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Spherical gas detector working princip!

A Large metallic sphere grounded

> sienal R Small sensor €16 mm) in the center of
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detector on positive high voltage
A Filled with gas mixture

A Particle interaction creates electrann
pairs in the gas

A Electrons drift and create avalanches
toward center of detector

A lons drift toward the ground and induce
current/charge on the electrode

A Measured signal is proportional to
particle energy



Spherical gas detector

A Simple detector design
A Low radioactivity
A Very low energy threshold

A Low mass targets (H, He, Ne),
sensitive to lowmass WIMPs

A Flexible gas pressure and
iInterchangeable sensor size

A Single signal readout channel
A Good energy resolution
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Gas mixture

A Noble gases, hydrogen and nitrogen have low
electron attachment coefficients. Electrons
continuously migrate

A Quench gas is necessary

I Avalanche is based on secondary ionization. Howevel
gas molecule may be raised to an excited state but no
lonized. This excited state decays by photon emission
These photons interact with gas molecule and produc
secondary electrons, which distort proportionality of
the gas detector

I Quench gas is added to absorb these photons. Often
this quench gas is methane ({H



NEWSL.SM detector

Located aModane
Underground Laboratory

4 . o Pointe du Fréjus
Tunnel routier de Fréjus Altitude 3932 m

FRANCE

Puits de verfilaition

Altitude 1 228 m

10° 3 Depth. Feet of Standard Rock |
il o 2000 4000 6000 8000 10000 |F
;| [ S e veniles g
WIPP
10° 3 3
} R -
£ 10* 3 E
£ BOULBY
8 GRAN SASSO
= HOMESTAKE
8 103 - :—
2 ] BAKSAN MODANE g
SUDBURY
10 E
101 i 1 1 ] 1 il
0 2000 4000 6000 8000
Depth. meters water equivalent
ITALIE

Altitude 7 298 m

4800 m .W. e- Usine D

12868 m




NEWS_SM detector and shielding

Low radioactivity copper, 60 cm
diameter, 6 mm sensor

Shields 4 to 7 cm Cu, 10 &t 30 cm PE



Operation and data taking conditions

Use of 3.1 bar Ne/GHhnixture with 0.7% CH

Energy to ionize a single electron in Neon w = 36 eV

High Voltage on sensor set to 2520 V, no sparks

Gain around 3000

Sealed mode, no recirculation

Data taking continuously for 42 di EZPE:LE’ Augere/X ;;p;;:fe’ Augere /X

12.6 kg*day exposure

Acquisition threshold set at aroun

50 eV, no noise In stable conditior

A Loss of gain around 4% overall
monitored with21%Po alpha line

A Calibration in energy witFfAr gas

source (from(n,a) reaction orf°Ca)

A Anticipated main backgrounds :
I Compton (volume)
I 210Pb decay products (surface)

To o To o o To Do I

37Ar X rays calibration
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Comparison of simulation witAmBe
neutron calibration data
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Puslesimulations include radidield and diffusion
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1) Apply thresholaut at 150eV

2) Simulations and sidsndsare usedo determinevolume and
surface populations

3) Given expected shapes lodckground contributionsh ROluse
BoostedDecision Tree analydis determinecutsto optimize
sighal/background discrimination



WIMP-nucleon cross section [cm ?]

Expectedsensitivity (Slpf the NEWS.SM
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G

15 cm stainless steel sphere

Pressure transducer To vacuum pumps
(S15) pump




Detector sensor design

Central Ball/Umbrella Umbrella (Field Pipe, ball support Pipe/Sphere High voltage
electrode (ball) | support corrector) point fixing cable
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Alphas in S15 Ar+2%CHJ 1 bar

Po-210 alpha rate < 31Hz HV1=1 kV, HV2=167 V
Po-210
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| aser calibration

A Nitrogen gas laser produces UV photons

A Photons extract surface atomic electrons
from stainless steel sphere

A Electron drift time and diffusion time
measurementg to be compared with
simulations withMagboltz

A Single electron measurement
A Looking into solid state laser t
study stability of detector gain»»




| asercalibration
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