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“CYGNUS” concept
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cosθ 1-1

M=80GeV
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directionality

(expected)

detector:

low pressure gas ← this talk

emulsions ← next talk

diamond detectors, scintillators...



• Key technology: Gaseous Time Projection Chamber
• 2-dimensional image: Micro Patterned Gaseous Detector (MPGD)

• timing information: 3rd dimension

• realtime 3-dimensional tracking
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x
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TPC principle

E

μ-PIC

MPGD：
GEM, micromegas, μ-PIC

• drawback: small mass O(kg) / m3
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Directional Detection
• Clear Discovery

even with the neutrino BG
+ study the nature of DM after discovery
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CYGNUS: community
• 7×bi-annual workshops (2007-)
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• proto-collaboration (2016-)
• >50 researchers
• discussion on-going for actual collaboration

• Joint papers

steering committee

E. Baracchini (GSSI)

G. Lane (ANU, Canberra)

K. Miuchi (Kobe)

N. Spooner (Sheffield)

S. Vahsen (Hawaii)



40cm

Gaseous TPC activities

CYGNO-Initium

Gran Sasso, Italy

He CF4 (SF6)

sCMOS+PMT readout

CYGNUS-10

Boulby, UK

10m3 He:SF6

GEM + wire readout

CYGNUS-HD10

SURF, USA

He:CF4:C4H10

Strip readout
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• gaseous TPCs: most-widely studied in the world

NEWAGE/CYGNUS-KM

Kamioka, Japan

SF6 / CF4

Strip readout

CYGNUS-OZ

Stawell, Australia

R&D leading to 1 m3

Long-term plan 10 m3

MIMAC

Moderne, France

CF4+CHF3

Strip readout
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CYGNUS: physics reaches
• Realistic simulation (strip readout)
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even 10m3 detector

can start exploring Xe neutrino

floor fog

arXiv 2008.12587



• pioneered 3d-tracking (direction sensitive) (NEWAGE)

• C/N-1.0 chamber (18 × 30×30 cm2 detectors)
• chamber ready
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40cm

C/N-1.0 chamber

proposal: PLB 578 (2004) 241

first results： PLB 654 (2007) 58

latest results: PTEP 2021 063F01

MPGDs
(μPIC+GEM)

μ-PIC
GEM

NEWAGE-0.3b”

Directional DM search results

PTEP 2021, 
063F01

Japanese “CYGNUS” activities



• Recent C/N-1.0 activities

• Sheffield (DRIFT) micromegas detector test
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40cm

Sep 12 2022

Sep 12 2022

C/N-1.0

first light

super preliminary



• Resistive Sheet TPC

• need electric field to drift electrons

• traditional method: wires, ribbons...

• new approach: resistive sheet
easy to assemble
radioactive low BG
uniform electric field
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PTEP 2019 (2019)063H01

wire TPC

15cm

10cm

RS-TPC
(RS on 4 sides)

commercially-available
“anti-electric sheet” as cheap starting

carbon sputtered
EVOH sheet (for radon barrier)

+



Negative ion TPC Study
• no “S1” signal

• Pioneered by DRIFT group

• Minority carrier discovery (CS2+O2, Occidental group)
• use several ion species with different drift velocities

•

• SF6 discovery (2015, UNM group). 
• z-fiducialization 7.3mm FWHM
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small diffusion

⇒ ｚ fiducialization possible ⇒LOW BG !

minority carriers (CS2 )

z-fidutilization (SF6)

2017 JINST 12 P02012

Phys of DU 9-10 (2015) 1



• to be CYGNUS: Trackings
• strip readout + ASICs
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α Tomonori Ikeda (Kobe)

JPS Mar2018

paper in preparation

LTARS2016 + Wellesley’s micromegas

resistive-strip readout

３D tracking+ fiducialisation

２D tracking

2019 J. Inst. 14 T01008



Migdal
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Migdal effect associated with nuclear recoil by gaseous detectors
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• MIGDAL effect
• Low mass search with “MIGDAL effect”

• Ordinary nuclear recoil : ionization along the track

• Low energy recoil : ionization efficiency is low
⇒ cannot be detected

• Very rare case electrons are emitted

PRL123, 241803 (2019)

PRL123, 241803 (2019)



• Migdal observation proposals by gaseous detectors
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arXiv:2207.08284v1

Migdal effect Investigation as

RAre event CLUEs
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• MIGDAL experiment
• CF4 gas (50Torr)

• optical readout for NR+e-track

• (relatively) high energy neutrons 

MIGDAL talk

@IDM2022
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• MIGDAL experiment
• CF4 gas (50Torr)

• optical readout for NR+e-track

• (relatively) high energy neutrons 

Xe gas

DM 0 νββ

MIRACLUE detectors

• MIRACLE experiment
• Ar (1atm) and Xenon (8 atm) gas 

direct interests in DM search

• start with existing technologies
less R&D

• characteristic X-ray channel for 2-
cluster detection (as the first step)
less BG

• low energy (565keV) neutrons 
less BG



• BG and signal identifications
• BG reduction is the key to observe Migdal effects
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intrinsic neutron BGs

(565keV neutrons)
2-cluster distance

gamma-ray BGs

from lab (avoidable)

LiF loaded polyethylene shieldings

@neutron source

neutron beam
6Li(p,n)7Be @ AIST Japan continuous

565keV

1000 neutrons /cm2 /sec @ 1m from the source

PTEP 2021 013C01



• MIRACLUE now and future
• 1st beam test: April 2022

• BG study with scintillators (BGO, CsI)
now: comparison with MC

• Xe, Ar, chamber test

• 2nd beam test: December 2022

• BG study with real size (30cm)3 Ar chamber

• 2022-2023

• shielding optimization

• MIGDAL effect observations
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preliminary
Kiseki Nakamura

JPS Sep 2022

Miraclue Xe detector

Miraclue Ar detector

preliminaryKei Kanezaki

JPS Sep 2022



SUMMARY

• Gaseous detectors are powerful tool for
• directional dark matter search and

• Migdal effect observations
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Thank you, and see you in Japan...
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