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Context (cf Arnaud (M3-3), Brossard, Durnford (M4-3), Gerbier (R3-3))

I Astrophysical observations
imply most of matter in
universe is exotic Weakly
Interacting Massive Particles
(WIMPs)

I The NEWS-G collaboration
is searching for WIMPs
using spherical TPCs:

I Assets of these detectors
include low-threshold, choice
of gas and pressure
(0.1 – 10 bar)

I Spherical detectors
calibrated using electron
recoils (usually from X-ray
sources), but WIMPs scatter
off nuclei (ionize less for
same energy deposit)

I Need to know conversion
between electron recoil scale
and nuclear recoil scale:
quenching (Q).
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How to determine quenching?

Quenching: Q(E ) ≡ Signal created by nuclear recoil of energy E

Signal created by electron recoil of energy E

Simulations: SRIM
Doesn’t take pressure into
account.
Discrepancies observed with data
in other types of detectors [1].

Neutron scattering experiment

Preferably with mono-energetic
neutron source.
Need to measure scattering
angle.
Simulations to account for
multiple scatters.

COMIMAC line @ LPSC [2]

Send ions and electrons of
precisely known energy.
Ions are equivalent to recoiling
nuclei of same element [3] →
direct measurement of Q(E ).
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S30 and COMIMAC to measure quenching

I S30: 30 cm sphere designed at
LPSC Grenoble

I Stainless steel
I Opens at hemispheres
I Modular

I direction of sensor
I choice of sensor

I Rated up to 10 bar

I Fits on a table-top
I Gases used so far:

I He+5%C4H10

I Ne+0.7%CH4

I 0.2 bar < P < 3 bar

I COMIMAC can send electrons or
ions into sphere
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Sensors used

Example of ball sensor for
NEWS-G (3 mm Si):

Micromegas sensor (250 µm)
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An electron result (He+5%C4H10, 200 mbar, 1249 V)

Example: 5.96 keV β−s

σ
µ = 7%
At this pressure, can
calibrate with β−s this
way, whereas standard
calibration with 55Fe
X-rays is impossible

Response to 0.75–20 keV β−s

Nice linearity.
Can work at rates of the order of 100 Hz.
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Identifying fluorescence using rise time

Ne+0.7%CH4 at 1 bar.

8 keV electrons localized
interactions at edge
of sphere → long
rise times, small
spread

6.4 keV fluoresence X-rays
interact in larger
volume → larger
spread in rise times
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Presence of fluorescence

I Electrons (and ions?) of E > 6.4 keV can stimulate
fluorescence of Fe X-rays (6.4 keV) from stainless steel around
interface.

I X-rays are visible when gas molecules are Z-enough and
pressure is high enough

I X-rays can be identified by energy and by rise time which is
broader than that of locally-interacting electrons and ions.

I Energy of X-rays is fixed, and in no way depends on charge
build-up anywhere, that could, potentially, affect energy of
ions and electrons

I Provides absolute energy reference for electrons and ions that
have enough energy to create fluorescence

P. Di Stefano for NEWS-G — CAP 2017 14 / 17



Conclusions and outlook

I Measuring the quenching factor in various gases will be of
interest to NEWS-G and other collaborations

I Versatile, table-top, set-up in place at LPSC Grenoble using
ions and electrons with a modular spherical detector

I Response to electrons mature; able to calibrate at low
pressures not accessible to external X-ray sources

I Work under way to characterize response to ions
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Examples of particle ranges in gas

In 0.1 bar He+5%C4H10:

I X, 1 keV: 53 cm

I β−, 10 keV: 8 cm

I α, 1 keV: 0.08 cm
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