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We provide the most up-to-date predictions for the top-quark charge asymmetry Ac at the LHC with a
center-of-mass energy of 8 TeV. Our result is accurate at the NNLO level in the strong interactions and at
the complete-NLO level in both the strong and electroweak interactions. We present results for the inclusive
Ac, several differential asymmetries as well as the py ;7 and m; cumulative asymmetries. Similarly to the
Tevatron forward-backward asymmetry Agg, both NNLO QCD and NLO EW corrections to Ac are found
to be significant. The inclusion of higher-order corrections reduces the residual scale dependence in the
predicted Ac. The pattern of higher-order corrections indicates good perturbative control over these
observables. We conclude that at present there is nearly uniform agreement between standard model
predictions and LHC measurements across all Ac-related observables. All previously published differential
Agg predictions at the Tevatron are updated to the same accuracy.
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I. INTRODUCTION

The charge asymmetry in top-quark pair production at
hadron colliders has attracted a lot of interest in the last
decade. To a large degree this interest was driven by Tevatron
measurements [1-4], whose deviation from the predictions
of the standard model (SM) [5-24] were often interpreted as
a sign of possible BSM physics. The uncertainty of the
Tevatron measurements of the forward-backward asymmetry
Agp is not small and its main source is the limited number of
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top quark events. Given that the LHC has already accumu-
lated enormous statistics of top-pair events, one can try to
measure the related central-peripheral charge asymmetry Ac
and look for a deviation from the SM in a way that is
independent from the Tevatron measurements.

The measurement of A~ at the LHC, however, comes
with its own challenges. The LHC Ac is very small, about
1%, [17,21] which is about 10 times smaller than the
Tevatron asymmetry. Such a difference between the asym-
metries at these two colliders is mainly due to the fact that
top-pair production at the Tevatron is driven by ¢g initial
states, which generate a charge asymmetry, while at the
LHC top pairs are mainly produced in gg initial states,
which are charge symmetric.

The goal of this work is to provide predictions for both
the inclusive and differential A- at the LHC by fully
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accounting for NNLO QCD corrections at O(a?) as well as
for the complete-NLO ones. The term complete-NLO was
recently introduced in Refs. [25-28] and, unlike NLO EW,
denotes the complete set of SM corrections. For 7
production this corresponds to the NLO QCD at O(a}),
the NLO electroweak (EW) at O(aa?) as well as the
contributions at O(a?ag) and O(a?) together with the LO
ones at O(aag) and O(a?). As was established at the
Tevatron effects of both QCD and EW origin are numeri-
cally significant and have to be included in any realistic
comparison between LHC measurements and SM theory.
We also use this opportunity to update earlier NNLO QCD
differential Tevatron Apg predictions [23,24] by merging
them consistently with the complete-NLO predictions.

II. SETUP OF THE CALCULATION

We calculate the top-quark charge asymmetry Ac at the
LHC both at the inclusive level and differentially with
respect to the following kinematic variables: the ¢7 system’s
mass m;, rapidity y; transverse momentum pr; and
longitudinal boost along the z-axis:

Pzt +p z,l
pon =" (1)
where p, and E are the longitudinal momentum and energy
of the top/antitop quark in the detector frame, respectively.
In the notation of Refs. [23,24] and following the setup of
the CMS and ATLAS collaborations [29,30] the differential
Ac reads:

+ —
Ac = M on = /9(iA|y|)9bindG, (2)
Opin T Obin

where Aly| = |y,| — |y7| and do is the fully differential 7
cross section evaluated to the required order in perturbation
theory. The binning function 6,;, takes values zero or unity
and restricts to a given bin the kinematics of the #7 pair in
one of the four kinematic variables specified above. The
inclusive asymmetry is obtained by setting 6y;, = 1.

The Tevatron forward-backward asymmetry Apg is
defined similarly to Ac:
_ 8I;rm — 6l;m

Apg = , ﬁﬁ/wmmm,m

Biin + B
with Ay =y, — y;.

The calculation of Ac at NNLO QCD + NLO EW
accuracy follows Ref. [28] where full details about the
merging of QCD and EW corrections can be found. In this
paper we will use “NLO EW” as well “EW” as a short-hand
notation to refer to all non-pure-QCD corrections. The
genuine NLO EW correction at O(aa?) is the dominant one
among them.

The predictions in Ref. [28] were obtained by combining
NNLO QCD and NLO EW corrections in the so-called
multiplicative approach. In this work, however, all pre-
dictions for the charge asymmetry are based on the additive
approach, and the multiplicative approach will not be
employed. The reason is that, as discussed in Ref. [28],
the multiplicative approach is valid when QCD and EW
corrections are dominated by soft and weak-Sudakov
effects, respectively, since both these effects factorize. In
the case of the asymmetry, neither of these two conditions
are fulfilled as QCD corrections receive important contri-
butions from hard radiation [23] (although another viewpoint
exists on this matter, see Ref. [31]) and EW corrections are
dominated by QED effects [16]. Furthermore, the multipli-
cative combination makes use of the NLO/LO K-factor,
which is not defined for the asymmetry.

In the calculation of Ac at the LHC we use the
LUXQED_pLUS_PDF4LHC15_NNLO_100PDF set, which is
based on the PDF4LHC set [32-35] and employs the
procedure of Refs. [36,37] to derive the photon distribution,
as well as the dynamic scale of Ref. [38]:

Hy

HER =3 = (mg,+mz3), (4)

EN

already utilized in the differential predictions of Ref. [28].
All results are for m, = 173.3 GeV and LHC with c.m.
energy of 8 TeV. The NNLO QCD corrections to the
differential observables are computed following the
approach of Refs. [38,39] while the complete-NLO pre-
dictions are computed within a private extension of the
MADGRAPH5_AMC@NLO code [40-42] that has already
been successfully employed for the computations at com-
plete-NLO accuracy in Refs. [25,27]. We have checked that
with our setup we can reproduce the results in Refs. [16,21]
for the asymmetry at NLO QCD + EW accuracy.

The calculation of the asymmetry Ac is complicated by
the presence of large symmetric components in the cross
sections o6& defined in Eq. (2). In order to be able to
evaluate Ac with sufficient numerical precision, especially
in NNLO QCD, we have excluded the contributions with
gg initial state and in general all the Born-QCD configu-
rations. This way at NLO QCD and NLO EW we are able
to evaluate Ac differentially with a very small Monte Carlo
(MC) integration error (typically well below 1% in each
bin). The MC error of the NNLO QCD calculation is larger
and in few bins it becomes comparable to the scale
uncertainty. To account for the sizable MC error we include
it consistently in all our predictions by adding the MC and
scale errors in quadrature (independently for the upper and
lower scale variations). Since the PDF dependence of the
asymmetry is known to be very small compared to the scale
uncertainty, we do not quote PDF errors in our predictions.

All differential asymmetries are ratios of “unexpanded”
numerators and denominators, i.e., both the numerator and
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denominator in each bin are evaluated through the corre-
sponding order in perturbation theory and then the ratio
is taken. The effect of the series expansion of the ratio will
be shown in the next section only for the inclusive
asymmetry Ac.

Unlike the LHC calculations discussed above, the
updated Tevatron Agg prediction is derived with the setup
used in Refs. [23,24], namely, with fixed renormalization
and factorization scales pip g = m, and MSTW2008 [43]
PDF sets. This updated calculation has been utilized in the
latest Tevatron combination Ref. [4].

III. PREDICTIONS FOR A AT THE LHC

A. Inclusive asymmetry

In Tables I and I and in Fig. 1 we show the predictions for
the inclusive A¢ for the LHC at 8 TeV in NLO QCD, NLO
QCD + NLO EW, NNLO QCD and in NNLO QCD + NLO
EW. By default we calculate the inclusive Ac based on the
unexpanded definition Eq. (2) and using the dynamic scale
Eq. (4). As mentioned in the Introduction, and in line with
the previous literature, we also show predictions for the
expanded version AZ" of the inclusive Ac.

Defining the expanded asymmetry AZ is not straightfor-
ward, especially in the presence of EW corrections since
two different coupling constants are present. In pure QCD
the expanded version is traditionally defined through the
expansion of the perturbative cross sections in the ratio (2).
Such an approach leads to ambiguity related to the order of
the partonic distributions which contain implicit ag depend-
ence. Once EW corrections are added such an expansion
becomes even more cumbersome, especially at high per-
turbative orders.

In view of the above mentioned difficulties we introduce
AZ through the following simplified definition:

X, (1 1
A = Ak, (5)
A = AZK® —aD (KD KD, (6)
TABLE L Inclusive top-quark charge asymmetry at NLO QCD,

NLO QCD + NLO EW, NNLO QCD and NNLO QCD + NLO
EW with up = pp = Hy/4. Errors are from scale variation.

NLO QCD NLO +EW NNLO QCD NNLO + EW

Ac[%] 0738907 086707 0.83705 0.9570%
AZ%] 09670 113 08s0E 007702
TABLE II. As in Table I but with fixed scales up = up = m,.

NLO QCD NLO +EW NNLO QCD NNLO + EW
0.64f§;11§ 0.76:2;2‘)% 0.79i§.§§ 0.90i§;§7z
0.947010 1134009 0.867 002 0.9570:03

Ac[%]
AZ[%]

which we use in both pure QCD through NNLO and in
the presence of EW corrections through NNLO QCD +
NLO EW.

In Egs. (5) and (6) above Al is the N"LO QCD

approximation for Ac (with Ag)) =0)

3 n+2
(C”) _ aSN3 +"'<|>aS Nn+2
a§D2 +--+ ag‘+2Dn+2

(7)

with D, and N, originating, respectively, in the perturba-
tive expansion of the denominator and numerator in Eq. (2).
The K-factor K is the ratio of the inclusive N"LO and LO
11 cross sections, which is always computed in pure QCD

K — oDy + -+ ?Dy sy _
agDz

(8)

For consistency, we use the value of the inclusive cross
section obtained by summing the bins of the differential
distributions. As pointed out in Ref. [38] due to the use of
dynamic scales this value is slightly different from the one
obtained with the program TOP++ [44].

One can easily check that in pure QCD Egs. (5) and (6)
are exactly equal to the expansion up to NLO and NNLO
accuracy, respectively, and no higher-order terms are
introduced. These equations can also be used to define
A" in the presence of EW corrections if their effects in the
Ac denominator and K-factors are neglected. This is well
justified since the size of EW corrections to the inclusive 77
cross section is known to be small, about 1%.

Therefore, we also use Eqgs. (5) and (6) to define AZ

through (N)NLO QCD + NLO EW, with A" computed in

QCD + EW and K restricted to pure QCD. The impact

(1) is enhanced with respect to A(C1 )

due to the factor K1) in Eq. (5). Including EW corrections
only in the asymmetries is equivalent to the expanded
definition for the asymmetry through NNLO QCD + NLO
EW given in Eq. (3) of Ref. [23].

Equations (5) and (6) can also be used to calculate the
scale dependence of AZ by evaluating each factor on the
right-hand side (RHS) for the corresponding value of up g.

From Tables I and II we conclude that the effect of the
NNLO QCD correction on the inclusive Ac at the LHC is
different for the cases of the expanded and unexpanded
definitions; this is at variance with the pattern observed in
Ref. [23] for the Tevatron Agg. As can be seen in Table I,
the NNLO QCD correction increases the asymmetry by
0.10% in the expanded case, while in the unexpanded case
it reduces the asymmetry by roughly the same amount. In
both cases the inclusion of the NNLO QCD correction
leads to a strong reduction of the scale uncertainty which
completely overlaps with the uncertainty band of the NLO
prediction. This fact is indicative of the good consistency
of the pure QCD predictions. Furthermore, the difference

of EW corrections in Ag”
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FIG. 1. Inclusive charge asymmetry Ac for the LHC at 8 TeV in

NLO QCD, NNLO QCD and NNLO QCD + NLO EW versus
CMS and ATLAS measurements [29,30].

between the expanded and unexpanded predictions is
reduced at NNLO, which is another sign of the reliable
theoretical control over these predictions.

The effect of EW corrections is always positive, and it
increases the unexpanded asymmetries at NLO and NNLO
QCD, as well as the expanded one at NNLO QCD, by about
0.12%. The effect of EW corrections is larger (0.17%)
when they are combined with the expanded asymmetry at
NLO QCD, because of the NLO/LO K-factor that enters
the expanded asymmetry definition. In all cases EW
corrections are by far dominated by the O(aa%) contribu-
tion. In Fig. 1 we compare our predictions for the
asymmetry to CMS [30] and ATLAS [29] measurements
where a very good theory-data agreement is found. As it
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will also be the case for the differential asymmetries,
experimental errors largely outweigh the theoretical ones.

In order to facilitate comparisons with existing calcula-
tions, in Table II we also provide predictions derived with
fixed scales pp = ur = m,. The pattern of higher-order
corrections is similar to the case of dynamic scales. The
NLO QCD and NLO + EW values of the expanded asym-
metry AZ from this table agree within statistical uncertainties
with the numbers in Table 8 of Ref. [21] which have been
obtained with a slightly different setup. The difference
between the NNLO predictions with the two scale choices
is reduced, as expected, with respect to the case of NLO
predictions. In all cases, the two scale choices are always
compatible within scale uncertainties. Comparing the results
in Tables I and I we also note the very small dependence of
the expanded asymmetry AZ on the scale choice.

B. Differential asymmetry

In this section we present predictions for several differ-
ential charge asymmetries and compare them with existing
LHC measurements [29,30]. All calculations are performed
in NNLO QCD + NLO EW using the unexpanded definition
in Eq. (2). The reason of this choice is twofold. First, we have
verified in Sec. III A that differences among expanded and
unexpanded predictions are negligible when NNLO QCD
corrections are taken into account. Second, at the differential
level, the contribution of EW corrections to the K-factors can
no longer be neglected, overcomplicating the simultaneous
expansion in QCD and EW couplings.

In the main panels of Fig. 2 we compare the mg-
dependent charge asymmetry and two available measure-
ments. The theory uncertainty is negligible compared to the

L tf, LHC8, LUXQED
I u=H/4

NNLO QCD + NLOEW —
CMS O A

Ac [%]
o
[
S

12F 4
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1.1 F-NNLO QCD scale unc. MC error =
1 E T T T
E T T T

0'9:_... | s | s | s | s | s I._:
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m(tf) [GeV]

FIG. 2. The m;-dependent differential asymmetry for two sets of bins versus measurements from ATLAS and CMS.
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FIG. 3.

experimental one. All measurements are consistent with the
theory predictions within uncertainties.

In order to gain more insight into the structure of the
theory prediction, in the first insets we compare the scale
variations of the NNLO QCD result (the grey band) and
of the NNLO QCD + NLO EW one (the red band), both
normalized to the NNLO QCD central value. Clearly, the
impact of EW corrections on the differential asymmetry is
significant. The EW corrections tend to increase the m ;-
dependent charge asymmetry from about 13% close to
threshold to slightly over 20% at around 1 TeV. The
inclusion of EW corrections does not noticeably affect
the size of the scale uncertainty.

In the second insets we analyze the size of the higher-
order QCD corrections. Specifically, we plot as a grey band
the NNLO/NLO K-factor including its scale variation. We
observe that the NNLO QCD correction has very signifi-
cant impact on the m;-dependent charge asymmetry. It
significantly modifies the shape of the distribution by
increasing it by about 20% close to threshold and by
lowering it approximately by the same amount for m;
about 1 TeV. The scale error is reduced significantly once
the NNLO correction is included. This can be seen by
comparing with the blue band which represents the relative
scale uncertainty at NLO QCD.

Finally, in the third insets of Fig. 2 we show the MC error
of the NNLO result. In order to better judge the significance
of the MC error we compare it with the NNLO scale error. We
conclude that above about 700 GeV the MC error is as large
as the scale one. Given it is significant, the theory error of our
final predictions includes the MC error added in quadrature.

The pr ;-dependent charge asymmetry is shown in
Fig. 3, where it is compared to available measurements
from CMS [30] (left) and ATLAS [29] (right). When

F i, LHC8, LUXQED NNLO QCD + NLOEW — ]
16 | =ty ATLAS 2
12 F B

Ac [%]
T
1

-4 F

F NNLO QCD scale unc. MC error

0 10 20 30 40 50 60 70 80 90
pr(th) [GeV]

As in Fig. 2 but for the pr ;-dependent asymmetry.

interpreting this distribution one should keep in mind that
the QCD prediction is of NNLO accuracy only in the first
(leftmost) bin, while in the other bins it is of at most
NLO accuracy. This also explains the large effects and
scale uncertainties which are observed in the NNLO/NLO
K-factor for the bins with py ; > 0. Theory and data again
agree, with only a mild tension (below 20) in the first
CMS bin.

The theory errors are again significantly smaller than the
experimental ones although not as much as in the m;; case.
The overall pattern of higher-order corrections is very
similar to the one known for a long time from the Tevatron:
one has positive higher-order corrections in the first bin
and large negative corrections in the subsequent bins. The
absolute size of the EW corrections remains similar to what
has been found for other observables. However, their
impact is relatively small with respect to the size of the
scale error which is particularly large for the second bin.
For the same reason, the MC error in this distribution is
completely negligible.

In the main panel of Fig. 4 (left) we show the y;-
dependent asymmetry. We compare it with the available
CMS measurement [30]. The theory error is again com-
pletely negligible in all bins when compared to the
experimental one. In all bins but the central two data
and theory agree perfectly. In the central two bins the
measurement is lower than theory by less than 2¢. Given
the large experimental errors, this discrepancy does not
appear to be significant.

The higher-order corrections in the y;z-asymmetry have
an interesting pattern. EW corrections give a contribution
which is positive and nearly constant—as large as 20% of
the NNLO QCD one. The NNLO QCD correction has
similar behavior for all bins but the two central ones, where
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FIG. 4. The y;-dependent differential asymmetry versus CMS measurement (left) and the S, ;-dependent differential asymmetry

versus ATLAS measurement (right).

it increases the NLO QCD result by about 20%. In the two
central bins the NNLO QCD correction lowers the NLO
QCD one by about the same amount. For this reason, while
the combined effect of NNLO QCD and NLO EW is to
increase the NLO QCD non-central bins by about
40%—-50%, in the two central bins they almost cancel each
other, i.e., the NLO QCD result is close to the NNLO
QCD + NLO EW prediction. One should keep in mind,
however, that the absolute size of the asymmetry in the two
central bins is very small and therefore the absolute impact
of these corrections is tiny. The relative MC error is large
but its absolute size is very small in this distribution and
thus numerical uncertainties do not play an important role
here.

In Fig. 4 (right) we show the last distribution studied by
us, namely, the f,;-dependent asymmetry. Data and
theory agree in all bins with theory being slightly outside
the experimental error band in the second bin. The theory
error is again negligible compared to the experimental
one. We observe positive NLO EW and NNLO QCD
corrections of about 20% for all bins except the first one.
In the first bin NLO EW corrections remain positive but
NNLO QCD corrections are negative, as large as —30%.
The MC error is comparable to the scale error but its
absolute size is small and therefore immaterial for the
current theory/data comparison.

To summarize, we observe that for all differential charge
asymmetries studied by us the NLO EW and NNLO QCD
corrections have very significant impact on the shapes and
values of these asymmetries. In general we observe a good
consistency between SM theory predictions and LHC
measurements for all differential asymmetries, with only
mild tensions in a few bins. At present the experimental

errors are much larger than the theory ones. The theory/data
comparison will significantly benefit from possible future
measurements with increased precision.

C. Cumulative asymmetry

In this section we give predictions for the py ;- and
mg-cumulative asymmetries. They are closely related to
the corresponding differential asymmetries discussed in
Sec. III B. The definition of the cumulative asymmetry is
similar to the one in Eq. (2): for a given value of the
kinematic variable for which we compute the asymmetry,
the bin ranges from zero to that value.

While differential and cumulative asymmetries contain
the same information (the former is related to the derivative
of the latter), the cumulative ones tend to be better behaving
since in many cases the higher-order corrections are
distributed more uniformly over the full kinematic range.
Cumulative asymmetries have been extensively discussed
in the context of the Tevatron Agg, see Ref. [24].

In Fig. 5 we present the predictions for the p7 ;-dependent
cumulative Ac. We present separately the numerator, denom-
inator [both defined in the sense of Eq. (2)] and the complete
asymmetry. The MC error in all bins is small. Comparing
to Fig. 3 we see that the NNLO/NLO K-factor for the
cumulative asymmetry is much smaller than the one for
the differential asymmetry. Moreover, the relative scale
uncertainty is also much smaller for the cumulative distri-
bution than for the differential one.

The significance of the p; ; cumulative asymmetry has
been extensively discussed in Refs. [23,24]. It allows one to
disentangle the contributions from soft and hard emissions
to Ac and thus compare fixed-order predictions with ones
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FIG. 5. The pr ;-dependent cumulative numerator (left), cumulative denominator (center) and cumulative A¢ (right).

based on soft-gluon resummation. Although the bins used
in this work are much wider than the bins used in the
Tevatron analysis of Refs. [23,24], one can immediately see
that Agg and Ac behave similarly. The effect of the higher-
order EW and QCD corrections is again very significant
and each of them leads to a significant modification to the
shape of the asymmetric numerator. As expected, the effect
of NLO EW corrections on the (symmetric) denominator is
completely negligible while the effect of the NNLO QCD
correction is small to moderate. The individual impact
of NNLO QCD and NLO EW corrections on the pr ;-
dependent cumulative asymmetry is very significant and

| tf, LHC8, LUXQED NNLO QCD + NLOEW — |
'o\? u= H/4 NNLO QCD —
= NLO QCD —
3 1t .
o
E —_—
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E —_— - — ]
<
0.5 o
PR T T S AN TN TN S T N T SO TR S [N SN T S TN [N SO SO ST T N
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FIG. 6. mg-dependent cumulative asymmetry in NNLO QCD +
NLO EW.

for this reason it would be very interesting to compare these
predictions to data. In particular, in the second bin shown in
the histograms in Fig. 5, the effect of NLO EW corrections
is larger than the NNLO QCD scale uncertainty for both the
cumulative asymmetry and numerator.

Our prediction for the m;;-dependent cumulative asym-
metry is given in Fig. 6. Unlike the corresponding differ-
ential case, Fig. 2, the MC error of the cumulative
distribution is small in all bins. Also, the NNLO/NLO
K-factor is much flatter, which means that the higher-order
corrections to the shape are smaller than in the differential
case. We note that the current calculation is defined
differently than the one in Ref. [24] with the definition
in Ref. [24] being Ac(m; > mey)-

IV. UPDATED TEVATRON Agg PREDICTIONS

In this section we update the Tevatron predictions of
Refs. [23,24] by consistently merging QCD and EW
corrections in the differential asymmetry. With the excep-
tion of the inclusive Agg, the previous NNLO QCD
predictions [23,24] for the differential Arg did not include
any EW corrections.

The updated results are shown in Fig. 7. We consider the
|Ay|, m; and py; differential Apg. The NLO and NNLO
QCD results are the same as the ones in Refs. [23,24].
For consistency with these previously published results
here we use the same settings, in particular, the same PDF
sets (MSTW2008 [43] at 68% cl) and fixed factorization and
renormalization scale pp = up = m,.

The slope of the m ;-dependent Agg prediction derived in
this work has been extracted in Ref. [4] where it is
compared with the latest Tevatron Agg combination.

The effect of the EW corrections, relative to NNLO
QCD, is significant. They increase the differential |Ay| and
my; asymmetries by about 20% across the kinematic range
considered here. The EW corrections also slightly increase
the size of the scale variation for those two observables.
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FIG. 7. Differential |Ay|, m; and p; ; Apg asymmetries at the Tevatron in NNLO QCD + NLO EW versus available data from the

CDF [1] and D@ [3] collaborations.

In the case of the pr ;-dependent Ay the EW corrections
tend to increase the absolute size of the asymmetry by about
20%; the only exception is the (10-20) GeV bin where the
relative increase is about 100%. This increment is not
induced by the EW corrections themselves but rather by
the NNLO QCD correction which diminishes the NLO QCD
prediction (see the second inset) and, in turn, increases the
ratio (NNLO QCD + NLOEW)/(NNLO QCD).

V. SUMMARY

In this work we calculate the top-quark charge asym-
metry at a pp collider like the LHC. We systematically
account for NNLO QCD and complete-NLO corrections.
Overall, we find that both the NNLO QCD and EW
corrections have a large impact on the predicted charge
asymmetry, both inclusively and differentially. We provide
a set of predictions for cumulative asymmetries which have
not been measured so far but are better behaved with
respect to higher-order corrections.

We have emphasized the analogy of Ac with the related
App asymmetry at the Tevatron. Indeed, we find that in both
cases higher-order corrections to related differential asym-
metries seem to follow very similar patterns. We also find
some differences. The pattern of higher-order QCD cor-
rections in the inclusive asymmetry is somewhat different
from the Agg asymmetry at the Tevatron: while the NNLO
QCD corrections increase the unexpanded Ac relative to
NLO QCD, they decrease AZ when the expanded defi-
nition is used.

Our predictions for the LHC at 8 TeV are compared with
existing measurements form ATLAS and CMS. We observe
very good agreement between theory and data. In few bins
we observe deviations which do not appear to be significant

and in all cases are below the level of 2¢. The differential
and inclusive LHC charge asymmetries derived in this work
have been included in the latest LHC A combination [45].

At present the experimental uncertainties dominate over
the theory ones. Clearly, any future improvement in the
measurements will be very beneficial as it will allow more
detailed scrutiny of this important observable.

All results derived in this work are available in electronic
form [46].
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