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• DM: seen in various scales in the universe
• @ galaxy: rotation curves（1970～）

• @ cluster of galaxies: collision of
galaxy clusters (2007～)

• @ universe: CMB and other observations
(2002~)

Annu. Rev. Astron. Astrophys. 29(1991)409 

plasma
(baryon)

mass
(dark matter)

rotation curve

Plank team

cluster collision pie chart of the universe

GR !

http://map.gsfc.nasa.gov/ContentMedia/A2218.jpg
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• DM candidates: thousands of them
• “good”candidates would solve other problems

• AXION (CP problem in QCD)

• Primordial black hole (BHs are there!)

• WIMPs (Weakly Interacting Massive Particles)

• WIMPs
• Produced in the early universe

• Annihilate
rate ∝ cross section × velocity

• Freeze out at some point
abundance is fixed

• σ～weak scale explains present abundance
⇒WIMP miracle !



• WIMP hunting
• WIMP-SM(standard model particle, i.e. quarks) particle interaction

• Direct search

• Indirect search

• Collider

DM

対消滅

対生成

DM

SM

SM

indirect

collider

d
ir
e

c
t

WIMP hunting
complementary,

synergy



Direct Search

CYGNUS

G. C.

Jun.

Dec.

v0=220km/s

v☉=230km/s

DM HALO

@ LAB

nucleus

Solar System
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• WIMP signal
• nuclear recoil: elastic scattering

• energy

• nucleus dependence

• seasonal modulation

• direction

nuclear recoil



• Liquid Xe/Ar：double-phase (liquid+gas)
• XENON1T, L/Z, PandaX-II (Xe) , DARKSIDE(Ar)

• Several 100kg ～ 1ton

• z position can be known

• Electron background can be discriminated

Kentaro Miuchi 6

Double phase detector principle
XENON detector

PMT

PMT

liquid Xe

gas Xe

light yield

time



• Leading results（LZ）
• 5.5ton 60 livedays

• 6.5×10-48 cm2 @ 30GeV

Kentaro Miuchi 7

Phys. Rev. Lett. 127, 261802

arXiv:2107.13438

arxiv 2207.03764

More should come from LZ, XENONnT...



• Bubble chamber (w/ fluorine) 
• PICO 

• Superheated chamber
• Threshold-type detector
• Best SD sensitivity

Kentaro Miuchi 8

PRD 100, 022001 (2019)

C3F8 52kg

1167kgdays

2.45keV threshold

3 events remained



• Fluorine advantage
• SD search

• different “Neutrino floor”from
xenon

Kentaro Miuchi 9



Direct Detection

CYGNUS

G. C.

Jun.

Dec.

v0=220km/s

v☉=230km/s

DM HALO

@ LAB

nucleus

Solar System
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target

seasonal modulation

target

Jun.

Dec.

• WIMP signal
• nuclear recoil: elastic scattering

• energy

• nucleus dependence

• seasonal modulation

• direction
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• DAMA (NaI)
• 250kg NaI scintillators

• Annual modulation were reported：1998～

• Latest 2.46 ton year 12.9 σ

• SOMETHING is detected

No BG explains this modulation

No natural DM model explains, either…

DAMA

DAMA/LIBRA



• Other NaI detectors
• COSINE(106kg)

• 3 years’annual modulation measurement

• Consistent with null and DAMA, yet.

• ANAIS (112kg)
• 3 years’annual modulation measurement

• Incompatible with DAMA @3σ

• SABRE
• North and South

• PICOLON
• Pure crystal

Kentaro Miuchi 12

Need to be stay tuned.

3.3σ 2.6σ

vs DAMA



Direct Search in a nutshell
• DAMA, Xenon(SI), Fluorine (SD)

Kentaro Miuchi 13

PRD 100, 022001 (2019)

PRD 100, 022001 (2019)
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“CYGNUS” concept

CYGNUS

G. C.

Jun.

Dec.

v0=220km/s

v☉=230km/s

DM HALO

@ LAB

nucleus

Solar System

WIMP-wind detection
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cosθ 1-1

M=80GeV
σ=0.1pb

directionality

(expected)

detector:

low pressure gas ← this talk

emulsions ← You know more than I do...

diamond detectors, scintillators...



• Emulsions (NEWSdm)
• Large mass

• Fine-grain AgBr crystals for fine track detection

Kentaro Miuchi 16

PTEP (2021) 043H01• A number of R&D publications

• Neutron measurement at Gran Sasso surface

• Hope to see DM search paper soon.
PhysRevC.107(2023)014608

PhysRevC.107(2023)014608

DM run



Directional Detection
• Clear Discovery

even with the neutrino BG
+ study the nature of DM after discovery

Kentaro Miuchi 17
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NEWAGE



NEWAGE: pre history
• PhD work: DM search with a bolometer (conventional detector)

• Shocked by “proton track“ image in 論文紹介.

Kentaro Miuchi KMI Colloquium 19
PRL73(1994)1067.pdf

And it all started...



NEWAGE: the history

• Proposal PLB 578 (2004) 241

• First direction-sensitive limits

PLB654 (2007) 58

• Underground results

PLB686 (2010) 11 ... , PTEP(2021) 063F01, arXiv:2301.04779 

• Phase for “low BG” & “large volume”

Kentaro Miuchi KMI Colloquium 20

new

PLB654 (2007) 58

pioneered：
use of CF4 gas

sky map analysis
PLB578 (2004)241

3D tracks

SKY MAP



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

• timing information: 3rd dimension

• realtime 3-dimensional tracking

Kentaro Miuchi 21

x

y

TPC principle

E

μ-PIC

MPGD：
GEM, micromegas, μ-PIC

• drawback: small mass O(kg) / m3
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• Detector: NEWAGE-0.3b’’
• Detection Volume: 31×31×41cm3

• ～1500ch readout system

• Gas: CF4 at 0.1atm (50keVee threshold)

• Gas circulation system with cooled charcoal

•

22

x

y

E

NEWAGE-0.3b’

GEM
- 31×32 cm2

- 8-segmented
- hole pitch : 140mm
- hole diameter: 70mm
- insulator : LCP 100mm
- gain : ~5
- made by Scienergy, Japan

m-PIC(Micro-pixel chamber) 
- 31×31cm2

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

Field cage
Drift length: 41cm 
PEEK + copper wires

NEWAGE-0.3b outside NEWAGE-0.3b inside



• NEWAGE latest results
• 318 days measurement @ Kamioka

Kentaro Miuchi KMI Colloquium 23

arXiv:2301.04779



• NEWAGE way to go
• low BG and low threshold to explore the DAMA region

Kentaro Miuchi KMI Colloquium 24

arXiv:2301.04779

low BG

low

threshold



• NEWAGE getting low background ①
• μPIC of low rate alpha-ray emission (LAμ-PIC)

• μPIC of low background (LBG-PIC)

Kentaro Miuchi KMI Colloquium 25

NIM A 977 (2020) 164285

test production

LBG μ-PIC

LBGμ-PIC is being manufactured now.



• 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

Kentaro Miuchi 26

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)

+



• NEWAGE getting low background ② = negative ion TPC
• Pioneered by DRIFT group

• originally for small gas diffusion

• use several ion species with different drift velocities

Kentaro Miuchi 27

⇒ ｚ position sensitive ⇒LOW BG !

2017 JINST 12 P02012

2020 J. Inst. 15 P07015

first ever ３D tracking

+ fiducialisation

z



• NEWAGE getting larger
• C/N(CYGNUS/NEWAGE)-1.0 chamber 
• 18 × 30×30 cm2 detectors

• being commissioned @ Kobe

Kentaro Miuchi 28

40cm

C/N-1.0 chamber

first light

test module

installation



40cm
NEWAGE/CYGNUS-KM

Kamioka, Japan

SF6 / CF4

Strip readout

CYGNUS-OZ

Stawell, Australia

R&D leading to 1 m3

Long-term plan 10 m3

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

Kentaro Miuchi 29
multi-site observatory

2020 J. Phys.: Conf. Ser. 1468 012044

• NEWAGE getting international = CYGNUS
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CYGNUS: physics reaches

• Realistic simulation (strip readout)

30

even 10m3 detector

can start exploring Xe neutrino

floor fog

arXiv 2008.12587



• astronomy/cosmology

• Test the HALO model

• （ex）Sagittarius stream

Kentaro Miuchi 31
streams, debris…

standard HALO

standard HALO +
stream

GC

Our GALAXY

SUN

constellation

“CYGNUS”

galactic
coordinate

expected

Exploring the Nature of the Dark Matter ①



• scan r value

• Halo model test

• isotropic (1-r) + anisotropic(r) DM HALO model indicated by n-body 
simulation (r～0.3)

Kentaro Miuchi 32

• main observables: energy +
direction(θ) ⇒2D fitting

• next:



• CYGNUS After Discovery : particle physics

• Some interaction provide characteristic angular distributions

Kentaro Miuchi 33

SI SD

angular distribution

operator

Exploring the Nature of the Dark Matter ②
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Related Topic ①: MIRACLUE
= Migdal effect observation by gaseous TPC

Kentaro Miuchi KMI Colloquium 35

lead by Kiseki Nakamura

（Tohoku University）

• MIGDAL effect
• Low mass search with “MIGDAL effect”

• Ordinary nuclear recoil : ionization along the track

• Low energy recoil : ionization efficiency is low ⇒ difficult to detect

• Very rare case electrons are emitted

PRL123, 241803 (2019)

PRL123, 241803 (2019)

PTEP (2021) 013C01
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DM 0 νββ

MIRACLUE detectors

• MIRACLUE concepts
• 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

PTEP 2021 013C01

expected signature

（2-cluster distance）

Xe gas 8atm

ELCC＋MPPC

16cmΦ×10cm



Related Topic ②: KC
= solar KK axion search by gaseous TPC

• Kaluza-Klein axion produced in the sun
→ decays to 2 photons in the detector
→ can be detected as “2-cluster” in gaseous TPC

Kentaro Miuchi KMI Colloquium 37

lead by Keishi Hosokawa

（ICRR）

KK

concept

KK axion

E

decay

~5keV

~5keV expected signature

（2-cluster distance）

search by XMASS:

PTEP （2017） 103C01



Related Topic ③: AICHAM
= alpha-ray imaging by gaseous TPC

• For material screening

• sensitivity: O（10-3）α/cm2/hour

Kentaro Miuchi KMI Colloquium 38

lead by Hiroshi Ito

（Tokyo University of Science）

NIM A 953, (2020), 163050

J. Phys.: Conf. Ser. 2156 (2021) 012176.

conceptphoto

results example



Related Topic ④: QPIX
= Pixel readout ASIC for gaseous TPC

• Fine pitch : lower energy threshold

• pixel: better angular resolution without “ghost”

Kentaro Miuchi KMI Colloquium 39

lead by Satoshi Higashino

（Kobe University）

concept

photo (QPIX neo v1) test just started



SUMMARY

The nature of the dark matter can be explored

by directional method
with gaseous TPCs

which also have a variety of other applications.

Kentaro Miuchi DMNet 2022 40

KEK プラットフォームC
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