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Motivation

m The Standard Model (SM) does not include v—masses.

=- Theory extension necessary!

m Most popular: vg (“sterile” or “right-handed” neutrinos).
= vg affects low energy precision observables.

= Probe sterile neutrino extensions of the SM.
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Seesaw and Minimal Unitary Violation 1
arXiv:1407.6607

m Seesaw extension of the SM:
=Ly — %UPI{MII_\IIV&J - (YN)/aVﬁaTLa + H.c.

m Effective theory: Minimal Unitarity Violation (MUV) scheme
Aauv = Lo + 0L972 +6L£9=0

m Dim 5 operator = Weinberg operator: generates light neutrino
masses after EW symmetry breaking

6£9=5 = 1d5% ([5ad”) (3 L) + e,
m Mass matrix for light neutrinos (seesaw formula):
(M, )as = =51 cd5® = =B (VD )ar (M) (Yo -
= Leptonic mixing
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What is leptonic mixing?

m Diagonalisation of a mass matrix M = mass Eigenstates.

Mass Eigenstates # flavour Eigenstates.

Analogously to CKM quark mixing.

Leptonic mixing can be expressed by the PMNS matrix U.

m PMNS matrix is unitary:  UUT =1
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Seesaw and Minimal Unitary Violation 2
arXiv:1407.6607

m Dim 6 operator: contribution to the kinetic term of the light
neutrino after EW symmetry breaking

0L9=0 = c25° (Lad) id (31Ls)

m Kinetic term of the neutrinos:
2
gkin,z/ =1V, 5(1 + VETWCd:6 )aﬁ Vg = 1V a(NNT);E vg .

= Performing the canonical normalisation of Ay,
induces a non-unitary leptonic mixing matrix N.

= ldentify contribution from dim 6 operator as the deviation
from unitarity.
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What is non-unitarity in this context?

m Non-unitarity in leptonic mixing: UUT =1 — NNT £1

m Parametrize the deviation from unitarity (“1") by
(NNT)Oéﬁ = 1046 + €ap for O‘aﬂ € {67/‘77_}

m Six non-unitarity parameters: €ee, €uu, Errs Eeps Eers Epur
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Modified Weak Currents

(4+4)

al

= Loy Nyi s (J”’O)I.j = vivty; (NTN)
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Observable Consequences

Input parameters:

m Fermi constant: Gr = 1.1663787(6) x 107°GeV 2
m Fine-structure constant: «a(m,)~1 = 127.944(14)
m Z pole mass: mz = 91.1875(21)GeV
Fermi constant with non-unitarity: *ﬁ\// v
H 7 e

7/<
N,

vj

m Fermi constant Gr # muon decay constant G,.
m Tree-level relation: Gﬁ = GZ(NNT),,(NNT)ee
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EWPQO Modifications with Leptonic Non-Unitarity

Electroweak Precision Observables (EWPO):

Weak mixing angle 0y:

m SM tree-level relation: sin?(yy) cos?(6y) = \O}é'gi)z
mz

m With non-unitarity:
sin2(0W) — % [1 — \/1 — %{%\/(NNT)%(NNT)W,

= Obtain leading order expression in non-unitarity
parameters £,3.
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EWPO Modifications with Leptonic Non-Unitarity
arXiv:1407.6607

] Non-Unitarity

[Relgp (1 —0.15¢4)

[Ro]sps (1 +0.03e4)

[Relgy (1 —0.064)

[O—gad} SM (1 —0.25 g4 — 0.2757-7.)
[Rinv]snm (1 +0.75e 4 0.67¢,,)
[Mw]sn(1—0.11¢4)

[rlept]SM(l —0.59¢,)
[(Sév’?%)ﬂw(l +0.71ey)
[(sy'oir)2lsm(1+0.71¢ )

€4 = Eee +Epp

Modification to the EWPO in the MUV scheme,
to leading order in non-unitarity parameters ..
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Global Fit to Precision Data

arXiv:1407.6607

= Highest posterior density intervals at 90% Bayesian C.L.:

—0.0021 < e
—0.0004 < e,
—0.0053 <&,

<
<
<

—0.0002 |leeul
0 leer|
0 |€M7"

< 10x10°°
< 21x10°3
< 8.0x10*

= Hints for non-unitarity at the 2o level.
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Sensitivity to Non-Unitarity from EWPO

at Future Colliders
arXiv:1407.6607

B theoretical and experimental
constrains (present).

M International Linear Collider

in Japan?

Circular Electron Positron Collider

in China

Future Circular Collider i ‘ ‘ ‘ ‘

by CERN 10% 10° 10* 10°% 1072
|€cet€uyl

= Future machines will turn hint into a discovery!
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Summary

m Non-unitarity of the leptonic mixing matrix at low energies is
a generic signal of extensions of the SM with “sterile” or
“right-handed” neutrinos.

m Very powerful probe of non-unitarity via EWPOs.

m Global fit of non-unitarity to precision data:

m Hints for non-unitarity at the 20 level.

m If true we will certainly find it with the next lepton machine!

Precision for Discovery!
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