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Brane fluctuation and the electroweak chiral Lagrangian
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We use the external field method to study the electroweak chiral Lagrangian of the extra dimension model
with brane fluctuation. Under the assumption that the contact terms between the matter of the standard model
and Kaluza-Klein(KK) excitations of the bulk gauge fields are heavily suppressed, we use the standard
procedure to integrate out the quantum fields of these KK excitations and the equation of motion to eliminate
the classic fields of these KK excitations. At the one-loop level, we find that up to the ®(@éj, due to the
momentum conservation of the fifth dimension and the gauge symmetry of the zero modes, there is no
constraint on the size of the extra dimension. This result is consistent with the decoupling theorem. However,
meaningful constraints can come from those operato®(ip®) which can contribute considerably to some
anomalous vector couplings and can be accessible at the 500 GeV linear collider and the CERN Large Hadron
Collider.
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[. INTRODUCTION used the lattice extra dimensions to construct the renormal-

izable effective theoretical description of the extra dimension

The extra dimension scenario is one of the interestingnodels. One of the important features is that the extra com-
candidates for possible new physics beyond the standafPnents of the bulk vector gauge bosons can act as the Gold-
model(SM). As we know, for a higher dimensional quantum stone and Higgs bosons. Based on these two works, there are

field theory, there exist several theoretical problems: unitaritP@P€rs{10] to construct realistic models. We would like to
violation [1], ultraviolet cutoff dependence, nonrenormaliz- ?oeen;'?]gtﬂ;]ztvg]?hiﬁgg::;’aecl‘2%&?8;2”61?;2?5:]ggﬂﬁ[@cﬂ
ability [2], and so on. The contribution of the infinite Kaluza-

Klein (KK) towers of the bulk fields always violates the uni- * 2

tarity condition of theS matrix and makes it even harder to gz|¢2|2 W, + \/52 WZ) , (1)
evaluate loop effects. Refereng8] provided one way to n=1

suppress the contribution of KK excitations by consideringyhereg is the gauge coupling constakit,, is the zero mode,
the power running of gauge coupling constants of nonyngW" s thenth KK excitations of gauge bosons. Further-
Abelian gauge groups. Referendéss] provided another in-  more ‘it seems that the interaction terms among zero and KK
genious mechanism to suppress the contribution of massiv@odes have been ignored by these authors.

KK excitations by assuming that the 3-brane is flexible. In  After taking into account the brane fluctuation given in

this mechanism, because of the momentum conservation @4 5], it seems that the contact structure is more likely modi-
fifth dimension, the contact interaction of matter fields local-fied to be

ized on the 3-brane and KK excitations of the bulk fields
could be exponentially suppressed. Then, at least at the tree ) ) - "
level, the contribution of the infinite KK towers can be well | ol*] (QW,)*+ ﬁggnWMn; Wyt |, 2
regularized. There are papers which discuss the phenomenol-
ogy of this mechanisr{6]. It seems that, due to this suppres- where g, is the effective coupling constant of theh KK
sion mechanism, the constraint on the size of the extra diexcitations of gauge bosons to matter of the SM, and its
mensions imposed by the present experimental researchastual form will be given in Sec. Il. Assuming that the effec-
can be considerably relaxed. However, in this brane fluctuative coupling constang,, is heavily suppressed, we see that
tion suppression mechanism, those couplings which respettie contact term between the Higgs field and KK excitations
the momentum conservation of the fifth dimension will notwould be very small.
be suppressed, say couplings among KK modes in the gauge Then, a common feature in the deconstructing and brane
bosonic part. This part might suffer those aforementionediuctuation extra dimension models is that there could be no
theoretical problems of higher-dimensional quantum fieldarge tree level mixing among zero-mode and KK excita-
theory which could not be solved by the brane fluctuationtions, and the constraint on extra dimensions imposed by the
Then it seems that only string theory can provide radicaCERNe*e™ collider LEP and SLAC could be considerably
solutions[7]. relaxed. If the world is indeed as described [@y5] and
Recently, Ref[8] used the technicolor methdthe moose [8,9], it is natural then to wonder whether there still exists a
diagram to deconstruct the extra dimensions and R8l. way to find the traces of KK excitations at the low-energy
region near the threshold of the first KK modes. Fortunately,
the couplings of the gauge bosonic part between the zero
*Email address: gsyan@mail.ihep.ac.cn mode and KK excitations are not exponentially suppressed
"Email address: dsdu@mail.ihnep.ac.cn and can be large, therefore they can help us to probe KK
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excitations. So in the deconstructing and brane fluctuatiomlimension scenarios. In this paper, we will use the EChL to
extra dimension models, the bosonic part of the bulk gauganalyze the effects of KK excitation of gauge bosons of the
fields will act as the main probe to discover the signal ofSM in the small extra dimension scenarids]. We will
extra dimensions. conduct our computation in the background field gauge
The electroweak chiral Lagrangid&BChL) is the model- method. This method has several advantages compared with
independent way to describe the spontaneous symmetipe standard Feynman diagram method. The computation is
breaking of the SU(2XxU(1) symmetry of the standard manifestly gauge-invariant at every step, there are fewer rel-
model[12]. It can be regarded as the effective theory of theevant diagrams, etc., and we find that, under the brane fluc-
underlying theory in its low-energy region after integrating tuation suppression assumption and due to the momentum
out those heavy degrees of freeddPOF), where the dy- conservation of the fifth dimension and the gauge symmetry
namic degrees of freedom are the particle contents of thef the zero mode, except for contributing to the renormaliza-
SM. The operators in the Lagrangian consist of the low-tion of gauge coupling and the wave function, KK excita-
energy DOF and can be arranged by the momentum expations have no effect up t®(p*) and this result is consistent
sion, where the external momentum is assumed to be smallith the decoupling theorerfi3]. However, we know that
compared with the mass of the integrated-out particlesthe meaningful contributions of KK excitations can still
These operators can be classified as relevant, marginal, asdme from operators higher th&(p*), sayO(p°®).
irrelevant. The relevant and marginal operators, which are The paper is organized as follows. We will briefly de-
normally collected in and referred to as ti@(p?) and scribe the brane fluctuation in Sec. Il and give the gauge
O(p*) part, are the most interesting and heavily studied. Théoson sector using the external field method Sec. lIl. We will
irrelevant operators are normally suppressed by the mass efmphasize some of its features that have been ignored. We
heavy DOF according to the decoupling theorgtB]. The  will compute the electroweak chiral Lagrangian of KK exci-
complete set of operators @(p®) has been given bj14].  tations in Sec. IV by using the path-integral method. We end
The coefficients of these operators form the generic theorewith a brief discussion and conclusions.
ical parameter space of all possible new physics at the low-
energy scale. The dimension of this parameter space at II. THE BRANE FLUCTUATIONS
O(p®) is quite large. After integrating out those heavy DOFs,
a specified underlying theory will occupy a corner of this The total action given by5] has two parts{(i) the bulk
large parameter space. part Sy, Where gravity and vector gauge bosons are as-
There are two drawbacks to the generality of the effectivesumed to propagate in the bulkj) the brane parSyane
theory: the first one is that the renormalizability of the un-where fermion and scalar matter are assumed to be localized
derlying theory is sacrificed and the couplings of these open the brane. The SM is consisted of the zero mode of grav-
erators must be determined from experiments. Another one iy and vector gauge bosons, matter fields confined on the
that the theory is invalid for momentum larger than the scalérane, and their interactions. New physics include KK exci-
Ay, and above this scale the unitarity of tBenatrix might  tations of gravity and vector gauge bosons, the Nambu-
be explicitly broken down. Goldstone bosons, and their interactions with each other and
Referencd15] used the EChL to study the effects of KK with the particles of the SM. In the convention of RE5],
excitations of the graviton and of the dilaton in large extrathe bulk part action defined iB dimension takes the form

D-2

2

1
Sbulk:J’ d°X detE| —A+ R_ZGMRGNS”(FMNFRS)JF'“ , ©)

where A, M, and R are the cosmological constant, tiledimensional fundamental scale, and tBedimensional scalar
curvature, respectivelygy are the Yang-Mills field strength defined i dimensions.

The matter fields on the brane couple to the bulk fields through the induced vielbein and Yang-Mills fielddiirtension
brane is assumed to embedded in Erelimension space-time, and its action can be formulated in the following form:

Sorane= f d’x dete —T+eﬁ:<x>$<x>iy“(;"—ig%(x))w<x>—m$(x>w(x>+~-~ : @

where s(x) is a fermion field on the brane which is charged under the Yang-Mills gauge group. The origina[ plegees
not consider the scalar case. If we assume there are scalar fields in the theory, we should add their corresponding terms to

Sbrane-

In the flat space-time metric, tH®,,,.can be reduced to
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f d _ d 1 m m 1 m m 2 1 m m
d Xdete(—r)—f A% =74 5944"(X)d, " (X) + 5[4 4T(X) 9, $T(X) "= - [44T(X) 3, ¢™(X)]

X[3"@"(X) 0, " (X) ]+ -+, ©)

where ¢ is the Nambu-Goldstone boson corresponding to the spontaneous breaking of the translation symmetry.
Assuming that thé —d dimensions are compactified, the bulk gauge field can be Fourier expanded in their KK modes:

1 :
Ay (XH=xH XM=Y = _V E A,(\?)(X)e'“'Y/R_ ®)
n

JV

Then the gauge interaction term on the brane reads

in~¢(x)) o

f dd@ gmx)yw(x)A;m(x)exp( RV

Considering that the Nambu-Goldstone bosons have their fluctuations, the gauge interaction term should be rewritten as

} 1y — in- ¢(x)
|
whereA is the free propagator ab: ity part, which should be small when compared with the

Yang-Mills (YM) part in the small extra dimension sce-
-1 narios. In order to compare and contrast with the SM, we
Ax=y)=(p(x)p(y))= an? (x—y)2’ (9 assume that there is a Higgs doublet field. To get the elec-
7 y troweak symmetry breaking, the linear Higgs mechanism is
The most interesting phenomenon with the brane fluctua@ssumed. However, considering exponential suppression of
tion is that the effective coupling,, of the leveln KK mode the coupling of the matter on the brane and KK excitations,

to the four-dimensional field is suppressed exponentially: the tree level mixing angle among the zero mode and KK
excitations will be neglected.

9,=g-e" 1/2(n/R)2|v|2/f4_ (10)
. , o , lll. THE GAUGE BOSONIC SECTOR IN THE EXTERNAL
The origin of this suppression is a recoil effect of the brane. FIELD METHOD
It is this suppression mechanism that causes the constraints o _ _
on the extra dimensions to be substantially loosened. To simplify the consideration, we study the 5D compac-

According to the analysis 45,17, although there exists tification onM,x S'/Z, [16], and we will use the dimension
a constraint on the tension of the brane when taking intgeduction procedure to get the effective theory in 4D. The
account the effects of the Nambu-Goldstone boson, it seenistal action is formulated as
that KK excitations might escape our detection.

Fortunately, the couplings in the bosonic part between the
zero mode and KK excitations will not be exponentially sup- Ss= f dX[Lym + Lcontact(Xs) ], 1y
pressed, so they can help us to probe KK excitations. Below,
we will assume this suppression mechanism for $4&7,
case! and investigate the effects of KK excitations to the - E“‘ UMN _ E~ BMN

; ; . . Lym WynW BunB

bosonic sector of the SM in the brane-fluctuation extra di- 4 4
mension model. For the sake of simplicity, we omit the grav-

— —+c—=c, (12

The suppression mechanism given by R8}.is valid for com-
pactifieds!, and it is not very clear whether this assumption can be . VR v 1 ~
proper for theS'/Z, case. However, for the sake of simplicity, we Wh‘?fe ~ M;N_O’ 1’~2’ 3, 5,1 \LVMN_ ImWn = aNWM
show in this paper how to conduct calculation under this assump® fWyWy, Bun=duBn—dnBu, W=W(x,xs), and B
tion in the orbifold compactification case. The computational pro-=B(X,Xs), andf is the structure constant of the Lie algebra
cedure can be extended to t8 compactification straightfor- (the group index is suppresged@heL . ciCONtains the con-
wardly. tact terms of the SM to the KK excitations except for the
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vector boson field part. The Lagrangian is formally invariant SF(W)
under the gauge transformation in 5D.

=D*(D,+9fW,)+ &wd(d5+gfWs), (16)

In order to get the effective Lagrangian which is mani- daw
festly gauge covariant to the symmetry of the SM, we use the
background field methodl8] and split the vector gauge field SF(B) 5
~ — M
Vy into two parts aghereV=W and B, respectively Sarg = 9"+ £ 5. (17)
Vu=Vu+Vy, (13
whereV,, is the classic part andy, is the quantum fluctua- By requiring that the field is unchanged under the orbifold

tion. In the background field gauge, we have the freedom téransformation, we can decompose vector bosoas
choose different gauges for the classic and quantum vector
boson field, respectively. For the classic field, we will use the o
unitary gauge, which meang =0 [this will be more mani- i’/(\?)#(x,xs)zz V/(\"/)i#(x)cosi Os, (18)
fest in the deconstructing modg8], where the Goldstone i=0
boson field is realized in the nonlinear way)
=exp(fV5d_x5); U=1 is the unitary gauge, and this corre- %
sponds toV5=0] and V5 will not appear in the Lagrangian. Vs(X,Xs5) = E V'S(x)sini Os, (19
For the quantum field, we will use tH; gauge and th&'s =t
does not vanish.
The gauge fixing terms are chosen to be where =M X5, M.=27/R., andR;. is the radius of the
= (W)=5“\7v#— £y W, (14) compactified fifth dimensi(_)n. To- compare and contrast with
the SM, below we will omit the index O of zero modes and
F(B)=d“B,— £5°8s, (15  represent\®=W andB°=B, respectivelyW andB are the
a vector gauge bosons of the SM, respectively. Below we will
whereD#=9*+gfA*. To write these two gauge fixing term, Suppress the bar of the classic background fields.
we have not taken into account the spontaneous symmetry [N order to integrate out the fifth dimension, we decom-
breaking of the SM. The variation of the gauge fixing termspose the field strength by using E¢$8) and(19). TheW,,,,
under the gauge transformation is given as can be decomposed by cos modes and we have

©

0 mode: W,,+(D,W,—D W,)+ ng; [WA, W+ W W+ W W + W W, (20)

n mode: (D,W)—D W/ +D,W)—D W) +gf(W,W)—W,W)+gf(W,W)—W,W)

n-1

- ngzl (W, WO+ W WO~ 4+ W WO+ W W0 ) (21)
=
+ 5012 (W, W™+ W WO W, W W W+ W IW, (22)
=1
+WOHWL WD TWL WD), (23
[
where  W,,=d,W,—d,W,+gfW,W, and D,=d, n mode: D, Wi+ gfW, W2+ nMW.+nM W,
+gfw,. ForB,,, we have -
1 S
~ d 1 n—i
0 mode: B,,+B,,, (24) +§gf§1 (W, +W,)Ws5
n mode: B +B" , (25) 1 < o
1 M +§gf21 [(W,+W,)Wg "'

whereV,,,=4d,V,—d,V,, with V=B, B, B", B". _ o
~ +i 4 \VANtHiNA
The Ws,, can be decomposed by sin modes and we have + (W, + W) W], (26)
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while for Bs,,, we have + (WD D)W T, (29)

n mode: 3,B2+nMB+nM.B",. (27)
It is remarkable that there is no zero mode for the sin KKand that of (1) is decomposed as
modes forVs, and it is related to the assumption of the
compactified space-time. .
The gauge fixing term of S@) is decomposed by cos 0 mode: d“B,, (30
modes and we have

0 mode: D*W,, (28) n mode: B —né&MBL. (32

n mode: D*W)—né&yMW;
n—-1

+ ngE (W Wi Wi Since we are only interested in low-energy physics where
=1

zero modes play the main part, we will only keep those terms
1 containing zero modes and neglect those pure interactions of
gfz [(W|M+W.,L)Wn+| KK excitations. Then after mtegratmg. out thg fifth dimen-
2 sion, we get the reduced YM Lagrangian, which reads

[’

Lef =— 7(27R) | (W, + D,W,—D,W,+gfW,W,)?+gf(W,,+ DMW,,—D,,WM+ngMWV)n§1 (WL W)+ WO W)
N 1 ” . . . . N,
+WIW+ WO WD) [ — Z(wRC)nZl [D,W)—D W) +D,W)—D W, +gf(W,W)—W,W+W,W—\W,W")]2
1 o0

5(7R9) 2 [D, W5+ gfW, Wo+nMW] + nMWS 17— 52~(27R) (DW,,) 7~ Zo—(mRy) 2, (DHW
n=1

1
28w

I\)

f

)

— EWNMAS)*+ (2R, e[ —D*(D , + g W) Je+ (mRy) X, ¢'[~DX(D,,+gfW,) —n’&MZ]c"
n=1

)

_ _ 1 1
+(mR)gf > (D#c“w;c+D#cw;cn)+...—Z(szc)[B +BM]2 WRC)E [B),+B",]2
n=1

o

L2 1 A 1 -
> wRC)E [NMBD+NnMB"+a,B812— S—(27R.) (0B )2~ 5 —(mR;) >, (*B")?
2 2¢p 28 n=1 ®

+(27Re)cg(— 3#d,)Ce+ (TR CR(— 0d,—n*EgM)CE, (32

where the omitted terms are only related to the non-Abeliaf28gauge symmetry and the(U part is exact.
By utilizing the rescaling relations

1
W(B,cw,Cg)— V2TRW(B,cy,Cg),9(g") — g(g’), (33

V27R,
W(B",cl, ¢, WE BY)— 7R W"(B",clh,,cl, Wi BD), (34)

the final effective Lagrangian of 4D reads
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LS 4p= (WW+ D,W,—D,W,+gfW,W,)2+Rgf(W,,+ DMW,,—D,,WM—i-gf\?VM\?VV)zl (WL W+ WO WD+ WO WD
WA =2 ST (D WD W+ DW= DLW 4+ gf (WA W W+ W A2 S S (DL
,U,V)Zn:l[,u,y vV uVy Vp,g(,u,y vV AL V;L)]Enzl[MS
+gf\7vﬂ\7vg+nMcWZ+nMc\/AVZ]2 g ~——(D*W,,) E (DMW0 — M AD) 2+ cy[ —D#(D,,+gfW,) Jcw
“ n I A 2 27-N S PaYYL HLAAMN AN 1 R 2
+n§=:1 cwl —D*(D,+gfwW,)—n gWMC]cW+gfn§=:l (D*c W, c+D*cW,c )+~--—Z[BW+BW]
1 . n RN 12 1 < n BN pN12_ 1 o 2
_Zr;l[BMV+BMV] +§;1[”M°Bﬂ+nM°Bﬂ+’9MB5] T =—(3"B,)
g, & (Bl Ce(= 0, ch(— 0, —nEsME)CE, (35

where R=2, which arises from the different normalization method to integrate out a heavy DOF is quite standard, and

factor of the zero mode and KK excitations. Refs. [20,21] provide a detailed procedure. Normally, the
There are several remarkable features of the reduced elfackground field method and Stuckeberg transformation are
fective Lagrangian in 4D given in E¢35). used to integrate out the quantum DOF. After that, the equa-

(i) In the dimension reduction procedure, the zero modeson of motion of the heavy fields is used to eliminate the
are still massless, and the corresponding gauge symmetry idassic heavy DOF from the Lagrangian.[20,21], the au-
unbroken and is explicit in the background field gauge. KKthors use this method to investigate the effect of heavy Higgs
excitations are the adjoint representations of th€25dym-  bosons, and ifi22] the authors use this method to study that
metry in 4D, as pointed out ifiL9]. To break the symmetries of the heavy fermion. To integrate out KK excitations, we
of the zero mode, other assumptions should be introduced.assume that KK excitations are massive and heavier than all

(ii) There are infinite KK excitations. For each massiveparticles of the SM.

KK mode, the spectrum consists of a massive quantum field,
its corresponding Goldstone field, its corresponding ghost
field, and a massive background field.

(iii) There are infinite interaction terms among KK exci-  First we provide the classic equation of moti@&OM) of
tations which are controlled by only two gauge coupling con-those background fieldé8F). The EOM of the BF of the
stants,g andg’. This structure cannot sustain the quantumzero mode is given as
corrections even if we truncate the infinite KK tower to fi-

A. Tree-level relations

2

nite. The intrinsic reason is that the underlying theory de- DAW,,, = MWW,

fined in 5D is nonrenormalizable, as already pointed out in o

[2]. =gf>, WAD,W"-D ,W"+J,(light (36)
(iv) For the vector boson field of () symmetry, there is g n§=:1 (DW,=D,W, u(light)

no interaction among KK modes, while for the vector boson

field of SU2) symmetry, there exist gauge interactions be-yhereJ ,(light) means the currents of light DOFs of the SM

tween different KK modes. This fact will bring out some \yhich are light compared with massive KK excitations. The
interesting phenomenologies, as we will show below. EOM of the BF of thenth KK excitation is given as
(v) Because of the momentum conservation of the extra

dimensions, all of the interaction terms between the zero . . T
modeA® and a KK excitatiomA” contain at least twé™s, as b4D,W,-D,W,)—n"McW,
shown in Eq.(35).

=W, WM+ —JM(Ilght) +. (37

IV. INTEGRATING OUT THE KK EXCITATIONS AT THE

ONE-LOOP LEVEL . o .
The omitted terms are terms of KK excitations which can be

In this section, we will extract the effective Lagrangian up safely neglected. For a vector gauge boson field @) the
to the one-loop level by integrating out KK excitations. The EOM is simple. Considering that there is no interaction
method we will use is the functional integral. The functionalamong KK excitations of () symmetry and the brane fluc-
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tuation greatly suppresses the interactions between KK excivill be set to zero, and th&/}, can be represented by the
tations and light DOFs, below we will omit the KK excita- light degree of freedom as given below,
tions of the U1) part.
The equation of motion of a classic KK excitation can be 9n
q w" JL1+FWO)/(nPM2)+---1. (39

formulated in momentum presentation as weo (nzMg)

Therefore, at tree level, after integrating out the massive KK
excitations, we will get terms like

2 A2pp2 n__ n 2
[(p?—n2M2)+f(WO) W) =g,J,, (39) O L WO (M) (40)
(n*M3)
By invoking the heavy exponential suppression argument,

. 4
5. n . we regard these terms as being over or@$d/M;) and
wherep? is the momentum of th&/", nM. is its mass, and neglect them in our consideration.

f(W°) includes the terms of interaction; between the zero- At tree |evel up toO(1), to integrate out KK excitations
modeW° and the KK modew". The J, is the current of means to set the field of KK excitatiortsoth classic and

matter of the SM and, is the brane fluctuation suppression quantum fieldl to zero. We get the tree level effective La-
factor. In the low-energy region, the terms with momenfum grangian

1 - - A 1 - — -
L7 "= = Z[(W,,,+ D, W, =D, W, +gfW,W,)?] - Ev(Dﬂwﬂ)2+ cwl —DX(D,+gfW,)]cy. (41)
This Yang-Mills Lagrangian is the standard one in the background gauge.
Up to the ordeiO(1/M ﬁ), after integrating out massive KK excitations, we will get terms like

2

S
J JIH+. .., 42
nZunMc)2 . “

Under the assumption of brane fluctuation suppression, we regard these terms as being higDé]L/Méh and will omit
them in the analysis below.

B. Integrating out KK excitations

To extract the effective Lagrangian at the one-loop level, we reformulate the effective Lagrangian give(8%) Bqd only
keep those bilinear terms,

oo o0

L=W, AL, +CwAg o Cwt n§=‘,1 WO AL n WO+ ngl W, AL WD+ ngl WO AL W, + n§=‘,1 WEA oW

©

- ngl CAcncn vt nzl Cwhyen W+ nzl ChA e cuCwrt s “3
1 1
ACL\KN:—[ngMV_(l__) DMDV_ngO'j,lPL(I; ' (44)
2 w
v 1l 2 c2n2 1
Afinun=75| (D*+n*ME)g*'~| 1= = |D#D"—gW 5 , (45
w
1
Alyn= 5 TIWID "~ gHWI“D,+ (DFW™) — (D"WP) (46
A=Ay )
1 2 2n1 2
AWEWEZ E(_ D= &,n°MY), .
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A. . =—D?, (49

cwe 1< ~
o =5 Z trIn[ A ymyn 8 (x—y)]
Ac\r}vc\r}v: _Dz_fwnzM(z;, (50 L=
i 5 2 Tin[Awpwndx-y)]
Ac,en =—gfD*W], (51) =
By, =~ 9TD*W], (52 -2 riAga sVx-y)l (69

where W,,,=W3 t&, (t3)n.=if2¢ are structure constants where
and the generator adjoint representations of the non-Abelian

s _ At -1
group, and7% is the generator of Lorentz transformations Awewn= A= BB wwA wwes (56)
on 4-vectors and is defined as ~
Ac\’}vc\’}\,: Ac\’}vc\’}v A ey Acvjch cweyy (57)
The=1(850,—656,). (53)  The signs of the contributions of ghost scalars and normal

scalars are different due to the fact that ghost fields satisfy
Linear terms can be eliminated by using the classic EOMsanticommutation relations.
From the result listed above, it is apparent that the quadratic To this step, the quantum fields of KK excitations have
operators of KK excitations are very similar to that of the been integrated out and the functional trace and logarithm
zero mode. have to be evaluated. There are several methods to deal with

We have omitted those terms which contribute at the twothis evaluatior{24—-27. Below we will first use the method
loop level. One feature is worthy of mention: KK excitations [26] to analyze those relevant terms. After doing this, we will
always appear at least in pair due to the momentum consetse the heat kern¢R7] to evaluate the trace and logarithm.
vation of the fifth dimension. This fact is very important for
us to understand the decoupling behavior of KK excitations. C. The auxiliary counting rule
It is also remarkable that there exist mixings among the
guantum fields of KK modes, and in order to integrate out
the quantum part of KK excitations, we must diagonalize thex 5@
wnwn(X, dx) 8 (X—Y)

bilinear terms.(There are also mixings among dlfferent
quantum fields of KK excitations which have been omitted, d4
which is reasonable according to the auxiliary power count- ZJ B )4AWan(x JIx)expip(x—y)]
ing rule that will be introduced below.Then we get the
one-loop effective Lagrangian by integrating out the massive d*p
KK excitations: @7 exl ip(X—Y) JAwnun(X,dx+ip). (58

We study the tr iy first. We have

L$f’{/|1ll(oKop z In def & youn 8@ (x—y)] Then, the trace can be determined,
nzl

tr IN[A ynpn(X, dy) S (x—y)]

1 4
- non @) d ~ _
T3 2 IndelAwgup ™ (x=y)] :f d4xf ﬁtrln[AWan(x,&x-l-lp)]. (59)
_2 IndefA o o0 5 (x—y)1, (54) Eere “tr” mgans the sum over g.roup and spln- |nfj|ces.
n= whw Apnwn(X,d5+1p) can be expanded in terms of derivatives,

~ So(=pm Jm
AWan(X,O-'X‘Fip): 2 ( )

Z n X,i
“Tml {apﬂl_._apﬂm wnwn(X,ip)

Oy 0y (60)

Mm

In the 't Hooft—Feynman gauge, it yields an expression likeDropping an irrelevant constant, we get

~ * (_ )m+1 I m
2M?2) 57+ T130(x, p, dy). trAwnwn(X,f?erlp):mZ:l n tr( 02— nzMg) :

(61) (62)

Awnan(X, 95 +ip)=(p2—n
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We are interested in tho_se terms caused by the mixingithm is greatly simplified. For the operatak.n .n (X,dy
among KK modes. According to the standard procedure+ip) we have the same conclusion. So we hav\v/éN

given in[21], when expanding [Bymn(Xd+ip) we deter-

mine the leading powers g, W", and M for each term ff,1-loop_ | trin A CtrinA
generated and introduce an auxiliary parametemhich M KK ™9 X[ wwn i)
counts these powers,
1
+0| —7]. 64
pu—ls Mool Wiog 27 63 Mé) o
y 3 _2_
a ¢ n“g To get the above equation, we have used the relation

Achel, ™ Awgug:
We would like to mention that th&/" is not only suppressed

by its mass, but also by the brane fluctuation faggfg. D. Evaluating the trace and logarithm by using the method of
This counting rule tells us that the contribution of a heat kernel

T -1 H 22 . .
AyurdwwAww is suppressed at least byM{(g,/g).* So Now, it becomes easy to evaluate the trace and logarithm

we can neglect this term and extract terms reliably up tgy utilizing the method of a heat kerng27], up to O(p°®),
1/M§. Then the procedure to evaluate the trace and logawhich reads

(tray —tra")

d
(tra}’—traj¥)+ md“‘l“( 2-5

S =——d771 J’ mIr 4 (trag'—trag™)+md—21 1—9
000~ " 3(4m) 2], 2) (a0 —1ra, 2

(65

d
+md6F(3— 5| (trag'—trag")+- -

wherea? are the Seeley-DeWitt coefficients of the corresponding quadratic operators. For the generic operator of the form
A=D?+M?+ ¢, the Seeley-DeWitt coefficients in the coincidence limit read

ag|=1, (66)
ai|=-o, (67)
1, ¢ 1
a2|:§0- _1_2FMVFIU,V+ E[DM,[D’“,U]], (68)
1 1 1 2
— 3 2 m 2n2 . 9 ap 9 3%
a3|——60' +1—2({0',D ot+D UD”U)_G_()D D 0'+Ia)[DaF D, o]+ %(Z{FWF o}
g 9’ 9’ g®
uvy__ 2 apmy B _ 2 apBy_ 2 2cpn i 2 pap v
+FW0'F ) 45DQF D FBM 180DHF,87D F 6O{F”“”’D Fey I3OFM,,F F.. (69

The a, terms will contribute divergently but can be re-
moved by redefining the vacuum. Tlg term simply van- LLHo%P(p*) = —

- d
> (nzMg)d“‘F(Z—E)
ishes for Aynyn and ACU\/CU\/' The a, term is nonzero and !

5 (47T)d/2 =

contributes to the hidden operatdi24] in O(p?%), which g2
read X(ECH— ECé‘W)ZW’”W,w , (70)
where
EC'= 1d j)—4ci(j)|Ci(G), i=W (71)
2Even though the term X=trA Al A wbAwws can provide 3 (1) =46(1)[C(6),  T=W.cw,

contributions of ordeﬂ\/lg and InM_, these contributions are pro-

portional to 1M(g,/g)? and INnM2/MZ(g,/g)>. Under the assump- Where theC;(G) is the quadratic Casmir operator of the
tion of brane fluctuation suppression, we will omit them in the adjoint representation of the group, tti§) is the number of
analysis below. spin component§23], and

094034-9
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d(j)=1, for scalafghos}, bow,+bWw,,+D,W,,=0, (83
—4 for vector boson (72) and the relations of adjoint representations,
. N L . . aib b atb.c -CZ(G)abc
while c(j) is the trace over spin indices and is defined as ttte]=Ca(G) 6%,  tritgtete]l=i ——f™
[ 77T F]= (9P g~ g?Pg (), (79 (84)

D,,D,]=D3D®"— DD = —igW° (t%),p.
andc(j) has values as given below, [D,.D.1=D.D, ok IWinl16)an
It is remarkable that the contribution of a vector boson is

c(j)=0 for scala(ghos}, much larger than that of a scal@hos}, since a vector boson
has four components and has a spin coupling with the back-
=2 for vector boson. (74  ground field, the contribution of which is representec:ij)
andc’'(j).
The hidden operators can be eliminated by redefining the
wave function and gauge coupling of the zero mode. So we V. DISCUSSIONS AND CONCLUSIONS

see that up toO(p?), the KK excitations completely de- We know that the low-energy oblique parametersS,

couple frorr_1 the Iow—e_nergy obsgrvables. Thel un_derlying r€854T [28] always put a very stringent constraint on the pos-
sons for this decoupling behavior of KK excitations can begjpie new physicg[29]. According to the standard elec-

traced back to the momentum conservation of the fifth dioweak chiral Lagrangian up ©(p*) [30], U, S andT are
mension and the gauge structure of the Lagrangian given ips|ated with the coefficients of operators up@¢p*), while

Eq. (39). . - o the result given in Eq(70) tells us that at th®©(p*) order,

~ However, up taO(p), the contribution of KK excitations  these low-energy precision tests will not put any constraint

is nonzero, and we have on the brane fluctuation and deconstructing—extra-dimension
models.

| Lioog 5 — 1 i (nMot-or| 3 d ~ The operator©} andOj belong to the contact operators
eff 2(477)372 =4 c 2 in the complete set of operators of ord®(p°®) [14]. The
EOM of the zero mode given in Eq36) can change the

X[(EC{—ECg )O3+ (FCy—FC? O3] operatorO$ to the following form:
_ 6508+ c20¢, 75 Of =g maW,, +J,,(light) [ m&W* + J#(light)]. (85)
From Eq.(85) we know that KK excitations can contribute to
where the low-energy fermion scattering processes.
6 2 o ay a The operatoO$ will contribute to the anomalous trilinear
O71=9g7(D,W*")*(D W,,)?, (76 vector couplings(say WWZ and WWy), the anomalous

nab q_uartic photonic vector co_uplingWWyy andWW2Zy), and
05 =g W+ Wy “W, f2°C, (77 nigher-order gauge couplings.
In 5D, the operatoré)i6 will contribute convergently even

1 . . . hen the KK excitations are infinite, since the sum
ECP= 2ol —di(D)+10c()IC(G), i=Wiew, " xerel e, ’
e 2
(78) 1=
nzl n? 6 (86)
1 . L )
FCP= 1501241 —19ci () +2¢(DIICI(G), is finite. But in higher dimension, i.e., ¢48)D and 6=2,
the sum is given by
i:WICWI (79) 1 * 1
. sumKK=3 > =
with n=1n
o612
¢’(j)=0 for scalaKghos, (80) ~ W—fNUVnafadn
o n=1 ,
=8 for vector boson, (81 F( 1+ 2

which is defined from T
~Eln Nyy for 6=2,
tr( jMVijjaﬁ)WZVWgUW(;BfabC

512

L , 1
= —ic(j)WasrWPPWe fabe, (82 ~ ”_5 E(NS\;Z_ 1) for 5=3.
To get Egs(70) and(75), we have used the partial integra- ZF( 1+ 5)
tion, the Bianchi identity of which reads (87
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The operatorOi6 will contribute divergently and the mean- 1073-10"4, which is within the reach of a 500 GeV linear
ingful theoretical prediction can only be made when the excollider (LC) [33] and the CERN Large Hadron Collider

plicit ultraviolet cutoff M,y is chosen(the relation between
Nyy andMy is given asN, =My /M.). This fact reflects

(LHOC).
About the anomalous quartic coupling, according to the

that the brane fluctuation suppression mechanism can wotnalysis of 15,34, operatorO$ can in principle be detected
well at tree level. But at loop level and in the bosonic part, a5 the procese’ e —W*" W~ y. The present experimental

more radical mechanism is needed in order to regularize th

divergences caused by the infinite KK towers.

For the general (4 8)D extra dimensions model with
brane fluctuation, the coefficients of the opera@fsandO$
will depend upon the number of extra dimensi@hghe size
of the compactification scald ., and the explicit ultraviolet
cutoff M,y of the effective theory.

The magnitude ofci6 is determined by the loop factor
1/(16m?), theMZ, the symmetric factor 6, thEC?, and the
sum over KK excitations. The loop factor is about £0the

M2 is assumed to be in the range of 0.5-1 TeV and ca

provide a factor about T0-10® GeV 2, and theEC}, are
about 3. If we takeM =500 GeV,M =10 TeV, andd
=2, the cf~106-107 GeV? if we take M,
=500 GeV, M,,=10 TeV, andé=4, the cg can reach
1073-10* GeVv 2

The present experimental accuracy on the anomaloul%

triple vector coupling\y [31] is of order —6.2x10 2 to
1.47x 1071 [32]. The relation betweeh, andc$ is given as

Ay
M2,

g?cS= (88)

and the\,, can be expressed as

Mw ? 6 6
— (FCW—FCCW)sumKK,

)\V:6X a\y M
Cc

A 2
~1.0x1073 —) sumKK, (89

M

whereA=1 TeV. If we takeM.=0.5 TeV andé=1, the
value of\y is 1.0 10" 3. The typical value o, is of order

n

Sccuracy from LEP2 is order of 18 GeV 2 and will in-
crease to 10° GeV 2 at the LC and LHC.

We would like to mention that if the extra dimensien
are compactified on @° torus, the contributions of KK ex-
citations will double. This is because there is not only the
contribution of cosine modes, but also sine modes for each
field in the bulk.

In conclusion, we study the bosonic part in the brane fluc-
tuation model where the couplings of the fermionic and
bosonic currents on the brane and KK excitations are expo-
nentially suppressed. Since the couplings among vector
bosons do not suffer this suppression substantially, they
could help us to probe extra dimensions in the future at the
LC and LHC. But due to the momentum conservation and
the gauge structure of zero mode and KK excitations, up to
O(p%), KK excitations decouple from the low-energy phys-
s. However, up tdD(p®), it is still possible to detect the
effects of KK excitations through precision measurement of
the bosonic sector of the SM in the LHC and LC.
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