current plans: Test Ne(90)CH4(10) gas, Helium, sensors, etc.

● NEWS-G at SNOLAB
○ Plans at LSM: Full implementation of 140 cm SPC + dark matter search run (spring-summer 2018)

○ Plans at SNOLAB: Seismic base construction, neutron shield (spring 2018), 140 cm SPC (summer 2018)

● Quenching factor measurements
○ Data analysis ongoing

○ Data taking at TUNL

○ Complementary measurements with electrons/ions at CoMimac

○ Queen’s University neutron beam



Thank you.
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