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Axigluons are colored heavy neutral gauge bosons that couple to quarks through an axial vector current
and the same strong coupling as gluons. The most important model-independent manifestation of
axigluons is the generation of a forward–backward asymmetry in top-antitop quark production at p �p
collisions, which originates from the charge asymmetry. We update our previous analysis for the inclusive
QCD induced forward–backward asymmetry and define a new observable that is more sensitive to the
effect than the forward–backward asymmetry. Furthermore, we find a lower limit of 1.2 TeV at 90% C.L.
on the axigluon mass from recent measurements of the asymmetry at Tevatron. Also at LHC, the charge
asymmetry is sizable in suitably selected samples. We evaluate this asymmetry in the central region for
different selection cuts and show that, like at Tevatron, the charge asymmetry can probe larger values of
the axigluon mass than the dijet mass distribution.
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I. INTRODUCTION

The Large Hadron Collider (LHC) will enter into opera-
tion very soon, allowing the exploration of the existence of
new physics at the TeV energy scale with unprecedented
huge statistics [1]. Since the top quark is the heaviest
known elementary particle it plays a fundamental role in
many extensions of the standard model (SM), and its
production and decay channels are promising probes of
new physics. The total cross section of top-antitop quark
production at LHC is about 100 times larger than at
Tevatron. This will lead to the production of millions of
t�t pairs per year even at the initial low luminosity of
L � 1033 cm�2 s�1 (equivalent to 10 fb�1=year inte-
grated luminosity).

Some properties of the top quark can be studied at
Tevatron through the forward–backward asymmetry
which originates from the charge asymmetry [2,3]. The
Born processes relevant for top quark production, q �q! t�t
and gg! t�t, do not discriminate between final quark and
antiquark, thus predicting identical differential distribu-
tions also for the hadronic production process. At order
�3
s , however, a charge asymmetry is generated and the

differential distributions of top quarks and antiquarks are
no longer equal. A similar effect leads also to a strange-
antistrange quark asymmetry, s�x� � �s�x�, through next-
to-next-to-leading (NNLO) evolution of parton densities
[4]. The inclusive charge asymmetry has its origin in two
different reactions: radiative corrections to quark-
antiquark annihilation (Fig. 1) and interference between
different amplitudes contributing to gluon-quark scattering
qg! t�tq and �qg! t�t �q . Gluon-gluon fusion remains ob-
viously symmetric. The integrated forward–backward

asymmetry has been predicted to be about �5% at
Tevatron [2]; i.e. top quarks are preferentially emitted in
the direction of the incoming protons. This prediction
suffers, however, from a sizable uncertainty because,
although arising from a one-loop calculation and the cor-
responding real emission terms, it is still a leading order
(LO) result. At LHC the total forward–backward asym-
metry vanishes trivially because the proton-proton initial
state is symmetric. A charge asymmetry is, however, still
visible in suitably defined distributions [2].

In t�t plus jet production, which represents an important
background process for Higgs boson searches in electro-
weak vector boson fusion and t�tH production, the asym-
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FIG. 1. Origin of the QCD charge asymmetry in hadroproduc-
tion of heavy quarks: interference of final-state (a) with initial
state (b) gluon bremsstrahlung, plus interference of the double
virtual gluon exchange (c) with the Born diagram (d). Only
representative diagrams are shown.
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metry, of order �3
s , is a tree-level effect [3] with sign

opposite to the one given for inclusive production [2].
The next-to-leading (NLO) order QCD corrections to the
t�t� jet exclusive channel have become available very
recently [5], providing a NLO prediction for the charge
asymmetry. At Tevatron the exclusive forward–backward
asymmetry of top quarks is drastically reduced at NLO,
from about �7% at LO to �1:5� 1:5%, where the large
uncertainty is due to the residual scale dependence.
A priori one cannot extrapolate this unexpected result to
the totally inclusive asymmetry. Already at LO the size of
the asymmetry in the t�t� jet event sample depends on the
jet resolution parameters, and on the softness of the radi-
ated gluon. A smaller minimal gluon energy generates a
larger negative asymmetry, and vice versa, and the size of
NLO corrections might be different for different jet setups.
Furthermore, because the one-loop corrections to the in-
clusive asymmetry are positive and larger than the negative
contribution of real gluon bremsstrahlung a smaller pre-
diction for the asymmetry in the t�t� jet sample might give
rise to a larger inclusive asymmetry. Unfortunately, the
only way to obtain a more accurate prediction for the
inclusive asymmetry is to evaluate the higher order correc-
tions corresponding to a difficult two-loop calculation.

The forward–backward asymmetry of top quarks has
already attracted much experimental interest at Tevatron. A
detailed study of the feasibility of the measurement in the
dilepton and lepton+jet channels has been presented in
Ref. [6]. Experimental measurements have already been
performed in Refs. [7–9]. In Ref. [9], based on 695 pb�1

integrated luminosity, the forward–backward asymmetry
in the lepton plus jets channels was found to be

 AFB � 0:20� 0:11�stat� � 0:047�sys�: (1)

A very similar result was obtained for the inclusive asym-
metry in Refs. [7,8] based on 955 pb�1 integrated lumi-
nosity, and again in the lepton plus jets channels:

 A��y �Ql� � 0:23� 0:12�stat� �0:056
0:057 �sys�; (2)

where the charge asymmetry is defined by the difference in
the number of events with positive and negative �y �Ql,
the rapidity difference of the semileptonically and hadroni-
cally decaying top quark times the charge of the charged
lepton. They also have measured the exclusive asymmetry
of the four- and five-jet samples:

 A4j��y �Ql� � 0:11� 0:14�stat� �0:036
0:034 �sys�:

A5j��y �Ql� � 0:37� 0:30�stat� �0:075
0:066 �sys�:

(3)

The asymmetry in the five-jet sample although expected to
be negative is statistically limited, and the comparison with
the NLO prediction [5] would require the use of the same
jet definition. The inclusive asymmetry in both experimen-
tal analyses, although compatible with the theoretical pre-
diction, is still statistically dominated. The statistical error,

however, is expected to be reduced to 0.04 with 8 fb�1 [9],
which is comparable with the systematic error.

With these results at hand, one might try to test new
physics beyond the SM. The production of t�t through a
colored heavy neutral gauge boson will manifest itself
through a bump in the invariant mass distribution of the
top-antitop quark pair [10–12], and in some models might
give rise to a sizable forward–backward asymmetry [13].
Models which extend the standard color gauge group to
SU�3�L � SU�3�R at high energies, the so-called chiral
color theories [10], predict the existence of a massive,
color-octet gauge boson, the axigluon, which couples to
quarks with an axial vector structure and the same strong
interaction coupling strength as QCD. Although there are
many different implementations of chiral color theories
with new particles in varying representations of the gauge
groups, the most important model-independent prediction
of these models is the existence of the axigluon. Similar
states are also predicted in technicolor models [14]. The
main signature is the appearance of a charge asymmetry of
order �2

s . Because the coupling of the axigluon to quarks is
an axial vector coupling the charge asymmetry that can be
generated is maximal.

Axigluon masses below 1 TeVare already ruled out. The
Tevatron searches for new resonances decaying to dijets
[15,16] exclude the mass range 200<mA < 1130 GeV at
95% C.L. Lighter axigluons, with masses lower than
50 GeV, were excluded studying Z decays, where the
axigluon is produced by the bremsstrahlung of the quarks
[17], and also studying the decay of Upsilon [18] and the Z
decay to a gluon and an axigluon [19]. The intermediate
mass range window has also been excluded [20].

In this paper we shall update our prediction for the
inclusive forward–backward asymmetry at Tevatron, and
propose a new differential distribution that enhances the
asymmetry by almost a factor 1.5. We then obtain a new
constraint on the axigluon mass from the actual measure-
ment of the inclusive asymmetry at Tevatron. Finally, we
show that at LHC the study of the differential charge
asymmetry is sensitive to larger axigluon masses than the
top-antitop invariant mass distribution.

II. THE QCD INDUCED CHARGE ASYMMETRY

The QCD induced charge asymmetry in the reaction
q �q! t�t�g� is generated by the interference of final-state
with initial-state gluon radiation [Figs. 1(a) and 1(b)] and
by the interference of virtual box diagrams with the Born
process [Figs. 1(c) and 1(d)]. The asymmetric contribution
of the virtual corrections exhibit soft singularities that are
canceled by the real contribution, but do not exhibit col-
linear light quark mass singularities which would have to
be absorbed by the lowest order process which however is
symmetric. Ultraviolet divergences are absent for the same
reason. The virtual plus soft radiation on one hand and the
real hard radiation on the other contribute with opposite
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signs, with the former always larger than the latter such
that the inclusive asymmetry becomes positive. Top quarks
are thus preferentially emitted in the direction of the in-
coming quark at the partonic level, which translates to a
preference in the direction of the incoming proton in p �p
collisions. Flavor excitation gq� �q� ! t�tX generates al-
ready at tree-level a forward–backward asymmetry which
at Tevatron is also positive, although 1 order of magnitude
smaller than the asymmetry from q �q annihilation.

The differential charge asymmetry of the single quark
rapidity distribution is defined through

 A�y� �
Nt�y� � N�t�y�
Nt�y� � N�t�y�

; (4)

where y denotes the rapidity of the top (antitop) quark in
the laboratory frame and N�y� � d�=dy. Since N�t�y� �
Nt��y� as a consequence of charge conjugation symmetry,
A�y� can also be interpreted as a forward–backward asym-
metry of the top quark. We have updated our previous
analysis [2] by using the new value of the top quark
mass, mt � 170:9� 1:1�stat� � 1:5�sys� GeV [21], and
the new set of MSRT2004 [22] structure functions. For
the total charge asymmetry at

���
s
p
� 1:96 TeV we predict

 A �
Nt�y 	 0� � N�t�y 	 0�

Nt�y 	 0� � N�t�y 	 0�
� 0:051�6�; (5)

where different choices of the parton distribution func-
tions, and different choices of the factorization and renor-
malization scales,� � mt=2 and� � 2mt, and a variation
of the top mass within the experimental error have been
considered. We have also included the contribution of the
mixed QCD-electroweak interference that leads to an in-
crease of the asymmetry as given by QCD by a factor 1.09
[2]. The result is close to our earlier prediction: A �
4:8%–5:8% [2]. Both the numerator and denominator are
evaluated in LO. NLO corrections to the total t�t production
cross section are known to be large, around 30% or even
larger [23]. Applying a K-factor of 1.3 to the denominator
would reduce the asymmetry to A � 0:036�4�. In the ab-
sence of NLO corrections to the numerator we nevertheless
stay with the LO approximation in both numerator and

denominator, expecting the dominant corrections from col-
linear emission to cancel. From a more conservative point
of view an uncertainty of around 30% has to be assigned to
the prediction of the asymmetry.

Let us now consider events where the rapidities y� and
y� of both the top and antitop quarks have been deter-
mined, and define a new differential distribution that leads
to an enhancement of the charge asymmetry. We define

 Y � 1
2�y� � y�� (6)

as average rapidity. Then, we consider the differential pair
asymmetry A�Y� for all events with fixed Y as a function
of Y:

 A �Y� �
Nev�y� > y�� � Nev�y� < y��
Nev�y� > y�� � Nev�y� < y��

: (7)

In Fig. 2(a) we show the differential pair asymmetry A�Y�
versus the average rapidity for the Tevatron. The renor-
malization and factorization scales are set to � � mt, and
we use the LO MSRT2004 [22] parton distributions with
three fixed flavours. Asymmetric contributions from flavor
excitation processes, i.e. from gq�g �q� collisions, are neg-
ligible. We obtain an almost flat positive asymmetry of the
order of 7%. For reference, we also plot in Fig. 2(b) the
differential cross section as function of the average rapid-
ity. For the integrated pair asymmetry we find

 A �

R
dY�Nev�y� > y�� � Nev�y� < y���R
dY�Nev�y� > y�� � Nev�y� < y���

� 0:078�9�;

(8)

where the error has been estimated as for the forward–
backward asymmetry. Numerator and denominator are
evaluated in leading order.

The integrated pair asymmetry is equivalent to the defi-
nition of the asymmetry used in Refs. [7,8]. The reason for
the enhancement of the effect can be understood as fol-
lows: by defining the pair asymmetry one essentially in-
vestigates the forward–backward asymmetry in the t�t rest
frame, where the forward–backward asymmetry amounts
to 7%–8.5% [2], depending on ŝ. This value is largely
recovered by considering the pair asymmetry A�Y�, inde-
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FIG. 2. (a) Differential QCD asymmetry in the average rapidity at Tevatron,
���
s
p
� 1:96 TeV. (b) Average rapidity differential

distribution. Factorization and renormalization scales are set to � � mt.
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pendently of Y. In contrast, events where both t and �t are
produced with positive and negative rapidities do not con-
tribute to the integrated forward–backward asymmetry A,
which is therefore reduced to around 5%.

III. AXIGLUON LIMITS FROM TEVATRON

The interference between the gluon and axigluon-
induced amplitudes, respectively, for the reaction q �q!
t�t does not contribute to the production cross section.
However, it generates a charge asymmetry that gives rise
to a forward–backward asymmetry in p �p collisions in the
laboratory frame [13]. The square of the axigluon ampli-
tude is symmetric and contributes to the total cross section,
which will show a typical resonance peak in the top-antitop
invariant mass distribution [11,12]. While the interference
term is suppressed by the squared axigluon mass 1=m2

A, the
contribution of the square of the axigluon amplitude will be
suppressed by 1=m4

A. It is therefore obvious that the for-
ward–backward asymmetry is potentially sensitive to
larger values of the axigluon mass than the top-antitop
dijet distribution. Gluon-gluon fusion is not affected by
the axigluon exchange because there are no direct gluon-
axigluon vertices with an odd number of axigluons [11]
due to parity. The expressions that we use for the partonic
Born cross section are summarized in the appendix.

The interference between the amplitudes for production
of t�t through a gluon and an axigluon, respectively, van-

ishes upon integration over any charge symmetric part of
the phase space and thus does not contribute to the pro-
duction cross section. However, the charge asymmetry
resulting from this interference may well be more sensitive
to the existence of axigluons than the contribution of the
squared amplitude, in particular, in the case of large mA,
and will, furthermore, be a characteristic consequence of
its axial nature.

In Fig. 3(a) the differential charge asymmetry A�y� at the
Tevatron is shown for different values of the axigluon mass
as a function of the top quark rapidity. The QCD induced
piece is not included in this figure. In Fig. 3(b) the top and
antitop quark rapidity distributions are shown, again at LO,
formA � 1 TeV (for larger values of the axigluon mass we
only plot the top quark distribution). Because of the ax-
igluon contribution the top quark distribution is shifted to
negative values of the rapidity while the antitop quark
distribution prefers positive values. The corresponding
curves for the pair asymmetry A�Y� are shown in
Fig. 4(a), the differential pair cross section d�=dY in
Fig. 4(b). In Table I we present the prediction for the
integrated forward–backward asymmetry for different val-
ues of the axigluon mass. We also give values for the
integrated pair asymmetry A as defined in Eq. (8). The
uncertainty of the predictions is estimated as before. The
size of the pair asymmetry is larger than the forward–
backward asymmetry. The enhancement factor is however
somewhat smaller than in QCD.
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FIG. 3 (color online). (a) Differential top quark charge asymmetry in p �p collisions at Tevatron,
���
s
p
� 1:96 TeV, for different values

of the axigluon mass. (b) Rapidity distribution of top and antitop quarks for mA � 1 TeV. For mA � 2 TeV (dashed line) and 5 TeV
(dotted line) we only represent the top quark distribution. Factorization and renormalization scales are set to � � mt.
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FIG. 4 (color online). (a) Differential pair asymmetry in p �p collisions at Tevatron,
���
s
p
� 1:96 TeV, for different values of the

axigluon mass. (b) Corresponding differential cross section d�=dY. Factorization and renormalization scales are set to � � mt.
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As explained in the introduction, the forward–backward
asymmetry AFB and the integrated pair asymmetry have
already been measured at the Tevatron [7–9]. The uncer-
tainty of these preliminary results is still very large, and
statistically dominated. The different experimental analy-
ses are based on the same data sample and give a very
similar result for the inclusive asymmetry. The subsequent
discussion is thus of qualitative nature only. In Figs. 5(a)
and 5(b) we compare the experimental measurements, with
the SM contribution subtracted [Eqs. (5) and (8) respec-
tively], to the asymmetry generated by the axigluon. At the
two sigma level axigluon masses belowmA � 1:2 GeV are
excluded. Both asymmetries give a very similar lower
bound. It is clear that a more accurate experimental mea-
surement and theoretical prediction will allow us to further
constrain the axigluon mass. However, at present the larg-
est uncertainty by far is of experimental origin, and it will
be reduced with more statistics. In this case, we will be in

the interesting situation where axigluon masses that are not
accessible at Tevatron through the study of the dijet cross
section can be excluded by the forward–backward or the
pair asymmetries.

IV. QCD AND AXIGLUON INDUCED
ASYMMETRIES AT THE LHC

Top quark production at LHC is forward–backward
symmetric in the laboratory frame as a consequence of
the symmetric colliding proton-proton initial state.
Furthermore, the total cross section is dominated by
gluon-gluon fusion and thus the charge asymmetry gener-
ated from the q �q and gq (g �q) reactions is negligible in
most of the kinematic phase space. The effect can be
studied nevertheless by selecting appropriately chosen kin-
ematic regions. At LHC the QCD asymmetry predicts a
slight preference for centrally produced antitop quarks,
with top quarks more abundant at very large positive and
negative rapidities [2]. The charge asymmetry as defined in
Eq. (4) is, however, only sizable in regions with low event
rates and large rapidities, where the experimental observa-
tion might be difficult. In Fig. 6(a) we present the differ-
ential charge asymmetry generated by the exchange of an
axigluon as a function of rapidity, choosingmA � 1, 2, and
5 TeV. We observe a similar behavior as predicted by QCD
but with the opposite sign; top quarks are slightly more
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FIG. 5 (color online). Comparison of the top quark forward–backward (a) and pair (b) asymmetry generated by the exchange of a
massive axigluon to the experimental measurement at Tevatron once the theoretical prediction in the SM is subtracted. The 2� contour
is also showed.

TABLE I. Forward–backward and pair asymmetries at
Tevatron,

���
s
p
� 1:96 TeV, for different values of the axigluon

mass.

QCD mA � 1 TeV mA � 2 TeV mA � 5 TeV

AFB � A 0.051(6) �0:133�9� �0:027�2� �0:0041�3�
A 0.078(9) �0:181�11� �0:038�3� �0:0058�4�
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FIG. 6 (color online). (a) Differential top quark charge asymmetry in pp collisions at LHC,
���
s
p
� 14 TeV, for different values of the

axigluon mass. (b) Rapidity distribution of top quarks for different values of the axigluon mass. Factorization and renormalization
scales are set to � � mt.
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abundant in the central region, while a sizable negative
asymmetry is found at large values of the rapidity. For
mA � 5 TeV the asymmetry is almost negligible through-
out, a consequence of the relatively small t�t mass and the
correspondingly strong suppression of the axigluon
amplitude.

We shall therefore analyze the effect of selecting
samples with high invariant masses of the top-antitop
quark pair. Those samples should have a higher amount
of q �q induced events, and furthermore, an enhanced ax-
igluon amplitude even for large mA. Thus a sizable asym-
metry is expected, although at the price of reducing the
total event rate. This should not be a problem at LHC due
to the huge top-antitop quark yields. In Fig. 7(a) we show
the differential charge asymmetry generated by axigluons
of mass mA � 1 TeV for samples with invariant masses
larger than 1, 2, and 3 TeV, respectively. A large asymme-
try with a maximum in the central region ranging from
�8% to �30% is predicted. In Fig. 7(b) we show the
corresponding top and antitop quark rapidity distributions.
The total single inclusive cross sections are equal but the
rapidity distributions are not, with antitop quarks more
abundant in the central region. Similar plots are presented
in Fig. 8 for an axigluon mass of mA � 5 TeV, where now
the generated asymmetry becomes positive due to the
larger axigluon mass. In the former case the process is
dominated by contributions with ŝ > m2

A, in the latter case

with ŝ < m2
A, which implies a change in the sign of the

axigluon propagator.
In order to quantify the difference in the rapidity distri-

bution globally we define a new charge asymmetry where
only the central region is taken into account:

 AC�yC� �
�t�jyj 
 yC� � ��t�jyj 
 yC�
�t�jyj 
 yC� � ��t�jyj 
 yC�

: (9)

Notice that AC�yC� vanishes if the whole rapidity spectrum
is integrated. Looking into Figs. 7(a) and 8(a) we expect
that the maximum is reached at about yC � 1. We thus
report in Table II the values of the central asymmetry,
integrated up to yC � 1 for different values of the axigluon
mass and for different values of the cut in the top-antitop
invariant mass. The single inclusive top quark cross section
in the central region is also listed (the corresponding anti-
top quark cross section can be deduced from the asymme-
try). We also give in Table II the value of the QCD
asymmetry in the central region, and in Fig. 9 the corre-
sponding differential charge asymmetry. The central QCD
charge asymmetry is never larger than 2%, and the reduc-
tion of the asymmetry for invariant masses above 2 TeV is
due to a larger contribution of the flavour excitation pro-
cesses that partly compensates the asymmetry generated by
the q �q events.
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FIG. 7 (color online). (a) Differential top quark charge asymmetry at LHC generated by the exchange of a massive axigluon with
mA � 1 TeV for samples with invariant top-antitop quark masses larger than 1, 2, and 3 TeV, respectively. (b) Corresponding rapidity
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distributions of top quarks (solid line) and antitop quarks (dashed line). Factorization and renormalization scales are set to � � mt.
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With 10 fb�1 integrated luminosity about 2000–2600
top quark events with mt�t 	 2 TeV are expected to be
produced at LHC in the central region (yC � 1), and a
central charge asymmetry of about �2% is predicted from
QCD alone. For mA � 5 TeV the axigluon-induced asym-
metry amounts to �3%. For the same axigluon mass the
total cross section for mt�t 	 4:5 TeV is only 0.013 pb, 1
order of magnitude smaller than the central cross section
for mt�t 	 2 TeV and yC � 1. It is thus clear that even at
LHC where no forward–backward asymmetry is gener-
ated, the central charge asymmetry can be used to probe
larger axigluon masses than the top-antitop invariant mass
spectrum [11,12].

V. SUMMARY

We have updated our previous analysis of the forward–
backward and the charge asymmetry in top quark produc-
tion at hadron colliders. We have also proposed a new
observable, the pair asymmetry, where the effect at the
Tevatron is enhanced by about a factor 1.5. Top quark
production at the LHC is obviously forward–backward
symmetric. Restricting the sample to events with large
invariant t�t mass and to t and �t final states with rapidity

below one a difference of 1%–2% in t versus �t production
cross section is observed.

The analysis has been extended to the asymmetry in-
duced by axigluon contributions to the amplitude, which is
the most important manifestation of such an exotic object.
Already present preliminary results on the charge asym-
metry from the Tevatron lead to an limit on the axigluon
mass of around 1.2 TeV. The analysis has been extended to
the LHC. Restricting the event sample to regions of large t�t
mass with q �q induced production, large axigluon masses
can be explored.
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Note added—Two new preliminary analysis of the
charge asymmetry in the lepton plus jets channels have
been presented recently by the D0 and CDF
Collaborations. The measurement at D0 [24] with
0:9 fb�1 integrated luminosity gives for the uncorrected
result

 A � 0:12� 0:08�stat� � 0:01�sys�:

The analysis uses yt � y�t as sensitive variable, and is thus
equivalent to the integrated pair asymmetry. This result is,
however, the measured asymmetry in the visible phase
space, and a comparison with our predictions to extract
the axigluon contribution would require a detailed Monte
Carlo analysis which is beyond the scope of this paper. The
new CDF analysis [25] based on 1:7 fb�1 integrated lumi-
nosity, which supersedes the results presented in Ref. [7],
gives for the inclusive asymmetry

y
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A
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FIG. 9 (color online). Differential QCD charge asymmetry at
LHC for top-antitop quark invariant masses larger than 2mt
(dotted-dashed line), 1 TeV (solid line), 2 TeV (dashed line),
and 3 TeV (dotted line), respectively. Factorization and renor-
malization scales are set to � � mt.

TABLE II. Central charge asymmetry at LHC,
���
s
p
� 14 TeV, for different values of the

axigluon mass and different cuts in the invariant mass of the top-antitop pair. We also present
the LO prediction for the top quark cross section in the central region.

QCD mA � 1 TeV mA � 2 TeV mA � 5 TeV

mt�t 	 1 TeV AC�yC � 1� �0:0086�4� �0:055�4� 0.025(3) 0.002(1)
�t�jyj 
 1� 9.7(2.7) pb 34(4) pb 15(2) pb 11(2) pb

mt�t 	 2 TeV AC�yC � 1� �0:0207�14� �0:10�2� �0:048�5� 0.031(9)
�t�jyj 
 1� 0.19(6) pb 0.28(8) pb 1.7(2) pb 0.26(7) pb

mt�t 	 3 TeV AC�yC � 1� �0:0151�7� �0:10�3� �0:11�2� 0.057(13)
�t�jyj 
 1� 0.011(4) pb 0.019(6) pb 0.024(7) pb 0.031(8) pb
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 A��y �Ql� � 0:28� 0:13�stat� � 0:05�sys�:

Because the central value of the new measurement is
somewhat larger than in the precedent analysis, the limits
on the axigluon mass become also larger. We find mA 	
1:4 TeV at 90% C.L. andmA 	 0:9 TeV at 95% C.L. [26].
This also corroborates the high sensitivity of the charge
asymmetry to the existence of axigluons. Future new mea-
surements of the charge asymmetry can lead to significant
improvements in the limits of the axigluon mass that are
not accessible through other observables. We are very
grateful to Amnon Harel for bringing our attention to these
two new measurements.

APPENDIX: BORN CROSS SECTION

The Born cross section for q �q fusion in the presence of
an axigluon vector resonance reads

 

d�q �q!t�t

d cos�̂
� �2

s
TFCF
NC

��
2ŝ

�
1� c2 � 4m2

�
4cŝ�ŝ�m2

A� � ŝ
2��2 � c2�

�ŝ�m2
A�

2 �m2
A�2

A

�
; (A1)

where �̂ is the polar angle of the top quark with respect to
the incoming quark in the center of mass rest frame, ŝ is the

squared partonic invariant mass, TF � 1=2, NC � 3 and
CF � 4=3 are the color factors, � �

������������������
1� 4m2
p

is the
velocity of the top quark, with m � mt=

���̂
s
p

, and c �
� cos�̂. Our result in Eq. (A1) agrees with the expression
of Ref. [12], and therefore confirms the disagreement with
respect to Eq. (2) of Ref. [13]. The term odd in c in
Eq. (A1) is due to the interference between the gluon and
the axigluon amplitudes. The decay width of the axigluon
is given by [11,12]:

 �A �
X
q

��A! q �q� �
�smATF

3

�
5�

�
1�

4m2
t

m2
A

�
3=2
�
:

(A2)

Because of parity there are no gluon-axigluon vertices with
an odd number of axigluons [11], and therefore the Born
gluon-gluon fusion cross section is the same as in the SM
[2]:

 

d�gg!t�t

d cos�̂
� �2

s
��
2ŝ

�
1

NC�1� c2�
�

TF
2CF

�

�

�
1� c2 � 8m2 �

32m4

1� c2

�
: (A3)
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