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1. Introduction

There are specific features in the manifestations of the extended scalar sector which contains
more than one Higgs boson. Self-coupling [1] and/or interference effects in a various channels
naturally occur in the 2HDM model [2, 3], MSSM [4, 5] or in the minimal gauge extension of the
SM based on theSU(3)×SU(2)×U(1)×UB−L(1) group [6].

Indeed, to observe an extra Higgs bosons effects an analysis of differential distributions on the
invariant mass, for example, is suitable. Namely, specific "peak-and-dip"structure arises near the
Higgs boson mass as the result of interference of zero-order QCD diagrams and loops contributions
in the gluon-gluon production oftt̄ pairs. In the process, only Higgs boson intermediate state with
a relatively small width [7, 8] was taken into account (interference effects of this type were firstly
considered in [9, 10]).

Interference terms can sufficiently change total cross section of the process considered —
namely,γ − Z - interferencies and contributions increase annihilation cross section up to10%.
At the same time, interference terms appear in the differential distributions as an extra peaks or
peak-and dip structures near poles of intermediate states. Importantly, a complex and cumbersome
interference picture is simplified if some interactions can be "switched off", as it takes place, for
example, in the MSSM—tt̄H coupling is weakened fortgβ >> 1. The interference structure is
especially complex if there are some intermediate states which are close in mass. To consider
role of interferencies in the distributions, the gauge SM extension with additional UB−L(1) group
is useful and interesting due to small number of parameters in comparison with the MSSM, in
particular. Moreover, an interesting peculiar regime of "strong coupling"emerges in the model
leading to the fixed ratio of the Higgs boson masses.

2. Some details on the UB−L(1) gauge extension of the SM

The above mentioned minimal gauge extension of the SM contains one additionalsinglet
Higgs boson, extra vector Z’-boson and three right-handed heavy neutrino [11 – 14], so it allows
to consider neutrino oscillations as well. Two remained scalar states are mixed,consequently their
mass spectrum depends on the scalar potential parametersλi and on the mixing angle.

Potential energy of the scalar sector has the form

V(H1,H2) = m2
1H†

1H1++m2
2|H2|

2+λ1(H
†
1H1)

2+λ2|H2|
4+λ3H†

1H1|H2|
2. (2.1)

From diagonalization of the mass form, the scalar bosons have following masses depending on the
λi v1,2:

M2
H1

= λ1v2
1+λ2v2

2− ((λ1v2
1−λ2v2

2)
2+(λ3v1v2)

2)1/2 (2.2)

M2
H2

= λ1v2
1+λ2v2

2+((λ1v2
1−λ2v2

2)
2+(λ3v1v2)

2)1/2.

These states of Higgs bosons are mixed, and the mixing angle is defined as

sin2α =
λ3v1v2

((λ1v2
1−λ2v2

2)
2+(λ3v1v2)2)1/2

. (2.3)
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Figure 1: Contributions intogg→ tt̄Z reaction with two intermediate Higgs bosons

Note, specific "strong coupling regime" is realized in the Higgs sector whenα ≈ Π/4, i.e.

λ1v2
1 ≈ λ2v2

2 ≈ λ3v1v2.

It leads to the simple relation for the Higgs boson masses with an accuracy to loop corrections:

M2
H1

≈ 3·M2
H2
.

To study processes withtt̄,Hi ,Z,Z′, we need in the following part of the model Lagrangian (all
terms which are proportional to the small mixing angle,∼ sinψ , for Z and Z’ are omitted):

LH =−
1
2

g′4(g
2
1+g2

2)
1/2ZµZ′µ cosψv1(H1cosα −H2sinα)

+
1
4
(g2

1+g2
2)ZµZµ cosψv1(H1cosα −H2sinα)− (mttt̄)

1
v1
(H1cosα −H2sinα). (2.4)

Using the Lagrangian, it is possible to analyze interference effects in the model with these two
neutral Higgs bosons in various regimes and compare some processes in this SM modification with
the MSSM. Rememeber, we use here the fixed-width approximation and omit K-factor, so the total
error is estimated as∼ 30%. It does not change any qualitative conclusions on the interference
structure manifestations and behaviour. To simplify the calculations, we use an analytic form of
gluon distribution functionsg(x) = 1

ng
x−a(1− x)b with coefficients depending onQ2 in the form

close to HERA approximation (see [15] and references therein).

3. Interference effects in pp→ tt̄Z

The process under consideration is described in the SM by three diagramsmediated by the
one Higgs boson intermediate state. However, in the models with the extended scalar sector and
extra vector states there are eight diagrams with intermediate scalars and a lotof interference con-
tributions, consequently. Here we limit ourselves by intermedite scalars only and omit possible
s-channelγ −Z−Z′ contributions and boxes.

As it was noted in [7, 8], if the width of the intermediate higgses is sufficiently large (∼ (101−

102) GeV) the narrow "peak-and-dip" near the s-channel intermediate mass should be smeared. For
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Figure 2: Distributions onm2
tt̄ for MZ′ = 700GeV and a)MH1 = 140GeV,MH2 = 600GeV,α = Π/3; b)

the same masses of higgses andα = Π/6, c)MH1 = 460GeV,MH2 = 820GeV,α = Π/3

the case with numerous interference terms, especially if there are some stateswith close masses,
the situation even worse. Then, the narrow "peak-and-dip" structure near the pole practically ab-
sent transforming into a broad interference picture. Some peaks inducedthere by (constructive
and/or destructive) interference terms are joined into a large-scale structure in the invariant mass
distribution. Note, however, the only energy region near the Z’-mass is presented here in thett̄
mass distribution. It means, we analyze a possibility to see some effects of Z’ inthett̄ ll final states
exploringgg-fusion channel with intermediate Higgs bosons. Of cource, Z’ signal should be much
more clean in the its s-channel production byqq̄ or gg with quark loops, however, the process al-
lows to see what a complex picture of interferencies can emerge if all intermediate states are taken
into account.

The structure is sensitive to the model parameters, i.e. there is an obvious dependence of the
distribution on the type of the gauge SM extension — different masses of two Higgs bosons, mixing
parameter values shift the interference peaks and change their amplitudes. Two possible values of
Z’ mass are used here: 700GeV and 3.5TeV (this value is preferred by RG analysis, see report of
D. Vlasenko in this Workshop).

For theMZ′ = 700GeV results of calcultions are presented in Fig.2(a,b,c); in all cases Z’-
coupling is defined in agreement with the experimental restrictionMZ′/g′ ≥ 7TeV; for the Higgs
boson masses we take values that agree with the latest exclusion plot (august, 2011). More exactly,
the recent data do not exclude (or, even, prefer) the Higgs boson mass lower then≈ 140GeV
(remind also, the lightest neutral Higgs boson in the MSSM should haveMh0 . 130GeV), at the
same time the higgs mass should be larger than≈ 470GeV. So, in the model we can use both of
the limits in a correspondence with different values of the mixing angle and parametersλ1,2,3.

It is seen, nearM2
Z′ value there is a broad peak which occurs due to contributions from numer-

ous diagrams. Parameters of the model affect the peak width and height: they depend on theα for
the case with one light and one heavy scalar state. But when both of Higgs bosons are heavy and
their masses are not very far fromMZ′ (in the "strong coupling regime"), the peak is more sharp,
however its width remain large. Thus, in the distribution the large-scale interference structure is
formed in the Z’ mass vicinity with the smeared maximum; the structure details depend on the
parameters obviously.

For the valueMZ′ = 3.5TeV and corresponding couplingg′max= 0.5 thett̄ mass distribution
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Figure 3: Distributions onm2
tt̄ for MZ′ = 3.5TeV and a)MH1 = 480GeV,MH2 = 820GeV,α = Π/6; b) the

same masses of higgses andα = Π/4, c)MH1 = 140GeV,MH2 = 600GeV,α = Π/4

Figure 4: Ratios of differential decays of Higgs boson in the MSSM withtanβ = 1.5 andUB−L(1); a)
MH = 270GeV,α = Π/6, b)MH = 270GeV,α = Π/3, MH = 460GeV,α = Π/4.

also demonstrates a set of interference peaks nearM2
Z′ in the region∼ Γtot(Z′). These peaks are

wide due to largeΓtot(Z′) and the center of the group of peaks shifts depending on the parameters
— masses of scalars andα . Remind, the calculations were done for the fixed widths ofH1,2 and
Z, Z′ bosons.

A comparison of differential inEb branchings for the decaysH → tbW in the MSSM [16] and
in theUB−L(1) SM extension (Fig.4) demonstrates the ratio can be done∼ 1 for some value of
model prameters and small tanβ = 1.5. So, in some channels the data do not allow to distinguish
the models with two neutral higgses. However, for tanβ = 30 the ratio of branchings is very large
and it remains nearly constant in this energy region (Fig.5). So, for largetanβ these models,
containing two neutral Higgs bosons, can be discriminated easily.

4. Conclusions

It has been shown, Z’-boson manifests in the model with two neutral Higgs bosons as an
obvious signal near the resonance. The amplitude of the signal grows if the scalar masses are not
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Figure 5: Ratio of differential decays of Higgs boson in the MSSM with tanβ = 30 andUB−L(1); MH =

270GeV,α = Π/4.

very far from the Z’ mass. However, Z’ width is large, so the peak is verywide. Moreover, the peak
is accompanied with an extra wide interference peaks resulting in some large-scale structure in the
distribution in invarianttt̄ mass. The peaks positions depend on the model parameters - masses
of scalars andα - and on the fixed widths of bosons. To observe the signal in this reaction the
whole interference picture should be studied in the energy region. The picture structure can change
depending on the model parameters — widths, masses, couplings, mixing angles and vacuum shifts
define the peaks positions and amplitudes. An analogous complex picture should occur in any
case when there are some interfering (destructive and/or constructive)conributions with different
couplings and and unstable intermediate states. So, from the consideration of tt̄Z final states at the
LHC it is possible to extract some information on the structure of the Higgs sector and Z’-boson
appearance.

This comment on the role of the interferencies in the differential distributions should be
checked in details taking into account s-channel diagrams and boxes. Moreover, it is important
to consider the energy dependence of the running widths for bosons in the tt̄ production and cor-
responding asymmetries. Indeed, the results do not give a precision testbecause loop corrections
(K-factor) and more exact PDF’s should be taken into account togetherwith supplementary dia-
grams. However, a general result is unchanged: consideration of thetotal interference region can
shed some light on the parameters role and affection for the models with several Higgs bosons,
especially.
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