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— Introducing new particles can solve these problems.
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Heavy neutral lepton (HNL

Heavy neutrinos can solve three
problems at once:
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» Can be a Dark Matter

candidate
Dodelson/Widrow, hep-ph/9303287,

Asaka/Shaposhnikov, hep—ph/0505013)
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Seesaw type-I

» Seesaw Lagrangian

_ . 1.,
L D Fai(la0)vri + EVRi(MM)ijVRj + h.c.

Yannis Georis TeVPA 2021 4/13



Seesaw type-I

» Seesaw Lagrangian
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Seesaw type-I

» Seesaw Lagrangian

~ o~ 1
L D Fai(la0)vri + EDiC?i(MM)ijVRj + h.c.

Seesaw relation my,

m, = —V2F~ -1, Ft. /

» Interaction strength of the heavy neutrinos

V=23 |(F - Mial? = Y 16af*
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Sakharov conditions:
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Thermal leptogenesis
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Thermal leptogenesis

Sakharov conditions: - \
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Thermal leptogenesis

Sakharov conditions:

» Baryon number violation

* Sphaleron process v

» C- and CP-violation

* CP-violating decays

» Deviation from thermal
equilibrium

* HNLs freeze-out v
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Low-scale leptogenesis

» Davidson-lbarra bound: My > 10° GeV if mass hierarchy
(M < My < M3).
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Low-scale leptogenesis

1) Resonant leptogenesis (Pilaftsis, hep-ph/9707235)
— Enhancement due to small heavy neutrino mass splittings.

2) Leptogenesis from neutrino oscillations (Akhmedov/Rubakov/Smirnov,
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Low-scale leptogenesis

>

Davidson-lbarra bound: My > 10° GeV if mass hierarchy
(Ml < M2 < M3)
< Detection @

Low-scale leptogenesis

Resonant leptogenesis (Pilaftsis, hep-ph/9707235)

— Enhancement due to small heavy neutrino mass splittings.

Leptogenesis from neutrino oscillations (Akhmedov/Rubakov/Smirnov,
hep-ph,/9803255 )

— Produced during approach to thermal equilibrium.

—> Two regimes of the same mechanism ! Represented by the
same set of equations. (cfr. B.Garbrecht 1812.02651)
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Quantum kinetic equations
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Quantum kinetic equations
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> Rates from Klaric/ Shaposhnikov/Timiryasov 2103.165451
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Quantum kinetic equations

.d[) i . = Ma
ip = H. 0] = ST, 0p} — i > P2 fr(1— fr),
ac{e,u,7}
.dp _ i - . = [a
T —[H, 7] — E{rﬁ/)} +i Z FQTfF(l — fF),
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d 2ip, [ A3k [ Bk
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G == op [ G TRIR = )+ [ T )
Density matrix/ /

Effective Hamiltonian/Interaction rates

> Rates from Klaric/ Shaposhnikov/Timiryasov 2103.165451
» Mass range from 50 MeV to 70 TeV.
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n=2 leptogenesis
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n=3 leptogenesis

| g
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18 new parameters in type-l seesaw:

3 light neutrino masses
3 complex angles

3 CP-violating phases
3 PMNS angles

Consistency with v-oscillation data induced by Casas-Ibarra

parametrisation
i )
F==U,\/mi*Ry/
v

Mass degenerate scenario % < 0.1, normal ordering and

Miightest S {0,01} eV.

Lol D S S

Theoretical constraints:

Perturbative unitarity ' < %
Seesaw expansion U? < 0.1

No large radiative corrections (1 — ||%||)2 <1
loop
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Comparing n =2 and n = 3.
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Comparing n =2 and n = 3.
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» Parameter space way larger than in the n = 2 scenario.
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Comparing n =2 and n = 3.

1071

1073 g

Thermal initial conditions, N=2
10-13} — Vanishing initial conditions, N=2

--- Thermal initial conditions, N=3
— Vanishing initial conditions, N=3

10°19
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10! 10%

) 10°
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» Parameter space way larger than in the n = 2 scenario.

» Reaches theoretical constraint at low masses.
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Late equilibration
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Comparison to experimental sensitivities
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» Experiments will cut deep into n = 3 parameter space.

» Can expect to produce thousands of displaced vertices at HL-LHC:
Testability !

» Resonant leptogenesis working for masses as low as O(1.7) GeV:
testable at e.g. NA62.
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Take home message

Conclusion

» Leptogenesis under the TeV-scale is a viable solution, even for
strongly coupled heavy neutrinos.

— Soon experimental detection possible!
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Take home message

Conclusion

» Leptogenesis under the TeV-scale is a viable solution, even for
strongly coupled heavy neutrinos.

— Soon experimental detection possible!

» Parameter space much larger than for the n = 2 scenario. No upper
bound from leptogenesis in the low mass range.

» Leptogenesis with thermal initial conditions is possible for masses as
low as 1.7 GeV.
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Results for myjgntest =
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» Parameter space smaller for myjghiest = 0.1 €V.
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Thermal vs vanishing initial conditions
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B-L approximate symmetry

Naive seesaw bound
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B-L approximate symmetry

Naive seesaw bound
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B-L approximate symmetry

Yukawa coupling
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