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Abstract. We investigate the virtual effects of vector unparticles in Moller scattering. We derive the analytic
expression for scattering amplitudes with unpolarized beams. We obtain 95% confidence level limits on the
unparticle couplings Ay and Ay with integrated luminosity of Li,y = 50, 500 b~ and v/s =100, 300 and

500 GeV energies. We show that limits on Ay are more sensitive than A4 .

PACS. 14.80.-j; 12.90.+b; 13.66.-a

1 Introduction

In his recent papers Georgi [1, 2] has proposed a new sce-
nario. In his proposal new physics contains both standard
model (SM) fields and a scale invariant sector described
by Banks—Zaks (BZ) fields [3]. The two sectors interact via
the exchange of particles with a mass scale My. Below this
large mass scale interactions between SM fields and BZ
fields are described by non-renormalizable couplings sup-
pressed by powers of My [1,4]:
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The renormalization effects in the scale invariant BZ
sector then produce dimensional transmutation at an en-
ergy scale Ay [5]. In the effective theory below the scale Ay,
the BZ operators are embedded as unparticle operators.
The operator (1) is now matched to the following form:
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here, dy is the scale dimension of the unparticle operator
Ou, and the constant Cp; is a coefficient function.

If unparticles exist, their phenomenological implica-
tions should be discussed. In the literature, there have been
many discussions which investigate various features of un-
particle physics [6—41]. In some of these researches several
unparticle production processes have been studied. Pos-
sible evidence for this scale invariant sector might be the
signature of a missing energy. It can be tested experimen-
tally by examining missing energy distributions.
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Other evidence for unparticles can be explored by
studying its virtual effects. Imposing scale invariance, the
spin-1 unparticle propagator is given by [2,42]
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In this work we investigate virtual unparticle effects
through Moller scattering. We consider the following ef-
fective interaction terms, first proposed by Georgi [2]:
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2 Cross sections for Moller scattering

In the presence of the couplings (5), Moller scattering is de-
scribed by the six t- and u-channel tree-level diagrams in
Fig. 1. Two of them contain unparticle exchange and mod-
ify the SM amplitudes.

The polarization summed scattering amplitude for
Fig. 1 is given by
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Fig. 1. Tree-level Feynman diagrams for Moller scattering in
the presence of the couplings (5)
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The Mandelstam parameters s, ¢ and u are defined
by s = (p1 +p2)?, t = (p1 — k1)? and u = (p1 — k2)?. In the
cross section calculations we impose a cut |cosf| < 0.9 on
the scattering angle of one of the final electrons in the C.M.
frame.

The behavior of the total cross section as a function of
the center of mass energy of the e~ e~ system for dy = 1.1,
1.3, 1.5, 1.7 is shown in Figs. 2-5. In the figures we in-
vestigate the influence of the scale dimension dy on the
deviations of the total cross sections from their SM value
for Ay =1 TeV and Ay = 2 TeV. We omit a plot of the cross
section for dy = 1.9, since it is very close to the SM. One
can see from these figures that the deviations of the cross
sections grow as the energy increases.

In Figs. 2 and 4 we investigate the sensitivity of the
cross section to the vector coupling \y. So we set Ay =1
and Ay = 0. Similarly in Figs. 3 and 5 we investigate the
axial vector coupling A\a. We see from these figures that the
cross section is more sensitive to Ay than Aa. For instance,
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Fig. 2. The total cross section for A\yy =1 and Ay =0 as a func-
tion of center of mass energy. The legend is for different values
of the scale dimension dy. Ay =1 TeV
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Fig. 3. The same as Fig. 2 but for \y =0 and Ay =1
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Fig. 4. The same as Fig. 2 but for Ay =2 TeV
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Fig. 5. The same as Fig. 3 but for Ay =2 TeV

in Fig. 3 the cross section for dy = 1.3 at E.,, = 400 GeV
increases by a factor of 3.0 when we compare with its SM
value. On the other hand in Fig. 2 this increment is a fac-
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tor of 3.8 for the same scale dimension dy = 1.3. We also
see from Figs. 2-5 that the deviation of the cross section
from its SM value increases with decreasing dy. This is rea-
sonable since the dy dependent coefficient ¢y, is inversely
proportional to the (2dy — 2)th power of the energy scale
Ay (17). Therefore, the contribution that comes from the
unparticle couplings drastically grow as the dy decreases.
To be precise for Ay = 1000 GeV, W grows with a fac-

tor of 4000 as dy decreases from 1.7Uto 1.1.

3 Constraints on the unparticle couplings

A more detailed investigation of the unparticle couplings
Av and A\p requires statistical analysis. To this purpose we
have obtained 95% C.L. limits on Ay and A using a simple
x? analysis at /s = 100, 300, 500 GeV and integrated lu-
minosity Lin, = 50 and 500 fb~! without systematic errors.
The x? function is given by

2
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where 6 = LN is the statistical error. N is the number of

events. It is given by N = LiptosMm-

The limits for Ay and Ay are given in Tables 1-4. One
can see from these tables that the lower and upper bounds
on the unparticle couplings are symmetric. The decrease in
dy highly improves the sensitivity limits. The most sensi-
tive results are obtained at dy = 1.1. This value of the scale
dimension improves the sensitivity limits of Ay by a fac-
tor of 6-16 depending on the energy when we compare with
dy = 1.7 for Ly, = 50 fb~!. This improvement is a factor of
614 for the limits of Ao, depending on the energy.

The energy dependence of the sensitivity limits are in-
teresting. As we have discussed in the previous section the
deviation of the cross sections grow as the energy increases.
On the other hand the SM cross section and therefore the
number of events decreases with the energy. Therefore it

Table 1. Sensitivity of Moller scattering to Ay coupling at 95% C.L. for Ly =

50 fb~! and Ay = 1000 GeV

V5 (GeV) dy=1.1 dy=13 dy =15 dy=1.7

100 —0.007, 0.007 —0.019, 0.019 —0.046, 0.046 —0.115,0.115
300 —0.011,0.011 —0.026,0.026 —0.052, 0.052 —0.098,0.098
500 —0.014,0.014 —0.026,0.026 —0.048,0.048 —0.085,0.085

Table 2. Sensitivity of Moller scattering to As coupling at 95% for Lin; = 50 b~ and

Ay = 1000 GeV

\/E(GQV) dUZI.l dU:1.3 dU:1.5 dU:1.7
100 —0.012,0.012 —0.030, 0.030 —0.076, 0.076 —0.168,0.168
300 —0.016, 0.016 —0.035, 0.035 —0.071,0.071 —0.130,0.130
500 —0.018,0.018 —0.034, 0.034 —0.063, 0.063 —0.104,0.104
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Table 3. Sensitivity of Moller
500 fb~! and Ay = 1000 GeV

scattering to Ay coupling at 95% C.L. for Liy; =

\/g (GeV) dU =11 dU =13 dU =15 dU =17

100 —0.004, 0.004 —0.012,0.012 —0.032, 0.032 —0.080, 0.080
300 —0.006, 0.006 —0.014, 0.014 —0.032, 0.032 —0.062, 0.062
500 —0.008, 0.008 —0.016, 0.016 —0.029, 0.029 —0.047,0.047

Table 4. Sensitivity of Moller
500 b~ ! and Ay = 1000 GeV

scattering to

Aa coupling at 95% C.L. for Ly =

\/g (GeV) dU =11 dU =13 dU =15 dU =17

100 —0.007, 0.007 —0.017,0.017 —0.041, 0.041 —0.091,0.091
300 —0.010, 0.010 —0.022, 0.022 —0.042, 0.042 —0.078,0.078
500 —0.010, 0.010 —0.019, 0.019 —0.035, 0.035 —0.055, 0.055

is very difficult to predict the behavior of the limits with-
out an explicit calculation. Explicit results are given in the
tables.

We see from the tables that the limits for the parameter

Ay are more sensitive than Aa . For instance, the sensitivity
limit of Ay for dy = 1.1 is 1.7 times restricted compared to
Aa at Line = 50 fb~ 1. This factor is 1.75 at Lin; = 500 fb 1.
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