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Directional Detection: WIMPs

Overcome the neutrino floor
(and reject isotropic “
backgrounds)
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https://arxiv.org/abs/1602.03781
https://arxiv.org/pdf/2102.04596.pdf

Directional Detection: WIMPs

Astrophysical signature and post discovery
science
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https://arxiv.org/pdf/1807.09004.pdf
https://arxiv.org/pdf/2102.04596.pdf
https://arxiv.org/pdf/1209.3339.pdf

Directional Detection: Neutrinos

CNO neutrinos: event-by-event directionality yields neutrino

energy spectrum, breaks degeneracy with pep + ‘Be and CNO.

Geoneutrinos: 10 T for 10 years to measure K-40.
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https://arxiv.org/pdf/1710.06724.pdf
https://arxiv.org/pdf/2008.12587.pdf

Directional Detection: other physics

Other Neutrinos: galactic SN, beam dump or reactor CEVNS
Non-WIMP DM: various models with NR/ER signals

Applications: Neutron
background characterisation,
homeland security.

Migdal Effect
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https://arxiv.org/pdf/2106.13079.pdf

Arxiv: 2106.15829

Achieving directional detection

Detector classes by directional information "%

Proposed
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Gas TPC .
» Head/tail measurable D rl ft
» 1d,2d or 3d
» Independent energy /
direction measurement

Nuclear emulsions
Anisotropic scintillators Columnar recombination » 2d recoil tracks, without
s N event Tovel d st tons » Event-level 1d directions head /tail
» Exploits modulation of » No head/tail » No event times recorded

DM with respect to » Direction and energy are
crystal axes not independent DNA detector Crystal defects
» 3d recoils without head /tail » 3d track topology

» No event times recorded » Head/tail measurable G as Am p | If | Cat| on

as I'PC is the most mature
event-by-event directional detector.

Readout

Directionality:
Track orientation (angular resolution) +
vector sense (head/tail)



https://arxiv.org/pdf/2106.15829.pdf
https://arxiv.org/pdf/2102.04596.pdf

CYGNUS

large distributed gas time projection chamber with

Long term goal:
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CYGNUS - WIMP sensitivity

Recent WIMP sensitivity results. ER studies underway.
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https://arxiv.org/pdf/2008.12587.pdf
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Arxiv: 2106.15829

CYGNUS - R&D challenges

A subset of the challenges:

1. Diffusion (long drift distances for small tracks)
2. Fiducialisation (reject surface radioactivity)

3. Energy threshold (event/directional/particle ID) &

Gas properties » Readout



https://arxiv.org/pdf/2106.15829.pdf

Negative lon Gases
CS,+ O, and SF

Diffusion at thermal limit

10° slower drift speeds
— slower (cheaper) readout

Minority Carriers Arxiv 1609.05249
— fiducialisation
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Negative lon Mobility

Negative lon Gases

CSZ: toxic, corrosive, flammable.

SF: inert (but potent greenhouse gas)

Nearly atmospheric

Main focus on SF6

—a— SF;(75, 100, 150 Torr)
—a— He:CF:SF; 60:40:120 Torr
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—— Ar:.CQ;SF; 192:85:93 Torr

pressure gas mix
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https://arxiv.org/pdf/2011.06994.pdf
https://arxiv.org/pdf/2004.09706.pdf
https://arxiv.org/pdf/1710.01994.pdf

Highly segmented readout

Typically necessary for low-threshold particle ID . 6 kees NR

and directionality | PO -
He recoils in 755:5 Torr He:SF6

Optical readout
(He:CF,)
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Alternative fiducialisation scheme is
possible, based on transverse diffusion



https://arxiv.org/pdf/2008.12587.pdf
https://arxiv.org/pdf/2007.12508.pdf

Various stages of R&D/scale-up
Italy Hawau
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Shorter term goal: Migdal effect
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— low mass limits,
but never directly
observed!

Path to Migdal
observation in RS
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Neutrino coherent scattering XENONIT (2018)
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https://arxiv.org/pdf/2009.05939.pdf
https://arxiv.org/pdf/1907.12771.pdf

Physics case for a directional gas TPC
10 m3 mod

Conclusion

Directional TPCs are a useful platform
for rare event WIMP/neutrino search

Dark matter Neutrinos Other physics
sub-GeV WIMP se Directi onal CEvNS ; Directional neutron

R&D challenges remain, but scale-up ! e
appears feasible and is already N
beglnnlng - Competitix!e

non-WIMP N

search

Short term prospects for interesting W | Cmme  Dhemel
physics (Migdal) and translational e | &
opportunities.

Global TPC network

Z i
/ s‘J 2
\! 3
& #
i


https://arxiv.org/pdf/2102.04596.pdf

