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Abstract. We study the process e

e~ — vy to search for its sensitivity to the extra gauge bosons Zz, Z3

and Wzi, which are suggested by the little Higgs models. We find that the ILC with /s = 0.5 TeV and CLIC
with y/s = 3 TeV cover different regions of the LHM parameters. We show that this channel can provide a de-
termination of the parameters, complementary to measurements of the extra gauge bosons obtainable at the

upcoming LHC experiments.

PACS. 14.80.Cp; 12.60.Fr; 12.60.Cn

1 Introduction

Despite the impressive success of the standard model (SM)
in describing all existing experimental data at currently
available energies, it contains many unsolved problems. For
example, the origin of the fermion mass, the origin of the
C P violation, hierarchy problems, etc. Therefore, it is com-
monly believed that SM is a low energy manifestation of a
more fundamental theory. In order to solve the hierarchy
and fine-tuning problems between the electroweak scale
and the Planck scale, new physics at the TeV scale is ex-
pected. In coming years the large hadron collider (LHC)
and later the international linear collider (ILC) will pro-
vide us detailed information about the electroweak sym-
metry breaking and the origin of the hierarchy of fermion
masses and C' P-violating interactions. Supersymmetry in-
troduces an extended space-time symmetry and removes
the quadratically divergent corrections due to the super-
partners of fermions and bosons. Extra dimensions reinter-
pret the problem completely by lowering the fundamental
Planck scale. Technicolor theories introduce new strong
dynamics at a scale not much above the electroweak scale,
and thus defer the hierarchy problem. Among the most
popular non-supersymmetric model for solving the hierar-
chy problem is the so-called little Higgs model [1-5] (and
references therein). It is expected that the global symme-
try breaking scale should be < 10 TeV in order for the little
Higgs model to be relevant for the hierarchy. The little
Higgs model solves the problem at one-loop level by elimi-
nating the quadratic divergencies via the presence of a par-
tially broken global symmetry SU(5). The masses of these
gauge bosons are expected to be of the order of the global
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symmetry breaking scale f for SU(5) — SO(5). In other
words, the new heavy particles in this model cancel the
quadratic divergencies in question. The subgroup [SU(2) x
U(1)]? is also broken into the SU(2)r, x U(1)y group of the
SM at the scale f of a few TeV and then U(1)en, at the
Fermi scale v ~ 246 GeV. The minimal type is the ‘littlest
Higgs model’ (LHM), in addition to the SM particles, new
charged heavy vector bosons Wi (or heavy Wit), two neu-
tral vector bosons Zs (or heavy Zp) and Zs3 (or a heavy
photon Ay), a heavy top quark (T") and a triplet of scalar
heavy particles (¢*, ¢°) are present.

Since the LHM predicts many new particles, the search
of these particles usually is performed in two different
ways: 1) via their indirect effects, i.e. these particles new at
loop and change SM predictions on flavor changing neutral
current processes (FCNC), ii) their direct productions in
high energy colliders.

The relevant scale f of new physics must be 2 2—3 TeV
in order to be consistent with the electroweak precision
data [6—-21]. A consequence of the littlest Higgs model in
rare FCNC B and K decays has comprehensively been
studied in [12—-16]. This channel was studied previously,
but not for the LHM, in [22] to examine the sensitivity
to the extra gauge bosons Z’ and W' predicted by var-
ious extensions of the SM. Recently, an analysis of the
sensitivity to the neutrino couplings of the neutral gauge
bosons and to the couplings of the extra charged gauge
boson has been made by [21]. Direct productions of new
particles in high energy colliders are discussed in [17—-20].
The direct production of new heavy gauge bosons are kine-
matically limited by the available center of mass energy of
the present colliders. At the large hadron collider (LHC),
the possible signals of extra gauge bosons would show up
through peaks in the invariant mass distributions of their
decay products [23].
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Fig. 1. Heavy gauge boson
masses myz, (left) and mg,
(right), depending on the
mixing s (where s’ = 0.5) and
s’ (where s = 0.5) for the var-
ious scales f =3TeV (solid
line), f =6 TeV (dashed line)
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In the present work, we study the indirect effects of
extra gauge bosons in the cross sections of the process
eTe™ — vy at high energy linear eTe™ colliders; namely,
the international linear collider (ILC) [24,25]' and the
compact linear collider (CLIC) [27-30]. In addition to the
limits from hadron colliders, an improvement on the sen-
sitivity of the physical observables will be reached at fu-
ture ete™ linear colliders. This study can be considered
as complementary to [21,22]. Finally, we give an analysis
of the LHM parameters that will be measurable at the ILC
and CLIC.

2 Theoretical framework

The process eTe™ — vy is widely discussed in connec-
tion to the determination of the number of neutrinos [31]
and the understanding dynamics of stellar processes. Be-
fore the discussion of the eTe™ — vy process in the LHM,
a few illuminating remarks about main ingredients of the
LHM are in order. In the little Higgs model in addition to
the standard W+ and Z boson contributions there are con-
tributions coming from new heavy vector bosons, i.e. from
the extended gauge sector. The kinetic term of the scalar
field X in the lagrangian has the form [1, 2]

L:f—zTr|D X2 (1)

8 e

with the covariant derivative of the scalar X field

D,2=0,%
2
i) (g (Wi X+ EW)) + g (B X + £BY)]

k=1
(2)

where g5 and gj, are the coupling constants related to
the gauge fields Wy and Bj. The mixing angles s and ¢,
s=ga2/\/g3+ 93 and s’ = g4 /\/ g2 + g% relate the coupling
strengths of the two SU(2) x U(1) gauge groups. The rela-
tions between the gauge bosons in weak and mass eigen-
states are similar to the SM case; namely

(W)= ) (5)=(9) @9(’3)

1 Comprehensive information about the future linear collid-
ers can be found in [26].

and f=9TeV (dot-dashed
s’ line)

where W and B are the gauge boson states associated with
the generators of SU(2) and U(1) of the SM. W' and B’ are
the massive gauge bosons with masses my» = gf/2sc and
mp = g'f/2v/5s'c’. Here s, s'(c, c') represent the sine (co-
sine) of the two mixing angles. After electroweak symmetry
breaking all the light and heavy gauge bosons are obtained,
and these include Z;, Wi and 7 of the SM and WF, Z, and
Z3 of the LHM.

The masses of the new heavy gauge bosons in the LHM
to the order of O(v?/f?) are given by the following expres-
sions [3-5]:

v (11
mz, =mz [1_ F<6+Z(CQ -
. o2\ 11/2

P l’HS%/V 1/2

mz, = mw <320202 $/20/2 02 ) (5)
, 9 1/2
- THC Yy
Mz, = MzSw (58/20/2v2 -1+ 482028%;(/> ) (6)
v /1 1 v
mwy, = mw [1_F<6+Z(62_52)2>+4F} ’
(7)

e 1/2

myy, = My (m - 1) 7 Y

where myz and myy are the SM gauge boson masses and
cw (sw) denotes the cosine (sine) of the Weinberg weak
mixing angle. Here xy characterizes the mixing between
B’ and W’ in the Z5 and Z3 eigenstates and it depends
on the gauge couplings. As can be seen from Fig. 1, the
mass of the new neutral gauge boson Zs (Z3) strongly de-
pends on s (s'). The mass of the heavy gauge boson W
depends on the scale f and the mixing s, and for the ratio
mz, /mw, ~ 1 holds for the region of interest. The charged
gauge boson mass myy, can be approximated as the left
panel in Fig. 1. From (5) and (6) we obtain the ratio satis-
fying mz, /mz, ~ 0.25 for some ranges of the parameters s
and s’. Figure 1 reflects this property and the mass of the
Z3 boson remains below 1 TeV for a wide range of the pa-
rameter s’. We may note that Z3 is much lighter than Z,
and could be searched for at ILC energies. If ILC does not
discover the Z3 boson it is possible to put a lower bound on
the scale, f > 3 TeV.
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The coupling between neutral gauge bosons (Z;) and
fermions can be written in the form —iy*(gy +ga~y®), and
the charged gauge bosons (W;") have the couplings of type
—igw (1 —~°) with the leptons in the framework of the
LHM. The couplings gy and ga also depend on the mix-
ing parameter s, s’ and the scale f, while gyr depends on
s and f. The expressions for these couplings are given
in Table 1. In order to see how the Ziete™ vector and
axial-vector couplings change from their SM values we give
a 3D plot in Fig. 2. We find that the relative changes in
gv are much greater than for ga for the values of s’ near
the endpoints. It is possible to set a bound on s and s’
by demanding these couplings to remain perturbative, and
hence one obtains the limit s,s’ > 0.1. As can be seen
from Table 1, the Z31l coupling vanishes for ¢/ = 1/2/5 once
given y. = 0.6.

The couplings of the Z; boson and the W; boson to
the SM leptons are subject to corrections in the LHM. We
calculate the relative changes in gy for the values of s
and f as shown in Fig. 3. There are only little changes in
gw for small values of f. As can be seen from Table 1 the
coupling for W2jE reduces to the SM coupling for WljE for

52 = ¢? = 0.5. Using their couplings as shown in Table 1 one

Table 1. Neutral and charged gauge boson—fermion couplings in the little Higgs model. The last line denotes the W 1(2)

151

Fig. 3. The relative change Rg,,, (%) of the Wf'efl/_e couplings
from the SM values depending on s and f

obtains for the Z; total decay width and W7 boson mass
up to corrections proportional to O(v?/f?): I'z, ~ I'z(1+
1.7v%/f?) and myw, ~ mw (1+0.89v%/ f?), leading to the
comment that f > 8TeV even for small ¢’. Since there
are some partial cancellations, in fact, as a general guide
we take v/f < 0.1. In Table 2 we present the total decay

Wiy
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Fig. 2. The relative changes Rgy (%) and Rg, (%) of the Zjete™

vector gy and axial-vector ga couplings from the SM values

depending on s and s’, taking the scale f = 3 TeV (upper on first panel, lower on second panel) and f =6 TeV (lower on first panel,

upper on second panel)



152

T. Aliev, O. Cakir: Probing little Higgs model in eTe™ — vy process

Table 2. Masses and decay widths of the neutral (Z2 3) and charged (W2i) gauge bosons. Here we

use v/f =0.1 and ye = 0.6

sin 6/ sin 6’ mg, (GeV)  myg, (GeV) myy, (GeV) Iz, (GeV) Iz, (GeV) Iy, (GeV)
0.1/0.1 8034.4 1971.2 8034.4 27153.0 6614.7 26899.80
0.3/0.1 2787.0 1971.7 2792.4 960.32 693.95 953.17
0.4/0.1 2138.4 1972.7 2179.6 382.35 370.61 385.61
0.5/0.3 1843.9 684.5 1844.8 187.99 70.06 186.09
0.5/0.5 1844.5 451.7 1844.8 188.05 45.90 186.09
0.5/0.9 1844.1 499.6 1844.8 188.01 50.84 186.09
0.9/0.5 2036.2 452.6 2036.6 17.95 3.65 17.78
0.9/0.9 2036.3 498.7 2036.6 17.95 4.09 17.78
widths of the Z5, Z3 and WQi bosons, which we need in the by
calculation of the cross section for the process eTe™ — viry. 5
The decay of the heavy gauge boson Zs includes the lep- _ (,,) a(v)
tonic, hadronic and gauge boson channels to give the par- o Z _W T9a 75)]0(]62)
tial widths of the form [3-5] o=1 )
_l(guu_q1uq1u/mza) 1_)( )(1 ﬁ/) i(g’+me)
20 @ —my, +imz, Iz, PRI |72 —mz
g% co
I(Zy =117 ) ——— :
(Z3 )~ 967 mz, , v (_I,Yu)( a(e) +9A( )75) (p1), (11)
g2 cot? 0 .
I'(Zy— §q) ~ =——mg,, where ¢1 = k1 + k2, ¢ = k—p2 and ¢, is the photon polar-
2327r2 isation four-vector. The amplitudes for Fig. 4d—f are given
[(Zs — Zuh) ~ L0720 by
~——m
2 19270 27 ,
2 12
+ g cot“ 260 . _ a 1/) a(v)
[(Zy—WiW) ~ TP (9) —Zu (k1) [—iv*" + 95" vs) Jv(k2)

where we neglect the corrections from the v/f terms and
the final state masses. The partial decay widths for the W2
bosons can be obtained from (9) using isospin symmetry, as
follows:

g2 cot? 9
(W2 —>li ) mez,
)
N g°cot® 0
1—‘<‘/V2jz — q/Q) =~ 167 mws, ,
)
1 45\, g cot” 20
Wy — Wi h) ~ SETTTS mz, ,
2 cot? 20
rwWiE-wiz)~ L2 2 (10)

1927

The gauge boson Zj3 is assumed to be light and could be
explored at future colliders. Similarly, its decay width can
be obtained from (1) by replacing g — ¢’ and 6 — 6.

After these preliminary remarks, let we consider the
process e~ (p1)et (p2) — v(k1)v(k2)y(k) in LHM, for which
the relevant diagrams are presented in Fig. 4. In the SM,
this process proceeds via s-channel Z and t-channel W+
exchange with the photon being radiated from the initial
charged particles. In the LHM models this process has also
contributions from both s-channel Zs, Z3 and t-channel
Wi exchange. We implement all relevant vertices in the
CalcHEP [32,33] in the framework of the littlest Higgs
model. The amplitudes for the diagrams Fig. 4a—c are given

a=

(p2)(=17")

2
a7 — mZ + lmZa FZa,

l i g,uz/ q1,uq1u/mza)
(9

(6 + 5 [ g o).

€

(12)
where ¢’ = p1 — k. The amplitudes for Fig. 4¢g and h are
given by

2 .
_ : i(g+me)|,.
Ma— ZU(kl)(—lg”w’“‘)(l )| ) gyt
b=1 e

(13)

where g3 = po — ko. The amplitudes for Fig. 4i and j are
given by

=
[

) (—igy*) (1 —7s)u(p1)

i g;w - q4uq4v/m%/[/b) :|
Q- mW +imw, I'w,

[ (qjm)]( igvy”) (1 —s)o(ka) ,

) (14)

x 0(p2)(ige ¥)
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Fig. 4. The Feynman diagrams contributing to the process ete™ — vy
where g4 = k1 —p1. The amplitudes for Fig. 4k and 1 are ered process is given by
given by
do _ |M|*E, (16)
dE,dcosf, 128m3s

2
My = Za(kzl)(—ig{’,'y#)(l —5)u(p1)
b=1
" [—1(9## —ayqy /me
4 mW +imw, I'w,

where the amplitude M is the sum of the above five am-
} plitudes, M7_5. In order to remove the collinear singulari-

ties, when the photon is emitted in the initial beam direc-
tion, we apply the initial kinematic cuts: £, > 10 GeV and

X ige [QV/A(QB + k) + g (— _|_ q4), 10° < 0y < 170°. We may also impose a cut, pr, > 10 GeV,

9 on the transverse momentum of photon to remove the large

+ G (—qa— g3) ] [ ( —q3q3 / me) background from radiative Bhabba scattering. Figure 5
w'v!

mW +imw, I'w, shows the total cross section for eTe™ — vy as a func-
tion of the center of mass energy /s for the SM and two
different values of the LHM parameters s and s’. Starting
from a center of mass energy just greater than the Z mass,
a minimum around /s ~ 300 GeV occurs due to the SM
Z boson resonance tail on the high energies. For different
values of the parameters s, s’ and f the shape of the LHM
curves changes, leading to the appearance/disappearance
of the resonance peaks. For the proposed energies and lu-

x 0(p2) (—igyv) (1 — ) v(k2) . (15)

3 Numerical results

We will be interested in the differential cross sections over
the kinematic observables of the photon energy £, and
its angle relative to the incident electron direction, respec-
tively. The double differential cross section of the consid-

minosities of the ILC and CLIC e*e™ colliders we can well
measure different extra gauge boson couplings for the re-
gion of interest of the parameters. In other words, prefer-
ably we may search for the parameters for Z3 at ILC
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SM
LHM:s=s’=0.4
LHM:s=0.9,s’=0.5

e'e™? vy
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1000 1500 2000 2500 3000 3500 4000

s(GeV)

(0.5-1TeV) energies and the parameters for Z, at CLIC
energies (1-5TeV). The charged new heavy gauge boson
W2jE contributes to the total cross section slightly but its
presence in the t-channel shows no resonance behavior.
Since the heavy charged boson (W35) couplings depend on
the mixing parameter s and the scale f, for a certain scale
the s parameter determination will include the admixture
of the heavy gauge bosons, while the s’ determination from
the Z5 contribution can only be done by choosing a specific
value in which the Z3 decouples from the process.

In Tables 3 and 4 we present the total cross section for
the process eTe™ — vy with both signal and SM back-
ground. We find that the total cross section (signal plus
background) changes at most 44% at /s = 0.5 TeV for the
region of interest of the parameters s,s’ with the scale
f=2.46TeV. There is also a large contribution from the
extra gauge bosons, mainly Zs, for the relatively small pa-
rameter s’ = 0.1 with larger values of s = 0.9 and the scale
f =3.5TeV at the center of mass energy /s =3 TeV, as
shown in Table 4. In order to see the sensitivity of the
photon energy to new physics, in Fig. 6 we plot the dif-
ferential cross section versus E. by taking v/f =0.1 at
the center of mass energy /s = 0.5 TeV and /s = 3 TeV,
respectively. We see that for the value of the parameter

Table 3. The cross sections (in pb) for eTe™ — vy with
v/f =0.1at /s = 500 GeV. The corresponding SM background
gives og = 1.879 pb. Here we applied the minimal cuts E, >
10 GeV, 10° < 013 < 170° and p > 10 GeV

Fig. 5. The total cross section in pb versus cen-
ter of mass energy +/s. For the LHM model we
take two different points for s,s” and v/f = 0.1

4500 5000

s’ = 0.5 the Z3 resonance occurs as its magnitude strongly
depends on the values of s. The peak in the cross sec-
tion due to the Zs (Z2) boson shifts to the right as s
decrease. We see from Fig. 6 that the main contributions
to the total cross section (signal plus background) comes
from three regions, the low energy region, the resonance re-
gion and the region due to radiative return to the Z pole,
where E, = /s(1 —m?%/s)/2 ~ 240 GeV. The pole region
(~+/s/2) is quite insensitive to the new physics. The reson-
ance region for Z3 occurs at s’ = 0.5 and f ~ 1-3 TeV. The
peak of the resonance shifts to lower photon energies (left)
when the scale f increased as shown in Fig. 7. This is due to
the fact that as f increases the extra gauge boson masses
(ox f) also increase, and as the resonance occurs there re-
mains a lower energy delivered to the photon, i.e. the lower
E,, the higher the mass probed in the Z; propagator via
E,=s(1- mQZZ/s)/2 For a visible signal peak one can
scan the parameter f between ~ 1-3 TeV at a collider en-
ergy of /s =0.5TeV. At higher center of mass energies
such as /s = 3 TeV this resonance scan can be extended to
upper values of the scale f around ~ 2-4 TeV.

We calculate the relevant backgrounds from the reac-
tions eTe™ — Zv (2 — 2), which is the part of the eTe™ —

Table 4. The cross sections (in pb) for ete™ — vy with
v/f =0.07 at /s = 3000 GeV. The corresponding SM back-
ground gives op = 3.013 pb. Here we applied the minimal cuts
Ey >10GeV, 10° < 613 < 170° and pr > 10 GeV

sin@\sin6’ 0.1 0.3 0.5 0.7 0.9 sin 6\sin 6’ 0.1 0.3 0.5 0.7 0.9

0.1 1.9379  1.9347 1.9382 1.9396  1.9384 0.1 3.2502  3.2093  3.2206  3.2359  3.2311
0.3 1.9662  1.9701 1.9035 1.8919  1.9041 0.3 4.2023 3.0384 3.0505 3.0578  3.0614
0.5 1.9761  2.0012 1.9294 1.8806  1.9305 0.5 10.369  3.3954  3.4205  3.4199  3.4083
0.7 1.9755  1.9983 2.0394 1.8905  1.9583 0.7 24.491 3.1316  3.1323  3.1345  3.1343
0.9 1.9606  1.9915 2.7090 1.8878  1.9668 0.9 66.303  3.1130  3.0709  3.0768  3.0722
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Fig. 7. Energy distribution of photon for various values of the scale f at /s =500 GeV (left) and /s = 3000 GeV (right). The sine

of the mixing angle is taken as s = 0.9 and s’ = 0.5 for the left plot, and s = 0.9 and s = 0.1 for the right plot

vy (2 — 3) reaction, ee™ — ZZy (2 —3) and ete” —
Zviy (2 —4) with (w) and without (o) ISR effects at
the ILC and CLIC energies. With the initial cuts we find
the background cross sections as shown in Table 5. We see
that the main contribution to the background comes from
ete™ — vy, which includes both ete™ — Zv (2 — 2) and

Table 5. The cross sections (in fb) for relevant background processes at ILC and CLIC
energies with (w) and without (o) initial state radiation (ISR) from e™ and e~ beams.
Here, we applied only the initial cuts

w/o ISR o(vo) o(Zx) ZZy Zvry

0.5 TeV 1843.0/1879.3 2273.0/1730.5 22.94/22.71 10.88/11.76
1TeV 2372.6/2429.5 582.16/416.13 11.96/11.20 35.73/39.92
3 TeV 2970.4/3012.7 70.03/45.72 3.00/2.63 129.72/133.18
5 TeV 3125.4/3152.2 26.43/16.44 1.44/1.23 174.81/189.04

ete” — viry (2 — 3 with only W; exchange). Here we take
the branching ratio of Z° — invisible decay as 20%. A back-
ground that cannot be suppressed comes from the process
ete™ — vy with a cross section o » 23 fb. In order
to see the photon energy distribution (between the initial
cuts and the kinematical cuts) of these backgrounds in the
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“y+ pp” analysis we show differential cross sections mul-
tiplied by the corresponding branching ratios in Fig. 8 at
the center of mass energies /s = 0.5 TeV and /s = 3 TeV.
Here, we assume lepton universality, and we calculate the
cross sections to give an idea about the magnitude of the
background considered. In general, applying some strict
cuts around the resonance regions and by making an opti-
mization for the ratio S/B, the measurements can also be
improved, provided that the LHC measures the masses of
the extra gauge bosons predicted by the LHM.

For a given center of mass energy we can determine
the contributions from new gauge bosons in different pa-
rameter regions: a first one is the resonant region where
a peak in the distribution is obtained for certain values
of the parameters s,s’ and f; a second one is the non-
resonant region where the parameter scans can be per-
formed over a wide range; a third one is the decoupling
region (¢’ = 4/2/5) where the coupling of Z3 to fermions
vanishes, and here there is also another approach based on
the idea that the mass of the new gauge boson can be taken
infinitely heavy. We show the results for the cases men-
tioned on proceeding with our analysis.

In order to obtain the discovery limits of the LHM pa-
rameters we perform a x? analysis. We calculate the x?
distribution to be

X=>

k=1

O'k O'k 2
<—§EV (LHM) - g7~ (SM)) an
ok ’

47 (SM)

where §do*/d E, is the error on the measurement includ-
ing statistical and systematical errors added in quadrature.
As we already noted, the backgrounds are much smaller
than the signal, and we expect that the statistical errors
in the SM backgrounds would be smaller than the system-
atic errors including detector and e~ /et beam uncertain-
ties. Here, we considered a systematic error dgys = 5% for
a measurement. This may be an overestimate, however; if
improved, the constraints can be relaxed and benefit from
the advantage of a high luminosity. The differential cross
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section depends on the model parameters s,s’ and f. We
may assume that the LHC would have determined the mass
of the extra gauge bosons relatively well. Thus we can
fix the masses mz,, mz, and myw,, and perform a two-
parameter scan. We calculate x? at every point of s, s’. In
this case x? = x2,, + C. The constraint on the parameters
with 95% C.L. can be obtained at the ILC and CLIC en-
ergies by requiring C' = 5.99 for two free parameters. In
calculating the x? for do/ dE., we have used equal sized
bins in the range Eﬁ“i“ < Ey < E'®, where the upper limit
is taken as the kinematical limit for the photon energy.
The most sensitive results can be obtained for ' = 0.5(0.1)
at the center of mass energy /s = 0.5(3) TeV as shown in
Fig. 9. The x7? distributions versus the photon energy bin
show peaks shifted to the right depending on lower s and
lower f values. Here we have used v/f = 0.1 and 0.07 for
the ILC and CLIC energies, respectively.

In Fig. 10 we present the constraints on the mixing pa-
rameters s, s’ in a density plot. For the Z3 search at the ILC
energies with L = 100 fb~! most of the s, s’ parameter
space can be discovered. A contour line for the constrained
parameter space (s, s’) is also shown on the plot. We may
exclude the region with 0.6 < s’ < 0.8, 0.25 < s < 0.9 by
this analysis at /s = 0.5 TeV. When the systematic error
is not included, the shape of the plot is luminosity depen-
dent, even for a luminosity as low as Li,; ~ 103 pb~! only
the decoupling region (s’ =4/3/5) remains dark (not ac-
cessible) in this plot. At higher center of mass energies,
different parameter regions can be constrained. The reson-
ance regions deserve special attention at the ILC and CLIC
energies, because the highest sensitivity to new physics
is obtained in this region. Taking s’ = 0.5, we can probe
the Z3 signal for the range of interest of s =0.5-0.9 and
f=05-2.7TeV at \/s =0.5TeV and Li,; = 100 fb~1. For
the CLIC at /s =3 TeV and Ly, = 100fb~!, and taking
the mixing parameter s’ = 0.1, we can probe the reson-
ance peaks between the scale f =1-3.7 TeV for almost the
whole range of s. The extra gauge boson signals of LHM
can be measured for almost the whole range of interest of
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(left) and v/ f = 0.07 (right) at ILC (left) and CLIC (right) energies

s, s’ except 0.3 < s < 0.4 at CLIC with a projected luminos-
ity Ling = 100 b1,

We can examine the specific behavior of the model in
which the Z, and Z3 decouples for mz, 3, — 00; in this
way we can identify the contribution of W2 to the reach
of the search. At least their relative contributions can be
compared. We find that for relatively small values of the
scale f, the search reach is higher for lower values of s.
For the point at which s? = 0.5, the minimal contribution
comes from the charged heavy gauge boson, since the W2i
couplings reduce to that of the SM Z boson. If we take

’2 = (.6, the contributions will only come from the Z, and
W bosons.

4 Conclusions

In this work, we have studied the sensitivity of the process
ete™ — vy to the extra gauge bosons Z,, Z3 and szt in
the framework of the little Higgs model. The search reach
of the ILC (operating at /s = 0.5 TeV and Liy,, = 100 fb~1
for one year) and CLIC (when operating at /s = 3 TeV,

and Liy, = 100fb~1) covers a wide range of parameter
space in which this model is relevant to the hierarchy.
For the parameter space where the resonances occur (s’ =
0.5(0.1)) by scanning the parameter s, we can access the
scalerange f = 0.5-2.7 (1-3.7) TeV at /s = 0.5(3) TeV, re-
spectively. If the scale f is larger than f 2 4 TeV, sensitiv-
ity to the parameters of LHM could be reached with a de-
tailed MC including detector and beam luminosity /energy
uncertainty effects.

Finally, the ILC and CLIC with high luminosity have
a high search potential for different regions of parame-
ter space of the LHM. Analysis of the ete™ — viry pro-
cess can give valuable information about the LHM, and
it can serve as a clean environment for a precise de-
termination of its parameters. The measurements with
small systematic errors are needed to have the desired
sensitivity for the new physics parameters. Even for the
cases in which the reach of the search for the extra
gauge bosons in this process is not competitive with the
potential of the LHC, the measurements at linear col-
liders can also provide detailed information on the ex-
tra gauge bosons that complements the results from the
LHC.
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