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nucleusnucleus

DM

SIGNAL

ER<～100keV

expected direct DM signals

• ① observed * events

② energy spectrum    

• ③ seasonal modulation

• ④ material dependence

• ⑤ direction-sensitive

DM direct detection



アイディアは1980年代から

R&Dは1990年代から



Physics cases



Direction-Sensitive Dark Matter Search

concept “CYGNUS”

GC

Our GALAXY

SUN
constellation
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WIMP-WIND from “CYGNUS”



Clear Discovery

+ study the nature of DM after discovery
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“CYGNUS” physics towards discovery
Potential to search beyond the

“neutrino floor”†

† neutrino-nucleus coherent scattering

solar

atmospheric

ecliptic coordinate
10B

WIMPS

clearly distinguishable

expected



Size and Physics Reach

オーダー 1m^3～ 0.1kg程度

方向感度での必要事象数 10～100事象



“CYGNUS” physics after discovery

Test the DM motion

ex. Sagittarius stream

streams, halo model…

standard HALO

standard HALO + stream

GC

Our GALAXY

SUN

constellation

“CYGNUS”

galactic coordinate

expected



“CYGNUS” physics after discovery

Test the interaction by scattering angle

some operators are distinguishable

SI SD



“CYGNUS” physics after discovery

Test the interaction by scattering angle②

iDM (inelastic scatterings dark matter) and normal

darkmatter ( FFeDM (form factor elastic dark matter))
show different angular DISTRIBUTION



Experimental Status



Experimental concept

a few mm in low pressure gas

a few 100 nm in solid

Most typical “CYNGUS”:

low pressure gas TPC
TPC

Recoil nuclear track detection < 100keV

challenge: short track

E

2D readout + timing

→ 3D tracking



DRIFT:

pioneer of “CYGNUS” concept
early 2000s ~

large TPC

low BG study

2mm pitch multi-wire proportional chamber

not very direction-sensitive



NEWAGE
[Kobe+]

• m-PIC (400mm pitch strip)
• direction-sensitive limit
• Underground

• Micromegas (~400mm pitch strip)
•quenching factor measurement

• MWPC (2mm pitch)
• First started direction-
sensitive method
• Underground
• Low background
• Large size (1m3)

1m

MIMAC
[France]

DRIFT
[UK+US]

D3
[Hawaii]

DMTPC
[US+UK]

• optical (CCD) readout
• R&D in the surface lab

1m

10cm

• Pixel readout (ATLAS FE-I4) chip
• R&D in the surface lab

2cm

10cm

50cm

25cm

1m



議論：

gas: asymmetryは大きいが信号数は少ない

→ 固体や液体で何とかならない?



• emulsion (20~50nm crystal)
• good position resolution
• large mass
•No time resolution

NEWSdm
[Japan+Italy]

DM

Φ～10nm
C

~10μm

DeCANT
[Italy]

•Carbon nano tube
•large mass
•Proof of concept is ongoing

Liq Ar
[Italy, Japan]

• “anisotropic” scintillator
• large mass
•need to confirm in low energy

ZnWO4

[Italy, Japan]

• columnar recombination
• large mass

中

関谷

中村、早稲田?

身内?



2007 ～ biannual workshop

2007 Boulby

2009 Boston

2011 Aussois

2013 Toyama

2015 LA

2017 

for 10th aniversary

2016 co-working meetings

Jan Boulby

Apr Roma

July Sheffield

NEWAGE/CYGNUS-Kamioka

test chamber

2016 Sep -

proto-collaboration

4 WGs



CYGNUS proto-collaboration
将来的に大きな検出器が必要 ← 意見一致

時期については様々な見解 → お友達契約



約40名（うち日本人 22名）



CYGNUS activities

steering committee (Spooner(英), Miuchi(日),

Vahsen(米), Baracchini(伊), Barberio(豪)  )

WGs’ chairs (occasional TV meetings)

• gas(Miuchi)

simulation(Vahsen)

vessel(Spooner)

BG(Baracchini)



SUMMARY

Direction sensitive dark-matter search

Discovery and further investigation

Many small size R&Ds are actively ongoing


