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Outline
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Right-handed neutrinos (RHN) and non-standard interactions (NSI)

Neutrino masses – Seesaw mechanism

Lepton number violation –             decay

Baryon Asymmetry of the Universe - Leptogenesis



The Standard Case
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[https://ep-news.web.cern.ch/uniting-leptogeneses]
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[https://ep-news.web.cern.ch/uniting-leptogeneses]



Non-Standard Case?
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[https://ep-news.web.cern.ch/uniting-leptogeneses]

+ more?
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LQ

Effective operator 
description

LQ

Any new particle coupling 
to RHNs and/or leptons

or

or

Example operator:

𝜐SMEFT



1) Neutrino masses – Standard Case
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Seesaw mechanism:

[Fridell PhD 2022]
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“Low Scale”



Neutrino masses – Non-Standard Case
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[Fridell PhD 2022]

In general: Dim-5
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Ren.

[Fridell PhD 2022]

In general:

Here:

Dim-5

Dim-4



2) Lepton number violation
• Assignment of LN:
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2) Lepton number violation
• Assignment of LN:

• “Most” promising observable:             decay
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LNC LNV

[by K. Fuyuto]



LNV – Standard Case
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• 4-fermion interaction at low 
scales

[by K. Fuyuto]



LNV – Non-Standard Case
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[by K. Fuyuto]

• See also [Dekens et. al. JHEP 2020]

[by K. Fuyuto]

LNC operator:



LNV – Non-Standard Case
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[by K. Fuyuto]

• See also [Dekens et. al. JHEP 2020]

Order of 
magnitude effect!

[by K. Fuyuto]

LNC operator:



3) Baryon Asymmetry

• Matter-Antimatter asymmetry

• Sakharov conditions
1)      violation
2)      and          violation
3) Out-of-equilibrium
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[by K. Fuyuto]



Leptogenesis (LG)

Above EW scale: 
• SM sphaleron processes →                 violation
• Non-perturbative
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[Nir 2009]
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Leptogenesis regimes
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BAU via Neutrino Oscillation – Standard Case
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BAU via Neutrino Oscillation – Non-Standard Case
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Low scale Leptogenesis – Non-Standard Case
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LNC operator:
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Low scale Leptogenesis – Non-Standard Case

Order of magnitude effect!
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Low scale Leptogenesis – Non-Standard Case

Order of magnitude effect!

Work in progress!



Conclusion & Outlook

Non-standard interactions can change 
 →             decay
 → Low-Scale Leptogenesis
by orders of magnitude 
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Conduct full parameter scan

Go beyond effective operator approach to study the effect 
of 𝑇RH



Thank You

[https://mein.toubiz.de/api/v1/article/979cc93d-fd3c-44bf-b02e-
4b01318c3a90/mainImage?format=image/webp&width=1900]
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credit: Baumann

Measuring the Baryon Asymmetry



Derivation Quantum Kinetic Equations (QKEs)
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• QM: number operator: 
• QFT: “number density operator”:

• More generally
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Differential equations
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[2207.01651]



Parameter Space
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[2008.13771]
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Non-standard cases
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LQ

e.g. in connection to Unification

… …
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