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Motivation

Neutrino masses are one of the most promising open windows

to physics beyond the Standard Model (SM).

arise in a simple and natural way.

A set of EW and flavor observables are going to be used to

constrain the additional neutrino mixing.

By adding heavy ⌫R to SM particle content, neutrino masses
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) m̂ too large

unless the lightness of m̂ explained by an approximate L.
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where Ni is an arbitrary number of extra heavy fields.
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where Ni is an arbitrary number of extra heavy fields.

If L is exact: m̂ = 0 while ⌘ 6= 0 and arbitrarily large.
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Parametrizations

We have studied in 2 di↵erent scenarios:

• 3-heavy-neutrino scenario:

A more restrictive one with only 3 heavy states that

implies correlations among the ⌘ elements so as

to recover m̂.

• Completely general scenario:

the more general one since ⌘ is Hermitian.

N = (I � ⌘)UPMNS



Observables

The 29 observables are computed in terms of ↵, Gµ and MZ .

• The W boson mass MW

• The e↵ective weak mixing angle ✓W: s2 lep
W e↵ & s2 had

W e↵

• LFC Z fermionic decays: Rl, Rc, Rb & �0
had

• The invisible Z width �inv

• Universality ratios: R⇡
µe, R

⇡
⌧µ, R

W
µe, R

W
⌧µ, R

K
µe, R

K
⌧µ, R

l
µe & Rl

⌧µ

• The weak charge: Qp
W & QCs

W

• 8 decays constraining the CKM unitarity

• 3 rare LFV decays: µ ! e�, ⌧ ! µ� & ⌧ ! e�



Results

MCMC with the 29 observables scanning over the free parameters.

Frequentist contours and values of the mixing in the BF:

General scenario:

3-heavy-neutrino scenario:

⌘ee = 0.00128+0.00064
�0.00066

⌘µµ = < 0.00012

⌘ee = 0.00064+0.00033
�0.00034

⌘µµ = < 4⇥ 10�8
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Summary

A set of EW and flavor observables have been used to

constrain the additional mixing in two di↵erent scenarios.

The results of the global fit:

⌘ee = 0.00128+0.00064
�0.00066

⌘µµ = < 0.00012

⌘⌧⌧ = < 0.0007

General scenario:

3-heavy-neutrino scenario:

⌘ee = 0.00064+0.00033
�0.00034

⌘µµ = < 4⇥ 10�8

⌘⌧⌧ = < 0.0004

⌘ee = 0.00064+0.00034
�0.00031

⌘µµ = < 4⇥ 10�8

⌘⌧⌧ = < 0.0004

NH

IH
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Back-up

Correlations among the ⌘ elements in 3HN case:

M1 ⇠ M2 ⇠ ⇤ (pseudo Dirac pair), M3 ⇠ ⇤

0
(decoupled) but large mixing:
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Parameter |Ye|⇥ |Yµ| |Ye|� |Yµ| m1 [eV] ⇤ [GeV] Phases: ↵e, ↵µ, �, �1 & �2

Range (0, 10�4) (�0.1, 0.1) (10�5, 1) (103, 104) (0, 2⇡)
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Back-up

CP-phases correlations in the 3HN scenario with a NH:
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Back-up

Moreover, ✓⌧ < ✓e preferred by data ) ↵⌧ � ↵e ' (2n+ 1)⇡

CP-phases correlations in the 3HN scenario with a NH:
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