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Missing pieces in the SM

m The nature of Dark Matter

m Small neutrino masses




THE GOAL

Missing pieces in the SM Features of the model
m The nature of Dark Matter m Two components DM, WIMP
m Small neutrino masses Wp and FIMP S3.

m Gravitational waves from First
Order Phase Transition (FOPT)




FIELD CONTENT AND SYMMETRIES
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Table 1. Darticle contents and their corresponding charges under gauge groups.
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EXTENDED DOUBLE SEESAW MECHANISM

Neutrino Lagrangian,

1 0 0 Mp vr
Lnm = ~3 (ve St Nr)| o po ME St | +hec
]\4D ]\45 ]WR NL

Mass Hierarchy,
Mp > Ms>Mp > pu, p<MEMg'Ms.
Neutrino mass matrices,
my ~ Mp(ME) ' uMg* Mp ,
ms ~ —MEMzg' Mg,

mnN =~ Z\IR 5
FIMP mass
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Manimala Mitra et al. In: Nucl. Phys. B 856 (2012). arXiv: 1108.0004.


https://arxiv.org/abs/1108.0004

BouNDs ON THE NEUTRINOS PARAMETERS |

Dirac matrix,

el pl 1
MP = 2RmD 27 u2 RmD w2l 2RmD 271 |
€. >, €. > T , T
meg "+ imy mpy T +imp mp " +imp

with B
mp = Vi v/V2

neutrino sector,

£> Y LMJNj+hec

i=e,u,T,j=1,2

Active neutrino mass

(Mp/Mg)?u < 10711 Gev
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BouNnDs oN THE NEUTRINOS PARAMETERS I

Taking into account neutrino oscillation and LFV data
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DM ProbucTION |

107,

1000 -

Regime: only x coupling is active
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https://arxiv.org/abs/0911.1120

DM ProbucTION Il
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DM ProbucTION Il
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DM ProbucTION Il
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DM ProbucTION Il
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DM BounbDs

Constraints:

m DM relic density o2
m Direct detection E
m Indirect detection ;}E o
m Higgs invisible decay X
m Higgs signal strength o
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GW ProbucTION |

The one-loop scalar effective potential Aoy = Npy — /\iD/(‘U\D)
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Including only the thermal correction to the
potential — strong FOPT

Marcela Carena et al. In: JHEP 08 (2020). arXiv: 1911.10206.



https://arxiv.org/abs/1911.10206

GW ProbucTION ]

The one-loop scalar effective potential
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LAGRANGIAN

Neutrino sector,
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Dark sector,
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PHASE TRANSITION

Thermal Potential Over/under shooting method
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Bubble Profile

The rate of tunneling per unit volume in a radiation dom. universe ' p

I'=Tpexp {— SB;T) } oo f

For a spherical bubble
The temperature at which the transition starts
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Riccardo Apreda et al. arXiv: gr-qc/0107033.


https://arxiv.org/abs/gr-qc/0107033

GW ProbucCTION

Collision of bubble walls, the sound wave in the plasma, and the magneto-hydrodynamic turbulence contributions to GW
production
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Chiara Caprini et al. In: JCAP 03 (2020), p. 024. arXiv: 1910.13125.



https://arxiv.org/abs/1910.13125

BENCHMARK POINTS

BP |vp [TeV] | My, [GeV]| sind [gp [1074]| o | 4= [T, [GeV]| 2 | Zyae | Qene

* 1. Tot Tot
1 3.37 2.21 0.082 3.1 0.238| 13671 | 3443 [4.67| 0.46 | 0.54
2 0.673 2.77 -0.076 19.7 0.139(6760.0| 46.67 [3.56| 0.044 | 0.956

3 4.63 1.0 0.060 1.0 0.461| 13820 | 21.58 [6.76| 0.87 | 0.13
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