Novel approaches in low energy threshold detectors for Dark Matter searches

Marco Guarise (INFN Laboratori Nazionali Legnaro & Universita di Ferrara)

INFN

Istituto Nazionale di Fisica Nucleare

PM Dark Matter

ﬁ

- =27% of the Universe energy
- p=0.45GeV /cm3
dark energy

dark matter

ordinary matter

- Axion: strong CP problem solution

10" [GeV
B0 6y 201GV

K fa

16

y

The Axioma experiment is an R&D project for the development
of a novel class of particle detectors based on solid crystals of
inert gases such as Neon, Xenon, para-Hydrogen and others.

We exploit ultra-pure and doped crystals combined with laser
spectroscopic technique to improve the actual standard of the
detectors' energy threshold. The final goal is thus to reach an
innovative technology for Dark Matter searches as well as for the
investigation of feeble interacting phenomena characterized by
low energy deposition events.

Rare gas matrices represent an interesting environment because of their chemically inert property and weak

perturbations. In addition other advantages are the suppression of guest-guest interactions (at sufficient dilution)

and the excellent optical properties, including isotropy and transparency from the far IR to the vacuum UV.

The initial gas is purified under the ppb level through a composite filter set-up made of active charcoal filters and
Oxysorb cartridges. The high-purity gas thus obtained is injected for hours into the growing chamber at a pressure
lower than 0.0001lmbar. The doping can be done at this point, by evaporating in the chamber the guest material at
a pressure n times lower with respect to the gas (1/n represents the concentration of the dopant). The crystals

obtained after a further annealing process can be used for our tests as particle detectors.

In some of these crystals, the self-energy of electrons V, is also positive and the free electrons are more prone to be

emitted through the solid-vacuum interface. Then, the in-vacuum electrons can be measured through high
efficiency sensors with low dark count rate such as microchannel plate (MCP) or channeltron detectors.

In order to reach a suitable low energy threshold scheme, we are investigating three different possibilities:
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We measured electrons3extraction from a solid
crystal of Neon (=1cm ) at 5.5K [in the figure
the charge signal].
For our tests,
photoelectrons are
injected into the
crystal when UV
laser pulses impinge
on a gold substrate.

———

_____ Recycling scheme
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= We did initial tests with 1%
{ Nd-doped solid Neon.
Emission spectra was
b e recorded when the crystal
LSllR was excited with 266nm UV
pulses. We found a long-
lifetime emission band
centered at =500nm.
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