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Phenomena sensitive to Charge-Parity Violation (CPV) provide a powerful test of 
the SM structure → Electric Dipole Moments (EDMs) are an outstanding example 
[Pospelov, Ritz, ‘05]:  
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Non-zero df 
is a CPV 

observable!
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The electron EDM (eEDM) can be defined as the coefficient of the effective 
operator  [Pospelov, Ritz, ‘05]:

◆ High current experimental sensitivity for the eEDM [Roussy et al. ‘23]:  
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Usually, contributions to the eEDM are highly suppressed:

◆ In the Standard Model (SM), at 4-loop order [Pospelov, Ritz ‘14]:

◆ Assuming that neutrinos are Majorana particles, at two-loop order 
[Archambault, Czarnecki, Pospelov ‘04]:

Room for New Physics (NP) → new scalar sector with additional complex phases → 
new CPV sources  
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2HDMs
In 2 Higgs-Doublet Models (2HDMs), the SM is extended with a second scalar 
doublet with hypercharge Y = ½. Working in the Higgs basis, only the first 
doublet gets a vev:
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2HDMs: Scalar Potential
Most general, CP-violating scalar potential:
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Most general, CP-violating scalar potential:

◆ The neutral scalars will mix with each other and produce the mass 
eigenstates:
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Most general, CP-violating scalar potential:

◆ The neutral scalars will mix with each other and produce the mass 
eigenstates:

◆ In general, some parameters from the potential can be complex → the mass 
eigenstates do not have a definite CP quantum number.
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2HDMs: Scalar Potential



2HDMs: Flavour Sector
Interaction part of the Yukawa Lagrangian (with mass eigenstates):

In general, 2HDMs suffer from tree-level Flavour Changing Neutral Currents 
(FCNCs), which are tightly constrained. 
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Interaction part of the Yukawa Lagrangian (with mass eigenstates):

In general, 2HDMs suffer from tree-level Flavour Changing Neutral Currents 
(FCNCs), which are tightly constrained. 

◆ Solution: imposition of a discrete ℤ₂ symmetry → the parameters 𝜍 (known as 
flavour alignment parameters) are real and dependent on each other.
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Interaction part of the Yukawa Lagrangian (with mass eigenstates):

Alternatively, the Aligned 2HDM (A2HDM) solves the issue of FCNCs by 
considering that the 𝜍 are independent, complex parameters, without assuming 
any additional symmetry [Pich, Tuzón ‘09]. 

◆ Thus, we have new complex phases in our model that can act as CP-violating 
sources.
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The Aligned 2HDM

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.80.091702


In the A2HDM, the eEDM gets a contribution at 1-loop order: 
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The eEDM in the A2HDM
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The eEDM in the A2HDM
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But actually, the dominant contributions come at 2-loop order:

◆ These contributions can be classified as Barr-Zee:

NCEM CC
Internal Loop:
- Fermion 
- Gauge boson 
- Charged    
   scalar 
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But actually, the dominant contributions come at 2-loop order:

◆ These contributions can be classified as Barr-Zee:

◆ Or “kite” diagrams:

NCEM CC

NC CC

Internal Loop:
- Fermion (i = f)
- Gauge boson (i = W)
- Charged    
   scalar (i = H±)
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The eEDM in the A2HDM
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Some of these contributions only arise when considering a complex value for the 𝜍 
parameters:

CC Barr-Zee 
with a 

fermion loop
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Vanishing contribution from 
diagrams with a lepton loop!
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The eEDM in the Decoupling Limit 
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If the mass parameter of the second doublet 𝚽2 becomes very large compared to 
the vev of 𝚽1, we get the decoupling limit of the 2HDM:

◆ If one considers the masses of the scalars from the second doublet to be 
independent, this condition means that they will be much heavier than the 
SM Higgs boson:
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The eEDM in the Decoupling Limit 
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Working in the decoupling limit of the A2HDM, it is possible to isolate the 
dominant logarithmic contributions to the eEDM:

Fermion-loop 
Barr-Zees
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The eEDM in the Decoupling Limit 
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Working in the decoupling limit of the A2HDM, it is possible to isolate the 
dominant logarithmic contributions to the eEDM:

◆ The logarithmic contributions from fermion-loop BZs are exclusive of the 
A2HDM: in ℤ₂-conserving 2HDMs they naturally vanish [Altmannshofer, 
Gori, Hamer, Patel ‘20].

Fermion-loop 
Barr-Zees

Gauge boson-loop 
BZs + kites
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The eEDM in the SMEFT
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The decoupling limit also allows us to make an Effective Field Theory (EFT) 
description of the eEDM → the heavy scalars can be integrated out and we can 
characterize new contributions by a set of effective operators:

◆ These operators will run from the NP scale down to the EW scale and mix 
with the electromagnetic dipole operator. The imaginary part of its 
coefficient is proportional to the EDM:
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The eEDM in the SMEFT

XVI CPAN DAYS

The effective SMEFT operators will mix with each other via the Renormalization 
Group Equations (RGEs):
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The eEDM in the SMEFT
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The effective SMEFT operators will mix with each other via the Renormalization 
Group Equations (RGEs):

◆ Integrating these equations between the scale of new physics (M) and the EW 
scale we can compute logarithmic contributions to the EDM, which can be 
compared to the leading contributions that we computed in the decoupling 
limit. In this work, we use the Anomalous Dimension Matrix elements from 
[Panico, Pomarol, Riembau ‘18].
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The eEDM in the SMEFT
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Outline of RGE mixing:

2-loops

Juan Manuel Dávila Illán (IFIC) 15



The eEDM in the SMEFT 

XVI CPAN DAYSJuan Manuel Dávila Illán (IFIC) 15.2



The eEDM in the SMEFT

XVI CPAN DAYS

Outline of RGE mixing:

2-loops

2-loops

Juan Manuel Dávila Illán (IFIC) 15.3



The eEDM in the SMEFT 

XVI CPAN DAYSJuan Manuel Dávila Illán (IFIC) 15.4



The eEDM in the SMEFT

XVI CPAN DAYS

Outline of RGE mixing:

2-loops

2-loops

1-loop

1-loop

Juan Manuel Dávila Illán (IFIC) 15.5



The eEDM in the SMEFT 

XVI CPAN DAYSJuan Manuel Dávila Illán (IFIC) 15.6



The eEDM in the SMEFT
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Outline of RGE mixing:

2-loops

2-loops

1-loop

Agreement with 
full-model 

computation!

1-loop
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Phenomenological analysis

XVI CPAN DAYS

◆ The leading squared logarithm 
contribution coming from 
fermion-loop Barr-Zee diagrams 
provides the correct order of 
magnitude for the eEDM.

◆ The SMEFT result, which also 
takes into account single 
logarithms, is closer to the 
full-model result in the 
decoupling limit. 
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Phenomenological analysis

◆ The scattered points are generated 
selecting a random value for the phases 
of the 3 alignment parameters 𝜍.

◆ The ‘new’ CC Barr-Zee fermion-loop 
contributions are particularly relevant 
close to the decoupling limit.

◆ With complex 𝜍, it is possible to satisfy 
the constraints with lower values for 
M.
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◆ EDMs serve as a powerful probe of the amount of violation of CP symmetry 
in nature.

◆ There is still room for NP that contribute to CPV, such as an extended scalar 
sector → 2HDMs

◆ The Aligned 2HDM contains additional complex phases that allow for new 
contributions to the electron-EDM.

◆ Thanks to these new complex phases, it is possible to satisfy experimental 
constraints with lower values for the scalar masses.

◆ Particular case → Decoupling Limit, which allows for an EFT description of 
the eEDM → The leading logarithmic contributions found in SMEFT are 
consistent with the full-model computation.  

Summary
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Full 2HDM Yukawa Lagrangian
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In the Higgs basis, the most general Yukawa Lagrangian is:

Alignment condition:



Flavour Alignment Parameters
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Different models have different flavour alignment parameters:

◆ (Minimal) Aligned 2HDM:
◆ General Aligned 2HDM:
◆ General 2HDM:
◆ ℤ₂-conserving 2HDMs:

(From [Karan, Miralles, Pich ‘23] )

Matrices

Model used in this 
work

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.035012


Benchmark 

Juan Manuel Dávila Illán (IFIC) XVI CPAN DAYS

SMEFT Comparison Plot: Scatter Plot:
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For both plots, the mass of the new scalars is set as equal.  


