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The radion, a scalar particle associated with the radius of a compact warped extra dimension, may be

the lightest new particle in this class of models. Its couplings to SM particles are proportional to the their

masses, similar to the usual Higgs boson, but suppressed by a scale �r, the radion vacuum expectation

value. The main differences are the coupling to massless gauge bosons that receives contribution from the

trace anomaly of the energy-momentum tensor due to the nonvanishing � functions and the mixing with

the Higgs boson arising from a nonminimal coupling to gravity parametrized by a dimensionless

coefficient �. In particular, these differences can result in significant modifications of the radion

phenomenology. We use current LHC data on Higgs searches to find exclusion regions on the parameters

of a radion model, �r, � and the radion mass mr. We find that, even for low values of �r, the radion can

still have a mass in the region where the Standard Model Higgs has been excluded, for a narrow range of

values for the mixing parameter. Some signals at the LHC for this scenario are discussed. We also find that

it is possible to hide the Higgs boson in the current searches in this model, due to a suppression of its

couplings.
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I. INTRODUCTION

One of the leading candidates to solve some of the well-
known problems of the Standard Model (SM), such as the
hierarchy problem, is a class of models with warped extra
dimensions [1]. These models are characterized by the
existence of a compact, curved extra dimension with AdS
geometry containing two 4-dimensional boundaries in the
extra dimension, the so-called branes.

In these models the otherwise unnatural difference be-
tween the Higgs mass and the Planck scale is explained by
an exponential warp factor between the two branes arising
from the AdS geometry, which fixes the ratio of the size of
the extra dimension to the AdS curvature radius, with the
additional assumption that the Higgs is localized in one of
the branes (the TeV brane). The fermion mass hierarchy
arises naturally by Oð1Þ parameters that control the
fermion wave functions in the extra dimensions, which in
turn determine the Yukawa couplings to the TeV brane-
localized Higgs boson [2]. The same fermion wave func-
tions also govern their potentially flavor-changing neutral
current couplings to Kaluza-Klein (KK) excitations of the
gauge bosons, and as a result they are strongly suppressed
for light quarks. This constitutes the so-called RS-GIM
mechanism [3], although some tension still exists in the
KK contribution to K � �K oscillations. [4].

As in all models of extra dimensions, warped models
predict the existence of Kaluza-Klein excitations of the
SM particles with mass scales determined by the compac-
tification scale. In order to be consistent with electroweak
precision tests, this scale is usually in the few TeV

range. Detailed studies of the production and detectability
of these excitations have been performed in the literature
[5].
Another interesting consequence of these models arises

from the fact the presence of the two branes breaks scale
invariance, leading to the existence of a dilaton-like parti-
cle, usually called a radion. The radion, which we will
denote by r, has an important role in stabilizing the size of
the extra dimension [6]. As a dilaton, the radion couples to
the trace of the energy-momentum tensor of the theory.
Hence, its couplings are proportional to masses of parti-
cles, in much the same way as the usual Higgs boson. As
opposed to the KK excitations of SM particles, the radion
mass is not determined by the compactification scale. It
depends on the details of the mechanisms that stabilize the
size of the extra dimension and hence can be considered as
a free parameter. It might very well be the lightest new
particle in these models. Many phenomenological studies
have been dedicated to finding signals for the radion at
colliders [7–14]. Some studies were also performed by
ATLAS and CMS a few years ago to assess the LHC reach
for a radion decaying to ��, ZZ� and hh [15,16]. In fact,
many of the Higgs searches can also be used for limiting
the parameters of a radion model [11]. This was already
done using data from Tevatron [17]. With the recent results
from the LHC, it is finally possible to put bounds on
parameters of the radion.
One general feature of radion models is that the radion

can in principle mix with the Higgs boson. This mixing can
have important phenomenological consequences. If one
does not include the mixing, the only way to suppress the
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radion couplings is to increase its energy scale. Therefore,
LHC bounds will result in large values for the radion scale
[18,19].1 However, including the mixing opens up a rich
interplay with Higgs physics and also allows the possibility
to evade the LHCHiggs exclusion constraints on the radion
and the mixed Higgs without increasing the new physics
scale.

In this paper we concentrate on the radion mediated
processes gg ! r ! �� and gg ! r ! VV�, where V ¼
W, Z, and use LHC data for Higgs searches up to a scalar
mass of 600 GeV in order to exclude regions in the pa-
rameter space of the radion model.

The Higgs and radion cross sections can be easily related
as follows. The proton-proton cross section for the produc-
tion of a given final state X via the radion in gluon-gluon
fusion, which is the dominant process at the LHC with
7 TeV center-of-mass energy, can be written as

�ðpp!ggr ! XÞðsÞ ¼
Z

d�Lggð�Þ�̂ð�sÞ; (1)

where Lggð�Þ is the gluon luminosity given by the parton

distribution function of the gluons in a proton and �̂ is the
partonic cross section. Using a Breit-Wigner narrow-width
approximation one can relate the SMHiggs cross section to
a radion cross section with the same mass by

�ðpp!ggr ! XÞ
�ðpp!ggh ! XÞSM

¼ �SM
h

�r

�ðr ! ggÞ
�ðh ! ggÞSM

�ðr ! XÞ
�ðh ! XÞSM ;

(2)

where �SM
h and �r are the total SM Higgs and radion

widths, respectively. This should be a very good approxi-
mation since for most of the ranges of masses we will be
considering both the Higgs boson and the radion are very
narrow resonances (�=M � 1). In the next section we
describe the model we will adopt to calculate the bounds
on the radion.

II. THE MODEL AND RADION COUPLINGS

In this paper we follow closely the realistic warped
space scenario for the radion described by Csáki et al.
[12]. The unperturbed metric is written as:

ds2 ¼
�
R

z

�
2ð���dx

�dx� � dz2Þ; (3)

where z refers to the coordinate in the 5th dimension
restricted to R< z < R0, and k ¼ 1=R is the AdS curva-
ture. The radion is related to the scalar perturbation of the
metric, which at leading order is given by:

	gMN ¼ �2F

�
R

z

�
2 ��� 0

0 2

� �
; (4)

where Fðx; zÞ is the 5d radion field.
The linear radion couplings are determined by the modi-

fication of the action due to the linear perturbation of the
metric, which by the definition of the energy-momentum
tensor TMN is given by:

	S ¼ � 1

2

Z
d5x

ffiffiffi
g

p
TMN	gMN

¼
Z

d5x
ffiffiffi
g

p
FðTrTMN � 3g55T

55Þ: (5)

The canonically normalized scalar radion field in 4d is
related to Fðx; zÞ by:

rðxÞ ¼ �r

�
R0

z

�
2
Fðx; zÞ; (6)

where �r ¼
ffiffiffi
6

p
=R0 can be interpreted as the radion vac-

uum expectation value that leads to the stabilization of the
size of the extra dimension. For fields that are strongly
localized in the infrared brane, such as the Higgs boson and
the top quark, the coupling to the radion is given by the
usual term

L ¼ rðxÞ
�r

T�
�: (7)

The leading contribution to the radion interaction with
massive gauge bosons W� and Z and heavy fermions
localized in the IR brane (there are corrections depending
on the localization parameters cL and cR that are small
when the fermions are localized in IR such as the top quark
and they are not large for the b quark, see [12]) is similar to
the Randall-Sundrum setup

L rðVV; �c c Þ ¼ � r

�r

ð2M2
WW

2 þM2
ZZ

2 �m �c c Þ: (8)

Usually the coupling of the radion to massless gauge
bosons vanishes at tree level. At 1-loop level it arises due to
two contributions: the trace anomaly, which is related to
the beta function, and the top quark triangle diagram.
However, in the warped scenario, there are two main
differences: a tree-level bulk contribution from radion
and gauge bosons wave functions and a modification in
the beta function term to take into account that only
particles in the infrared brane contribute to the running.
However, when a proper matching at 1-loop between the
5d and 4d coupling constants is performed, the usual beta
function is recovered. The final result for this coupling
is [12]:

1Constraints on similar dilaton models without mixing were
obtained in [20]
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L rAA ¼ � r

�r

�



8�

�
ðb2 þ bYÞ � F1ð�wÞ � 4

3
F1=2ð�tÞ

�

þ 1

4 lnðR0=RÞ
�
1� 4�
sð�ð0ÞUV þ �ð0ÞIR Þ

��
F��F

��

(9)

for photons and

Lrgg ¼ � r

�r

�

s

8�

�
b3 � 1

2
F1=2ð�tÞ

�

þ 1

4 lnðR0=RÞ
�
1� 4�
sð�ð0ÞUV þ �ð0ÞIR Þ

��
Ga

��G
��
a

(10)

for gluons, where �x ¼ 4m2
x=m

2
r and the functions

F1=2ð�Þ ! ð0;�4=3Þ and F1ð�Þ ! ð2; 7Þ as � ! ð0;1Þ
are defined in the usual way (see, e.g., [7]). The coefficients
of the SM � functions we use are b3 ¼ 7, b2 ¼ 19=6, and

bY ¼ 41=6. The parameters �ð0ÞUV and �ð0ÞIR are related to the
Planck and TeV-brane induced kinetic terms. The first term
in the brackets is the usual radion contribution due to the
QCD trace anomaly and the top triangle contributions. The
other terms arise from the integration of the radion and
gauge fields profiles in the bulk and the inclusion of brane-
localized gauge field kinetic terms. It is interesting to
notice that the term arising from the integration of the
profiles resulting in the 1=½4 lnðR0=RÞ� is actually of the
same order of 
s=8� for a realistic value of lnðR0=RÞ ¼ 30
and hence should not be neglected.

For the Higgs boson the situation is more involved
because of two factors: spontaneous symmetry breaking
and the fact that the energy-momentum tensor of a scalar
field must be modified in order to allow the possibility that
its trace can vanish in the zero-mass limit in the case of
� ¼ 1=6, resulting in a classically conformal invariant
theory [21].

For a Higgs Lagrangian (after symmetry breaking)

L h ¼ 1

2
ð@�hÞ2 � �

�ðhþ vÞ2
2

� v2

2

�
2

(11)

the modified energy-momentum tensor ��� reads [21]:

���¼@�h@�h����Lhþ�ð���@�@
��@�@�Þ

�ðhþvÞ2
2

�
(12)

which leads to

�
�
� ¼ �ð1� 6�Þð@�hÞ2 þ ð1� 6�Þð�h4 þ 4�vh3Þ

þ ð4� 30�Þ�v2h2 � 12��v3h: (13)

Therefore, for � ¼ 1=6, one gets

�
�
� ¼ ��v2h2 � 1

2
�v3h; (14)

where the first term of the trace of the modified energy-
momentum tensor is proportional to the Higgs mass
whereas the second term will induce a mixing between
the radion and the Higgs boson.
Radion phenomenology is very sensitive to the values of

�. The � term for a general scalar field 
 can be written as
a coupling to the Ricci scalar R as

L � ¼ �R
2 (15)

and it breaks a shift symmetry in the scalar field. In models
where the Higgs is a Goldstone boson, one would expect
the residual shift symmetry to forbid such a term, which
corresponds to setting � ¼ 0 [7]. Even if the Higgs is an
approximate Goldstone boson � should be small. However,
in general one can consider � as a free parameter. A non-
zero value of � results in radion-Higgs mixing, which can
be important for phenomenological purposes such as the
goal of this paper.
The radion-Higgs mixing can be studied following the

results of [7–10]. One can write the physical radion and
Higgs fields that diagonalize the quadratic terms and have
canonical normalization as:

r ¼ arphys þ bhphys h ¼ crphys þ dhphys: (16)

The physical massesmr andmh and the parameters�r and
� determine the mixing parameters a, b, c, and d. Their
explicit expression can be found in, e.g., Dominici et al.
[10]. In the case of no mixing (� ¼ 0), a ¼ �d ¼ �1, and
b ¼ c ¼ 0.

III. PHENOMENOLOGY

We will be interested in the case where the radion is
heavier than the Higgs boson. It will be considered the
cases where the Higgs boson is outside the region where
the Standard Model Higgs has been recently excluded at
95% CL, mh < 131 GeV [22]. We will also comment on
the possibility of hiding a heavier Higgs bosons. We denote
in the following the ratio of the SM vacuum expectation
value to the radion scale � ¼ v=�r. The effects of the
radion potential arising from the stabilization mechanism,
such as triple and quartic radion couplings, and brane-
localized kinetic terms are not included, since both effects
are very model-dependent.
The ratio of the radion width to the same-mass SM

Higgs boson width is the same in the fermionic and elec-
troweak gauge boson channels (V ¼ W, Z) (neglecting
again small contributions from the fermion localization
factors) and is given by [10]

�ðr!VV�; �ffÞ
�ðh!VV�; �ffÞSM

¼ðcþ�aÞ2

¼
�
�1þ3�þ3�

m2
rþm2

h

m2
r�m2

h

�
�2þOð�3Þ:

(17)
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Since these decays modes are dominant for most regions of
parameter space, the branching ratios of the radion and the
Higgs in these channels are similar. The exception occurs
when there is a cancellation such that ðcþ �aÞ � 0, in
which case the radion becomes phobic to both fermions
and vector bosons. In this case there will be much weaker
bounds from the LHC, since the decay rates will be de-
creased, but the production rate remains significant since it
is dominated by the anomaly. This region of parameter
space will show up in our results.

The ratio of the radion width into gluons to the width of a
same-mass SM Higgs boson is

�ðr!ggÞ
�ðh!ggÞSM

¼
��������ðcþ�aÞF1=2ð�tÞ��að2b3þ 16�=
s

4lnR0=RÞ
F1=2ð�tÞ

��������2

;

(18)

and similarly for the photon channel

�ðr ! ��Þ
�ðh ! ��ÞSM ¼

��������ðcþ �aÞðF1ð�wÞ þ 4
3F1=2ð�tÞÞ � �aððb2 þ bYÞ þ 8�=


4 lnR0=RÞ
F1ð�wÞ þ 4

3F1=2ð�tÞ
��������2

: (19)

When kinematically allowed, the radion can also decay
into 2 Higgs bosons. We use the Feynman rules given in
[10] to derive

�ðr ! hhÞ ¼ �2

32�v2mr

jCþ 2Am2
h þ Bm2

r j2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� 4m2

h

m2
r

s

A ¼ 6b�ð�ðadþ bcÞ þ cdÞ þ ad2

B ¼ dð12ab��þ adð6�� 1Þ þ 2bcÞ

C ¼
�
�4dðadþ 2bcÞ � 3cd2

�

�
m2

h0
: (20)

Finally, for the partial and total widths of the SM Higgs
boson we use the results from HDECAY code [23] and
write for the total radion width:

�r ¼ �ðr ! VV�; �ffÞ
�ðh ! VV�; �ffÞSM

ð�ðh ! VV�ÞSM

þ X
�;b;t;c

�ðh ! �ffÞSMÞ þ �ðr ! ggÞ
�ðh ! ggÞSM �ðh ! ggÞSM

þ �ðr ! ��Þ
�ðh ! ��ÞSM �ðh ! ��ÞSM þ �ðr ! hhÞ: (21)

IV. RESULTS

In what follows we take as free parameters of the radion
model the physical radion mass, mr, the radion vacuum
expectation value, �r, and the mixing parameter �. As
mentioned before we will consider the case where the
mixed Higgs boson mass is mh < 131 GeV, so that it has
escaped detection so far and also the case where it is inside
the region where the Standard Model Higgs has been
excluded. We will fix lnR0=R ¼ 30 in order to solve the
large hierarchy problem.

One must notice that for a given value ofmr and�r there
is a limited range of values that the mixing parameter can
assume, given by the condition that the unmixed masses
are real. There is another bound on � arising from pertur-
bative unitarity inWW scattering [24]. However, requiring

that perturbative unitarity is maintained up to a scale of
OðTeVÞ results in the two bounds being similar. We take
into account this maximum range of � in our results.
We use the CMS data on the Higgs search with approxi-

mately 5 fb�1 integrated luminosity recently presented at
CERN [22], considering only the individual channels ��,
WW ! 2l2�, ZZ ! 4l, 2l2�. The so-called CLs method is
used to put bounds at 95% confidence level on � ¼
�=�SM, the signal strength modifier, where � is the
‘‘true’’ cross section and �SM is the predicted SM cross
section. The SM branching ratios are assumed throughout
their analysis. Because of the similarities between the
radion and the Higgs boson, it is straightforward to use
the data on Higgs searches to constrain parameters in the
radion model. In this case the signal strength modifier is
simply given by Eq. (2), where the corrections for the
different branching ratios are taken into account. Notice
that because there are always ratios of quantities for the
Higgs boson and for the radion of the same mass, one
expects that higher order corrections such as NLO QCD
K-factors will be cancelled, since their production mecha-
nism is the same.
In Fig. 1 we show the exclusion regions for a pure radion

with no-mixing (� ¼ 0) for the different channels, with a
Higgs mass fixed atmh ¼ 120 GeV. One can see that there
are regions where the bounds are very stringent. For in-
stance, for �r ¼ 1:8 TeV, a radion mass in the range
160<mr < 440 GeV is already excluded. It is only pos-
sible to have a pure radion with a mass mr ¼ 180 GeV if
its couplings are suppressed by �r > 6 TeV. However, for
mr ¼ 280 GeV the bounds are less stringent, allowing for
�r ¼ Oð3Þ TeV.
The LHC constraints can be ameliorated with the inclu-

sion of a nonzero mixing parameter. In Fig. 2 we show
some of the exclusion regions in the ð�;�rÞ plane from the
CMS Higgs search for two extreme scenarios where the
WW constraints are strong (mr ¼ 180 GeV) and weak
(mr ¼ 134 GeV), fixing again the Higgs mass at mh ¼
120 GeV. We can see from the most constrained situation
that a radion mixed with the Higgs is allowed all the way
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down to�r ¼ 1 TeV, insofar as direct searches at the LHC
are concerned. This is possible because of the ‘‘funnel’’
region for � where the cancellation in the VV couplings of
the radion mentioned earlier occurs. The solid line that
runs exactly in the funnel are the values where the second
order term in the Eq. (17) vanishes. From now on we will
call these values �funnel. In the scenario with mh ¼
120 GeV and mr ¼ 134 GeV, where the LHC constraints
are weaker, there is a larger allowed region of parameter
space. We also show in the plots that, as expected, there are
basically no constraints on the Higgs for this particular
case.

In order to discuss in more detail these results we show
in the Fig. 3 the constraints in the (�, mr) plane for �r ¼
1 TeV for two ranges of the radion mass sensitive to
different search channels. For mr < 200 GeV (left-hand
figure), we show the r ! �� and r ! WW ! l�l� chan-
nels. For mr > 200 GeV (right-hand figure), we use the
constraints arising from r ! ZZ ! 2l2� for 300<mr <
450 GeV and r ! ZZ ! 4l in the remaining range. We fix
mh ¼ 125 GeV, which is favored by current LHC data.
One can see that mr < 150 GeV is excluded in this case.
This limit is of course relaxed for larger values of �r. For
example, for �r ¼ 2, we verified that a radion with mr ¼
140 GeV and a � close to zero is allowed. In that case the
radion decay channels are similar to the SM Higgs but
suppressed by the � factor so that the radion could appear
in the ZZ� ! 4l channel [15].
For �r ¼ 1 TeV, there is an allowed region for mr >

150 GeV constrained by the WW and ZZ channels to be
near � ¼ �funnel. As was already explained, in the funnel
region the couplings of the radion to fermions and massive
gauge bosons are suppressed. One could expect that be-
cause the radion becomes fermiophobic (and gaugephobic)
its production cross section by gluon fusion will also get
suppressed. However, the gluon fusion mechanism will
still be effective due to contribution from the trace anom-
aly. This is shown in Fig. 4, where the radion branching
ratios as a function of its mass is given formh ¼ 125 GeV,
�r ¼ 1 TeV and two cases for �, � ¼ �funnel (left-hand
figure) and � ¼ 1=6 (right-hand figure). In the � ¼ �funnel

case the radion could be only seen in the �� channel. The
radion couplings are very sensitive to small variations in �.
For the region where the conformal value � ¼ 1=6 is
allowed by the LHC data, which happens for large values
of the radion mass, one can have a significant hh branching

2000 4000 6000 8000 10000

0

1

2

Bulk RS mr 180 GeV
mh 120 GeV

Theoretically Excluded

Theoretically Excluded

funnel

2000 4000 6000 8000 10000

0.0

0.5

Bulk RS mr 134 GeV
mh 120 GeV

Theoretically Excluded

Theoretically Excluded

h

r

funnel

FIG. 2. Bounds on �r and � coming from CMS combined for two representative values of mh ¼ 120 GeV and mr ¼ 134, 180 GeV,
corresponding to a loosely constrained and tightly constrained situation, respectively. The white regions are excluded whereas the
colored regions are allowed. The dotted lines correspond to the minimum and maximum values of � theoretically allowed for a given
value of �r, mh, and mr. The region above (under) the maximum (minimum) values of � is theoretically excluded. The white regions
inside the theoretically allowed � range are experimentally excluded. The light gray region is the one allowed by data for the Higgs and
the dark gray for the radion. The intersections of these two regions are the darker ones. The solid line are the values for �funnel.

200 300 400 500 600

1000

2000

3000

4000

5000

6000

7000
Bulk RS 0

mh 120 GeV

r ZZ 4l

r ZZ 2l2

r WW

r

FIG. 1. Bounds on �r and mr coming from CMS data for a
pure radion (� ¼ 0) and a light Higgsmh ¼ 120 GeV. The white
regions are excluded whereas the colored regions are allowed.
The light gray region is the one allowed by data from WW
channel and the dark gray from ZZ channel. The region above
the solid line is allowed by data from �� channel.
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ratio. One can also see that the discovery process for a
radion for � ¼ 1=6 could be its decay to Higgs pairs.
Realistic studies of this possibility were already performed
by ATLAS [15] and CMS [16]. The most promising signal
was found to be the practically background free gg !
hh ! �� �bb, where a radion mass reconstruction could
be possible.
We also verified that if � ¼ �funnel, there could be an

impact of the radion scenario in the low-mass Higgs
searches from the �� channel, where there is an enhance-
ment of at most 50% due to the mixing with the radion.
This is consistent with the recent results on the Higgs
searches using almost 5 fb�1 of data collected on 2011.
Both ATLAS and CMS [22] are observing an excess on the
H ! �� channel, respectively, for mh near 126 and
124 GeV with a local significance of 3:6� and 3:4�.
Their best fit for the H to �� cross section lay within the
1� interval of 1–2.5 times the SM Higgs cross section
that is consistent with our result of 1:5�SM but also with

130 140 150 160 170 180 190 200

0.0

0.1

0.2

0.3 Bulk RS 1TeV

mh 125 GeV

r

r WWfunnel

0

Theoretically Excluded

Theoretically Excluded

200 300 400 500 600

0.0

0.5

Bulk RS 1TeV
mh 125 GeV

r ZZ

Theoretically Excluded

Theoretically Excluded

1 6

funnel

FIG. 3. Bounds on � and mr coming from CMS data for mh ¼ 125 GeV for �r ¼ 1 TeV. The dotted lines correspond to the
minimum and maximum values of � theoretically allowed for a given value of �r, mh and mr. The region above (under) the maximum
(minimum) values of � is theoretically excluded. The dark gray regions are allowed by data from �� and WW=ZZ channel, both for
the radion. The intersections of these two regions are the darker ones. The light gray region is allowed by data from �� for the Higgs.
The solid lines are the values for �funnel, � ¼ 0 and � ¼ 1=6 as indicated by the arrows.

FIG. 4. Radion branching ratios for � ¼ �funnel (left) and � ¼ 1=6 (right). We fixed mr ¼ 125 GeV and �r ¼ 1 TeV.
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0.2

0.4
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S
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V
r

FIG. 5 (color online). Suppression of the Higgs production
cross section in gluon-gluon fusion in the VV channel as a
function of the mixing parameter � for mr ¼ 600 GeV, mh ¼
300 GeV, and �r ¼ 10 TeV.
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the SM Higgs hypothesis. Hopefully this scenario can be
probed in the future.

Finally, we study the interesting possibility to hide the
Higgs boson in the context of the radion model. Again, the
Higgs-radion mixing is a crucial ingredient. The relevant
factor in this case is the quantity we will denote by SrVV ,
indicating the suppression of the Higgs signal in the radion
model with respect to the SM model in the gluon fusion
production mechanism considering the VV decay channel

SrVV ¼ �rðH ! ggÞ�rðH ! VVÞ=�rðHÞ
�SMðH ! ggÞ�SMðH ! VVÞ=�SMðHÞ : (22)

This suppression is shown in Fig. 5, where one can see a
significant reduction in the cross section for these values of
the mixing parameter near the theoretical limits.

In Fig. 6 we show some of the exclusion regions in the
ð�;�rÞ plane for two extreme scenarios where theWW and
ZZ constraints are strong (mr ¼ 350 and mh ¼ 180 GeV)
and weak (mr ¼ 280 and mh ¼ 134 GeV). We apply the
WW channel constraints up to 200 GeVand the ZZ channel
from 200–600 GeV. The allowed region in the parameter
space is somewhat enlarged for the less constrained situ-
ation but it remains challenging to have both a Higgs and a
radion in the region where the SMHiggs has been excluded
by the LHC.

V. CONCLUSION

In this paper we have studied the bounds on the parame-
ters of the radion in a model of warped extra dimensions
obtained from CMS data on the Higgs boson searches

presented at the end of 2011, both in the vector boson
and photon channels.
We paid particular attention to the radion-Higgs mixing

and showed that even for values of �r as low as 1 TeV, the
radion can still have a mass in the region where the
Standard Model Higgs has been excluded, for a narrow
range of values for the mixing parameter �. For a heavy
radion this is only possible for a nonzero �. Hence, a low
�r value with a radion within the LHC reach is only
possible if a mixing between the Higgs boson and the
radion is introduced. The WW and ZZ channels of the
radion constraints the parameter � to a narrow region close
to �funnel. In this case, the radion will be most likely
detected in the gg ! r ! hh channel, when � ¼ 1=6 or
gg ! r ! �� when � ¼ �funnel.
We also commented on the possibility of hiding the

Higgs boson in this type of models, even for very large
values of the radion scale. We find that the Higgs boson can
still have a mass in the region where the Standard Model
Higgs has been excluded for � values close to its lower
theoretical limit. Again the mixing plays an essential role
to evade the LHC constraints.
As the LHC collects more data in the near future, it will

be possible to better scrutinize this class of models.
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