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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:
•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

Recoil	distributions	 	with	various	targets

He
He

Ge

NEWS-G
Ge	
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New Experiments With Spheres - Gas

 Search for DM candidates in 0.1 -  10 GeV range 
 Direct Detection experiment  

 Novel Spherical Gaseous Proportional Chamber 
 Light Gases as target (H, He, Ne)  

 Better projectile - target kinematic match 
 Low energy threshold  
 Favourable quenching factor

26. Dark matter 399
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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

WIMP Mass [GeV/c
2
]

C
ro

ss
−

se
ct

io
n
 [

cm
2
] 

(n
o
rm

al
is

ed
 t

o
 n

u
cl

eo
n
)

10
1

10
2

10
3

10
−40

10
−39

10
−38

10
−37

10
−36

SuperK tautau 2015
ICE CUBE 2013

PICO 2015

SuperK bb 2015SuperK bb 2015

COUPP 2012

C
ro

ss
−

se
ct

io
n
 [

cm
2
] 

(n
o
rm

al
is

ed
 t

o
 n

u
cl

eo
n
)

10
−39

10
−38

10
−37

10
−36

10
−35

a) neutron

b) proton

DAMA/LIBRA

XENON 2013

LUX 2015

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.
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The NEWS-G Collaboration

6th collaboration meeting, LPSC, Grenoble, June 2019
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Spherical Proportional Counter

JINST 3 (2008) P09007

r1 = anode radius

r2 = cathode radius

Detector volume 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
● Metallic 

The Sensor

E =
V0

r2
r1r2

r2 � r1
⇡ V0r1

r2

C =
4⇡✏

r2 � r1
r1r2 ⇡ 4⇡✏r1

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

4

Realistic Electric Field

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

ofthedetectorinaxialsymmetry.Therodandthesensorarevisibleinwhiteatscale.Fieldlinesareshownontherightpart

ofthepictureonlytoallowtheelectric-field-magnitudevaluesindicatedinlogscalebythecolourcodetobeproperlyseen.
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anddegradetheenergyresolution.Toavoidthise↵ectandstillcorrecte�cientlyforballisticdeficit,in
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betterapproximateboththepreamplifierandtheioninducedcurrentresponsesatonce.

WeshowinFig.2thepulsetreatmentdiscussedabove,appliedtoa10keVeeevent(leftpanels)and

toa150eVeeevent(rightpanels)recordedduringthephysics-run.Rawpulsesareshownontoppanels

whilethedeconvolvedpulsesandtheircumulativeintegrationareshownonthemiddleandbottompanels,

respectively.Thetwomainanalysisparametersthatareextractedfromthetreatedpulsearetheamplitude,

nowproportionaltothedepositedenergyonly,andtherisetime,definedasthetimeittakestogofrom
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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 

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
 Large Volume 

 Small number of electronic channels 
 Low Energy Threshold 

 Low Capacitance 
 High Gain 

 Lowest surface to volume ratio  
 Fiducial volume selection 

 Through pulse shape analysis 
 Flexible (pressure, gas)  
 Simple sealed mode

Ar + 2% CH4



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.

20

5 µ/m2/day
4800mwe

J.Phys. G43 (2016) 013001 
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SEDINE: NEWS-G Prototype at LSM
Polyethylene 30cmLead 15cm

Copper 8cm SEDINE Ø60cm SPC

 NOSV Copper vessel (Ø60 cm) 
 Equipped with a Ø6.3 mm sensor 
 Chemically cleaned several times for 
Radon deposit removal

Sensor

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

4

Vessel
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First results of NEWS-G with SEDINE at LSM
NEWS-G collaboration, Astropart. Phys. 97, 54 (2018)

NEWS-G

CRESST-II

CDMS-lite

DAMIC

 Gas Mixture: Ne+0.7%CH4 at 3.1 bar  
 Exposure: 9.6 kg×days (34.1 live-days x 0.28 kg)
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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.

20
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NEWS-G at SNOLAB
 Main experiment to take place at SNOLAB 

 NEWS-G to be installed in Cube Hall

0.25 µ/m2/day
6000mwe

J.Phys. G43 (2016) 013001 
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NEWS-G at SNOLAB

Assumptions 
Flat background (1.78 dru) 
Exposure 20 kg*days 
Energy window [14 eVee, 1 keVee] 
F=0.2, θ=0.12 
SRIM quenching factor

 NEWS-G is preparing SNOglobe 
 Ø140 cm 
 assembled and commissioned at LSM 
 currently being transferred to SNOLAB 

 H-rich mixtures  
 Expected to be sensitive to WIMP masses ~100 MeV 
 Detector already operating at LSM (commissioning run)

CH4

Ne+6%CH4
Preliminary

NEWS-G at SNOLab

SNOglobe at LSM
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Electric field homogeneity
 Ideally, electric field:  

 purely radial  
 strength 1/r2 

 Reality more complex, as support 
structure needed for sensor 

 E=E(r,θ) 
 Non-uniform detector response 

 Improved field uniformity by adding 
correction electrode

Anode

Wire
Correction 
Electrode

Rod
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I. Katsioulas et al, JINST, 13, 11, P11006, 2018 10.1088/1748-0221/13/11/P11006
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Resistive Glass Electrode

55Fe at 180o 

55Fe at 90o 

Irradiation  
with 5.9 keV X-rays  

He:Ar:CH4 (92:5:3)
1 bar
HV1=1450V
HV2=200V
2 mm Ø anode

6.4 keV iron fluorescence induced 
by environmental radiation  

He:Ar:CH4 (87:10:3) 
2 bar
HV1 = 2350V
HV2 = 0V
2 mm anode

Ø2-6mm
2-5mm

2-30mm

Anode

Insulated Wire

Glass tube

Metallic rod

 Spark quenching 
 Charge evacuation 
 Advantages 

 Simple/Robust 
 Symmetric 
 Low material budget 

 Material properties 
 Soda-lime glass 
 ρ = 5×1010 Ωcm 
 d = 2.1-2.25 g/cm3  
 A = 14.5 mBq/g
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Charge Collection in low electric field

Magboltz study on gas properties and sensitivity to contaminants

E(r)\approx\frac{V_0}{r^2}r_1

 Gain and drift velocity both depend on E/P 
 At large radii 

 Low drift velocity 
 Susceptibility to attachment 

 Crucial aspects 
 Electric field magnitude  

 depends on anode voltage and radius 
 Gas quality

ln(G) =

Z E(r2)

E(r1)
↵ (E/P )

dr

dE
dE
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Multi-anode sensors: Achinos

JINST 12 (2017) P12031 

 Achinos: Multiple anode balls place at equal 
distances on a sphere  

 Same gain but increased field at large radii 
 Decoupling Gain and Drift 

 Amplification tuned by anode radius 
 Volume electric field tuned by structure 
size and number of anodes 

 Anodes can be read out individually 
 TPC-like capabilities 

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

|E11|/|E1|~9

Resistive central electrode

Spherical metallic anodes

Insulated wires

Support rod
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Achinos second generation modules

He:Ar:CH4  (56:37:7) 
455 mbar 
HV1 = 1100 V, HV2 = -100 V 
2 mm Ø anodes 

Measurement of the 5.9 keV 55Fe X-ray line  Good energy resolution 
 High pressure operation (~2 bar) 
 Resistive layer materials tested: 

 Araldite/Graphite, Araldite/Cu 
 Polymer resistive paste 
 DLC (Diamond Like Carbon)

3D design
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Gas Purification
600 mbar He+10% CH4 without contaminant filtering 600 mbar He+10% CH4 with contaminant filtering

1.49 keV  
Al Fluorescence

5.9 keV  
55Fe

9310 ADU 
8.9% (σ)

4620 ADU 
22.4% (σ)

1.49 keV  
Al Fluorescence

5.9 keV  
55Fe

 Contaminants: O2, H2O, electronegative gases 
 Filtering with: Getter, Oxysorb 
 Filtering in a gas re-circulation system 

 SAES MicroTorr Purifier (MC700 902-F) 
 Incorporated with Residual Gas Analyser 

 Improved filtering efficiency in large sphere 
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Laser Calibrations
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Parallel photo-detector 
to tag laser events

Common DAQ for timing 
analysis between two channel

Tunable transmission 
to control the mean 
number of electrons

A powerful UV laser capable of 
extracting 100s of electrons

Q. Arnaud et al. (NEWS-G Collaboration), Phys. Rev. D 99, 102003 (2019)

 213 nm laser used to extract primary electrons from wall of SPC 
 Photo detector in parallel tags events and monitors laser power 
 Laser intensity can be tuned to extract 1 to 100 photo electrons
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Modelling Single Electron Response

 N photo-electrons are extracted from the surface of the sphere: Poisson 
 Each photo-electron creates S avalanche electrons 
 Sum the contributions of all N photo-electrons: Nth convolution of Polya 
 The overall response is convolved with a Gaussian to model baseline noise

● N photo-electrons are 
extracted from the surface of 
the sphere: Poisson

● Each photo-electron creates 
S avalanche pairs:
Nth convolution of Polya

● Sum the contributions of all 
N photo-electrons

● The overall response is
convolved with a Gaussian to 
model baseline noiseLaser in pulsed mode fixed to a low intensity

Q. Arnaud et al. (NEWS-G Collaboration), Phys. Rev. D 99, 102003 (2019)

Fit results
θ = 0.09 ±0.02
<G> = 30.26 ± 0.21 ADU
χ2/ndf = 0.97
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Measurements of gas properties

K-Shell: 2.82 keV
W = 27.6 eV/pair*
F = 0.19

L-Shell: 270 eV
W = 27.6 eV/pair
F = 0.26

Fit of 270 eV and 2.82 lines with
flat background

D. Durnford et al, Phys. Rev. D 98, 103013 (2018)

*The W-value at 2.82 keV was calculated directly from <G> and fixed for this fit

 37Ar produced by irradiating Ca power with a high flux of fast neutrons 
 Together with laser calibrations, can find W (mean Ionization energy) with 1% 
precision for target gas, and set upper limits on F (Fano factor) 
 Detector response modelled: 

 Primary ionisation (COM-Poisson) 
 Avalanche (Polya)
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Detector Monitoring

  

Laser-induced peak

37Ar 2.82 keV peak

37Ar 2.82 keV peak

Before correction

After correction

 37Ar calibrations provide crucial information, 
but can only be used at the end of a run 
 Within a run, gain fluctuations can be 
induced by temperature/pressure changes, 
O2 contamination, sensor damage... 
 Laser calibrations provide crucial detector 
response monitoring during physics runs
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Background in NEWS-G copper
 4N Aurubis copper (99.99% pure) 

 Spun into two hemispheres 
 Copper has no long-lived isotopes 
 63Cu(n,⍺)60Co from fast neutrons  

 mostly cosmic muon spallation 
 Contaminants: U and Th decay chain traces 

 Measured for NEWS-G ~10 µBq/kg (ICP-MS) 
 210Pb out of equilibrium - 28.5 mBq/kg (XIA UltraLo)

5.5 MeV

6.0 MeV 7.7 MeV 5.3 MeV

How the bulk signal looks like in alpha counter? 

• Alpha range in copper is ~10μm.
• Energy distribution is continuous.
• According to the MC estimate, events in 

2.5<E<4.8MeV come from 2<d<6um mainly 
(d: distance from alpha generation point to 
the copper surface.).

• Conversion factor from emissivity to bulk 
contamination is 249 (Bq/kg)/(alpha/cm2/hr) 
in 2.5<E<4.8MeV

Energy distribution (5.3MeV copper 
bulk alpha MC simulation)

Energy (MeV)

Measured region
210Po

α
α

210PoCopper

Ar gas
Surface event

bulk event

K. Kobayashi, LRT2017 6→ Background level corresponds to 1.4mBq/kg

Kobayashi LRT2017
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Copper Electroplating

Electroplating setup at LSM

 PNNL expertise in Cu electroforming crucial 
 Detector inner surface electroplated  

 0.5 mm pure copper plated  
 Good surface quality achieved 

 Hemispheres electron-beam welded together 
Suppress backgrounds from:  

 Bremsstrahlung X-rays from 210Pb  
 210Bi β-decays in copper 
 For <1 keV reduced from 4.58 to 1.96 dru 

 Copper deposition rate ~36 µm/day 
 Promising: fully underground electroformed detector



CH4

Ne+6%CH4
Preliminary

NEWS-G at SNOLab
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Summary
 NEWS-G searches for DM candidates with mass 0.1 – 10 GeV 

 First competitive results with gas detector 
 Improved sensitivity to light Dark Matter 

 Lighter targets 
 Improved shield /materials/procedure  
 Lower energy threshold 

 Sensor Development 
 Better Electric field uniformity 
 Higher Electric field in large detectors 

 Improved gas quality and monitoring 
 Getter, Recirculation, RGA  

 Improved calibration and monitoring 
 Laser 
 37Ar 

 Many physics opportunities!

Astropart.Phys. 97 (2018) 54-62 

JINST 12 (2017) P12031 



23

Additional Slides
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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:
•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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Recoil	distributions	 	with	various	targets

He
He

Ge

NEWS-G
Ge	

Recoil	distributions	 	with	various	targets

He
He

Ge

NEWS-G
Ge	

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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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


