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Introduction 1: 2HDMs b

Original Motivation

History goes back to 1973, with 
T. D. Lee. It was an attempt to 

find new sources of CP Violation.

In 1977 Glashow & Weinberg realize 
that to avoid tree-level flavor changing 

neutral interactions (FCNIs), all 
fermions of a given electric charge can 
couple to at most one Higgs doublet.
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History goes back to 1973, with 
T. D. Lee. It was an attempt to 
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enlarged Higgs sector:

 

Two possibilities  to keep this 
value equal to 1:

l Scalar doublets with Y=±1
m Scalar singlets with Y=0
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The different possible fermion assignments lead to different types of 

2HDMs:
 

 
Additional particles!

 



2HDM with U(1)Xc

The Goal

Explain

via

Gauge principles.

Neutrino masses✓
Dark matter✓

Absence of flavor 

violation
✓
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Theoretical Constraints

We can explain this Z2 symmetry from gauge principles as coming from a U(1) 
abelian symmetry. We demand

Again, the fermion charges under U(1)X define the different models

n Gauge invariance
o Anomaly cancellation
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Theoretical Constraints

We can explain this Z2 symmetry from gauge principles as coming from a U(1) 
abelian symmetry. We demand

Again, the fermion charges under U(1)X define the different models

 
Just 2 additional particles!

 

n Gauge invariance
o Anomaly cancellation
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Additionally, we include neutrino masses through a seesaw type I 

mechanism, by adding a scalar singlet
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Evidence

Image and plot from: ESA and the Planck Collaboration, 2013.

The CMB spectrum
 

Galactic rotation curves
 
 

Plot credit: M. Chan et al, arXiv:1301.6640.
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Plot from: Chan, Man Ho and Ehrlich, Robert, arXiv:1301.6640Image from: Hubble Space Telescope (NGC 4911 in the Coma Cluster)

The Coma Cluster
 
 

Image from: D. Clowe et al, Astrophys. J. 648, L109 (2006).
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The Bullet cluster
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Visible
matter
~5%

Dark
matter
~27%

Dark
energy
~68%

What we know so far:
 

Its approximate abundance.
 

It is essential for galaxy 
formation
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Visible
matter
~5%

Dark
matter
~27%

Dark
energy
~68%

What we don't know:
 

What it actually is!
 

What we know so far:
 

Its approximate abundance.
 

It is essential for galaxy 
formation
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Methods of Detection 

Indirect Detection 

Annihilation
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Methods of Detection 
Colliders

Production
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2HDM with U(1)Xc

Dark Matter
We add a vector-like fermion as a DM candidate charged under U(1)X

In order to maintain the theory anomaly free

It introduces an extra parameter: Mχ
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The free parameters of the theory come from...

...the extra scalars
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Experimental Constraints: Higgs Physics
If we assume that  does not mix with  and , the eigenstates masses are 

given by

SM 125 GeV Higgs

New light scalar

Heavy scalar
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Experimental Constraints: Higgs Physics
If we assume that  does not mix with  and , the eigenstates masses are 

given by

SM 125 GeV Higgs

New light scalar

Heavy scalar

In 2HDMs the limits are usually expressed 
in terms of this plot, valid for new Higgs 

more massive than the SM one.
For this UV complete family of models we 

are going to need more, due to the 
interesting phenomenology.
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Experimental Constraints: Higgs Physics

There were several experiments at LEP looking for Z + scalar decaying into 
fermions or invisibly.

These searches did not cover fermions with 
small invariant masses (from a light Z'), so 

we focus on invisible decays.



2HDM with U(1)Xc

Experimental Constraints: Higgs Physics

There were several experiments at LEP looking for Z + scalar decaying into 
fermions or invisibly.

Phys. Rev. D 87, no. 11, 115009 (2013)

These searches did not cover fermions with 
small invariant masses (from a light Z'), so 

we focus on invisible decays.
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Thanks to the accurate Higgs branching ratios measurements performed by 
the Higgs Working Group @ LHC...
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Experimental Constraints: Higgs Physics

Thanks to the accurate Higgs branching ratios measurements performed by 
the Higgs Working Group @ LHC...

one needs to choose a model

... we can constrain the parameters of these 
models

enforcing 

to match the measured value within the 
errors.

with



2HDM with U(1)Xc

Experimental Constraints: Meson Decays

If kinematically allowed, rare mesons decays can also constrain these models

Rare K Decays Rare B Decays
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Experimental Constraints: Atomic Parity Violation
While high energy colliders experiments provide a direct 

observation of new particles, low energy searches provide 
indirect yet highly precise probes.
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2HDM with U(1)Xc

Experimental Constraints: Dark Matter

Example: 50 MeV DM in a 2HDM+U(1)B-L

Relic Density:
Thermally produced

TEXONO:
Neutrino-electron scattering

PRELIMINARY

Atomic Parity Violation:
Cesium limits for different 

values of mass mixing

XENON100:
DM-electron scattering

v



Conclusions

i We have shown that it is possible to cure 2HDMs flavor changing interactions 
from gauge principles while providing neutrino masses through a see-saw 
mechanism and a dark matter candidate.
 
o The rich phenomenology that this family of models offer has been explored while 
trying to remain as general as possible.
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On the robustness of 



Backup Slides
Dark photon searches in comparison with neutrino-electron 
scattering

.


