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Decay widthZ1 → ll̄: effects of the little Higgs model

A. Gutiérrez-Rodŕıguez
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In the framework of the Little Higgs Model (LHM), we calculate the decay widthsΓ(Z1 → ll̄) andΓinv(Z1 → νν̄) with corrections of
QED and QCD. We analyze this with recent data from LEP and compute the contribution of the model. We find that the deviations of the
decay width of reactionsZ1 → ll̄ andZ1 → νν̄ from its SM value are relatively large in the parameter space preferred by the electroweak
precision data. Furthermore, with reasonable free parameter values, the absolute value of the relative correction parameterδΓ/ΓSM is of
15%− 50%. The experimental measurement values could generate possible constraints on the free parameters of the LHM.
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En el contexto del modelo Little Higgs (LHM), se calculan las anchuras de decaimientoΓ(Z1 → ll̄) y Γinv(Z1 → νν̄) con correcciones de
QED y QCD. Se analiza esto con datos recientes de LEP y se calcula la contribución del modelo. Se encuentra que las desviaciones de la
anchura de decaimiento de las reaccionesZ1 → ll̄ y Z1 → νν̄ de su valor del modelo estándar son relativamente grandes en el espacio de
paŕametros preferido por los datos de precisión electrod́ebil. Adeḿas, con valores razonables de los parámetros libres, el valor absoluto del
paŕametro de corrección relativaδΓ/ΓSM es de15%− 50%. Los valores medidos experimentalmente pueden generar posibles restricciones
sobre los paŕametros libres del modelo LHM.

Descriptores: Corrientes neutras; modelos más alĺa del modelo estándar.

PACS: 12.15.Mm; 12.60.-i

1. Introduction

There are a number of scenarios for new physics beyond the
Standard Model (SM) [1]. The most famous is the super-
symmetric scenario. One of the principal motivations for
physics beyond the Standard Model is resolving the hierar-
chy and fine-tuning problems between the electroweak scale
and the Planck scale. Supersymmetric theories introduce an
extended space-time symmetry and quadratically divergent
quantum corrections are canceled due to the symmetry be-
tween the bosonic and fermionic partners. Technicolor theo-
ries introduce new strong dynamics at scales not much higher
than the electroweak scale, thus deferring the hierarchy prob-
lem. TeV scale quantum gravity theories reinterpret the prob-
lem completely by lowering the fundamental Planck scale. A
recently proposed alternative called the Little Higgs Model
(LHM) [2–5] offers an alternative route to the solution of the
hierarchy problem of the SM, reviving the idea that the Higgs
doublet is a pseudo Goldstone boson of some global sym-
metry which is spontaneously broken at a TeV scale. The
key feature of this type of model is that the Higgs boson is a
pseudo-Goldstone boson of an approximate global symmetry
which is spontaneously broken by a vev at a scale of a few
TeV and is thus naturally light. In the LHM, a set of new
heavy gauge bosons(A2, Z2,W2) and a new heavy vector-
like quark (T) are introduced which cancel the quadratic di-
vergence induced by SM gauge boson loops and the top quark
loop, respectively. The distinguishing characteristic of this
model is the existence of these new particles and their cou-
plings to the light Higgs. The measurement of these cou-
plings and new particle effects might prove the existence of
the little Higgs mechanism [6]. The global symmetry break-

ing scale is expected to be≤ 10 TeV so the little Higgs model
will be relevant for the hierarchy.

In this paper, assuming lepton universality, we calculate
the decay width of the processesZ1 → ll̄ and Z1 → νν̄
in the LHM. When compared to the processesZ1 → ll̄
andZ1 → νν̄ in the SM, the process in the LHM receives
the additional contribution arising from the vector and axial-
vector couplings as well as the parameters of the LHM [7].
We find that with reasonable values of the free parameters,
the deviation of the decay widthδΓ/ΓSM from its SM is of
15% − 50%. We also study the effects of the little Higgs
model in the reactionsZ1 → ll̄ andZ1 → νν̄. The leptonic
Z1 decays are free from the long distance effects and are thus
clean.

Processes measured near the resonance have served to set
bounds on the parameters of the model. Because this partial
decay occurs in the resonance zone, the process is indepen-
dent of the mass of the additionalZ heavy gauge boson which
appears in these kind of models. They also carry considerable
information about the free parameters of the model used so
it is therefore worthwhile to analyze these decay processes in
the context of the new physics models.

This paper is organized as follows: In Sec. 2 we present
the expressions for the decays widthsZ1 → ll̄ andZ1 → νν̄
in the LHM. In Sec. 3 we present the numerical computation
and, finally, we summarize our results in Sec. 4.

2. Width of Z1 → ll̄ in the little Higgs model

The little Higgs model is based on aSU(5)/SO(5) non-
linear sigma model. At the scaleΛs ∼ 4πf , the global
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SU(5) symmetry is broken into its subgroupSO(5) via a
vacuum condensatef , resulting in 14 Goldstone bosons. The
effective field theory of these Goldstone bosons is parame-
terized by a non-linear sigma model with gauged symme-
try [SU(2) × U(1)]2, spontaneously broken down to its di-
agonal subgroupSU(2) × U(1) identified as the SM elec-
troweak gauge group. Four of these Goldstone boson are
absorbed by the broken gauge generators, leaving 10 states
that transform under the SM gauge group as a doubletH and
a triplet Φ. This breaking scenario also gives rise to four
massive gauge bosonA2, Z2 andW±

2 , which might produce
characteristic signatures in the present and future high en-
ergy collider experiments [7]. After electroweak symmetric
breaking, all the light and heavy gauge bosons are obtained,
namely,A1, Z1,W

±
1 of the SM andA2, Z2,W

±
2 of the LHM.

The masses of the new heavy gauge bosons in the LHM
to the order ofO(v2/f2) are given by following expres-
sions [7]:
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whereMZ andMW are the SM gauge bosons masses and
cW (sW ) denotes the cosine (sine) of the weak mixing angle,
while s, s′(c, c′) represent the sine (cosine) of two mixing an-
gles. Here,xH characterizes the heavy gauge boson mixing
and depends on the gauge couplings.

The couplings between neutral gauge bosons

Vi(Vi = Z1, A2, Z2)

to a pair of fermions can be written in the form

−iγµ(gViff̄
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A γ5).

The couplingsgViff̄
V andgViff̄

A also depend on the mixing
parameterss, s′(c, c′) and the scale parameterf . The expres-
sions for the couplings to a pair of leptons or anti-leptons in
the LHM are [7]:
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where f is the characteristic energy scale of the LHM
[2, 8–10]. In the limitf → ∞, the couplings of the SM
are recovered.

The expression for the transition amplitude for the chan-
nelZ1 → ll̄ (l = e, µ, τ) is given by

M(Z1 → ll̄)=ū(l)
[
−iγµ(gZ1ll̄

V +gZ1ll̄
A γ5)

]
v(l̄)ελ

µ(ZL), (9)

whereu(v) is the lepton (anti-lepton) spinor andελ
µ is theZ1

boson polarization vector.
Of the Eq. (9), the partialZ1 decay widthΓ(Z1 → ll̄),

including QED and QCD corrections, is given by:
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The vector and axial-vectorZ1ll̄ couplingsḡl
V and ḡl

A

compare one-loop and higher electroweak and internal QCD
corrections through the form factorsδρl andkl, which can be
written as:

ḡl
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with sin2 θl
eff = kl sin2 θW . The term δρ is the

deviation from the SM prediction for theρ parameter
ρ = MZ cos θ/MW = 1 + δρ, taking into account contribu-
tions of the gauge group structure of LHM only. Considering
Eqs. (3) and (5), the contribution toδρ is given by

δρ ≈ − v2

8f2

[
1 + 5(c

′2 − s
′2)2

]
. (12)

Also, δQED accounts for the final state photon radiation

δQED =
3α(s)
4π

Q2, (13)

whereα is the QED coupling computed at the energy scales,
while Q is the lepton charge.

In order to obtain a prediction for the standard model
partial Z1 decay width intoe+e−, µ+µ− and τ+τ− we
take the input parameters [11],MZ = 91.187 GeV,
G = 1.16637 × 10−5 GeV−2, α(MZ) = 1/128.95 and
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sin2 θW = 0.22335. Using the Zfitter package [12], these
parameters can be used to obtain the form factors for the de-
caysZ1 → e+e−, µ+µ−, τ+τ− which yield

δρe, δρµ, δρτ = 0.00531, 0.00531, 0.00512, (14)

and
sin2 θW (eff) = 0.2315, (15)

translating intoκe, κµ, κτ = 1.0367, 1.0367, 1.0351. Plug-
ging these parameters into Eq. (10) together with the limit
f → ∞ and δρ → 0, we obtain the standard model pre-
dictionΓ(Z1 → e+e−, µ+µ−, τ+τ−) = 83.99, 83.99, 84.01
MeV, respectively.

2.1. Width of Z1 → νν̄ in the Little Higgs Model

The expressions for the couplings to a pair of neutrino or anti-
neutrino in the LHM are the following [7]:
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In this case, the invisibleZ1 decay widthΓinv, after re-
ceiving contributions from all neutrinos flavors is given by:

Γ(Z1 → νν̄) =
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FIGURE 1. The relative correctionδΓ/ΓSM as a function of
the mixing parameters for c = 0.5 and different values of the
scale of energyf . Starting from the top, the curves are for
f=2, 4, 6, 8, 10 TeV.

FIGURE 2. The relative correctionδΓ/ΓSM as a function of
the scale of energyf for c = 0.5 and different values of the
mixing parameters. Starting from the top, the curves are for
s = 0.2, 0.4, 0.6, 0.8, 1.

FIGURE 3. The decay widthΓ(Z1 → e+e−) as a function of the
mixing parameters for c = 0.5 and different values of the scale of
energyf . Starting from the top, the curves are forf = 2, 4, 6, 8, 10
TeV. The horizontal dotted lines denote the upper and lower values
of Γexp(Z1 → e+e−), respectively.

FIGURE 4. The decay widthΓ(Z1 → e+e−) as a function of
the scale of energyf for c = 0.5 and different values of the
mixing parameters. Starting from the top, the curves are for
s = 0.2, 0.4, 0.6, 0.8, 1. The horizontal dotted lines denote the
upper and lower values ofΓexp(Z1 → e+e−), respectively.
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FIGURE 5. The relative correctionδΓ/ΓSM as a function of the
mixing parameterc for s = 0.5 and different values of the scale of
energyf . Starting from the top, the curves are forf= 2, 4, 6, 8,
10 TeV.

FIGURE 6. The relative correctionδΓ/ΓSM as a function of
the scale of energyf for s = 0.5 and different values of the
mixing parameterc. Starting from the top, the curves are for
c = 0.2, 0.4, 0.6, 0.8, 1.

FIGURE 7. The decay widthΓ(Z1 → e+e−) as a function of the
mixing parameterc for s = 0.5 and different values of the scale of
energyf . Starting from below, the curves are forf = 2, 4, 6, 8, 10
TeV. The horizontal dotted lines denote the upper and lower values
of Γexp(Z1 → e+e−), respectively.

3. Results

In this section we present numerical results for the decay
widths Γ(Z1 → e+e−) andΓ(Z1 → νν̄) in the context of
the little Higgs model including QED and QCD corrections.

Our numerical results for the decay widthΓ(Z1→e+e−)
are summarized in Figs. 1-9. The relative correctionδΓ/ΓSM

is plotted in Fig. 1 as a function of the mixing parame-
ters s for c = 0.5 and different values of scale energyf .
δΓ = ΓLHM − ΓSM andΓSM is the decay width predicted
for the SM. We can see in this figure that the absolute value
of the relative correctionδΓ/ΓSM decreases when the mixing
parameters increases and is sensitive to thef energy scale.
For f = 2 TeV, the absolute value ofδΓ/ΓSM ranges from
2%−15% in most of the parameter space limited by the elec-
troweak precision data.

To see the dependence of relative correction on parame-
ter f , we plotδΓ/ΓSM as a function of the scale of energy
f for c = 0.5 and different values of the mixing parameter
s = 0.2, 0.4, 0.6, 0.8, 1 in Fig. 2. We can see that the abso-
lute value of the relative correction decreases asf increases.
The curves also demonstrate that the effect of the LHM is not
sensitive tof in the range off ≥ 6.5 TeV. This is gener-
ally because, the extra contribution of the LHM to the decay
width Γ(Z1 → e+e−) is proportional to a factor of1/f2. In
this case, the absolute value ofδΓ/ΓSM is in the range of
40% in most of the parameter space.

In Fig. 3 we show the dependence of the decay width
Γ(Z1 → e+e−) with respect to the mixing parameters for
c = 0.5 and different values of the scale of energyf =
2, 4, 6, 8, 10 TeV. To compare our calculation values with the
experimental valueΓexp = (83.984 ± 0.086) MeV and de-
termine whether it puts new constraints on the LHM, we give
Γexp(Z1 → e+e−) in which the horizontal dotted lines indi-
cate the upper and lower values, respectively. As seen in this
figure, if the LHM prediction value forΓexp(Z1 → e+e−)
is in the range allowed by the LEP experiments, the mixing
parameters must be of the orders = 0.5 for f = 2 TeV and
s = 0.9 for f = 4 TeV.

The decay widthΓ(Z1 → e+e−) as a function of the
scale of energyf for c = 0.5 and different values of the
mixing parameters = 0.2, 0.4, 0.6, 0.8, 1 is presented in
Fig. 4. The horizontal dotted lines denote the upper and
lower values ofΓexp = (83.984 ± 0.086) MeV, respec-
tively. As seen in this figure, if the LHM prediction value
for Γexp(Z1 → e+e−) is in the range allowed by the LEP
experiments, the scale parameterf must be of the order of
f = 1 TeV for s = 0.6 andf = 4 TeV for s = 1.

The relative correctionδΓ/ΓSM is plotted in Fig. 5 as a
function of the mixing parameterc for s = 0.5 and different
values of the scale energyf . In this figure we can see that the
absolute value of the relative correctionδΓ/ΓSM increases
when the mixing parameterc increases and is sensitive to
the scale of energyf . For f = 2 TeV, the absolute value
of δΓ/ΓSM is in the range of50% in most of the parameter
space limited by the electroweak precision data. In Fig. 6, we
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FIGURE 8. The decay widthΓ(Z1 → e+e−) as a function
of the scale of energyf for s = 0.5 and different values of
the mixing parameterc. Starting from top, the curves are for
c = 0.2, 0.4, 0.6, 0.8, 1. The horizontal dotted lines denote the
upper and lower values ofΓexp(Z1 → e+e−), respectively.

FIGURE 9. Possible values fors, c andf that can be developed as
allowed by the decay widthΓexp(Z1 → e+e−) with 95% C.L.

present the relative correctionδΓ/ΓSM as a function of the
scale of energyf for s = 0.5 and different values ofc =
0.2, 0.4, 0.6, 0.8, 1. Here it is shown that the absolute value
of the relative correctionδΓ/ΓSM decreases when the scale
energyf increases and is sensitive to the mixing parameter
c. For c = 0.2, the absolute value ofδΓ/ΓSM ranges from
2%− 50%.

In Fig. 7 we show the dependence of the decay width
Γ(Z1 → e+e−) with respect to the mixing parameterc
for s = 0.5 and different values of the scale of energy
f = 2, 4, 6, 8, 10 TeV. As seen in this figure, if the LHM pre-
diction value forΓexp(Z1 → e+e−) is in the range allowed
by the LEP experiments, the mixing parameterc must be of
the orderc = 0.6 for f = 2 TeV andc = 0.95 for f = 6 TeV.

FIGURE 10. The relative correctionδΓ/ΓSM as a function of the
mixing parameters for c = 0.5 and different values of the scale of
energyf . Starting from the top, the curves are forf = 2, 4, 6, 8,
10 TeV.

FIGURE 11. The relative correctionδΓ/ΓSM as a function of
the scale of energyf for c = 0.5 and different values of the
mixing parameters. Starting from the top, the curves are for
s = 0.2, 0.4, 0.6, 0.8, 1.

FIGURE 12. The decay widthΓ(Z1 → νν̄) as a function of the
mixing parameters for c = 0.5 and different values of the scale of
energyf . Starting from the top, the curves are forf = 2, 4, 6, 8, 10
TeV. The horizontal dotted lines denote the upper and lower values
of Γexp

inv (Z1 → νν̄), respectively.

The decay widthΓ(Z1 → e+e−) as a function of the scale
of energyf for s = 0.5 and different values of the mixing
parameterc = 0.2, 0.4, 0.6, 0.8, 1 is presented in Fig. 8. As
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shown, if the LHM prediction value forΓexp(Z1 → e+e−)
is in the range allowed by the LEP experiments, the scale pa-
rameterf must be of the orderf = 2.2 TeV for c = 0.6 and
f = 6.5 TeV for c = 0.2.

The graphic in Fig. 9 shows the allowed values for
f , s and c that can be developed by the decay width
Γexp=(83.984 ± 0.086) MeV with 95% C.L. These possible
values forf , s andc are in complete agreement with those
reported in the literature.

The previous analysis and comments can readily be trans-
lated to the decay processesZ1 → µ+µ− andZ1 → τ+τ−.
From this we conclude that there are no significant changes
with respect to the processZ1 → e+e−, which is consistent
assuming lepton universality.

In the case of the invisibleZ1 decay width, we estimate
the effects of the Little Higgs model. The procedure followed
for the analysis is similar to that followed for the process
Z1 → e+e−.

We summarize our results in Figs. 10 to 18, assuming lep-
ton universality inZ1 decay to neutrinos. As seen, the abso-
lute value of the relative correctionδΓ/ΓSM decreases when
the mixing parameters increases and is sensitive to the en-
ergy scalef . Forf = 2 TeV, the absolute value ofδΓ/ΓSM

is in the range of5% − 15% in most of the parameter space
limited by the electroweak precision data.

Figure 11 shows the dependence of relative correction on
the parameterf . δΓ/ΓSM is plotted as a function of the scale
of energyf for c = 0.5 and different values of the mixing pa-
rameters = 0.2, 0.4, 0.6, 0.8, 1. We can see that the absolute
value of the relative correction decreases asf increases. The
curves also demonstrate that the effect of the LHM is not sen-
sitive tof in the range off ≥ 6 TeV.

The decay widthZ1 → νν̄ with respect to the mixing
parameters for c = 0.5 and different values of the scale of
energyf = 2, 4, 6, 8, 10 TeV is presented in Fig. 12. In this
figure the horizontal dotted lines denote the upper and lower
values ofΓexp

inv = (499± 1.5) MeV, respectively. As shown,

FIGURE 13. The decay widthΓ(Z1 → νν̄) as a function of
the scale of energyf for c = 0.5 and different values of the
mixing parameters. Starting from the top, the curves are for
s = 0.2, 0.4, 0.6, 0.8, 1. The horizontal dotted lines denote the
upper and lower values ofΓexp

inv (Z1 → νν̄), respectively.

FIGURE 14. The relative correctionδΓ/ΓSM as a function of the
mixing parameterc for s = 0.5 and different values of the scale of
energyf . Starting from the top, the curves are forf = 2, 4, 6, 8,
10 TeV.

FIGURE 15. The relative correctionδΓ/ΓSM as a function of
the scale of energyf for s = 0.5 and different values of the
mixing parameterc. Starting from the top, the curves are for
c = 0.2, 0.4, 0.6, 0.8, 1.

FIGURE 16. The decay widthΓ(Z1 → νν̄) as a function of the
mixing parameterc for s = 0.5 and different values of the scale
of energyf . Starting from below, the curves are forf = 2, 4, 6,
8, 10 TeV. The horizontal dotted lines denote the upper and lower
values ofΓexp

inv (Z1 → νν̄), respectively.
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FIGURE 17. The decay widthΓ(Z1 → νν̄) as a function of the
scale of energyf for s = 0.5 and different values of the mixing
parameterc. Starting from top, the curves are forc = 0.2, 0.4,
0.6, 0.8, 1. The horizontal dotted lines denote the upper and lower
values ofΓexp

inv (Z1 → νν̄), respectively.

FIGURE 18. Possible values fors, c andf that can be developed
as allowed by the decay widthΓexp

inv (Z1 → νν̄) with 95% C.L.

if the LHM prediction value forΓexp(Z1 → νν̄) is in the
range allowed by the LEP experiments, the mixing parame-
ters must be of the orders = 0.7 for f = 2 TeV.

In Fig. 13 we show the dependence of the decay width
Γinv(Z1 → νν̄) with respect to the scale of energyf
for c = 0.5 and different values of the mixing parameter
s=0.2, 0.4, 0.6, 0.8, 1. This figure demonstrates that if the
LHM prediction value forΓexp

inv (Z1 → νν̄) is in the range al-
lowed by the LEP experiments, the scale parameterf must
be of the order off = 1.5 TeV for s = 0.4 andf = 2.5 TeV
for s = 1.

To see the dependence of relative correction on the pa-
rameter of mixingc, we plot δΓ/ΓSM as a function ofc
for s = 0.5 and different values of the scale of energy

f = 2, 4, 6, 8, 10 TeV in Fig. 14. Here we can see that the
absolute value of the relative correctionδΓ/ΓSM increases
when the mixing parameterc increases and is sensitive to
the f energy scale. Forf = 2 TeV, the absolute value of
δΓ/ΓSM is in the range of50% in most of the parameter
space limited by the electroweak precision data. The relative
correctionδΓ/ΓSM as a function of the scale of energyf for
s = 0.5 and different values ofc = 0.2, 0.4, 0.6, 0.8, 1 is pre-
sented in Fig. 15. In this figure we can see that the absolute
value of the relative correctionδΓ/ΓSM decreases when the
scale energyf increases and is sensitive to the mixing param-
eterc. For c = 0.2, the absolute value ofδΓ/ΓSM is in the
range of2%− 50%.

In Fig. 16 we show the dependence of the decay width
Γ(Z1 → νν̄) with respect to the mixing parameterc for
s = 0.5 and different values of the scale of energyf = 2,
4, 6, 8, 10 TeV. As seen in this figure, if the LHM predic-
tion value forΓexp

inv (Z1 → νν̄) is in the range allowed by the
LEP experiments, the mixing parameterc must be of the or-
der c = 0.8 for f = 2 TeV andc = 1 for f = 4 TeV. The
decay widthΓ(Z1 → νν̄) as a function of the scale of energy
f for s = 0.5 and different values of the mixing parameter
c = 0.2, 0.4, 0.6, 0.8, 1 is presented in Fig. 17. As shown, if
the LHM prediction value forΓexp

inv (Z1 → νν̄) is in the range
allowed by the LEP experiments, the scale parameterf must
be of the orderf = 2.3 TeV for c = 0.4 andf = 3.8 TeV for
c = 0.2.

Finally, the graphic in Fig. 18 shows the allowed values
for f , s and c that can be developed allowed by the decay
width Γexp

inv = (499 ± 1.5) MeV with 95% C.L.. We see that
the values forf , s andc are in complete agreement with those
reported in the literature.

4. Conclusions

Because it can solve the hierarchy problem, little Higgs
model is a promising alternative model of new physics be-
yond the standard model. Among the various little Higgs
models, model [7] is one of the simplest and most phe-
nomenologically viable models. The distinguishing feature
of this model is the existence of the new scalars, the new
gauge bosons, and the vector-like top quark. These new par-
ticles contribute to the experimental observables which could
provide some clues to the existence of the little Higgs model.
In this paper, we analyze the effects of the little Higgs model
including the QED and QCD corrections on the decay widths
Γ(Z1 → e+e−) andΓinv(Z1 → νν̄), respectively.

The SM gauge bosonZ1 is now abundantly produced at
the LHC and will be as well at the future high energy linear
e+e− collider experiments. It is possible to examine its prop-
erties with unprecedented precision. We calculate the decay
width correction of the little Higgs model of the processes
Γ(Z1 → e+e−) andΓinv(Z1 → νν̄). We find that the cor-
rection is significant even when we consider the constraint of
electroweak precision data on the parameters. In the favor-
able parameter space, the absolute value of the relative cor-
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rection parameterδΓ/ΓSM for both processes is15%−50%.
We conclude that future experiments at the ILC could deter-
mine the effects on theΓ(Z1 → e+e−) andΓinv(Z1 → νν̄)
decay widths contributed by the LHM in a given parameter
space or put more stringent constraints on the LHM parame-
ters. In addition, these results have never been reported in the
literature before and could be of relevance for the scientific
community.
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