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We explore a Higgs-radion interpretation of the LHC Higgs-like excesses seen by ATLAS and CMS in
the current data set.
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Introduction

The two simplest ways of reconciling the weak energy scale O(1 TeV) and the much higher GUT or reduced
Planck mass scale mP l ∼ O(1018 GeV) in a consistent theory are (i) to employ supersymmetry or (ii) to
introduce one or more warped extra dimensions. In this contribution, I summarize the results of [1] in which
we pursue the 5D version of the latter introduced by Randall and Sundrum (RS) [2], but modified in that all
fields other than the Higgs reside in the bulk. Having the gauge and fermion fields in the bulk is needed to
adequately suppress flavor changing neutral current (FCNC) operators and to keep corrections to precision
electroweak (PEW) observables small [3, 4, 5, 6, 7, 8, 9, 10]. .
By placing the Higgs field on the TeV brane its vev can naturally be order a TeV vs mP l as a result of the
RS metric “warp factor” Ω0 ≡ e−m0 b0 /2 : v0 = Ω0 mP l <
∼ 1 TeV for m0 b0 /2 ∼ 35. (Our notation will basically
follow that of [11]. ) This is a great improvement compared to the original problem of accommodating both
the weak and the Planck scale within a single theory.
The quantum excitations of the gravitational metric are the Kaluza-Klein (KK) modes hnµν (x) (with
mass mn ) and the quantum excitation associated with the distance between the two branes is the radion
field φ0 (x). The vacuum
√ expectation value of the radion field is denoted by Λφ which is related to the
Planck mass by Λφ = 6Ω0 mP l . To solve the hierarchy problem, Λφ should be no larger than 10 TeV, with
Λφ ∼ 1 − 3 TeV preferred. In addition to the radion, the model contains a conventional Higgs boson, h0 .
The ratio m0 /mP l is a particularly crucial parameter that characterizes the 5-dimensional curvature. As
discussed shortly, large curvature values m0 /mP l >
∼ 0.5 are favored for fitting the LHC Higgs excesses and by
bounds on FCNC and PEW constraints. In early discussions of the RS model it was argued that R5 /M52 < 1
(M5 being the 5D Planck scale and R5 = 20m20 the size of the 5D curvature) is needed to suppress higher
curvature terms in the 5D action, which leads to m0 /mP l <
∼ 0.15 being preferred. However [10] argues that
R5 /Λ2 (with Λ being the energy scale at which
the
5D
gravity
theory becomes strongly coupled, estimated
√
3πM
)
is
the
appropriate
measure, implying that values as large
by naive dimensional
analysis
to
be
Λ
∼
2
5
q
√
as m0 /mP l < 3π 3 /(5 5) ∼ 3 are acceptable.
Let us comment on how it is that propagation of the gauge and matter fields in the bulk can ameliorate
the FCNC and PEW problems. In this case, the SM particles are the zero-modes of the 5D fields and
the profile of a SM fermion in the extra dimension can be adjusted using a mass parameter. If 1st and
2nd generation fermion profiles peak near the Planck brane then FCNC operators and PEW corrections
will be suppressed by scales  TeV. Even with this arrangement it is estimated that the masses of the
first KK excitations g 1 , W 1 and Z 1 must be larger than about 3 TeV (see the summary in [10]). Another
more direct bound on the g 1 mass comes from collider experiments. First, there is a universal component
1
−1
to the
q light quark coupling qqg that is roughly equal to the SM coupling g times a factor of ζ , where
ζ∼

1
2 m0 b0

∼ 5 − 6. The suppression is due to the fact that the light quarks are localized near the Planck

brane whereas the KK gluon is localized near the TeV brane. Even with such suppression, the LHC g 1
production rate due to uū and dd¯ collisions is large. Further, the tR t̄R g 1 coupling is large since the tR profile
peaks near the TeV brane – the prediction of [12] is gtR t̄R g1 ∼ ζg. As a result, the dominant decay of the
1

g 1 is to tt̄. ATLAS and CMS search for tt̄ resonances at high mass. Using gqq̄g1 ∼ g/5, q = u, d, one finds
a lower bound of mg1 >
∼ 1.5 TeV [13] using an update of the analysis of [12]. ([14] gives a weaker bound of
mg1 > 0.84 TeV.) .
In terms of Λφ , we have the following relations:
√


Λφ
m0
6 mg
mg
1
= g 1 ' 1 , and
m0 b0 = − log √
(1)
mP l
x1 Λ φ
Λφ
2
6mP l
where xg1 = 2.45 is the 1st zero of an appropriate Bessel function. If the model really solves the hierarchy
problem then Λφ cannot be much larger than 1 TeV and certainly Λφ ≤ 10 TeV. If we adopt the CMS
limit of mg1 > 1.5 TeV then Eq. (1) implies a lower limit on the 5-dimensional curvature of m0 /mP l >
∼ 0.15.
Thus, a significant lower bound on mg1 implies that only relatively large values for m0 /mP l are allowed. As
discussed above, m0 /mP l values up to ∼ 2 − 3 are probably consistent with curvature corrections to the RS
scenario being small. Still, tension between the lower bound on mg1 and keeping acceptably small m0 /mP l
could increase to an unacceptable point as the LHC data set increases. We will discuss the phenomenology
that applies if the value of Λφ for any given (m0 /mP l ) is tied to the lower bound of mg1 = 1.5 TeV using
Eq. (1). Alterations to the phenomenology using mg1 = 3 TeV, as perhaps preferred by PEW constraints,
will also be illustrated.
However, as described in [1], there are alternative approaches in which the tie between mg1 and Λφ of
Eq. (1) is not present or is very uncertain. In this case, it becomes appropriate to discuss the phenomenology
that arises for fixed Λφ as m0 /mP l is varied. This will be discussed for Λφ = 1 TeV and 1.5 TeV.
Since the radion and Higgs fields have the same quantum numbers, it is generically possible to introduce
mixing between them. The mixing action [15] has magnitude dictated by a coefficient parameter ξ. The
physical mass eigenstates, h and φ, are obtained by diagonalizing and canonically normalizing the kinetic
(and mass) terms in the Higgs-radion Lagrangian. The diagonalization procedures and results for the h and
φ using our notation can be found in [11] (see also [15, 16]). The resulting Feynman rules for the h and φ
were obtained in, for example, [11] (see also [15, 16]) in the case where SM fields do not propagate in the
bulk. However, as noted earlier, preventing large FCNC and PEW corrections requires that the gauge and
fermion fields propagate in the bulk. The full Feynman rules after mixing for the h and φ interactions with
gauge bosons and fermions located in the bulk were derived in [17]. These Feynman rules are summarized
in our notation in [1]. There are important modifications to the anomaly induced γγ and gg couplings as
well as to the W W and ZZ couplings
For the fermions, we assume profiles such that there are no corrections to the h0 and φ0 couplings due
to propagation in the bulk. This is a very good approximation for the top quark quark which must be
localized near the TeV brane. Also for the bottom quark the approximation is better than 20%, see [17].
Even though the approximation is not necessarily good for light quarks, it is only the heavy quarks that
impact the phenomenology of the Higgs-radion system.
In fact, the LHC Higgs-like excesses provide substantial motivation for considering a Higgs-radion RS
model. The reasons are as follows. First, the most prominent excesses are in the vicinity of 125 GeV. This
is an ”awkward” mass for both a SM Higgs boson, in that for this mass the SM cannot be valid all the way
up to mP l , and for supersymmetric models, in that fine-tuning is substantial for the large squark masses
needed to achieve such a high mass, especially in the minimal supersymmetric model (MSSM). Further, the
LHC excesses at 125 GeV in the γγ (and perhaps also the ZZ → 4` channel) appear to be larger than
predicted for a SM Higgs boson. If confirmed, this, of course, rules out the SM and is also rather awkward
for supersymmetric models with universal or sem-universal GUT scale boundary conditions. In contrast,
excesses larger than SM expectations are natural in the context of the Higgs-radion RS model. This is
because of the anomalous couplings of the radion to two gluons and to two photons that can, in particular,
combine to give values larger than one for the ratios
Rh (X) ≡

Γh (gg)BR(h → X)
,
ΓhSM (gg)BR(hSM → X)

and/or Rφ (X) ≡

Γφ (gg)BR(φ → X)
,
ΓhSM (gg)BR(hSM → X)

(2)

where numerator and denominator are computed for the same mass, for X = γγ and X = 4` for the h
and φ mass eigenstates. (We note that the production of the h and φ are dominated by gg → h, φ at the
LHC.) Finally, the CMS data shows Higgs-like excesses not only at 125 GeV, but also at other masses, most
notably at ∼ 120 GeV in the 4` channel and at 137 GeV in the γγ channel. Obviously, this requires more
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than one Higgs-like state. If confirmed, this would rule out the SM. And, supersymmetric model parameter
choices with R(X) values larger than one at two masses have not yet been found. In the Higgs-radion RS
model, it is quite easy to obtain R(X) > 1 at two masses and even more Higgs-like excesses can in principle
be accommodated by expanding the Higgs sector of the model.
We have concentrated on the situations where either just the ∼ 125 GeV excesses survive (with R(γγ) > 1)
or, in addition, there is a 4` excess at ∼ 120 GeV or a γγ excess at 137 GeV. It is particularly easy to
obtain an approximate fit to the γγ excess at 125 GeV alone or to the γγ excesses at both 125 GeV and
137 GeV since it is most typically the case that R(γγ) > R(4`) at both the physical Higgs and the physical
radion masses. However, there is a choice of parameters in the model where Λφ and m0 /mP l can be set
independently of mg1 for which at 120 GeV there is an excess in 4` but no excess in γγ while at the same
time there are both γγ and 4` excesses at 125 GeV.
Finally, we note that in the most general model it is necessary to consider KK excitations in the loops
responsible for the gg and γγ couplings of the unmixed h0 . However, these contributions are only large if the
”Y2 ” and ”Y1 ” 5D quark Yukawa couplings are comparable. If |Y2 |  |Y1 |, a limit in which FCNC problems
are minimal, these KK excitation corrections are quite small. (For more details, see [1].) Our results assume
that this limit applies.

2

LHC Excesses

Our focus will be on the excesses seen in the γγ and 4` final states that have excellent mass resolution. As
already noted, in the context of the Higgs-radion model with just a single h0 at most signals at two different
masses can be described. We will consider three cases, labelled as ATLAS, CMSA and CMSB. We quantify
the excesses in terms of the best fit value for R(X) ≡ σ(X)/σSM (X) for a given final state X. Errors quoted
for the excesses are those for ±1σ. The mass locations and excesses in the γγ and 4` channels in these three
cases are taken from Figs. 8a and 8b of [18] in the ATLAS case and from the appropriate windows of Fig. 14
of [19] in the case of CMSA and CMSB.

Table 1: Three scenarios for LHC excesses in the γγ and 4` final states.

ATLAS
CMSA
CMSB

125 GeV (ATLAS) or 124 GeV (CMS)
R(γγ) ∼ 2.0+0.8
−0.8
R(4`) ∼ 1.5+1.5
−1.0
R(γγ) ∼ 1.7+0.8
−0.7
R(4`) ∼ 0.5+1.1
−0.7
R(γγ) ∼ 1.7+0.8
−0.7
R(4`) ∼ 0.5+1.1
−0.7

120 GeV
no excesses

137 GeV
no excesses

R(4l) ∼ 2.0+1.5
−1.0
R(γγ) < 0.5
no excesses

no excesses
R(γγ) ∼ 1.5+0.8
−0.8
R(4`) < 0.2

As discussed above, it is appropriate to consider two different kinds of models: one in which Λφ , m0 /mP l
and mg1 are tied together as given in Eq. (1) and there is strong lower bound on the masses of the first
excitations of the gauge bosons; and one in which there is no such tie and it is appropriate to consider
phenomenology for a given fixed Λφ with varying m0 /mP l . We consider these two alternatives in turn.

2.1

Lower bound on mg1

In this section, we consider a model along the lines of [12] in which FCNC and PEW constraints are satisfied
by virtue of the fermionic profiles being peaked fairly close to the Planck brane leading to fairly definitive
couplings of the fermions to the excited gauge bosons. As described earlier, a lower bound of mg1 ∼ 1.5 TeV
can be obtained from LHC data while FCNC and PEW constraints suggest a still higher bound of ∼ 3 TeV.
We will show some results for both choices as we step through various possible mass locations for the Higgs
and radion that are motivated by the LHC excesses in the γγ and/or 4` channels. In what follows, each
plot will be labelled by the value of m0 /mP l chosen and the corresponding mP l Ω0 value as calculated for
the fixed mg1 using Eq. (1).
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Figure 1: For mh = 125 GeV and mφ = 120 GeV, we plot Rh (X) and Rφ (X) for X = γγ and X = ZZ
(equivalent to X = 4`) as a function of ξ, assuming mg1 = 1.5 TeV.
2.1.1

Signal at only 125 GeV

In Fig. 1 we illustrate some possibilities for mh = 125 GeV and mφ = 120 GeV taking mg1 = 1.5 TeV. First,
we note that to get an enhanced γγ rate at 125 GeV, it is necessary to have m0 /mP l >
∼ 0.4 and ξ < 0. In
order to have small Rφ (γγ) and Rφ (4`) at 120 GeV while at the same time Rh (γγ) >
∼ 1.5 at 125 GeV, for
consistency with the ATLAS scenario, then m0 /mP l = 0.4 and ξ ∼ −0.09 are good choices. The somewhat
larger associated value of Rh (4`) is still consistent within errors with the ATLAS observation at 125 GeV.
We note that for the reversed assignments of mh = 120 GeV and mφ = 125 GeV, we cannot find parameter
choices that yield a decent description of the ATLAS 125 GeV excesses with Rh (γγ) and Rh (4`) being
sufficiently suppressed at 120 GeV.
2.1.2

Signals at 125 GeV and 120 GeV

Fig. 1 also exemplifies the fact that with mg1 = 1.5 TeV the Higgs-radion model is unable to describe the
CMSA scenario. In the regions of ξ for which appropriate signals are present at 125 GeV from the h, then
at 120 GeV the 4` and γγ rates are either both suppressed or Rφ (γγ) > Rφ (4`). This phenomenon persists
at higher m0 /mP l values as well as higher mg1 .
2.1.3

Signals at 125 GeV and 137 GeV

Let us next consider the CMSB scenario, i.e. neglecting the 4` excess at 120 GeV in the CMS data. In Fig. 2
we see that the choices m0 /mP l = 0.5 and ξ = 0.12 give Rh (γγ) ∼ 1.3 and Rh (4`) ∼ 1.5 at 125 GeV and
4

Figure 2: For mh = 125 GeV and mφ = 137 GeV, we plot Rh (X) and Rφ (X) for X = γγ and X = ZZ
(equivalent to X = 4`) as a function of ξ, assuming mg1 = 1.5 TeV. Also shown are the similarly defined
ratios for Z + h production with h → bb and Z + φ production with φ → bb.
Rφ (γγ) ∼ 1.3 at 137 GeV, fairly consistent with the CMSB observations. However, Rφ (4`) ∼ 0.5 at 137 GeV
is a bit too large. Also shown in the figure are the rates for Z, W + h with h → bb and Z, W + φ with φ → bb
relative to their SM counterparts. For the above m0 /mP l = 0.5, ξ = 0.12 choices, the Z, W + h(→ bb) rate
at 125 GeV is only slightly below the SM value, whereas the Z, W + φ(→ bb) rate is about 10% of the SM
level predicted at 137 GeV. The former is consistent with the poorly measured bb rate at 124 GeV while
confirmation of the latter would require much more integrated luminosity.
We also note that it is not possible to get enhanced γγ and 4` h signals at 125 GeV without having
visible 137 GeV φ signals, i.e. the ATLAS scenario of no observable excesses other than those at 125 GeV
cannot be realized for mφ = 137 GeV.
For this case, it is also interesting to consider results for mh = 125 GeV and mφ = 137 GeV for the higher
value of mg1 = 3 TeV. One finds that Rh (γγ) and Rh (4`) are both <
∼ 1 (or less) except for m0 /mP l = 0.7
and large ξ for which Rφ (γγ)  1. Thus, a reasonable description of the CMSB scenario requires relatively
small mg1 .
2.1.4

Signals at 125 GeV and high mass

A general question is whether one could explain the ATLAS 125 GeV excesses as being due to the h or φ with
the other being at high mass. If mh = 125 GeV and mφ > 500 GeV, one finds that Rh (γγ) ∼ Rh (4`) ∼ 1
for ξ above some minimum (negative) value, with values substantially below 1 for more negative ξ. In any
case, precision electroweak constraints are violated if |ξ| is not quite modest in size since at large |ξ| the
5

φV V (V = W, Z) couplings become of SM strength or larger. For more discussion see [20].
If the mass assignments are reversed, mφ = 125 GeV and mh > 500 GeV, then at the most positive ξ
values one can achieve Rφ (γγ) ∼ 2 and Rφ (4`) ∼ 1 at 125 GeV for m0 /mP l = 0.4 and 0.5. However, this
scenario is even less consistent with precision electroweak constraints since for all ξ the h alone has hV V
couplings that are at least SM-like. Much larger Λφ would be needed to have a hope of achieving PEW
consistency [20] and for large Λφ ATLAS-like >SM signals at mh = 125 GeV would not be achievable. In
addition, the h → 4` signal at high mass would be at least as large as predicted for a high-mass SM-like
Higgs and therefore quite observable if mh <
∼ 500 GeV, as seemingly inconsistent with ATLAS and CMS
data. If mh ∼ 1 TeV, then the 4` signal would be beyond current LHC reach but PEW inconsistency would
be much worse. Thus, we conclude that for the Higgs-radion model to be of interest, both mh and mφ should
be modest in size.

2.2

Fixed Λφ

In this section, we consider the second type of model discussed in the introduction in which there is no
direct tie between mg1 , Λφ and m0 /mP l . In this case, we feel free to consider the rather low values of Λφ ,
Λφ = 1 TeV and Λφ = 1.5 TeV, for which the Higgs-radion model can yield LHC rates in the γγ and
4` channels that exceed those that are predicted for a SM Higgs. We note that when the gauge bosons
propagate in the bulk, the phenomenology does not depend on Λφ alone — there is strong dependence on
m0 /mP l when m0 /mP l is small. However, for large m0 /mP l >
∼ 0.5 the phenomenology is determined almost
entirely by Λφ , but is still not the same as found in the case where all fields are on the TeV brane. Once
again, we step through a few possible mass locations for the Higgs and radion that are motivated by the
LHC excesses in the γγ and/or 4` channels.
2.2.1

Signal only at 125 GeV

As shown in Fig. 3, the choice of Λφ = 1 TeV with mφ = 125 GeV and mh = 120 GeV gives a reasonable
description of the ATLAS excesses at 125 GeV with no visible signals at 120 GeV in either the γγ or 4`
channels when one chooses m0 /mP l = 1 and ξ = −0.016. In contrast, for Λφ = 1.5 TeV the 125 GeV
predicted excesses are below 1×SM and thus would not provide a good description of the ATLAS data. For
the reversed assignments of mh = 125 GeV and mφ = 120 GeV any choice of parameters that gives a good
description of the 125 GeV signals always yields a highly observable γγ signal at 120 GeV.
2.2.2

Signals at 125 GeV and 120 GeV

The closest that we can come to fitting this CMSA scenario is to take mh = 125 GeV and mφ = 120 GeV.
One finds that if ξ is at its maximum value and m0 /mP l = 1.1 then the γγ and 4` signals at mh = 125 GeV
are low, but still within −1σ of the CMS data while at mφ = 120 GeV one finds Rφ (4`) ∼ 2.5 while
Rφ (γγ) ∼ 0.3, which values are roughly consistent with the CMSA situation. For the reversed assignments
of mh = 120 GeV and mφ = 125 GeV, Fig 3 illustrates the fact that a satisfactory description of the two
CMSA excesses is not possible — for ξ such that appropriate 125 GeV excesses are present, Rh (γγ) and
Rh (4`) at 120 GeV are always small so that the 4` excess at 120 GeV is not explained.
2.2.3

Signals at 125 GeV and 137 GeV

Let us now consider the CMSB scenario. For Λφ = 1 TeV, one finds mh = 125 GeV and mφ = 137 GeV with
the choices m0 /mP l = 0.6 and ξ = −0.05 give Rh (γγ) ∼ 2 and Rh (4`) ∼ 1 at 125 GeV, while Rφ (γγ) ∼ 2
and Rφ (4`) ∼ 0.4 at 137 GeV, an ok description of the CMSB excesses. An equally rough description of this
same situation is also possible for Λφ = 1 TeV with m0 /mP l = 0.8 and ξ = 0.05.
For Λφ = 1.5 TeV a somewhat better simultaneous description of these excesses is possible. Fig. 4 shows
some results for mh = 125 GeV and mφ = 137 GeV. For m0 /mP l = 0.25 and ξ ∼ −0.1 one finds Rh (γγ) ∼ 2
and Rh (4`) ∼ 1.5 at mh = 125 GeV, while Rφ (γγ) ∼ 2 and Rφ (4`)  1 at mφ = 137 GeV, in pretty good
agreement with the CMSB scenario.
If we reverse the configuration to mh = 137 GeV and mφ = 125 GeV, the only parameter choices that
come close to describing the two excess are Λφ = 1 TeV with m0 /mP l = 0.8 and ξ ∼ 0.05 for which one
finds that the mφ = 125 GeV γγ and 4` signals and the mh = 137 GeV γγ signal are all at the level of
6

Figure 3: For mh = 120 GeV and mφ = 125 GeV, we plot Rh (X) and Rφ (X) for X = γγ and X = ZZ
(equivalent to X = 4`) as a function of ξ taking Λφ fixed at 1 TeV.
∼ 1.4×SM. However, the mh = 137 GeV 4` signal is at the level of ∼ 0.6× SM which is 4σ away from
the CMS central value at this mass. For these mass assignments, the higher Λφ = 1.5 TeV value does not
provide any parameter choices that come close to describing the CMS excesses — the mφ = 125 GeV signals
are never both sufficiently large at the same time to fit the observed signals.
2.2.4

Signals at 125 GeV and higher mass

We choose not to show any specific plots for this situation. For Λφ = 1 TeV or 1.5 TeV, it is possible
to choose one of either the h or φ to have a mass of 125 GeV and find m0 /mP l and ξ values that result
in a decent description of the 125 GeV ATLAS excesses. However, these scenarios always are such as to
imply a large inconsistency with PEW constraints and, if the higher mass is chosen below 500 GeV, a highly
observable 4` signal that would be inconsistent with ATLAS and CMS observations in that region of mass.
2.2.5

SM Higgs at 125 GeV and Signal at 137 GeV

It is still quite conceivable that, after accumulating more data, the γγ and 4` excesses at ∼ 125 GeV will
converge to those appropriate for a SM Higgs boson. Such a situation would correspond to taking ξ = 0 in
the Higgs-radion model. In this case, one can ask whether or not there could be a radion at some nearby mass
and what its experimental signature would be. To exemplify, let us suppose that the signal at 137 GeV of the
CMSB scenario survives. In Fig. 5 we plot Rφ (X) for X = γγ and X = 4` as a function of Λφ for a selection
of m0 /mP l values, taking ξ = 0. We also display ratios to the SM for W W fusion production of the φ, with
7

Figure 4: For mh = 125 GeV and mφ = 137 GeV, we plot Rh (X) and Rφ (X) for X = γγ and X = ZZ
(equivalent to X = 4`) as a function of ξ taking Λφ fixed at 1.5 TeV.
φ → γγ, 4` and bb, as well as associated Zφ production with φ → bb. One observes that a nice description
of the R(γγ) ∼ 2 excess at 137 GeV is possible, for example, for m0 /mP l = 0.3 at Λφ ∼ 2.8 TeV with the
4` signal (and all other signals) being very suppressed. As also apparent, other choices of m0 /mP l and Λφ
will also yield Rφ (γγ) ∼ 2 with varying levels of 4` and bb signals. (However, to suppress Rφ (4`) below 0.2
while achieving Rφ (γγ) ∼ 2 requires m0 /mP l ≥ 0.3.) We also note that for ξ = 0 the Z, W + φ(→ bb) is
greatly suppressed relative to its SM counterpart due to the very suppressed ZZφ coupllng.
Plots for the case of a SM Higgs at 125 GeV and mφ = 120 GeV look very similar and, in particular, it
is not possible to find parameters for which the 4` signal substantially exceeds the γγ signal — the reverse
always applies, as one anticipates from the enhanced anomalous γγ coupling of the (unmixed) φ.

3

Summary and Conclusions

The Randall Sundrum model solution to the hierarchy problem yields interesting phenomenology for the
Higgs-radion sector, especially when Higgs-radion mixing is allowed for, and can be made consistent with
FCNC and PEW constraints if fermions and gauge bosons propagate in the 5th dimension. At the moment,
there are interesting hints at the LHC of narrow excesses above SM backgrounds in the γγ and ZZ → 4`
channels, as well as a broad excess in the W W → `ν`ν channel. ATLAS sees excesses in the γγ and 4`
channels at a mass of ∼ 125 GeV of order 2×SM and 1.5×SM respectively. CMS sees a γγ excess of order
1.5× SM at ∼ 124 GeV and constrains the 4` channel at this mass to be less than ∼ 1.5×SM. Additional
excesses at 120 GeV (in the 4` channel) and at 137 GeV (in the γγ channel) are present in the CMS data.
Here, we summarized two models with Higgs-radion mixing within the Randall Sundrum model context.
8

Figure 5: For mφ = 137 GeV, we plot Rφ (X) for X = γγ and X = ZZ (equivalent to X = 4`) as functions
of Λφ taking ξ = 0. We also plot ratios to the SM for Z → Zφ with φ → bb and for W W → φ → X for
X = γγ, ZZ and bb.

In the first model, the light fermion profiles are taken to be peaked near the Planck brane in order to avoid
corrections to FCNC and PEW constraints that are too large. In this case, there is a lower bound on the
mass of the 1st excited gluon state of order mg1 ≥ 1.5 TeV and it is necessary to correlate Λφ (the radion
field vacuum expectation value) with the curvature ratio m0 /mP l and the mg1 lower bound appropriately. In
the second model considered there is no strong tie between the above parameters and it is most appropriate
to consider fixed Λφ values while varying m0 /mP l — we studied the phenomenologically interesting choices
of Λφ = 1 TeV and 1.5 TeV.
Since the single Higgs plus radion model can describe at most two Higgs-like excesses, we considered three
scenarios labelled as: ATLAS, with γγ and 4` excesses at 125 GeV larger than SM and no other significant
excesses; CMSA, with γγ and 4` excesses at 124 GeV (the γγ excess being above SM level) and a 4` excess at
120 GeV; and, CMSB, with a γγ and 4` excesses at 124 GeV along with a γγ excess at 137 GeV larger than
would have been predicted for mhSM = 137 GeV. In both the fixed mg1 and the fixed Λφ model possibilities,
the signal levels of the ATLAS and CMSB scenarios could be nicely described. Only for the 2nd model class
could a (marginally) satisfactory description of the CMSA case be found. In general, successful fitting of
the ATLAS and CMSB excesses required a modest value for the radion vacuum expectation value, typically
Λφ <
∼ 2 TeV, and mostly m0 /mP l >
∼ 0.5, a range that the most recent discussion suggests is still consistent
with higher curvature corrections to the RS scenario being small.
We also considered expectations for the radion signal in the case where the Higgs signal was assumed
to ultimately converge to precisely that for a SM Higgs of mass 125 GeV. This situation would arise if the
there is no Higgs-radion mixing. We found that interesting excesses at the radion mass would be present for
low enough Λφ , namely Λφ <
∼ 3 TeV, but would always be characterized by a γγ signal that substantially
exceeds the 4` signal (as appropriate for the CMS excesses at 137 GeV but in definite contradiction with
the CMS excesses at 120 GeV).
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