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The Search for Light Dark Matter
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The Spherical Proportional Counter (SPC

E Field ll:)/&/m] itivi ingle electron
Low energy thresholds of 10 - 40 eVee
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10° High amplification gain arising from [ ( r)oc—2

Low intrinsic capacitance (independent on the size of the sphere)
10° Easily scalable
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Pulse shape discrimination

The rise time of pulses allows for a statistical

1
- discrimination against sub-keV surface events
Light Targets (H,He.Ne)
10°
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The NEWS& Collaboration

. Q‘I.IEEII'S University Kingston - G Gerbier, P di Stefano, R Martin, G Gi D Dunrford, 5 Crawford, M Vidal, G Savvidis,
A Brossard, P VazquezdS, Q Arnaud, K Dering, ] Mc Donald, M Chapellier, A Ronce
— Copper vessel and gas set-up specifications, calibration, project management
— Gas characterization, laser calibration, on smaller scale prototype
— Simulations/Data analysis

« IRFU (Institut de Recherches sur les Lois fondamentales de I'Univers)/CEA Saclay -I Giomataris, M Gros,, I Katsioulas, T
Papaevangelou, JP Bard, JP Mols, XF Navidk

Sensor/rod (low activity, optimization with 2 electrodes)
Electronics (low noise preamps, digitization, stream mode)

DAQ/soft

« LSM (Laboratoire Souterrain de Modane), IN2F3, U of Chambéry - F Piquemal, M Zampaolo, A DastgheibiFard
— Low activity archeological lead
— Coordination for lead/PE shielding and copper sphere

+ Thessaloniki University - 15avvidis, A Leisos, S Tzamarias
— Simulations, neutron calibration
— Studies on sensor

« LPSC (Laboratoire de Physique Subatomique et Cosmologie) Grenoble - D santos, JF Muraz, O Guillaudin

— Quenching factor measurements at low energy with ion beams E

;

+ Pacific National Northwest Lab- E Hoppe, R Bunker
— Low activity measurements, Copper electroforming ——

+ RMCC (Royal Military College Canada) Kingston - D Kelly, E Corcoran

— 37 Ar source production, sample analysis I l I

+ SNOLAB -Sudbury - Gorel
ESHIV"

— Calibration system/slow control
» University of Birmingham- K Nikolopoulos, P Knights
y gh P gh ] | S

— Simulations, analysis, R&D

+ University of Alberta : MC Piro, D Durnford, S Ogmen
— Gas purification, data analysis

« Associated labs : TRIUMF -F Retiere

Sep 2018
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Recent Results from SEDINE at LSM
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e Prototype SPC at the Laboratoire Souterrain de Modane (LSM): SEDINE
e 60-cm SPC filled with Ne(99.3)CH,(0.7) at 3.1 bar (310 g active mass)
e 42 live day WIMP search run (9.7 kg-day) at 50 eV acquisition threshold
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Recent Results from SEDINE at LSM

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 at LSM

- Drift of individual electrons : Field map from COMSOL, drift parameters from Magboltz

-Quenching Q(E,)=0.216E R0.163 parametrization derived from SRIM (Stopping and Range of lons in Matter)
- Avalanche : Number of secondary ionizations drawn from the Polya distribution (parametrized with Garfield)

- Simulated pulses : ( lon Induced current X preamplifier response )

- Noise templates taken from the pretraces of real pulses

- Same trigger algorithm and processing than for real pulses
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Recent Results from SEDINE at LSM

Simulations

Surface events
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Physics-run Data
Quality cuts responsible for 20.1 % dead time
Total exposure = 34.1 live-days x 0.28 kg = 9.7 kg.days

Analysis threshold : 150 eVee (~720 eVnr)
100% trigger efficiency (trigger threshold @ ~35 eVee)
Side Band region used together with simulations to
determine the number and distribution of background

events expected in the preliminary ROI

Further tuning of the ROI performed with
a Boosted Decision Tree (BDT)

Q. Arnaud, Queen’s




Recent Results from SEDINE at LSM




