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Outline

• What is it ?
• High (5 MeV) and low energy (< keV) measurements
• Applications

– Low neutron flux (thermal & fast) (~ 10-6 /cm2/s) : prototype
– Low radioactive contaminant gaz measurements
– Neutrino coherent scattering
– SN detectors network
– Dark matter detection ?
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Principle : comparison with classical
configurations

=>Low threshold expected for large mass
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Drift region

Ampl region

Spherical Proportional Counter
• Low threshold (low C)
• Fiducial selection (risetime)
• Flexible (P, gaz)
• Robust
• Simple/cheap
• 2 LEP cavity tested 1.3 m Ø
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Recent progress

• New electrode geometry insuring
homogenous field(bille + parapluie)

• Calibrations with Ar/CH4 (98/2) mix and
Ar/CH4/He3 (90/2/8)
– Radon => alphas in volume
– Runs with 3He à Saclay and LSM
– Low energy investigation (<1 keV)

• Cleaning of internal surface
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« High energy » ie 5 to 10 MeV
• Run with Radon gaz in Ar/CH4 mix at Saclay

– 5-10 MeV alpha’s
– Excellent energy resolution RMS 0.7 % @ 6 MeV
– Homogeneity of response (symmetric peak)



Application to  detection of thermal
and fast  neutrons

• Detection of neutron through absorption on 3He :
– n + 3He => p + 3H + 764 keV

• Thermal and fast (5000 b => 1-2 b)
• « Calorimetric » measurement, low threshold

- 2 b à 100 keV 
- 1 b à 1-2 MeV
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Run at LSM - Ar/CH4 + 3g 3He 200 mb

R
is

e 
tim

e 
(µ

s)

Amplitude

1 MhZ digitisation, shaping time of 1 ms
2 contributions to rise time (10-90) 

- dispersion due to diffusion, depends on radius of interaction
- length of track, depends on drift velocity
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Run at LSM - Ar/CH4 + 3g 3He 200 mb
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1 MhZ digitisation, shaping time of 1 ms
Study of rise time vs energy : 
 2 contributions to rise time (10-90) 

- dispersion due to diffusion, depends on radius of interaction
- length of track, depends on drift velocity
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Run at LSM - Ar/CH4 + 3g 3He 200 mb
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!  210Po
5.3 MeV

5.3 MeV !  210Po
from 210Pb 

@ Cu surface 
Range = 15 cm 

Unwanted Radon
daughter deposit on
surface

n capt on 3He 
764 keV

n capt on 3He 
"p + T

"Rangemax 1- 3 cm

Rate 400 capt/j

222Rn 218Po 214Po

>
 fast neutron expected here



11Alpha surface
tangent

Alpha surface
radial

Electron
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He3 close to ball Alpha in volumeHe3 in volume

~dE/dX
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Measured spectrum/rates
after pulse shape analysis

11 days run
Evts in 2 first MeV = 12 <=> 1 evt/d
Efficiency for keeping signal = 42 %
Threshold=200 keV

RMS = 3.5 %
Before cuts After cuts

764 keV
400 evts/d
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Simulation of expected neutrons in sphere
@ LSM

Sphere :    - 1.3 m diam - 6 mm Cu thick
Gas : 1 bar
         Ar + 2% C4H10

             10 g He3
-> 15.9 % H
    6.3 % C
    72.2% Ar
    5.6% He
FWMH:  dE= 0.2*sqrt(0.0059*E) MeV
1 nth/cm2/s and 1.2 nf>500 keV

" Expect 0.2 evt/day after cuts
    with 10g He3 (150 k! 2010)

Total nthcount : 390/d <=> 2 10-6 nth/cm2/s
Expected flux from nfast >200 keV ~ * 2
"Expect 0.7 event in 11 days !
"Most of observed evts is backg  
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Low activity project : SEDINE
• Sphere of 60 cm  diameter in low activity Cu and steel
• Low activity material + low Rn emanation

-2 kg Ar @ 10 bar
-10 g He3 @ 0.7 bar

Pb (10cm)

Polyéthylène (30 cm)
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1840 in small sphere
what is backg ?
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Low mass WIMPS’ : chaos ?

Schwetz 1011.5432

CRESST ?
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Low mass WIMP’s

10 evts/d @ 5 atm in small sphere with E> 1 KeV-recoill
-Quench Factor ? To be measured soon
-Background ? PSD effective at which E ? 

1 kg 10 days

Expected spectrum from 7 GeV 10-40pb in Ar 

Example : beta decay of Ar39
"160 evts/kg.d.keV @ 1 keV
" Depleted argon ?
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Summary-prospects
• Sherical Propotional Counter = promising detector
• SPC out of the shelf (almost) adapted to (fast) neutron flux

measurements without shield
– Rn and holder seem to be source of background : probably solvable with

actual spheres
– Lot of information in pulse shape : simulation and multivariable analysis to

be performed
– But, 3He cost is prohibitive for better sensitivities

• Low activity prototype will allow
– To confirm the interest for neutron measurement
– To adress the low energy investigation -discrimination nuc/electron recoils,

threshold-  with acquired knowledge of track behaviour

• Coherent neutrino scattering at hand, but
– what is  backgound  ?
– tuning P, gaz for the best ratio S/B

• R&D for scintillation detection (coating of internal of sphere)!
• Overall a good  way of trans-regional collaboration


