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why eV?  Hot DM

Log(FHD I XRILF—FE),log(p)
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. 2. 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 < rp(DM).

WY 2301.08735
y; mass : M(kT) Yo, @ . massless

Equations: Ofilput] _ p0hlputl _ i o

Ot Op;
Z / dIl, , dII,

-. Do Pra) X [ Mool

|5 = Fulpul (L% Fualpya) U+ folp))]

— (1% fulpxa) folpol fralpra

(Initial) conditions:
x; 1s always thermalized, while y, and ¢ are absent initially,
+ rotational invariance . H = 0 for a while.



Burst production of DM ¢ turns out
thanks to bose enhancement.

¢ number density

p¢/T (TZIOMI)



Burst production of DM ¢ turns out
thanks to bose enhancement.

¢ number density

1 -
0.001
Sy
cnN
N\ ,
S :
S 107
— s ¥
“?//
"“ "Il'l
1072

p¢/T (TZIOMI)

104 0.001



LB ZDIIEMEE 2L DEDICE LN

—1 L 1 (~(proper) [ A A S IS
Al‘ignition M4 X ( T 1—*de(:ay ) Slmpllfled mOdel :

T \\1bw ' p y
Occupatlon number

1 01 O 10_3At|gniti;n o 11Atign|tion-

1 distribution

Ignition
>
>
S
o
>
Saturation

0.5

10—5/'

-0.5 -

10—1O~' .
10‘4 0.001 0.010 0.100 1 10
P;?““t/ T py/T (T = 10M,)




LB ZDIIEMEE 2L DEDICE LN

—1 b | (~(proper) [ S S
Alignition M? X ( T decay ) Simplified model. '/

7 \\1bw '
Occupatlon number
o \ -

1 distribution

105

10—5/'

10—1Oi
10‘4 0.001 0.010 0.100 1 10
P;?““t/ T py/T (T = 10M,)




LB ZDIIEMEE 2L DEDICE LN

4
At~ I ¢ M, _ 1 y(proper)
1gnition M4 T decay

L3
Occupatlon number

1 01 O 10—3At'|g.ni‘ti;n

-
2 1072 Atgriton
o
& 10! Atigniton
—

105

10—5/'

10—1Oi

- 11Atig ition S |
- 13Atiqmtlon "C'S 1
~— 15Atgnion 5
o
1 71&t|g ition (Sg
_____ lecay )

104 0001 0010 0100 1

pgurs‘[/ T p¢/ T

istribution

¥ ™ m =
b "



A BDIFMRRIEEEL DEDICFEL

T4
~ 3

AL

1gIl1thIl

M 1
T  decay

Il\\‘b%

—_ 1 (proper)

Occupatlon number

1010R

Ignition

Burst

10 3At.gnitﬁ:n

107 Atngnitim

10-" Atignition |

Atngmtion

3Atigmtlon
5Atiqmt|on
7Atigmt|on
gAtigmuon

107 Atgeeyy

1 Atigaio

13Atignito

' 13Atg itio

17Dt gnito

Atdc;.ny

10A e cay

Satura.tlon _?

0.001 0.010

0.100

:

(T =

10M,)

Py

y, distribution

AWV
~-_

p, distribution




A BDIFMRRIEEEL DEDICFEL

—1 o 1 1~(proper) P T e o
Aigniton ™ 717X ( T decay ) | Simplified model. .

% 23 burst 2 ,
MBI qu ~ Mi/lp, Py x; distribution|

Occupatlon number

1 01 0 N 10 BAttgnition - 11Atigmtion

107/

- -

1010/ i
104  0.001 0010 0.100 1 10

pgurst /T p ¢/ T (T = 10M,) ‘ S ¢ _ tl o



SECN
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—SUCTEEIEM U () FHIARBICET
S & fy(p, (S, (p ~ T) = f,(p ~ T))
The number density of , atp, ~Tis g%2T3. Since

’;l)(Z —_ n¢ in )(1 (—3’)(2¢, we have n¢ — n)(z.

¢ number density

py/T



—SUCTEEIEM U () FHIARBICET
S & fy(p, (S, (p ~ T) = f,(p ~ T))
The number density of , atp, ~Tis g%2T3. Since

y, = 1y N 2 < have n, = n,.

10‘4'“ 0001 0010 0100 1 10
py/T



HLT=TT

M
LPropen ) /< 1/At,

deca
Tprod d

FHEZERTZDEFIDM

Py

ginition?

P -
— en g - Y- IR W SR PN - N T

Simplified model.

T xa!

:

—1

qub)M X d

p;z““t ~ M 12/ T xa

——a



HLT=TT

M
LPropen ) /< 1/At,

deca
Tprod d

ginition?

FHEZERTZDEFIDM

Py

P -
— en g - Y- IR W SR PN - N T

Simplified model.

T xa!

:

—1

qub)M X d

p;z““t ~ M 12/ T xa

——a



HLT=TT

M
Lpropen) ) « H < 1/At

deca
Tprod d

FHEZERTZDEFIDM

p, Dy

ginition?

g D —_— 3 - - - - RN T~ —
v > - - P TINE W SR PN - g — E » P o e s

Simplified model.

T xa!

3

—1

I Redshift

R
(B
/Y

p;um ~ M 12/ T xa




Explaining abundance of DM gives

4 9x.s
L 111~ 1000]eV

— 50eV — ——L2—
e © Oxo 100

Coldness (Lyman a bound [pg < (0.06Mpc ) requires

M 0.02 (Qs*[Tpmd])l/ v [mg
Torod ' 100 eV 3;




How about 2 to 2, e.q. yy — ¢¢7?

Sakurai, WY, 2410.18968
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.3.eV¥—2o Y45 —¢& )\ A >-DM coincidence

WY, 2608.26709

YoM 5.36 + 0.07.
(2

Planck collaboration, 2018
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uDM®D 71 ZAdHD XTI,
» Spontaneous baryogenesis by ALP induced EW

. - —6
Wa"S_ U = ywvwma (l]C }/wvwma < 1() Tsph) Vanvlasselaer, WY, 2604.20762

72U, wall collapseTHERBALPZGA EDT INEDH S
(CEXTY)

« Affleck-Dine-like spontaneous baryogenesis

Affleck and Dine1985; Cohen and Kaplan 1987; SHOH
Takahashi, Yamaguchi 0308173; Chiba, Takahashi, Yamaguchi 0304102
and Majoron type Li:2001st,Kusenko:2014Ira,Kusenko:2014uta,lbe:2015nfa

e (1 ?  mpmEsmIER-oTWES. BRULELLS )



Affleck-Dine @Q’rj_ SR P=Re"Y aeckandbineoss
V =mz|P © 43R%) = const V.
R+3HR — R#?> + m%R = 0.

> 10l=m,
R
Spontaneous baryogenesis Cohen and Kaplan 1987
Y —
p~ |0 =mg

Affleck-Dine & = (Cold)HDMGcoincidence iHA!?
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L \/ —**ﬂ Yanagida 79; Gell-Mann, et al 79; Minkowski, 77; Glashow, 80; Mohapatra and Senjanovic, 80
; 3 Yanagida, Fukugita, 86
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H II/:?1S P} ‘n5| 33 |H‘ sph
. J
(L&
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h (D2 -}~ 6,27) D3 ’ 5 y2q?2 i mag(1)?
| h SF un o
Ftr = }zn—lil P]CSKE, ]-_‘tr (Tsph) > H(Tsph)- where £ = 18((3)T/n? ~ 2,197 and ~., =~ 0.012.
Q 11 Lspn 4
DL = X Sp 0.94 GeV
b 2 ng*s ( ph)g*s(T ) . C My



INT A —F a1 XL

M = 10GeV,R(T = 100GeV) = 10*GeVDIZE

10-3 7

: ~DELPHI
\
\ L
A =
4 s =
107 1 \\ o
. 8
S <
\\ .9
\\ B
s L
- 5 | ~
>\ 10 O(/ \\ b
8 ~ . Q
Of‘i \ °¢.O
. C N =1
Yo = Lol SN N s b
/O \\ 4
49/ ~ L
-6 Q \\ =
10 9 \ —
o .
_ O, N
=1 l} ~
& e
——=-n=10 % T~ i
= 555E& POUV completion:
...... n:lOO
107 | | | —pNGBs, e.g. SUQ2) = U(1)
|
10-12 1011 10-10 109 108 107 — Feebly coupled Higgs
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https://arxiv.org/abs/2412.17802
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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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eV DM search with WINERED @ Magellan

@ Loo TV gies ]
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Experimental result: 4hrs obs by WINERED

INE o
RED

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

gl Indeed, infrared spectrograph
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Dark Matter Quest Spectrograph(DMQS)

Bessho, Ikeda, WY, Paper 13096-274 (SPIE-Conference 130906)
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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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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
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 II  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 AQ0V 15:14:41.4  -52:35:42 2023.06.06 9.44 28,000 90

. Object-sky-object nodding observation
. Doppler shift analysis
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. Object-sky-object nodding observation background
. Doppler shift analysis subtraction
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Bessho, Ikeda, WY, Paper 13096-274 (SPIE-Conference 13096)
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Bessho, Ikeda, WY, Paper 13096-274 (SPIE-Conference 13096)
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Burst Production during Reheating.

4
Ar—] N L X M, __! p(proper)
1gnition M4 T  decay

A Radiation Matter
Inflation Reheatlng domlnated dominated

-Radiation dominated era:

~1 3 )
Atigniﬁon X d v.s. Hxa

-Reheating era:

~1 —9/8 —3/2
Atigniﬁon X d v.s. Hxa

- The stage 3, saturation,

IS reached at the end of
reheating because f, (T)

IS O more diluted.

Alternatively, DM can be burst produced
during y, thermalization (i.e. y, is not always

thermalized).



Burst Production during Reheating.
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Comment: the difference between usual
hot DM and burst production with y, < ¢y,

Usual Hot DM scenario Burst production
: 3 :?"""; --------------------------------
(Mil) ) > S > H At T=T, <M11> o) > H > S at 7= 1,

.n, ~ g,T° from thermal equilibriumi:.n, ~ g, 7° from quasi-equilibrium of ;

'+ bose-enhancement dynamics

' => eV mass for DM abundance . => e\ mass for DM abundance
.Comoving momentum is .-Comoving momentum is
N/ I | ny/ 2
P comoving prodTprod T pcomoving prodM 1 / Tprod



