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(5)

(1) Particle ionizes gas. 
(2) Primary electrons drift toward the sensor.
(3) Close to the sensor, secondary ion/electron 
pairs are produced.
(4) Signal is induced by the motion of secondary 
ions.
(5) The signal is processed by a pre­amplifier and 
digitized. 

­Possibility to use large range of target mass.
­Sub­keV energy threshold down to single electron.
­Identification of point like energy deposition.

­Dark matter search
­Neutrino physics

Spherical Proportional 
Counters (SPCs)
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Motivation, outline

● Proof of concept validated with SEDINE
– competitive limits

● Bigger and better at SNOLAB
– improve material purity (improved manufacturing)
– improve electric field
– improve gas quality
– improve calibration and understanding
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R&D lab at Queen's U
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R&D lab at Queen's U

Glass sphere
 for outreach

50cm Sphere

Gas analyser

30cm sphere
high pressure

UV laser
calibration 37Ar

calibration
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Weak 
avalanche

Strong 
avalanche

Supporting Rod
▪Metallic

Supporting Tip 
▪Insulator

Wire
▪Metallic Core 
▪Insulating 
surface 

Anode
▪Metallic 

Electric field:
sensor development

A simple sensor gives a non­uniform field, and gain depending 
on the location of the avalanche:

 → Poor resolution!
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270 eV

2.82 keV

σ/µ = 12%

Ar­37 events recorded with a 
30­cm SPC filled with 500 
mbar of Ar + 2 % CH4.

Two millimetre ball with 
HV1 = 2020 V, HV2 = ­120 V 

Electric field:
Second electrode

“Umbrella” on top of sensor ball
Corrects the field and improves gain 
uniformity
Made of resistive material (bakelite, glass) 
to prevent discharges

37Ar energy spectrum

old sensor
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Laser calibration
Nd-YAG LASER

1064nm

Photodetector

preamplifier preamplifier

Digitization
(Calibox)

17

DAN
Photo detector

Laser Data
 ­ Single electron response parametrization (  of Polya)θ
 ­ Energy calibration / W­value measurements
 ­ Monitoring of the stability of the detector response over 
time
 ­ Drift and Diffusion time measurements

attenuator

Photodetector (PD)
 ­ Monitoring of the stability of laser 
 ­ Start Time (in drift time measurements)

Band pass filter (213 nm)

Fifth harmonic

213nm 
variable attenuator

Fiber 
splitter

Laser calibration Setup



2018-06-11 9/19

 R&D for the NEWS-G DM experiment
Philippe Gros, Queen's University

Single electron spectra

Prelim
inary

● Fitted with full model of 
the detector (4 
parameters)
– Poisson fluctuations: µPoisson

– gain fluctuation: <gain>, θ

– noise σnoise

● Fit valid for multiple 
electrons (Poisson)

● only µPoisson depends on 
laser intensity

Amplitude sphere [a.u]

Amplitude sphere [a.u]

Prelim
inary

Prelim
inary
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Extraction of detector 
parameters

● Mean number of electrons 
measured is proportional to 
laser intensity
– single photon photoelectric 

process
● Mean gain and θ consistent for 

all intensities
– robust fit

● Simultaneous measurement of 
37Ar
– measurement of mean number of 

ionisation electrons for the gas 
mixture (first results in argon 
consistent with literature)
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Prelim
inary

Prelim
inary
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2 % pressure loss
13 % gain rise

Gas quality
● Oxygen captures drifting 

electrons   signal loss→
● RGA monitors oxygen 

contamination
● Gas purifier removes oxygen 

from gas mixture 

● Gain very sensitive to gas 
pressure

● Continuous monitoring of 
pressure

● measurement of dependence
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Conclusions and outlook

● NEWS­G has an ambitious program of WIMP 
detection with SPCs

● Intensive work provided great improvement in 
detector performance and understanding
– improved electric field and gas purity
– detailed measurement of amplification and drift 

parameters
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Laser calibration measurements

P(
N

< N >
)=

1
<N >

×
(1+θ)(1+θ)

Γ(1+θ) ( N
< N > )

θ

exp (−(1+θ)
N

<N > )

Parametrization of the Single Electron Response (SER)

Polya 
distribution

W-value measurement and upper limit on the Fano factor 
in 500 mbar of Ar + CH4 (2%)

37Ar 2.82 keV X-
rays 

from EC in K-shell

<Gain> ~ 41.9 ADU 
&

2820 keV peak @ 4563 ADU

( σ
mean

)
2

×
ER

W
=(F+

1
1+θ

) F < 0.53

σ
mean

=11.8  %

W ~ 25.9 eV

Prelim
inary



Fit of our model to Real data

μ=0.36

μ=0.07 μ=0.15

μ=0.25

μ=0.47 μ=0.54



μ=0.36

μ=0.07 μ=0.15

μ=0.25

μ=0.47 μ=0.54

Fit of our model to Real data (zoom in the low energy region)
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Other development: Achinos sensor

-Amplification is driven by the ball size. Smaller ball gives higher amplification.

-Electric field far from the sensor is proportional to sensor radius. In large 
diameter sphere, a too small sensor gives a too weak electric field at large 
distance, then electron attachment induce a loss of signal.

Achinos sensor

-Amplification is driven by size of each small ball.

-Volume electric field is driven by Achinos structure

E (r)≈
V

r2 ranode
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The bakelite resistive umbrella

Bakelite 
layer

Steel layer
Advantages:
● Bakelite resistivity up to ~ 10^12 
● Compact and homogenous material

Bakelite
Chemical Formula: 
(C6-H6-O.C-H2-O)x

Thermosetting phenol formaldehyde 
resin, formed from a condensation 

reaction of phenol with formaldehyde.

Sensor development

HV1HV2
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HV2 = +50 V HV2 = 0 V HV2 = -50 V

µ = 31200 
σ/µ =17 % 

µ = 20800 
σ/µ =28 % 

30 cm diameter sphere / Gas mixture: Ar + 2% CH
4 
@ 500 mbar

Source: 37Ar Electronic capture released 0.27 or 2.8 keV

Electric filed lines reaching the lower half of the sensor
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