On Exploring Leptogenesis in an Extension of the
Scotogenic Model

PPC 2024 IIT Hyderabad

Parallel Session Talk

Based on: JCAP 02, 041 (2024)

In collaboration with

Devabrat Mahanta & Surender Verma

Labh Singh o
Central University of Himachal Pradesh lll




. Introduction

e Why do all the structures in the Universe consist up of ordinary
matter

Matter-Antimatter Asymmetry g1 — an_nB — 6.1 x 10710
Y

PDG, PTEP, 2022

e Observation of BBN (T~ 1 MeV) and CMB (T~ 1eV) agree with each
other

e What is the theoretical origin of matter-antimatter asymmetry?
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Leptogenesis

Standard Model of Elementary Particles

three generations of matter

interactions / force carriers
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Requirement of Leptogenesis

3 (or atleast 2) Heavy Majorana
fermions (N,)

LepicgeneSiS —— TYPZ"I Seesaw




. Type-I seesaw + Leptogenesis

L = YVVL&)NR 4 MNN}%NR + h. . Fukugitaand Yanagida 1986



. Type-I seesaw + Leptogenesis

BreNilens, [ 4 MNNIC{NR + h. . Fukugitaand Yanagida 1986

complex—CP
Violation




o Txpe-]: seesaw + Lep‘l‘ogenesis Lepton no. violating Majorana
mass term AL = 2

Dirac-Yukawa, If —|_ h. C. Fukugita and Yanagida 1986

complex —CP
Violation




o Txpe-]: seesaw + Lep‘l‘ogenesis Lepton no. violating Majorana
mass term AL = 2

SHEeir epeL [ L —|_ h. C. Fukugita and Yanagida 1986

complex —CP
Violation



o Txpe-]: seesaw + Lep‘l‘ogenesis Lepton no. violating Majorana
mass term AL = 2

Dirac-Yukawa, If Y L
complex —CP
Violation

0 mp
m% MN




o Txpe-]: seesaw + Lep‘l‘ogenesis Lepton no. violating Majorana
mass term AL = 2

Dirac-Yukawa, If Y L
complex —CP

Violation V24,2
m, = =<— =~ (0.1le
0 mp 4 MN ~ O V
m% MN
H;/ lg --’I—{_ {{_ H
N, E N, N TN «

Covi, Roulet, Vissani, 1991



o Txpe—]: seesaw + l_,ep'rogenesis Lepton no. violating Majorana
mass term AL = 2

Bzesilane. Y L @ @ + h.c. Fukugitaand Yanagida 1986

complex—CP
Violation v2,,2

Generates Neutrino mass and matter-antimatter asymmetry:
( Elegant

Covi, Roulet, Vissani, 1991



o Txpe-]: seesaw + Lep‘l‘ogenesis Lepton no. violating Majorana
mass term AL = 2

Bzesilane. Y L @ @ + h.c. Fukugitaand Yanagida 1986

complex—CP
Violation v2,2

Generates Neutrino mass and matter-antimatter asymmetry:
( Elegant

H . W H H.
Ni ,” N,' ﬂ_, Ni ’,’ \\‘ N’i //1
\\\ What are the observational consequences?
l(l S S — - tar \

Covi, Roulet, Vissani, 1991



. Type-1 seesaw + Leptogenesis
L= YVVL&)NR + MNNﬁNR + h.c.

2,,2
Y U~ 0.1eV For Y, ~ O(1), My have to be 1013-10

m,,, —
Y My GeV.



. Type-1 seesaw + Leptogenesis
L= YVVL&)NR + MNNﬁNR + h.c.

2,2
1]’\,2[1; ~ 0.1eVV For Y, ~ O(1), My have to be 10'3-10'4
) GeV.

m, —

For successful leptogenesis and correct v mass, M210° GeV

Davidson, Ibarra, hep-ph:0202239
Buchmuller, et. a, hep-ph:0401240I



. Type-1 seesaw + Leptogenesis
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Therefore, we are behind low scale leptogenesis scenarios



Singlet-Triplet Scoto-genic Model

Particle Content (Generations Symmetry

(SU(Q)L X U(l)y X ZQ)

L 3 (2,-3,+)
) 1 (2,3,+)
N 1 (1,0,-)
)3 1 (3,0,—)
Q 1 (3,0, )
7 1 (2,3:-)

Table: Particle content of the singlet-triplet scotogenic model M. Hirsch, et. al, JHEP, 2013
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The relevant Yukawa Lagrangian of the model is
given by

L = Y PLopls+ YSLaioanN + YEL,CElioyn 4+ YoTr(ZQ)N

1 1 _
+ SMNN°N + - MsTe(S°E) + hec.

The scalar potential of the model is given by
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After EWSB, the masses of scalar sector

m%i = m% + %Agvé + %A"’Ué + %vguz,

2 0 1y o 1 y 1 1
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2 0 1y 9 1 ) 1 1
My = my + §A3v¢ + 5()\4 — )\5)v¢ — Evguz + 5)\% :

And masses of fermion sector are

my+ = Mg,

1
me, =3 (Mz + My F \/(Mz — My)* + 4(UQY0)2>a



The neutrino mass generated at one-loop level

Dark-Matter contribute
to neutrino mass
generation
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For low scale leptogenesis in our model, we considered both the
heavy fermions to be moderately hierarchical.

2
M 2 M,
LS, D. Mahanta, S.
Verma, JCAP, 2024
CP-Asymmetry parameter:
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1—x



n= 12" —6.1x10"1

Ty

\ dns;

il —Ds(ng — ng) — Sa(ng — (ng)?),

dn % LS, D. Mahanta, S. Verma, JCAP, 2024
—— = —Dx(nn~ —ny),

dz
\ dng_p,

= eq N eq X N
r = —¢ Dg(ng —ny)—¢€ Dy(ny —ny) — Wipnp_r — Wipnp_r

—LVALnB_L.




Due to CP- violations

More Anti-Leptons than Leptons




Due to CP- violations

More Anti-Leptons than Leptons

Asymmetry in the Lepton sector




Due to CP- violations

More Anti-Leptons than Leptons

L=-1, B=0
B-L=1, B+L=-1

Asymmetry in the Lepton sector

Sphaleron
Process

(Converts
Lepton
Asymmetry into
Baryon
Asymmetry
before EWPT)

np_r = 9.2 x 1077

Asymmetry in the Baryon sector




Results
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Figure 2: Evolution of comoving number density w.r.t Z.
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Figure 2: Evolution of comoving number density w.r.t Z.




Summary

e In this work, we have realised low-scale leptogenesis in
singlet-triplet scotogenic model.

e We obtained the scale of the leptogenesis in the TeV
range.

e Such a low scale can be probed in the future collider
experiments.
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