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see also

75

(2020 ) 2 68-76

https://arxiv.org/abs/2309.13923

to appear in JAIS

https://arxiv.org/abs/2309.13923


ÅDM: seen in various scales in the universe
Å@ galaxy: rotation curves 1970

Å@ cluster of galaxies: collision of
galaxy clusters (2007 )

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

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

plasma
(baryon)

mass
(dark matter)

rotation curve

Plankteam

cluster collision pie chart of the universe

GR !
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http://map.gsfc.nasa.gov/ContentMedia/A2218.jpg


ÅDMΒ
ÅⅎẎǱdiscovery ȷɘɶȷ

3

Symmetry 2021, 13(10), 1945; 

https://doi.org/10.3390/sym13101945

Å ǵɆɶȭ
Å DM AXION (CP problem in QCD ) Ǳǰ

Å ἧDM WIMPs (Weakly Interacting Massive Particles) Ǳǰ

ÅᶮКǵ֝ȑ ȆȉǉȖǢǭ

DM

DM

SM

SM

WIMP̱SM



DM AXIONǱǰ



ÅȠȭȵȨɱ/ȠȭȵȨɱ ἧ
ÅQCDȠȭȵȨɱ strong CPᵂ ǯȩɁɕɨɱȮǲ ͜

ÅȠȭȵȨɱ ἧ ǹȉ ʣ Ѱ ǱǞ

ÅϽἧ ἧƲ ἧ ǯǵcoupling ș

5
pdg2023 review



ÅȫɡɑɄȡɶǲȏȒ (ADMX)
Å▌ ḹʴǮaxion șϽἧǲẀ

ÅȫɡɑɄȡɶɵ ȆїǞǲ›ẑ

Å ǵ˔ Ḣǵ ș Ồ

6Rev. Sci. Instrum. 92, 124502 (2021)

PRL 127, 261803 (2021)

Rev. Sci. Instrum. 92,

124502 (2021)



ÅȫɡɑɄȡɶǲȏȒ ӔẎ
Å◐ ǵ›ẑ

ÅɄȷɆrun Ồ

7

https://www.lowbg.org/ugap/ws/am2023/slide/6-1.pdf



ÅɜȮɌɱǲȏȒ
Åaxion - ἧǵ֚ꜘ

ÅɜȮɌɱǯǞǭ ї

ÅQUAX ǲȏǪǭϼ

Å ἧȹɱȳɶ ɅɶȽǮѰ

8

PRD 105, 102004

Phys. Rev. Lett. 124, 171801 (2020)



ÅȾɶȭɓȧɆɱ
ÅU(1)ᾍ ר

ÅϽἧǯȩɁɕɩ

Å ḹʥ

9https://github.com/cajohare/AxionLimits



ÅȾɶȭɓȧɆɱ
Å ι ǮȾɶȭɓȧɆɱŁϽἧ

Å ǲḉ ǲ ᾑŁ ǲɪȵɶɎɶ

ÅDOSUE - RR (J, KɎɱɇ)

10

https://conference-indico.kek.jp/event/236/contributions/4356/Dieter Horns et al JCAP04(2013)016

Phys. Rev. D109 , 012008

Phys. Rev. D109 , 012008



DM WIMPǱǰ



Direct Detection

CYGNUS

G. C.

Jun.

Dec.

v0=220km/s

v =230km/s

DM HALO

@ LAB

nucleus

Solar System

1

ÅWIMP signal
Ånuclear recoil: elastic scattering

Åenergy

Ånucleus dependence

Åseasonal modulation

Ådirection 12

DM



History
Åleading technologies
Åsemiconductor Ҝ scintillators
Ҝ cryogenic detectors (bolometers)
Ҝliquid noble gas

Direct search history

lim
it

13

DM



ÅDAMA (NaI)
Å250kg NaI scintillators

ÅAnnual modulation were reportedʿ1998˙

ÅLatest 2.46 ton year 12.9 ů

ÅSOMETHING is detected

No BG explains this modulation

No natural DM model explains, eitheré

DAMA

DAMA/LIBRA

14

NaI



ÅOther NaI detectors
ÅCOSINE( 100kg):
Å3 xd`qrĜld`rtqdldmscompleted
ÅConsistent with null and DAMA.
Åupgrading (low threshold, mass ¥2)

ÅANAIS (112kg)
Å3 xd`qrĜld`rtqdldms
Åincompatible with DAMA
Å2 more years to test by 4Ð

ÅSABRE
ÅNorth and South inpreparation

ÅPICOLON
ÅPure crystal

ÅCOSINUS
Åbolometer technique

Need to be stay tuned.

3.3ů 2.6ů

vs DAMA

PRD 106, 052005 (2022)

Phys. Rev. D 103, 102005 (2021)

15

NaI



ÅLiquid Xe/ Ar double - phase (liquid+gas )
ÅXENONnT, LZ, PandaX - II (Xe) , DARKSIDE( Ar )

ÅSeveral 100kg 1ton

Åz position can be known

ÅElectron background can be discriminated

Double phase detector principle

PMT

PMT

liquid Xe

gas Xe

light yield

time

XENON nT detector

16

Xe



ÅXENONnT

17

Xe



Å
ÅLZ : 0.9 ton ɵyear 9.2e - 48 cm 2 for 36 GeV WIMPs

ÅXENON : 1.1ton ɵyear 2.6e - 47 cm 2 for 28 GeV WIMPs
(blind analysis + power constraint limit setting)

1ton year

PRL 131, 041002 (2023) PRL 131, 041003 (2023)

dashed : w/o power constraint

PRL 131, 041002 (2023)

18

Xe



Å˹ ♥
Å5₴ ↓ǵ Ł SUSY Ḣ

ÅǤǵ♥ XLZD (XENON LZ DARWIN )ǱǰǜȐǲẎḌӓ
ɉɣɶɆɨɌFOG

1.4 10-48cm@50GeV
1.4 10-48cm@40GeV

19

Xe



Å̭ WIMP: MIGDAL ҧ
ÅMIGDAL ҧ
Åԍἧ ֚ ǲ ǲ ἧǓ їǜȓȒ

ÅA. B. Migdal ǲȏǪǭ

Å̗ ǜȚ ǲȏǪǭDM ș꜠ ǲǞǦreformulation

Å ₡ǵ їᶅṶ̌ ( 1GeV) ǲ ↓

J. Phys. USSR 4 (1941) 449

PRL123, 241803 (2019)

PRL123, 241803 (2019)

20

JHEP03(2018) 194

MIGDAL



ÅMIGDAL ҧ Ƽ ̱ƽǵ ̱ȫȹɌɱ
Åԍἧ ֚ ǲ̢ǍMIGDAL ҧ Ƕὕ ǲ

Å2 ╛ȫȹɌɱ їᶅ

Å14MeV ʴרἧ Ł 7keV nuclear recoil S2 ˗ ș Ǡ

Å2ȮɩɶɕǓḸף ǜȓǡ/ ǏǦ

21

talk at UCLA DM2023

arXiv:2307.12952v1

MIGDAL

https://indico.cern.ch/event/1188759/contributions/5222299/attachments/2622583/4534820/UCLA 2023 Dark Matter - Migdal Search in LZ - Jeanne Bang.pdf


ÅMigdal Ȫȷ MIRACLUE/MIGDAL
ÅȪȷ їᶅ
Åԍἧ ֚ + ἧֵͬ
Åʴרἧ ᾑ șỒȈǭǋȒ

22

Astroparticle Physics 151 (2023) 102853
PTEP(2020)ptaa162

YZ

XZ

Ar +
20aV1-4

MIGDAL



ÅSpin - dependent WIMP
ÅPICO
ÅSuperheated chamber
ÅThreshold - type detector
ÅBest SD sensitivity

PRD 100, 022001 (2019)

C3F8 52kg

1167kgdays

2.45keV threshold

3 events remained
23

SD



ÅFluorine advantage
ÅSD search

Ådifferent ĝMdtsqhmneknnqĞeqnl
xenon

24

SD



ÅɓɁ ̓ǪǭȦɋɩȬɶȉǯȑǦǋƳ
: ӓCF4ȵɱȿɪɶȽǵ

Å2021 ₴ лԁCF4Ȫȷǵ Ͻ ṔϽ

Å

Å2023 ₴ὕ ӓCF4ǵ Ͻ

25

PMT1

PMT2

50ns

20mV

CF4

PMT 1

PMT 2

SD



Å̭ WIMP
ÅBolometers
ÅLow energy threshold Ń low mass DM

CRESST-III detector

CRESST-III result

26



ÅCCD
ÅDAMIC

Å pioneer of low threshold

ÅSENSEI
Å skipper CCD

Å sensitive to single electron

ÅDM - electron channel and other

DAMIC

PLB 711 (2012) 264ï269

DAMIC

0.5g

threshold 40eV

CRESST

XENON 10

PRL 125, 171802 (2020)

OSCURA 27



Å ᾚ̱ɵ ἧ
ÅTES (transition edge sensor), KID (kinetic inductance detector),

MMC(metallic - magnetic calorimeter), nanowire...

ÅKID
ÅȠɩɝɉȤɞǵ șCaF 2ȤȦɍʣǲ◐

Å˹♥ ĞKamioka CryoLab ĝǮ̭ complex
Ҧ 21aV1-7 ⱬ

28

PTEP2023 103H02

21aV1-7

PTEP2023 103H02

KID

60keV

5.55MeVʰ



Å ᾚ̱ɵ ἧ continued
Å ἧɑɁɆ

ÅȫɡɑɄȡɶǵ ȆїǞ

Å Ҥ

29

https://arxiv.org/pdf/2311.10413.pdf

: 21pT3-6, : 21pT3-7

https://conference-

indico.kek.jp/event/236/contributions/4348/attachments/3270/4481/IPN

S_20231222_quantum_schen.pdf



ÅǜȐǲ ǒȐǵǉǑȑinput Ƕ

30



ÅDirectional search
ÅConcept: ĝBXFMTRĞ
ÅMore robust evidence than annual modulation

ÅStudy the DM nature after discovery

1-1

M=80GeV
0.1pb

expected anguler distribution

ˢѣʿangle between the nuclear recoil direction
and constellation CYGNUSˣ

clear forward scattering

31

Ȫȷɵԍἧ ˏ


