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LET EXPERIMENT DETERMINE THE 
NATURE OF YUKAWA COUPLINGS

• We want to know:
• Are there more Higgs bosons?

• If yes, what are their masses and how do they couple to the SM fermions?

• The four common ℤ!-symmetric models’ Yukawa couplings are 
restricted.

• Why not generalize to the A2HDM and let experiment 
determine the nature of the Yukawa couplings?

• 2HDM Types I, II, X, and Y may still be allowed, but experiments 
can tell us that, and more, from the A2HDM perspective.
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Figure 17: Regions of the (cos(V � U), tan V) plane of four types of 2HDMs excluded by fits to the measured rates of
Higgs boson production and decays. Contours at 95% CL, defined in the asymptotic approximation by �2 ln⇤ = 5.99,
are drawn for both the data and the expectation for the SM Higgs sector. In all cases, the observed best-fit points
are out of the range, and are thus provided as numerical values instead. The angles U and V are taken to satisfy
0  V  c/2 and 0  V � U  c without loss of generality. The alignment limit at cos(V � U) = 0, in which all
Higgs boson couplings take their SM values, is indicated by the dashed red line.

42

(a) (b)

(c) (d)

Figure 17: Regions of the (cos(V � U), tan V) plane of four types of 2HDMs excluded by fits to the measured rates of
Higgs boson production and decays. Contours at 95% CL, defined in the asymptotic approximation by �2 ln⇤ = 5.99,
are drawn for both the data and the expectation for the SM Higgs sector. In all cases, the observed best-fit points
are out of the range, and are thus provided as numerical values instead. The angles U and V are taken to satisfy
0  V  c/2 and 0  V � U  c without loss of generality. The alignment limit at cos(V � U) = 0, in which all
Higgs boson couplings take their SM values, is indicated by the dashed red line.

42

arXiv:1909.02845



FLAVOR-ALIGNED TWO-HIGGS-
DOUBLET MODEL (A2HDM)

• The four common ℤ!-symmetric 2HDM’s have highly restricted Yukawa couplings.

• The A2HDM allows for more Yukawa coupling freedom in phenomenological BSM Higgs searches.

• In the A2HDM, the Yukawa matrices 𝜌" are postulated to be proportional to the mass matrices 𝜅".

• Flavor diagonal (which avoids tree-level FCNC’s)

• 𝜌! related to 𝜅! by coupling parameters 𝑎",$,% :
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HIGGS ANOMALIES

• We looked for “excesses” in ATLAS and CMS BSM Higgs exclusion plots.

• For example, at 𝑚# = 280 GeV we found:



HIGGS ANOMALIES

• Here are a few of the most prominent ATLAS and CMS Higgs anomalies 
that we decided are worth investigating.
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“Most prominent excess at 𝒎𝑨,𝑯 = 𝟔𝟏𝟎, 𝟐𝟗𝟎 GeV”
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HIGGS ANOMALIES

• Text
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HIGGS ANOMALIES

• A single anomalous signal is likely to be a statistical fluctuation upwards.

• Scenarios with two or more Higgs anomalies are more likely to be real signals.

• We devised two scenarios with two anomalies each, compatible with the A2HDM.

Scenario 1:
𝑚% = 610 GeV,  𝑚& = 280 GeV

Scenario 2:
𝑚% = 400 GeV
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SCENARIO 1 RESULTS
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SCENARIO 2 RESULTS
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𝑏 → 𝑠 + 𝛾 CONSTRAINTS

𝑊!

𝐻!

• 𝑏 → 𝑠 + 𝛾 constraints place the most stringent experimental cuts on our models.



𝑏 → 𝑠 + 𝛾 CONSTRAINTS

• 𝑏 → 𝑠 + 𝛾 constraints place the most stringent experimental cuts on our models.

• We showed that the LO calculation of this constraint is insufficient, one must go 
to NLO.



𝑏 → 𝑠 + 𝛾 CONSTRAINTS

Regions of A2HDM 
parameter space that 
satisfy the 𝑏 → 𝑠 + 𝛾
constraint at various 𝑎).



𝑏 → 𝑠 + 𝛾 CONSTRAINTS

We showed the 2HDM Types 1 and II limits and intermediate 
slices of parameter space via the relationship:

𝑎' = (𝑎()) sgn 𝑝 , −1 < 𝑝 < 1



THANK YOU

• Big thank you to the 
institute here in Lisbon, 
Howie Haber, and Pedro 
Ferreira!

• Questions?


