
Stability of the Higgs sector in a
flavour-inspired multi-scale model

(based on 2011.01946 with G. Isidori and A. E. Thomsen)

Lukas Allwicher

Physik-Institut, Universität Zürich
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Introduction

I Strong constraints on generic flavour-violating new physics:
Λ & 104 TeV

I TeV-scale NP, as suggested by the B-anomalies, needs to be
coupled non-universally [see Cornella et al., 2103.16558]

I Generate the SM flavour structure from a hierarchy of NP scales
−→ 3-site model: non-universal gauge interactions
[see Panico and Pomarol, 1603.06609, Bordone et al., 1712.01368]

I Largest mass scale is ∼ 103 TeV

What about the hierarchy problem?
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The model

Simplified model with a SU(2)1 × SU(2)2 × SU(2)3 gauge symmetry:

The link fields Ωi(i+1) mediate the
interaction between the different sites:

L ⊃ κi(i+1) Fi(i+1)H
†
i Ωi(i+1)Hi+1 + H.c.

− λ−i H†i Ω†(i−1)iΩ(i−1)iHi

− xi(i+1)QL,iΩi(i+1)QR,i+1

Fields SO(1, 3) [SU(2)]2

qi ( 1
2 ,0) 2i

Qi ( 1
2 ,0) ⊕ (0, 1

2 ) 2i

ui, di (0, 1
2 ) 1

Hi 0 2i

Ωi(i+1) 0 2i ⊗ 2̄i+1

E∼ 103TeV∼ 100GeV
v,m3 F23

v,m2 F12
m1

Hierarchies expressed in terms of an order parameter

ε ∼ 10−1 ∼ (4π)−1

.
L. Allwicher UZH

CHIPP Meeting 2021



Fermion masses and mixings
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[Figure by A. E. Thomsen]

After SSB, the VEV v propagates
to the other two sites, generating
the mass hierarchy:

〈H3〉 =

(
0

vEW

)
〈H1〉 ∼ ε4

(
0

vEW

)
, 〈H2〉 ∼ ε2

(
0

vEW

)
,

→ mu
ij ∼ diag(ε4, ε2, 1) vEW

VL fermions generate the mixing:

VCKM ∼


1 θ12 θ12θ23

1 θ23

1

 θ12 = x12〈Ω12〉
M2

f12(yi, ŷi) ∼ ε
θ23 = x23〈Ω23〉

M3
f23(yi, ŷi) ∼ ε
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Stability of the Higgs mass
Radiative corrections are proportional to all NP scales:

δm2
3 ∝M2

NP ∼
m2

3

ε8

−→ need suppression from loops+couplings
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→ λ−i ∼ ε2 xij ∼ ε
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Conclusion

I We have shown a toy model that links scale hierarchies with
flavour hierarchies

I The SM pattern of masses and mixings can be reproduced
introducing VL fermions

I The SM Higgs mass is protected by the multi-site structure
provided that:
I Scalar quartic couplings are small: λ−

i ∼ 1%
→ little hierarchy

I Fermion-link field interactions are suppressed: xij ∼ 10 %
→ needed also for fermion hierarchy

Thank you!
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