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Phenomenology of the heavyBH in a littlest Higgs model
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We comprehensively study in the littlest Higgs model the phenomenology of the heavyU(1) gauge boson
BH , which is the lightest of the newly introduced heavy gauge bosons and toplike vector quarks. Some
unexpected behavior is that in the parameter space where the mass ofBH is minimized the corrections to the
electroweak precision observables are also suppressed. For the global symmetry breaking scalef &3 TeV, the
BH is light enough to be produced at a 500 GeV linear collider. We show that this lightBH is not excluded by
the direct search for the neutral heavy gauge boson at the Fermilab Tevatron in a large portion of the parameter
space. Furthermore, even the lightBH with a mass around 200 GeV yields negligible contributions to the muon
anomalous magnetic moment, which is consistent with the current inconclusive status of the theoretical cal-
culation of (g22)m in the standard model. The effects of the littlest Higgs model on thee1e2→m1m2

process are also studied; this is one of the most efficient processes to probe theBH .

DOI: 10.1103/PhysRevD.69.115010 PACS number~s!: 12.60.Cn, 13.40.Em, 13.66.Hk
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I. INTRODUCTION

The standard model~SM! of particle physics has provide
an excellent effective field theory of high energy phenome
up to energies of the order of 100 GeV. A direct and imp
tant question is what is the cutoff scale of this effective d
scription. The Higgs boson mass may hold the key beca
of its quadratic sensitivity to UV physics. The naturalne
argument suggests that the cutoff scale of the SM is
much above the electroweak scale: New physics will app
around TeV energies. A supersymmetry~SUSY! model is
one of the best motivated candidates as the cutoff sca
naturally replaced by the soft SUSY breaking scale. Ho
ever, the minimal supersymmetric SM has already requ
some amount of fine-tuning due to its prediction of the up
bound on the Higgs boson mass, which confronts the exp
mental lower bound. Brane world scenarios with large
warped extra dimensions have also been suggested to u
stand the hierarchy problem as a geometrical stabiliza
problem. However, those extra-dimensional theories are
weakly coupled at the TeV scale.

Recently, new models, dubbed the ‘‘little Higgs’’ model
have drawn a lot of interest; they remain weakly coupled
the TeV scale with the one-loop stabilized Higgs potent
The original idea, dating back to 1970s, is that the lightn
of the Higgs boson is attributed to its being a pseudo Go
stone boson@1#. The model was not phenomenologically v
able due to the remaining quadratic divergence of the ra
tive correction to the Higgs boson mass. A new ingredie
the collective symmetry breaking idea, was discove
through dimensional deconstruction@2,3#. It ensures that the
Higgs boson mass is radiatively generated at the two-l
level @4–6#: The one-loop level quadratic divergences fro
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the SM gauge boson~top quark! loops are canceled by thos
from new heavy gauge boson~fermion! loops. The cancella-
tion occurs between the SM particles and the new partic
with the same statistics, unlike the cancellations in sup
symmetric theories; it is due to the exactly opposite co
pling. One of the simplest and phenomenologically viab
models is the so called ‘‘littlest Higgs’’ model, described b
the global symmetry breaking pattern ofSU(5)/SO(5) @7#.
The extended gauge symmetry@SU(2)^ U(1)#2 determines
the heavy gauge boson sector, including the mass spectra
new gauge coupling structure. The fermionic sector is rat
model dependent, e.g., theU(1)1,2 charge assignment an
Yukawa couplings@8,9#. Later, the idea was realized in othe
simple nonlinear sigma models@7,10–15#. The challenging
problem of obtaining an UV-complete theory has been d
cussed in Refs.@16,17#.

In this paper, we concentrate on the littlest Higgs mo
@7#. As one of the simplest realizations of the little Higg
idea, it is the minimal extension of the SM to date whi
stabilizes the electroweak scale and remains weakly cou
at the TeV scale. The model predicts the presence of n
heavy gauge bosons (WH

6 , WH
3 , andBH) and a new heavy

toplike vector quarkT. The minimality of the littlest Higgs
model would leave characteristic signatures at present
future collider experiments. Since the tree level correctio
to the electroweak precision data constrain the new parti
to be heavier than a few TeV, a 500 GeV linear collider~LC!
was not expected to efficiently test the model. In the lite
ture, the phenomenologies of the littlest Higgs model at
CERN Large Hadronic Collider~LHC! have been studied
showing that the LHC has the potential to detect the n
particles@18–20#. In the littlest Higgs model, however, w
find that the global symmetry structureSU(5)/SO(5) allows
a substantially lighterBH , light enough to be produced o
shell at a 500 GeV LC. Moreover, as will be shown belo
the BH becomes lighter as the model parameters minim
the corrections to the electroweak precision measuremen
©2004 The American Physical Society10-1
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The presence of a heavy and neutral gauge boson
mass about a few hundreds GeV can be dangerous to o
low energy observables. We study the constraints from
direct search at the Tevatron and the one-loop contribut
to the muon anomalous magnetic moment. Another is
here concerns the collider signatures of theBH . As one of
the cleanest signals, thee1e2→m1m2 process is to be dis
cussed.

The paper is organized as follows. In Sec. II, we brie
review the littlest Higgs model. We point out the preferr
parameter space by considering the tree level expression
the SM gauge boson masses and couplings. In Sec. III,
physical properties of theBH are studied, with a focus on it
mass and decay patterns. The direct search bounds from
Tevatron data are also discussed. In Sec. IV, the one-
corrections from the new gauge boson loop to the mu
anomalous magnetic moment are calculated. The nume
result is to be compared with the latest experimental data
Sec. V, we study the effects of the littlest Higgs mod
on the processe1e2→m1m2. We summarize our results i
Sec. VI.

II. LITTLEST HIGGS MODEL

At the TeV scale, the littlest Higgs model is embedd
into a nonlinear s model in the coset space o
SU(5)/SO(5). The leading two-derivative term for the
sigma fieldS is

LS5
1

2

f 2

4
TruD mSu2. ~1!

The local gauge symmetry@SU(2)^ U(1)#2 is also assumed
and is manifest in the covariant derivative of the sigma fie
given by

DmS5]mS2 i (
j 51

2

@gjWj
a~Qj

aS1SQJ
aT!

1gj8Bj~YjS1SYj
T!#. ~2!

The generators of twoSU(2)’s are

Q1
a5S sa/2

0333
D , Q2

a5S 0333

2sa* /2D ,

~3!

and those of twoU(1)’s are

Y15diag~23,23,2,2,2!/10, Y25diag~22,22,22,3,3!/10.

~4!

At the scaleLS;4p f , a symmetric tensor of theSU(5)
global symmetry develops an orderf vacuum expectation
value ~VEV!, of which the direction is into theS0:

S05S 1232

1

1232

D . ~5!
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Two symmetry breakings occur.
~1! The globalSU(5) symmetry is broken intoSO(5),

which leaves 14 massless Goldstone bosons: They trans
under the electroweak gauge group as a real singlet10, a real
triplet 30, a complex doublet261/2, and a complex triplet
361.

~2! The assumed gauge symmetry@SU(2)^ U(1)#2 is
also broken into its diagonal subgroupSU(2)L ^ U(1)Y ,
identified as the SM gauge group. The gauge fieldsWW 8mand
B8m associated with the broken gauge symmetries beco
massive by eating the Goldstone bosons of10 and30.

The nonlinear sigma fields are then parameterized by
Goldstone fluctuations:

S5S01
2i

f S f† h†

A2
0232

h*

A2
0

h

A2

0232
hT

A2
f

D 1OS 1

f 2D , ~6!

whereh is a doublet andf is a triplet under the unbroken
SU(2)L . A brief comment is that this Higgs triplet, develop
ing a nonzero VEV, may explain neutrino mass term
through its Yukawa coupling with leptons in a SM gau
invariant way@21#. Lepton Yukawa coupling has some fre
dom since it is insensitive to the quadratic divergence of
Higgs boson mass for a cutoff scale around 10 TeV.

The gauge fieldsWW 8mand B8massociated with the broke
gauge symmetries are related to the SM gauge fields by

Wm5sW1
m1cW2

m , W8m52cW1
m1sW2

m ,

Bm5s8B1
m1c8B2

m , B8m52c8B1
m1s8B2

m , ~7!

with mixing angles of

c5
g1

Ag1
21g2

2
, c85

g18

Ag18
21g28

2
. ~8!

The SM gauge couplings are theng5g1s5g2c and g8
5g18s85g28c8. At the scalef, the SM gauge bosons rema
massless, while the heavy gauge bosons acquire mass
order f:

mW85
g

2sc
f , mB85

g8

2A5s8c8
f . ~9!

The presence ofA5 in the denominator ofmB8 leads to a
relatively light new neutral gauge boson. It is to be compa
with the SU(6)/Sp(6) case ofmB85g8 f /(2A2s8c8).

Even though the Higgs boson at tree level remains ma
less as a Goldstone boson, its mass is radiatively gener
because any nonlinearly realized symmetry is broken by
gauge, Yukawa, and self-interactions of the Higgs field. Ea
attempts at constructing the Higgs boson as a pseudo G
0-2



e
-

ar
th

t t
ti

th
ve
ct
tr

lla
th

t
re
to

op
ar
iv

re

th

ie

ns
s

k-

ss

er
th

u-
the

e-

pen-
nt

ci-
odial
in
rv-
ata

as-
der

pa-

ser

with

e

d

qs.
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stone boson suffered from the same quadratic divergenc
in the SM. Little Higgs models introduce a collective sym
metry breaking: Only when multiple gauge symmetries
broken is the Higgs boson mass radiatively generated;
loop corrections to the Higgs boson mass occur at least a
two-loop level. Phenomenologically the one-loop quadra
divergence induced by the SM particles is canceled by
induced by the new particles as in SUSY models. Howe
the cancellations in little Higgs models are due to the exa
opposite coupling, which is provided by a larger symme
structure. For example, theBmBmh2 andB8mBm8 h2 couplings
are

LS~B•B!.g82BmBmTrF1

4
h†hG2g82Bm8 B8m TrF1

4
h†hG .

~10!

It is to be compared with SUSY models where the cance
tion occurs due to the different spin statistics between
SM particle and its superpartner.

Since a more severe quadratic divergence comes from
top quark loop, another top-quark-like fermion is also
quired. In addition, this new fermion is naturally expected
be heavy with mass of orderf. As a minimal extension, we
introduce a vectorlike fermion pairt̃ and t̃ 8c with the SM
quantum numbers (3,1)Yi

and (3̄,1)2Yi
. With x i5(b3 ,t3 , t̃ )

and antisymmetric tensors ofe i jk and exy , the following
Yukawa interaction is chosen in the littlest Higgs model:

LY5
1

2
l1f (

i , j ,k51

3

(
x,y54

5

e i jkexyx iS jxSkyu38
c1l2f t̃ t̃ 8c1H.c.

~11!

.2 il1SA2h0t31 i f t̃ 2
i

f
h0h0* t̃ Du38

c1H.c. ~12!

As Eq. ~12! shows, the quadratic divergence from the t
quark loop is canceled by that from the heavy top qu
loop. In addition, this cancellation is stable against radiat
corrections.

Electroweak symmetry breaking is induced by the
maining Goldstone bosonsh andf. Through radiative cor-
rections, the gauge, Yukawa, and self-interactions of
Higgs field generate a Higgs potential@22#. Even though the
quadratic divergence of the Higgs boson mass coeffic
2m2 vanishes at the one-loop level,m2 has log-divergent
one-loop and quadratically divergent two-loop contributio
We treatm2 as a free parameter of order 100 GeV. For po
tive m2, theh andf fields develop VEVs of̂h0&5v/A2 and
^f0&5v8, which trigger the electroweak symmetry brea
ing. Now the SMW andZ bosons acquire masses of orderv,
and small~of orderv2/ f 2) mixing betweenW6 andW86 (Z
and W83) occurs. In the following, we denote the ma
eigenstates of the SM gauge fields byWL

6 and ZL and the
heavy gauge bosons byWH

6 , WH
3 , andBH .

Some phenomenological discussions are in order h
First, the requirement of a positive mass squared of
Higgs triplet constrainsv8 to be v8/v,v/(4 f ). Second,
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since theU(1)QED symmetry remains intact, the gauge co
plings of the photon are the same as in the SM. For
Yukawa interaction, we assume that Eq.~11! is valid for the
SM light fermions including leptons, except that their corr
sponding extra vectorlike fermions are absent. TheU(1)1,2
charges of the SM fermions are chosen generation inde
dently by requiring the fermion couplings to be invaria
under@SU(2)^ U(1)#2 and anomaly-free@23#. In other little
Higgs models, several alternatives for theU(1)1,2 charge
choice exist@8#.

The question of consistency with the electroweak pre
sion data merits some discussions. The absence of cust
SU(2) global symmetry in this model yields weak isosp
violating contributions to the electroweak precision obse
ables. In the early study, global fits to the experimental d
put rather severe constraints on thef .4 TeV at 95% C.L.
@24,25#. However, their analyses are based on a simple
sumption that the SM fermions are charged only un
U(1)1. If the SM fermions are charged underU(1)1
^ U(1)2, the bounds become relaxed: The substantial
rameter space allowsf .1 –2 TeV @8,11,26#. If only the
U(1)Y is gauged, the experimental constraints are loo
@17,26#.

To illustrate the preferred parameter space consistent
the low energy data, we present the SMZ boson mass:

MZL

2 5mz
2F11DS 1

4
1c2~12c2!2

5

4
~c822s82!2D18D8G ,

~13!

where mz5gv/(2cW), D5v2/ f 2!1, D85v82/v2!1. The
gauge couplings of theZL with the charged leptons, in th
form of gm(g2

Z P21g1
Z P1) with P65(16g5)/2, are

g1
Z 5

e

sWcW
F2

1

2
1sW

2 1DH c2

2
~c221/2!

2
5

4
~c822s82!~c8222/5!J G , ~14!

g2
Z 5

e

sWcW
FsW

2 1
5

2
D~c822s82!~c8222/5!G .

Here the QED bare couplinge2 is the running coupling at the
Z pole, and the bare value ofsW

2 is related to the measure
value ofs0

2 by

1

sWcW
5

1

s0c0
F12

D

2 H c2s22
5

4
~c822s82!2J 22D8G .

~15!

The main corrections to the low energy observables in E
~13!–~15! are proportional toc2 or (c822s82). In the param-
eter space aroundc!1 and c851/A2, therefore, the new
contributions are suppressed:f about 2 TeV is allowed in the
region ofcP@0,0.5# andc8P@0.62,0.73# @26#.
0-3
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FIG. 1. The masses ofBH andWH
3 in GeV as

a function ofc8 for c50.01, 0.1. Thef is set to
be 1 TeV.
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III. PROPERTIES OF THE BH

Among various little Higgs models such as th
SU(6)/Sp(6) model @8,11#, the SU(4)4/SU(3)3 model
@12#, and the SU(4)L3U(1)4 model @27#, the littlest
Higgs model can be distinguished by the presence of a r
tively light BH . From Eq.~9!, the mass ratio of theBH to the
WH

3 is

MBH

2

MW
H
3

2 5
sW

2

5cW
2

s2c2

s82c82
1OS v2

f 2 D ;0.06S s2c2

s82c82D . ~16!

In general theBH is substantially lighter than theWH
3 (WH).

In the parameter space preferred by the electroweak p
sion data (c!1 andc8;1/A2), this ratio is further reduced

In Fig. 1, we presentMBH
and MW

H
3 as a function ofc8

for f 51 TeV (MBH
and MW

H
3 increase linearly withf ). In

most of the parameter space, theBH is much lighter than the
WH

3 : Around c851/A2 and c!1, the mass difference i
maximized. Since theBH is mainly theB8, its mass depend
weakly on the value ofc, the mixing parameter betwee
SU(2)1 andSU(2)2 gauge bosons.MBH

for c50.3 is prac-

tically identical with that forc50.1. On the contrary,MW3

H

11501
a-

ci-

is sensitive toc, while almost insensitive toc8: The mass of
WH

3 increases asc decreases; forc,0.1, theWH
3 becomes

too heavy to be probed even at the LHC.
Note that in the preferred parameter space theBH be-

comes light enough to be produced at a future linear colli
with 500 GeV c.m. energy.

Figure 2 illustrates contours forMBH
5200,300,500 GeV

in the parameter space of (c8, f ). The value ofc, which
affectsMBH

little, is set to be 0.1. In particular, the regio

aroundc851/A2 allows, for f &3 TeV, the on-shell produc-
tion of theBH at a 500 GeV LC.

We review the gauge boson-fermion couplings forBH
m in

the form of gm(gv1gag5) with the anomaly cancellation
condition @23#

gv
BH-ū-u

51
g8

12s8c8
~225c82!,

ga
BH-ū-u

51
g8

20s8c8
~225c82!,

gv
BH-d̄-d

52
g8

60s8c8
~225c82!,
f

FIG. 2. In the parameter space of (c8, f ), con-

tours for MBH
5200,300,500 GeV. The value o

c is fixed to be 0.1.
0-4
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FIG. 3. The branching ratios of theBH as a
function of MBH

for c850.4 andc851/A2. The
Higgs boson mass is 120 GeV.
le
rk

2

wa
he
ga
BH-d̄-d

52
g8

20s8c8
~225c82!,

gv
BH-e1-e2

52
3g8

20s8c8
~225c82!,

ga
BH-ē1-e2

52
g8

20s8c8
~225c82!. ~17!

An apparently special point atc85A2/5'0.63 exists where
all the gauge couplings of theBH with light fermions vanish.
Note thatc85A2/5 yields (c822s82)250.04, implying neg-
ligible contributions to the electroweak precision observab
in Eqs.~13!–~15!. An exception is the right-handed top qua
coupling of1

1The left-handed gauge coupling of the top quark isg
2

BH-t- t̄

5g8/s8c8(1/1521/6c82).
11501
s

g
1

BH-t- t̄
5

g8

s8c8
S 4

3
2

5

6
c822

1

5

l1

l1
21l2

2D . ~18!

The additional term is attributed to the proposed top Yuka
coupling in Eq. ~11!: The physical mass eigenstates, t
SU(2)-singlet top quarktR

c , and the heavy top quarkTR , are

mixtures of weak eigenstatesu38
c and t̃ 8c through

tR
c 5

1

Al1
21l2

2 ~2l1 t̃ 8c1l2u38
c!,

TR5
1

Al1
21l2

2 ~2l1 t̃ 8c1l2u38
c!. ~19!

In the special case ofc85A2/5, the top quark is the only
fermion interacting with theBH .

The heavyBH then decays into a fermion pair andZh.
Decay into a SMWL pair is suppressed by a factor of (v/ f )4.
The partial decay rates are
0-5
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FIG. 4. The total decay rate of theBH as a
function of MBH

for c850.4 andc851/A2. The
Higgs boson mass is 120 GeV.
g
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G~BH→ f f̄ !5
Nc

12p
@~gv

BH- f̄ -f
!2~112r f !

1~ga
BH!2~124r f !#A124r fMBH

, ~20!

G~BH→Zh!5
g82~c822s82!

384pc8s8
l1/2

3@~11r Z2r h!218r Z#MBH
,

where Nc is the color factor,r i5mi
2/MBH

2 , and l511r Z
2

1r h
212r Z12r h12r Zr h . Note that forc851/A2 theBH de-

cay intoZh is prohibited. In Fig. 3, we show the branchin
ratios~BRs! of theBH as a function ofMBH

for c850.4 and

c851/A2. The two top quark Yukawa couplingsl1 andl2
in Eq. ~11! are assumed to be equal to each other. Excep
the narrow region aroundc851/A2, the BR patterns are al
most the same: The decay into a charged lepton pair is do
nant. If c851/A2, theBH-Z-h coupling vanishes and theBH
gauge coupling with a lepton pair is suppressed since thec8
is nearA2/5. In this case, the decay into a top quark p
becomes dominant if kinematically allowed. In Fig. 4, w
show the total decay rate of theBH as a function ofMBH

for

c850.4,1/A2,0.9. In particular, thec851/A2 case yields a
11501
or

i-

r

very narrow resonance peak, raising the possibility that
resonance signal might be missed.

The presence of a quite lightBH seems incompatible with
the current direct searches for a new neutral vector boso
the Fermilab Tevatron@28#. A rough estimate ofMBH

*375 GeV was guessed in Ref.@8,11#. However theBH

couplings with light fermions vanish atc85A2/5 as can be
seen in Eq.~17!. A substantially lightBH in the parameter
space aroundc85A2/5 can survive. In Fig. 5, we plo
s(BH)•BR(BH→e1e2,m1m2) as a function ofMBH

. For

BH production, we considerpp̄ collisions with As
51.8 TeV and the Martin-Roberts-Stirling~MRS! parton
distribution functions@29#. We set f 51.5 TeV andc50.1.
We also consider the value ofc8 only in the range ofc8
P@0.6,0.8#, which leads to (c822s82)2<0.1, suppressing
the corrections to the electroweak precision observables.
limited range ofc8 yields a rather narrow mass spectrum
BH around 244.7–257.1 GeV. Note that there is a twofo
ambiguity in the value ofc8 with the givenMBH

, f, andc, as

can be seen in Fig. 1. We definec(min)8 at which theMBH
is

minimized: For f 51.5 TeV andc50.1, c(min)8 '0.694. The
solid line in Fig. 5 is forc8.c(min)8 and the dashed line is fo
c8<c(min)8 . The dotted line shows the CDF 95% C.L. upp
limit on s(Z8)•BR(Z8→e1e2,m1m2) @28#. It is clear that
FIG. 5. Limits on BH production from
s(BH)•BR(BH→e1e2,m1m2). We set f
51.5 TeV, c50.1, and c8P@0.6,0.8#. Here
c(min)8 denotes thec8 value at which theMBH

is
minimized with the givenf andc.
0-6
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FIG. 6. The dotted region is the excluded ar
in the parameter space of (c8, f ) by the CDF 95%
C.L. upper limit on s(Z8)•BR(Z8
→e1e2,m1m2). The value ofc is 0.1.
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as thec8 approachesA2/5 ~in the c8<c(min)8 case! the sup-

pressed gauge couplingsgv,a
BH- f̄ -f reduce theBH production as

well as its BR intoe1e2 andm1m2. The direct searches a
the Tevatron constrain the value ofc8, not the mass of the
heavy neutral gauge boson directly. A relatively lightBH
with mass about 250 GeV in the littlest Higgs model is ph
nomenologically viable in a substantial portion of the para
eter space aroundc85A2/5.

Figure 6 illustrates the excluded~dotted! area in the
(c8, f ) parameter space from the direct search at the Te
tron. The value ofc is fixed 0.1. A large portion of the pa
rameter space consistent with the electroweak precision
can accommodate the Tevatron direct searches for new g
bosons decaying into dileptons.

IV. ANOMALOUS MAGNETIC MOMENT OF THE MUON
AND THE LITTLE HIGGS MODEL

In this section, we study the one-loop level contribution
the littlest Higgs model by calculating its effects on t
anomalous magnetic moment of the muon. The present s
of the theoretical evaluation of the (g22)m in the SM is not
conclusive because of the inconsistent values between
hadronic vacuum polarizations based one1e2 and t data
@30,31#. Comparison with the experimental value implies

am
expt2am

SM~e1e2!5~35.5611.7!310210 @3s#,
~21!

am
expt2am

SM~t!5~10.3610.7!310210 @1s#.

In the littlest Higgs model, one-loop corrections com
from the Feynman diagrams mediated by theBH , WH

3 , and
WH

6 as depicted in Fig. 7. Since each contribution toDam is
inversely proportional to the gauge boson mass squared
the BH is much lighter than theWH

3 or WH
6 at least by an

order of magnitude, we consider only theBH contribution
of @32#

DaBH
5

1

12p2 S mm

MBH

2 D 2

@~gv
BH-e1-e2

!225~ga
BH-e1-e2

!2#.

~22!
11501
-
-
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Figure 8 showsDaBH
as a function ofc8 for fixed MBH

5200,300,500 GeV. Since we requiref .1 TeV, a limited
space ofc8 is presented. The contribution toDam increases
asMBH

decreases andc8 deviates from the value ofA2/5. In

the whole parameter space,DaBH
is quite safe from the re-

cent experimental data in Eq.~21!. Therefore, it is concluded
that the lightBH is not inconsistent with the current status
the theoretical and experimental value of the muon ano
lous magnetic moment.

V. e¿eÀ\µ¿µÀ

In Sec. III, we have shown that, as theBH becomes
lighter, the corrections to the electroweak precision obse
ables become smaller. This is contrary to the usual cas
which theheaviernew particle suppresses the corrections
the low energy observables. It is also shown that in a ma
portion of parameter space theBH dominant decay mode is
into a charged lepton pair. Therefore, one of the most e
cient processes for probing the model is the processe1e2

→m1m2.
This process has two SMs-channel Feynman diagram

mediated by the photon andZ boson. In the littlest Higgs
model, two additionals-channel diagrams contribute, med
ated by theBH andWH

3 . The corresponding helicity ampli

tude Mlel̄elml̄m
, where l l (l̄ l) is the polarization of

l 2 ( l 1), can be simplified byMlelm
sincel l52l̄ l with the

FIG. 7. Feynman diagrams for one-loop contributions of hea
gauge bosons.~a! shows the contributions fromBH ,WH

3 and ~b!
shows the contribution fromWH .
0-7
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FIG. 8. The contribution to the muon anoma
lous magnetic moment due to theBH as a func-
tion of c8 for MBH

5200,300,500 GeV.
to

tio

lt
n

gnal

for
the
ge

es
eak
f the
utral
ced
ical
.

the
el.
t

lepton mass neglected. We have

Mlelm
52~11lelmcosu!(

Vj

gle

Vjgle

VjDVj
, ~23!

whereu is the scattering angle of the muon with respect

the electron beam,Vj5A,Z,BH ,WH
3 , gle

Vj[gle

Vj 2 l 12 l 2

, and

DVj
is the propagation factor of

DVj
5

s

s2MVj

2 1 iM Vj
GVj

, ~24!

and

g
1

WH
3

52
gc

2s
, g

2

WH
3

50. ~25!

In Fig. 9, we present the total cross section as a func
of As for c850.4 andc851/A2. We setMBH

5400 GeV and

c50.1. If c8 deviates sizably from the critical point ofA2/5
~see thec850.4 case!, the coupling BH-l 1-l 2 is large
enough to yield substantial deviations from the SM resu
even outside the resonance peak. In the parameter regio
11501
n

s
of

the suppressedBH-l 1-l 2 coupling ~see thec851/A2 case!,
only around the resonance peak can a significant new si
be produced.

VI. SUMMARY AND CONCLUSION

The littlest Higgs model could be an alternative model
new physics beyond the standard model which solves
little hierarchy problem. From the extension in the gau
sector, we expect a new set of gauge bosons. TheBH is
shown to be the lightest of all and, moreover, becom
lighter in the parameter space preferred by the electrow
precision measurements. We checked the consistency o
parameter space against the direct searches for a new ne
gauge boson at the Tevatron and the one-loop indu
anomalous magnetic moment of the muon. Its numer
value is Dam<0.1310210 in the whole parameter region
Then we study the on-shell production and decay of theBH
in future linear colliders. TheBH mainly decays into a lepton
pair but forc85A2/5 it decays into a top-quark pair andZh
if the kinematics allows. The high energy process ofe1e2

→m1m2 is also studied, and the resonance structure of
BH production is shown for various parameters of the mod
In conclusion, theBH of the littlest Higgs model can be ligh
enough to be produced in a future linear collider.
ss
FIG. 9. The total cross section of the proce
as a function ofAs with MBH

5400 GeV andc
50.1. We consider two cases ofc850.4 andc8
51/A2.
0-8
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