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We comprehensively study in the littlest Higgs model the phenomenology of the hidyygauge boson
By, 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 mAgsominimized the corrections to the
electroweak precision observables are also suppressed. For the global symmetry breakiing 3cE/, the
By is light enough to be produced at a 500 GeV linear collider. We show that thisBiglig 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 light 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 @—2), in the standard model. The effects of the littlest Higgs model onethe —u*u~
process are also studied; this is one of the most efficient processes to prdde.the
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I. INTRODUCTION the SM gauge bosoftop quark loops are canceled by those
from new heavy gauge bosdfermion) loops. The cancella-
The standard modé€8M) of particle physics has provided tion occurs between the SM particles and the new particles
an excellent effective field theory of high energy phenomenavith the same statistics, unlike the cancellations in super-
up to energies of the order of 100 GeV. A direct and impor-Symmetric theories; it is due to the exactly opposite cou-
tant question is what is the cutoff scale of this effective desling. One of the simplest and phenomenologically viable
scription. The Higgs boson mass may hold the key becausaodels is the so called “littlest Higgs” model, described by
of its quadratic sensitivity to UV physics. The naturalnessthe global symmetry breaking pattern tJ(5)/SQ(5) [7].
argument suggests that the cutoff scale of the SM is noThe extended gauge symmefi$U(2)®U(1)]? determines
much above the electroweak scale: New physics will appeathe heavy gauge boson sector, including the mass spectra and
around TeV energies. A supersymmeti§USY) model is  new gauge coupling structure. The fermionic sector is rather
one of the best motivated candidates as the cutoff scale ®odel dependent, e.g., thé(1),, charge assignment and
naturally replaced by the soft SUSY breaking scale. How-Yukawa coupling$8,9]. Later, the idea was realized in other
ever, the minimal supersymmetric SM has already requireg¢imple nonlinear sigma modef,10-13. The challenging
some amount of fine-tuning due to its prediction of the uppesproblem of obtaining an UV-complete theory has been dis-
bound on the Higgs boson mass, which confronts the experussed in Refd.16,17.
mental lower bound. Brane world scenarios with large or In this paper, we concentrate on the littlest Higgs model
warped extra dimensions have also been suggested to undér]- As one of the simplest realizations of the little Higgs
stand the hierarchy problem as a geometrical stabilizatioidea, it is the minimal extension of the SM to date which
problem. However, those extra-dimensional theories are naitabilizes the electroweak scale and remains weakly coupled
weakly coupled at the TeV scale. at the TeV scale. The model predicts the presence of new
Recently, new models, dubbed the “little Higgs” models, heavy gauge boson$\(; , W3, andBy) and a new heavy
have drawn a lot of interest; they remain weakly coupled atoplike vector quarkT. The minimality of the littlest Higgs
the TeV scale with the one-loop stabilized Higgs potential.model would leave characteristic signatures at present and
The original idea, dating back to 1970s, is that the lightnes$uture collider experiments. Since the tree level corrections
of the Higgs boson is attributed to its being a pseudo Goldio the electroweak precision data constrain the new particles
stone bosoil]. The model was not phenomenologically vi- to be heavier than a few TeV, a 500 GeV linear collitle€)
able due to the remaining quadratic divergence of the radiawas not expected to efficiently test the model. In the litera-
tive correction to the Higgs boson mass. A new ingredientfure, the phenomenologies of the littlest Higgs model at the
the collective symmetry breaking idea, was discoveredCERN Large Hadronic Collide(LHC) have been studied,
through dimensional deconstructif®,3]. It ensures that the showing that the LHC has the potential to detect the new
Higgs boson mass is radiatively generated at the two-looparticles[18—-20. In the littlest Higgs model, however, we
level [4—6]: The one-loop level quadratic divergences fromfind that the global symmetry structugJ(5)/SO(5) allows
a substantially lighteBy, light enough to be produced on
shell at a 500 GeV LC. Moreover, as will be shown below,
*Electronic address: spark@kias.re.kr the By becomes lighter as the model parameters minimize
TElectronic address: jnsong@konkuk.ac.kr the corrections to the electroweak precision measurements.
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The presence of a heavy and neutral gauge boson witfiwo symmetry breakings occur.
mass about a few hundreds GeV can be dangerous to other (1) The globalSU(5) symmetry is broken int&Q(5),
low energy observables. We study the constraints from thevhich leaves 14 massless Goldstone bosons: They transform
direct search at the Tevatron and the one-loop contributionander the electroweak gauge group as a real siriglet real
to the muon anomalous magnetic moment. Another issugiplet 3;, a complex double®.,,,, and a complex triplet
here concerns the collider signatures of By¢. As one of  3.;.
the cleanest signals, tleg'e” — " u~ process is to be dis- (2) The assumed gauge symmefrgU(2)®@U(1)]? is
cussed. also broken into its diagonal subgro®U(2), ®U(1)y,

The paper is organized as follows. In Sec. Il, we brieflyjjentified as the SM gauge group. The gauge fisit&and

review the littlest Higgs modgl. We point out the prefe.rmdB/“associated with the broken gauge symmetries become
parameter space by considering the tree level expressions %f

the SM gauge boson masses and couplings. In Sec. lll, the assive by eating the Goldstone bosonspand 3.
M gauge b coupiings. C The nonlinear sigma fields are then parameterized by the
physical properties of thB,, are studied, with a focus on its

mass and decay patterns. The direct search bounds from thGe0|dStone fluctuations:

Tevatron data are also discussed. In Sec. IV, the one-loop ht
corrections from the new gauge boson loop to the muon T — O
anomalous magnetic moment are calculated. The numerical V2

result is to be compared with the latest experimental data. In o h* h 1
Sec. V, we study the effects of the littlest Higgs model S=Sg+—| = 0 — |+ (’)( _> , (6)
on the procese™e™ — u* u~. We summarize our results in f V2 V2 f2
Sec. VL. hT
Oxo —= ¢
II. LITTLEST HIGGS MODEL \/E

At the TeV scale, the littlest Higgs model is embeddedwhereh is a doublet andp is a triplet under the unbroken
into a nonlinear ¢ model in the coset space of SU(2). . Abrief comment is that this Higgs triplet, develop-
SU(5)/SQ(5). The leading two-derivative term for the ing a nonzero VEV, may explain neutrino mass terms
sigma field2 is through its Yukawa coupling with leptons in a SM gauge

invariant way[21]. Lepton Yukawa coupling has some free-
(1) dom since it is insensitive to the quadratic divergence of the
Higgs boson mass for a cutoff scale around 10 TeV.
The gauge fieldsV/' “and B “associated with the broken

2 .
The local gauge symmetfsU(2)@U(1)]” is also assumed 45,96 symmetries are related to the SM gauge fields by
and is manifest in the covariant derivative of the sigma field,

given by WH=sW}+cW5, W'#=—-cW/+sW,
2

D,S=0,5—i 2‘,1 [gWHQS+3Q5T)

1 f2 )
,CE:z ZTr|DM2| .

B#=s'Bf+c’'BY, B'*=-c'B{+s'B%, (7)

with mixing angles of

+9/Bj(Y;2+2Y])]. (2) ,
91 g1
The generators of tw8U(2)’s are C=—"T5— C=TF—5 ®)
9 (2) Voi+g3 Joi*+g5”
a
Qelt:(a 2 ) Qg\:(%X3 , The SM gauge couplings are then=g;s=g,c and g’
O3x3 — a2 =g;s'=g,c’. At the scalef, the SM gauge bosons remain
) massless, while the heavy gauge bosons acquire masses of
and those of twdJ(1)'s are orderf.
Y,=diag - 3,-3,2,2,2/10, Y,=diag - 2,-2,~2,3,3/10. My = f, Mgr=———1. ©)
2sc 2\/35’(;’

(4)

At the scaleA¢~4wf, a symmetric tensor of theU(5) ~ 1he presence of/5 in the denominator ofng, leads to a
global symmetry develops an ordénvacuum expectation relatively light new neutral gauge boson. It is to be compared

value (VEV), of which the direction is into th& with the SU(6)/Sp(6) case ofmg =g’ f/(2y2s'c’). _
Even though the Higgs boson at tree level remains mass-
Lvo less as a Goldstone boson, its mass is radiatively generated
s = 1 ®) because any nonlinearly realized symmetry is broken by the
O_ .

gauge, Yukawa, and self-interactions of the Higgs field. Early
1rx2 attempts at constructing the Higgs boson as a pseudo Gold-
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stone boson suffered from the same quadratic divergence agce theU (1)qep Symmetry remains intact, the gauge cou-
in the SM. Little Higgs models introduce a collective sym- plings of the photon are the same as in the SM. For the
metry breaking: Only when multiple gauge symmetries areyukawa interaction, we assume that Etj) is valid for the
broken is the Higgs boson mass radiatively generated; thgM light fermions including leptons, except that their corre-
loop corrections to the Higgs boson mass occur at least at thghonding extra vectorlike fermions are absent. THd), »
two-loop level. Phenomenologically the one-loop quadraticcharges of the SM fermions are chosen generation indepen-
divergence induced by the SM particles is canceled by thagently by requiring the fermion couplings to be invariant
induced by the new particles as in SUSY models. Howeverynder[ SU(2)® U(1)]? and anomaly-fref23]. In other little

the cancellations in little Higgs models are due to the exactiiggs models, several alternatives for th&1), , charge
opposite coupling, which is provided by a larger symmetrychoice exis{8]. ’

structure. For example, tf&*B,h* andB’#B,h* couplings The question of consistency with the electroweak preci-
are sion data merits some discussions. The absence of custodial
SU(2) global symmetry in this model yields weak isospin

Ls(B-B)Dg'?B,B Tr

EhTh —g'2B/B'#Tr }hfh violating contributions to the electroweak precision observ-
4 ® 4 ' ables. In the early study, global fits to the experimental data
(10 put rather severe constraints on the4 TeV at 95% C.L.

) ) [24,25. However, their analyses are based on a simple as-
It is to be compared with SUSY models where the cancellagmption that the SM fermions are charged only under

tion occurs due to the different spin statistics between thQJ(l)l. If the SM fermions are charged undey(1);

SM particle and its superpartner. ®U(1),, the bounds become relaxed: The substantial pa-
Since a more severe quadratic divergence comes from thg jeter space allow§=1-2 TeV [8,11,24. If only the

top quark loop, another top-quark-like fermion is also re-;;(1) js gauged, the experimental constraints are looser

quired. In addition, this new fermion is naturally expected tof4 7 26.

be heavy with mass of ordér As a minimal extension, we ¢ jjjustrate the preferred parameter space consistent with

introduce a vectorlike fermion patr andt’® with the SM  the low energy data, we present the $Mboson mass:

guantum number53(1)Yi and (3,1),Yi. With x;=(bs,t3,1)

and antisymmetric tensors df;; and ¢,,, the following

Yukawa interaction is chosen in the littlest Higgs model: 1+4

1 5
— 2 _ 2__ !2_ 12\2 ’
4+c(1 c9) 4(c s'9) +8A},

2 _ 2
MZL—mz

1 5002 e (13
‘CY: E)\lfi _;:l XE:4 EijkfxyXiijEkyUéc+)\2ft t,c‘l‘ H.c.
IRy (11  Wwherem,=gu/(2cy), A=v¥/f?<1, A'=v'?/v?<1. The
gauge couplings of th&, with the charged leptons, in the
form of y*(gZP_+g%P.) with P.=(1++%)/2, are

- i ~
D —ikg| V2hOt+ift — ~h%hO*T |ujC+H.c. (12)
f 2
z__° | 1, 2 4 AL S (2172

As Eg. (12) shows, the quadratic divergence from the top 9+= swCw| 2 Sw 2 (c )
quark loop is canceled by that from the heavy top quark
loop. In addition, this cancellation is stable against radiative _ E(Clz_sfz)(c,z_Z/s) } (14)
corrections. 4

Electroweak symmetry breaking is induced by the re-
maining Goldstone bosortsand ¢. Through radiative cor- , , 5
rections, the gauge, Yukawa, and self-interactions of the 95= g |swt EA(C’Z—S’Z)(C’Z—ZIS)}.

W-W

Higgs field generate a Higgs potentjal]. Even though the

quadratic divergence of the Higgs boson mass coefficient h lire? is th . i h
— 142 vanishes at the one-loop leval? has log-divergent Here the QED bare couplirgf is the running coupling at the

one-loop and quadratically divergent two-loop contributions.# POIe, and the bare value sf, is related to the measured
We treatu? as a free parameter of order 100 GeV. For posi-value ofs; by
tive 2, theh and ¢ fields develop VEVs ofh® =v/2 and

(¢%=v’, which trigger the electroweak symmetry break- 1 1 1 Al 5o 5 0 o0 _op!
ing. Now the SMW andZ bosons acquire masses of order SwCw  SoCo 2 ¢S 4 (¢™"=s") :
and small(of orderv?/f2) mixing betweerW= andW’ = (Z (15)

and W’'3) occurs. In the following, we denote the mass

eigenstates of the SM gauge fields Wy andZ, and the The main corrections to the low energy observables in Egs.

heavy gauge bosons by, W3, andBy,. (13)—(15) are proportional t@? or (¢'2—s'2). In the param-
Some phenomenological discussions are in order hereter space around<1 andc’=1/y2, therefore, the new

First, the requirement of a positive mass squared of theontributions are suppressddbout 2 TeV is allowed in the

Higgs triplet constraine’ to be v'/v<wv/(4f). Second, region ofce[0,0.5] andc’ €[0.62,0.73 [26].
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lll. PROPERTIES OF THE By

Among various
SU(6)/Sp(6) model [8,11], the SU(4)*/SU(3)® model
[12], and the SU(4) X U(1), model [27], the littlest

tively light By . From Eq.(9), the mass ratio of thBy to the

W3 is
v? s2c?

In general theBy, is substantially lighter than the/3(Wy).

2 2
Mg, sk

2
M. 3
Wh

s2c?

5c3, s'%c’?

In the parameter space preferred by the electroweak pre

sion data ¢<1 andc’ ~1/y/2), this ratio is further reduced.
In Fig. 1, we preseni B, and Mwa as a function oft’

for f=1 TeV (Mg and Mqu increase linearly withf). In
most of the parameter space, g is much lighter than the
W : Around ¢’=1/y2 andc<1, the mass difference is
maximized. Since th8 is mainly theB’, its mass depends
weakly on the value ot, the mixing parameter between
SU(2),; andSU(2), gauge bosonsvi B, for c=0.3 is prac-

tically identical with that forc=0.1. On the contraryl,\/lwa

littte Higgs models such as the

is sensitive tac, while almost insensitive to’: The mass of
W}, increases as decreases; foc<0.1, theW?, becomes
too heavy to be probed even at the LHC.

Note that in the preferred parameter space Bhe be-

with 500 GeV c.m. energy.
Figure 2 illustrates contours favi B, = 200,300,500 GeV

in the parameter space ot'(f). The value ofc, which
af'fectsMBH little, is set to be 0.1. In particular, the region

aroundc’ =1/,/2 allows, forf<3 TeV, the on-shell produc-
tion of theBy at a 500 GeV LC.

We review the gauge boson-fermion couplings Bjf in
the form of y#(g,+g,y®) with the anomaly cancellation
Cﬁ:_ondition [23]

L NPT
o ool ),
BH-E-U_ ' ’2

=+ 2—5c¢’9),

a ZOS’C’( )
BH'H'd: — g_, 2—5C'2)
gv 6%,C/( 1

Higgs model can be distinguished by the presence of a rej£omes light enough to be produced at a future linear collider

3500 T I T T
Mg, =500 GeV
3000 |- c=0.1 i =
~ 2500 | -
>
<
2
ha | s
2000 My, = 300 GeV
1500 |- - N
o My, =200 GeV \
. e L
1000 < al ! I I \ L
0 0.2 0.4 0.6 0.8 1
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FIG. 2. In the parameter space a@f (f), con-
tours forMBH=200,300,500 GeV. The value of
c is fixed to be 0.1.
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d =04
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E __________ ete +putp~ +7tr ]
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I S f
= = -
Y - i
N Vele + Uyl + VU ]
[ ZH . ]
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/
0.01 | l' 1 | | |
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May FIG. 3. The branching ratios of thB, as a
function of Mg, for ¢’=0.4 andc’ = 1/J2. The
Higgs boson mass is 120 GeV.
o
m

Vele + Uyl + Vrlr

0.01 l | ] l l
300 400 500 600 700 800

Ma,

— ! — ! 2
Bydd_ 9 (2-5¢'2) Bt g (4 5, 1 M\

c'2—= .
2 20s'c’ * s'c’'\3 6 5\2+2\3

(18

. g’ The additional term is attributed to the proposed top Yukawa
By-e'-e

g, =— (2—5c'?), coupling in Eq.(11): The physical mass eigenstates, the
20s'c SU(2)-singlet top quarks,, and the heavy top quaiks, are
mixtures of weak eigenstateg® andt’® through
g = (250, &y L
¢ tC: 2(—)\1t'°+7\2uéc),

R a2

An apparently special point at’ = \/2/5~0.63 exists where

all the gauge couplings of tH&, with light fermions vanish. 1 ~
Note thatc’ = \/2/5 yields €'2—s'?)2=0.04, implying neg- Tr=——= (— At/ SN u50). (19
ligible contributions to the electroweak precision observables VATTAS

in Egs.(13)—(15). An exception is the right-handed top quark
coupling of In the special case of' =+/2/5, the top quark is the only
fermion interacting with thd3 .
The heavyBy then decays into a fermion pair ath.

The left-handed gauge coupling of the top quarkgi%*'l'? Decay into a SMN, pair is suppressed by a factor af/f)*.
=g'/s’c’(1/15- 1/6c'?). The partial decay rates are

115010-5



S. C. PARK AND J. SONG PHYSICAL REVIEW ¥9, 115010(2004

>
[}
e FIG. 4. The total decay rate of tH®, as a
<E§ e - function of Mg, for ¢’=0.4 andc’ =1/\2. The
T Higgs boson mass is 120 GeV.
e d=1/v2 ]
0.1 1 | | 1 |
300 400 500 600 700 800
Ma,
— N, BTt very narrow resonance peak, raising the possibility that the
P(Bu—fH)=15"[(g," )%(1+2ry) resonance signal might be missed.
The presence of a quite ligBt; seems incompatible with
+(g§“)2(1—4rf)]\/1—4rfM B, (20 the current direct searches for a new neutral vector boson at
the Fermilab Tevatror[28]. A rough estimate ofMg_
g'%(c'?—s'?) " =375 GeV was guessed in RgiB,11]. However theBy
I'(By—Zh)= EEY Y couplings with light fermions vanish at =/2/5 as can be
4 seen in Eq(17). A substantially lightB,, in the parameter
X[(14r,—ry)2+ 8rZ]MBH, space arounct’=+2/5 can survive. In Fig. 5, we plot

o(Bn)-BR(By—e"e ,u"u") as a function oMg . For
where N, is the color factorri=m{/Mg_, and\=1+r3 B, production, we considerpp collisions with s
+r242r,+2r,+2r,r,,. Note that forc’ =1/\2 theB,; de- =1.8 TeV and the Martin-Roberts-StirlingMRS) parton
cay intoZh is prohibited. In Fig. 3, we show the branching distribution functiong29]. We setf=1.5 TeV andc=0.1.
ratios (BRs) of the By, as a function oMg, forc’=0.4 and  We also consider the value af only in the range ofc’
¢’=1/y2. The two top quark Yukawa couplings, andx,  €[0.6,0.8, which leads to "3’2_5'2)2?9-1’ suppressing
in Eq. (11) are assumed to be equal to each other. Except fot,_he_ corrections to th_e electroweak precision observables. The
the narrow region around’ =1/1/2, the BR patterns are al- limited range ofc’ yields a rather narrow mass spectrum of
most the same: The decay into a charged lepton pair is domPr @round 244.7-257.1 GeV. Note that there is a twofold
nant. Ifc’ = 1/\/2, theB,-Z-h coupling vanishes and tt&, ambiguity in the value o€’ with the givenM By f, andc, as
gauge coupling with a lepton pair is suppressed sincet¢hen can be seen in Fig. 1. We defiegy;, at which theMg_ is
is near2/5. In this case, the decay into a top quark pairminimized: Forf=1.5 TeV andc=0.1, ¢{py~0.694. The
becomes dominant if kinematically allowed. In Fig. 4, we solid line in Fig. 5 is forc’ > ¢/, and the dashed line is for
show the total decay rate of tlfi, as a function oMg_ for  ¢'<c/ . The dotted line shows the CDF 95% C.L. upper
¢'=0.4,1A2,0.9. In particular, the’ =1/\2 case yields a limiton o(Z’)-BR(Z'—e*e~,u* n~) [28]. It is clear that

_ 10 g T T T T T T E

fie] = 3

2 [ h

— L d>c . g

|3~ (min)

+ 1E =

3 = =

ln: 5 \ E

4 -____\_\ ________________________ CDF 95%CL<7BR Limit 1 FIG. 5. Limits on B, production from
T 0.1f A o = o(By)-BR(By—ete ,u"u”). We set f
o F N e 3 =15TeV, ¢=0.1, and ¢'[0.6,0.§. Here
3 i \d < . -~ ] C(miny denotes thee’ value at which thev By IS
~ ' < (min) ¢ L . .

2a] 0.01 b y _ minimized with the giverf andc.

* * E A 7 E

- = A / 3

m E \ 3

g i ]

° 0.001 | [ | ’I | | | |

244 246 248 250 252 254 256 258
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4000 I

3500 |-
— 3000 |-
% FIG. 6. The dotted region is the excluded area
S, in the parameter space af’(f) by the CDF 95%
™ 2500 [ C.L. upper limit on o(Z')-BR(Z’

—e"e ,utu). The value ofcis 0.1.
2000
1500 L= :
0.6 0.65 0.7 0.75 0.8
d

as thec’ approaches/2/5 (in the ¢’ <c(y, casg the sup- Figure 8 shows\ag , as a function ofc’ for fixed Mg,

pressed gauge (;ouplingg'z;f'f reduce theB,, production as  =200,300,500 GeV. Since we requife-1 TeV, a limited
well as its BR intoete™ a’ndﬂ+#j The direct searches at Space ofc’ is presented. The contribution tha,, increases
the Tevatron constrain the value of, not the mass of the asMg,, decreases and deviates from the value of2/5. In
heavy neutral gauge boson directly. A relatively lighy, the whole parameter spaa@aBH is quite safe from the re-
with mass about 250 GeV in the littlest Higgs model is phe-cent experimental data in E(1). Therefore, it is concluded
nomenologically viable in a substantial portion of the param+nat the lightB,, is not inconsistent with the current status of
eter space around! = /2/5. the theoretical and experimental value of the muon anoma-
Figure 6 illustrates the excludettotted area in the |ous magnetic moment.
(c',f) parameter space from the direct search at the Teva-
tron. The value ot is fixed 0.1. A large portion of the pa-

; . e V. ete —ptu~
rameter space consistent with the electroweak precision data

can accommodate the Tevatron direct searches for new gaugeIn Sec. Ill, we have shown that, as tl&, becomes
bosons decaying into dileptons. lighter, the corrections to the electroweak precision observ-
ables become smaller. This is contrary to the usual case in
IV. ANOMALOUS MAGNETIC MOMENT OF THE MUON which theheaviernew particle suppresses the corrections to
AND THE LITTLE HIGGS MODEL the low energy observables. It is also shown that in a major

. . . portion of parameter space tiBg; dominant decay mode is

In this section, we study the one-loop level contribution ofjny, 5 charged lepton pair. Therefore, one of the most effi-
the littlest Higgs model by calculating its effects on the cient processes for probing the model is the proeess™
anomalous magnetic moment of the muon. The present status -
of the theoretical evaluation .Of th@_ﬁZ)# in the SM is not This process has two SM-channel Feynman diagrams
conclusive because of the inconsistent values between tqﬁediated by the photon anl boson. In the littlest Higgs
hadronic vacuum polarizations based @he” and 7 data 546y o additionab-channel diagrams contribute, medi-
[30,31). Comparison with the experimental value implies ated by theB,, and W, . The corresponding helicity ampli-

aiXpt—aiM(e+e‘)=(35,5i11_7)><10‘10 [30], tude Mke%_e’\,fﬂ' where \; (\,) is the polarization of
2D 1= (17), can be simplified byM ., since, = — X, with the

a%®'-asM(7)=(10.3x10.7x10*° [1o].

In the littlest Higgs model, one-loop corrections come 7 BH,W}}
from the Feynman diagrams mediated by Bje, WS, and
W,; as depicted in Fig. 7. Since each contribution\ta, is
inversely proportional to the gauge boson mass squared and
the By is much lighter than theWﬁ or Wy at least by an

order of magnitude, we consider only tig, contribution ¥
of [32]
) (a)
A _ m, By-et-e"\2 By-e -e"\2 . _—
ag,= > [(g, )°—5(g, )7]. FIG. 7. Feynman diagrams for one-loop contributions of heavy
127 MBH gauge bosons(a shows the contributions frorB, ,W;, and (b)

(22 shows the contribution froriV .

115010-7



S. C. PARK AND J. SONG PHYSICAL REVIEW ¥9, 115010(2004

f>1TeV
1 3

E ' ' "M, =200 GeV —— 3

u My, =300 GeV ————- 3

i Ma, =500 GeV ------ ]
2 0.1F ~
= F AN 3 —
x C N N ] FIG. 8. The contribution to the muon anoma-

= [ - . ] lous magnetic moment due to tisy as a func-
s tion of ¢’ for Mg_=200,300,500 GeV.
< 0.01 - H
0.001 1
0 0.2 0.4 1
d
lepton mass neglected. We have the suppresseB-I *-| = coupling (see thec’ =1/\/2 casg,
only around the resonance peak can a significant new signal
V2 be produced.
My =—(1+A\cos0)> 0Vg Dy, (23) P
e M Vj AeFhg ]

where ¢ is the scattering angle of the muon with respect to V1. SUMMARY AND CONCLUSION

o 3 V]= Vj—|+—|7
the electron beany;=A,Z,By Wy, 9,'=g,

va is the propagation factor of

, and The littlest Higgs model could be an alternative model for
new physics beyond the standard model which solves the
little hierarchy problem. From the extension in the gauge
sector, we expect a new set of gauge bosons. Bhes

S (24) shown to be the lightest of all and, moreover, becomes
lighter in the parameter space preferred by the electroweak
precision measurements. We checked the consistency of the
parameter space against the direct searches for a new neutral

gauge boson at the Tevatron and the one-loop induced

. c . anomalous magnetic moment of the muon. Its numerical

wi__9¢  wi_g (25)  value isAa,=0.1x10"'% in the whole parameter region.

Then we study the on-shell production and decay ofBhe

in future linear colliders. Th8y mainly decays into a lepton

In Fig. 9, we present the total cross section as a functiorp)air but forc’ = /2/5 it decays into a top-quark pair aid

of Jsforc’=0.4 andc’ =1/\2. We seMg_=400 GeV and  if the kinematics allows. The high energy processede

c=0.1. If ¢’ deviates sizably from the critical point gf2/5 —u " u~ is also studied, and the resonance structure of the

(see thec’=0.4 casg the couplingBy-1*-1~ is large By production is shown for various parameters of the model.

enough to yield substantial deviations from the SM resultdn conclusion, théB,; of the littlest Higgs model can be light

even outside the resonance peak. In the parameter region efiough to be produced in a future linear collider.

and

My, =400 GeV & c=0.1

F T T T T T ]
SM ——

E ,  d=04----- 3
2 UF b =1/V2
'i 108 F ;'3 .
'y i n i FIG. 9. The total cross section of the process
S 102 B i - as a function ofy/s with Mg, =400 GeV andc
T [ /';"-"\\ ] =0.1. We consider two cases of=0.4 andc’
_:_m 10 ot ’.' FENG - =1//2.
S e - S I
S b

[ 1 1 l 1 1 '

200 250 300 350 400 450 500
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