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HNL & modified currents

Low-scale seesaw: addition of heavy neutral leptons, non-decoupled, 
sizeable mixings with active  and non-unitary lepton mixing  

 Modified charged & neutral lepton currents!

ν 𝓤̃PMNS
αi

⟹

Invisibles24

Sizeable impact on flavour observables both at tree and loop level  
LFUV, EWPO (very good exp. accuracy) and cLFV (in general very constraining)

Can EWPO (and LFUV) supersede cLFV bounds? 

Consider (one-loop) contributions of HNL to these observables 
& illustrate with well motivated  mechanism: ISS(3,3)mν

6 Impact on EW precision observables: invisible Z width and fur-

ther constraints

The presence of heavy neutral fermions will also contribute at one-loop level to several EW (precision)
observables including, among others, the oblique parameters, and the invisible Z width. Following the
PDG [53] definition of the oblique parameters S, T, U , the SM contributions to the latter vanish by
construction; any deviation from 0 is thus a clear indication of NP contributions to the electroweak
gauge boson self-energies. The oblique parameters are defined as [43, 53–55]
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in which the various ⌃̂N denote the HNL contributions to the renormalised boson self-energies. Notice
that the heavy neutral lepton contributions to the unrenormalised ⌃�� and ⌃Z� are vanishing, contrary
to the renormalised ones. The definition of the renormalised self-energies in the on-shell scheme can
be found in [43, 44], while the explicit expressions for the HNL contributions to the unrenormalised
boson self-energies are given in Appendix A. We further emphasise here that only the contributions
to the T parameter will be of phenomenological relevance, since contributions to S and U are strongly
suppressed.

In the present study, we will emphasise the role of the invisible Z width, in particular the impact of
the new higher order contributions (for an extensive discussion on these constraints on SM extensions
via sterile fermions, see [43]). The relevant form factors for the invisible Z decay width are also
detailed in Appendix C. The renormalisation of the Znanb vertex is given by

Zµ

na

n̄b

= � i
2gw

4cw
�µ (CZ⌫

L,ab
PL � C

Z⌫

R,ab
PR) , (51)

where the coe�cients C
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with the Cab coe�cients as defined in Eq. (3). The 1-loop invisible Z width is then given by
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Nmax being the heaviest neutrino kinematically allowed. The full invisible width is the sum of the
tree-level width and the interference between tree- and loop-level contributions mediated by the new
states in the present model �full = �tree + �tree�nS . In terms of the form factors, the widths �tree and
�tree�nS can be written as5
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5Notice that for identical final states, the “cross-lined” diagrams - with na $ nb - have to be taken into account.
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Figure 1: Feynman diagrams contributing to invisible Z decays (in unitary gauge).
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Figure 1: Feynman diagrams contributing to invisible Z decays (in unitary gauge).
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Invisible Z width
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  Considerably smaller values than SM prediction  
       (already in tension with measurement) 

  NLO corrections to invisible  width significant! 

 FCC-ee expected to probe important regimes
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EWPO and cLFV

But important role of precision observables:  

 can explore regimes beyond future reach of cLFV exp. 

 can probe regimes with sizeable or negligible cLFV!
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Concluding remarks

FCC

COMET 
Mu2e

Invisibles24

EWPO observables can supersede cLFV (future) bounds 

Future FCC-ee expected to probe important regimes of the ISS 

Relevance of NLO contributions in all explored parameter space!

Thank you for your attention
More details at the poster session


