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Principle of the detection
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A Novel large-volume Spherical Detector with Proportional Amplification read-out, I. Giomagar
JINST :P09007,2008

Main characteristics

» Low capacitance < 0.1 pF

» Low energy threshold (= 50 eV)
» Good energy resolution

» A single measurement channel for a
large volume

» Flexibility : gas, pressure

|} signal » Robust, simple and cheap
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Detector design

“Canne”

HEh power Supply Detector & its equipment
Calibration
MgF, source
Window window
= 0 e

DAQ System

Pumping sytem Gas system

Simulation of the electric field lines

Central Ball/Umbrella Umbrella (Field Pipe, ball support Pipe/Sphere High voltage
electrode (ball) | support (insulator) || corrector) point fixing cable
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Detector calibrations

0Ca+n 2 3Ar+a

Neutron source
7x 106 neutron/s

i v *Ar, T,,, =35 days, K, 2.6 keV et L, 260 eV

Powder #°Ca, 14 days irradiation

E)

2 P =50 mbar, Ar + CH4 (2%) sources of calibration : >>Fe + 37Ar, Saclay
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SEDINE Low background, D.M. spherical detector
@ Laboratoire Souterrain de Modane

Fréjus peak
Altitude 2932 m

ITALIE

Fréjus tunnel

FRANCE

Altitude
1228 m

@ 4800 m.w.e

Altitude
1298 m

Flange Connection pipe (“S” shaped)

Connection valves

i Electron beam welding

no extra material

Measured @ LNGS

Volume =0:113 m3
High pressure = 10 bar

added
NOSV Copper (1Ba/Kg) : .22%Ra< 16 M. Laubenstein et al., Applied
228Th < 12 Radiation and Isotopes 61
) (2004) 167
LK <110
.50Co <18

Polyethylene
30cm

Lead
15cm

Copper
7cm

SEDINE at its shielding with top part open
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SEDINE Background

Internal contamination
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Internal contamination: 15t chemical cleaning of the sphere

Ar + CH, (2%) P =300 mbar

214pg (7.7 MeV)

Rise Time [ms]

2150 (6 MeV)

219pg (5.3 MeV). -

200KeV 6mdv - 8
Befofe cleaning: 500 cph 1110 cph
After cleaning =>

210po 500 cph => 250 cph
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Internal contamination: 2" chemical cleaning of the sphere

Ne + CH, (2%) P =1bar

> il Prapin £ 5 : Befare:

Count
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eduction by a factor 6 :

20
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b= . Before
S ol @ low energy
age o - Afte
Conditions : oof-
2500
> Nitric acid (30 %) 2000

» T=30°C

» Cleaning by the spraying the internal/
external surface of the spherical cavity

» Washing by the purified water -

» Drying with hot nitrogen Energy [keV]
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Internal contamination: chemica

Conditions :
» Nitric acid (30 %)
> T=30°C

» Cleaning by the drop of the sensor

» Washing by the purified water

» Drying with hot nitrogen

cleaning of the sensor

Ne + CH, (2%) P =500 mbar
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Reduction by a factor 2.
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External contamination

Anti radon protection (tent)

Radon depleted air IN
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Other plausible contaminations

> 14C containing in the gas

spectrum from 1#C was not observed
p

> Pipe connection (“S” shaped)

s ey

| External envelop

> Screw used on the detector
Ne + CH, (2%); P =500 mbar
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Summary

o rate B/y rate
200 st 500
. 1st
. ‘2:12:;:\:' v chemical
\E cleaning
400
.
-x-N -
T 2nd 300 *
£ chemica ~N
20 cleanin <
‘f Sensor £
cleaning 200 .
" 2
chemica Sensor
. cleaning cleaning
- 100 . \L |
e
Copper shielding added
pp 8 *,
2 0
avr.-12 oct.-12 mai-13 nov.-13 Juin-14 avr.-12 oct.-12 mai-13 nov.-13 juin-14

Reduction by a factor 20
400 mHz => 20 mH:z

Reduction by a factor 45

180 mHz* => 4 mHz
*1 mHz=103cps

Dastgheibi-Fard, A., et al. (2014). Background optimization for a new spherical gas detector for very light WIMP detection. TIPP conf. proceeding
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SEDINE sensitivity for detection of the Light WIMPs
atter background reductions

Limits from SEDINE on Neon target assume 100 % cuts eff

8

10-3 ® SEDINE

8

WIMP-nucleon cross section [cm’]

WIMP-nucleon cross section [pb]

Coherent Neutrino Scattering on CaWO,

1 2 3 4 5 6 78910 20 30
WIMP mass [GeV/c’]
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Summary
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A novel type of gaseous detector, spherical proportional counter (SPC) :

Good energy resolution, low energy threshold = 50 eV, low capacitance < 0.1 pF, signal
discrimination by the Rise-time

SEDINE, low background SPC, installed at LSM

Reduction of the internal contaminations (21°Pb) by several chemical cleaning
Reduction of the external contamination (radon) by adding of a anti-radon tent
Testing of the others sources: #C, pipe connection (“S” formed) and screw used on the detector

Sensitivity of the SEDINE for detection of the Light-WIMPs

Perspective

YV V VYV V

Improvements of the shielding
Cleaning of the copper shielding close to detector
Making and cleaning of a new sensor at LSM

Building a very large SPC @ = 1.4 -2m for Light WIMPs detection @ SNOLAB (NEWS
network)
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Thank you
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Maybe, an other application of sphere
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