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We show that the charge asymmetry in tt̄ production at the LHC, AC , and the forward-backward
asymmetry at the Tevatron, AFB , are in general not tightly correlated. They can even have opposite
signs, if the underlying new physics (NP) model is general enough. We demonstrate this using two
examples of NP: a light axigluon, and a vector that is a color octet and electroweak triplet. The
small value of AC measured at the LHC is thus shown not to exclude a NP interpretation of the
anomalously large AFB at the Tevatron. We identify two observables where significant NP effects
are still expected at the Tevatron and the LHC, the bb̄ production forward-backward asymmetry
and spin polarizations of the pair-produced tops and anti-tops.

Introduction. The forward-backward asymmetry
(FBA) in tt̄ production at the Tevatron has been mea-
sured by both the CDF [1, 2] and DØ [3] collaborations
and found to be significantly larger than the standard
model (SM) predictions. The näıve average of the inclu-
sive FBA, adding the uncertainties in quadrature, is

AFB = 0.187± 0.037 , (1)

while the NLO QCD prediction [1, 4] including leading
electroweak (EW) contributions [5] is ASM

FB = 0.07(2).
Both CDF and DØ have also measured the FBA in bins
of mtt̄ and t-t̄ rapidity differences. Only CDF [1, 2],
however, unfolds to the partonic (“truth”) level obtaining

Alo
FB ≡ AFB(mtt̄ < 450 GeV) = 0.078± 0.054 , (2a)

Ahi
FB ≡ AFB(mtt̄ > 450 GeV) = 0.296± 0.067 , (2b)

to be compared with the SM (NLO QCD and EW) pre-
dictions (Alo

FB)SM = 0.05(1) and (Ahi
FB)SM = 0.11(2) [1,

4, 5].
A related observable at the LHC is the charge asym-

metry (CA) in tt̄ production, AC . In contrast to the
FBA, the measurements of the CA at the LHC agree
with the SM expectations. The average of ATLAS [10]
and CMS [11] results,

AC = 0.001± 0.014 , (3)

agrees within errors with the SM prediction ASM
C =

0.007(1) [4, 5, 10]. Recently, the ATLAS collaboration
also presented the first results for the CA binned in
mtt̄ [12]

Alo
C ≡ AC(mtt̄ < 450 GeV) = −0.053± 0.088 , (4a)

Ahi
C ≡ AC(mtt̄ > 450 GeV) = −0.008± 0.047 , (4b)

in agreement with the corresponding SM predictions,
Alo
C = 0.002(2) and Ahi

C = 0.009(2) [4, 5, 10].
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A number of NP explanations have been proposed in
the literature (for a recent review see [6], while for at-
tempts of explanations within the SM see [7–9]). The CA
measurements pose a problem for new physics (NP) mod-
els addressing the FBA puzzle. Existing NP explanations
of the anomalously large FBA predict a non-negligible
positive CA at the LHC in tension with data [6, 13].
Should we then conclude that the observed FBA is not
due to NP but a statistical fluctuation? Ideally, this
would have been resolved with more precise measure-
ments of the FBA. However, since the Tevatron stopped
data taking this is no longer possible. The situation
therefore needs to be clarified by the LHC.

In this paper we derive several results relevant for LHC
searches probing NP models that can explain the FBA.
First of all, we show that sizable NP contributions to
the FBA do not in general imply a deviation in the CA
at the LHC. We construct a simple modification of a
widely discussed axigluon model which now predicts a
large positive FBA, a small (or even negative) CA, and is
consistent with all present measurements of the relevant
tt̄ production and other related collider observables. We
also discuss a model with a light vector that is a color
octet and an electroweak triplet.

Secondly, in order to obtain a nonzero FBA, the NP de-
grees of freedom need to couple to tops and light quarks.
This means that inevitably there are NP contributions to
processes with light quarks or tops in the final state at the
LHC. Furthermore, in models where there is little corre-
lation between the CA and FBA, NP will couple with
different strength to the different chiralities of quarks. A
generic expectation is therefore that tops and antitops
produced at the LHC will be partially polarized.

General Considerations. At the partonic level the
FBA and CA are both due to the same charge asymmet-
ric part of the qq̄ → tt̄ cross-section – the terms that are
proportional to the difference t̂− û of the partonic Man-
delstam variables (this was recently used to construct
“collider independent” asymmetries [14]). A rigid pos-
itive correlation between the FBA and CA is then ob-
tained in two cases: (i) either the NP contribution in
qq̄ → tt̄ is due to only one light quark (q = u or d), or
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Figure 1: The 1σ (green), 2σ (yellow) and 3σ (red) regions for
a fit of EFT NP contributions in Eq. (5) to the inclusive FBA
(dashed) and CA (dotted) measurements. The best fit point where
the central measured values of both CA and FBA are reproduced
is marked with an asterisk.

(ii) the couplings to u and d are flavor universal.
The correlation can be easily lost, if contributions of

both ūu and d̄d currents are significant and of opposite
signs. This is because pp̄ and pp initial states have dif-
ferent valence structures. At large parton energy frac-
tion τ = ŝ/s, where s is the collider energy squared, the
ratio of parton luminosity functions f(uū)/f(dd̄) at the
Tevatron is roughly twice the one at the LHC, where
the anti-quarks are non-valence. Both ratios decrease to-
wards 1 at low τ . Since at the LHC smaller values of τ
are probed for the same mtt̄, this further enhances the
difference between the Tevatron and the LHC. It is then
possible to have simultaneously a large positive FBA and
a small CA, if the partonic charge-asymmetry for uū→ tt̄
is positive, while it is negative for dd̄→ tt̄.

The above insight is easiest to check against data in
the effective field theory (EFT) approach (we discuss on-
shell models below). The FBA and CA can be generated
from the interference of the leading order SM amplitudes
and NP contributions. At O(αSΛ−2) there are only two
relevant dimension 6 NP operators

L = LSM +
∑
q=u,d

CqtA
Λ2

(q̄γµγ5q)(t̄γµγ5t) , (5)

where Λ is the NP scale, and CqtA the NP Wilson coeffi-
cients. Note that at O(αsΛ

−2) the NP operators in (5)
do not affect the forward-backward symmetric tt̄ cross-
section, while they do generate shifts in inclusive FBA
and CA

∆AFB = −10%×
(
0.84CutA + 0.12CdtA

)(
1TeV/Λ

)2
,

∆AC = −1%×
(
1.4CutA + 0.52CdtA

)(
1TeV/Λ

)2
.

(6)

A large FBA and small or negative CA are possible, if CdtA
and CutA have opposite signs and |CdtA | & |CutA |. Both CA
and FBA measurements can then be accommodated as
shown in Fig. 1. A fairly large value of CdtA is required or
a correspondingly low NP scale Λ, so the EFT description
is likely not valid. However, the generic requirements – a

large coupling to d̄d quark currents, and ūu contributions
of the opposite sign – are expected to apply also to on-
shell NP models.

In passing we also mention a second effect that breaks
the correlation between the FBA and CA. The luminosity
functions are falling faster with ŝ ∼ mtt̄ at the Tevatron
than at the LHC. Therefore it would be theoretically pos-
sible that at the LHC a small inclusive CA is due to a
cancellation between a positive CA at low mtt̄ and a large
negative CA at large mtt̄ (at the Tevatron the positive
contribution would dominate). This mechanism would
yield FBA and CA falling with mtt̄ in contrast to obser-
vations.

We next consider explicit on-shell NP models, and
discuss in turn the asymmetric axigluon, and the elec-
troweak triplet of color octet vectors. These models are
representative of scenarios where the cancellation in the
CA can occur.
Asymmetric Axigluon. The model is a simple

modification of the light axigluon model originally in-
troduced by Tavares and Schmaltz [15] (see also [16]).
An SU(3)L × SU(3)R gauge symmetry is broken spon-
taneously via a bifundamental scalar φ to the diago-
nal SU(3)color. The SM fermions are charged under
the full gauge group and transform as Q = (3, 1) and
U,D = (1, 3). Additional heavy vector-like fermions are
integrated out at the scale Λ inducing dimension five and
six interactions between the light (SM-like) fermions and
the axigluon [15]. The relevant effective Lagrangian at
scales 〈φ〉 . µ . Λ is then

L = −1

4
(F aL)2 − 1

4
(F aR)2 + Q̄i/DQ+ Ū i/DU + D̄i/DD

+
1

Λ2

[
λ2
Q(φ†Q)i/D(φ†Q) + λ2

U (φU)i/D(φU)

+λ2
D(φD)i/D(φD)

]
+ LYuk + Lφ , (7)

where LYuk are the SM Yukawa terms and Lφ contains
the kinetic and potential terms for the scalar field φ.

To decorrelate FBA and CA the only necessary mod-
ification of the original construction [15] is to allow for
sizable parity breaking in the new fermionic sector. As
a consequence λQ 6= λU 6= λD. For notational simplicity
we keep λQ,U,D flavor universal and the gauge interac-
tions left-right symmetric, gL = gR ≡ g (we will relax
both assumptions below). After SU(3)L × SU(3)R →
SU(3)color breaking, diagonalizing the gauge boson mass
matrix, and rescaling the fermion fields, one obtains a
new effective Lagrangian at the EW scale

L = −1

4
(Gaµν)2 − 1

4
(G̃aµν)2 +

m̃2

2
Ã2
µ + Q̄(i/D − g̃Q/̃A)Q

+Ū(i/D + g̃U /̃A)U + D̄(i/D + g̃D/̃A)D + . . . , (8)

where Gaµν is the gluon field strength, Ãµ ≡ (ARµ −
ALµ)/

√
2 is the axigluon field, G̃aµν the axigluon field

strength, and the covariant derivative Dµ now contains
only the gluon field. If the initial SU(3)R×SU(3)L gauge
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Figure 2: Predictions for the relevant tt̄ observables in the ax-
igluon model (8) with mass m̃ = 350 GeV, decay width Γ = 0.2m̃,
and g̃Q = 0.5, when varying g̃D, g̃U , compared to the 1σ constraints

from inclusive AC (dashed blue lines), from Ahi
C (blue band), inclu-

sive AFB (dashed red lines), from Ahi
FB (red band), and inclusive

σtt̄ (green band) [17]. The vertical dotted line is the boundary of
the left-right symmetric model g̃D = −gs. Yellow cross denotes the
chosen benchmark point (see text for details).

interactions are left-right symmetric the axigluon cou-
plings to fermions are bounded by |g̃Q,D,U | ≤ gs . In the
general case where gR 6= gL, the couplings g̃Q,D,U can be
arbitrarily large (up to the perturbative limit).

The partial decay width for the axigluon decaying to
qq̄ pairs is

Γq
m̃

=

√
1− 4rq

48π

[
(1− rq)(g̃2

Q + g̃2
U,D) + 6rq g̃U,D g̃Q

]
,

(9)
where rq = m2

q/m̃
2 and the g̃U,D couplings apply for

decays to up- and down-type quarks, respectively. The
axigluon lighter than 2mt thus has a total decay width
of

Γ ' m̃

48π

[
5g̃2
Q + 2g̃2

U + 3g̃2
D

]
. (10)

For g̃i ∼ gs ∼ O(1), the axigluon decay width is sizeable,
Γ ∼ 0.1m̃.

The agreement with AC , AFB , and the inclusive tt̄
cross section (σtt̄) at the Tevatron [17, 18] is shown in
Fig. 2 for an axigluon mass m̃ = 350 GeV and de-
cay width fixed to Γ = 0.2m̃ for simplicity (this de-
cay width is saturated for |g̃D| ' 3, otherwise flavor
non-universal couplings to bR,sR (larger than to dR)
are implicitly assumed). The predictions are made us-
ing FeynRules1.5.48 [19], Madgraph5.1.3.30 [20] with
Pythia6.425 [21] + PGS4 [22] pipeline. Scanning over
g̃Q,U,D the best fit region is obtained for g̃Q ' g̃U ' 0.5
and g̃D ' −2, where the NP predictions are well within
the 1σ experimental regions. As a benchmark we choose
a point on the boundary of the g̃D values in the left-right
symmetric axigluon model, g̃Q = 0.5, g̃U = 0.32, g̃D =
−1.2. For this point we obtain the central values for
inclusive AFB = 0.16 and AC = 0.015, while in the
high mtt̄ > 450 GeV region we predict Ahi

FB = 0.23 and
Ahi
C = 0.019.
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Figure 3: Comparison of the ATLAS data on tt̄ spectrum [23]
(blue band), the SM NLLL prediction [24] (black dotted) and the
axigluon model benchmark point from Fig. 2 (black solid).

We have checked that the benchmark satisfies all the
remaining LHC and Tevatron constraints. The 350 GeV
axigluon is below the tt̄ threshold and does not produce a
resonance in the differential dσtt̄/dmtt̄ distribution which
is then in good agreement with the measurements. As
an example we show a comparison between the most re-
cent ATLAS data [23] and the theory prediction includ-
ing NLLL SM prediction [24] with contributions from our
benchmark axigluon model calculated at LO. Agreement
with the CMS and CDF tt̄ spectra is similarly good.

The dσtt̄/dmtt̄ spectrum would be an important con-
straint, though, for a heavier axigluon with non-universal
g̃Q 6= g̃U 6= g̃D resulting in vectorial couplings of the ax-
igluon to the SM quarks. The bump hunting and angu-
lar correlations measurements in dijet production at the
LHC and the Tevatron are not yet sensitive to the ax-
igluon with the benchmark point couplings (even if the
decay width is smaller, e.g. Γ = 0.1m̃). More constrain-
ing is the CMS resonance search in paired dijets [25]. A
qualitative comparison of the CMS data with our sim-
ulated LO SM and axigluon model predictions is shown
in Fig. 4, where we have assumed that the axigluon de-
cays to two jets with a 100% branching fraction. For
smaller decay widths, e.g., already for Γ = 0.1m̃, there
would be an observable resonance peak in the distribu-
tion, which is excluded. A decay width of Γ = 0.2m̃
implies that at our benchmark point the axigluon has
large couplings to either sR, bR or both, for instance
g̃D(sR) = g̃D(bR) = −3.7, and can be searched for using
the bb̄ forward-backward asymmetry as we show below.
Other search strategies for colored octet scalars were pre-
sented, e.g., in [27].

Electroweak Triplets. The cancellation between the
uū and dd̄ contributions is automatic for NP resonances
that are electroweak triplets (EWT). As an example we
consider a color octet EWT vector (model IVo in [28])
with the interaction Lagrangian

L = η0Q̄LT
aτ i/V a,iQL + · · · , (11)

where the SU(3)color and SU(2)L generators are normal-
ized to Tr(T aT b) = Tr(τaτ b) = δab/2. The tt̄ produc-
tion asymmetry is due to the s−channel exchange of the
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Figure 5: The correlation between AFB and AC in two mod-
els, the colored EWT model (black) and the asymmetric axigluon
model (blue), the later allowing for much larger spread in AC at
fixed AFB . The scan is over the range of g̃U,D in Fig. 2 for the
axigluon and over η0 ∈ [0, 2.6] for the EWT, while m̃ = mV = 350
GeV and Γ = 70 GeV in both models. Gray bands represent the
experimental 1σ regions for the two observables.

charge neutral V a,3 resonances. They couple to uL and
dL with opposite signs, which leads to a natural sup-
pression of ∆AC . Since the relative sizes and signs of
these couplings are fixed by gauge symmetry, contribu-
tions to the CA and FBA are tightly correlated. This is
illustrated in Fig. 5 where we vary η0 ∈ [0, 2.6], but fix
mV = 350 GeV and Γ = 0.2mV for ease of comparison
with the asymmetric axigluon model. A more compre-
hensive scan over η0,mV and Γ comparing the predic-
tions with Ahi

FB , AFB , Ahi
C , AC and dσtt̄/dmtt̄, reveals,

however, that it is not possible to simultaneously satisfy
all the above constraints within 1σ. The main reason is
that accommodating both the FBA and the CA simul-
taneously, requires couplings to d̄d currents much larger
than to ūu (c.f. Eq. (6)), something not allowed by the
gauge symmetric structure of the model. Consequently,
at present the model is disfavored. It could become vi-
able again, if the present tension among the observed
FBA and CA values is somewhat reduced by future more
precise measurements.

Discovery observables. Finally, let us discuss the
observables with the help of which the above NP models
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Figure 6: The bb̄ forward-backward asymmetry at the Tevatron as
predicted by the axigluon model (8) with the benchmark param-
eter set from Fig. 2 (black) and with additional flavor symmetry
breaking g̃D(sR) = g̃D(bR) = −3.7 (red) or g̃D(bR) = −5.1 (blue).

could be discovered at the LHC. Any NP model affecting
the FBA and CA needs to couple to light quarks. More
precise measurement of dijet production or paired dijet
production could therefore reveal irregularities, though,
as we have shown above, this could be challenging for
broad resonances.

There are also several other common features of the
models in which AC is suppressed. For instance, to have
a large cancellation between uū and dd̄ contributions,
the couplings to down quarks are necessarily enhanced,
c.f. Eq. (6). This then generically implies a signifi-
cant effect in the bb̄ forward-backward asymmetry at the
Tevatron (though precise predictions are model depen-
dent). In the asymmetric light axigluon model, for ex-
ample, the couplings to bR and sR should be even fur-
ther enhanced to make the axigluon broad. In Fig. 6
we show three representative cases. The first one is the
benchmark point in Fig. 2 with flavor universal couplings
g̃D = −1.2 for dR, sR and bR (black line), for which the
decay width would be small unless channels besides qq̄
are open. The blue and red lines denote flavor nonuni-
versal choices where the couplings are changed either
to g̃D(sR) = g̃D(bR) = −3.7 or to g̃D(bR) = −5.1, re-
spectively, while the other parameters are left the same
(these choices give Γ = 0.2m̃). The CDF sensitivity for
mbb̄ > 130 GeV is 2.6% [29]. The largest deviations
appear for mbb̄ & 400 GeV (i.e. above the resonance
mass), thus the extension of measurements to higher bb̄
pair masses is highly desirable.

Another generic property of the models that will sup-
press the CA is that they contain new chiral couplings
to quarks. (To suppress AC , couplings to u and d need
to be different. Purely vector or axial couplings are pos-
sible only if there is a fine-tuned electroweak symmetry
breaking of the couplings to QL with the sizes of uR
and dL couplings.) This means that the t and t̄ pro-
duced through NP interactions will be polarized. For the
asymmetric axigluon benchmark point we obtain the top
polarization fractions BTEV

beam ' BTEV
off−diagonal ' 13% and

BTEV
helicity ' 7% at the Tevatron, where the numbers re-

fer to different choices of the top spin quantization axis
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(c.f. [30] and references therein). At the LHC the effects
are significantly diluted. We find that only the helicity
axis polarization, BLHC7

helicity ' 2%, is larger than a percent.

Conclusions. We have shown that the FBA in tt̄ pro-
duction at the Tevatron can in general be large, O(0.2),
and the CA at the LHC remain small . O(1%) (or even of
the opposite sign). The reason is that the uū and dd̄ con-
tents of pp̄ and pp initial states are different. For the CA
to be small, the coupling of NP to d̄d currents needs to
be large and of opposite sign to the coupling of NP to ūu.
We have shown this using an effective theory analysis as
well as for two explicit on-shell models: a light asymmet-
ric axigluon model and a model with colored electroweak
triplet vectors. The asymmetric light axigluon gives a

good description of the present data (for both AC and
AFB as well as other collider constraints), and predicts
generically a large bb̄ forward-backward asymmetry and
observable top polarization in tt̄ production.
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