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CYGNUS

G. C.

Jun.

Dec.

v0=220km/s

v☉=230km/s

Solar system

@ LAB

nucleus

DM HALO “CYGNUS” concept

WIMP-wind detection
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CYGNUS
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CYGNUS: community
7×bi-annual workshops (2007-)

CYGNUS 2019 @Roma

2×review papers
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CYGNUS: collaborative works

2×review papers

2×monthly TV meetings

physics (S. Vahsen)

detector (K. Miuchi)
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CYGNUS: collaboration
proto-collaboration (2016-)

>50 researchers

steering committee

N. Spooner (Sheffield)

K. Miuchi (Kobe)

S. Vahsen (Hawaii)

E. Baracchini (GSSI)

G. Lane (Melborne)
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NEWAGE
[Kobe+]

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

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

• MWPC (2mm pitch)
• pioneered this field
• Underground
• Low background
• Large size (1m3)

1m

MIMAC
[France]

DRIFT
[UK+US]

D3
[Hawaii]

10cm

2cm

10cm

50cm

25cm• pixel/optical
CYGNO/INITIUM

[Italy]

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

• Optical readout
• normal and NI gas
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NEWAGE

New general WIMP search with an Advanced Gaseous tracker Experiment
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NEWAGE history
μ-PIC(MPGD) based TPC

3-D tracks SKYMAP

CF4 gas for SD search

Proposal PLB 578 (2004) 241

First direction-sensitive limits

PLB654 (2007) 58

Underground results

PLB686 (2010) 11, PTEP (2015) 043F01s

Phase for “low BG detector”

020406080100120140160180

galactic longitude

180200220240260280300320340
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NEWAGE detector
NEWAGE-0.3b’

Detection Volume: 31×31×41cm3

Gas: CF4 at 0.1atm (50keVee threshold)

Gas circulation system with cooled charcoal

Drift length: 41cm 
PEEK + copper wires

- 31×31cm2

- pitch : 400mm
- gain : ~1000
- made by DNP, Japan

NEWAGE-0.3b’

μ-PIC

μ-TPC



BG source: alpha particle from μ-PIC

BG study
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Glass cloth in PI had O(ppm) U/Th

gap events

TPC events

simulation

μーPIC schematics

HPGe results

BG schematics

MC results

TARGET:

low-α emitting μ-PIC development

K. Nakamura

T. Hashimoto



Low-α μ-PIC

2014 material selection

new material :PI + epoxy

BG level: < 1/100

helped by K. Ichimura, K.Abe (XMASS)

T. Hashimoto

μPIC structure (original) μPIC structure (new)

material selection results



Low-α μ-PIC：development
T. Hashimoto

Development of low-α emitting μ-PIC

2015: 10×10 cm2 μ-PIC

2016: 30×30 cm2 μ-PIC

& DNP Co.

perfectly produced !
in spite of the material change

low-α μ-PIC

electrodes

low-α μ-PIC



Low-α μ-PIC：DM run
Installation: Dec. 2017

DM run: 2018-

RUN22-1 2018/6/6~2018/8/24 (47days)

RUN22-2 2018/9/20~2018/12/3 (61days)

～×10 improvements

energy spectrum

directional limits

2 22
2

preliminary
preliminary
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NEWAGE

and beyond



NEWAGE：next
new main BG:

μ-PIC: surface BG

radons

more than×10 improvements in next 5 years

μPIC structure (now) surface BG was observed

α counter (Ultra-lo) results

(K.Kobayashi)

β-rays from the 800 μm

“core substrate”

(ｎｅａｒ future BG)

BG schematics
Radon BG

[α/cm2/hr]

2.5<E<4.8MeV(bulk) (8.1±3.2) x10-5

4.8<E<5.8MeV(surface) (2.1±0.5) x10-4

plans

low BG μ-PIC

negative ion TPC



16

NEWAGE

and low BG activities
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α-ray imaging chamber (AI-cham)

application of low-α μ-PIC

α-ray imaging ( pos. res. = 0.7cm)

BG level = 1.58×10-2 α/h/cm2 (subtraction possible)

H. Ito. (NIMA submitted, 1903.01090)

AIcham profile sample α image
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New concept TPC with sheet resistor

to overcome potential problem of existing TPCs: 

- distortion of field cage or complicated design

- radioactive background 

Vessel=GND

leakage of vessel

potential

K. Miuchi (PTEP 2019 (2019)063H01 )

E filed of

wire-TPC

Commercially available

resistive sheet

(～10GΩ/□)
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prototype of SR μ-TPC

•

19

RI measurement (mBq/kg)

8cm

13cm

sheet resistors inside the wall

Prototype z (drift) (cm)

z (drift) (cm)

Measured μ tarcks

K. Miuchi (PTEP 2019 (2019)063H01 )



20

SR μ-TPC performance

•

20

K. Miuchi (PTEP 2019 (2019)063H01 )

z-dependence of residuals
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SR μ-TPC performance

•

21

K. Miuchi (PTEP 2019 (2019)063H01 )

results TPC-dependent term
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K. D. Nakamura (JINST 13(2018)P7015)

With AXEL
Columnar recombination

SI (Xe), high pressure

fa
s
t
lig

h
t

more

recombination

less recombination

proof of concept

(for high energy α’s)

See K. Nakamura’s talk



CYGNUS/NEWAGE

C/N-1.0 chamber (18× 30×30 cm2 detectors)
・ chamber ready

・TPC cage (w/ resistive sheet), feedthrough being commissioned

DRIFT Plane

50cm

40cm

C/N-1.0 chamber

ASICs for negative ion strip readout
・ > 5k channels made

・ chip test stgarted

⇒ system design and development

collaboration
・w/ US groups: KEK-DOE funding (2017)

・w/ Sheffield: JSPS-RS funding (2018-2019)

・w/ MMAC: TYL-FJPPL funding (2019)

⇒ welcoming more !TPC cage
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Summary

NEWAGE： low-α μ-PIC development

⇒ DM sensitivity×10 improvement

Further low BG μ-PICs

ASIC development (LTARS 2018)

α-imaging chamber (AI-cham)

low BG TPC with sheet resistor (SRμ-TPC)


