The muon magnetic moment:
to the 2HDM and beyond
BERNARDO

1,2
GONÇALVES

(bernardo.lopes.goncalves@tecnico.ulisboa.pt)

Based on arXiv:2104.03367v3 [hep-ph]

In collaboration with P.M.

The new 𝚫𝑎𝝁 measurement
Experimental measurement

Muon anomalous
magnetic moment

3,2
Ferreira ,

F.R.

1
Joaquim

𝚫𝑎𝝁 in 2HDMs + VLLs
𝝌𝑳,𝑹

𝑬𝑳,𝑹

𝑆𝑈(2)

𝟐

𝟏

𝑈(1)

−1/2

−1

2HDM extension with VLLs (NO mixing with the muon)

Standard Model prediction
Brookhaven National Laboratory (2006):
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One neutral lepton 𝑁
Two charged leptons 𝐿−𝑎

Fermilab 2021 + BNL 2006 new combined result:

NEW-PHYSICS EXPLANATIONS

Left and right-handed
charged-current interactions
No new one-loop
contributions

𝐿𝜇 − 𝐿𝜏 models
Seesaw models
Zee-Babu model
2HDMs

Supersymmetric models
Left-right symmetric models
Scotogenic models
331 models

New Barr-Zee diagrams involving the new charged and neutral leptons
Charged VLLs masses

Impact of the new measurement in type-X and type-II models
2HDMs + vector-like leptons (VLLs) which do not mix with the muon

Benchmark cases

B1: 𝑀2 = 2.5 𝑀1 = 250 GeV
B2: 𝑀2 = 1.5 𝑀1 = 150 GeV

Charged VLLs mixing angles
sin 𝜃𝐿 = 0.5

sin 𝜃𝑅 = 0.4

RESULTS

New 𝚫𝑎𝝁 measurement in 2HDMs
Considering the one-loop and two-loop
Barr-Zee contributions in a 2HDM without
tree-level flavour changing neutral currents

Sizeable positive contribution from the
two-loop pseudoscalar processes can
account for the observed ∆𝑎𝜇
leads to

A light pseudoscalar with coupling to the muon proportional to tan 𝛽
Above the solid (dashed) horizontal line,

for B 1 (B2).

Type-II, type-X and 𝜇Spec models
• The ranges of 𝑚𝐴 can be substantially
enlarged with respect to the 2HDMs ones

RESULTS

• tan 𝛽 can be shifted to lower values
(drastically lowered in the 𝜇Spec model)
• This effect is more pronounced for B1

The larger VLL coupling with the Higgs
doublet Φ1 is required to be either close or
above the perturbative limit

CONCLUSIONS

The impact of the new result is marginal
Type-X model can accommodate the
discrepancy but requires large values
of tan 𝛽 and very light pseudoscalars

Type II requires light pseudoscalars in
conflict with perturbativity, unitarity
and electroweak precision constraints

The 𝜇Spec model requires extreme fine-tuning and values of
tan 𝛽 of 𝑂(1000) in order to accommodate the discrepancy

Can the addition of VLLs relax these conclusions?
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Type-X and
Light pseudoscalars and large values of tan 𝛽
type-II models
Parameter space is widened
•
Much larger values of the pseudoscalar mass
Lower values of tan 𝛽
2HDMs + VLLs •
VLL Yukawa couplings ≳ perturbativity
(can be alleviated considering more families of VLLs or VLL-muon mixing)
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