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Standard Model

Standard Model of Elementary Particles

three generations of matter interactions / force carriers
(fermions) (bosons)
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Introduction /Motivation

Introduction

Neutrino masses (Dirac)
Non-Abelian Dark Sector(self-interacting dark matter)
Gravitational waves from early universe

Neutrinogenesis

Connect all of the above
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Models
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Models" Lagrangians

—L, = NLY LH + vk YrNL + NLMyN; + h.c.
Ly = HELY L+ VL YR Tr[E1¢] + Tr[ZEMs¥ ] + h.c.
—L.=ELY Lo+ v YRELH + ELMEEL + hec.

—L> = 1/;[;, Y,Ln+h.c
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Models' Potentials
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Models
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Neutrino masses
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utrino Masses
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Yukawas
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Spontaneous Symmetry Breaking

SM : SUQB)e x SU(2). x U(1)y

DS : SU(N) % SU(N — 1)

SU3)c x U(1)em

1
M+ = 58D (v¢)v¢2) X (N — 1)complex
, N1
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mz, gD(V¢)V<;2>
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Thermal potential

AH
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Thermal
potential and
parameters

Thermal Potential
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Thermal parameters

0?¢ 209 9V(, T)

/
- —_ ' 7 = == 0
or2 ' ror oo} ¢'(0) =0 o(cc)
ThermlalI 4 00 8 2
potential an
parameters SE = 47‘(‘/ r2dr ( ¢> + V(¢7 T)
0 or
45 M
4 ~ The Se(SuT)/T 724 =
p(tn)th ~1 p(T)~ Te Tt =\ ior e
_A(V-TEY)
CT TR T30
B _ 4 (d(Se/T)
H ar )|

15/30



Thermal
potential and
parameters

V($,T)-V(0,T)(x10"0 GeV*)
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Gravitational waves
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Gravitational waves
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Gravitational waves
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http://gwplotter.com

Gravitational waves
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Gravitational waves
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Connection between SSB and confinement

2l€f
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$10.1103/PhysRevD.67.065019
22/30


https://doi.org/10.1103/PhysRevD.67.065019

Connection between SSB and confinement
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Confinement 2 —_——

Correlation between gy(vy) and %’ for different values of N where

for solid(dashed) curves N¢ = 2(5). If Ap > 0.2 MeV (BBN) and
vy ~ O(10*7°GeV) than 22 can be as low as O(1078 — 10710).

Ve
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Confinement of SU(N — 1)

Gravitational waves from confinement:

Ne=2and Np >29
N¢ > 3 and Ng >3 |
NF:O**

HB,D Z /\conf

Confinement
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ﬂ10.1103/PhysRevD.62.045012

I 10.1103/PhysRevD.29.338
** 10.1088,/1126-6708/2005/02,/033;10.1103 /PhysRevD.82.114505;10.1103 /PhysRevD.92.055034
ft 10.1142/S0217751X05027965
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Neutrino mass models and gravitational waves
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m Some models: Pati-Salam, LR, Dark Sector, GUT

Confinement
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Neutrinogenesis
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Neutrinogenesis
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Parameters and Constraints

Parameter Constrained by
N, Ne GW, DM
gD DM, GW, DS
AH,V SM
Vo GW, m,, Direct searches
Netmoatet HH > He V minimization
sis Ads AHg GW, my

YR.Lv m,, Dirac leptogenesis, PMNS
M m,, Dirac leptogenesis, DM
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Future tasks

m Correlation between GW signals and DM dynamics

m GUT completions (3 possible GW signals)

m Radiative neutrino models

Neutrinogene-
sis
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Conclusion

Minimal Dirac neutrino models
Correlated GW signals
Confined Dark Sector

Baryon asymmetry via neutrinogenesis

Probing neutrino models via GW

Conclusion

Thanks for your attention!
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