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1. Introduction

Linear colliders are suitable instrument to study gauge bosons and Higgs physics. The pro-
cesses of two- and three-boson production give a direct information on trilinear and quartic vector
boson coupling [1]. Near-threshold production of the unstable particles (UP’s), as a rule, is accom-
panied by large finite-width effects (FWE). The boson-pair productione+e− → ZZ;W+W−;ZH;Zγ
at threshold energy (LEP II experiments) have been considered analytically with an account of one-
loop EW corrections [2] (and references therein). Now, the processes of three-boson production
ZZZ andZW+W− are intensively studied [3, 4]. These processes are available at Tevatron,LHC
and futureILC. To describe FWE we have to consider full processe+e− → ZZZ; ZW+W− →
∑ f 6 f . So, the bosons are considered in the off-shell states and their instability is described by
Breit-Wigner propagators. An account of complete NLO corrections to these processes is very
complicated problem. Now, the consideration was fulfilled in the stable-particle approximation
(SPA), without an account of FWE and for the case of light Higgs (MH = 120GeVand150GeV).

In this work, we represent the cross-section of the processes e+e− → ZZZ; ZW+W− with an
account of FWE and principal part of NLO corrections. We showthat FWE is large for the case
of MH & 2MW ,2MZ, when the contribution of Higgs diagrams is dominant. So, this effect should
be taken into consideration and can be applied as an additional instrument in the search for Higgs
boson.

2. The method of calculation

The processese+e− → ZZZ; ZW +W− at the tree level in SPA are described by the set of
diagrams, which is represented in Fig.1. Here,ZZZ -production is described by 9 diagrams of the
subset(a),(b), andZW +W− -production by 16 diagrams(a), ...,(e). The first subset of diagrams
(a) has a resonant character, whenMH & 2MW ,2MZ , and plays a significant role in the development
of Higgs and FWE contributions. Complete NLO corrections are described by additional thousands

Figure 1: Diagrams foree → ZZZ,ZWW processes (V = Z,W andG is photon).

diagrams, which were considered in [3, 4].

To account FWE in a standard way we have to consider full process with 6-particles final states
with Z andW in an intermediate state (see Fig.2). However, there is another way of consideration.
The model of UP with smeared mass [5] provides the possibility to describeZ andW in the final
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state and simultaneously to account FWE [2, 6]. Such a possibility is closely connected with the
effect of factorization which takes place in the framework of the effective theory following from the
model. It was shown, that for the processes with UP in time-like intermediate state the amplitude
square is exactly factorable:

s = 0,

1
2 |M|2 = k|M1|2 · |M2|2;

s = 1,

3
2,2, ... J(|M|2) = k|M1|2 · J(|M2|2).

(2.1)

Here,s is spin of UP,J(A) denotes the integration over the momenta space of the final states. So,
we can represent full process ofZZZ production in a factorized form as it is shown in Fig.2. The

Figure 2: Factorization ofee → ZZZ cross-section.

model cross-section of the inclusive processese+e− → ZZZ; ZW+W− → ∑ f 6 f can be represented
in three-convolution form (factorization effect):

σ(s) =

∫ ∫ ∫
σ(s;m2

1,m
2
2,m

2
3)ρ(m2

1)ρ(m2
2)ρ(m2

3)dm2
1dm2

2dm2
3, (2.2)

whereσ(s;m2
1,m

2
2,m

2
3) is Born cross-section for the case of different bosons masses in SPA,ρ(m2)

is probability density of mass square parameter. Born cross-section was calculated with help of
the program FeynCalc and integration over variable masses are fulfilled numerically. To escape the
singularities, which arise in Higgs-resonance region as a result of integration over phase space of
boson pairs, we introduce theq-dependent width of Higgs:

ΓH(q) = Γst
H(q)+ ΓWW

H (q)+ ΓZZ
H (q), (2.3)

whereΓst
H(q) is standard width of Higgs atM2

H = q2 [2] and other two terms account for the boson-
pair channels of Higgs decay. It should be noted, that an account of the Higgs width (2.3) is very
important because of it forms the results in the resonance region.

The functionρ(m2) is given in a traditional Lorentzian form [2, 5]. This approach has a close
analogy with the convolution method (CM) [7] (and references therein) and the semi-analytical ap-
proximation (SAA) [8], which usually are applied in the frame of standard descriptions. However,
the status of these approaches are different (see [2, 5, 6]).In the framework of the model, the ex-
pression (2.2) directly follows from the smearing-mass conception for UP and the model function
ρ(m2) describes the distribution of the mass parameter [5]. Moreover, the model definition of the
unstable field function determines a strategy of corrections account [2, 6].
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3. Cross-section of three-boson production

Firstly, we recalculated the cross-sectionσ(e+e− → ZW +W−) at MH = 120 GeV in SPA and
with account of FWE (instability of bosons). We have got the results in SPA which coincide with
the ones in [3]. The contribution of Higgs diagrams and FWE into full cross-section atMH =

120 GeV occurs small. So, further we have calculated the cross-sections of three-boson production
for heavier Higgs.

The cross-section of the processe+e− → ZW +W− as function of
√

s at MH = 175 GeV (just
above the Tevatron exclusion) is represented in Fig.3. Solid and dashed lines represent Born cross-
section in SPA and with account of FWE, dash-point line represents cross-section with ISR correc-
tions which are calculated according to method described in[2]. These corrections are the main
part of NLO corrections at the energy range considered. Fromthis picture one can see that the
contribution of FWE is large at near-threshold and near-resonant region.

LO

LO + UP

LO +UP+ ISR

260 270 280 290 300 s ,GeV

0.02

0.04

0.06

0.08

0.10
Σ,pb

ee->Z W+W-, MH = 175 GeV

Figure 3: Cross-section of the processe+e− → ZW +W−.

The cross-section of the processe+e− → ZZZ as function of
√

s at MH = 195 GeV is repre-
sented in Fig.4, where the designations are the same as before. From the picture one can see again
that the contribution of FWE is large at near-threshold and near-resonant region.
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Figure 4: Cross-section of the processe+e− → ZZZ.

4. Conclusions

From the result of calculations it follows that the value of FWE’s strongly depends on Higgs
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diagram contribution. It can be comparable with ISR and one-loop corrections. The contribu-
tion of FWE’s are large at wide energy range when Higgs-resonant contribution is large and small
when Higgs contribution is small. Higgs contribution into cross-section at resonance energy re-
gion is strongly dominant. So, Higgs signals in the processes under consideration are large and
have well-defined signature. The model approach and factorization effect significantly simplify the
calculations in a comparison with the traditional one.
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