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Spherical gas detector working principle

ÅLarge metallic sphere grounded
ÅSmall sensor (1-16 mm) in the center of 

detector on positive high voltage
ÅFilled with gas mixture
ÅParticle interaction creates electron-ion 

pairs in the gas
ÅElectrons drift and create avalanches 

toward center of detector
ÅIons drift toward the ground and induce 

current/charge on the electrode
ÅMeasured signal is proportional to 

particle energy
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Spherical gas detector

ÅSimple detector design

ÅLow radioactivity

ÅVery low energy threshold

ÅLow mass targets (H, He, Ne), 
sensitive to low-mass WIMPs

ÅFlexible gas pressure and 
interchangeable sensor size

ÅSingle signal readout channel

ÅGood energy resolution
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Gas mixture
ÅNoble gases, hydrogen and nitrogen have low 

electron attachment coefficients. Electrons 
continuously migrate
ÅQuench gas is necessary
ïAvalanche is based on secondary ionization. However 

gas molecule may be raised to an excited state but not 
ionized. This excited state decays by photon emission. 
These photons interact with gas molecule and produce 
secondary electrons, which distort proportionality of 
the gas detector 
ïQuench gas is added to absorb these photons. Often 

this quench gas is methane (CH4)
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NEWS-LSM detector

4800 m.w.e.

Located at Modane
Underground Laboratory



NEWS-LSM detector and shielding

Low radioactivity copper, 60 cm 
diameter, 6 mm sensor

Shields 4 to 7 cm Cu, 10 cm Pb, 30 cm PE



Operation and data taking conditions
Å Use of 3.1 bar Ne/CH4 mixture with 0.7% CH4
Å Energy to ionize a single electron in Neon w = 36 eV

Å High Voltage on sensor set to 2520 V, no sparks

Å Gain around 3000 

Å Sealed mode, no recirculation

Å Data taking continuously for 42 days

Å 12.6 kg*day exposure

Å Acquisition threshold set at around 

50 eV, no noise in stable conditions

Å Loss of gain around 4% overall 

monitored with 210Po alpha line

Å Calibration in energy with 37Ar gas 

source (from (n,a) reaction on 40Ca)

Å Anticipated main backgrounds : 
ï Compton (volume)

ï 210Pb decay products (surface)



Comparison of simulation with AmBe
neutron calibration data

Puslesimulations include radial field and diffusion



WIMP search 
data

ά/ƻƴǎŜǊǾŀǘƛǾŜέ ŀƴŀƭȅǎƛǎ
1) Apply threshold cut at 150 eV
2) Simulations and side bands are used to determine volume and 
surface populations
3) Given expected shapes of background contributions in ROI, use 
Boosted Decision Tree analysis to determine cuts to optimize 
signal/background discrimination

Side bands for background
(surface & Compton) 
used for preliminary 
analysis

Show strong component of 
surface events in data

ROI



Expected sensitivity (SI) of the NEWS-LSM
assuming events in ROI are pure backgrounds and behave in ROI as expected

CRESST 
2016

Background free limit with 
present exposure

DAMIC

Limit set on spin independent coupling WIMPs with standard assumptions on WIMP 
velocities,  escape velocity  and with quenching factor of Neon nuclear recoils in Neon  
calculated from SRIM

Expected sensitivity of this experiment

SuperCDMS

LUX
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15 cm stainless steel sphere
(S15)

To vacuum pumps

Gas line

Pressure transducer

Inside a sound-proof room



Detector sensor design

HV2

HV1
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Fe-55 6 keVX-rays

Ne+2%CH4
500 mbar
HV1 (ball) = 650 V
HV2 (umbrella) = 72 V

Gain/stability studies 
with Fe-55 X-rays

Raw pulse

Time bin (µs)



Integral of pulse

Po-210

Po-214
Po-218

2% energyresolution@5.3MeV

Po-210 alpha rate < 3 mHz

Ar+2%CH4, 1 bar 
HV1=1 kV, HV2=167 V

Alphas in S15
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Laser calibration
ÅNitrogen gas laser produces UV photons
ÅPhotons extract surface atomic electrons 

from stainless steel sphere
ÅElectron drift time and diffusion time 

measurements ςto be compared with 
simulations with Magboltz
ÅSingle electron measurement
ÅLooking into solid state laser to

study stability of detector gain

16Bei Cai



Ne+2%CH4
200 mbar
HV1 = 550 V
HV2 = 69 V

N2 laser (60 electrons)

Lasercalibration
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Fe-55 6-keV X-rays

Amplitude (ADU)


