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NEWS-G
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• NEWS-G experiment searches for Light Dark Matter

• Uses SPCs as detector: Metallic vessel filled with a 

noble gas mixture, with a single high voltage anode

• Low A target atoms increases sensitivity to low-mass 

dark matter

• Low capacitance (~10 pF) decreases electronic noise 
and Townsend avalanche provides large gain

• Single ionization detection threshold!



Quenching factor
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• Dark matter sensitivity: Very important to know actual 
nuclear energy spectra

• As nuclear recoil and an electronic recoil of same energy 

do not produce same amount of primary ionization

Definition

TIPP 2023



Past measurement at TUNL
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● Quenching factor measurements at TUNL (Duke 

tandem facility)

● The nuclear recoil energies covered were 0.34 to 

6.8 keVnr

TIPP 2023

Marie et al.



Current plans
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UdeM tandem accelerator: planning to do QF measurements

● Possibility to go to ~10 times lower energy than 

TUNL ~5keV

● 51V(p,n) as target offering large number of near 

threshold resonances

● Better rejection to gamma background by B-10 

neutron capture

● Working on building a new backing detector

TIPP 2023



New Backing Detector
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• The Backing Detector is an annulus structure
• Provides better angular coverage
• Based on n-capture on Li

• Detection efficiency 27% at 2keV
• Mean neutron capture time 17usec

Pratyush Patel et al.



Neutron scattering @ Queen's
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LS● A crucial step towards in-beam experiment

● Establishing the DAQ and analysis tools

● Easy access to systematic investigation:

• different gas mixture

• gas pressure

• gas volume (sphere size)
• ionization voltage

● Characterization tool for new gases and sensor 

designs in the future

n

Backing Detector

SPC

Motivation

To observe the scattered neutrons from SPC using a source in lab.



Experiment
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XSPC

LS

Pb

PE

PE

❖ Detector: S15/S30

❖ Backing detector: EJ-309 Liquid Scintillator

❖ Source: 30 mCi AmBe (10000 n/s)

❖ Shield: 

➢ A layer of few mm of Pb for gammas

➢ 5 cm PE for neutrons

Setup

TIPP 2023



Experiment
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Setup: Pictures
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Experiment
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Setup: DAQ

CAEN V1730S Digitizer 

16 Channel 14 bit 500 MS/s

CoMPASS DAQ
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Sample pulse
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Long gate
(100ns)

Short gate
(20ns)

Sample gamma pulse acquired with CoMPASS
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Sample pulse
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Long gate
(100ns)

Short gate
(20ns)

Sample neutron pulse acquired with CoMPASS
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PSD cut 
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Trigger from CAEN
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Liquid Scintillator Pulse

Trigger Pulse

TIPP 2023

1.2 µsec



Analysis
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Drift time 
(DD_Rise10pct)

Rise time (90 % - 10 %)
(DD_Rise90pct-DD_Rise10pct)
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Event Discrimination
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• Drift time in an SPC is proportional to the radial position 

of the event

• Two types of events: point-like and track-like

• Point-like event: 

• risetime is an indicator of the diffusion of electrons 
moving towards anode

• Risetime is proportional to drift-time



First observation in Ar (+ simulation)
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Event Discrimination
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• Drift time in an SPC is proportional to the radial position

of the event

• Two types of events: point-like and track-like

• Track-like events: 

• risetime is no longer governed by the diffusion time 
of the electrons

• difference in the arrival time of the e- closer and 
farther to the anode

• Risetime is higher than the point-like case



Results from Ar mixture (S15)
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Track like events

Point like events



Results from Ar mixture (S30)

20TIPP 2023

Point like events

Track like events



Different gases: Ne and Ar @ 1 bar
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Observed Rate 

~ 30 mHz

Note
Scale for risetime is different



Different pressures: Ne @ 1 and 2 bar
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Different HV: Ne (1 bar)
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Different HV: Ne (2 bar)
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Conclusions
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❖ Past measurements at TUNL in Ne + CH4 by Marie et al.,​

❖ Another campaign at TUNL is under discussion​

❖ Possibilities at UdeM is being pursued​

❖ Neutron scattering observed in a table top experiment with AmBe source as a crucial 

step towards QF measurement with neutron beam

❖ The manuscript for neutron scattering work is ready for submission

❖ Working towards a new backing detector​

TIPP 2023



Backup slides 
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Different sizes of sphere: S15
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Different sizes of sphere: S30
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XS15

LS

Pb

PE

PE
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Rate Estimation
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Rate ~ 300 mHz
for 1 bar Ne

• Simple MC simulation by Irina to calculate the geometric 

factor

• Assumed Isotropic distribution of neutron-gas 
interactions in SPC

• 10% total interactions in SPC will be recorded in the 

liquid scintillator

Monte Carlo simulation

Rate ~ 30 mHz

Irina Babayan
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