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Standard Model of particle physics
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Drawbacks of the Standard Model

The Standard Model, although being the best verified theory to exist, has 1t’s own drawback
It doesn’t explain the mass of neutrinos.

It doesn’t account for the dark matter which accounts for about 26.8% of the total energy
budget 1n the universe.

It doesn’t explain the matter-antimatter asymmetry we observe in our universe.



Matter-Antimatter Asymmetry Problem

* The mismatch of not having any antimatter
around 1s called matter-antimatter
asymimetry.

* We can quantify this asymmetry using the
Cosmic Microwave Background Radiation
using a quantity 7.

Np— Nr.
= ——= ~6x1071

n,

Cosmic Microwave Background Radiation

where, np 1s the number density of Baryons, ng
1s the number density of anti-baryons and 7, is

the number density of photons.



Evidences for Dark Matter
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X-ray:NASA/CXC/CfA/M.Markevitch et al.; Optical:
: . . NASA/STScI; Magellan/U.Arizona/D.Clowe et al.;
Ref:arXiv:1701.01840 Lensing Map: NASA/STScl; ESO WFI; Magellan/
U.Arizona/D.Clowe et al
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Radiative
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Singlet-Doublet Majorana Dark Matter
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Correct DM relic points in freeze out scenario (2, = 0.12 £ 0.01)
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Low-scale Leptogenesis




Low-scale Leptogenesis

 In this model, leptogenesis occurs via the
CP violating out-of-equilibrium decays of
N,, N3 to ¥, 5 causing an asymmetry in
Y.

e The asymmetry in (Y, y) 1s then
transferred to the lepton sector and is
converted to baryon asymmetry via EW
sphaleron process.
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Low-scale Leptogenesis
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Boltzmann Equations
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Benchmark plot (v mass+DM relictDD+BAU)
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Conclusion

* We can explain light neutrino mass, dark matter and baryon asymmetry in the
universe 1n a unified framework of singlet doublet Majorana dark matter
model.

* Our Model, offers correct low energy neutrino data radiatively (one-loop).

* Leptogenesis can be realised at TeV scale.

* We can also get gravitational wave signatures from, electroweak phase
transition modified by the singlet scalar ¢.




A point to note:

» Since there are three generations of NV; and ., there become two cases which
are possible 1n this scenario.

* Firstly, (as shown here) 1f the Yukawa couplings y,,,;3.),;, and y3;which
allow the terms like, ¥ HN,, W, HN,,¥,HN,and W, HN, respectively are very

small (y51, Y31, V12, Y13 — 0), then the DM relic 1s only decided by the freeze-
out of various annhilation and co-annihilation processes in the early Universe.

* On the other hand, in the second case, if y,, 13, Vo1, Y31 = 0, then due to the
CP violating out of equilibrium decays of V,, N; , to Njasymmetric DM 1s also
possible which will also contribute to the final DM relic.
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