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Principle of detection

- Spherical cavity filled with gas.
- The sphere is grounded and HV is applied on a spherical sensor.

Drift region
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region

Anode

HV
-Particle ionizes gas.

-Primary electrons drift toward the sensor.

-Close to the sensor, secondary electron/ion pairs are
produced.

-Signal is induced by motion of secondary ion.

-This signal is processed by a pre-amplifier and digitized.

Grounded metallic rod

-Possibility to use large range of target mass.
-Sub-keV energy threshold.
-ldentification of point like energy deposition



Pulse shape discrimination
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Key point : the sensor

Surface: log(es.normE+1) Streamline: Electric field

Single electrode sensor:
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Sensor Development

Few sensors have been tested:

What we expect:

Stable with time

Homogenous response N

M

Avoid charges accumulation and \
gain/rate dependencies be'al 202 B el 18 des

aBa - EmTEe . -..'.‘.‘l.

Development done at:

-Thessaloniki University; llias Savvidis

-LSM; Ali Dastgheibi-Fard

-CEA Saclay; loanis Giomataris, loanis Katsioulas



Problems faced
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The Bakelite Sensor

The bakelite resistive umbrella
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Bakelite umbrella

Bakelite
Chemical Formula:;
(C6-H6-0.C-H2-0O)x

Balfs;;? Thermosetting phenol formaldehyde
/ / resin, formed from a condensation
reaction of phenol with formaldehyde.
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Advantages:

* Bakelite resistivity up to ~ 10"12 cm
* Compact and homogenous material
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Queen's S30

Digitizer Pre-amplifier RGA

Pump

Port for radioactive source or laser. Port for radioactive gas 8



Stability

Calibration using 2'°Po alpha at 5.3 MeV. 2Pb (22y)
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Loss of gain about 2% per day.

Not necessarily due to the sensor but
more due to loss of gas quality.
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Influence of HV on second electrode with HV sensor at 1950 V

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

Source:

3TAr

Electronic capture
released 0.27 or 2.8 keV
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Applying a positive voltage decreases

the gain of the detector.

Amplitude,-l-'lh\'/'é.econd electrode = -50 V
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Applying a negative high voltage improves
the resolution and the gain of the detecto!
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Calibration at low energy

Amplitude vs Rise time
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other excitations

And electronic noise
11

Ar + 2% CH, @ 500 mbar, HV1 = 1900 V, HV2 = -150V



Calibration at low energy
Amplitude, HV1 = 1900, HV2 = -150
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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 to weak electric field at large
distance, then electron attachment induce a loss of signal.

Achinos sensor /4

o -0 -Amplification is driven by size of each small ball.
- Im -Volume electric field is driven by Achinos structure
. -0 -20 o 20 a0 = 13

-Thessaloniki University; llias Savvidis




News-G collaboration
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Monday:

Quentin Arnaud: Final results on the search for low-mass WIMPs with the NEWS-G experiment.
Daniel Durnford: Calibration schemes for Spherical Gas Detectors.

Thursday
Gilles Gerbier: Status of NEWS-G experiment
Philippe Di Stefano: Quenching measurements for a spherical detector at the COMIMAC facilléilty



*  LSM Laboratoire Souterrain de Modane), IN2P3, U of Chambéry - F Paquemal, M Zampaolo, A DastgheibiFard
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Queen’s University Kingston - G Gerbier, P di Stefano, R Martin, T Nable, I Durford
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— Copper vessel and gas set-up specifications. calibration, project management

—  Gas characterization, laser calibrathon, on smaller scale protatype

—  SimulationsTlata analysis
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=  Senzor'rod (low activity, optimization with 2 electrodes)
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Rise Time [micro_s]
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Sedine, Neon run, 40 days, Ne + 0.7 % CH4 at 3,1 bars

Amplitude vs Rise Time
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Comsol simulation of the electric field. HV1 = 1950 V
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