
Dark Matter in a Two Higgs Doublet ModelDark Matter in a Two Higgs Doublet Model

Farinaldo Queiroz
Max Planck Institute fur Kernphysik - Heidelberg

                                     Based on: arxiv: 1705.05388, 1710.XXXXX

Be careful. It contains kaon physics that can harm your model

It contains g-2 which is prejudicial to heavy particles 

Use it (dark matter) with care because flavor physics might kill the 
model

Flavor and Dark Matter Workshop 

Heidelberg 27/09/2017
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Dark Matter Neutrino Masses

Flavor

WIMPs

Sterile Neutrinos

Axions

Seesaw type I, II, III

Radiative Seesaw

Rare B decays

Minimal Flavor Violation

R_K

Inverse Seesaw



2HDM guided by Gauge Principles that address:2HDM guided by Gauge Principles that address:

Dark MatterDark Matter
Neutrino MassesNeutrino Masses

Flavor Flavor 

Take Home MessageTake Home Message
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SM works fineSM works fine
with one Higgs with one Higgs 
doubletdoublet

But, what if there is But, what if there is 
another higgs doublet another higgs doublet 
in nature...in nature...

The W and Z masses limit the type of higgs doublets in natureThe W and Z masses limit the type of higgs doublets in nature

Y= ± 1



SM works fineSM works fine
with one Higgs with one Higgs 
doubletdoublet

But, what if there is But, what if there is 
another higgs doublet another higgs doublet 
in nature...in nature...

Second
Doublet
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General Scalar PotentialGeneral Scalar Potential

General Yukawa LagrangianGeneral Yukawa Lagrangian

Ad hoc: to suppress flavor changing Interactions
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Can we solve the flavor problem by gauge principles?

Can we generate neutrino masses by gauge principles?

Can we have a plausible dark matter candidate via gauge principles?

Can we have all these at once?Can we have all these at once?

                                    YES WE CAN!YES WE CAN!



Neutrino masses and absence of FCNI in the 2HDM from Gauge PrinciplesNeutrino masses and absence of FCNI in the 2HDM from Gauge Principles

2HDM + U(1) gauge symmetry2HDM + U(1) gauge symmetry
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Neutrino masses and absence of FCNI in the 2HDM from Gauge PrinciplesNeutrino masses and absence of FCNI in the 2HDM from Gauge Principles

2HDM + U(1) gauge symmetry2HDM + U(1) gauge symmetry
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This 2HDM has no pseudoscalar!This 2HDM has no pseudoscalar!
This is a key distinction to the canonical 2HDM



HOWHOW can we have all these at once? can we have all these at once?

                          
Discrete Symmetry Generated via U(1) breakingDiscrete Symmetry Generated via U(1) breaking

Flavor ProblemFlavor Problem

Neutrino MassesNeutrino Masses

Seesaw mechanism

Dark MatterDark Matter

Vector-like fermion under U(1)Vector-like fermion under U(1)



Heavy Higgs SearchesHeavy Higgs Searches

SM Higgs is the heavy 
scalar!

New light scalar
lighter than 125GeV
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Usually bounds on 2HDM Usually bounds on 2HDM 
are expressed with this plotare expressed with this plot

In our model weIn our model we
need much more!need much more!

Pheno 1



Light Higgs SearchesLight Higgs Searches

Higgs Associated Production at LEP- light higgs searchesHiggs Associated Production at LEP- light higgs searches
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Z’ is a gauge bosonZ’ is a gauge boson
lighter than the Zlighter than the Z

Pheno 2



Higgs Associated Production at LEPHiggs Associated Production at LEP
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Light Higgs SearchesLight Higgs SearchesPheno 2



Higgs Properties as measured by the LHC. Thanks to Higgs Working group!Higgs Properties as measured by the LHC. Thanks to Higgs Working group!
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Z’ is a gauge bosonZ’ is a gauge boson
lighter than the Zlighter than the Z

The Higgs offers a powerful probe The Higgs offers a powerful probe 
to new physicsto new physics

If you have a light Z’ that mixes with the ZIf you have a light Z’ that mixes with the Z
the precise measurements on the Higgs properties may lead the precise measurements on the Higgs properties may lead 

to the strongest bound on the Z-Z’ mass mixingto the strongest bound on the Z-Z’ mass mixing

Pheno 3 Higgs PhysicsHiggs Physics



Kaon Decays come into playKaon Decays come into play
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Pheno 4

Very strong 
Constraint!

Meson PhysicsMeson Physics



Pheno 5 Atomic Parity ViolationAtomic Parity Violation

Master Formula

Kinetic mixingKinetic mixing
++
Mass mixingMass mixing
++
Fermions charged under U(1)Fermions charged under U(1)
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Pheno 6 Neutrino-electron ScatteringNeutrino-electron Scattering

Bound on the gauge couplings x Z’ mass

In the context of 2HDM In the context of 2HDM 
with a B-L symmetrywith a B-L symmetry
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50 MeV dark matter, gBL ~1

Pheno 5
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Direct Detection: dark matter-electron scattering

Relic density: Thermal production

TEXONO: Neutrino-electron scattering

APV: Atomic Parity Violation using Cesium

Dark Matter in a 2HDM guided by Gauge PrinciplesDark Matter in a 2HDM guided by Gauge Principles

2HDM amenable to a multitude of constraints while addressing:2HDM amenable to a multitude of constraints while addressing:

Dark matter, neutrino masses, minimal flavor violationDark matter, neutrino masses, minimal flavor violation
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