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Effective Lagrangian in the Randall-Sundrum model and electroweak physics
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We consider the two-brane Randall-Sundr(RS) model with bulk gauge fields. We carefully match the
bulk theory to a 4D low-energy effective Lagrangian. In addition to the four-fermion operators induced by KK
exchange we find that large negatSandT parameters are induced in the effective theory. This is a tree-level
effect and is a consequence of the shapes ofAfendZ wave functions in the bulk. Such effects are generic
in extra dimensional theories where the standard mslel) gauge bosons have nonuniform wave functions
along the extra dimension. The corrections to precision electroweak observables in the RS model are mostly
dominated byS. We fit the parameters of the RS model to the experimental data and find somewhat stronger
bounds than previously obtained; however, the standard model bound on the Higgs boson mass from precision
measurements can only be slightly relaxed in this theory.
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I. INTRODUCTION lar, there are large contributions to tB@arameter. However,
the phenomenological importance @fion-QCD-like ap-
Theories with extra dimensions might explain some of theproximate conformal symmetry has long been emphasized in
outstanding problems of particle phys|ds-3]. In particular, the technicolor literaturd10], where the slowly running
some of these models could shed light on why gravity is s@auge coupling is referred to as walking. The difficulty of
much weaker than the other three forces. One of the promiestimating the value o8 in these walking theories is also
nent proposals of this sort is the Randall-SundriR8)  well known [11] since it involves non-perturbative, non-
model[2,3], where the strong warping of the extra dimen- supersymmetric gauge dynamics near a non-trivial fixed
sions introduces an exponential hierarchy between thgoint. Therefore it is interesting to find out whether there is a
Planck and the weak scales. There are several variants of thi®n-vanishingS parameter in the RS model since it provides
model, depending on whether the extra dimension is finitais with the first approximately conformal “walking” model
(RS or infinite (RS2, and whether or not the gauge fields of electroweak symmetry breaking where such a calculation
are in the bulk. Each of these models can be interesting fotan be performed. However, in the 5D gravity the@hat is
slightly different motivations. Here we will concentrate on the RS modselthe S parameter should not be the effect of
the case where the extra dimension is firige that it solves quantum loops, but rather a purely tree-level effect. The pur-
the hierarchy probleimand where the gauge fields are in the pose of this paper is to carefully match the RS model to an
bulk. This model could possibly yield unification of gauge effective 4D description and find the value $fn the effec-
couplings[4], and also may have a simple physical origintive Lagrangian describing electroweak physics in this
[5,6] via the AdS/CFT(conformal field theory correspon-  model. Indeed we find that the wave functions of Weand
dence[7]. The holographic dual of this theory should be aZz bosons are distorted due to the Higgs expectation values on
broken conformal field theory, which becomes strongly interthe TeV brane, resulting in different wave function and mass
acting at low energies and spontaneously breaks the weakkgnormalizations of th&V andZ. The physical consequence
gaugedSU(2)xU(1) electroweak symmetries. Thus this of this effect is non-vanishing§ and T parameters, which we
holographic dual of the RS model with the gauge bosons iralculate. Our method of finding the low-energy effective 4D
the bulk is in essence a technicolor-like theory, where theheory is general, and we expect that similar effects will
broken CFT replaces the technicolor gro{fs], and the appear in any extra dimensional theory where the SM gauge
Kaluza-Klein (KK) modes of the gauge fields and gravitonsbosons have non-uniform wave functions. In addition to
would be interpreted as bound states of the CFT resulting ithese parameters the well-known effect of the four-fermion
the technimesons, analogously to the glueball states appeasperators generated by the exchange of Kaluza-Klein gauge
ing in the case of ordinary AdS/CHB]. In QCD-like tech-  bosons has to be included. The coefficient of these four-
nicolor theories the new strong interactions introduced tdermion operators has been call®din [12,13. We use a
solve the hierarchy problem always generate large contribuglobal fit to the most recent precision electroweak data to
tions to the electroweak precision observalpfsin particu-  place a bound on the size of the extra dimension in the RS
model, and find bounds that are somewhat stronger than
those previously obtained.

*Email address: csaki@mail.Ins.cornell.edu The paper is organized as follows: in Sec. Il we review
"Email address: erlich@lanl.gov the results on gauge propagators and wave functions in the
*Email address: terning@lanl.gov RS model that will be necessary to calculate the effective
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Lagrangian. In Sec. Il we match the higher dimensional Wi=c2Z +A, , B,=-s?Z +A, . (4)
theory to an effective 4D Lagrangian, and evaluateSlaad # g a o

T parameters. In Sec. IV we first calculate ¥earameter The reason behind this unusual form for the field redefini-
and then use these results for constraining the parameters @éns is that none of the field&®, B, Z or A are canonically
the RS model via a global fit to the electroweak precisionnormalized, but it is equivalent to the standard redefinition in
measurements. We conclude in Sec. V, while the Appendixhe canonical basis. In our new basis we obtain the Lagrang-
contains the detailed expressions of the electroweak obserian:

ables in terms of5, T andV and the SM input and experi-

mental values used for our fit. . (R, R (- VN
SSD: d*x dZE - FWMNW_
R
Il. THE GAUGE PROPAGATOR AND WAVE FUNCTIONS 9s
IN THE RS MODEL 1/1 1
N T, FMNFMN_—ZMNZMN
In this section we review the results on gauge propagators 4\g2 gi? 4(g2+9s%)

and wave functions in the RS modd,12—-17 that will be 5
necessary for us to calculate the effective low-energy theory. n v S(z—R') EW+ WM
The 5D metric of the RS model can be written in the form 4 z M

2

R\ 2 R
dszz(g) (—dZ2+ 5, dx*dx") ) +%5(Z—R’);ZMZM

. (5

for R<z<R'. HereR represents the radius of curvature of In the R; gauge wheréNs;=Z;=As=0, the propagator for
the AdS space. There is a Planck braneaR and a TeV  the bulk W gauge boson is given Hy]
brane atz=R’ which cutoff the space witt¥, orbifold

boundary conditions. A= (7""—q"*q"19*)Aw(9,2,2') + Aw,a*q"I9?, (6)
The 5D action for the bullsU(2) <X U (1) gauge bosons is
given by where
. 1 Aw,e=Aw(a/VE 2,2"), )
= d“xf dzy—-G| — — GMPGNOWE, WA
S50 f R 4g? MRTTRQ and Ay satisfies
1 z 1 1 R
_ _ = ~MP~NQ 2= oy — 2_ T 2_ T .242 Py
4géZG G BMNBPQ gSR(S(Z V4 ) (92 2(92+q 4U 955(2 R ) R’
2 5y R XAw(Q,2,2") 8
v° 8(z—R wld
+§—( )GMP[Wﬁﬂwé+w§,,w,%+(w§A—BM) _ N
VGss with boundary conditions
3_ 1 R
X(Wp=Bp)1|, 2 I AWlz=r=0, AW =r=— ZggUZEAW- 9

Where the 5'fU|’!Cti0n mass terms a:rise from a. localized W5 also propagates in a gene.m% gauge, but the cou-
Higgs expectation valugH)=v/2. Since & functions on  pling to fermions is pseudoscalar, and vanishes at zero fer-
boundaries require special care, we will take the definition oﬁﬂon mass. In addition, becau®é is fixed to be odd under
this term tO be the limit of haVing the H|ggS field localized at the ‘ZZ (Consider th%z behavior OfVVS,u,)l it vanishes on the
a point which approaches the brane. This amounts to a factgfev brane and hence does not couple to matter on the TeV

of two difference in the definition ob? from taking the  prane. For our purposes we will therefore be able to neglect
Higgs field directly on the brane, but has the advantage ofy5.

making comparison with the calculation via the AdS/CFT  For R<(z,z/)<R’ the Green’s function can be con-

correspon_dence simpléls].. ) structed by patching together the solutions of the correspond-
We define the weak mixing angle throughwhich repre-  ing homogeneous equation wit<z' andz>z', which we
sents the bare value of the gig: refer to asAy,. andAy,.- respectively,
95 s - Aw=0(z=2")Aw=+0(2' —2) A< . (10
S=——, C=——.
Voi+gL? Voi+gL? Plugging the patched solution into E¢B) for z’ #R, z’
#R’ yields
We can diagonalize the action by performing a field redefi-
nition: Awelz==Aws=lz=7,
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Z/
o Bws = Al =Gis - (1
Settingz’ =R’ in Eq. (11) and combining with Eq(9) yields
the IR (z=R’) boundary condition for the propagator with a
source on the TeV brane:

R, 2 1 2.2 R
I AW<z=z1=rr=— ﬁgs_ ngv EAW<|Z:Z’:R’ :
(12
The solution has the form
Aw(Q,R",2) =A<y =g
z
= ﬁ[aWJl(qZ)+BWY1(qZ)], (13
where the coefficients are given by
4g2R’Yo(qR) —4g2R’' Jo(qR) 1
W= o~ <, N
W D(q) W D(q)
and the denominator is
D(q)=Jo(aR)[4qR Yo(qR') +g5vRY;(qR')]

—Yo(qRI[4qR' Jo(qR) +g2v?RI(QR')].
(15)

Z
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Settingz=R’ gives the propagator on the TeV brane. The
coefficientsayy and 8y have the same denominators, and the
roots of these denominators determine the 4D poles of the
propagator(when the numerators do not vanish concur-
rently). The nth pole corresponds to theth W eigenmode,
W, with massM{Y . We will label the lowest mode by
=0. It is this lowest mode that we would like to identify
with the observed/V gauge boson, so we will WritMW)
=My. ForvR<1 this is an “almost zero mode” and we
can find the pole analytically by expanding the Bessel func-
tions inqR<gR’'<1. To leading order in the coupling the
pole is at

gé R2U2

Rlog(R'/R) 4R'%’

2

W

(16)

The bulk Z propagator is obtained from, by taking g2
—g2+g4?, which gives

g5+g5° R0’
Rlog(R'/R) 4R'?’

2%

z

(17

Similarly we can find the wave functiogy{? , of the nth
eigenmode. The wave functions are given by

I(MP2)Yo(MPR) — Y1 (M{P2) Io(MIPR)

W (2)=

where we have normalized the wave function ${”(R’)
=1.
ForvR<1 then=0 mode is an “almost zero mode” and

R J(MIPR)Yo(MER) ~ Y1(M{R ) Ig(MPR)’

(18

the RS calculation onto an effective 4D theory. After inte-
grating out the Higgs boson, the most general Lagrangian for
the electroweak gauge bosamgth operators of dimension 4

we can find a simple expression for the wave function byor lesg can be written a§9,19,2Q:

expanding the Bessel functions Wi \R<1, M\,R'<1. To
orderM3, we obtain

2

M
P (z)~1+ TW[ZZ— R’2—27%log(z/R)

+2R'? log(R'/R)]. (19

The wave function for theZ can be obtained byM,y

—M, while the photon remains massless and its wave

function is simplyy!%(z)=1.

Ill. THE 4D EFFECTIVE LAGRANGIAN OF THE RS
MODEL

Given the wave functions we can find the 4D effective
action by integrating the 5D action overWe want to match

MY __

L

1
— 5 ZyW,, W

o~ 2,2,,2""

4(g*+g'?)

1
—Z.F,  F* +£HyZFMVZ

a2

2

1 L
—+ S Tyw(0) |W W+
g

+
4

1

+3 (20

f2 1
gy 0
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where Z, =1-11] , Zy=1-1lyy, Z;=1-11;,, I1),,  represent the wave function renormalizations that arise from
IT,,w(0), andII,»(0) incorporate the effects of negob-  classical 5D physics. With our conventiofis 246 GeV.

ligue) physics beyond the standard model. Although we are Using the 5D wave functiongo second order in massges
only doing a tree-level matching calculation we havewe can easily calculate the coefficients of the kinetic and
adopted the standard notation for vacuum polarizations tonass terms:

1. (1 1) (e Rdz
7= 4 (0) 27
Zzy_(gﬁg'ZHR W @ ==

5 5

—> | RIog(R'/R),

2
Os 5

1 1
_2 E_J |0 )|2 :gRlog(R’/R)—Hh,
5

" 7= SMIRE R L RiogRR) -1
2 Lz= — = ; 0g — g3z,
9*+g'2 * gi+oi’ Z  gi+gl?

2

f2
,202+H11(0),

1
—+ = ywW(0)=
g

Rdz
2 - (0) 2 —
2 + f |29 (2)|*—~

R'2 4R

o1 (0)= R et f |0,z IRdZ— R et (0) (21)
i (grg?) PR T gegi)e 1 are” TR

where
2.2
H! _H/ — R

117 +4337

(2R'2|og(R'/R)—2R’2+
8R'2

2p3..4 2 12 2
gsR°v , 2R R'“—R
IT4(0)= ( =

+
log(R'/R) log(R'/R)?

64R'4

IT535(0)=

s+9?)R%! 2R’? R'2-R?
(95705 IRV e 210y, (22

+
log(R'/R) log(R'/R)?

64R'4

Here we have used the leading order resultdMgy andM corrections to the couplings of th& and Z to quarks and
Egs.(16). The corrections to the wave function renormaliza-leptons. In other words, with this convention the mixing
tion I1;, andI15; arise from integrating th& andZ wave  angles determined by diagonalizing the 5D action are iden-
functions, while the contributions to the mass renormalizafical to the bare 4D mixing angles:

tions I1,; and I35 appear from the 5D kinetic terms &¥

andZ, where az derivative acts on the wave functions.

Even though there are no 1/(&8) loop suppression fac- s— 9 c= 9 23)
tors, forvR<1, I1,; andIl5; can be treated as small pertur- 9+g'? ' ,/gz+912'

bations of the leading terms. Thus a simple convention is to

identify the 4D bare gauge couplings with the leading terms

and thez;—1 with the subleadindl’ terms. This is a con- It is these mixing angles that appear in the quark and lepton
venient choice because we want to separate out the new 5@auge couplings. Other conventions are possible, but physi-
physics from radiative corrections by loops of standardcal observables are independent of convention. Thus in our
model particles. It also ensures that there are no additionalonvention
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At next to leading order we must keep terms that are sup-

1 1 1
—=| 5+ —5|RIog(R'/R) pressed byy’R’? relative to the leading terms. The pole is
e 5 Os then determined by
1 1 R? Rlog(R'/R)
—=>RIog(R'/R), (24 0=- a0’ a—— 5 +Ad+Bq (29
5 95
1 1 Rlog(R ) where
= —Rlog .
92+ng g§+952 R2v2 12 ’ 2 12
A= S[2R“log(R'/R)+R*—R"],
Using this identification of the 4D couplings we then obtain
for the other parameters of the effective Lagrangian: R
, B=-—[(R'?>+R?log(R'/R)+R?*—R’?]. 30
27:1, ZW:1_92H11’ 4 g[( ) g( ) ] ( )
Z,=1—(g%+9'?)M,, Thus to sub-leading order the pole is at
2 22 402 4
R2 g5 R U g5R U
f2= —p2, (25 M

" RIog(R'/R) 4R'2 64R'*log(R'/R)?
X[2R"?log(R'/R)?>—2R'?log(R'/R)+R’?]

RrZ

Iyww(0) =g?I144(0),
g21:2 g4.|:4

177(0)=(g%+g’?)[1350). =1 61
Note that since the photon is massless it receives no 5D —2R"2log(R'/R)+R'?] (31)
renormalization, soll,,,= eZHQon. Furthermore, since '
this is a tree-level calculation no nei+y mixing can be  which agrees at this order with the effective Lagrangian cal-
induced sdI3o=0. We can now use the standard definitionsculation
[9,21] for the oblique parameters:

[2R'?log(R'/R)?

f2
SEl&T(Hé3—HéQ) M\Z,VZQZ(Z+H11(O))(1+QZH11)
f2 g2
4 2 9
T= 553 13(0) ~T1540)] (26) =97 1+ 2 Hu)- (32
s°c*M3%
UEl%(Hil—HéQ. IV. THE COMPARISON OF RS TO DATA

In addition to the oblique corrections we have described,
once quarks and leptons are included in the theory with cou-
~ 272 / plings to the bulk gauge bosons they will have additional
S=~4mf"R™Iog(R'/R) four-fermion interactions beyond those in the standard model
due to the exchange of the gauge boson resonances. The
Tm_lszfzbg(R,/R), 27) effect of these corr_ections has been parametrized in Refs.
2c? [12,13 by a correction taGg denoted byV. Recall that the
contribution toGg from W exchange i$21]

Plugging in our results yields

U=0,
1
where we have dropped terms which are suppressed by pow- 4\/§GF,W:f2—- (33
ers of logR'/R). Note that bothS and T are negative and — +11,4(0)

large (i.e. logarithmically enhanced relative to a naive di- 4

mensional analysis estimate
We can check these results by examining the poles of th
propagators directly by expanding the denominatorsgfiar

To include the effect of resonances we can write the Blk
Bropagator as a sum over poles:

<1. At leading order th&V pole is determined by % II/W)(R')z
Aw(a,R',R)=g2> NICEVICEN (34)
1 R? ., _RIog(R'/R) n=0 Np(g"= My )
O=—Z—,2v Q. (28
R g5 whereN,, is determined by
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Np= f "z e )2, (35
R
and hence
No=2ZyRIog(R'/R). (36)
Since we chose@{{’(R’)=1, we then have
Aw(q,R R = 1L ¢
ARz -z,
© N (n) RI 2
g o’ (R') @7

=1 ZyNo(g? = M{?)

At zero momentum the first term on the right-hand side i

PHYSICAL REVIEW D66, 064021 (2002

s2(q)=s? el(g})=¢’ (42)

In addition to the contribution fronT, there are further
corrections to the low-energy ratio of charged- to neutral-
current interactions coming from resonance exchange. We

will absorb this effect into the parametgy :

f2
7Oy 4y &

Px =72 v ~l+aT+?V. (43
Z+H33(0)

Curiously in the RS model we find that the contributions
from T andV cancel, ang, =1. We will, however, present
the general results for precision observables in the Appendix

Swithout assuming a relation betwedhand V, so that our

just —42Gg \y, and the remaining terms are the additionalresults can be used for more general models. With E43.

corrections not coming from th&V pole. If we write the
correction toGg asGg=Gg y(1+V) then we have

1
V=—{ Am(g=0R" R+ z———

Z+H11(0)

X

f2
Z+Hll(0))

2R/2 . R/Z_RZ
log(R'/R) log(R'/R)?

2 2
- g5RU 2R,2
16R’?
2

:%sz’2log(R’/R), (38

and(43) it is straightforward to calculate the corrections in a
general model to precision electroweak observables in terms
of S T, andV. The expressions for the various observables
together with the standard modg@M) predictions and ex-
perimental results are given in the Appendix.

The result of a global fit to the 23 observables listed in

Table | is that, forM gqs=115 GeV,
R'[log(R'/R)]¥2<0.50 Tev'?! (44)

at the 95% confidence level. Taking I164(R)=32 (as is of-

ten done to naturally explain the hierarchy between the

Planck and weak scal¢g—4]) we have
1/R'>11 TeV. (45)

For a value ofR’ which saturates this bound we have

where in the last line we have again dropped terms sup-

pressed by powers of I0B(/R).

Thus we see that there are three types of corrections to

precision electroweak observables in RS modg|3;, andV.

Note that some of these corrections have also been consid-

ered in Refs[15,17]. To relate our parameters to observables

we use the standard definition of gipfrom the Z pole,

] Wa(M%)
Sin?6C0S fp=—=——>, (39

V2GeM3
sirf6,=0.23105= 0.00008 (40)

S=-0.19
T=-0.03 (46)
V=0.00082.

Since theT andV contributions top, cancel and for these
values the contribution dto (s?— sir’6y) is about 8.6 times
larger than that o and 2.6 times larger than that 9f it is
the S parameter constraint that dominantly determines the
bound onR’.

It is interesting to note that for th&-pole observables,

where[22] a(Mg)*lz 128.92+0.03 is the running SM fine- Wwhich do not depend op, , one can absorb the contribution
structure constant &1, . We can relate this measured value from V into an effectiveT:

with the bare value in this class of models,
SZ 2

siffp=s%+ -—
0 —sz( 45°¢?

S+aT-V

. (4D

CZ

which is obtained by considering all corrections to E3p)

Vv
Ter=T——. 47)

Thus in the RS modeT, . is even more negative thdn One
can then use the bounds 8@andT to estimate the bounds on

in the usual way(see[21]). Also, in the RS model we have R’, which yields results similar to Eq45).

the simple result that with only the tree-level 5D renormal-

In the RS model there is also a light radion that contrib-

izations the running couplings defined by Kennedy and Lynrutes to precision electroweak observables at the loop level
[23] which appear irZ-pole asymmetries are the same as the together with loops of the Kalvza-KleifKK) gravitons and

bare couplings:

gauge bosors These contributions have been calculated
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TABLE I. The experimental resul{22,28 and the SM predictions for the various electroweak precision observables used for the fit. The
SM predictions are foM ges= 115,300,600 GeV and,=0.120 and calculatefB0] using GAPP(Global Analysis of Particle Physitcs
[31].

Quantity Experiment SM115 GeV SM (300 GeV SM (600 GeV
r, 2.4952+0.0023 2.4965 2.4963 2.4954
Re 20.8040+0.0500 20.7425 20.7403 20.7332
R, 20.7850+0.0330 20.7426 20.7405 20.7334
R, 20.7640+0.0450 20.7879 20.7857 20.7786
ap 41.5410:0.0370 41.4800 41.4774 41.4814
Ry 0.2165+ 0.00065 0.2157 0.2154 0.2151
R 0.1719+0.0031 0.1723 0.1724 0.1725
A,‘“;B 0.0145+0.0025 0.0163 0.0159 0.0157
Al 0.0169+0.0013 0.0163 0.0159 0.0157
Alg 0.0188+0.0017 0.0163 0.0159 0.0157
AP, 0.1439+0.0041 0.1475 0.1457 0.1446
AP, 0.15138-0.0022 0.1475 0.1457 0.1446
AEB 0.0990+0.0017 0.1034 0.1021 0.1013
AEB 0.0685+0.0034 0.0739 0.0729 0.0723
AR 0.1513-0.0021 0.1475 0.1457 0.1446
My 80.450+ 0.039 80.3890 80.3775 80.3672
Mw /My 0.8822+0.0006 0.8816 0.8815 0.8813
gf(vN—> vX) 0.3020+0.0019 0.3039 0.3038 0.3017
gﬁ(vN—> vX) 0.0315+0.0016 0.0301 0.0301 0.0302
Jon(ve— ve) —0.5070+0.014 —0.5065 —0.5065 —0.5065
go(ve— ve) —0.040+0.015 —0.0397 —-0.0393 —0.0390
Qw(Cs) —72.65t0.44 —-73.11 —73.17 —-73.20
Miop 174.3t5.1 176.3 185 192

separately{24] and are small unless an extra Higgs-radionabout 11 asMy increases from 115 to 300 GeV. If we now
coupling [25] is introduced. With this additional coupling, turn on the corrections from the RS model, the difference
the radion corrections tend to mal&more negative and between the minimaj?'s for the 300 GeV and 115 GeV
hence only tighten the bound @' Higgs boson reduces to about 7.6, slightly improving the fit,
In the SM, the fit to data gets significantly worse when thebut still outside the 95% confidence regioh ¥?=6.2) of a
Higgs boson mass is raised. The reason is that the Higgsvo parameter fifour parameters being the Higgs boson
boson contributes positively t§ while the data prefer a mass an&=f?R’?log(R'/R)]. Hence, the Higgs boson mass
small or negativeS. However, in our cas& is negative, so bound is slightly relaxed but not significantly. Assuming a
one might think that a larger Higgs boson mass can be ac300 GeV Higgs boson in turn would relax the limit f&f to
commodated. Unfortunately at the same time the Higgs boi/R’'=9.0 TeV (again assuming ldg//R=32). For the case
son also contributes negatively o as can be seen from the of the 600 GeV Higgs boson the increase in minimyfnis

approximate expressiofigl] 19, and is clearly excluded by a wide margin in the two
, 70
1 M 65
SHiggs% _|09( ) ,
12m ml%i,ref E 60
< 600 GeV
55
3 mH (2 50
i9as™ — ! . 48 S
Tnggs 1277(:2 0og ma ref) ( ) o 45 300 GeV
' = 10
Therefore, even though the agreement wiltan be im-
proved by raising the Higgs boson ma3swill start to de- mow0 0l 002 003 0.04
viate even more. In order to see if the fit can be improved we fZR’Zlog (R'/R)
have repeated it for the SM results evaluated My,
=300 GeV and 600 GeV. In the case of the S, for the FIG. 1. The change iy? in the RS model as a function &'

23 observables listed in Table | in the Appendix increases byndR, for three different values df1,,=115, 300, and 600 GeV.
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parameter fit. Assuming a 600 GeV Higgs the bound=dn
becomes 8.2 Te\K 1/R' <22 TeV. These results are illus-
trated in Fig. 1.

If one were intent on having a heavy Higgs boson one

1
geive— Ve)zzp*(sz_ Z)a Jea(ve—ve)=— 5

PHYSICAL REVIEW D66, 064021 (2002

Px

(A1)

could add additional new physics to the model that give posiwe find the following results:

tive contributions tal [26], but this seems completed hoc
in the present context.

The bound(45) on R’ pushes theN gauge boson reso-
nance masses up to around 27 TeV. The graviton KK masses
are always heavier than the gauge boson mdd&§ for
example, here the lowest possible value is around 46 TeV.
Thus in the RS model with bulk gauge bosons there will be
no possible signatures from resonance®kV scattering to
observe at the CERN Large Hadron ColliddtHC). The
focus would have to be on the Higgs-radion se¢&].

To the extent that the RS model corresponds to a techni-
colorlike model we find these models can be consistent with
experiment as long as the resonance masses are dialed up.
Unfortunately for technicolor models there was no parameter
which changed the resonance mass independently of the
electroweak breaking scafe

V. CONCLUSIONS

We have matched the 5D RS model onto a 4D low-energy
effective theory and found largéogarithmically enhanced
negative contributions t8 andT. It is interesting to note that
this is the first model to naturally produce a large negative
value for S[26]; however, this is mitigated by the fact that
the resulting bound oR’ from precision electroweak mea-
surements forces a seemingly unnatural hierarchy of about a
factor of 50 between the Higgs vacuum expectation value
(VEV) and the nominal electroweak scale of the RS model
1/R'~11 TeV. This pushes the gauge boson resonances
(and the graviton KK modesfar beyond the reach of the
LHC.
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APPENDIX: PREDICTIONS FOR ELECTROWEAK
OBSERVABLES

In this appendix we give the predictions of a general
model with contributions t& T, andV for the electroweak
precision observables. We also give in Table | the experimen-
tal data[28,22 and the SM predictions used for our fit in
Sec. IV. Using the results given 21,29 as well as the
low-energyve couplings
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I',=(I'7)su(1—3.8x10 3S+0.011T—1.4V)

Re=(Ro)sm(1—2.9x10 35+2.0x10 3T
—0.26V)

R,=(R,)sm(1—2.9x10 3S+2.0x10°*T
—0.26V)

R,=(R,)sw(1—2.9x10 3S+2.0x10 3T
—0.26V)

on=(op)sm(1+2.2x10 *S—1.6X 10 *T
+0.021V)

Rp=(Ry)sm(1+6.6<10"4S—4.0x 10 T
+0.052)

R.=(R.)sw(1—1.3x10 3S+1.0x10° 3T
-0.13)

ASp=(ASy)sy—6.8X1073S+4.8x 10 3T
—0.6V

Alo=(Alg)sm—6.8X1073S+4.8x10°°T
—0.62V

Alg=(Alg)sy—6.8X10735+4.8x1073T
—0.62V

A(P,)=(AP,))su—0.028+0.020T— 2.6V

As(P,)=(A«(P,))sy— 0.0285+0.020T — 2.6V

Alo=(AL,)sy—0.0205+0.014T — 1.8V
Alg=(A%s)gy—0.0165+0.011T — 1.4V
ALr=(A_g)sy— 0.0285+0.020T — 2.6V

Myw=(My)sm(1—3.6x10 3S+55x 10 3T
—0.7V)



EFFECTIVE LAGRANGIAN IN THE RANDALL-SUNDRUM . ..
Mw/Mz=(My/Mz)gu(1—3.6x103S
+5.5x10 3T-0.71V)
g2 (vN—vX)=[g2(vN— vX)]gy—2.7X 10" 3S
+6.5x10 3T—0.066/
g&(vN— vX)=(ga(vN—vX))gy+9.3X1074S
—2.0x10 *T+0.10v

PHYSICAL REVIEW D66, 064021 (2002

Jev(ve— v€)=(ge\( ve— ve))gy+ 7.2X 10 3S
—5.4x10 3T+0.65/

Gep(ve— ve)=(gen( ve— ve))gy—3.9X10 3T
—0.15%
Qu(CS)=(Qu(CS))sy—0.7935—0.0090 — 95V.
(A2)
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