
P
o
S
(
I
C
H
E
P
2
0
2
2
)
1
0
4
1

An overview on low mass scalars at future lepton colliders
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Although many suggestions for BSM searches at future colliders exist, most of them concentrate
on additional scalars that have masses higher than the current SM scalar mass. I will give a short
overview on the current status of models and searches for scalars with masses below this. This
work is mainly based on [1, 2].
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1. Processes at Higgs factories

For production at lepton colliders, Higgs strahlung is the dominant production mode at the
center-of-mass (com) energies of Higgs factories [3]. Leading-order predictions for Zh production
at e+e− colliders for low mass scalars which are Standard Model (SM)-like, using Madgraph5
[4], are shown in figure 1 for a center-of-mass energy of 250 GeV. We also display the VBF-type
production of e+e− → h ν` ν̄`. Note that the latter contains contributions from Z h production,
where Z → ν` ν̄`.
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Figure 1: Leading-order production cross sections for Z h and h ν` ν̄` production at an e+ e− collider with
a com energy of 250 GeV using Madgraph5 for an SM-like scalar h. Shown is also the contribution of Z h
to ν` ν̄` h using a factorized approach for the Z decay. Update of plot presented in [2], extended to higher
mass range.

2. Projections for additional searches

For the production mechanism discussed above, in principle two different analysis methods
exist, which either use the pure Z recoil ("recoil method") or take the light scalar decay into b b̄
into account. We here point to [5], that investigates the sensitivity of the ILC for low-mass scalars in
Z h production and compares the reach of these two methods at 95 % CL limit for agreement with
a background only hypothesis, which can directly be translated into an upper bound on rescaling.
The results are shown in figure 2.

3. Parameter space for some sample models

Another important question is to investigate which models still leave room for low mass scalars
taking all current constraints into account. For this, we show an example of the allowed parameter
space in a model with two additional singlets [6]. This model contains three CP-even neutral
scalars that relate the gauge and mass eigenstates h1,2,3 via mixing. A detailed discussion of the
model including theoretical and experimental constraints can be found in [6, 7]. In figure 3, we
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Figure 2: combined limits at 95% CL, 500 fb≠1 @ 250 GeV

10

LEP, Φ➞bb, observed limit

ILC, recoil method

ILC, Φ➞bb

HL-LHC: indirect sensitivity

m𝜙/GeV 

HL-LHC

ILC

HL-LHC/ILC: indirect sensit.

Figure 2: Sensitivity predictions for an ILC with a com energy of 250 GeV from [5]. See text for details.

display two cases where either one (high-low) or two (low-low) scalar masses are smaller than
125 GeV. On the y-axis, the respective mixing angle is shown, where complete decoupling would
be designated by sin α = 0.
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Figure 3: Available parameter space in the TRSM, with one (high-low) or two (low-low) masses lighter than
125 GeV. Left: light scalar mass and mixing angle, with sin α = 0 corresponding to complete decoupling.
Right: available parameter space in the

(
mh1 , mh2

)
plane, with color coding denoting the rescaling parameter

sin α for the lighter scalar h1. Within the green triangle, h125 → h2h1 → h1 h1 h1 decays are kinematically
allowed. Taken from [2].

It is also of interest to investigate different extensions, as e.g. two Higgs doublet models, where the
SM scalar sector is augmented by a second doublet. In the so-called flavour-aligned scenario [8, 9],
the authors perform a scan including bounds from theory, experimental searches and constraints,
as e.g. electroweak observables, as well as B-physics. Here, the angle α̃ parametrizes the rescaling
with respect to the Standard Model couplings to gauge bosons, with cos α̃ = 0 designating the SM
decoupling. The limits on the absolute value of the cosine of rescaling angle vary between 0.05 and
0.25 [10]. In figure 4, we display this angle vs the different scalar masses, reproduced from [11].
We see that all regions for masses . 125 GeV can be populated, with absolute value of mixing
angle ranges | cos (α̃) | . 0.1.
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Figure 4: Mixing angle and masses of different additional scalars in the aligned 2HDM, from the scan
presented in [11]. For all additional scalars, regions exists where masses are . 125 GeV, with absolute
values of mixing angles such that | cos (α̃) | . 0.1. Taken from [2].

4. Conclusions

I very briefly discussed some aspects of searches for low mass scalars at Higgs factories,
including models that allo for such low mass states, and provided references for further reading.
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