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Neutrino masses are one of the most promising open windows

to physics beyond the Standard Model (SM).

arise in a simple and natural way.

By adding heavy ⌫R to SM particle content, neutrino masses

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

constrain the additional neutrino mixing.
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experimental verification extremely challenging

If smallness of m⌫ comes only from the suppression with MN
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• 3N-SS: a 3 heavy neutrino scenario

– SM is only extended with 3 ⌫R
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A cancellation between tree and loop level could be posible.

This relaxes some bounds allowing to fit some anomalies.
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1-loop effect

FIG. 5: T parameter versus 1-loop correction to mν for different values of the L-violating param-

eters µ1 and µ3.

If both µ1 and µ3 are simultaneously included and dominate over the L-conserving Λ and
Λ′ then T is given by:
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1 + 4µ2

3. In this limit, negative values of T are also easily accessible. However,
the price to pay is high, the approximate B-L symmetry protecting the Weinberg operator
despite the Yukawas at the very border of perturbativity and the low Seesaw scale, has
been strongly broken by µ1 and µ3. While this does not induce any dangerous corrections to
neutrino masses at tree level, and hence when working with the Casas-Ibarra parametrization
as in Ref. [24] the correct masses and mixings seem to be recovered, loop corrections need
to also be taken into account since no protecting symmetry can now suppress them. Indeed,
the loop contributions mediated by µ1 and µ3 to the light neutrino masses are found to
be [33, 42–44]:

∆mναβ
=

YαYβ

32π2µ

(

3M2
Zf(MZ) +M2

hf(Mh)
)

, (40)

with:

f(M) =
(µ+ µ1)2 log

(

µ+µ1

2M

)

(µ+ µ1)
2 − 4M2

−
(µ− µ1)2 log

(

µ−µ1

2M

)

(µ− µ1)
2 − 4M2

. (41)

These corrections can indeed be sizable and in Fig. 5 we show the values that the loop
contribution to the light neutrino masses take in order to recover a given value for −2αT
for different values of µ1 and µ3. From inspection of Eq. (41), the limit of vanishing µ1

would render f(M) = 0, keeping under control the loop corrections to neutrino masses4.

4 In this limit with µ3 ≫ Λ, L-symmetry is recovered with two degenerate neutrinos with mass µ3 that form
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Loop corrections from µ1 and µ3 to mi should be taken into account:

�m⌫↵� =
Y↵Y�

32⇡2µ

�
3M2

Zf (µ1, µ3,MZ) +M2
hf (µ1, µ3,Mh)

�

since no symmetry protects it.

since no symmetry protects it.

|✓e|2

2
+

|✓µ|2

2
+ 2↵T where T =

⌃WW (0)

M2
W

� ⌃ZZ(0)

M2
Z

m⌫ ⇠ O (MeV)!!



Summary

A set of EW and flavor observables have been used to

constrain the additional mixing in two di↵erent scenarios.

In a L-conserving Seesaw model loop e↵ects are negligible.

are constrained by indirect bounds through Schwarz inequality.

In the G-SS scenario, ⌘eµ is constrained by µ ! e� while ⌘⌧e and ⌘⌧µ

A non-zero value for e and ⌧ mixings with a significance of 2�

and an upper bound for µ mixing found in both scenarios.
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