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1. Introduction

There are some motivations to consider extensions of theaiith has some problems, such
as problem of generations, special neutrino status, incpét neutrino mass, Higgs boson etc.
Some of these problems can be solved in the gauge extenditres®M. In this work, we consider
the minimal gauge extension of the SM (MGE) which belong$&five rank intermediate models
of unification and is the simplest one. For neutrino mass aixihghdescription it is necessary
to introduce right-hand neutrino, which interacts with iéiddal gauge boso#’, therefore gauge
group of the model ifem(1) x . (2) x Vc(3) x Ur(1). Higgs sector is modified by addition of
new singlet scalar Higgs boson which interact with i&wWoson and right-hand neutrino, only.

To analyze any process of the model we have to connect newnptges with experimental
restrictions. In our calculations we need to #X boson parameters. We applied experimental
restrictions fromLEP 2 andLHC, and perform renormalization group (RG) analysis in the-one
loop approximation.

Top quark physics is an important part of the futete— linear collider experiments [1]. In
this work, we consider the processe™ —s t*t* — bbW+W~. The consideration is fulfilled in the
frame-work of the model of unstable particles with a smeaneds (SMUP model) [2, 3]. In our
calculations, we account for NLO radiative EW and QCD faetisle corrections. We illustrate
the role of the corrections and the difference between #edsird and model total cross-section,
angle differential cross-sections and invariant massibligton.

2. Minimal gauge extension of the SM

Here, we consider gauge extension of the SM with extra negénage boson, singlet Higgs
boson and right-hand neutrino. Modern experimental i&i&tris on new coupling constagt and
mass ofZ’ are the following

Mz

/

> 7 TeV(LEP2); Mz, > 1.8 TeV (LHC) (2.1)

For RG analysis it is necessary to fix a reduction scheme, hwisipresented in Fig.1. Thg
functions of MGE model ar@en = 4.1, Bueak = %, Brew = %5 and running couplingsi(Q?) give
scale of unification which is presented in Fig.2.

ak(Mz)
(Bk/2m)In(Q%/M2)
Thus, taking into account the experimental restrictiond @mat scale of unification must be

less than scale of grant unification, RG analysis in one-lyggroximation gives value &' mass
more than 3 TeV.

(2.2)

ax(Q?) = 1=

3. Themodel cross-section of the top-pair production and decay

The process of top-pair production and deeag — t*t* — bW W is presented in Fig.3.
From this picture, one can see that full process containestable intermediate time-like state. In
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Figure1: Reduction scheme.
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Figure 2: a) Dependence of the coupling constants frgl b) Scale dependence of unification frosg
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Figure 3: Feynman diagram for the processe™ — bbW W

the frame-work of the SMUP model [2] this process can be éifithto two stagesete™ — t*t*
andt*t* — bbW™W~. Here, top-quarks should be treated as unstable partithelavge widths.

Here, we derive the formula for cross-section of inclusik@cpss which directly follows from
the mass-smearing conception in the frame-work of the SMIdBai The model cross-section of
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the first reaction is [2]:

P s (Vs—my)? L _
oete —tT) = /m% /m% o(ete s t(m)i(my))p (Mo (mp)dmédn?,  (3.1)
wherem, ~ 2my, is threshold value of the top mass(e* e~ — t(my)t(my)) is the cross-section of
tops production with random masgsesandmy, pr(m) is probability density which describes mass
smearing. In our calculations we take it in Lorentzian foéh [

1 ml¢(m)

T (M —M2)2 +merA(m)’ (3:2)

pr(m)

wherel{(m) is total width of top quark with mass. Because oBr(t — bW) ~ 1, the expression
(3.1) describes full process. The results of the model calculatare presented in Fig.4.
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Figure4: The cross-sections for the procese — tt ande™e™ — bW W~ (Mz = 3.8 TeV)

In our calculations we take into account the following cotiens:
1. Vertex and self-energy type corrections for stable gasiare mainly included into running
couplings (2.2).
2. Self-energy corrections for unstable particles areunhetl into functiorp(m), which describes
the smearing of UP’s masses.
3. Initial state radiation (ISR) is described by spectrummfola [4, 5], and the bremstrahlung of
t-quarks states by verté@-dependent factor [6].
4. QCD corrections to the top production and decay are destidy vertex multiplicative factor
[6].

Note, that the corrections are multiplicative and are antemliidentically for the total cross-
section, angle differential cross-sections and invamaass distribution. Despite the fact that we
addedzZ’ boson, influence of the correction isn’t changed, see tlezerte [7].

4. Comparing with the SM results.

In this section we show the difference between the MGE moddlthe SM at considered
process. Total cross-sections in the SM and in the modelrimiugMy are shown in the Fig.5.
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Figure5: Total cross-section of the processe™ — bbwWW—

From this picture one can see, that for the model under ceratidn we have large effect
which can easily be registered at the ILC. Note, that we detnate the most acceptable by ex-
perimental restrictions (2.1) scenario, in other word$ixatd Mz we consider the most acceptable
coupling constang’ value. Further, in Fig.6, we illustrate angle differentabss-section.

do/dcosiB) (ph)
0.40 -

SM

Mz =3.5(TeV)
— Maxn =3.8(TeV)
— Mz =4.1{TeV)
L L L L cos(B)
-10 05 0.3 1.0

Figure6: Total cross-section of the processe™ — bbW W

In this case we have principal difference between the SM aGEMf the SM. The asymme-
try of the angle differential cross-section is reversed.last, we demonstrate the invariant mass
distribution in Fig.7, where we have a large effect again.

5. Conclusion

The production of at pair and decay ire" e~ annihilation in the minimal gauge extension
of the SM has been analyzed in the frame-work of the SMUP mdid#k approach significantly
simplify calculations and, as shown in [7], the precisiontlo approach is of the order of 0.1
percent as compared with standard treatment. The methedlpsoa possibility to account for all
factorizable corrections. With account of the consideradections we made a comparison of the
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Figure7: Total cross-section of the processe™ — bbwW—

total cross-section, angle differential cross-sectiams iavariant mass distribution in the SM and
MGE of the SM. In spite oZ’ mass much more than mass of other particles, we had a lagyg. eff
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