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The New Experiments With Spheres-Gas (NEWS-G) collaboration uses spherical proportional counters (SPCs) filled with light noble gases for rare event detection. SPCs are a novel technology that have many appealing features for particle detection including sub-keV thresholds, single electron sensitivity, excellent energy resolution and flexibility in gas choice. In this paper, studies conducted at Queen's University, focusing on the understanding, monitoring and improvement of the detector response will be presented. The detector consists of a 30 cm diameter sphere with a 2 mm anode at the center. With this set-up, we perform precision measurements with a UV laser and radioactive sources that encompass a wide range of fundamental characteristics of the detector.

Introduction 1

The Spherical Proportional Counter (SPC) is a novel con-2 cept developed in 2006 at the CEA Saclay by I. Giomataris 3 [1]. Its low intrinsic electronic noise in addition to its large The anode is a small ball made of metallic or resistive material, placed at the center of the sphere and supported by a grounded metallic rod, through which the high voltage is applied. In an ideal SPC, the electric field depends on the anode radius r 2 , cathode radius r 1 , anode voltage V 0 and radial distance r from the anode. It is defined by:

E(r) = V 0 r 2 r 2 r 1 r 1 -r 2 (1) 
The electric field in the detector rapidly decreases with the 30 square of the inverse distance from the center. This con- 
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Having a simple sensor also limits the voltage that can be 65 applied on the anode before electric discharge occurs between 66 the ball and the rod. A solution to these issues is the use of 67 resistive material for a field corrector, a so called "umbrella".
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The umbrella is installed between the ball and the anode. A At the same time, the small balls ensure a good amplification at 135 short distance [3].
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The main goal of the single electron calibration is the parametrization of the theoretically motivated Polya distribution describing the gain of the detector. Specifically, it describes the number of ion-electron pairs produced by an avalanche induced by one electron. [5] 

P N < N > = N < N > × (1 + θ) (1+θ) Γ(1 + θ) N < N > θ exp -(1 + θ) N < N >
(2) The detector response to single electrons has been studied 
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  amplification allows for a very low energy threshold, down to 5 single electron detection. It's unique characteristics make SPCs 6 competitive detectors for rare event detection applications 7 such as dark matter and neutrino physics. The NEWS-G 8 experiment primarily focuses on the search for light dark 9 matter. The collaboration recently published the first results 10 obtained with a 60 cm diameter SPC, SEDINE, operated at 11 the Laboratoire Souterrain de Modane [2]. The competitive 12 constraints are promising for the next phase of the experiment: 13 a 140 cm diameter sphere made of selected radio-pure material 14 and placed inside an enhanced shielding, to be installed at 15 SNOLAB during spring 2019.

16 17 2 .Figure 1

 1621 Figure1depicts an SPC and its operation. The detector consists of a grounded, metallic spherical vessel filled with gas. The anode is a small ball made of metallic or resistive material, placed at the center of the sphere and supported by a grounded metallic rod, through which the high voltage is applied. In an ideal SPC, the electric field depends on the anode radius r 2 , cathode radius r 1 , anode voltage V 0 and radial distance r from the anode. It is defined by:
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  figuration divides the detector volume into two regions; the 32

Figure 1 :

 1 Figure 1: Schematic view of the Spherical Proportional Counter and detection principle.

Figure 2 :

 2 Figure 2: Electric field norm in the amplification region around a 2 mm diameter anode.
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 3 Figure 3: Left: Schematic view of the bakelite sensor with HV1 applied on the anode and HV2 on the a steel layer inside bakelite. Roght: Picture of a 2 mm diameter anode with bakelite umbrella used at queen's university.
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 454109567 Figure 4: Effect of the second voltage applied on the umbrella. The voltage applied on the anode was kept constant at 2000 V. The peak is due to the decay of 37 Ar releasing 2.82 keV X-rays
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 6 Figure6shows data where the voltage applied on the bakelite
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 8 Figure 8 presents the fit of laser data taken by triggering on

Figure 8 :

 8 Figure8: Data taken with solid state laser. The fit of the data (red) allows us to determine the mean number of primary electrons extracted from the sphere surface (µ = 0.08). The blue curves represent the contribution of events for which 0, 1 or 2 primary electrons were extracted.

Figure 9 Figure 9 :

 99 Figure9shows the mean number of primary electrons vs the
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  SPCs have already shown their potential for dark matter de-171 tection with the SEDINE detector. New calibration methods 172 confirm the ability of the detector to measure single electrons.173The excellent fit of laser data shows a good understanding of 174 the detector from energy deposition to signal formation. This 175 improved understanding will us allow to reach a greater sensi-176 tivity to dark matter particle with an SPC et SNOLAB.
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time constants from tens to hundreds of µs.