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Dark Matter searches

Dark matter (DM) detectors in the GeV - TeV range exploit nuclear or
electron recoils induced by DM scattering, either with or without

background identification
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|[dentifying a Dark Matter signal

An unambiguous evidence for
Dark Matter observation requires the
identification of a peculiar feature

Discrimination of dark matter
against coherent neutrino
scattering requires the
identification of a peculiar feature



|[dentifying a Dark Matter signal

An unambiguous evidence for
Dark Matter observation requires the
identification of a peculiar feature
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Discrimination of dark matter
against coherent neutrino
scattering requires the
identification of a peculiar feature

Earth motion in the DM
halo enhances the
scattering rate for

particles observed in the
direction of the earth
motion
(Cygnus constellation)



l[dentifying a Dark Matter signal

An unambiguous evidence for
Dark Matter observation requires the
identification of a peculiar feature
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l[dentifying a Dark Matter signal

An unambiguous evidence for ° Discrimination of dark matter

Dark Matter observation requires the =~ @gainst coherent neutrino
identification Qf a_neculiar feature scattering requires the

llar feature

Directionality provides a unigque tool to
assess the Dark Matter origin
| of an observed signal N
R and in particular to F i K

break the neutrino floor
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Experimental challenges of directional searches

: recoil direction
1 TeV WIMP, max. recoil . . .
information quickly
energy ,
deteriorated by
A multiple collisions
CRYSTAL A EMULSION

GAS TPC

Very short tracks —> 3 options
1) high granularity
2) strong detector anisotropy
3) tiny statistical effects in isotropic (e.qg.
columnar recombination) or slightly
anisotropic detectors



Experimental challenges of directional searches

Gaseous TPC = low density

. recoil direction = O(mm) track
1 TeV WIMP, max. recoil . . . O ) tracks
information quickly +
energy . . .
deteriorated by high granularity readout
multiple collisions _ _
CRYSTAL A emuLsion A Direction can be
| reconstructed event-by-
GAS TPC event
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The CYGNO project
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A worldwide community

- The CYGNUS network connects several experimental efforts
around the world for the search of dark matter with gaseous

directional detectors
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The CYGNO project Cx GNO

Helium-CF4 gas mixture:

Helium —> light, O(GeV) dark matter sensitivity 1 m3 Gas TPC
Fluorine —> Spin-dependent sensitivity
GEM with double optical readout (high granularity + fast) S % S
LI LI
O =G
Nuclear| ©
Recoll
DM

To be installed at Laboratori Nazionali del Gran Sasso
Synergy with INITIUM ERC Grant (E. Baracchini - negative ion drift with He:CF4:SFe):

reduce the electron diffusion

improve fiducialization



Optical readout of GEMs

lonization clusters
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The CYGNO roadmap

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

10x10x1 cms
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The CYGNO roadmap

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

]
ORANGE LEMON

After a long campaign of overground tests,
now under commissioning underground
at LNGS

Data taking with different shields to validate
the lbackground simulations

Neutron flux measurement one of the first e NG
pictures underground : N 1



The CYGNO roadmap

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026

LEMON LIME
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Toward O(m3) scale: CYGNO-04
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Background reduction & Signal identification
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Detailed simulation models (1 m3)
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Background identification algorithms
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Energy reconstruction

Electronic recoil (ER) calibration:
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Critical issues and Sensitivity
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The INITIUM Project

Some molecules with high electron affinity (e.g. SFg) can capture
the primary ionization electrons and drift as negative ions

ion diffusion << e diffusion

- different ion species can form (e.g. SF6 , SF5 , etc.) with

different drift velocities —> comparison of drift times gives a
measurement of the drift distance —> fiducialization

We are exploring the
possibility of negative ion
drift n a He based gas
mixture at atmospheric o

pressure with a small wﬁ
SFs

GEM
cathode
GEM

addition of SFg > E—




Negative-ion drift in He:CF4:SFe

Triple thin 50 um
GEM stack
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Negative-ion drift in He:CF4:SFe6

Diffusion at 12.5 cm

“F 3194+/-20um 701 +/- 32um
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Conclusions

- Dark Matter with directional capabilities with CYGNO:
- enhanced sensitivity to GeV and sub-GeV Dark Matter
- aim at limits competitive with non-directional experiments
- further handles to improve performances with negative ion drift

- the path toward a dark matter astronomy
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Experimental challenges of directional searches

1 TeV WIMP, max. recoil _ recoil dir eCt’C.mk/
energy information quickly Channeling in carbon
deteriorated by nanotubes (CNTs)
A multiple collisions
CRYSTAL A EMULSION

Only electron recoils in a
specific direction can be

GASTPC efficiently reconstructed
>
3 N
= T Nanotubes grown |
Y Y 3 in Trieste in 2019 }
- - b - iy =t |

Very short tracks —> 3 options

2) strong detector anisotropy

20m EHT = 500kV Mag= 338X Signal A = InLens  Date :24 May 2019
— WD=45mm FIBMag= 98X  Signal B=lInlens ~PerireSize=3000um
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Experimental challenges of directional searches

: recoil direction
1 TeV WIMP, max. recoil . . .
information quickly
energy ,
deteriorated by
A multiple collisions
CRYSTAL EMULSION

A

GAS TPC
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3) tiny statistical effects in isotropic (e.g.
columnar recombination) or slightly
anisotropic detectors
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