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Leptogenesis

Advantages: connects the origin of neutrino mass

Neutrino Mass -<(ump- | cpton asymmetry

Type-1 Seesaw mechanism

[Minkowsky, 1977] (SM + 3 Right-Handed Neutrinos) Y, v
[Yanagida, 1979] mp = \/§
[Gell-Mann,Ramond,Slansky,1979]
[Mohapatra,Senjanovic,1980]
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Out-of equilibrium dynamics
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Quantifying CP asymmetr
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Neutrino mass, mixing and Leptogenesis are related
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Flavor effect in Leptogenesis

[Credit to

E — YU-ZL _FINZ _|_ Ya (ZL)aH(eR)a _I_ h.C Barbieria et. al.,2000; Nardi et. al., 2005, 2006;

Blanchet, Bari, 2006, 2007; A. Abada et.al.,2007;
,and many more...]
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Flavor effect in Leptogenesis

[Credit to
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Washout along individual flavors become different




Flavor effect in Leptogenesis

L=Y"0r. HN; +Yo(lr)a H(lR)o + h.c
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Importance of flavor effect

- [Credit to A. Abada, S.

il Davidson, A. Ibarra, F.-X.
M, = 101°GeV 1 Josse-Michaux, M. Losada
Il and A. Riotto,
JHEP0609:010,2006]

1—3 Two flavor
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Almost one order shift in produced baryon asymmetry can be achieved




Timeline of Leptogenesis:
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Inflationary Universe [exponential expansion: ¢ ~ th]
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Inflaton must decay to radiation
Reheating
Beginning of the thermal history.
All elemantary particles (of SM) are

generated

Era of rehating can be
very rich.

Coupling between inflaton and SM
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 Temperature varies differently.
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/ ¢ Effective coupling

i (BRHF)

ff (SM fermions)

Extended ¢
Reheating < Radiation Bath
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RIIN
\ Leptogenesis (A) M; > Thax
N, can be thermally produced
\ N; decays . Tniax > My > Tru
«
s | TrH

(Say, 102 GeV) M (10° GeV) (C) M, <Trnu




Equilibration of Charged lepton Yukawa:
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Equilibration of Charged lepton Yukawa:

M;=10" GeV, y,=10"*
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Delayed equilibration of charged
lepton Yukawa interactions




Shift in ET and effect on flavor leptogenesis

Tmax > M; > Tru

e Decay of N1 would produce lepton asymmetry

* However, FISNORFCSIMNCSEIcSHIfted

Need to relook into flavor leptogenesis




Bolzmann Equation and Temperature:
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Modification of Flavor effect

L=Y"0r. HN; +Yo(lr)a H(lR)o + h.c
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Modification of Baryon asymmetry

M;=10" GeV
Standard




Modification of Baryon asymmetry

* Prolonged Reheating was achieved by varying the inflaton-SM fermion
coupling.

* Due to the nontrivial behaviour of Temperature in betweenT__ and T__,

equilibration temperature of charged lepton Yukawa interactions shift from
their standard thermal value.

* More stringent parameter space satisfying correct baryon asymmetry is
observed due to the modified flavor effect as well as dilution of baryon
asymmetry due to entropy injection from inflaton decay.




CONCLUSION

Leptogenesis takes place during an extended era of reheating

» Shift of Charged Lepton Yukawa Equilibrium Temperature

» Flavor Leptogenesis regime gets modified







