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RADION PRODUCTION IN THE HIGH ENERGY ~ve~ COLLIDERS
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Abstract. We analyze the potential of Compact Linear Colliders (CLIC) based on the ye™ colli-
sions to search for the radion in the Randall - Sundrum (RS) model, where compactification radius
of the extra dimension is stabilized by the radion, which is a scalar field lighter than the graviton
Kaluza-Klein states. The production of radion in the high energy ve~ colliders are calculated in
detail. Numerical evaluation shows that if the radion mass is not too heavy then the reaction can
give observable cross section in future colliders.

I. INTRODUCTION

There has been a lot of attention devoted to models of physics above the weak scale
utilizing extradimensions in solving the hierarchy problem. Recently the scenario proposed
by Randall and Sundrum (RS) [1] can solve the hierarchy problem by localizing all the
SM particles on the IR brane. This model predicts a Kaluza-Klein tower of gravitons and
graviscalar, called radion, which stabilize the size of the extra dimension without fine tun-
ing of parameters and is the lowest gravitational excitation in this scenario. The mass of
the light radion is expected to be of order of GeV', which implies that the radion detection
in experiments will be the first important signature of the RS model. Several authors have
discussed the search of radion in inclusive processes at Tevaron and LHC [2, 3]. In our
earlier work[4], we have calculated the production cross-sections of radion in the external
electromagnetic fields. In this paper we will present the production of radion in the high
energy e colliders.

II. A REVIEW OF RS MODEL

The RS model is based on a 5D spacetime with non-factorizable geometry [1]. The
single extradimension is compactified on a S!/Zs orbifold of which two fixed points ac-
commodate two three-branes (4D hyper-surfaces), the Planck brane at y = 0 and TeV
brane at y = 1/2. The ordinary 4D Poincare invariance is shown to be maintained by the
following classical solution to the Einstein equation:

ds® = e_QU(y)nw,dx“dx” — b%dyQ, o(y) = moboly|, (1)
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where z# (u = 0,1, 2, 3) denote the coordinates on the 4D hyper-surfaces of constant y with
metric 7, = diag(l,—1,—1,—1). The my and by are the fundamental mass parameter
and compactification radius, respectively.

Gravitational fluctuations about the RS metric,

N = Guv = N + Eh;w(xa y)7 bo — by + b(l‘), (2)

yield two kinds of new phenomenological ingredients on the TeV brane: the KK graviton

(n)

modes hy,/ (x) and the canonically normalized radion field ¢g(x), respectively defined as

o (,9) Zh ﬁ) dol) = VEMpiO(0), )

where Qp(z) = e‘mo[b”b(g”)VQ. The 5D Planck mass Ms (€2 = 167G5 = 1/M3) is related
to its 4D one (Mp; = 1/4/87GN) by

Mg _ 195

2 N €2m0 ’

(4)

Here Qo = e "0%/2 is known as the warp factor. Because our TeV brane is arranged to
be at y = 1/2, a canonically normalized scalar field has the mass multiplied by the warp
factor, i.e, mpnys = Qomo. Since the moderate value of mgby/2 ~ 35 can generate TeV
scale physical mass, the gauge hierarchy problem is explained.

The 4D effective Lagrangian is then

L=-— ¢0T“ T‘“’ ih) ), (5)
Ay " A

n=1

where Ay = V6Mp€y is the VEV of the radion field, and Aw = V2MpQo. The TH is
the energy-momentum tensor of the TeV brane localized SM fields. The T}, is the trace
of the energy-momentum tensor, which is given at the tree level as [5, 6]

T =" mpff = 2my, W, W — m3 Z, 7" + (2mj h§ — 0,hod"ho) + -+ (6)
f
The gravity-scalar mixing arises at the TeV-brane by [7]

Sf = —f/d4$v _gvisR(gvis)ﬁTf{u (7)

where R(gyis) is the Ricci scalar for the induced metric on the visible brane or TeV brane,
gt = QF(x)(p"™ + eh). H is the Higgs field before re-scaling, i.e., Hy = QoH. The
parameter £ denotes the size of the mixing term.

IIT. RADION COUPLING TO PHOTONS

For the massless gauge bosons such as photon and gluon, there are no large couplings
to the radion because there are no brane-localized mass terms. However, the potentially
large contributions to these couplings may come from the loop effects of the gauge bosons,
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the higgs field and the top quark as well as the localized trace anomalies. We lay out the
necessary radion-photon coupling

1 v
Lyyg = §C¢W¢FWF“ ’ (8)
with
«
Chyy = “irh, {a(bs + by) — ara[Fi(tw) + 4/3F} o(7)]} 9)
where by = 19/6,by = —41/6 are the SU(2); ® U(1)y S-function coefficients in the SM,

and a12 = a + ¢/, 7 = 4m?/q* and T = 4m3, /¢
The form factors Fyo(7¢) and Fy(my) are given by

Fip(r) = =271+ (1 —7)f(7)],
Fi(r) = 2431+37(2—71)f(7), (10)
with
arcsin®(1/+/7), T>1,
) = 2 11
7r) { () -] < (an

The important property of Fo(7) is that, for 7 > 1, it very quickly saturates to —4/3,
and to 0 for 7 < 1. Fi(7) saturates quickly to 7 for 7 > 1, and to 0 for 7 < 1 [8].

IV. RADION PRODUCTION IN ~ve~ COLLISIONS

In this paper we are interested in the production of radions in the high energy ve™
colliders,

Y(p1,A) + e (p2, N) — e (k1,7) + (ko). (12)
Here p;, k; stand for the momentum and \,\’, 7 are the helicity of the particle, respectively.

There are three Feynman diagrams contributing to reaction (12), representing the s, u, ¢
- channel exchange depicted in Fig. 1.

Fig. 1. Feynman diagrams for e~y — ¢ e~

The amplitude for this process can be written as
M; = e,(p2)u(ky) A u(ps), (i = s, u,t) (13)

where €,(p2) are the polarization vector of the v photon.
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In the high energy limit s >> m?, assuming a vanishing mass of electron, the

A for the three diagrams are given by

—iem
Al = Ad)qge A (14)
—iem
All = ——SA1 4, 1
" R Y s (15)
4ec
Al = q‘;’“ [(p2-ge)7"— 2gl"]. (16)
t

Here, g5 = p1+p2 = k1+ka, qu = pr—k1 = ka—pa, ¢t = p1—ko = k1 —p2, and s = (p1+p2)*
is the square of the collision energy. We work in the center-of-mass frame and denote the
scattering angle by 6. We have evaluated the 6 dependence of the differential cross-section
do/ cos 0 and also the radion mass dependence of the total cross-section o

i) We show in Fig. 2 the behaviour of do/cos @ for the collision energy /s = 1 TeV,
the radion mass is taken to be my = 10 GeV for definiteness. From the figure we see that
do /cos 0 is peaked in the backward direction (this is due to the e~ pole term in the u -
channel) but it is flat in the forward direction.
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Fig. 2. Different cross-section of the process ye~™ — ¢e™ as a function of cos 6.
The collision energy is taken to be /s = 1 TeV.

ii) The radion mass dependence of the cross-section o at three energies, /s = 1
TeV, /s =2 TeV and 3 TeV (CLIC) is shown in Fig. 3, respectively. From the figure we
can see that there is no difference between three lines at my = 10 GeV. At CLIC we get
Omaz = 1.1372 x 1073 pb for mg = 10 GeV, which is smaller than production cross section
of the bilepton and Z’ in the 3-3-1 models [9, 10], but it is large enough to measure the
radion production. With the high integrated luminosity L = 9 x 10% fb~!, the number of
events is approximately N = 102348, as expected.
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Fig. 3. Cross-section of the process ye~™ — ¢e™~ as a function of the radion mass mg.

V. CONCLUSION

In our work, we have evaluated the radion production in ye™ collisions. The
result shows that cross - sections for the radion production at high energies are smaller
than those of the bilepton and Z’ in the 3-3-1 models, but it is large enough to measure
the radion production. If the radion mass is not too heavy then the reaction can give
observable cross section in future colliders.
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