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Chasing the two-Higgs-doublet model via electroweak corrections at e+e− colliders
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Université catholique de Louvain, B-1348 Louvain-la-Neuve, Belgium
7Deutsches Elektronen-Synchrotron DESY, Notkestr. 85, 22607 Hamburg, Germany

8Theoretical Physics Department, CERN, 1211 Geneva 23, Switzerland

We present a comprehensive study of Higgs boson production associated with a neutrino pair at
e+e− colliders (e+e− → h νν̄) at the next-to-leading-order accuracy in both the Standard Model
and the two-Higgs-doublet model. We show that new physics effects from the extended Higgs
sector can be probed through electroweak corrections, which lead to several percent deviations
from the Standard Model predictions in total cross sections and differential distributions, even in
the alignment limit. This highlights the potential of precision studies at future e+e− colliders for
searching new physics.

The Higgs boson discovered at the Large Hadron Col-
lider (LHC) [1, 2] has completed the particle content pre-
dicted by the Standard Model (SM) [3–5]. Despite its
great success, fundamental problems such as the origins
of baryon asymmetry of the universe and dark matter
persist, necessitating new physics beyond the SM (BSM).
In this context, precise studies of Higgs boson properties
and direct searches of new physics form two complemen-
tary focuses in modern particle physics. Over the past
decade, the accuracy of Higgs-sector measurements has
been greatly improved at the LHC, while there is still
room for new physics effects at the ten percent level [6, 7].
Although the LHC is well-suited for studying the gross
picture of the Higgs sector, future e+e− colliders such as
FCC-ee, CEPC, ILC/LCF and CLIC [8–15] are required
for the determination of Higgs boson properties at the
electroweak scale with few permille level accuracy.

In this paper, we show that there are realistic oppor-
tunities for searching new physics through the precision
program at future high-energy e+e− colliders, particu-
larly via electroweak (EW) corrections to scattering pro-
cesses. We demonstrate this possibility through a com-
prehensive study of single Higgs production (e+e− →
h+νℓν̄ℓ with ℓ = e, µ, τ) at the next-leading-order (NLO)
EW accuracy in both the SM and two-Higgs-doublet
model (2HDM). The 2HDM is one of the simplest exten-
sions of the SM and has rich phenomenology [16]. This
model can resolve the vacuum meta-stability issue [17]
and provide strong first-order electroweak phase tran-
sition for baryogenesis [18] and detectable gravitational
waves [19]. It often appears as a low-energy scalar sector
of more UV-complete theories, for example, the left-right
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symmetric models [20–22] and supersymmetric (SUSY)
models [23, 24]. In the 2HDM, there exists also an align-
ment limit where the discovered Higgs boson behaves ex-
actly as the SM one at the tree level. We show that even
in this limit, NLO EW corrections involving new parti-
cles can induce few percent effects with respect to the
SM predictions, thereby offering an important window
to access this model.

In the literature, the on-shell Higgsstrahlung process,
e+e− → Zh, has been intensively investigated. For ex-
ample, full NLO EW corrections in the 2HDM and SUSY
models are computed in Refs. [25–28], and the higher-
order calculations in the SM for related triangle and box
form factors are computed in Refs. [29–33]. However,
the more complicated off-shell single Higgs production
e+e− → h νν̄ is not so well studied. Pioneering works
for this 2 → 3 process include the full NLO EW correc-
tions in the SM [34–36] and one-loop triangle form factor
corrections in the SUSY models [37–40], while a com-
plete NLO EW study in BSM theories is still missing.
This process is advantageous, since at higher center-of-
mass energies,

√
s = 365 and 550 GeV, its cross section

is roughly an order of magnitude larger than those of
e+e− → h ℓℓ̄ processes. In particular, the fact that its
cross section at larger

√
s is dominated by WW fusion

allows an independent probe of new physics effects other
than Zh production.

We follow the convention of 2HDM in Refs. [41–43].
The two Higgs doublets are denoted by Φ1 and Φ2, each
acquiring a vacuum expectation value (vev). If both dou-
blets couple to fermions as in the SM, the neutral scalars
induce large tree level flavor changing neutral currents
(FCNCs) in general. To prevent such large FCNCs, as-
signing the Z2 symmetry charge is helpful [44, 45]. As
a result, there are four types of Yukawa structures de-
pending on the Z2 charge assignment [46, 47]. The CP-
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FIG. 1. Diagrams for e+e− → h νν̄ at NLO EW in 2HDM.

conserving Higgs potential is
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where the Z2 symmetry (Φ1 → −Φ1 and Φ2 → Φ2) is
softly broken by the m2

12 term. After spontaneous sym-
metry breaking, two mixing angles α and β can be in-
troduced to obtain the mass eigenstates. In addition
to the 125 GeV SM-like Higgs boson h, we have four
scalars: charged scalars H±, neutral scalar H and pseu-
doscalar A. The parameter cβα ≡ cos(β − α) governs
the mixing between CP-even scalars h and H, while
tβ ≡ tan(β) represents the ratio of two vevs and de-
termines the Yukawa couplings. Note that the so-called
Higgs alignment limit is realized in cβα = 0 such that the
h is aligned with the SM Higgs. Now the extended Higgs
sector is parametrized by cβα, tβ , λ5, mH , mA, mH± .

We pursue a complete NLO EW calculation in the
2HDM for e+e− → h νν̄ by employing the automated
NLO framework [48–52] of the multi-purpose Monte-
Carlo generator Whizard [53, 54] with an interface to
generic one-loop amplitude providers OpenLoops2 [55]
and Recola [56, 57] for the SM, and Recola2 [57] for the
2HDM. We note that OpenLoops2 supports the 2HDM
at NLO QCD [58]. The representative 2HDM Feyn-
man diagrams are shown in Fig. 1. In Whizard for this
study, a massive electron-positron beam setup is used
such that initial state collinear singularities are regu-
lated, while soft singularities are handled in an auto-
mated way within the Frixione-Kunszt-Signer subtrac-
tion [59]. In the SM case, we compare our NLO EW
cross section with Ref. [35] and find agreement at the
0.2% level at

√
s = 500 GeV. The small residual discrep-

ancy can be attributed to differences in the treatment
of complex mass [36, 55, 60] and the structure func-
tion approach [61–63]. In the 2HDM case, electroweak
renormalization schemes are developed in Refs. [43, 64–
66]. We employ two on-shell renormalization schemes
defined in Ref. [43]. The default on-shell scheme for mix-
ing angles in Recola2 serves as our reference scheme,
while the background-field approach is used to estimate
scheme uncertainties. The λ5 is renormalized in the MS
scheme. We compare our NLO EW cross sections for
pp → hµ+νµ in several 2HDM benchmarks with Ref. [43]
using HAWK [67] and find excellent agreement. This is one
of the most extensive NLO applications of Whizard, not

√
s = 365GeV

√
s = 550GeV

LO [fb] NLO EW [fb] LO [fb] NLO EW [fb]

SM 55.79 52.44(1) 97.82(1) 88.45(2)

2HDM 55.71 51.45(1) 97.67(1) 86.59(2)

Rel.Diff. −0.1% −1.9% −0.2% −2.1%

2HDM
55.79 51.58(1) 97.81(1) 86.83(2)(aligned)

Rel.Diff. 0.0% −1.7% 0.0% −1.8%

TABLE I. Total cross sections for e+e− → h νν̄ in the SM and
the type I 2DHM benchmark without cuts, and the alignment
limit is realized with cos(β − α) = 0. The relative difference
(σ2HDM−σSM)/σSM is reported at LO and NLO. Monte-Carlo
integration errors larger than 0.01 fb are indicated in brackets.

by the complexity of single process but by the massive
scan over parameter points performed for the same pro-
cess as outlined below, capitalizing on the massive par-
allelization features of Whizard [68, 69].

In the following benchmark, we compare predictions
between the SM and type I 2HDM. The SM input
parameters are GF = 1.166378 × 10−5 GeV, mh =
125.2 GeV, mZ = 91.1539 GeV, ΓZ = 2.4946 GeV,
mW = 80.3407 GeV, ΓW = 2.14 GeV, mb = 4.183 GeV,
mt = 172.56 GeV, me = 5.110 × 10−4 GeV, and the Gµ

scheme is employed. The W and Z masses and widths are
pole values, which are converted from measured on-shell
values. Light quark and lepton mass effects are negligi-
ble for this process, except for the electron mass due to
large logarithms from the initial-state radiation (ISR).
A 2HDM benchmark point allowed by theoretical and
experimental constraints based on HiggsTools [70] is
mH = mH± = 400 GeV, mA = 435 GeV, cβα = 0.03734,
tβ = 1.88, λ5 = −2.54. The on-shell renormalization
scheme for mixing angles is employed, and the renormal-
ization scale for λ5 set to

√
s.

In Table I we present the LO and NLO EW total cross
sections at

√
s = 365 and 550 GeV (both unpolarized)

in the SM and the 2HDM benchmark, as well as in the
alignment limit cβα = 0. At LO, increasing the energy
from

√
s = 365 to 550 GeV enhances the cross section

by about 75%, both in the SM and the 2HDM. For both
energies, we find only a permille level reduction of the
cross section in the 2HDM compared to the SM, which
becomes negligible in the alignment limit. The situation
changes at NLO: while the EW corrections are negative in
all cases, they are more pronounced in the 2HDM, even in
the alignment limit. Specifically, the reduction amounts
to −6.0% (−9.6%) in the SM at

√
s = 365 (550) GeV,

compared to −7.5% (−11.2%) and −7.6% (−11.3%) in
the 2HDM with and without alignment. Therefore, we
conclude that NLO EW corrections are a very sensitive
probe to BSM effects of our 2HDM benchmarks.

In Fig. 2 we show the differential cross section as
a function of the normalized three-momentum of the
Higgs, p̄h ≡ |p⃗h|/

√
s, again for two energies

√
s = 365

and 550 GeV. We focus on the comparison between the
SM and 2HDM at NLO. In the upper panel, for

√
s =
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FIG. 2. Top panel: differential cross sections at NLO as
a function of the normalised Higgs three-momentum p̄h ≡
|p⃗h|/

√
s at

√
s = 365GeV (orange) and

√
s = 550GeV (blue),

in the SM (dashed) and 2HDM (solid). Bottom panel: ratios
of the 2HDM predictions to the SM ones at NLO.

365 (550) GeV the peak corresponding to on-shell Zh pro-
duction, with the Z subsequently decaying into νν̄, is
located at p̄h ≈ 0.401 (p̄h ≈ 0.459), and values up to
p̄h ≈ 0.441 (p̄h ≈ 0.474) are kinematically allowed. Most
of the cross section actually comes from the WW -fusion
contribution at lower values of p̄h, which is more spread
out and does not lead to a peak like the Zh channel. We
observe that the relative contribution from the Zh chan-
nel decreases when going to higher

√
s. In the lower panel

we show the ratios of the 2HDM predictions to those in
the SM. Both for

√
s = 365 and 550 GeV we observe that

the BSM effects lead to an overall reduction of the cross
sections by about 2%, in line with the findings for the
total cross sections in Table I. For most of the range of
p̄h the shift is flat, becoming smaller just below the Zh
peak, but larger once we cross it to larger values of p̄h.
The separation of WW and Zh channels in the differen-
tial distribution enables simultaneous probes of 2HDM
effects in a single process. This separation could be fur-
ther facilitated by the use of polarized beams which is
beyond the scope of this study.

Moreover, at
√
s = 240 GeV we find a similar −2%

relative difference with respect to the SM prediction
(43.87 fb) at NLO EW. Nevertheless, since the ISR ef-
fect beyond NLO can reach O(10%) at 240 GeV [35], we
focus on

√
s = 365 and 550 GeV, where the higher-order

ISR effects are only at the few permille level. We also
investigate the Zh-mediated process e+e− → hµ+µ−

and find much smaller cross sections of 4.04 (1.72) fb at√
s = 365 (550) GeV. Hence, the process e+e− → h νν̄ is

advantageous in probing new physics effects due to large
WW -fusion contributions.

We emphasize that this indirect probe at future e+e−

colliders is complementary to the direct searches for new
physics. At the LHC, single production of an additional
scalar via gauge interaction is suppressed by the h-H

mixing, whereas production through Yukawa interaction
is highly model dependent. Although electroweak pair
production of additional scalars, e.g., pp → W+ → H+H
is not suppressed by the mixing, the production rates
decrease rapidly with increasing scalar masses. While
at e+e− colliders, if the collision energy is sufficiently
high, e.g., in the benchmark with

√
s = 550 GeV and

mH = 400 GeV, the process e+e− → Z∗ → ZH becomes
accessible, but its cross section remains suppressed by the
mixing and vanishes in the alignment limit. In contrast,
for e+e− → h νν̄ we show that the EW corrections can be
sizable even in the alignment limit, thereby providing an
important complementary window to probe the model.

In the next stage, we present a comprehensive analysis
for four types of Z2-symmetric 2HDMs: type I, II, X (lep-
ton specific) and Y (flipped). We generate the parameter
set with ScannerS [71, 72] and HiggsTools [70] based
on HiggsBounds [73–76] and HiggsSignals [77, 78] to
take theoretical and experimental constraints into ac-
count. For instance, these constraints include tree-level
perturbative unitarity, boundedness from below and elec-
troweak vacuum stability as theoretical constraints and
electroweak precision observables, flavor-changing pro-
cesses, direct searches at LHC and LEP. In our set up,
the additional scalars are degenerate. The remaining free
parameters are mϕ ≡ mH = mA = mH± , cβα, tβ and λ5,
which are chosen from the 95% confidence level (C.L.)
allowed region. In total, we generate 30 000 parameter
points for the type I, II and Y, and 70 000 parameter
points for the type X.

In our sensitivity analysis, the 2HDM predictions in
parameter planes of cβα, λ5, tβ , cos(α)/ sin(β), mϕ are
presented in Figs. 3 and 4 at

√
s = 365 GeV, and in

Fig. 5 in the appendix for
√
s = 550 GeV. The rela-

tive differences (σ2HDM −σSM)/σSM at the LO and NLO
are shown for |cβα| < 0.1, covering more than the esti-
mated 95% C.L. allowed range for the least constrained
type I 2HDM at future e+e− colliders [79, 80]. To esti-
mate the theoretical uncertainty, we compute the renor-
malization scheme dependence for mixing angles in the
type I 2HDM for hundreds of parameter points, find-
ing the maximal uncertainty of 0.7% (0.8%) for the rel-
ative difference at

√
s = 365 (550) GeV for |cβα| < 0.1.

Note that in the difference, (σ2HDM − σSM ), the miss-
ing higher-order SM corrections cancel and do not con-
tribute to the uncertainty. To further reduce the scheme
uncertainty, NNLO EW corrections in the 2HDM would
be required. On the other hand, the experimental un-
certainty of the cross section measurement will reach
0.6% (0.3%) at

√
s = 365 (500) GeV with 4.3 (6.4) ab−1

of the data [13]. We expect that the sensitivity differ-
ence between

√
s = 500 and 550 GeV is negligible.

It is shown in Fig. 3 that cβα is the key parameter gov-
erning the LO 2HDM deviation from the SM. We first
discuss the type I 2HDM plot at

√
s = 365 GeV. The LO

relative difference (red) vanishes as the |cβα| approaches
the alignment limit and increases with |cβα| reaching at
most −1%. At NLO, however, richer phenomena arise
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FIG. 3. Type I, II, X and Y 2HDM predictions in the cos(β − α) plane at
√
s = 365GeV within allowed parameter set and

| cos(β − α)| < 0.1. Relative differences with respect to the SM predictions are shown at LO (red) and NLO (orange for |λ5| < 1,
blue for |λ5| ≥ 1). The combined theoretical and experimental uncertainties are estimated to be 0.92% as explained in the text.
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FIG. 4. Type I 2HDM predictions in λ5, tan(β), cos(α)/ sin(β), mϕ parameter planes at
√
s = 365GeV within allowed

parameter set and | cos(β − α)| < 0.1.

that cannot be described by a single parameter. We high-
light the impact of EW corrections for the NLO relative
difference with two branches separating cases of small
|λ5| < 1 (orange) and large |λ5| ≥ 1 (blue). The NLO
relative difference reaches −6% in the small-|λ5| branch
and −4% in the large-|λ5| branch. The −2% deviation in
the alignment limit is observed in the large-|λ5| branch,
however, it does not imply that this effect is solely driven
by the λ5 self-interaction, since Fig. 4 indicates sizable
mass effects and top-Yukawa corrections deviating from
the SM when cos(α)/ sin(β) ̸= 1. We find that the rela-
tive difference at

√
s = 550 GeV (Fig. 5 in the appendix)

is similar to
√
s = 365 GeV but slightly more pronounced.

Since the expected accuracy of the cross section measure-
ment will be better at higher energies, we conclude that
the potential 550 GeV operation will be more sensitive to
the 2HDM effects. For the remaining plots in Fig. 3, the
relative differences reach about −7% in the type X, and
around −3% in the more constrained type II and Y. We
note that although our NLO predictions for Higgs pro-
duction are insensitive to different 2HDM Yukawa struc-
tures, the allowed parameter sets across types determine
the shapes of distributions, providing restricted ability
for the 2HDM-type discrimination. To further distin-
guish 2HDM types, we need to compute the two-loop
EW corrections and/or include Higgs decay channels.

To scrutinize the NLO effects, the relative differences
in other parameter planes at

√
s = 365 GeV are shown

in Fig. 4 for the type I 2HDM. Although the large-|λ5|
branch naturally develop sizable effects, the small-|λ5|
branch distribution in the cos(α)/ sin(β) plane is partic-
ularly interesting. The ratio cos(α)/ sin(β) governs the
Yukawa coupling between the Higgs and top quark in
a same way across all four 2HDM types [81]. The fact
that the small-|λ5| branch is localized near λ5 ≈ 0 and
cos(α)/ sin(β) ≈ 1, yet spread across mϕ from 200 GeV
to 1 TeV, implies that these large deviations are genuine
NLO EW effects, with mixing angles and mϕ all playing
a role. In addition, there is no clear correlation between
the NLO effects and the parameters tβ and mϕ. This
phenomenon cannot be easily parameterized from an ef-
fective field theory approach, highlighting the importance
of NLO calculations in UV-complete BSM theories.

In summary, we conduct the first full NLO EW study of
Higgs production e+e− → h νν in four types of 2HDMs,
over vast allowed parameter regions. We find that the
2HDM effects are significantly enhanced at NLO, with
deviations from the SM predictions reaching −6% to
−7% with |cβα| < 0.1 for

√
s = 365 and 550 GeV.

Even in the alignment limit, these deviations can reach
−2% to −3%, making them experimentally testable. We
show that the differential distributions disentangle the
WW -fusion and Zh channels, allowing simultaneous new
physics probes. In a broader context of precision physics
at future e+e− colliders, our findings underscore the cru-
cial importance of higher-order electroweak calculations
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in UV-complete BSM theories for new physics searches,
opening up new windows that are complementary to the
LHC searches.
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Appendix: Supplementary results

In Fig. 5 we show the relative difference in cos(β − α), λ5, cos(α)/ sin(β), mϕ parameter planes at
√
s = 550 GeV

for the type I 2HDM, respectively. The theoretical uncertainty for the relative differences are estimated to 0.8% for
|cβα| < 0.1, and the experimental uncertainty will reach 0.3%. The distributions are similar to the

√
s = 365 GeV

case shown in Figs. 3 and 4, while the relative differences are slightly pronounced at
√
s = 550 GeV. Given that the

expected experimental measurement will be better at 550 GeV, the potential 2HDM searches at this energy will be
more advantageous.
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FIG. 5. Type I 2HDM predictions in cos(β − α), λ5, cos(α)/ sin(β), mϕ parameter planes at
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s = 550GeV within allowed

parameter set and | cos(β − α)| < 0.1. The combined theoretical and experimental uncertainties are estimated to be 0.85% as
explained in the main text.
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[72] M. Mühlleitner, M. O. P. Sampaio, R. Santos, and
J. Wittbrodt, “ScannerS: parameter scans in extended
scalar sectors,” Eur. Phys. J. C 82 no. 3, (2022) 198,
arXiv:2007.02985 [hep-ph].

[73] P. Bechtle, O. Brein, S. Heinemeyer, G. Weiglein, and
K. E. Williams, “HiggsBounds: Confronting Arbitrary
Higgs Sectors with Exclusion Bounds from LEP and the
Tevatron,” Comput. Phys. Commun. 181 (2010)
138–167, arXiv:0811.4169 [hep-ph].

[74] P. Bechtle, O. Brein, S. Heinemeyer, G. Weiglein, and

http://dx.doi.org/10.1103/PhysRevD.80.015017
http://dx.doi.org/10.1103/PhysRevD.80.015017
http://arxiv.org/abs/0902.4665
http://dx.doi.org/10.1007/JHEP07(2017)087
http://arxiv.org/abs/1705.06053
http://arxiv.org/abs/1705.06053
http://dx.doi.org/10.1007/JHEP11(2018)104
http://dx.doi.org/10.1007/JHEP11(2018)104
http://arxiv.org/abs/1808.03466
http://dx.doi.org/10.1103/PhysRevD.15.1966
http://dx.doi.org/10.1103/PhysRevD.15.1966
http://dx.doi.org/10.1103/PhysRevD.15.1958
http://dx.doi.org/10.1103/PhysRevD.15.1958
http://dx.doi.org/10.1103/PhysRevD.41.3421
http://dx.doi.org/10.1016/0550-3213(94)90316-6
http://dx.doi.org/10.1016/0550-3213(94)90316-6
http://arxiv.org/abs/hep-ph/9401311
http://dx.doi.org/10.1007/JHEP12(2022)138
http://arxiv.org/abs/2208.09438
http://dx.doi.org/10.1007/JHEP03(2018)184
http://dx.doi.org/10.1007/JHEP03(2018)184
http://arxiv.org/abs/1712.02220
http://dx.doi.org/10.1007/JHEP12(2016)075
http://arxiv.org/abs/1609.03390
http://arxiv.org/abs/0901.4700
http://arxiv.org/abs/0901.4700
http://arxiv.org/abs/0803.4161
http://dx.doi.org/10.1140/epjc/s10052-011-1742-y
http://arxiv.org/abs/0708.4233
http://arxiv.org/abs/0708.4233
http://arxiv.org/abs/hep-ph/0102195
http://dx.doi.org/10.1140/epjc/s10052-019-7306-2
http://arxiv.org/abs/1907.13071
http://dx.doi.org/10.1016/j.cpc.2017.01.004
http://dx.doi.org/10.1016/j.cpc.2017.01.004
http://arxiv.org/abs/1605.01090
http://dx.doi.org/10.1016/j.cpc.2017.11.013
http://arxiv.org/abs/1711.07388
http://dx.doi.org/10.1103/PhysRevD.107.075017
http://dx.doi.org/10.1103/PhysRevD.107.075017
http://arxiv.org/abs/2211.00011
http://dx.doi.org/10.1016/0550-3213(96)00110-1
http://dx.doi.org/10.1016/0550-3213(96)00110-1
http://arxiv.org/abs/hep-ph/9512328
http://dx.doi.org/10.1016/j.nuclphysb.2011.09.001
http://arxiv.org/abs/hep-ph/0505042
http://dx.doi.org/10.1209/0295-5075/17/2/007
http://dx.doi.org/10.1007/BF01483573
http://dx.doi.org/10.1103/PhysRevD.70.115002
http://arxiv.org/abs/hep-ph/0408364
http://dx.doi.org/10.1007/JHEP09(2016)143
http://arxiv.org/abs/1605.04853
http://dx.doi.org/10.1007/JHEP09(2017)134
http://arxiv.org/abs/1704.02645
http://dx.doi.org/10.1016/j.cpc.2015.04.021
http://dx.doi.org/10.1016/j.cpc.2015.04.021
http://arxiv.org/abs/1412.5390
http://dx.doi.org/10.1140/epjc/s10052-019-6840-2
http://arxiv.org/abs/1811.09711
http://dx.doi.org/10.1016/j.cpc.2015.05.015
http://arxiv.org/abs/1411.3834
http://dx.doi.org/10.1016/j.cpc.2023.108803
http://dx.doi.org/10.1016/j.cpc.2023.108803
http://arxiv.org/abs/2210.09332
http://arxiv.org/abs/2210.09332
http://dx.doi.org/10.1140/epjc/s10052-013-2428-4
http://dx.doi.org/10.1140/epjc/s10052-013-2428-4
http://arxiv.org/abs/1301.2599
http://dx.doi.org/10.1140/epjc/s10052-022-10139-w
http://arxiv.org/abs/2007.02985
http://dx.doi.org/10.1016/j.cpc.2009.09.003
http://dx.doi.org/10.1016/j.cpc.2009.09.003
http://arxiv.org/abs/0811.4169


8

K. E. Williams, “HiggsBounds 2.0.0: Confronting
Neutral and Charged Higgs Sector Predictions with
Exclusion Bounds from LEP and the Tevatron,”
Comput. Phys. Commun. 182 (2011) 2605–2631,
arXiv:1102.1898 [hep-ph].

[75] P. Bechtle, O. Brein, S. Heinemeyer, O. St̊al,
T. Stefaniak, G. Weiglein, and K. E. Williams,
“HiggsBounds− 4: Improved Tests of Extended Higgs
Sectors against Exclusion Bounds from LEP, the
Tevatron and the LHC,” Eur. Phys. J. C 74 no. 3,
(2014) 2693, arXiv:1311.0055 [hep-ph].

[76] P. Bechtle, D. Dercks, S. Heinemeyer, T. Klingl,
T. Stefaniak, G. Weiglein, and J. Wittbrodt,
“HiggsBounds-5: Testing Higgs Sectors in the LHC 13
TeV Era,” Eur. Phys. J. C 80 no. 12, (2020) 1211,
arXiv:2006.06007 [hep-ph].

[77] P. Bechtle, S. Heinemeyer, O. St̊al, T. Stefaniak, and
G. Weiglein, “HiggsSignals: Confronting arbitrary

Higgs sectors with measurements at the Tevatron and
the LHC,” Eur. Phys. J. C 74 no. 2, (2014) 2711,
arXiv:1305.1933 [hep-ph].

[78] P. Bechtle, S. Heinemeyer, T. Klingl, T. Stefaniak,
G. Weiglein, and J. Wittbrodt, “HiggsSignals-2:
Probing new physics with precision Higgs measurements
in the LHC 13 TeV era,” Eur. Phys. J. C 81 no. 2,
(2021) 145, arXiv:2012.09197 [hep-ph].

[79] J. Gu, H. Li, Z. Liu, S. Su, and W. Su, “Learning from
Higgs Physics at Future Higgs Factories,” JHEP 12
(2017) 153, arXiv:1709.06103 [hep-ph].

[80] N. Chen, T. Han, S. Li, S. Su, W. Su, and Y. Wu,
“Type-I 2HDM under the Higgs and Electroweak
Precision Measurements,” JHEP 08 (2020) 131,
arXiv:1912.01431 [hep-ph].

[81] G. C. Branco, P. M. Ferreira, L. Lavoura, M. N. Rebelo,
M. Sher, and J. P. Silva, “Theory and phenomenology
of two-Higgs-doublet models,” Phys. Rept. 516 (2012)
1–102, arXiv:1106.0034 [hep-ph].

http://dx.doi.org/10.1016/j.cpc.2011.07.015
http://arxiv.org/abs/1102.1898
http://dx.doi.org/10.1140/epjc/s10052-013-2693-2
http://dx.doi.org/10.1140/epjc/s10052-013-2693-2
http://arxiv.org/abs/1311.0055
http://dx.doi.org/10.1140/epjc/s10052-020-08557-9
http://arxiv.org/abs/2006.06007
http://dx.doi.org/10.1140/epjc/s10052-013-2711-4
http://arxiv.org/abs/1305.1933
http://dx.doi.org/10.1140/epjc/s10052-021-08942-y
http://dx.doi.org/10.1140/epjc/s10052-021-08942-y
http://arxiv.org/abs/2012.09197
http://dx.doi.org/10.1007/JHEP12(2017)153
http://dx.doi.org/10.1007/JHEP12(2017)153
http://arxiv.org/abs/1709.06103
http://dx.doi.org/10.1007/JHEP08(2020)131
http://arxiv.org/abs/1912.01431
http://dx.doi.org/10.1016/j.physrep.2012.02.002
http://dx.doi.org/10.1016/j.physrep.2012.02.002
http://arxiv.org/abs/1106.0034

	Chasing the two-Higgs-doublet model via electroweak corrections at e+ e- colliders
	Abstract
	Supplementary results
	References


