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Introduction

The discovery of neutrino oscillations indicates that neutrinos are massive particles
and the origin of neutrino masses calls for new physics beyond the Standard Model
(SM) of elementary particles.

Canonical seesaw models
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In canonical seesaw models, tiny Majorana neutrino masses and the observed baryon
number asymmetry in the Universe can be naturally accommodated.

The minimal extension is to add three right-handed neutrinos into the SM and introduce
a Majorana mass term for them
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Tiny Majorana masses of ordinary neutrinos can be attributed to the existence of three
heavy Majorana neutrinos, whose masses are not subject to the electroweak gauge
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The Seesaw Scale

The seesaw scale is characterized by the masses of heavy Majorana neutrinos, but not
constrained within the theory itself

Cosmic Frontier: indirect signals from cosmological observations
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High-intensity Frontier: EFT approach vs. precision measurements

Amphtude matchmg Functional matching
(with Feynman diagrams) (our prescription)

Construct the effective
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High-energy Frontier: direct searches in the collider experiments
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One-loop Matching

Below the seesaw scale, we can integrate out three heavy Majorana neutrinos from the
ultraviolet (UV) complete theory and construct the low-energy EFT of the seesaw model,
which will be called Seesaw Effective Field Theories (SEFTs).
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sources for heavy & light fields
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EoMs for the background fields
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While there are only two dim-6 operators in SEFT-I| at the tree level in the Warsaw basis
of the SMEFT, we obtain 31 dim-6 operators at the one-loop level.
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Phenomenological implications of all these dim-6 operators need to be further explored.

Lepton-Flavor-Violating Decays

One immediate consequence of massive neutrinos is the lepton-flavor-violating decays
of charged leptons. In the SEFT-| at the tree level, one dim-5 operator and two dim-6
operators after gauge symmetry breaking lead to f~ — a~ + y decays.
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The decay rate can be calculated in the mass basis with a non-unitary mixing matrix
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The correct rate can be obtained only by taking account of two dim-6 dipole operators
arising from the one-loop matching
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