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Abstract

An attempt is made to present some experimental predictions of
Higgs - radion mixing in the Randall - Sundum model. We investigate
the production of Higgs via the high energy γe− colliders. The result
shows that the signals of Higgs from the dominated state - 125 GeV
might be observed via γe− collisions at CLIC. The production cross-
sections are much bigger than that of radion in the same conditions.
Due to scalar mixing, cross sections depend strongly on radion mass
and they are much enhanced at the fixed radion mass, mφ ' 110 GeV.
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1 Introduction

The discovery of a Higgs boson with a mass of around 125 GeV at
LHC [1, 2] has completed the particle spectrum of the Standard model (SM).
In spite of this success, the gauge hierarchy problem is one of the theoretical
faults of the model and there are many attempts to extend the SM in solving
this problem. Randall - Sundrum (RS) model is one of the most attractive
candidates to solve the gauge hierarchy problem naturally [3]. The RS model
involves two three - branes bounding a slice of 5D compact anti-de Sitter.
Gravity is localized in the visible brane, while the SM fields are supposed to
be localized in the hidden brane. The fluctuations of the size of the extra di-
mension characterized by the scalar component of the metric otherwise known
as the radion and its Kaluza-Klein (KK) tower. Consistency with general
covariance demands the addition of terms giving rise to mixing between the
radion and the SM Higgs [4, 5].
Much research has been done on understanding possible mechanisms for ra-
dius stabilization and the phenomenology of the radion field and Higgs [6–14].
Radion phenomenology and mixing with an IR-brane localized Higgs has been
studied extensively in Refs. [15–17]. Various assumptions about the masses
and mixings of the scalar states have given in details in Refs. [18, 19]. Re-
cently, Higgs-radion mixing in stabilized brane world models have presented
in Ref. [20]. Authors have studied to a prior possible scenario: The scalar
state discovered at 125 GeV is either a Higgs-dominated state or a radion-
dominated state. The result shows the interpretation of 125 GeV scalar as a
Higgs-dominated state is the preferred one, although the radion component is
in this state can be rather large. Comparison of associated Higgs boson-radion
and Higgs boson pair production processes has analyzed in Ref. [21]. In our
previous works [22], we have calculated in detail the production cross-sections
of radion in the γe− collisions with polarization of electron beams. In this
paper, we will consider the production of Higgs from the dominated state -
125 GeV via γe− colliders in the same conditions.
This paper is organized as follows. In section II, we introduce the review of the
RS model and scalar mixing. Section III is devoted to the production cross-
sections of Higgs from the dominated state - 125 GeV at high γe− colliders.
Finally, we summarize our results and make conclusions in section IV.

2 A review of the RS model and scalar mixing

The RS model is based on a 5D spacetime with non – factorizable ge-
ometry [3]. The single extradimension is compactified on an S1/Z2 orbifold of
which two fixed points accommodate two three-branes (4D hyper-surfaces), the
Planck brane and TeV brane. The ordinary 4D Poincare invariance is shown
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to be maintained by the following classical solution to the Einstein equation

ds2 = e−2σ(y)ηµνdx
µdxν − b20dy2, σ(y) = m0b0|y|, (1)

where xµ (µ = 0, 1, 2, 3)denote the coordinates on the 4D hyper – surfaces
of constant y with metric ηµν = diag (−1, 1, 1, 1). The m0 and b0 are the
fundamental mass parameter and compactification radius, respectively. The
4D effective Lagrangian is then [7, 8]

L = − φ0

Λφ

T µµ −
1

Λ̂W

T µν(x)
∞∑
n=1

h(n)µν (x), (2)

where Λφ ≡
√

6MPΩ0 is the VEV of the radion field, and Λ̂W ≡
√

2MPΩ0

(MP ≡ 1/
√

8πGN) . The T µν is the energy – momentum tensor of the TeV
brane localized SM fields. The T µµ is the trace of the energy – momentum
tensor, which is given at the tree level as

T µµ =
∑
f

mfff − 2m2
WW+

µW−µ −m2
ZZµZ

µ + (2m2
h0
h20 − ∂µh0∂µh0) + .... (3)

The gravity – scalar mixing arises at the TeV-brane by [4, 11]

Sξ = −ξ
∫
d4x
√
−gvisR(gvis)Ĥ

+Ĥ, (4)

where R(gvis) is the Ricci scalar for the induced metric on the visible brane or
TeV brane, gµνvis = Ω2

b(x) (ηµν + εhµν). Ĥ is the Higgs field before re-scaling,
i.e. H0 = Ω0Ĥ. The parameter ξ denotes the size of the mixing term. With
ξ 6= 0, there is neither a pure Higgs boson nor pure radion mass eigenstate.
This ξ term mixes the h0 and φ0 fields into the mass eigenstates h and φ as
given by(

h0
φ0

)
=

(
1 −6ξγ/Z
0 1/Z

)(
cos θ sin θ
− sin θ cos θ

)(
h
φ

)
=

(
d c
b a

)(
h
φ

)
,

(5)
where

γ ≡ υ0/Λφ, Z
2 ≡ 1− 6ξγ2(1 + 6ξ) = β − 36ξ2γ2, β = 1− 6ξγ2, (6)

a =
cosθ

Z
, b = −sinθ

Z
, c = sin θ − 6ξγ

Z
cosθ, d = cosθ +

6ξγ

Z
sin θ. (7)

The mixing angle θ is defined by

tan 2θ = 12γξZ
m2
h0

m2
h0

(Z2 − 36ξ2γ2)−m2
φ0

. (8)
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The new physical fields h and φ in (5) are Higgs-dominated state and
radion, respectively [13]

m2
h,φ =

1

2Z2

[
m2
φ0

+ βm2
h0
±
√

(m2
φ0

+ βm2
h0

)2 − 4Z2m2
φ0
m2
h0

]
. (9)

For the massless gauge bosons such as photon and gluon, there are no large
couplings to Higgs (or radion) because there are no brane-localized mass terms.
However, these couplings may come from the loop effects of the gauge bosons.
We lay out the necessary Higgs - Photon coupling [17],

Lγγh =
1

2
cγhFµνF

µν , (10)

with
cγ = − α

2πυ0
× [gfV

∑
i

e2iN
i
cFi(τi)− (b2 + bY )gr] (11)

where b2 = 19/6, bY = −41/6 are the SU(2)L ⊗ U(1)Y β-function coefficients
in the SM, and gfV = d+ γb, gr = γb, τi = 4m2

i /m
2
h. The form factors F1/2(τ)

and F1(τ) are given by

F1/2(τ) = −2τ [1 + (1− τ)f(τ)], (12)

F1(τ) = 2 + 3τ + 3τ(2− τ)f(τ), (13)

with f(τ) is given by [5]. The important property of F1/2(τ) is that, for τ > 1,
it very quickly saturates to −4/3, and to 0 for τ < 1. F1(τ) saturates quickly
to 7 for τ > 1, and to 0 for τ < 1.

3 Production cross-sections of Higgs from dom-

inated state - 125 GeV at γe− colliders

High energy γe− colliders have been essential instruments to search for the
fundamental constituents of matter and their interactions. The source of high
energy photon provided in experiments is by using the laser backscattering
technique [11,24]. In our earlier work [22], authors have considered the radion
production in γe− collision. This section is devoted to the production of Higgs
via γe− colliders in the same conditions. As shown in [19] the mass of the
Higgs from the dominated state in the RS model can be closed to 125 GeV.
Therefore we consider the process in which the initial state contains an elec-
tron and a photon and the final state contains a pair of electron and Higgs -
dominated state - 125 GeV,

e−(p1, λ
′) + γ(p2, λ)→ e−(k1, τ) + h(k2). (14)
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Here pi, ki(i = 1, 2) stand for the momentum and λ,λ′, τ are the helicity of
the particle, respectively. Feynman diagrams for the reaction (14) are consid-
ered in details in Appendix A. The amplitude for this process can be written as

Mi = εµ(p2)u(k1)A
µ
i u(p1), i = s, u, t, (15)

where εµ(p2) are the polarization vector of the γ photon. In the high energy
limit s >> m2

e, assuming a vanishing mass of electron, the Aµi for the three
diagrams are given by

Aµs = −iegeeh
q2s

q̂sγ
µ, (16)

Aµu = −iegeeh
q2u

γµq̂u, (17)

Aµt =
ecγ
q2t

[(p2qt)γ
µ − p̂2qµt ]. (18)

Here, qs = p1 + p2 = k1 + k2, qu = p1 − k1 = k2 − p2, qt = p1 − k2 = k1 − p2,
and s = (p1 + p2)

2 is the square of the collision energy. We work in the center
-of - mass and denote the scatering angle by ψ. With model parameters are
chosen as [11,22] we give some estimates of the cross-section as follows:
i) The total cross - section depends on typical polarization coefficients is shown
in Fig.1. Here, P1, P2 are the polarization coefficients of the initial and final
e− beams,respectively. The total cross - section achieves the maximum value
(σmax) in case of P1 = P2 = −1 or P1 = P2 = 1 and the minimum value in
case of P1 = −1, P2 = 1 or P1 = 1, P2 = −1.
ii) In Fig.2, we plot the differential cross-section as a function of the cosψ. The
collision energy is choosen as

√
s = 3 TeV and typical polarization coefficients

are choosen as P1 = P2 = 0, 0.5, 1.0, respectively. It is shown that dσ/dcosψ is
peaked in the forward direction, but it is flat in the backward direction, which
is advantageous to collect Higgs from experiment.
iii) In Fig.3, we plot the total cross-section as a function of the collision energy√
s in the cases P1, P2 same to Fig.2. The figure shows that the total cross-

sections are much bigger than that of radion in the same conditions [22]. With
the high integrated luminosity L = 9× 104 fb−1 [23], the polarized coefficients
are chosen as P1 = P2 = 1, the number of events with some different values
of the collision energy is given in Table 1. From these results, we can see that
with the high integrated luminosity and at the high degree of polarization, the
production cross-sections of the Higgs from the dominated state - 125 GeV in
γe− collision may give observable values at CLIC.
iv) We plot the total cross-section as a function of Λφ in the case P1 = P2 = 1
in Fig.4. The collision energy is choosen as in Fig.2. The figure gives that
the total cross-section increases fastly as 1 Tev < Λφ < 3 TeV and slowly as
Λφ > 3 TeV.
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v) We plot the total cross-section as a function of the radion mass mφ in the
case P1 = P2 = 1 in Fig.5. The range of the radion mass is choosen as 10 GeV
≤ mφ ≤ 125 GeV, which is large enough to avoid radion - mediated flavor
chaning neutral curents. The figure gives that the total cross - section has a
maximum value at mφ ' 110 GeV, the cross-section is given by σ ' 4.62 pb,
which is easily measurable in the future colliders. In final state Higgs in the
RS model can decay into the SM particles, for more details readers can see in
Ref. [25].

4 Conclusion

In this paper, we have evaluated the production of Higgs associated with
a lepton e in the RS model via the high energy γe− colliders. The result shows
that with the high integrated luminosity and the high polarization of electron
beams, the signals of Higgs from the dominated state - 125 GeV might be de-
tected in future CLIC experiments. Production cross-sections are much bigger
than that of radion in the same conditions [22]. Due to scalar mixing, cross
sections depend strongly on radion mass and they are much enhanced at the
fixed radion mass, mφ ' 110 GeV. We agree with Ref. [19], which shows that
the interpretation of 125 GeV scalar state as Higgs-dominated state. It is very
important for probing Higgs-radion mixing at high energy colliders.

Finally, it is worth noting that Higgs signals from the dominated state
- 125 GeV in the RS model can be compared with the LFV signals of SM
Higgs boson via γe− colliders in the future ILC experiments [26], in which the
detection of Higgs would provide a clear evidence of new physics beyond the
SM. Some typical values for the production cross - section of Higgs from the
dominated state - 125 GeV in RS model at ILC, readers can see in more details
in Appendix B.

Acknowledgements: The work is supported in part by the National
Foundation for Science and Technology Development (NAFOSTED) of Viet-
nam under Grant No. 103.01-2016.44.
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Figure 1: The total cross-section as a function of the polarization coefficients
P1, P2.

Figure 2: The differential cross-section as a function of cosψ. The masses are
taken to be mh = 125 GeV, mφ = 10 GeV.

Figure 3: The total cross-section as a function of the collision energy
√
s. The

polarization coefficients are chosen as P1 = P2 = 0, 0.5, 1, respectively.
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Figure 4: The total cross-section as a function of Λφ in case of P1 = P2 = 1.
The collision energy is taken to be

√
s = 3 TeV and masses mh = 125 GeV,

mφ = 10 GeV.

Figure 5: The total cross-section as a function of the radion mass in case of
P1 = P2 = 1.

Table 1: The number of events with some different values of the collision energy√
s.
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Appendix A: Feynman diagrams for γe− → he−

Figure 6: Feynman diagrams contributing to the reaction (14). The figures
(a), (b) and (c) representing the s, u, and t - channel exchange, respectively.

Appendix B: Some typical values for the production
cross-section of Higgs from the dominated state - 125

GeV in Randall-Sundrum model at ILC

Table 2: The production cross-sections of Higgs from the dominated state -
125 GeV at the ILC with some different values of the collision energy

√
s and

VEV of the radion field Λφ. The masses are chosen as mh = 125 GeV, mφ = 10
GeV and the polarization coefficients are taken to be P1 = P2 = 1.
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