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1. Introduction -- Motivation

Abundance of Dark Matter

0gh? = 0.0224 + 0.0001

» Qpm /2 =5

Ja 26.8%

DENET0 A 68.3%

Ingredient
ACCidentaI ? https://sci.esa.int/s/809gJOw

N

Asymmetric Dark Matter (ADM)

No, There is a relation !!!
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ADM in cogenesis scenario

C,CP violatin
QmmetrD Asymmetry of
Barion

Asymmetries are generated
simultaneously

Same origin for DM and Baryon
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https://sci.esa.int/s/8o9qJ0w

1. Introduction — goal for the work

- Dark Matter

- Neutrino Oscillation

- Baryon Asymmetry

* Qpy /2 =5

Scotogenic Model

E. Ma, Phys. Rev. D 73 (2006) 077301

=

>

-’

Leptogenesis

M. Fukugita and T. Yanagida, Phys. Lett. B174 (1986)45-47 _

T. Hugle, M. Platscher, and K. Schmitz,
Phys. Rev. D 98 (2018) 023020

Asymmetric Dark Mater

David E. Kaplan, Markus A. Luty, and Kathryn M. Zurek,Phys. Rev.D.79. (2009) 115016

Goal

' )
SCOtOgeTC Model » Construction of a model to
ADM ecplain them simultaneously
J




2 . Our Model

Scotogenic Model e ma,phys. Rev.D 73 2006077301 Our Model
Standard Model Scotogenic Model
+ N;(i = 1,2,3) (RH neutrinos)
+ 1 (SU(2); doublet scalar) extension + o (real scalar: DM candidate)
o is assumed to be a few GeV
* Symmetry * Lagrangian
_ 1. -
SU3) xSU(2); xU)y X Z, LD — haiLoanN; + 5J\JZ-NZ-J\T@.
4 « Stability for DM o _
Yukawa Majorana mass

Radiative v mass

: A ; (
TINIFAVE AT —5 V(H,n,0) D —H [(HT?;)‘E + h..r-.] + !— [(T(HTI;) + h.f'.}
5 L ep N H n o 2 \/E
SU(2 2 1 1 2 2 1
Zg( v + + — + - - Radiative seesaw DM
4/22
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2 . Our Model

Z forbid Dirac mass instead

: : H H
coupling with n ( >\\ /,< >
X hyLo,HN; — O hy; L, N N;
/B VRN
Mass generation atl-loop
Radiative generation Vo — >« U
ho:?l N% Nz hz,@

* Neutrino mass matrix

Ag¥? Lt h i’\[? M; : RH neutrino mass
(MV)Q,Q E m In —1 m,, : SU(2); doublet mass
3272 m?2 m
Ui v : Higgs VEV

Ag is Key to generate neutrino mass

2023, November 9 KEKPH2023 SATO Joe 5/22



2 . Our Model

[ Leptogenesis - Lepton Number creation with RH v Decay
La La
4’_/ Ly
NJ
N, \ Ny ——] |
__77_- \\\\
?7 g 7
_ 1
L D — hQiLanNri + —]\JZ]\[ZJ\[L
2 » Violation of Lepton and n
V(H.n.0) > if [(H')? + hoe] + % [0(H'n) + h.c.] number |
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3. How to “create” Dark Matter Important !

Ny = Ny

‘ @E nn — nﬁ -
Asymmetries
simultaneously
generated

2023, November 9

7 oM H
~_ / ______ - P P
- S_M\\ Tt . Tgpn
Time
g |
| nA
|
n’? E<_n>=
nﬁ : :-> nAnznﬁan
e
|
l Palr 1 1 .4 into o (DM)
el e ecays into o
anihilation | Lo y
L_>: L -> B (Sphaleron)
|
——————— 1 I
1 M
——————— | ! Ny = Ny
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3. How to “create” Dark Matter

Ny = Ny

Finally { Npp = Ny = Nypy = Nz = NpMm }

2023, November 9

______________

Connecting Baryon # and DM # via An

Mass of 0 ~GeV
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3. How to “create” Dark Matter

______________

Time

nap = Npy Inay| = ngz »n, Nay = Nppy

Finally { Npp = Ny = Nypy = Ny = Npm }

My omy Tr Taec Toen Important thing :To keep 1145, = Ty,

Interactions —I—l—l—l—'—pﬂme
Changing ny;, >

Ni =1 Lg,MLg
-{ No process nn —» HH ]
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nn — SMSM

n—-ocH,j—>cH

nm = HH ,qq - HH

X | X|O|O
X | X[ OO
X | X[ O] X
X | XXX
X O] X | X
XXX X




What are important in our scenario

nap = Npy Inay| = ngz »n, Nay = Nppy
®Nonn — HH (2Complete pair 3 o created finally
anihilation n
Yi «v, T¢>T>T
Ag < 3.9 X 10‘8Jmn/GeV T ) oen
Y{, . entropy ratio T; : freezeout T
‘ T ggN : Big-bang Nucleosynthesis T

Ag relevant with v mass
Baryon number depends on too Conditions D @ (3 are satidfied ?
Not too be small
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4 . Condition for Baryon Number

€ is given by (1ij = M;/M; , n; = m, /M;)
Approcimation for B # 1158 VARRY Jrmr n/ i

1 1 - 2 1
ng =~ —0.01¢4 K4 € =g (hThY ;Im [{ (hTh)ij} } \/_F(’rji,n?;)

‘I‘ji

€, . asymmetry parameter

- i oiven b
K, . efficiency factor K 1s glven by

1
€, and K, are calculated by Yukawa k1 (K1) =
1 1 y T ALY A%
Casas-Ibarra parametrization 1 90 Mpy 2
K= g \/ 873g, M, () 1y (1 =m)
1 1 2m%  2M;
e 2 f 2 D i — i - . « o o po
hai (U Dy R Dn)m (Da) As S if K; > 1, this is well satisfied

R complex orthogonal matrix
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4 . Condition for Baryon Number

Constraint from accelarator

Third S 10° my[Gev] ,194

| T 1T T T

@®No nny —» HH

0

e

107F

\
)

<-> I"nn_)HH < H(T = mn)

W
I

VWY
i
|2

L L Ll

<->1g < 3.9 x107% /m, /GeV

0

1076

Al
| .%s

H

107" B J
Agcontributes neutrino masses — i s
L =
)\8@!2 h:;zh;z; AIQ =

M) as ™ = 1 = —1 -
( ) vf3 23972 : AI@ n ‘In% 10 d- - SN 2
- 1010 .
Select parameters so that neutrino -

oscillation can be explained

10-11

10° | 16"
Blue : 1p M [GeV]

e ..0bs _ —-10
Black - 75~ =6.1 X 10 { Ng = n%bs Baryon # can be explained ]
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4 . Conditions for pair annihilation of n

(2 17 pair-annihilates sufficiently Estimate with following approximation
f :
f n 3.80x
Yy <Yy yf=—"=2x e T
S (g*s/.g* ) ﬂ[Pl'irn'-rr] <Ug;’Urel>

Note n, < ng

= T;” —1n {0.038 (_q/gi/g) Mpym,, (ggvre])]
£ '

_ % In {ln l0.038 (Q/Qi/g) Mpymy, (Ugvrelﬁ }

N w,' 2,3 1 B, N li-".,l'rt
4 R a4 4 2 4
g *“, ) (0 Vpet) = (91)* +6-(g192)" + 3 - (g2)
R R e 5 256mm,,?
n H"rr»' 1.23 n H” "rjl+ *Hz:
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4 . Condition for pair annihilation of n

@ 1 pair-annihilates sufficiently 107°

f 10—9;
Yi < Yy, -

\‘0_10 -;

Under this line

Note nAn = NyB

mp v «ygs

10713 —rrr— ———— -_—
10° 10* 10° 10°
m;(GeV)
Blue : final Y}, i
Black : ¥3* = 8.7 x 101 [ m, ~ 10* GeV
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4 . Condition for asymmetric Dark Matter

nap = Npy Inay| = ngz »n, Nay = Nppy

3 o is produced finally by decay of n

3
m ﬂ Tf m 2
» 8.4 x 10712 1< < 3.8x 10710 ( ")
[GeV] Gev m, / 22 \GeV
)
[ As a whole | ~

L

~10%GeV, 1g <1078 (L)’ 10711 (1)

N | =

- /
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5. Summary

nap = Npy Inay| = nz » ny, Nay = Nppy

We study a Scotogenic Model with a real scalar
(D Decay of RH N : Lepton # generation

(@ The mediator 1 pair-annihilate with keeping asymmetry n,,,

3 DM o is produced by n decay
[ Summay }

TDark Matter| [Neutrino Oscillation |
| Baryon Asymmetry| [ Asymmetric DM condition 2py / 25 =~ 5 |

can be simultaneously explained in one framework !
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