
Thanks to the organizers for a fantastic meeting!
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From the organizers

• The aim of CYGNUS 2023 is to bring together experimentalists and 
theorists interested in developing detectors with the capability of 
detecting the directions of recoiling particles, especially for low-
energy applications.

• The scientific scope of the workshop is broad and will cover 
applications from across particle physics, astroparticle physics, and 
nuclear physics.
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Next steps

• CYGNUS 2023 has been very successful in broadening the CYGNUS 
workshop scope to directional recoil detection

• We would like to take advantage of the building momentum and 
formalize (slightly) how we work together

• We would like to form a new CYGNUS Consortium for Directional 
Recoil Detection
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<=2023: CYGNUS proto-collaboration

• 55 signed members from the US, UK, 
Japan, Italy, Spain, China

• These 55 folks signed a Memorandum of 
Understanding (MoU)

• Close collaboration
• Decicated gas and physics meetings
• Interim Steering group:

• Neil Spooner (Sheffield, UK)
• Sven Vahsen (Hawaii, USA)
• Kentaro Miuchi (Kobe, Japan)
• Elisabetta Baracchini (GSSI/INFN, Italy)
• Greg Lane (Australian National University)
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The dark matter wind is expected to
come from the constellation Cygnus.

Recoils from solar neutrinos

Dark Matter recoils

arxiv:2102.04596

https://arxiv.org/abs/2102.04596


Long term CYGNUS Vision: Multi-site Galactic Recoil Observatory
with directional sensitivity to dark matter and neutrinos

CYGNUS-US
SURF, USA
He:CF4:X
Strip readout

CYGNUS-UK
Boulby, UK
He:SF6
GEM+wire
readout

CYGNUS-KM
Kamioka, Japan
He:SF6(CF4)
Strip readout

CYGNO/INITIUM
Gran Sasso, Italy
HeCF4(SF6)
sCMOS+PMT

readout

CYGNUS-Oz
Stawell, Australia
R&D leading 
to 1-10 m3

CYGNUS-ANDES
New proposal
t.b.d.
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https://arxiv.org/abs/2008.12587
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Proposal/Plans going forward (>=2024)

• Expand steering group
• Neil Spooner (Sheffield, UK)
• Sven Vahsen (Hawaii, USA)
• Kentaro Miuchi (Kobe, Japan)
• Elisabetta Baracchini (GSSI/INFN, Italy)
• Greg Lane (Australian National University)
• Ciaran O’Hare (Sydney, Australia)
• Dinesh Loomba (New Mexico, Hawaii)

• This steering group will work to form the CYGNUS consortium
• CYGNUS consortium for Directional Recoil Detection --- broadened 

scope compared to the CYGNUS proto-collaboration
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CYGNUS consortium vision I
• Anyone interested in directional recoil detection is welcome to join
• Individual members sign up so that our membership is clear
• No financial obligations or agreement to data sharing initially, members only 

agree to their institution’s name and logo being used in our talks
• Coordinate detector R&D, theory work, and share software to avoid 

duplication, thereby maximizing our impact
• Physics sensitivity studies
• Technical designs (e.g. gas vessels, shielding)
• MPGD amplification devices
• Charge readout
• Optical readout
• Simulation and analysis software tools
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CYGNUS consortium vision II
• We eventually envision collaborating on funding proposals for inter-mediate 

size DM/neutrino demonstration experiments above/below ground 
• Possible example: direction-sensitive CEvNS experiment at SNS Oak Ridge in the USA

• Steering group maintains / organizes infrastructure for joint work
• Membership directory
• Web site
• Mailing lists
• Expanded range of regular topical meetings
• Code repository
• Speakers committee
• Summary slides and PR material for use in talks
• CYGNUS international workshop series
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•By working 
together, we 
stand 
stronger!
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Comments or suggestions?
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backup
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Opportunities for a 30+ year physics program

• Quenching factor and recoil physics (TUNL)

• Migdal Effect measurement

• Coherent Elastic Neutrino-Nucleus Scattering (CEνNS)
at ORNL (SNS) or Fermilab (NuMI and later LBNF) 

• Competitive DM limits in SI and SD

• CEνNS and e-recoils from solar neutrinos

• Efficiently penetrating the LDM ν floor

• Observing galactic DM dipole

• Measuring DM particle properties and physics

• Geoneutrinos

• WIMP astronomy

Ex
po

su
re

, s
ize
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arxiv:2102.04596 Approx. volume of gas TPC required. 
Expect 10 m3 modules eventually

• New physics opportunities for each factor of 10 increase in exposure
• Both guaranteed measurements (yellow text) and novel, exciting searches --- across frontiers!
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https://arxiv:2102.04596


Dark Matter via Nuclear Recoils (<2019)
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https://arxiv.org/abs/2008.12587 (2020)

https://arxiv.org/abs/2008.12587


“Directional Recoil Detection”: 
Expanded physics program for 
directional detectors (link)
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20222021

“Recoil imaging”:
Also expanded community 
(167 physicists)

arXiv:2203.05914

https://doi.org/10.1146/annurev-nucl-020821-035016
https://arxiv.org/abs/2203.05914


𝛼 − particle
~1500 keV

Vision or madness? DUNE-scale gas TPC w/ 30 eV threshold

He-recoils, 0.4-20 keVee

X-ray
conversion
5.9 keV

𝛽-ray 
40 keV

- Prototype data in He:C02 gas @ 1 atm
- Each voxel: ionization density in 50 x 250 x 250 μm3

Spectroscopy of
Astrophysical 
neutrinos

Search for BSM
neutral currents
at 𝜐 sources

Topological
& directional
reconstruction of 
low-energy nuclear 
and electronic 
recoils in gas 
enables new 
experiments

Detect Exotic final states 
(e.g. Migdal effect)

~1 mm

Distinguish dark matter wind
from solar-𝜐à probe 𝜐 fog

Sven Vahsen (Univ. of Hawaii) for CYGNUS
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• Already near the fundamental performance limit – single electron counting in 3d – w/ 100 µm spatial resolution
- in small detectors using MPGD amplification and pixel ASIC readout

• A DUNE scale experiment with 30 eV energy threshold would be game changing
- multi-mesh strip micromegas, negative ion drift, and extreme trigger multiplexed readout schemes for cost reduction



CYGNUS: US Program Vision
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SNS, Oak Ridge, TN SURF, Lead, SD International, multi-site
1000m3 in the U.S.

Arxiv:2008.12587

• 3 years of R&D to establish electron counting & 1-keV recoil directionality
• Directional BSM search in 1 m3  ν-scattering experiment, aboveground 
• Radio-pure 10 m3 experiment, underground (DM)
• Large-scale, underground observatory (solar neutrinos + DM below neutrino floor)

Directional BSM-search in CEνNS World-leading DM limits
DM search in the neutrino fog!

1 m3

10 m3
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time

https://arxiv.org/abs/2008.12587


Final remarks
• CYGNUS workshop has much widened scope this year

• I only scratched the surface on what can be done with directional reccoil detection
• I look forward to hearing your latest developments and new, exciting ideas

• We should get more organized
• R&D collaborations: DRDs (Europe), RDCs (US) now forming. May be an opportunity for 

more blue sky R&D funding for our field
• Even so, it may help us formalize the CYGNUS collaboration further

• To make the case for scale-up
• We need to report clear, practical performance metrics
• The ultimate performance metric is cost/unit-sensitivity

• Shoot for the stars!
• Demonstrate 3d electron counting
• Develop detailed plans for scaling up to DUNE scale: starting with >= 10 m3 designs
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