Asymmetric Mediator In

Scotogenic Model
SBarXivicEmL £9 |

l\j’ Saitama University M2

ttttttttttttttt Yuhel Sakal

Collaborator : Kento Asai, Joe Sato, Yasutaka Takanishi, Masato Yamanaka



* Motivation

* Neutrino masses } o Scotogenic Model

* Dark Matter (DM) E. Ma, Phys. Rev. D 73 (2006) 077301 T Hugle, M. Platscher. and k.
~  Schmitz, Phys. Rev. D 98
* Baryon asymmetry © Leptogenesis (2018) 023020
. M. Fukugita and T. Yanagida
of the universe (BAU) Phys. Lett.B174(1986)45-47 —

N © Asymmetric Dark Matter Model (ADM)

* QDM / QB — 5 K. Petraki and R. R. Volkas, Int. J. Mod.
Phys. A 28(2013) 1330028

Combine ADM scenario with Scotogenic Model
and explain Neutrino masses, DM, BAU , and
Qpm / g = 5 simultaneously




- Model

Original Scotogenic Model This model

Standard Model

Original Scotogenic Model
+ N;(i = 1,2,3) (singlet fermion) - & ol gl lar
+ 71 (doublet complex scalar) + o (singlet real scalar : DM)

Role of 71 Mediator |
* Connect SM and DM edlator :
LD — h—aiiaﬁf\r@_ + ‘l.n'.[g N‘Ti f\'? + h.c. .
2 | fold fermion scalar
V(H.n,0) =m%|H|? + mi[n\g +m2o? CIC e N H n o
+ N H] + %Agw + %/\354 SU2), 2 1 1 2 2 1
+MHPR + X H i + M| H20? + Aelnl?0® | 42+ + — + — -
+ % [(H'n)* + h.c] + % [o(H'n) + h.c.] Z, symmetry assignment
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Model

(H) (H)
Neutrino mass matrix \
hailis; 1 2“ m? m?> m? SRELl
e = ol 'i i MR l 71‘1{ o ni l 7l‘l n r,f ‘~\\ ]
(My)as Z 3272 {m"“ — M? . M? ma, — M? ) M? g Ag .
& h hﬁl ‘-‘ '.'
3072 L, 1 2 —1 Vo —p—— >———a— V3
/ % y ms; hai N; N; hlﬂ

Agisan important parameter related to neutrino mass

Casas-lbarra parametrization

M, = Dt
1 1
hai = (U D R' D} ) 2n? 20,
a1l v _ D L — )
ol ( A)u )\8 gz U2

Yukawa matrix depends on Ag, M
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* Cogenesis

Ne 7 el L Ju
", oM s Twe o Ton
ng_y = nn_ﬁ Tln_ﬁ = Tlﬁ > Tln nn_ﬁ = NpmMm

The number density of the DM has the same order as those of the SM lepton and baryon

Ng_g~Ni_1 = nn_ﬁ = NpMm

M, my, Tgec TgpN
Interactions i | i i > T
Ni»nle,le O O X X X
71 — SM SM O O O X X
n->oH,n->cH X X X O X
m = HH 7 > HH X X X X

il

2022/8/29 Poster Session 2 @“Zf T IR D F2022" 5/13



* Calculation

© Condition for Ag

nn — HH should be out of equilibrium |

If it occurs - B This model is
) N1 # Nyp-3 not work !

Decouple condition : I, yy < H(T = m,)

s Ag < 3.9 X 10“8\/mn/GeV «——— Agissosmall!

Neutrino mass matrix
Ag? — hoihy; [1 M? I] If Ag is small, neutrino
Tl

Mu af = TR
(Mo)ap = 5o — M, mass cannot be created.

» Calculate Baryon asymmetry under this condition
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* Calculation

© Calculate baryon to photon ratio ng in a standard Leptogenesis

€, : asymmetry parameter
B ~ —0.01e159 K, : efficiency factor

S [D(N; — Lam) — T(N; — Lan')]
S o [D(N; = Lan) + T(N; = Lant)]
iy (Kp) ~ L This approximation holds

0.8
lrﬂ{l [In ] in the range: 1 < K;
Ky = H(T;Mﬂ K, : decay parameter

£; =

In this model, Kj is much larger than 1 and the lepton
asymmetry is generated via the strong wash-out regime

© Condition for ng
g =N ng’* = 6.1x 1071
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Calculation

N; i I} ______ .(:1:/,/
M, n my, //n" S—M\\ Tgec J TgpN
—%—» T
ny_i = nn_ﬁ Tln_ﬁ = Tlﬁ >> nn Tln_ﬁ = NpmMm

o Evaluate the relic abundance of n

Y. _ nn,oo — 9% 3.80 £f
7,00 — i -
§ (9*5/91/2) ﬂ[PlTn'n <O-g'vrel>

The thermally averaged annihilation cross section is approximated by its non-relativistic limit

— W !I_"_J_ﬁ — B, — W lf!i
gy = OIHO (102 43 ()t T S T T T
g re — b LY A
2567, (<‘ (< (<

© Condition for Y, o, W B, o B,
Y, » should be smaller than YPs
Voo S YSPS YPPs = 8.66 x 10711
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* Calculation

© Condition for u

N; A @4 ? ______ .;:’;//
My \;?x\\\ my /’,/ﬁ/ S—M\\ Tgec U TgpN
—%—» T
nN;_ip = Tln_ﬁ Tln_ﬁ = Tlﬁ >> Tln Tln_ﬁ = NpmMm

The mediator decays after the annihilation of the symmetric component

Tdec < Tf (Fn—mH = H(Tdec))

The mediator decay during or after the Big-Bang Nucleosynthesis (BBN)
Is cosmologically dangerous

Fn—mH > H(TBBN)

TgpN my H Ty my
. 8.41 x 10712 < <8.41x107°
1[MeV] |[GeV] ~Gev [GeV] |[GeV]
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) RESU It Neutrino mass matrix

Conditions
7
|hail <1 M, ~ 0.05eV x h*hi mMﬂ
- 10< Ky 1

+ 2 = 2.0 X 107°,/m, /[GeV]
"My /M = 1.5

° Ml/mn = 103 sk
© my = 107 %yV 107¢

B m, = 103[GeV]
10 4 | (O P I I'Elll‘l T T TT |‘|'||| T LI TTTT

| IIII\I| | IHLIIA | IlII\II| L1l llH| lllIIHl| \IHIII[ (AN

ng’ =6.1x1071% 107¢

The range of m,, 107"
107" .
3 4 104 10° 106 108
10°GeV < m,, < 10*GeV 4. TE

The baryon-to-photon ratio
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Joms YoPbS = 8.66 x 1011

/

The range of m,,

m, < 105GeV

10° 10* 10° 106
my(GeV)

This model can realize the coincidence between the number densities of baryon and DM

g < 10‘8\/mn/[GeV] ,1TeV < m, < 10TeV

3/2
—11 / My U —10 (_Mn
10 [GeV] < Gev <10 ([GeV])
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* Summary

© Combine ADM scenario to Scotgenic Model

~ H
Lo Sy SM//

N,: ______ i? ______ '(:.u
M, e My //n" S—M\\ Tdec 6 TgBN
Ny, =MNy_z Nz Ny D> Ny Ny—7 = NpMm

This model can realize the coincidence between the number densities of baryon and DM

Ag < 10_8\/mn/[GeV] ,1TeV < m, < 10TeV
3/2
-11 / My U —10 (M
10 [GeV] < Gev <10 ([GeV])

© As a future prospect, we will explore the parameter area in more detail

e.g. Solve the Boltzmann equation
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Thank you for your attention.
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* preparation

N; @ @49 n . :fu’//
M, R Tgec . Teen
n;_ip = Tln_ﬁ Tln_ﬁ = nﬁ > nn nn_ﬁ = NpMm

1.The Lepton asymmetry L — L and mediator asymmetry n — 7 are
simultaneously produced.

2. The annihilation process makes n,, become much smaller than n; and
the hierarchy of the number densities is realized as n,_z = nz > n,,.

The important thing is mediator asymmetry n — 17 during the annihilation process

3.n Is converted into the DM number density npy

n-1n
Role of n

* Connect SM and DM

* Transmit the asymmetry
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* preparation
- Mediator asymmetryn —n

o Annihilation

nz and n, decrease simultaneously

» Preserve asymmetry n —
onn - HH ,1m - HH
Either n; or n,, changes biased

» Break asymmetry n — i

Poster Session 2 @“Z AL T Y)IBF D ERE
2022"

2022/8/29

16



