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Electric Dipole moment

Sakharov criteria imply additional sources of CP violation
Perfect low energy observable of relativistic theory 0504231

Stringent symmetry constraint on running under QCD, QED
SM mainly brings CP violation via CKM matrix -> low
background

fundamental CP—odd phases
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Why 2HDM

e No theoretical constraints on Higgs sector besides symmetry
breaking

e Sufficiently simple to easily reduce to SM

e Does not assume any extra symmetries for fermionic fields

e Required for several other SM extensions



\ 2HDM Field Content

e 2 complex SU(2) doublets instead of one

e |nHiggs basis only one doublet gets vev

e Additional 4 degrees of freedom

e Scalar content: 2 charged, 3 neutral scalars

e Neutral scalars mix when switching to mass basis




2HDM Yukawa

e Main selling point: extended Yukawa sector leading to more

possible CP violation
e 3 neutral scalars mix to form mass eigenbasis
e leadingto Prudn complex couplings in flavour space
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\ General outline of the calculation

e Principal framework is the effective field theory

e Renormalizable interactions are supplemented with operators of
dim>4

e Energyregime decoupling: low energy behaviour is contained in
operator definition

e Highenergy behaviour is contained in the associated coefficient
(Wilson coefficient)




Matching
e Matchingis done via equating amplitude in full theory to

amplitude in EFT
e Todosostandard matrix elements are evaluated

o 1,2 loops in full theory
o Treelevelin EFT




Matching at 1-loop

e First Leading Log contribution for lepton EDM
e Charged Higgs doesn’t contribute
e Setsupscalefor 2-loop matching
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Matching at 2 loop

e Due todifference in coupling strength, 2 loop can contribute

e Calculationis done up to quadratic order in Yukawas

e Explicit gauge invariance is established with algebraic
cancellation of ¢
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U - ey

Charged Higgs contributes at one loop
Requires field diagonalization due to one loop flavour mixing
The counter term will contribute due to the covariant derivative
2 loop diagrams are largely the same due to FCNCs allowed in
the general 2HDM




Conclusions:

e We present the complete calculation of leptonic EDM in the
most general 2HDM

e Explicit poll as well as gauge parameter cancellations used as
checks of the calculations

e Results are fully implemented in Python code available at
https://gitlab.com/jbrod/general-2hdm-pheno
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Future work

Work on neutron electric dipole moment

QCD observables involve more complicated RG is involved
(Operator mixing)

Leads to introduction of dimension 6 operator that mix into
dipole operator

Most diagrams are similar to the ones in the leptonic analysis
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General outline of the calculation

e Amplitude independence of arbitrary cut off u leads to
Renormalization Group

e Operator matrix elements and Wilson coefficients are expanded
in coupling constants

e No final dependence onu
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