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This contribution presents a study of trilinear Higgs couplings in models with two Higgs doublets
with an additional real (complex) singlet, the N2HDM (2HDMS). These models differ mainly
in the triple Higgs couplings (THCs). We investigate the parameter spaces of the models, while
being in agreement with all theoretical and experimental constraints. The two lightest Higgs
bosons are assumed to be the /g5 and the 4,5, the Higgs boson observed at the LHC. We analyse
methods for distinguishing between the two models via their differences in the THCs at future
collider facilities, for instance, the International Linear Collider. We find that at tree-level di-Higgs
strahlung can only distinguish between the models when looking at final states containing at least

one hgs. These differences strongly decrease with large values for the singlet VEV vg.
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1. The 95 GeV Excesses

In the extensive searches for Higgs bosons, various different excesses were observed. CMS [1]
and ATLAS [2] report excesses in the & — vy channel, with a combined signal strength of
u{lﬁc = 0.24f8:%% [3]. Similarly, LEP [4] reported an excess also around 95 GeV in the h — bb
channel with ,u]’zgp = 0.117 £ 0.057 (see, however, the discussion in [5]). In the 2HDM-+singlet
models, we interpret the lightest C#-even Higgs as the hgs and compute the prediction for the
signal strength using the narrow width approximation. We require a valid parameter to agree with

the excesses at the 1 o level.

2. The Models

In this study, we investigate the N2HDM [6] and 2HDMS [7] that extend the 2HDM [8] by,
respectively, a real or complex singlet, thus the field content is given by the doublets ®; , ®> and
the singlet S. All fields can acquire a respective vacuum expectation value (VEV), vy, v, and vg.
The potential of the N2ZHDM obeys two Z; symmetries that remove odd powers of ®, and S. The
2HDMS obeys one Z, symmetry, but also a Z3 symmetry that originates from the NMSSM. It
allows cubic terms for S in the 2HDMS potential. The physical parameters of both models are then
given by

My, , Mp,y, Mpy, My, Mg, tan B = :—?,vs,al,az, , Q3. (1)

The N2HDM features a m 1, parameter, that softly breaks the Z, symmetry, where in the 2DHMS
this parameter is eaten up by a second singlet-like C#-odd Higgs with the mass m,¢ that mixes
with the CP-odd doublet field via @4. In the limit of a4 = 0, % this singlet decouples and the
2HDMs is in the N2HDM limit. In that limit, the models appear to have a same particle content,
thus methods need to be developed to distinguish between them close to that limit, which is the
main goal of our analysis. Every considered parameter point for this work has to fulfil all theoretical

and experimental constraints, see [7] for details.

3. Trilinear Higgs Couplings

The trilinear Higgs couplings (THCs) Ap,n;n, can be derived by gathering all terms in the potential
proportional to /;h;hy. Considering only i, j, k € {1,2} and choosing a working point that embeds
the excesses while also being close to the alignment limit to the SM, the THC can be simplified.
All non-vanishing terms in the N2HDM limit, cancel out in the process of di-Higgs strahlung at an
e*e” collider [9] and thus do not contribute in distinguishing the models. The difference between

2HDMS _ j2HDMS _ . : :
the models A hih,h A hohihe = Adn;n;n, 1s then approximately given by
2 2
’man B mas| . .
Adpihjn = oo cosassinay [sin Bfijk (a1, a2, @3) +cos Bgijk(ar, a2, @3)] . (2)
S

We find that differences in the THCs are proportional to 1/vg and the differences between the CP-
odd Higgs masses. Furthermore, in the exact N2HDM limit of the 2HDMS the differences vanish,
hence they are only observable near this limit. The functions f;;x and g;;x are governed by the
mixing of the CP-even Higgs and increase with the number of /; participating in the interaction.
Consequently, the THC Ay, 1, has the largest difference.



Trilinear Higgs Couplings in N2HDM and 2HDMS Type II at e*e~ Colliders D. Schieber

4. Di-Higgs Final States at the ILC

Finally, we test the different di-Higgs final states at the International Collider (ILC) [10] running
with y/s = 500 GeV with a beam polarisation of (e¢*/e™) = (£30 %/+80 %) and an integrated lu-
minosity of Lin = 4ab~'. We employ MadGraph5 [11] supplemented by SPheno [12] to compute
the cross-sections e*e™ — Zh;h; in the models and rescale the expected signal regions of the final
states Zbbbb and ZWWbb at the ILD for an uncertainty estimator. We study the available final
states and find that the final state Zhi25h125 is not a feasible discriminator between the models.
However, finals states involving hgs like Zh125h95 or Zhgshos can distinguish the models at the 2 o
level close to the N2HDM limit (neglecting theoretical uncertainties). Nonetheless, these differ-
ences are only observable for low vg and large C#-odd mass differences.
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