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Motivation

The paper Novel collider signatures in the type-I 2HDM+a model
[1] discusses 2HDM+a outside of the type-II Yukawa sector,
allowing H± to have a smaller mass.

This preliminary study chose to focus on the hh+ ET ,miss signature
because it is the dominant final state when mH ≃ 500 and
mA ≃ 230. It has also not yet been extensively studied.
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Parameters

The type-I 2HDM+a model has fourteen parameters: seven
masses, three mixing angles, four couplings. In the paper, six of
these have already been recommended values:


v ,mh,mA,mH ,mH± ,ma, mχ,

tanβ, cos(β − α), sin θ,
yχ, λ3, λP1, λP2


=


246, 125,mA,mH ,mH± , ma,mχ,

tanβ, 0, sin θ,
1, λ3, 0, 0



Our goal is to find values for some of the remaining parameters.



Parameters

cos(β − α)
This is 0 so that the light-
est Higgs is SM Higgs

λ3
Describes coupling be-
tween Higgs Bosons.

λP
Describes coupling be-
tween a and H.

[2]



Parameters: mχ

Figure: PT and ET ,miss when varying mχ.

The variation in the mass of χ has very little effect on the
hh + ET ,miss signature unless mχ ≃ ma/2. Because of this, we
chose a small value, mχ = 10 for our next scans.



Parameters: λ3,tanβ,sinθ

Two scans were
completed, the first with
tanβ = 2 and the second
with tanβ = 5

While the paper suggested
using tanβ = 5, we
thought the results for
tanβ = 2 were more
promising in this context.



Parameters: λ3,tanβ,sinθ

From the figures, our ideal values are

▶ tanβ = 2

▶ λ3 = 2 [1]

▶ sinθ = 0.1

These allow for a higher total cross section without the mass width
getting unmanageably large.



Parameters: mχ

To scan the remaining masses, we set λ3 = 2, tanβ = 2,
sinθ = 0.1, mχ = 1, and mH± = mH .
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Figure: Two heatmaps: mH vs mA (with ma = 100) and mA vs ma (with
mH = 700)



Parameters: mH ,mA,ma

Because of the high values
of ma, two heatmaps are
provided for this part of
the scan. The first has
mA = 230 and the second
mA = 300.



Parameters: mH ,mA,ma

These figures show ET ,miss as
mH = mH± (top left), mA

(bottom left), and ma (top right)
are varied.



Study of inclusive hh+χχ̄ from Type-I 2HDM+a
▶ The inclusive production of hh+χχ̄ has to be considered in

addition to H → AA → ahah

▶ Computation-intensive: contains 616 Feynman Diagrams
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Figure: The leading Feynman diagram as estimated by
MadGraph5 amc@nlo.



Cross-section dependence on MH

▶ Although the heavy Higgs bosons (H0, H±) are not involved
in the 616 Feynman diagrams, the coupling gAah is affected by
the masses MH ,MH±
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Figure: Distribution for different MH , tanβ = 5, λ3 = 2



Comparison of the Resonant and Inclusive productions
▶ Both productions shall be taken into account

▶ For large MH ≃ 700 GeV, inclusive production dominates

Figure: Distribution for different MA, MH = 700 GeV, tanβ = 2, λ3 = 2:
overlaid(top), stacked (bottom)



Conclusion

▶ This study highlighted the ideal variables for the hh + ET ,miss

signature of the 2HDM+a model.
It provided visualizations of cross sections and ET ,miss at
different values of mH ,mH± ,mA, and ma.

▶ At least 200 events will be produced in Run 3, but a more
detailed study of the signal and background will be needed to
determine the feasibility.

▶ Continuing forward, both the resonant and inclusive
productions will be further analyzed.
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Madgraph

▶ Madgraph version 3.5.8

▶ Madanalysis 5

▶ Proc Card

▶ MadSpin Card

https: //github.com/syuvivida/DM/blob/HHMET/2HDMaTypeI/explicitDecay/Cards/proc_card_mg5.dat
https://github.com/syuvivida/DM/blob/HHMET/2HDMaTypeI/explicitDecay/Cards/madspin_card.dat


tanβ

Figure: ET ,miss when varying only tanβ



Inclusive Cross Sections

▶ MA = 230
cross section = 0.539196 (pb)

▶ MA = 300
cross section = 0.177253 (pb)

▶ MA = 500
cross section = 0.00495378 (pb)


