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Motivation

e The Observed baryon asymmetry of the Universe as baryon to

photo ratio is

ng —nNg

B =

Sakharov 1967

Standard Model unable to satisfy above conditions in required amount.
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Planck 2018 data, arXiv:1807.06209

Baryogenesis

e Baryon number violation

e C & CP violation
e Departure from thermal equilibrium
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Baryogenesis via Leptogenesis
» Right handed neutrino decays out of equilibrium (Fukugita & Yanagida 1986)
_ 1
Vi LiHN; + 2 My NiN;

» CP violation due to phases in Yukawa couplings Y, leads to a lepton asymmetry
_ D(Ny—¢l,) — T(Ny —6l,)
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“» The frozen out lepton asymmetry at is converted into baryon asymmetry by

electroweak sphalerons
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Baryon-DM coincidence: Qpy = 5Qp

They can have a common origin |

https://andrewfowlie.github.io/talks/melbourne dm.pdf
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&2 As the Universe cools down, the scalar field went from symmetric phase to
broken phase.

& The vacuum expectation value (vev) of the scalar field is the order
paramefter.

2 1In first order phase transition (FOPT), the vev of the scalar field changes
discontinuously.

& The minima become degenerate at critical temperature.


http://caltech.edu

The rate of tunneling per unit volume:

I'(T) = A(T)e 5D/T,
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Linde, Phys.Lett.B 100 (1981)
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Scotogenic Model

| — —
Leptonic Yukawa interaction: —L DO §MiijNj + Y,iLonN; + h.c.

Scalar Potential:

Viree = 1| ®|% + 1y In? + A|@[* + Xa|n|* + X3|@|?|n|?
+ M |nT®]? + Xs5[(nT®)* + h.c.]
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Coleman & Weinberg, PRD 7 (1973), Dolan & Jackiw, PRD 9 (1974)



Finite temperature effect on masses:

m; (¢, T) = m;(¢) + g (T)

Lepton masses
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Boltzmann equation:
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Lepton asymmetry:

o = [(M2 + M —m2) AV (M2, M2, m2) © (M2 — (m, + My) )]
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Strong washout m; = 107t eV (NO)

100

Evolution of comoving number densities:
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Evolution of comoving number densities:
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Stochastic Gravitational Waves: S
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OPT () = Qu(F) + Quw(F) + Qe (). | ’
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Total contributions from bubble collision, f

sound wave and turbulence in plasma medium

Sound.wave in the plasma has dominating contribution

Cutting et al. 97, 123513 (2018) 2306.05459



Detectional prospects of Gravitational Waves:
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Conclusion:

e We have addressed baryon-DM coincidence (1, = 5Qp, from DM decay.

e We have realized first order Electroweak phase transition with GW within LISA
sensitivity.

e The doublet scalar can have collider signature which can be probe.

e The two step first order phase transition can have other detection prospects.






Backup:

| Te (GeV)|ve (GeV)|Tn(GeV)| My (GeV)|py (GeV)| M, + ~ Ma(GeV) | My (GeV)| a. | B/H | vy |Tru (GeV)
BP1| 60.05 217.22 | 29.27 859.50 760.25 951.51 931.26 |1.29| 20.21 [0.94| 30.37
BP2| 73.55 187.62 | 68.54 866.70 787.07 958.89 944.72 10.04|2862.35|0.71| 68.54
BP3| 71.30 199.28 | 64.33 676.64 579.36 774.96 743.73 10.06]1829.84(0.74| 64.33
BP4| 63.35 216.65 | 38.49 493.74 368.04 608.38 548.60 |0.45| 159.33 |0.88| 38.49
A3 3 A3 + Aq + 25 3
m’rz}i(d)) — Pﬂ?}. | 9 (ﬁlz (ﬂ”ﬁri — 23 Cni — 5)1 m%(d)) — PE}- | 9 (ﬁ)g (ﬂ’H — l,CH — 5)
A3 + Ag — 25 3 > 5
m(¢) = Pﬂi | ) 2¢° (na=1,04 = 5)1 myy (¢) = % > (nw = 6,Cy = 5)
2 2 2 2
91 + g O Y S Y S
mz(¢) = =——¢" (nz =3,Cz =), m{(9) = 56" (n =12,Cr = ), my(9) = 6" (mp =12,Cp = 7).
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