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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.

N
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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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.

 Current state of affairs: 
 Evidence for existence of Dark Matter 
 Absence of evidence in WIMP-preferred region 

 Wide spectrum of possibilities → expand searches 
DM search: 0.1-10 GeV mass range

Abell 1689

Spiral Galaxy M33

arXiv:1707.04591



Spin Independent couplings

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

Motivation:
Non findings at:
•Passive experiments 
•LHC 

Method:
Direct detection using:
 
• A Novel spherical 
gaseous proportional 
counter

•Light gases as target (H, 
He, Ne) for a better 
projectile - target 
kinematical match

No m
an's land 

He
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Searching for light DM: Recoil Energy
Recoil energy during DM scattering, ER: 

ER =

1

2

m�u
2 4m�mN

(m� +mN )

2

1 + cos ✓

2
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max ER: head-on-collision and mχ=mN
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Searching for light DM: Quenching Factor

 Direct detection experiment using light gases as target (H, He, Ne) 
 Better projectile-target kinematic match 
 Favourable quenching factor

Plot by I. Katsioulas

 Quenching factor: fraction of ion kinetic energy dissipated in a medium in the form of 
ionization electrons and excitation of the atomic and quasi-molecular states. 
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Spherical Proportional Counter

JINST 3 (2008) P09007

r1 = anode radius

r2 = cathode radius

Detector volume naturally divided in:  
“drift” and “amplification” regions.

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
● Metallic 

The Sensor

E =
V0

r2
r1r2

r2 � r1
⇡ V0r1

r2

C =
4⇡✏

r2 � r1
r1r2 ⇡ 4⇡✏r1

Figure1:Left:PictureofSEDINE:a60cmdiameterprototypemadeoflowactivity(NOSV)copper.Right:Crosssection

ofthedetectorinaxialsymmetry.Therodandthesensorarevisibleinwhiteatscale.Fieldlinesareshownontherightpart

ofthepictureonlytoallowtheelectric-field-magnitudevaluesindicatedinlogscalebythecolourcodetobeproperlyseen.

Niofsecondaryionizations,theacquiredsignalcanbeexpressedasfollows:S(t)=
PNPE

i=1Ni⇥D(t�ti).

Despiteionsdriftingtowardsthesphereatground(cathode)withinseconds,morethan50%ofthesignal

isinducedwithinthefirst30µsbecausetheirspeeddecreasesas1/r2.Still,thefastdecaytimeconstant

(⌧=50µs)ofourresistivefeedbackchargesensitivepreamplifier(CANBERRAModel2006)isresponsible

foralossinthepulse-height.Thelattere↵ect,calledballisticdeficit,increaseswiththedi↵usiontime

ofthePEs.Asaconsequence,therawpulseamplitudenotonlydependsontheenergybutalsoonthe

initiallocationoftheevent.Tocorrectforthise↵ect,onecanseparatelydeconvolvetherawpulsebythe

preamplifierresponseandbytheioninducedcurrenttodeterminetheamplitudefromtheintegralofthe

deconvolvedpulse.However,thisdoubledeconvolutionprocedurecangreatlyamplifyhighfrequencynoise

anddegradetheenergyresolution.Toavoidthise↵ectandstillcorrecte�cientlyforballisticdeficit,in

thepresentanalysisraw-pulseswereonlydeconvolvedonceusingasinglee↵ectiveexponentialdecay,and

runthroughalow-passfilter.Theassociatedtimeconstantofthisadhocdetectorresponsewaschosento

betterapproximateboththepreamplifierandtheioninducedcurrentresponsesatonce.

WeshowinFig.2thepulsetreatmentdiscussedabove,appliedtoa10keVeeevent(leftpanels)and

toa150eVeeevent(rightpanels)recordedduringthephysics-run.Rawpulsesareshownontoppanels

whilethedeconvolvedpulsesandtheircumulativeintegrationareshownonthemiddleandbottompanels,

respectively.Thetwomainanalysisparametersthatareextractedfromthetreatedpulsearetheamplitude,

nowproportionaltothedepositedenergyonly,andtherisetime,definedasthetimeittakestogofrom

4
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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 

6

Spherical Proportional Counter

 Low Capacitance →  Low electronic noise → Low energy threshold 
 Lowest surface to volume ratio  
 Fiducial volume selection 

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

 Spherical Proportional Counter 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
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Spherical Proportional Counter

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
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Signal Formation

2018-02-22 4/29

NEWS-G: low-mass WIMPS with Spherical Proportional Counters
Philippe Gros, Queen's University

SPC signal

nucleus recoil
=> ionisation of gas

Plot by P. Gros
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Signal Formation

2018-02-22 5/29

NEWS-G: low-mass WIMPS with Spherical Proportional Counters
Philippe Gros, Queen's University

SPC signal

electrons drift
in E field

Plot by P. Gros
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Signal Formation

2018-02-22 6/29

NEWS-G: low-mass WIMPS with Spherical Proportional Counters
Philippe Gros, Queen's University

SPC signal

avalanche in high field near sensor

Plot by P. Gros
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Signal Formation

2018-02-22 7/29

NEWS-G: low-mass WIMPS with Spherical Proportional Counters
Philippe Gros, Queen's University

SPC signal

Signal induced by ions drifting back

Plot by P. Gros
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Signal Formation

2018-02-22 8/29

NEWS-G: low-mass WIMPS with Spherical Proportional Counters
Philippe Gros, Queen's University

SPC signal

Plot by P. Gros

In reality: 
Observed Pulse = Induced Current ⊗ Preamplifier Response 
Need to deconvolve the preamplifier response
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Background Rejection: Rise Time

NEWS-G: low-mass WIMPS with Spherical Proportional Counters
Philippe Gros, Queen's University

Event discrimination:
Rise time

Short rise time

Short drift

Plot by P. Gros
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Background Rejection: Rise Time

NEWS-G: low-mass WIMPS with Spherical Proportional Counters
Philippe Gros, Queen's University

Event discrimination:
Rise time

Long rise time

Long drift

Plot by P. Grosσ(r) ~ 20 µs x (r/rsphere)3, e- drift time dispersion
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Background Rejection: Rise Time

NEWS-G: low-mass WIMPS with Spherical Proportional Counters
Philippe Gros, Queen's University

Event discrimination:
Rise time

Loonng rise time

Non point-like event

Plot by P. Gros
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Figure 3. Muon flux as function of depth in kilometres water equivalent (km w. e.)
for various underground laboratories hosting dark matter experiments. The e↵ective
depth is calculated using the parametrisation curve (thin line) from [162].

• Boulby Underground Laboratory [162] in UK

• Laboratori Nazionali del Gran Sasso (LNGS) [162] in Italy

• Laboratoire Souterrain de Modane (LSM) [167] in France

• Sanford Underground Research Facility (SURF) [162] in USA

• SNOLAB [162] in Canada

• Jin-Ping laboratory [168] in China

The flux of radiogenic neutrons can be reduced via material selection. Detector

materials with low uranium and thorium content give lower ↵- and spontaneous fission

rates. In addition, detector shielding can be used to reduce the external neutron flux

further. Often water or polyethylene layers are installed around the detector setup to

moderate the neutrons e↵ectively [169]. Active vetoes are designed to record interactions

of muons. The data acquired in the inner detector simultaneously to the muon event is

discarded in order to reduce the muon-induced neutron background. Plastic scintillator

plates are, for example, used for this purpose [161][170]. This can be improved further by

the use of water Cherenkov detectors [171][172] as they provide a higher muon tagging

e�ciency (full coverage), are e�cient in stopping neutrons and, for su�ciently large

thickness, the external gamma activity is also reduced. To tag directly the interactions

of neutrons, shielding using liquid scintillators can be used [173].

Finally, the analysis techniques described in the previous section can also be applied

to reduce the neutron background. The multiple scattering tagging is, for instance,

particularly e↵ective with growing size of targets. The fiducial volume selection can also

be used, however, it has a smaller e↵ect in the reduction of background for neutrons

than for gamma interactions because of the larger mean free path of neutrons.
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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 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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NEWS-G/LSM: SEDINE low background SPC
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 30cm

Lead 15cm

Copper 8cm5 µ/m2/day
4800mwe

J.Phys. G43 (2016) 013001 



Astropart.Phys. 97 (2018) 54-62 

Am-Be source
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SEDINE: Data taking conditions

 Target: Neon + 0.7% CH4 at 3.1 bar (282 gr) 
 Run time: Continuous data taking for 42.7 days 

 Exposure: 34.1 live-days x 0.282 kg =9.6 kg.days 
 Anode high voltage 2520 V, no sparks  

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

 Sealed mode, no recirculation.  
 Read-out: Canberra charge sensitive preamplifier 
(τRC=50 µs)  
 Calibration: 37Ar gaseous source,8 keV Cu 
fluorescence line, AmBe neutron source
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SEDINE: Background simulation

Anticipated main backgrounds:  
Volume: Compton electrons  

 208Tl and  40K in the rock 
 238U, 232Th, and 60Co copper shell/shielding 

Surface: Radon decay products 
Chemical Cleaning (nitric acid) 

 >200eV: 180 mHz → ~2mHz 
 <200eV: 400 mHz → ~20mHz 

Pulse simulations include:  
Electric field (FEM)  
Diffusion (Magboltz)  
Avalanche process 
Signal induction  
Preamplifier response 
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SEDINE: Event Selection
 Analysis threshold: 150 eVee (~720 eVnr) 
 100% trigger efficiency (threshold @ ~35 eVee) 
 Optimised Signal Region determined with  
Boosted Decision Tree (8 candidate masses) 
 1620 events selected in preliminary ROI 

 Failed BDT 
 Pass 0.5 GeV BDT: 15 events 
 Pass 16 GeV BDT: 123 events 
 Pass BDT for other masses



First results of NEWS-G with SEDINE

Exclusion at 90% confidence 
level (C.L.) of cross-sections 
above 4.4�10-37 cm2 for a 

500 MeV/c2 WIMP 

NEWS-G collaboration, Astropart. Phys. 97, 54 (2018), doi: 10.1016/j.astropartphys.2017.10.009

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	

18
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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  

Astropart.Phys. 97 (2018) 54-62 

Exclusion at 90% confidence level of cross-sections 
above 4.4x10-37 cm2 @ mass 0.5 GeV
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NEWS-G current status &  developments

Preparing for the He physics run at LSM 
 Gas quality 

 Testing gas mixtures of He/CH4 

 High pressure operation (Penning) 
 Hydrogen rich target 

Upgrading gas system  
 Tightness 
 Filtering  
 Gas recirculation 
 Monitoring with residual gas analyser 

 Quenching factor measurements 
 Ion / electron beam (LPSC, France)  
 Neutron beam (TUNL, USA) 

 Study of the detector response 
Solid state laser (213 nm) 

 monitoring of gain with time 
 drift time measurements 
 parametrization of the avalanche process

He 90%/CH4 10% at 1 bar
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Single-anode Sensors
 Aims: 

 High pressure operation 
 Higher gain 
 Larger volumes  
 Increased Stability 
 Low radioactivity

“Glass” sensor

 Techniques 
 Resistive technologies 
 3D printing technologies 
 FEM simulations
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Electric	field	magnitude	with	ACHINOS
|E11balls|/|E1ball |≈ 9 

22

Advantages

1. Amplification	tuned	by	
the	anode	ball	size

1. Volume	electric	field	
tuned	by	the	size	and	
number	of	anodes	of	the	
ACHINOS	structure

1. Individual	readout	- TPC	
like	capabilities

K. Nikolopoulos / SM and Beyond, 8 Sep 2019 / Search for light Dark Matter with NEWS-G 24

Multi-anode sensors: Achinos

JINST 12 (2017) P12031 

33-ball bakelite
Achinos: Multiple anode balls place at equal 
distances on a sphere  

 Same gain but increased field at large radii 
 Decoupling Gain and Drift  
 Anodes can be read out individually  

 Prototypes: 5, 11, 33 metal balls ∅ 2mm 
successfully operated 
 3D printed Achinos sensors built and operated

11-ball 3D printed

|E11|/|E1|~9



4 BACKGROUND SOURCES AND REDUCTION TECHNIQUES
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Figure 3. Muon flux as function of depth in kilometres water equivalent (km w. e.)
for various underground laboratories hosting dark matter experiments. The e↵ective
depth is calculated using the parametrisation curve (thin line) from [162].

• Boulby Underground Laboratory [162] in UK

• Laboratori Nazionali del Gran Sasso (LNGS) [162] in Italy

• Laboratoire Souterrain de Modane (LSM) [167] in France

• Sanford Underground Research Facility (SURF) [162] in USA

• SNOLAB [162] in Canada

• Jin-Ping laboratory [168] in China

The flux of radiogenic neutrons can be reduced via material selection. Detector

materials with low uranium and thorium content give lower ↵- and spontaneous fission

rates. In addition, detector shielding can be used to reduce the external neutron flux

further. Often water or polyethylene layers are installed around the detector setup to

moderate the neutrons e↵ectively [169]. Active vetoes are designed to record interactions

of muons. The data acquired in the inner detector simultaneously to the muon event is

discarded in order to reduce the muon-induced neutron background. Plastic scintillator

plates are, for example, used for this purpose [161][170]. This can be improved further by

the use of water Cherenkov detectors [171][172] as they provide a higher muon tagging

e�ciency (full coverage), are e�cient in stopping neutrons and, for su�ciently large

thickness, the external gamma activity is also reduced. To tag directly the interactions

of neutrons, shielding using liquid scintillators can be used [173].

Finally, the analysis techniques described in the previous section can also be applied

to reduce the neutron background. The multiple scattering tagging is, for instance,

particularly e↵ective with growing size of targets. The fiducial volume selection can also

be used, however, it has a smaller e↵ect in the reduction of background for neutrons

than for gamma interactions because of the larger mean free path of neutrons.
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NEWS-G at SNOLAB
 Underground laboratory in Sudbury, Canada 

NEWS-G to be installed in Cube Hall 
Installation in 2018 
Data-taking 2019

0.25 µ/m2/day
6000mwe

J.Phys. G43 (2016) 013001 



 Copper vessel (∅ 140cm, 12mm thick) 
 Low activity copper (C10100) 
 7 to 25 µBq/kg Th 
 1 to 5 µBq/kg of U 
 Electropolishing & Electroplating 
 Gases: Ne, He, CH4 
 High pressure operation (10 bar)
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NEWS-G at SNOLab

Hemispheres built in France, 
stored at LSM before welding 

 Upgraded Shielding (35t):  
 40cm Polyethylene + Boron sheet 
 22cm Lead (1 Bq/kg 210Pb) 
 3cm archaeological Lead 
 Air-tight envelope to flush pure N (vs Rn)

Glove box for Radon-free rod 
installation 
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Predicted exclusion limits for NEWS-G SNOLAB 

NEWS-SNO expected sensitivity assuming: 
100 kg.days exposure @ 10 bar, threshold 1 electron (~40 eV), 200eVee ROI window  
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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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The NEWS-G Collaboration

Queen’s  University Kingston – G Gerbier, P di Stefano,  R Martin, T Noble, D Dunrford, 
S Crawford, A Brossard, P Vasquez de Sola, Q Arnaud, K Dering, J Mc Donald, M Clark, 
M Chapellier, A Ronceray, P. Gros, J. Morrison, C Neyron 

IRFU/CEA Saclay  – I Giomataris, M Gros, C Nones,  I Katsioulas, T Papaevangelou, JP 
Bard, JP Mols, XF Navick,  

Laboratoire Souterrain de Modane, IN2P3, U of Chambéry – F Piquemal, M Zampaolo,  
A Dastgheibi-Fard 

Aristotle University of Thessaloniki – I Savvidis, A Leisos, S Tzamarias, 
Laboratoire de Physique Subatomique et Cosmologie Grenoble - D Santos, JF Muraz, 

O Guillaudin  
Pacific National Northwest Lab – E Hoppe, D Asner 
Royal Military College Canada, Kingston – D Kelly, E Corcoran 
SNOLAB - Sudbury – P Gorel 
University of Birmingham – K. Nikolopoulos, P Knights, R Ward 
University of Alberta – M. Piro 
Associated lab : TRIUMF  – F  Retiere  
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Summary
 NEWS-G aims to search for DM candidates the 0.1 – 10 GeV mass range 

 First competitive results with gas detector in Dark Matter search  
 Further He and H runs planned with NEWS-G/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 

SIMPs	/	ELDERS	

Ultralight	Dark	Ma5er	

Muon	g-2

Small-Scale	Structure	

Microlensing	

Dark	Sector	Candidates,	Anomalies,	and	Search	Techniques	

Hidden	Sector	Dark	Ma5er	

Small	Experiments:	Coherent	Field	Searches,	Direct	DetecIon,	Nuclear	and	Atomic	Physics,	Accelerators	

GeV	 TeV	keV	eV	neV	feV	zeV	 MeV	aeV	 peV	 µeV	 meV	 PeV	 30M�	

WIMPs	QCD	Axion	

≈

GeV	 TeV	keV	eV	neV	feV	zeV	 MeV	aeV	 peV	 µeV	 meV	 PeV	 30M�	

≈

Beryllium-8	

Black	Holes	

Hidden	Thermal	Relics	/	WIMPless	DM	

Asymmetric	DM	

Freeze-In	DM	

Pre-InflaIonary	Axion	

Post-InflaIonary	Axion	

JINST 12 (2017) P12031 
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Additional Slides
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Figure 2: Pulse treatment applied to a 10 keVee event (left panels) and to a 150 eVee event (right panels) recorded during the

physics-run. Top pannels: raw pulses in a 1250 µs time window (1 sample = 480 ns). Middle: zoom in a 350 µs time window of

the deconvolved pulse. Bottom: Integrated charge pulse from which the amplitude and rise time are extracted. It is obtained

by successively applying a low-pass filter to the deconvolved pulse and performing a cumulative integration.

10 % to 75 % of the amplitude of the integrated charge pulse. The rise time increases with the di↵usion

time and consequently, with the radial location, r, of the event. For events with a large number of PEs

(c.f. Fig. 2 (left)), the deconvolved pulse matches the Gaussian distribution of the arrival times of the PEs.

In that case, the rise time increases with the di↵usion time �(r) as RT(r) = 1.96⇥�(r) since it corresponds

to the integral from the 10 % to the 75 % quantile of a Gaussian distribution with standard deviation �(r).

The rise time is a key parameter of the analysis as it allows us to discriminate between surface events,

mostly originating from radioactive contamination of the inner surface of the sphere, and WIMP events,

expected to be uniformly distributed in the vessel. Surface events are our dominating background at low

energy. These are expected from radon daughter decays, mostly ��rays from 210Pb decay and Auger

electrons from the de-excitation of 210Bi⇤, both of which are of a few tens of keV, therefore being stopped

5
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Pulse Treatment
Observed Pulse = Induced Current ⊗ Preamplifier Response


