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Abstract

An attempt is made to present the influence of the scalar unparticle on some scattering processes in the
Randall-Sundum model. The contribution of the scalar unparticle on the production of Higgs—radion at
high energy colliders is studied in detail. We evaluate the production cross-sections in the electron—positron
(ete™), photon—photon (yy) and gluon—gluon (gg) collisions, which depend strongly on the collision
energy /s, the scaling dimension dy; of the unparticle operator Oy and the energy scale Ayy. Numerical
evaluation shows that the cross-sections for the pair production of scalar particles are much larger than that
of the associated production of the scalar particle with unparticle under the same conditions.
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1. Introduction

The Standard model (SM) is the successful model in describing the elementary particle
physics. Recently, the 125 GeV Higgs is discovered by the ATLAS and CMS collaborations
[1,2], which has completed the particle spectrum of the SM. Although the SM has been consid-
ered to be successful model, the model suffers from many theoretical drawbacks. In 1999, Lisa
Randall and Raman Sundrum suggested the Randall-Sundrum (RS) model to extend the SM and
solve the hierarchy problem naturally [3,4]. The RS setup involves two three-branes bounding

E-mail address: soadangvan @ gmail.com (D. Van Soa).

https://doi.org/10.1016/j.nuclphysb.2018.09.003
0550-3213/Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP?.


http://www.sciencedirect.com
https://doi.org/10.1016/j.nuclphysb.2018.09.003
http://www.elsevier.com/locate/nuclphysb
http://creativecommons.org/licenses/by/4.0/
mailto:soadangvan@gmail.com
https://doi.org/10.1016/j.nuclphysb.2018.09.003
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nuclphysb.2018.09.003&domain=pdf

2 D. Van Soa, B.T.H. Giang / Nuclear Physics B 936 (2018) 1-18

a slice of 5D compact anti-de Sitter space. Gravity is localized at the UV brane, while the SM
fields are supposed to be localized at the IR brane. The separation between the two 3-branes
leads directly to the existence of an additional scalar called the radion (¢), corresponding to the
quantum fluctuations of the distance between the two 3-branes [5—7].

In the Lagrangian of the Standard model, the scale invariance is broken at or above the elec-
troweak scale [8,9]. The scale invariant sector has been considered as an effective theory at TeV
scale and that if it exists, it is made of unparticle suggested by Geogri [10,11]. Based on the
Banks—Zaks theory [12], unparticle stuff with nontrivial scaling dimension is considered to exist
in our world. The invariant Banks—Zaks field can be connected to the SM particles [13]. Recently,
the possibility of the unparticle has been studied with CMS detector at the LHC [14,15].

The effects of unparticle on properties of high energy colliders have been intensively studied
in Refs. [16-26]. However, the influence of scalar unparticle on the production of particles at the
high energy colliders have not yet been concerned in the RS model. In this work, the contribution
of the scalar unparticle on the production of Higgs—radion at the ete™, yy and gg colliders
are studied in detail. The layout of this paper is as follows. In Section 2, we give a review of
the RS model and the mixing of Higgs—radion. The contribution of the scalar unparticle on the
production of Higgs—radion at high energy colliders are calculated in Section 3. Finally, we
summarize our results and make conclusions in Section 4.

2. A review of Randall-Sundrum model and the mixing of Higgs-radion

The RS model is based on a 5D spacetime with non-factorizable geometry. The single extra
dimension is compactified on an S'/Z, orbifold of which two fixed points accommodate two
three-branes (4D hyper-surfaces), the UV brane and the IR brane. The four dimensional effective
action is obtained by integrating out the extra dimension. The classical action describing the
above set-up is given by [3]

S = Sgravity + Sir + Suv, (D
Seravity = / d’x/=G (—A + 2M3R> , (2a)
SIr =/d4xv—glR(E1R - Vir), (2b)
Syy = [d4xv_gUV(£UV - Vuv), (20)

where M is the five dimensional Planck scale, G = det Gy, A is a bulk cosmological constant,
R is the 5D Ricci scalar. In the RS model, the values of the bare parameters are determined by the
Planck scale and the applicable value for size of the extra dimension is assessed by kr.mw >~ 35
(r¢ — the compactification radius and k — the bulk curvature). Thus the weak and the gravity scales
can be naturally generated. Consequently, the hierarchy problem is addressed. The gravity-scalar
mixing is described by the following action [5]

S :$/d4xvgvi‘vR(gvis)I:1+I:Ia 3

where £ is the mixing parameter, R(gy;s) is the Ricci scalar for the metric gffl‘; = Qi(x)(n‘“‘ +
eh™) induced on the visible brane, 2, (x) = e %<7 (1 + %‘;) is the warp factor, ¢y is the canoni-

cally normalized massless radion field, H is the Higgs field in the 5D context before rescaling to
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