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Lower Bound on Axigluon Mass from Electron-Positron Annihilation
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We compute the cross-section ratio R in e+e scattering in chiral color theory and provide a new
lower limit on the axigluon mass of 65 GeV if AQQD 100 MeV, or 100 GeV if AQCD 200 MeV.
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Gauge theories have been successful in describing a
diversity of phenomena ranging from strong and elec-
troweak forces to condensed-rnatter phenomena. It is
generally believed in the nuclear- and particle-physics
communities that the quantum chromodynamics (QCD)
theory of quarks and gluons is acceptable as a basic
theory underlying the nuclear force. It is still important,
however, to investigate whether there are further ele-
mentary particles, beyond quarks and gluons, in the
atomic nucleus, playing a key role in the strong interac-
tion.

A recent alternative to QCD, chiral color theory, ' pre-
dicts the existence of a color octet of massive axigluons,
corresponding to the broken generators of the SU(3)t.
XSU(3)tt chiral color gauge group. At the Fermi mass
this symmetry spontaneously breaks down to the familiar
SU(3)Qco. Several mass bounds have been set on the
axigluon, ' and two possible windows are left: from 25
to 125 GeV and above 275 GeV.

This Letter investigates the possibility of discovering
the axigluon, or setting a better lower bound for its mass,
by studying its influence on radiative corrections to the
hadronic normalized cross section in e+e scattering:
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where T is also a function of Js/M. Obviously T~ 0
when Js ~ M.

In order to describe the total cross section for hadron
production, we must also consider QCD diagrams similar

where Qf is the quark electric charge, mz and rz are the
mass and decay width of the Z, and U and a are the vec-
tor and axial-vector couplings of the Z to the electron
or quark. It is essential to realize that, as for QCD, in

the limit where the quark masses are set to zero, the pho-
ton and Z contributions enter, at this order, as com-
pletely separate terms.

Diagrams (c) and (d) originate the three-jet events,
and their interference yields the cross section

where e is the charge of the electron and s is the e+e
beam energy squared. We shall set all quark masses
equal to zero in our calculations, which is a good approx-
imations below the top-quark threshold.

The first-order axigluon Feynman diagrams contribut-
ing to the hadron production in e+e collisions are
shown in Fig. 1. Diagrams (a) and (b) produce two-jet
events and their interference gives rise to the cross sec-
tion
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where a is the strong coupling and L is a function of
Js/M, M being the mass of the axigluon. Obviously
L =0 when Js/M=0. The argument in the sum over
quark flavors, I f, represents the photon channel, the Z

FIG. 1. Feynman diagrams. Straight lines are fermions,
dashed lines are Z 's, curved lines are photons, and jagged
lines are axigluons.
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to graphs (b), (c), and (d), with axigluons replaced by
gluons. To first order in a, these diagrams remain un-
coupled from the previous ones. The gluonic contribu-
tion is given by 2-
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so that the total-cross-section ratio R is given by

R = 3 g It I+—(I+f)+O(a )
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where
FIG. 2. Plot of L and T from Eqs. (8) and (]p).

f(Js/M) =L+ T. (7)

It turns out that L and T are separately infrared divergent in the limit where Js/M = oo 5 This is due to the fact that
mtt the a tgluon can be soft, and the q~~~k P~~P~g~t~~ can go on mass ~h~ll N~~~~th~l~~~ the sum f=L+ T

al ays remains tnite and goes to I when Ws/M=~, because in this limit there is no difference between gluons and
axigluons. This behavior of L and T is shown in Fig. 2.

The two-jet events contribution is given by the integral over Feynman parameters
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This integral has a closed form, provided we make use of the Spence function
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The three-jet events contribution is given by the phase-space integral
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Ez =axigluon energy,

X=[(&s —2E )(Js —2E )] ' ',
E~(E2) =quark (antiquark) energies.

This integral can be computed in closed form if we use
2n
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The detailed behavior of f(Js/M) is shown in Fig. 3. As the axigluon behaves like a massive gluon (for massless
quarks), f goes to I when Js/M

To compare our result with experiment, we use the following value of a, (Ws), which has been obtained from a wide
range of R measurements:

a, (34 GeV) =0.165 ~ 0.030 .

In chiral color, as shown in Eq. (6), this result has to be reinterpreted as

(I+f)a, (34 GeV) =0.165+ 0.030,

and, using the second-order result of the renormalization-group equations, we find
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mass than any obtained previously, for example, from
upsilon decay. We expect that a complete analysis of the
e e data will yield results qualitatively similar to
those we have obtained.

This work was supported in part by the U.S. Depart-
ment of Energy under Grant No. DE-F605-85ER-
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FIG. 3. Detailed behavior of f=L+ T (see also Fig. 2).

If one takes AQCD 200 MeV, according to (15), f
should be below 0.21, which, by examining Fig. 3, yields
a minimum admissible value for M of —100 GeV. In
the case where AQco =100 GeV, the value off has to be
below 0.35, and accordingly the lower bound for M is
-65 GeV.

We should note that our analysis is somewhat crude
since it is based on the estimate (13) from Ref. 8. This
estimate is the result of a fitting to the data on R over a
range of energies and from different experiments. A
more accurate analysis would require a full refitting of
all the experimental data using chiral color from the
outset. Our results indicate, however, that e+e annihi-
lation provides a better lower bound on the axigluon
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