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Why Directionality?
energy + particle ID + position + recoil angle + vector sense

Improved background discrimination
more physics per exposure
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https://arxiv.org/pdf/2102.04596.pdf
https://arxiv.org/pdf/2106.15829.pdf

Why Directionality”? The Neutrino Fog

energy + particle ID + position + recoil angle + vector sense

Improved background discrimination
hvsi
WIMP X\&/X more pnysICs per exposure
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https://arxiv.org/pdf/2109.03116.pdf

Why Directionality”? Dark Matter Discovery

Must tie a signal excess to astrophysics to prove it is dark matter.
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https://arxiv.org/abs/1602.03781
https://arxiv.org/pdf/2102.04596.pdf
https://arxiv.org/pdf/1209.3339.pdf
https://arxiv.org/abs/1805.10486

Why Directionality”? Dark Matter Discovery
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Why Directionality”? Dark Matter Discovery

Search the v fog with a large detector Leading SD sensitivity for ~10 m* detector
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https://arxiv.org/pdf/2008.12587.pdf

Why Directionality”? Dark Matter Astronomy
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https://arxiv.org/pdf/1807.09004.pdf
https://arxiv.org/pdf/2211.13399.pdf

Why Directionality”? Neutrinos

Solar Neutrinos: v-e scattering (higher rate than CEVNS) — directionality allows neutrino
spectrum measurement and allows inference of CNO fraction.

K-40 Geoneutrinos: 10 T (~10° — 10* m® gas) for 10 years (1710.06724)
CEVNS: spallation source (2003.11510), LBNF (2103.10857)
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https://arxiv.org/pdf/1710.06724.pdf
https://arxiv.org/pdf/2203.05914.pdf

Why Directionality?

Neutron directionality: applications such as homeland security or underground
background characterisation
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Migdal Effect: Never experimentally measured

Track topologies make laboratory measurement
feasible (2207.08284)
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https://arxiv.org/abs/1407.7013
https://arxiv.org/abs/1010.1306
https://arxiv.org/pdf/2207.08284.pdf

CYGNUS Vision

Large gas time projection chamber with low-energy directionality.

Modular detector, distributed across multiple underground labs, flexible implementation.
R&D challenges: minimising diffusion and backgrounds, optimising performance for

WIMP and/or other physics.
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The CYGNUS proto-collaboration
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Stawell Underground
Physics Laboratory

First general purpose
underground laboratory in
the Southern Hemisphere

1025 m overburden, similar
muon flux to LNGS.

Planned location for
CYGNUS-0Oz
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https://arxiv.org/pdf/1710.01994.pdf
https://arxiv.org/pdf/2011.06994.pdf
https://arxiv.org/pdf/1609.05249.pdf
https://arxiv.org/pdf/1701.0171.pdf
https://arxiv.org/pdf/2004.09706.pdf

CYGNUS R&D: Micropatterned Readout

Required for 3D directionality and
particle |D/topological event information
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https://arxiv.org/pdf/2008.12587.pdf
https://arxiv.org/pdf/2007.12508.pdf
https://arxiv.org/pdf/1410.1131.pdf

CYGNUS R&D: Data Challenges
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https://arxiv.org/pdf/2305.06168.pdf
https://arxiv.org/pdf/2206.10822.pdf
https://arxiv.org/pdf/2012.13649.pdf

CYGNUS R&D: Status
Italy

| New formal collaboration:

=¥ CYGNUS-Oz, 20 members
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Conclusion

Directional TPCs are a promising platform for
rare event DM/neutrino physics

R&D challenges remain, but scale-up appears
feasible and is already beginning.

8th CYGNUS Workshop on D|rect|onal Recoil Detection
Directional detection of dark matter
Directional neutrino detection

Sydney, Directional neutron detection
11_15 DeC 2023 Gas TPCS atjd MPGDs

Novel directional detection technologies
Recoil simulation tools

Free registration! Detection of rare nuclear decays
https://indico.cern.ch/event/cygnus2023

Physics case for a directional gas TPC
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https://indico.cern.ch/event/cygnus2023
https://arxiv.org/pdf/2102.04596.pdf

