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pair-production via mass-degenerate 

heavy scalars in the N2HDM



The gluon-fusion process

Consider the production of a yy pair in the gluon-

fusion process via a single Higgs boson at the LHC

Using the narrow-width approximation,

The amplitude for the process is defined as

the cross-section expression can be factorised as
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If, instead, two Higgs bosons contribute to the 

production, the complete propagator matrix

should appear in the amplitude, which becomes

with generalised self-energies given, e.g., as

Two (or more) Higgs bosons

`Interference’ can be sizeable if the magnitude of 

the off-diagonal terms is comparable to the mass-

splitting (indicator: Γ1 + Γ2 ~ Δm12)
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Two main contributions at the leading order,

Including NLO corrections (NNLO also available)

[T. Plehn, M. Spira, P. M. Zerwas, 9603205]

[S. Dawson, S. Dittmaier, M. Spira, 9805244]

Define and compute: 

with amplitude-squared of the process given as

Pair-production of the SM Higgs boson
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… in the NMSSM

[B. Das, P. Poulose, S. Moretti, SM, 2012.09587]

Best points with

mH ≈ mhs ≈ 410 GeV

(mh = 122-128 GeV)

EWSB

Z3-invariant

We scanned the NMSSM parameter space 

for mH ≈ mhs

- 5 neutral Higgs bosons: h, hs, H, as, A
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… and in the Next-to-2HDM

- Physical masses of the 

three neutral Higgs bosons 

can be input parameters 

Real-singlet-extension of the 2-Higgs-doublet model

We scanned the Type-II 

N2HDM parameter space, 

fixing mh to 125 GeV and 

mH ≈ mhs to several 

different test values 

[B. Das, P. Poulose, S. Moretti, SM, 2012.09587]
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N2HDM benchmark points

We extracted six BPs from the mH = mhs = 410 GeV scan 

- allows direct comparison with the NMSSM

- largest observed total widths, since H and hs can 

decay into top-antitop pairs 

Negative interference reduces the total cross 

section by two orders of magnitude!



We investigated the propagator interference effects 

between two heavy mass-degenerate scalars in the 

pair-production of the H125 at the 14 TeV LHC

• In the NMSSM, strongly constrained Higgs boson 

widths limit these effects

• In the N2HDM, for some parameter configurations 

the propagator interference can suppress the 

cross section by orders of magnitude 

Summary
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