On a common origin of gauge interactions

and flavour structure of the Standard
Model
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The SM is a tremendously successful theory that explains
“boringly” well all its predictions!

However, it fails to...

Explain neutrino masses
Explain dark matter

Explain CP violation and matter/anti-matter assymetry

Explain the observed flavour structure




Top-down approach: the story of Trinification

The trinification gauge group (Glashow, '84)

[SU(3)L x SU(3)r x SU(3)c] x Z{RD
J
SU(3)c x SU(2)L x SU(2)r % U(1)L+r
|
SU(3)c x SU(2)1, x U(1)y

Subgroup of E¢ O [SU(3)]’
SM fields sit in chiral superfields that are bi-fundamental representatic
of the gauge group: L ~ (3,3,1), QL ~ (3,1,3), and Qr ~ (1,3, 3):
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Each family can be arranged into an E¢ 27-plet:

27" = (3,3,1)' ® (1,3,3) ® (3,1,3)’



Why Trinification

Positives:

@ The model accommodates any quark and lepton masses
and mixings (Sayre et al 2016)

e Naturally light neutrinos via radiative see-saw with split-SUSY
(Cauet et al 2011)

e  (Gauge symmetry preserve baryon number, i.e. no gauge-mediated
proton decay (Achiman&Stech’78; Glashow&Kang'84)

@ Motivated as a low-energy version of E8xE8 heterotic string theory
(Gross et al 1985)

@ GUT scale fermion masses through L - L' - L" type operators

e Higher dimensional operators needed (Cauet et al. 2011)

Negatives: @ Considerable amount of particles and many couplings involved
e Realistic calculations cumbersome

@ Unmotivated Hierarchy between the trinification and the EW breaking scales
(common to most GUTS)

Trinification-based models were left as the least developed GUT scenarios J




“Flavoured” T-GUT approach

Build a SUSY GUT-scale framework in the top-down approach that:

> Features all the basic advantages of the trinification GUTs and resolves
their major issues;

> Addresses the u-problem of conventional MSSM-based approaches;
> Generates larger masses and Cabibbo mixing at tree-level,;
> Full CKM and light fermion masses to be radiatively generated;

> Adopts a seesaw mechanism for light active neutrinos, with no strong
PMNS hierarchies;

> Unifies gauge interactions and reduces parametric freedom in the Yukawa
sector (Yukawa unification).
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“Flavoured” T-GUT with gauged family symmetry

Consider embedding Trinification into E6:
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E6 and Trinification breaking

1
4C

Mgurt
X, X’ and V¥ allow quadratic and cubic superpotential interactions

Wg, DMsTrI? + My TrL'? + MyTrW? + Az TrE? + A5/ TrL"? + Ay Trd?
+ crossed terms

and can develop VEVs obeying the relation
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Trinification EFT: Yukawa sector

Accidental symmetries

E¢ 27-plet contains three trinification SU(3);, x SU(3)g x SU(3)¢ bi-triplets:

U(l)w U(1)s

275(331)2(3,1,3)3(1,3.3) =L 0, 90 L +1 0
Q. —1/2 +1/3
After (X) and (X’) VEVs the massless superpotential reduces to Qr —1/2 —-1/3
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@ SUSY unifies Higgs and Leptons in L
@ Only two universal Yukawa couplings at trinification scale

@ Only two quark generations acquire tree-level masses




Quark spectrum: more details

The most generic VeV setting:
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Quark mixing
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Good opportunity to probe the model at the LHC or future colliders



Radiative generation of charge lepton spectra
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Emergence of SM-like EFT

@ SUSY theory, broken SUSY, broken
L E¢ x SU(2)r x U(1)E J flavour -
@ Between M and Mj5: Steep running due
toVy, X, X/

<(DE6> = M6
[ SU3). x SUB)g x SU(3)c % }

@ Between M; and Mg Trinification

SU(2)r x U(1)r x U(1)w x U(1)g running including L, Q; , Ok, ALRr C

<ZE,R> = M3
[ SU(3)e x SU(2)L x SU(2)g X SU2) X }

@ Soft scales compresseds=w =f =p

U(l)y x U(1)r x U(1)r x U(1)w x U(1)p

Low scale Gsy theory
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Concluding remarks

We developed a novel Flavoured Trinification GUT framework giving

rise to a SM-like EFT, with a realistic flavour structure in charged
fermion and neutrino sectors

The framework offers interesting implications for flavour and

collider physics, primarily through vector-like fermions and
scalar leptoquarks (LQs)



