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MOTIVATION

Neutrino masses are one of the most promising open windows
to physics beyond the Standard Model (SM).

By adding heavy vr to SM particle content, neutrino masses

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.
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Once the new heavy states are integrated out, the SM-Seesaw

can be considered as a low energy effective theory:

e dim-6 op. induces non-unitarity in the mixing matrix N

of lepton charged current interactions:

dim-6

o CORRACE)

EWSB .

1

> n = im%M]QQmD — i@G)T

N = (I — n) Upmns

since 7) is Hermitian = the most general parametrization for V.
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. . _ . 1 _
dim-5: m = m%MNlmD dim-6: n = imEMNQmD
violates L conserves L

[ M; ~ O (Agw)

Yy~ O(1) = m too large

Meaningful bounds imply <

Alternatively, smallness of m, may naturally stem from an

approximate L instead of a huge hierarchy of masses

k—> Inverse or Lienar Seesaw
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THE 2 SCENARIOS: G-SS & 3N-SS

We have studied 2 different scenarios:
o (3-SS: a completely general scenario

— SM is extended with an arbitrary number of vy
— they are heavier than Agpw

— no further assumptions

e 3N-SS: a 3 heavy neutrino scenario

— SM is only extended with 3 vg

— they are heavier than Apw
— large New Physics effects in spite of the smallness of m,

— m, radiatively stable
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e 3N-SS: a 3 heavy neutrino scenario
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e 3N-SS: a 3 heavy neutrino scenario

Where the only Seesaw that saturates the bounds:
M 5 ~ A (pseudo Dirac pair), Ms ~ A’ (decoupled) but

—10, 0. O

O~ —| —b, 06, O with 0, =
V2 \ i 6 o V2A

0.1 0.0% 6.0
00! 1 [ 107 0eb, 007
Since 7 = — — =5 0,605 10,2 0,.6:

0-05 0.0% 0.

Fixing v osc. data: 0;; & Am%j =Y, =Y, (m13,0, 01, P2)
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(OBSERVABLES

The 28 observables are computed in terms of «, G, and Mz.

e The W boson mass My

, .o . 2 lep 2 had
e The effective weak mixing angle O: SW off & S off

e 4 ratios of Z fermionic decays: R;, R., Ry & o ﬁad

e The invisible Z width @',
RT RW RW RK RK

. . o z z
e Universality ratios: R, RT,, R ., R, R, ., R, R, & R_,

e 9 decays constraining the CKM unitarity
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LEV decays: u — e transitions

non-perturbative
( region
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LEFV decays: 7 — e & 7 — p transitions
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(OBSERVABLES

The 28 observables are computed in terms of «, G, and Mz.

e The W boson mass My

, .o . 2 lep 2 had
e The effective weak mixing angle O: SW off & S off

e 4 ratios of Z fermionic decays: R;, R., Ry & o ﬁad
e The invisible Z width @',
R™ RW RW RK RK

1 . L T
e Universality ratios: R s W A0 o Mo ST

l l
pe’ Ry & Iy,
e 9 decays constraining the CKM unitarity

e Jrare LFV decays: u —evy, 7 — uy & 7 — ey
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MCMC with the 28 observables scanning over the free parameters

G-SS: 3N-SS: Normal Hierarchy
o0 —n +n ¥ ——+—F——F+———————————— o0?( 4/— —"" « 7 ————F+————F———————
[ G-SS ] i 3N-SS: Normal Hierarchy ]
0.06 —lo - 0.06- —lo -
0.05 0.05" —90%
o) [ i — 20
= 0.04¢ —0.04
N 0.03- 90_03:,
0.02} 0.02-
0.01- 0 01:,
07 R R B AN B R SRS A |
0 0.005 0.01 0.015 0.02 0.025 0.03 OO | . 0015 80.02\0 025 003
\/ 2 Ny |6,
0-077‘ T~ 7 ~"—° 1 ~——"/— T 1+~ o0 T T T ‘7 0.077 ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ ]
i G-SS ] i 3N-SS: Normal Hierarchy ]
0.06- —lo - - —lo -
0.05/—— —90% |
[0 [ 20
I~ 0.04;
N 0.03
0.02-
0.01\
% 002 004 006 008 0.1
0.08 0.1

\/ 2 Ny



RESULTS OF THE GLOBAL Fi1T

MCMC with the 28 observables scanning over the free parameters
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Contributions from the different observables to the y?:
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Global fit: off-diagonal entries of the mixing matrix
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RESULTS OF THE GLOBAL Fi1T

Global fit: off-diagonal entries of the mixing matrix

G-SS:

3N-SS:

LFC LFV

NH

IH

V2 Meu| < 0.018 | \/2[nep| < 4.1-1077
V/ 2|Ner| < 0.045 V 2|Ner| < 0.107

vV 2|nur| < 0.024 v 2| < 0.115

K Schwarz inequality

/000, < 4.1-1073

V/10e0-] = 0.036 70016

V10,.0-] < 0.007

/006, <4.1-1077°

V100 ] = 0.0367 o3

V10,.0-] < 0.005
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1-LOOP EFFECT

Several observables go with:

0] I 6,,|° 90T T Yww(0)  Xzz(0)

2 2 N MZ M2

W and Z boson propagators corrected by the heavy vp:

14 Np
W %% W %% / / / /
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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

Loop corrections from p; and p3 to m; should be taken into account:

Y, Ys
3272 1
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® 13=10"

® H3=1

o p3=10 [GeV]
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SUMMARY

A set of EW and flavor observables have been used to

constrain the additional mixing in two different scenarios.

A non-zero value for e and 7 mixings with a significance of 20

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

In the G-SS scenario, 7, 1s constrained by p — ey while n,. and 7,

are constrained by indirect bounds through Schwarz inequality.

In a L-conserving Seesaw model loop effects are negligible.
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