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INTRODUCTION (OBSERVABLES

We use EEW observables to constrain the mixing of the extra neutrino mass eigenstates We compute the EW observables at 1 loop in the Equivalence Theorem [3] regime,
in a Seesaw model: 1e. My > Mz, in terms of Mz, o and G,.

1_- c1 TN . o
L = Lo — §N§(M V)i VD = (Yn)iaNEO €2 + Hec. The new degrees of freedom correct the 177 and Z boson propagators that will enter
in the observable amplitudes at tree level.

The full neutrino mass matrix is diagonalized by the unitary 6 X 6 mixing matrix Uy
[

0 mT m 0 A er{//\J —- ’\IWF\.QI'WF\/
Utot M UtOt M
Mmp MN 0 N R__2WW NANRG Xy
For phenomenological impact, M; ~ O(EW scale) and Yy ~ O(1) while m; ~ O(eV)
are required = a mass matrix with an approximate L symmetry is needed [1]:

e Universality ratios: BT, R™ , RV RY RY R% Rl and le
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e Invisible Z decay:

m,, = 0 (3 massless v)
My, = My, = A (a Dirac pair)
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My, = N (a decoupled singlet)
Arbitrarily large © (mixing between v and V)
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e My through G in 1 decay:
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Fixing neutrino oscillation data [2]: 0;;, Am3; and Am3; = Y, = Y. (my, 6, aq, o).

2
F,u—)e'y 7 ‘ X ‘
The set of observables will be written in terms of these 9 parameters that will vary in A partial cancellation between the tree and the loop contributions could be possible
the following ranges: in some observables |4]:

2 2
e W >
‘8 ‘ I ‘(9“’ 20T where e WW(O) ZZ(O)

Parameter | |Ye| & |Y,| my [eV] A [GeV] Phases: ae, o), 0, oy & az Osc. data | o
2 Mz M

Range (O ey SR Al RO 02 (0, 27) fixed [2]

obs. ~

RESULTS: GLOBAL FIT & CONSTRAINTS RESULTS: LOOP EFFECT

MCMC with the 13 observables scanning over the 9 parameters. If L is mildly broken = T'>0 =- no cancellation allowed.

Frequentist constraints and values of the mixing in the BF: T< 0 only possible for large L.

TR IeEn ’U%WY2(%O(€ 1, gﬁ) | i,(’)(e%, 4‘%)) = L driven by p; and pus3
Y

e Normal hierarchy
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But loop level correction to m, should be taken into account |5|:
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O - m, ~ 100 MeV!!
<3.3-10 since no symimetry protects it
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