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Abstract
We make a full one-loop calculation of the single and pair Higgs productions at future linear e+e− collider in the

Inert Higgs Doublet Model (IHDM). In order to benefit from the high precision measurements, we also need a high
precision predictions from the theory, which means that there is a need to go beyond the leading order calculations
for most processes, hence the full one-loop contributions are thus important for physics analyses at a future linear
colliders such as the ILC or CLIC.

Introduction
• The Standard Model particle spectrum has been completed by discovery of the Higgs boson on 4th

July 2012, by the ATLAS and CMS expirements at CERN.

•Higgs couplings measurements at the LHC Run I-II, such as the Higgs coupling to fermions and
gauge bosons with uncertainty of 30-50% and 20% respectively.

• The future High-Luminosity LHC (HL-LHC) will improve the aforementioned measurements.

• In the clean environment of the future linear colliders, such as as the International Linear Collider
(ILC) , the measurements will be greatly improved.

Observable HL-LHC ILC HL-LHC + LC
hbb 4-7% 0.6% 0.6%
Hττ 2-5% 1.3% 1.2%
HZZ 2-4% 0.5% 0.3 %

The Inert Higgs Doublet Model
The IHDM is one of the most simplest models for the scalar dark matter, a version of a two Higgs
double model with an exact Z2 symmetry. The SM scalar sector is extended by an inert scalar doublet
H2 which can provide a stable dark matter candidate. Under Z2 symmetry all the SM particles are
even while H2 is odd and it could mix with the SM-like Higgs doublet. We shall use the following
parameterization of the two doublets :
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The most general renormalizable, gauge invariant and CP invariant potential is given by :
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The spectrum of this potential will have five scalar particles: two CP even H0 and h which will be
identified as the SM Higgs boson, a CP odd A0 and a pair of charged scalars H±. Their masses are
given by:
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where λL,S are defined as:

λL,S =
1

2
(λ3 + λ4 ± λ5) (4)

This model involves 8 independent parameters: five λ, two µi and v. One parameter is eliminated by
the minimization condition and the VEV is fixed by the W boson mass. Finally, we are left with six
independent parameters which we choose as follow :

{µ2
2, λ2,mh,mH±,mH0,mA0} (5)

on-shell renormalization
In this work we used the On-shell renormalization scheme, for both processes, such as:

• For the Higgs-Strahlung process the same renormalization scheme as the Standard Model was used.

• In e+e−→ H0A0 process, in addition of the couplings and masses renormalized in SM we have to
take account of the on-shell renormalization for the two additional fields: A0 and H0 in ZHA and
γHA diagrams.

Result
At the one-loop order, the cross section can be obtained by interfering the amplitudes of the tree level
diagrams with those arising at the one-loop. Writing the amplitude as follow :

M =Mtree +Mloop (6)

The squared amplitude at the one-loop level is then:

σ =
1

(2π)2

∫ 3∏
k=1

d3pk
2Ek

δ(4)(q1 + q2 − p1 − p2)
∑

spin.pola.
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Where q1 and q2 are the 4-momenta of the incoming particles (electrons and positrons), p1 and p2
are the momenta of the outgoing particles and factor 1

(2π)2 aruses from the flux of the initial particles.
We define the ratio ∆σ by:

∆σ =
σtotal − σtree

σtree
=
σloop
σtree

(8)

Figure 1: Scatter plot for ∆σ in the plan (mΦ, µ2
2) for the Higgs Strahlung process with λ2 = 2 and in the left figure we

chose
√
S = 250GeV and

√
S = 500 for the right.

Figure 2: Scatter plot for ∆σ in % for the e+e− → H0A0 with λ2 = 2 . For the left figure mA = mH0 = 200 GeV and√
s = 500 GeV . For the left figure all masses are degenerate and

√
s = 1 TeV .

.

Conclusions
•At 1 TeV ∆σ in the e+e− → H0A0 process we can have very significant radiative corrections

which can reach up to 50%.

• The radiative correction of the Higgs Strahlung process are not bigger than can be significant at
ILC but they will be more useful at FCC-ee and CEPC.
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