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Abstract: In this paper, we investigate the effects of the radion on e'e” — X processes. The

numerical results show that the cross-section with unparticle effects should be about 10° time larger
than the one with photon effects. This could have important implications for dark matter searches.

Keywords: Radion, dark matter, cross section.

1. Introduction

As well known, astrophysical observations have shown that Dark Matter (DM) exits in our universe.
In several extensions of the standard Model, dark matter fermions are postulated [1-5]. On the other
hand, searching for the new physics effects, the e"e~ linear colliders have an exceptional advantageous
for its appealing clean background, and the possibility for the options of ey and yy colliders based on

It.
Remarkably, we have investigated unparticle effects on Bhabha scattering [6] and on axion-like

particles production in e"e” collisions [7].
In this paper, we extend the previous study [4] to obtain the production of dark matter fermion in
the annihilation of the election-positron pair via radion exchange.
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2. The Cross Sections

We need to note that the radion-fermion-anti fermion vertex is corresponding to

Flpy)

F(p2)

Figure 1. The radion-fermion-anti fermion vertex.
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The propagator of a vector unparticle has the form
D, = % , Here g is the 4 - momentum of unparticle. 2
q°-—my; +ie
Now, let us investigate the effects of radion on " (p,)e” (p,) = x(Ps) z(p,) process. This process
is described by the Feynman diagram presented in Figure 2.

Figure 2. Feynman diagram for e'e” — ) process via radion.

The amplitude for this process is given by

=3i 8 —i =3i 8
M=v(p,)——| p,— P, —— —_— —— | -p.+p,—= ., 3
v(p2)2<¢>{p1 P, 3me}u(p1)q2_m;+igul(pg)2<¢>[ Py + D, 3ml}vl(p4) (3)
So, the matrix element square is
784m’m’
|M|2: £ 2[(p2p1)_m(92}[(p3p4)_m;2(:|- (4)
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In center of mass frame, four-momenta of particles are defined
P, = (E, P).p, =(E, D),
ps = (E,k), p, = (E, k), (%)
q2 =(p1+ p2)2 =4E’ =S,
Therefore
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The d|fferent|al cross-section can be obtained as follows

do 49 mm; \k\ 1 .
dQ 36 2% (p)’ |p| (4 - [(pzpl) ¢ JL(pspa)-m: ],

or

[

IkI——

do 49 mm? (S Zm)

dQ 144;; 2 (s m;)°

From (8), we get the total cross section is

3. Numerical Results and Discussions

(6)

(1)

(8)

9)

Let us now turn to the numerical analysis. We take m, =10 MeV —30 MeV, m, = 0.511 MeV, m;

=200 GeV, (¢)=1.0, 1.5, 1.7 and 4.0 TeV as input parameters [8, 9].

Let us plot the o respect to /s for (¢)=1.0, 1.5, 1.7 TeV and form = 10 MeV (Figure 3), for

m, =20 MeV (Figure 4) and m_ =30 MeV (Figure 5). As can be seen,
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Figure 3. The variation of o as a function of \/g Here we take M, =10 MeV.
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Figure 4. The total of cross-section is shown as a function of «/g for m, =20 MeV.
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Figure 5. The total of cross-sections as a function of \/E for m, =30 MeV.

The total cross section varies only little with the m .

We give the numerical values of variation of total cross section as a function of m,, for \/g =1TeV
and (¢)=1.0 TeV — 4.0 TeV in Table 1.

Table 1. The variation of total cross section as a function of m, for \/E: 1TeV

o(barn)
m_ (MeV
(MeV) (¢)=1.0Tev (¢)=15Tev (¢)=1.7Tev (¢)=4.0Tev
10 1.2277e-23 5.4565e-24 4.2481e-24 7.67326-25
20 4.9109¢-23 2.1826e-23 1.6993¢-23 3.0693e-24
30 1.1049¢-22 4.9109e-23 3.8233e-23 6.9059€-24
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Next, we present the variation of o as a function of \/gfor m, =10 MeV, 20 MeV, 30 MeV and
for (¢)=1.0 TeV (Figure 6), for (#)=4.0 TeV (Figure 7).
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Figure 6. Total cross-section due to the radion contribution depending
on the center of mass energy. Here, we assume <¢> =1.0TeV
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Figure 7. Dependence of the radion contributed total cross-section on \/g . We assume <¢> =4.0TeV.

In the same way above mentioned, we have determined the differential and total cross-section for

the process e'e” — yy via exchange of photon.
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Figure 8. Feynman diagram for €€~ — y process through a photon.
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In Ref. [4] the differential cross-section for process e'e” — yy via photon is

g—g = é 1- 421)2‘ {mj [s(l—cos2 0)+4m? (1+cos’ 8)]+ d? (1-cos’ 0)(s—4m’ )} . (10)
And total cross-section takes the form

2
a 4m;( 2 2 2 2
Gﬁg 1—T{ml(s+8ml)+dl(s—4ml)}. (11)
To compare the contributions, we give the ratio of the total cross-section with radion effects o of

(9) to the o, of (14) as follows:
o 49x137 mm? [ s—4m? |s

o, 6 7z<¢>2(s—m§)2[,uj(s+8mf{)+dj(s—4mj)}'
From (12), we have obtained the ratio at different energies in Table 2.

Table 2. The ratio of total cross section with radion effects to one with photon effects

m, (MeV) 10 20 30

o
0'_ 5.4950e+04 2.1980e+05 4,9455e+05

/4

1
33102 M= 200GeV, Js=1Tev, m_=10MeV; 20 MeV; 30 MeV,

m, = 0.511 MeV, (¢) =1 TeV

The result above show that the total cross section of (9) is larger than the one in (12) by 5 orders of
magnitudes. From this, we hope that there will be more ability to hunt Dark Matter fermions.

In summary, we have examined the radion effects at e’ — yx . From numerical results, we have
found that the effects of the unparticle on cross-sections can be strong. If the measurement is caried out
at +/s =100 GeV — 1000 GeV/, then the cross section for the process €€ — yy should be detectable.
These could have important implications for the dark matter fermion and radion searches at future
colliders. Our work can be extended for other scatterings, for example e"e” — ¢@¢ process, here ¢ is
the dark matter scalar. Works along these lines are in progress.

Here we take p, =d =
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