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SEDINE prototype at LSM

Figure 1: Left: Picture of SEDINE: a 60 cm diameter prototype made of low activity (NOSV) copper. Right: Cross section

of the detector in axial symmetry. The rod and the sensor are visible in white at scale. Field lines are shown on the right part

of the picture only to allow the electric-field-magnitude values indicated in log scale by the colour code to be properly seen.
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of secondary ionizations, the acquired signal can be expressed as follows: S(t) =
PNPE

i=1 N
i

⇥D(t � t
i

).

Despite ions drifting towards the sphere at ground (cathode) within seconds, more than 50 % of the signal

is induced within the first 30 µs because their speed decreases as 1/r2. Still, the fast decay time constant

(⌧ = 50 µs) of our resistive feedback charge sensitive preamplifier (CANBERRA Model 2006) is responsible

for a loss in the pulse-height. The latter e↵ect, called ballistic deficit, increases with the di↵usion time

of the PEs. As a consequence, the raw pulse amplitude not only depends on the energy but also on the

initial location of the event. To correct for this e↵ect, one can separately deconvolve the raw pulse by the

preamplifier response and by the ion induced current to determine the amplitude from the integral of the

deconvolved pulse. However, this double deconvolution procedure can greatly amplify high frequency noise

and degrade the energy resolution. To avoid this e↵ect and still correct e�ciently for ballistic deficit, in

the present analysis raw-pulses were only deconvolved once using a single e↵ective exponential decay, and

run through a low-pass filter. The associated time constant of this ad hoc detector response was chosen to

better approximate both the preamplifier and the ion induced current responses at once.

We show in Fig. 2 the pulse treatment discussed above, applied to a 10 keVee event (left panels) and

to a 150 eVee event (right panels) recorded during the physics-run. Raw pulses are shown on top panels

while the deconvolved pulses and their cumulative integration are shown on the middle and bottom panels,

respectively. The two main analysis parameters that are extracted from the treated pulse are the amplitude,

now proportional to the deposited energy only, and the rise time, defined as the time it takes to go from
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Spin Independent couplings

New Experiments With Spheres
Search for WIMPs in the 100 MeV – 10 GeV mass range 

Motivation:
Non findings at:
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New Experiments With Spheres - Gas
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Figure 26.1: WIMP cross sections (normalized to a single
nucleon) for spin-independent coupling versus mass. The
DAMA/LIBRA [65], CDMS-Si, and CoGeNT enclosed areas
are regions of interest from possible signal events. References
to the experimental results are given in the text. For context,
the blue shaded region shows a scan of the parameter space of
the pMSSM, a version of the MSSM with 19 parameters, by the
ATLAS collaboration [66], which integrates constraints set by
LUX and ATLAS Run 1; the favored region is around 10−10 pb
and 500 GeV.

multi ton masses, assuming nearly perfect background discrimination
capabilities. For WIMP masses below 10 GeV, this cross section limit
is set by the solar neutrinos, inducing an irreducible background at an
equivalent cross section around 10−9 pb, which is accessible with less
massive low threshold detectors [30].

26.2.6. Status and prospects of indirect WIMP searches :

WIMPs can annihilate and their annihilation products can be
detected; these include neutrinos, gamma rays, positrons, antiprotons,
and antinuclei [1]. These methods are complementary to direct
detection and might be able to explore higher masses and different
coupling scenarios. “Smoking gun” signals for indirect detection are
GeV neutrinos coming from the center of the Sun or Earth, and
monoenergetic photons from WIMP annihilation in space.

WIMPs can be slowed down, captured, and trapped in celestial
objects like the Earth or the Sun, thus enhancing their density and
their probability of annihilation. This is a source of muon neutrinos
which can interact in the Earth. Upward going muons can then be
detected in large neutrino telescopes such as MACRO, BAKSAN,
SuperKamiokande, Baikal, AMANDA, ANTARES, NESTOR, and the
large sensitive area IceCube [1]. For standard halo velocity profiles,
only the limits from the Sun, which mostly probe spin-dependent
couplings, are competitive with direct WIMP search limits.

The best upper limit for WIMP masses up to 200 GeV comes
from SuperKamiokande [30]. By including events where the muon
is produced inside the detector, in addition to the upgoing events
used in earlier analyses, they have been able to extend the sensitivity
to the few GeV regime. For example, for WIMPs annihilating into
bb̄ pairs, the resulting upper limit on the spin-dependent scattering
cross section on protons is about 1.5 (2.3) fb for mχ = 10 (50) GeV;
for WIMPs annihilating exclusively into τ+τ− pairs the bounds are
about one order of magnitude stronger [67]. These upper bounds are
more than two orders of magnitude below the cross sections required
to explain the DAMA signal through spin-dependent scattering on
protons.

For heavier WIMPs, giving rise to more energetic muons, the best
bounds have been derived from a combination of AMANDA and
IceCube40 data (i.e. data using 40 strings of the IceCube detector).
For example, for a 1 TeV WIMP annihilating into W+W− the upper
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Figure 26.2: WIMP cross sections for spin dependent coupling
versus mass. (a) interactions with the neutron; (b) interactions
with the proton. References to the experimental results are given
in the text. Indirect detection results are from SuperKamiokande
(annihilation into bb̄ and τ+τ− channels) together with IceCube
(annihilation into W+W−); for details see the indirect WIMP
searches section below.

bound on the spin-dependent scattering cross section on protons is
about 0.25 fb; for WIMPs exclusively annihilating into bb̄ the bound
is about 30 times worse [68]. In the future, data including the
DeepCore array, which has become part of the completed IceCube
detector, will likely dominate this field, possibly except at the very
lowest muon energies. However, published bounds from DeepCore in
combination with IceCube79 [69] are still weaker than those from
SuperKamiokande for relatively soft muons, and are weaker than the
combined AMANDA / IceCube40 bound for very energetic muons.
These bounds have not changed in the last two years.

WIMP annihilation in the halo can give a continuous spectrum
of gamma rays and (at one-loop level) also monoenergetic photon
contributions from the γγ and γZ channels. These channels also
allow to search for WIMPs for which direct detection experiments
have little sensitivity, e.g., almost pure higgsinos. The size of this
signal depends strongly on the halo model, but is expected to be
most prominent near the galactic center. The central region of our
galaxy hosts a strong TeV point source discovered [70] by the H.E.S.S.
Cherenkov telescope [30]. Moreover, Fermi-LAT [30] data revealed a
new extended source of GeV photons near the galactic center above
and below the galactic plane, the so-called Fermi bubbles [71], as well
as several dozen point sources of GeV photons in the inner kpc of our
galaxy [72]. These sources are very likely of (mostly) astrophysical
origin. The presence of these unexpected backgrounds makes it more
difficult to discover WIMPs in this channel.

 Search for DM candidates in the 100 MeV – 10 GeV mass range 
 Direct Detection experiment  

 Novel Spherical Gaseous Proportional Chamber 
 Light Gases as target (H, He, Ne) for a better projectile - target kinematic match 
 Need low energy threshold and favourable quenching factor
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Spherical Proportional Counter

JINST 3 (2008) P09007

r1 = anode radius

r2 = cathode radius

The volume of the detector is naturally divided 
in a “drift” and an “amplification” volume.

Spherical Proportional Counter

Greatly varying field 
along the radius 

r
1
 = anode radius

r
2
 = cathode radius 

Natural division of the 
volume in two 
•Drift volume
•Multiplication volume

I.Giomataris et al ,JINST,2008, P09007

Principal of operation

Anode
● Metallic
● Semiconducting

Supporting tip
● Insulator

Wire
● Metallic 

core
● Insulating 

surface

Supporting Rod
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The Sensor
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r2 � r1
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Figure 1: Left: Picture of SEDINE: a 60 cm diameter prototype made of low activity (NOSV) copper. Right: Cross section

of the detector in axial symmetry. The rod and the sensor are visible in white at scale. Field lines are shown on the right part

of the picture only to allow the electric-field-magnitude values indicated in log scale by the colour code to be properly seen.
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i

of secondary ionizations, the acquired signal can be expressed as follows: S(t) =
PNPE

i=1 N
i

⇥D(t � t
i

).

Despite ions drifting towards the sphere at ground (cathode) within seconds, more than 50 % of the signal

is induced within the first 30 µs because their speed decreases as 1/r2. Still, the fast decay time constant

(⌧ = 50 µs) of our resistive feedback charge sensitive preamplifier (CANBERRA Model 2006) is responsible

for a loss in the pulse-height. The latter e↵ect, called ballistic deficit, increases with the di↵usion time

of the PEs. As a consequence, the raw pulse amplitude not only depends on the energy but also on the

initial location of the event. To correct for this e↵ect, one can separately deconvolve the raw pulse by the

preamplifier response and by the ion induced current to determine the amplitude from the integral of the

deconvolved pulse. However, this double deconvolution procedure can greatly amplify high frequency noise

and degrade the energy resolution. To avoid this e↵ect and still correct e�ciently for ballistic deficit, in

the present analysis raw-pulses were only deconvolved once using a single e↵ective exponential decay, and

run through a low-pass filter. The associated time constant of this ad hoc detector response was chosen to

better approximate both the preamplifier and the ion induced current responses at once.

We show in Fig. 2 the pulse treatment discussed above, applied to a 10 keVee event (left panels) and

to a 150 eVee event (right panels) recorded during the physics-run. Raw pulses are shown on top panels

while the deconvolved pulses and their cumulative integration are shown on the middle and bottom panels,

respectively. The two main analysis parameters that are extracted from the treated pulse are the amplitude,

now proportional to the deposited energy only, and the rise time, defined as the time it takes to go from
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Micromegas GEM

C ≈ S > 1nF

Parallel Plate Detector

C ≈ r
1
< 1pF

Spherical Proportional Counter

Cylindrical Proportional Counter 

C =2pL/ln(b/a)>> 10 pF

Capacitance dependence on size

Large Size Detector 
+ 

Robust construction 
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Spherical Proportional Counter

Low Capacitance 
 Low noise → Low energy threshold 

Fiducial volume selection 
 Through pulse shape analysis 

Flexible (pressure, gas) 
Large mass/volume with one readout channel 
Simple sealed mode

Spherical Proportional Counter - Spherical TPC
Fun facts

Old LEP RF cavities Spherical gaseous detectors 

In the picture:
I.Giomataris, G.Charpak 

Spherical Proportional Counter - Spherical TPC
Fun facts

Old LEP RF cavities Spherical gaseous detectors 

In the picture:
I.Giomataris, G.Charpak 

First Spherical Proportional Chamber made out of LEP RF Cavities

I. Giomataris and G. Charpak



Pulse Shape Analysis (PSA) parameters Parameters

•Baseline
•Noise 
•Peak height
•Rise time
•Width
•Integral
•Number of peaks

Long Tail Pulse

A lot of information hiding in 
the pulse shape 

Induced Pulses

Pulse Rise time & Width ∝Drift time dispersion 

Pulse Shape Analysis (PSA) parameters Parameters

•Baseline
•Noise 
•Peak height
•Rise time
•Width
•Integral
•Number of peaks

Long Tail Pulse

A lot of information hiding in 
the pulse shape 

Induced Pulses

Pulse Rise time & Width ∝Drift time dispersion 

Extended versus point like energy deposition
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Extended versus point like energy depositionExtended versus point like energy deposition
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Background Rejection

R
is

e 
tim

e 
(μ

s)

Pulse Height

α  210Po
5.3 MeV

n capt on 3He 
764 keV

α  210Po
5.3 MeV

from 210Pb 
@ Cu surface 

Range = 15 cm 

n capt on 3He 
=>   p + T

222Rn 218Po 214Po 
1 2 3

Recoils from fast neutrons expected here

Rate 400 
capt/d

« Volume » 
alpha

Illustration of particle identification – Background rejection

P
L Point like

TracksRun with Ar/CH
4
 + 3g 3He @ 200 mb SPC 130cm Ø  @ LSM



K. Nikolopoulos / DM UK, 17 January 2017 / Search for light Dark Matter with NEWS-G 7

Low Energy Capabilities

5.9 keV
1.45 keV

8.0 keV

13.9 keV

SPC Φ 130 cm

Gas: Ar+2%CH
4

Detection of fluorescence 

X-rays
241Am -> 237Np+4He+ 5.6 MeV

    Lines

    Al  ->  1.45 keV

    Cu -> 13.93 keV
237Np -> 13.93 keV(Lα)

   17.60 keV(Lβ)

5.9 keV

SPC Φ 30 cm
Irradiation by an 55Fe 
source (5.9 keV)
Resolution (σ) <9%

1.45 keV

5.9 keV 8.0 keV

13.93 keV

E. Bougamont et al, Journal of Modern Physics, Vol. 3 No. 1, 2012, pp. 57-63. 

• Single electron detection
• Energy threshold < 50 eV

Low energy capabilities SPC Φ 130 cm

Gas: Ar+2%CH
4

Detection of fluorescence 

X-rays
241Am -> 237Np+4He+ 5.6 MeV

    Lines

    Al  ->  1.45 keV

    Cu -> 13.93 keV
237Np -> 13.93 keV(Lα)

   17.60 keV(Lβ)

5.9 keV

SPC Φ 30 cm
Irradiation by an 55Fe 
source (5.9 keV)
Resolution (σ) <9%

1.45 keV

5.9 keV 8.0 keV

13.93 keV

E. Bougamont et al, Journal of Modern Physics, Vol. 3 No. 1, 2012, pp. 57-63. 

• Single electron detection
• Energy threshold < 50 eV

Low energy capabilities 

 SPC 130cm diameter  
 Ar + 2% CH4 

 Single Electron detection 
 Energy threshold < 50 eV 

 Tested with single electrons extracted from 
Copper with UV lamp

241Am →(237Np)* + 4He + 5.6 MeV

17.6 keV



Polyethylene 30 cm

Lead 10 cm

Copper 5 cm

● Copper vessel (Ø 60 cm)
● Equipped with a 6.3mm Ø sensor
● Chemically cleaned several times for Radon 

deposit removal 

Laboratoire Souterrain de Modane

A competitive detector and a testing ground for NEWS-G / SNO

Shielding

Prototype low background SPC at LSM, Modane  (SEDINE)

4800 wme

The SEDINE sensor
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SEDINE: Low background SPC at LSM

Polyethylene 30 cm

Lead 10 cm

Copper 5 cm

● Copper vessel (Ø 60 cm)
● Equipped with a 6.3mm Ø sensor
● Chemically cleaned several times for Radon 

deposit removal 

Laboratoire Souterrain de Modane

A competitive detector and a testing ground for NEWS-G / SNO

Shielding

Prototype low background SPC at LSM, Modane  (SEDINE)

4800 wme

The SEDINE sensor

Laboratoire Souterrain de Modane

A competitive detector and a testing ground 
for NEWS-G/SNO 

Ultra pure Copper vessel (60cm diameter) 
6.3mm diameter sensor 
Chemically cleaned several times for 
Radon deposit removal

Polyethylene 30 cm

Lead 10 cm

Copper 5 cm

● Copper vessel (Ø 60 cm)
● Equipped with a 6.3mm Ø sensor
● Chemically cleaned several times for Radon 

deposit removal 

Laboratoire Souterrain de Modane

A competitive detector and a testing ground for NEWS-G / SNO

Shielding

Prototype low background SPC at LSM, Modane  (SEDINE)

4800 wme

The SEDINE sensor

SEDINE  
sensor

Polyethylene 30cm

Lead 15cm

Copper 8cm



Operation and data taking conditions

● Data taking continuously during 42 days
● 99.3% Neon + 0.7  % CH

4 
at 3.1 bar (310 gr) 

  
● High voltage on anode set to 2520 V, no sparks
● Absolute Gain around 3000.
● Seal mode, no recirculation.
● Loss of gain 4% along 42 days 
● Canberra charge sensitive preamplifier 2006 

(RC=50 μs) 
● Calibration with an 37Ar gaseous source (from (n,

α) reaction of 40Ca) and the 8 keV fluorescence 
line of Copper 
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Main background sources for LSM detector
60Co Contamination of 1 mBq/kg

BG Rate = 0.3-0.5 evnt/keV/kg/day
 

Solution: Limit time exposure on ground for pure copper.

210Pb, 210Bi Contamination of 1 nBq/kg
BG Rate = 0.1 evnt/keV/kg/day

 
Solution: Chemical cleaning

Effect of cleaning:
•High energy events 180 mHz => 
~2 mHz
•Low energy events   400 mHz => 
~20 mHz

Competitive BG levels
 60Co contamination of 1mBq/kg 
 Background rate = 0.3-0.5 event/keV/kg/day 

 Limit surface exposure for pure copper 
 210Pb, 210Bi contamination of 1nBq/kg 
Background rate = 0.1 event/keV/kg/day 

Chemical Cleaning 
Effect of Cleaning 

High energy events 180 mHz → ~2mHz 
Low energy events 400 mHz → ~20mHz 

Overall: Competitive Background levels
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SEDINE: Operation and data taking conditions
 Continuous data taking for 42.7 days  
 99.3% Neon + 0.7 % CH4 at 3.1 bar 

 Exposure 9.7kg.days 
 Anode high voltage 2520 V, no sparks  

 Absolute Gain around 3000.  
 Loss of gain 4% throughout the period 

 Sealed mode, no recirculation.  
 Canberra charge sensitive preamplifier  
(RC=50 µs)  
 Calibration with 37Ar gaseous source and the 8 keV 
fluorescence line of Copper 
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SEDINE:Volume and surface events simulation

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

Pulse simulations include:  
Electric field (FEM)  
Diffusion (Magboltz)  
Avalanche process 
Signal induction  
Preamplifier delta response  

Simulation input to a Boosted 
Decision Tree to determine the 
optimised signal region for various 
candidate masses

Volume Events

Astropart.Phys. 97 (2018) 54-62 
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NEWS-G / LSM Exclusion Limits

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

the fine-tuned ROI and that the latter may not be perfectly optimized for signal/background discrimination.

Still, competitive constraints are set in the GeV/c2 mass range, and a new region of the parameter space is

probed below 0.6 GeV/c2.

We have considered how several e↵ects and systematic uncertainties a↵ect the limit. For instance, a

±5 % uncertainty was attributed to the energy scale based on our determination of the position of the 8 keV

fluorescence peak as well as our determination of the 0 point energy using pre-trigger traces. This results

in a 17 % increase (resp. 26 % decrease) of our sensitivity to 0.5 GeV/c2 WIMPs and has an e↵ect of ⇠1 %

for WIMP masses higher than 6 GeV/c2. Furthermore, a population of quenched 5.3 MeV 210Po alphas

showed a time-dependent linear shift in reconstructed energy of 3 % over the 42.7 days of data-taking. The

e↵ect of this possible gain shift (e↵ectively 1.5 %) is negligible on the sensitivity when compared to the 5 %

uncertainty in the energy scale and was thus not extrapolated to the data at low energies. Nuclear quenching

factor measurements in neon and helium gas are currently being undertaken by the NEWS-G collaboration
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Figure 10: Constraints in the Spin-Independent WIMP-nucleon cross section vs. WIMP mass plane. The result from this

analysis is shown in solid red together with the expected 1 � (resp. 2�) sensitivity from our background-only model in light

green (resp. dark green). Signal hints reported by the CDMS-II Si [41], CoGeNT [42], DAMA/LIBRA [43, 44] and CRESST-II

phase 1 [45] experiments are shown in colour contours. Results reported as an upper limit on the WIMP-nucleon cross section

are shown in solid and dashed lines for the following experiments: DAMIC [46], LUX [6], XENON100 [47], CRESST-II [14],

CDMSlite [48], SuperCDMS [15], EDELWEISS [49] and PANDAX-II [7].
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Estimated background

Copper
Internal surface
Lead shield

External BG with SNO 
Flux

Implementation at SNOLAB by fall 2018
• 140 cm Ø  detector, 10 bars, Ne, He, CH

4
• Low BG Copper Shell (12 cm thick)
• Shield: 40cm PE +Boron sheet + 25cm Lead + 3cm 

Ancient Lead 

Lead shield

Copper 
sphere

35 t 
shields

6000 m.w.e

 Detector 
 Gases: Ne, He, CH4 
 Operation in high  pressure  
(10 bar) 
 Large volume detector 
(140cm diameter) 

 Low background Copper Shell  
(12mm thick) 
 Shielding:  

 40cm Polyethylene 
 Boron sheet 
 25cm Lead 
 3cm archaeological Lead

Implementation at SNOLAB by fall 2018
• 140 cm Ø  detector, 10 bars, Ne, He, CH

4
• Low BG Copper Shell (12 cm thick)
• Shield: 40cm PE +Boron sheet + 25cm Lead + 3cm 

Ancient Lead 

Lead shield

Copper 
sphere

35 t 
shields

6000 m.w.e
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Installation in SNOLab: Fall 2018
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Predicted exclusion limits for NEWS-G / SNO 

Hypothesis for NEWS-SNO expected sensitivity: 
100 kg.days exposure @ 10 bar, threshold 1 electron (~40 eV), 200eV window  



 

electric field of a single ball sensor with its anode in the center of the detector, placed on the                   
surface of a Bakelite ball of the same radius as in the ACHINOS sensor. In both cases an                  
electric potential of 2000 V is applied. The result is that the electric field close to the surface of                   
the shell of the detector (300-mm diameter) is approximately 8 times higher in the case of the                 
ACHINOS sensor than in the case of the single ball sensor. 
 

Figure 5 Electric field magnitude versus the radius inside the detector in the case of a single 2-mm in                   
diameter anode ball placed in the center of the 300-mm ​diameter detector and in the case of the                  
ACHINOS sensor made of eleven balls distributed on a 36-mm ​diameter sphere placed in the center of                 
the detector. The electric field in the far region from the center is ~​8 times higher for a detector equipped                    
with an ACHINOS sensor than a single ball sensor placed at the same bias. 
 

An additional advantage of the use of ACHINOS sensor is that by developing dedicated              
electronics each ball could be read-out separately. In this case the SPC would become a simple                
spherical Time Projection Chamber (TPC), allowing the segmentation of the detector. 

4.  Production of ACHINOS structures and measurements in test chamber 

In this section we will describe the realization of the new multi-ball structure             
ACHINOS and give results of measurements obtained in the above laboratories.  

Following the ACHINOS design described in section 3, three prototypes have been            
produced with 5, 11 and 33 metallic balls respectively. Metallic balls (1 to 2 mm in diameter)                 
have been fixed and uniformly distributed around a bakelite ball. The diameter of the bakelite               
ball was 25 mm for the first two prototypes and 30 mm for the third one. The balls are                   

– 8 – 
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Going further: Achinos

 

connected with the high voltage power supply, through a small cable having a 150-μm ​thick               
wire and surrounded by a 200-μm thick insulating material generally Kapton. The cable can              
sustain up to 10 kV. A bias voltage can be set to the bakelite ball, which is used to improve the                     
electric field uniformity. This is important in order to have the same amplification for any               
direction in the sphere. The distance between the bakelite ball and the metallic balls is 7 mm.                 
This distance has been chosen to avoid sparks and to have a good homogeneity in the electric                 
field. The test chamber is a 30-cm in diameter stainless steel sphere whose wall is 3 mm thick.                  
Figure 6 ​presents a cut of the 5-ball ACHINOS and figure 7 a pictures of the first three                  
prototypes. 

 

 
Figure 6.​ A cut of the 5-ball ACHINOS. 

  

 
 

Figure 7.​ ​The three ACHINOS prototypes with 5, 11 and 33 metallic balls of​ ​2 mm in diameter. 
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Figure 11.​  An 11-ball ACHINOS module already build using the 3D printing technology.  

 

6.  ​Conclusions 

We have developed a novel multi-ball read-out sensor that permits the tuning of the              
electric field in the volume of the spherical detector. The ACHINOS sensor will allow the               
detector to operate at very high pressure and very large detector volumes. An immediate              
application of this new design would improve charge collection efficiency of the            
NEWS-SNOLAB experiment. 

The proposed spherical gaseous detector for the detection of very low mass particles of              
Dark Matter can also be used for other applications, but with a different size, constraints and                
operational conditions. The novel multi-ball sensor approach will satisfy the requirements of            
many projects which call for large target mass such as Supernova neutrino detection,             
neutrino-less double beta decay search with ​136​Xe​ ​pressurized gas and other similar applications. 
Such a large volume-mass detector system could be used to study low energy neutrino physics               
and detect the elastic neutrino-nucleus coherent scattering and could detect neutrinos from            
galactic Supernova explosions. A worldwide network consisting of several such simple and            
low-cost supernova detectors could be considered [7]. � 

Large detector mass and high-pressure, 50 bar, Xenon spherical detectors will be            
competitive for future double beta decay experiments. A high pressure Xenon detector with             
good energy resolution could also be used for X-ray and Gamma ray spectroscopy as an               
alternative to conventional room temperature spectrometers (CdZnTe, LaBr3:Ce).  
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 Need for high pressure operation and larger volumes! 
 But both gain and drift time function of E/P … 
 Achinos: Use multiple balls placed at equal distances 
on a sphere  

 Same gain but increased field at large radii 
 Decoupling Gain -Drift  
 Tunes Volume electric field  
 Anodes can be read out individually  

 Prototypes with 5, 11 and 33 metallic balls of 2 mm in 
diameter successfully operated 
 3D printed Achinos sensors built and operated
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Versatile Detector

Detector versatility

Operation with different 
targets: 
Ne, He, H 

Operation with different 
pressures:
Tenths mbar - 10 bar   

Operation with High Z 
medium (Xenon) to better 
determine the background

Resistive sensors:
 High Gain 

ACHINOS sensor:
Tuning volume electric 
field - High gain-
Multichannel readout

“Penning” Mixtures 
Ne/CH4 or He/CH4 (99.3/0.7):
High pressure - High Gain - 
Minimized voltages applied

Regular Mixtures
 Ne/CH4 or He/CH4 (90/10):
Hydrogen rich gases

NEWS-G
SNO
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Summary
 NEWS-G  aims to search for DM candidates the 100 MeV – 10 GeV mass range 

 First competitive results with gas detector in Dark Matter search  
 Further He and H runs planned with SEDINE @LSM  
 SEDINE essential for @SNOLAB optimisation 

 NEWS-G @SNOLAB 
 Larger detector and target mass 
 Improved shield /materials/procedure 
 Installation at SNOLAB in 2018  

 R&D on-going: cleaning methods, underground electroformed sphere, “achinos” type 
sensor,multi channels sensor, low pressure operation, … 
 Many physics opportunities!

Astropart.Phys. 97 (2018) 54-62 
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