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this is how it all began…
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not just a fairytale

ü The flavour paradigm of models with an extra Higgs doublet is often limited to escape flavour
bounds. But there there are the recent results for 𝒉⟶ 𝝉𝝁 and 𝒕 → 𝒄𝒉.

ü Stringent bounds on the masses of the expanded Higgs sector can be avoided by proposing certain 
flavour textures for the Yukawa interactions.

ü We show that we can go beyond the flavour diagonal regime for the couplings of the SM fermions to 
the neutral Higgs states, yet respect bounds from flavour physics.

ü Once we allow for one or more of the expanded Higgs family to have lower masses, interesting and 
yet unexplored collider signatures can arise.

ü We show this with a axion variant model with the right handed top quark charged -1, two Higgs 
doublets charged 0 and -1 under a Peccei-Quinn symmetry.

ü We also introduce a top-charm mixing between right handed up-quark sector. We implement a 
similar structure in the lepton sector too.
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a 2HDM of type III

Non-holomorphic couplings and the CKM matrix

right-handed fermion rotations

General 2HDM Lagrangian:



a 2HDM of type III
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Goes beyond the 
THDM type II 

structure

THDM type II 
structure

charged Higgs couplings

neutral Higgs couplings

lepton - Higgs couplings (charged and neutral)

we choose a texture:

model parameter
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a 2HDM of type III
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fits to the Higgs couplings
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we focus on the low tanβ range

Higgs width modifier: Higgs-gauge field coupling modifier: Higgs-fermion
coupling modifier:

Run 1 ATLAS-CMS combination 
arXiV:1606.02266



fits to the Higgs couplings
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we focus on the low tanβ range

Higgs width modifier: Higgs-gauge field coupling modifier: Higgs-fermion
coupling modifier:



fits to flavour violating Higgs and top decays

Combined with Higgs 
couplings data
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average

Higgs couplings

combined

Dominated by 𝒕 → 𝒄𝒉



fits to low energy FCNC and charged current decays
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strong bound on charged Higgs mass (typical of 
THDM type II) is alleviated because of 

cancellations with the SM contributions at low tanβ

𝑚)± ≳ 580 GeV @ 95% CL in THDM type II



fits to low energy FCNC and charged current decays
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Large contributions to 𝐵 → 𝜏𝜈 are not 
generated by this model.

The relative compatibility between the 
experimental measurement and SM 

prediction leads to almost no constraints on 
the parameter space of the model.

Left handed charged currents are 
suppressed by the up-quark mass.



fits to low energy FCNC and charged current decays
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RD and RD* are not explained by this 
model but the fit to the parameter space 

is affected by these measurements

Large contributions to 𝐵 → 𝜏𝜈 are not 
generated by this model
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other constraints

Contributions proportional to small lepton mass

Contributions to T parameter small when the Higgs masses are not split apart



combining all constraints

The picture is not only hopeful but quite promising!!

The black dots mark the benchmark point with discuss in our 
study of collider phenomenology
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a preference for low tanβa preference for ρ ≠ 0

low 𝑚)± allowed
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collider phenomenology of the heavy Higgs

THDM type IITHDM type III
that we use

a list of interesting signatures
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collider phenomenology of the heavy neutral Higgs

marginalized over
𝑚)±

𝑚)± =	𝑚)0

excluded by 13 TeV
𝑔𝑔 ⟶ 𝐻⟶ 𝑍𝑍∗ ⟶ 4𝑙
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collider phenomenology of the charged Higgs

Already probed by light dijet
searches
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summary

ü The intricate alleys of a general THDM are not often navigated leaving interesting phenomenology 
untouched.

ü The (pseudo)scalar family is awaiting the arrival of other members for which we must search in the right 
place.

ü We also show that these degrees of freedom leave collider signatures that remain unsearched for.

ü At times, these collider signatures can be quite bold and easily searched for.

ü Stringent lower bounds on the mass of the charged Higgs can be alleviated by a more intricate flavour
structure of the Yukawa interactions.

The lower bounds on new (pseudo)scaler states, both neutral and charged, should be reconsidered 
and collider searches should be open to the possibility of production and decays of these states.
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Thank you…!!
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