I FHmEEeVY—I VY —(DM)

BX XX (Yin Wen, #3LX) QEREFALIF—
2026/10/15



I FHmEEeVY—I VY —(DM)

BX XX (Yin Wen, #3LX) QEREFALIF—
2026/10/15



T2V

e —RI¥—

1 RAFYE, YHFHEY - XYY —(DM)
*— B

. 2.eV DM 5

. 3.eV DM &R

4. FXEH



IR BARABEURZEVET,

IXRILFXF—DHELE LTeV, keV, MeV, GeV, TeVAR EZFEWNET
leV = 10"keV = 107°MeV = 107°GeV = 10~ *TeV

AV 2aTAVDERARBRA E=mIRE UEXT

1GeV ~ PHEFHEESC ~ BTEEC ~ 2000 x EFEEC

JEEC, NIV NV ERBUIITICLE T, mEEEERIXRILF—DRIT




- Lo
o

K

i1 BEEME, ETELY—svI— T -

.'—n’fﬁd)%ii 3 JJ%’:‘J?M'C—




1. RAFYE., YIHiFHETY—I VT —
—RIBDYIIRERZ KD T—

Q: GTERNFLRDIC. FH?

Q : TERBOYIE;EEH ?



1. RAFYE., YIHiFHETY—I VT —
—RIBDYIIRERZ KD T—

Q: GTERNFLRDIC. FH?

RHI/70 RHY7 0O
Q : TERBOYIE;EEH ?




1. RAFYE., YIHiFHETY—I VT —
—RIBDYIIRERZ KD T—

Q: GTERNFLRDIC. FH?

RHI/70 RHY7 0O
Q : TERBOYIE;EEH ?

’fé T‘gi =9,



https://ja.wikipedia.org/wiki

HE 9.109 383 701 5(28) x 103! kg
5.485 799 090 65(16) x 10~ Da
[1822.888 486 209(53)]! Da
0.510 998 950 00(15) MeV/c?

WSS ER
fine-structure constant
X
7.297 352 564 3(11) x 10-3 y 4 = % A

(1]

Q : Uﬁﬁ?o)gis
IEIUt.td) ?







A EFRIFHLEKICENS 5, oiEsSE
HEVESIE N2, OHHE.




.

L7 4 - . - B » S o
SHEOIEENICREIEWVWER | RAFIREIER
RN FIREETEER =
150D EF5 + 1% (RHF) DIES
N e N
Lagrangian FHF (13) 0 SEZANPEEDHE
. N B gt 3L R 2
1 1 1 o | a o 5
L= — P — =\ £ R % e Iy <y & L g 9;;;;:)/
\/—_g_ 4 2 (6783E) o i e < by7 i g
+ iU DU d s b T Rk
< 4w D ALY kL (B3LWAH) |
+D,®'D*® — V(®) f i
e U T @ 7
o s LT S/ | P T (BEEH)
UV, YOUp + h.c (67555) N | =R | eeE [ 3
. J Vq Vl‘ Vr H bEvJzuF
BF Sar— 2 - -
{ CDIDS., KFDIBDFEFVWRHEERANRE S, J Za=FY/ | Sa=bYJ | Za=kYJ/ - BHF
7 (FFZEDES %)

Q FRTELERE. GVEKTHETELBI TRLALORRERBATE .

\




IROEFTIE

RIREVIIRER ~ RALF DIEE

4 A

o FIZIL, }tF REV1, B=EO

) =5, BEOFT CHEHIND

N A
Weinberg, “Quantum Theory of Fields I”, Sec. 5.9ICEEEEH b B




IROEFTIE

RIREVIIRER ~ RALF DIEE

4 D

o FIZIL, }tF REV1, B=EO

J7ENY Aer2, BEO

m) 5. B?Zmd)ﬁ—c hiEhn3

L B 1D 2T (UV completionkE#h > TN F &) 3
Weinberg, “Quantum Theory of Fields I”, Sec. 5.9ICEEEEH b B




RN FIREERILTEWCWETERIAT S

ERTE IS e.g. & ¥ X E 5N 2 R
HITDOWRE—AF21 0 AR
L ED LTl . BRHRSE

. BWH J =
. RN

PV DI kG 2 Sl

=¥ R F#% ®%F
1010 m ~1014 m (B’%¥/¢'Ii¥)

<1018 m

https://astro-dic.jp/

B8
- BEOKIR (kbvJ Xi3)
z Dtttk

—13
2.0023193043605+2 x 1071 (B2 H T H)

see Morel et al Nature 2020; Aoyama, et al 2019 O) %{\t
see also Cs based prediction, Parker et al, Sicence 2019 n

https://prtimes.jp/main/html/rd/p/000000013.000081 184.html

WIS 72§ UIHR 12 X 5 b D ? Endo, WY, 1906.08768




RN FIREERILTEWCWETERIAT S

Y& Ok 2 i k25 1l e g, S ¥ 3 F LRt 2 Ak
o REE  mTaeT BT OWRT—AY %21 0ki AR
VERDY HEae . ERE

. BBWL\A J i

. GRLNST

BE&&

. BEOIR (Bv 7 Ri5)

ZDMEALR

. Za—RKY/EBFLGE
DiFE—

<1018 m

https://astro-dic.jp/

i L 2L X — i 2 st

JR— ’

-y

2.0023193043615+6 x 10713 (PDG,2022)
2.0023193043605+2 x 10715 (ZEAEIH T )

see Morel et al Nature 2020; Aoyama, et al 2019
see also Cs based prediction, Parker et al, Sicence 2019

https://prtimes.jp/main/html/rd/p/000000013.000081 184.html b 7 PP T2 X 2 B D 2 Endo, WY, 1906.08768




RN FIREERILTEWCWETERIAT S

IR O R BT RS % 3 RS 12 3I0: e & X & T BN % R
WrOWKRE— AV P2 10K | 77l

10°m ~10%4m

DI bR T . ERER

. BBWL\A J i

. GRLNST

BE&&

. BEOIR (Bv 7 Ri5)

Z Ottt

. Za—RKY/EBFLGE
DiFE—

<1018 m

https://astro-dic.jp/

2.0023193043615+6 x 10713 (PDG,2022)
2.0023193043605+2 x 10715 (ZEAEIH T )

see Morel et al Nature 2020; Aoyama, et al 2019
see also Cs based prediction, Parker et al, Sicence 2019

https://prtimes.jp/main/html/rd/p/000000013.000081 184.html b 7 PP T2 X 2 B D 2 Endo, WY, 1906.08768




RN FIREERILTEWCWETERIAT S

PVEL DI G 2 & iR

RF [RF 1% %
100 m ~04m  (BF/

Lol @i i
Vo= ¥ ay I j

R C-a

LRIV — b %

2 (BEv U XiF)

3 . s ‘L X - = : C atG 6
. & £ e "~ o~ S e | I | |
e v e ’_.‘_,“-"7.'.:.4."- o e Al A~ o o AHCh ‘_,‘ s
e X T A —— e -
~ D Y e —— S o - Yot -
e e 5~ - - - e A Rl ] - et S ——— - -
- . 7} = - s = ™ RN ’.‘-:‘37"—'« o 2
— - - L T T I} g g ok N o ~ - _—_‘ T S . —
: o SR M CERN v 9 o o e S -
e - T ow A A RS T N el SN p
= S e R - L g - - R P e =
ANCE ¢ e e AT = e+ ) . - : e P B L S e )
o . SRR . R an L -
4’.._,:;: A e ~ ” L. . - 4 2 N
~ EMS 7 2 il . & — o S = NEp. = e
. = N S o - - . - ol - N - \
- 7 « < e ._J<(, . b - P L ;
’ s ‘ -
4 -
¥

2.0023193043615+6 x 10°12  (PDG,2022) .
_ | == R

20023193043605+2 x 10~ (emamTa) (| © — -1 |\ J J t %%7’& é:
DiE—

see Morel et al Nature 2020; Aoyama, et al 2019
see also Cs based prediction, Parker et al, Sicence 2019

https://prtimes.jp/main/html/rd/p/000000013.000081 184.html b 7 PP T2 X 2 B D 2 Endo, WY, 1906.08768




RN FIREERILTEWCWETERIAT S

PVEL DI G 2 & iR

RF [RF 1% %
100 m ~04m  (BF/

Lol @i i
Vo= ¥ ay I j

R C-a

LRIV — b %

2 (BEv U XiF)

3 . s ‘L X - = : C atG 6
. & £ e "~ o~ S e | I | |
e v e ’_.‘_,“-"7.'.:.4."- o e Al A~ o o AHCh ‘_,‘ s
e X T A —— e -
~ D Y e —— S o - Yot -
e e 5~ - - - e A Rl ] - et S ——— - -
- . 7} = - s = ™ RN ’.‘-:‘37"—'« o 2
— - - L T T I} g g ok N o ~ - _—_‘ T S . —
: o SR M CERN v 9 o o e S -
e - T ow A A RS T N el SN p
= S e R - L g - - R P e =
ANCE ¢ e e AT = e+ ) . - : e P B L S e )
o . SRR . R an L -
4’.._,:;: A e ~ ” L. . - 4 2 N
~ EMS 7 2 il . & — o S = NEp. = e
. = N S o - - . - ol - N - \
- 7 « < e ._J<(, . b - P L ;
’ s ‘ -
4 -
¥

2.0023193043615+6 x 10°12  (PDG,2022) .
_ | == R

20023193043605+2 x 10~ (emamTa) (| © — -1 |\ J J t %%7’& é:
DiE—

see Morel et al Nature 2020; Aoyama, et al 2019
see also Cs based prediction, Parker et al, Sicence 2019

https://prtimes.jp/main/html/rd/p/000000013.000081 184.html b 7 PP T2 X 2 B D 2 Endo, WY, 1906.08768




Q: GTERNFLRDIC. FH?

RbI70 ROV O




Al : EBRF= 5 BFEEHZEELEICHB
KICEHLED>DTLWBAIIS,




FEORELE DM (with 3D DIRE)

ChatGPT6



FEORELE DM (with 3D DIRE)

ChatGPT6



FEORELE DM (with 3D DIRE)

Q: GTEFRNFLHDIC. FEH?
A2 : FIHIF RIS FERFDEERIS



FE ERGLE

BWTLEDEEE Tl (BBN) FHICOEESHRE(CMB)DINT—ZARI NS L

CMBEEIXIFEA E2725k  (105< 5L DENE A —/—

L i

3

=
.‘.A

-

£
- . -
Helium-4 nucleus '
2 pro.tons + 2 neutrons

» &
v
‘\ ‘.'J

L]
-<
',
.
(T
!
‘Q
+
-'...
. .

’:L.

.
L]

¥

https://www.esa.int/esearch?qg=Polarisation



F 5 EREE
BWTEDEFIE=TH (BBN) FHIYTY OEE SRS (CMB)DINT—ZARTZ KNS 1L

baryon density parameter Qph?

027 — . 107
T PDG2025 : . )

§ 020} —: CMBEREIEIEF E A 2725k 105< 5npEVEA—/—
%0.25 . PO o --.. .
é 0.24 | R i W
E0.23 < ‘

103 '
3 v
a .

lh. ot
t"’_‘
-

”~
-r

- oy,

- . - :

: & ] y ".

o ¢ %

- ' \g; R ’ T" o .'

. '. . - i <
S e 'Ii Ei;l!.!ﬁ?
7 “ o e
" -

SR -~
.

10-—10

https://www.esa.int/esearch?qg=Polarisation

baryon-to-photon ratio n = ny/n,




4He mass fraction

L]
X
<

=
b
o

=
b

=
o

FE RS
BVWILEOEFEETFH (BBN)

baryon density parameter Qph?

102

' PDG2025

baryon-to-photon ratio n = ny/n

Dy [uK?

ADIT

6000 [
sooof
4ooof
30003
20005
10005
600 [
300 |

300 f
600 |

FHVA 7 ORESBRH(CMB)DI/INT—AXRTI7 b 54

Qbh2 ... 0.02233 +0.00015
Qch2 o 0.1198 +£ 0.0012
1006pc .. 1.04089 + 0.00031
T 0.0540 = 0.0074
ln(IOIOAS) 3.043 +0.014
n. . 0.9652 + 0.0042
Planck 2018

YT TN TN TN NN W TN TN TN (NN TN TN TN TN NN W TN TN WO NN TN NN TN TN NN TN TN MO N |

o la sl ogadlaaaly

L

Y (S
500

[ N
1000

I B
1500

[
2000

2500




F= E R
BWTLEDEEE Tl (BBN) FHICOEESHRE(CMB)DINT—ZARI NS L

baryon density parameter Qph?

027 — 107 ' ,
=026_ PDGZOZ5 —E 6000_‘| ks ] ' | ' I L L ' . q A vt L ' I | v I__
g ' : ; | Quh% . ... 0.02233 +0.00015

g 0.25 £ | QAR ... 0.1198+0.0012
" 5000 |- ; 1006vc .. 1.04089 +0.00031
€ 24 ) l r 0.0540 £ 0.0074
o i | In(10'°A4;) 3.043+ 0014 ]
T .93 4000 | 5 n 0.9652 +0.0042
= 3000 E f ]
E 5 Plaan ZO] 8 -
S 2000 .
1000 [ -

of

600 |

z - 300 |

(o Q OF

< 300f

i . -600 |

P [ ST N T TR N TR NN TR SN A S WA TR TR NN W SR TR T
500 1000 1500 2000 2500
14

1010 | | | | - 110_9
baryon-to-photon ratio n = ny/n

L_ - iTQEAE,JILJ\IU\ .
fRFZE Z 8 2 CTRAL U T WS IREE R I FTARAER ISIEWVWE B S




=N FIREE R B A T ED VR

RNTFH®A RAUTREER+3DDIRE

3DDIRFE:

A Lb—>3Y
HN—=P I —
-8 RYBEIFEXTFNE

= Ic, IZRZETHERE

. Za— kY /IRE)

- ETES]

A= ITR)LF—D/hE W& HERBATEAR,




=N FIREE R B A T ED VR

RNTFH®A RAUTREER+3DDIRE

3DDIRFE:

cALb—>3Y
HN—=P I —

- ERYEIFIHNE

SHONEY S

= Ic, IZRZETHERE

. Za— kY /IRE)

- ETES]

A= ITR)LF—D/hE W& HERBATEAR,




=T —DIEEFEEH 1 HiciChc 2 REFRMEE (FREEH CRREAARAIEE

Observations
- from starlight

BN -5 — 75— DR
. FanH\MERe TR LN
. B Z FFIC7R LN
. AT
(IFIFLEFEF>TWSB, )
. #RADETITT
. FHEE (pyy,/s ~ eV)

eeeeeeeeeeeee
the vis'ible disk: -

.. 0 W 10,000 20,000 30,000 40,000

. . ° Distance (light years)

SRR

wikipedia

f‘ T 1A

X1 : FEHOME

FEHYA Y OKE =B




=T —DIEEFEEH 1 HiciChc 2 REFRMEE (FREEH CRREAARAIEE

Observations
- from starlight

BN -5 — 75— DR
. FanH\MERe TR LN
. B Z FFIC7R LN
. AT
(IFIFLEFEF>TWSB, )
. #RADETITT
. FHEE (pyy,/s ~ eV)

eeeeeeeeeeeee
the vis'ible disk: -

.. 0 W 10,000 20,000 30,000 40,000

. . ° Distance (light years)

SRR

wikipedia

f‘ T 1A

X1 : FEHOME

FEHYA Y OKE =B




Hot Dark Matter(HDM) MM 5 Cold Dark Matter(CDM) ~

1930s—-1970s

£ SIRIEEHL

CIER::

®
o 3
. ﬁf IJ
AR E R A

Rz 3MELITIE >
HHETELVEE

£

o

1970s{% 3 —-80sHI] ¥

HDMMDE 7

3£ L VHLF
IMBEZIHT

4 N

v, Axion, ...

’7ﬁ)h4’\’€a\/

\_ 4

\

Blumenthal et al 1984

-

1984
HDM vs CDM

R x NRRHSE
® (]
o
®
O
¢ -
( smmsme s )

~

gSlal= -8B 9/

=/

&R

HDM7Z [+ Tl
AFIZ

-

g

\_

INTGFA Ls
v bk

~

J

/

i 1980s % F N ( 1990s-ER ¥E A
COMMBDYEFEA ZHEIRFE
12#@
BB - FHE]E_
hnE2: - FHIR
o i AY CDMK%_&CW LD
PR RIS BHER YA
KWIMP, Axion,)
mpy ~ [pe™, Mgl
“ \ ) L Y,

HDM : VBRI FRKBIEBEZES ‘ CDM : EWLRIFN/MEENORLET 5



HDOMMAE A || COMMETA.

CMBHISEBEMBAI Y 7S NV EFESE (ERFRESELEHD) £RA



HDOMMAE A || COMMETA.

CMBHISEBEMBAI Y 7S NV EFESE (ERFRESELEHD) £RA



Hot Dark Matter(HDM) MM 5 Cold Dark Matter(CDM) ~

1930s—-1970s

£ SIRIEEHL

CIER::

®
o 3
. ﬁﬁf IJ
AR ERH

Rz 3MELITIE >
HHETELVEE

£

S

1970s{% F-80sHI F

HDMMADYE 1

SE U VELF
INBEEZHT

4 N

v, Axion, ...

’7ﬁ)h4’\’€a\/

\_ 4

\

Blumenthal et al 1984

-

1984
HDM vs CDM

B x N(FEHH
o o °

¢ -
( smmsme s )

~

gSlal= -8B 9/

2

&R

HDM7Z [+ Tl
AFIZ

-

g

\_

INTGFA Ls
v bk

~

J

(

/

-

1980s 1% I}
COMMDIE A

‘\

AT=ULVRIF
EELRIp R =S

@IMP, Axion,.?

J

\_

1990s-IRFE

ZHERR
1229

B - [
hnE2: - FHIR

COM/INS F A LD
TT
EREERYRAD

~

HDM : VBRI FRKBIEBEZES ‘ CDM : EWLRIFN/MEENORLET 5



Hot Dark Matter(HDM) MM 5 Cold Dark Matter(CDM) ~

1930s—-1970s

£ SIRIEEHL

CIER::

®
o 3
. ﬁf IJ
AR ERH

Rz 3MELITIE >
HHETELVEE

£

-

1970s{% F-80sHI F

HDMMDE 73

SE U VELF
INEIEEZHT

/v, Axion, ... A

_/

Blumenthal et al 1984

1984
HDM vs CDM

BRI x NIRRT
..
o
®

bt O
825753 97 & Ho it

> | SRl 1-8RA 921 P>

bl s A
HDM7Z [+ Tl
AFZ
IND T A L
v bk

-

-

1980s 1% I} R

COMMDEFTRA

ST ULNVRLF
CAEL R ®
//r

WIMP, Axion,.)

mpm ~ [pe™, Mg

A

\_

1990s-IRFE

ZHERR
1229

B - [
hnE2: - FHIR

COM/INS F A LD
TT
EREERYRAD

~

HDM : VP A KIS EEES ‘ COM : BOEIFANMEENDEET 2
.eV scale dominant DM 131984LIES XD AR N Eo T,



21

Y—I 5 —DIEE D ?

N—9 I 59— &R
| " | k2 - E#N

Z2TIL=AY ‘ :
R7T v IiRk—I

ion? o o \
QCD axion* Warm DIM? WIMPS® Het) Iy —R % —7

ALP miracle?
Fuzzy DM? Cold “hot DIVL”? SIMP? Heavy DM?

I H H N
10559 10-33g 10~24g 107g

10-2%eV leV 1013GeV




B2 T . B+ R



23

Y—I 5 —DIEE D ?

N—9 I 59— &R
| " | k2 - E#N

Z2TIL=AY ‘ :
R7T v IiRk—I

ion? o o \
QCD axion* Warm DIM? WIMPS® Het) Iy —R % —7

ALP miracle?
Fuzzy DM? Cold “hot DIVL”? SIMP? Heavy DM?

I H H N
10559 10-33g 10~24g 107g

10-2%eV leV 1013GeV




23

§—4 39 —DIEHIZ AN ?

§—0 39 —1%4
: i | L | _—

2 | :
RWR7T5vIi—IL

ion? o o \
QCD axion* Warm DIM? WIMPS® Het) Iy —R % —7

I B
BRI S

hLP miracle? }

4 !
v 4
l ’\ .
, - |
A
"4
[ g amg R E ,: L P N
- P | -

E —4— 5 —E = E
10_55g 10_33g 10_24g 1035g

Fuzzy DM?

1022V leV l8Gay




why eV?  Hot DM
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2. eV DM E:H

. 2-1. Thermal production of eV dark

matter, coldly WY, 2301.08735
Sakurai, WY, 2410.18968

3

P < T, = v (T ~ eV) < 1

Keyword: bose enhancement, stimulated emission



Setup: X1 < HP(DM). WY 2301.08735

yymass : M (<T) Yo, @ : massless

(Initial) conditions:
x; 1S always thermalized, while y, and ¢ are absent initially,
4+ rotational 1nvariance.




Burst production of DM ¢ turns out
from Boltzmann eqgs with bose enhancement.
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Explaining abundance of DM gives
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How about 2 to 2, e.q. yy — ¢¢7?

Sakurai, WY, 2410.18968
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.2-2.eV DM&/NY A >-DM coincidence

WY, 2608.26709

oM 5.36 + 0.07.
(2

Planck collaboration, 2018

1 FEHOMEMK
FEHYT17 O 5&%%72&5# c.t. Asymmetric DM; Kaplan et al, 0901.4117




The only baryon number violating process in the SM
IS via anomaly. It is inefficient at low temperatures.

s hateron ™ 107°T(T > 100GeV)
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» Spontaneous baryogenesis by axion induced EW
Wa"S Il/t — ma Vanvlasselaer, WY, 2604.20762

(7=fc U. wall collapseTHi¥ daxionZz/iA EHT DINEHH D)

 Affleck-Dine-like spontaneous baryogenesis
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Affleck-Dine _@24’7‘ SwWIRX P=ReY aneckanc Dine,1985:
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T
2 .
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> Re(P)

— |9| — Mp

Spontaneous baryogenesis
Affleck-Dine & = (ColdyHDMcoincidence &iHA!?

Cohen and Kaplan 1987;
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558E& POUV completion:
—pNGBs, e.g. SUQ2) = U(1)

— Feebly coupled Higgs

E-> B H IR

FCTRE WY, 2412.17802


https://arxiv.org/abs/2412.17802
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3-1. eV DM HFHIRE
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A f3(HST) Nakayama, WY 2205.01079; (ER)X#R (XRISM) WY, Fuijita, Ezoe, Ishisaki, 2503.04726


https://arxiv.org/abs/2205.01079
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Difficulties of eV DM iIndirect detection

DM signal
b »a':i

Significant background:

. Thermal radiation(T=290K) . Zodiacal light:
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Difficulties of eV DM indirect detectlon

DM signal
Narrow-line ¢ --

Significant background:
Continuous spectra

. Thermal radiation(T=290K) . Zodiacal light:
photon/(cm? sr s) sun light scattered by dust
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T. Bessho, Y. [keda, WY, Phys.Rev.D 106 (2022) 9, 095025,
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. 3-2. Observations by WINERED
and results

0°P.,; w Lo xza(E—@(l — V) X1
ONOE 4m my

Measured 1n
WY, Ikeda, Bessho, Kobayashi
+WINERED team, 2402.07976

Measured 1n
WY, Ikeda, Bessho, Kobayashi
+WINERED team, 2402.07976

Estimated 1n
WY, Hayashi
2305.13415

q Information of decay rate I,
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What we use: WINERED@ Magellan

What we will obtain

1 st diffraction

2nd (A raction

WARP

Hamano et al, 2024

lkeda et al 20006

DM 20230606 ave nanrej x4.fits

" Flux v.s. wavelength

Waeength [4]



What we have observed

Based on proposals “eV-Dark Matter search with WINERED”, Jun 2023, PI. WY Co-I. Ikeda, Bessho
“eV-Dark Matter search with WINERED”, Nov 2023, PI. WY Co-I. Ikeda, Bessho

WY, Ikeda, Bessho, Kobayashi+ WINERED team, 2402.07976

Table. I. Obervation logs. Here, Regions 1, 2, and 3 are for Leo V, Tucana II, and Tucana II, respectively.
resolution. 717 denotes the total integration time. Simbad, Inger et al 0002110

Object name Object type RA(J2000) DEC(J2000) Obs. date J, R Tr (sec)

Leo V dSph 11:31:09.6  +02:13:12 2023.06.06 — 28,000 3600
Tucana IT  dSph 22:51:55.1  -58:34:08 2023.11.02 — 28,000 4200
Sky region 1 — 11:31:56.97 +02:09:19 2023.06.06 — 28.000 1800
Sky region 2 — 22:51:06.5 -57:28:46 2023.11.02 — 28,000 1200
Sky region 3 — 22:38:08.1 -58:24:39 2023.11.02 — 28,000 1200

HD134936 A0V 15:14:41.4  -52:35:42 2023.06.06 9.44 28,000 90
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Table. I. Obervation logs. Here, Regions 1, 2, and 3 are for Leo V, Tucana II, and Tucana II, respectively.
resolution. 717 denotes the total integration time. Simbad, Inger et al 0002110
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HD134936 AQV 15:14:41.4  -52:35:42 2023.06.06 9.44 28,000 90
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For flux calibration and measuring
atmospheric transmittance.
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Object-Sky-Object Nodding Observation
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QOBJECT

A tiny wavelength shift was found when we performed the first observation. We take this effect into account in the data analysis.
In the second observation, we reduced each exposure time to suppress this effect.



Analysis with Doppler Shift: Earth frame
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Radial velocities of the dSphs are much larger than the resolution of WINERED

Simbad, Inger et al 0002110
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We move to dSphs’ frames for DM Iimit.
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Radial velocities of the dSphs are much larger than the resolution of WINERED
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We move to dSphs’ frames for DM Iimit.
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Radial velocities of the dSphs are much larger than the resolution of WINERED
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We use differential D-factor of
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This gives O(10) enhancement of flux compared
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We use differential D-factor of
dSphs at around the center

: : WY, Hayashi, 2305.13415
This gives O(10) enhancement of flux compared (See also Hayashi et al 2007.13780.
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Experimental result: 4hrs obs by WINERED

2025.02.14
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WERRK

8 Indeed, infrared spectrograph
(U4l is an excellent
8% DM detector!
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HOME NEWS RELEASES MULTIMEDIA MEETINGS

i New limits found for dark matter 1 0_9 -
:_properties from latestsearch i :

WINERED

World's most stringent limit on dark matter lifetime set after just four

hours of observation
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Dark Matter Quest Spectrograph(DMQS)

Bessho, Ikeda, WY, Paper 13096-274 (SPIE-Conference 13096)
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Figure 3. The top and front views of the optical layout of the high-resolution mode of the DMQS
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