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We investigate the impact of parton distribution functions (PDFs) un-
certainties on W/Z production at the LHC, concentrating on the strange
quark PDF. Additionally, we examine the extent to which precise measure-
ments at the LHC can provide additional information on the proton flavor
structure.
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1. Introduction

Parton distribution functions provide the essential link between the theo-
retically calculated partonic cross sections, and the experimentally measured
physical cross sections involving hadrons and mesons. This link is crucial if
we are to make incisive tests of the Standard Model (SM), and search for
subtle deviations which might signal new physics.

We show that despite recent advances in the precision data and theoret-
ical predictions [1–5], the relative uncertainty on the heavier flavors remains
large. We will focus on the strange quark and show the impact of these
uncertainties on the production of W/Z bosons at the LHC.

This work is based on Ref. [6], and further details can be found therein.
∗ Presented by A. Kusina at the Light Cone 2012 Conference, Kraków, Poland, July
8–13, 2012.
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2. Extracting the strange quark PDF

In previous global analyses, the predominant information on the strange
quark PDF s(x) came from the difference of (large) inclusive cross sections
for Neutral Current (NC) and Charged Current (CC) DIS. For example, at
leading-order (LO) the difference between the NC and CC DIS F2 structure
function is proportional to the strange PDF. Because the strange distribu-
tions are small compared to the up and down PDFs, the s(x) extracted from
this measurement has large uncertainties. Lacking better information, it was
commonly assumed the distribution was of the form

s(x) = s̄(x) ∼ κ
[
ū(x) + d̄(x)

]
/2 (1)

with κ ∼ 1/2. This approach was used, for example, in the CTEQ6.1
PDFs [7], but it does not reflect the true uncertainty of s(x), in fact, it
reflects the uncertainty on the up and down sea which is well constrained
by DIS measurements.

Beginning with CTEQ6.6 PDFs [8], the neutrino–nucleon dimuon data
was included in the global fits to more directly constrain the strange quark1;
thus, Eq. (1) was not used, and two additional fitting parameters were in-
troduced to allow the strange quark to vary independently of the u and d
sea.

In Fig. 1, we show the relative uncertainty bands for the CTEQ6.6 PDF
error sets (outer/blue), and for CTEQ6.1 sets (inner/green). We observe
that in the case of CTEQ6.6 the relative error on the strange quark is
much larger than for the CTEQ6.1 set, particularly for x < 0.01, where
the neutrino–nucleon dimuon data do not provide any constraints. We ex-
pect this is a more accurate representation of the true uncertainty.
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Fig. 1. Relative uncertainty of the s PDF as a function of x for Q = 2 GeV. The
inner band is for CTEQ6.1, the outer for CTEQ6.6 PDF set.

This general behavior is also exhibited in other global PDF sets with
errors [9–12]. Thus, there is general agreement that the strange quark PDF
is poorly constrained, particularly in the small x region.

1 For a detailed review of experimental constraints of strange PDF see Ref. [6].
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3. Implications for Drell–Yan W/Z production at the LHC

The Drell–Yan production of W± and Z bosons at hadron colliders can
provide precise measurements for electroweak observables, which can mea-
sure fundamental parameters of the SM. Furthermore, theW/Z-boson cross-
section “benchmark” processes are intended to be used for detector calibra-
tion and luminosity monitoring; to perform these tasks, it is essential that
we know the impact of the PDF uncertainties on these measurements. In
the following, we will investigate the influence of the PDFs on the rapidity
distributions of the Drell–Yan production process.

3.1. Strange contribution to W/Z production

Because the LHC has a different initial state and a higher CMS energy
than the Tevatron, the relative contributions of the partonic subprocesses of
the W/Z production change significantly. At the LHC, the contributions of
the second generation quarks {s, c} are greatly enhanced. In Fig. 2, we dis-
play how the different partonic cross sections contribute to W+ production
at LO. In Tevatron, the ud̄ channel contributes 90% of the cross section,
while contributions from strange quarks are comparably small ∼ 9%. At
the LHC, subprocesses containing strange quarks are considerably more im-
portant. The s̄u channel contributes only 2%, while the s̄c channel yields
21%.
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Fig. 2. Partonic contributions to dσ/dy for W+-boson production at LO at the
Tevatron (left), and LHC with

√
S = 7 TeV (right).

We also note the LHC explores a much larger rapidity range. For chan-
nels containing strange quarks, |yW/Z | can be measured up to 4.5 at the
LHC, compared to 2.5 at the Tevatron; therefore, smaller values of x of the
strange quark distribution can be probed.

While the LO illustration of Fig. 2 provides a useful guide, in Fig. 3
we display the strange quark contribution to the differential cross section
d2σ/dM/dy of on-shell W±/Z production computed at NNLO using [13].
The band (yellow) represents the strange-quark initiated contributions.
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Fig. 3. d2σ/dM/dy in pb/GeV for pp → W− + X (left), pp → W+ + X (middle)
and pp→ Z, γ∗ +X (right) production at the LHC for 7 TeV.

The figures impressively highlight the large contribution of the s and s̄
quark subprocesses at the LHC. Consequently, it is essential to constrain the
strange PDF if we are to make accurate predictions and to perform precision
measurements. Figure 3 also shows the very different rapidity profiles of the
strange quark and valence quark terms. This property is most evident for
the case of W+ production. Here, the dominant ud̄ contribution has a
twin-peak structure, while the cs̄ distribution has a single-peak centered at
y = 0. The total distribution is then a linear combination of the twin-peak
and single-peak distributions, and these are weighted by the corresponding
PDF.

Therefore, a detailed measurement of the rapidity distribution of the
W±/Z bosons can yield information about the contributions of the s quark
relative to the u, d quarks. As this is a relative measurement, it is reasonable
to expect that this could be achieved with high precision once sufficient
statistics are collected. Consequently, this is an ideal measurement where
the LHC data could lead to stronger constraints on the PDFs.

Note, that ATLAS has already usedW/Z production to infer constraints
on the strange quark distribution, and they measured rs = 0.5(s + s̄)/d̄ =
1.00+0.25

−0.28 at Q2 = 1.9 GeV2 and x = 0.023 [14].

3.2. PDF uncertainty of the W/Z rapidity distributions

In Fig. 4 (left), we display the differential cross section d2σ/dM/dy for
W+ production at the LHC (

√
S = 7 TeV) using the 44 CTEQ6.6 error

PDFs calculated at NNLO [13]. To better resolve these PDF uncertainties, in
Fig. 4 (middle) we plot the ratio of the differential cross section d2σ/dM/dy
compared to the central value. We observe that the uncertainty due to the
PDFs as measured by this band is about ±3% for central boson rapidities.

For comparison, in Fig. 4 (right), we display the band (yellow) of
CTEQ6.6 error PDFs of Fig. 4 (middle) together with the results using a
selection of contemporary PDFs, all scaled by the central value of CTEQ6.6
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set2. We observe that the choice of PDF sets can result in differences ranging
to about ±8%, which is well beyond the ∼ ±3% displayed in Fig. 4 (middle).

While the band of error PDFs provides an efficient method to quantify
the uncertainty, the range spanned by the different PDF sets illustrates that
there are other important factors which should be considered.
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Fig. 4. Left: d2σ/dM/dy for pp→W+ +X production at the LHC with CTEQ6.6
PDF set. Middle: Figure 4 (left) scaled by the central value. Right: Grey/yellow
band representing d2σ/dM/dy for W+ production with CTEQ6.6 set, compared
with different PDF sets, all scaled by the central value of CTEQ6.6 set.

3.3. Correlations of the W/Z rapidity distributions

The leptonic decay modes of the W/Z bosons provide a powerful tool
for precision measurements of electroweak parameters such as the W -boson
mass. As the leptonic decay of the W boson contains a neutrino (W → `ν),
the Z-boson production process (Z → `+`−) is used to calibrate the leptonic
W process. This method works to the extent the production processes of
the W and Z bosons are correlated.

One possible measure to gauge the correlation of the PDF uncertainty is
the ratio of the sum of the differential W+ and W− cross sections with re-
spect to the differential Z-boson cross-section, normalized to the distribution
of the central PDF set. We define

R =

[
dσ(W+ +W−)

dσ(Z)

]
/

[
dσ(W+ +W−)

dσ(Z)

]
0

. (2)

In Fig. 5, we plot R for the CTEQ6.5 and CTEQ6.6 PDF sets.
We observe that the uncertainty band in double ratios of Fig. 5 are much

smaller than for single ratio of Fig. 4, which reflects the fact that W and
Z processes are correlated. We also observe that the band for CTEQ6.5
(Fig. 5 (left)) is much smaller than for CTEQ6.6 (Fig. 5 (right)), meaning
that correlation betweenW and Z processes is bigger when we use CTEQ6.5
PDFs.

2 For details on the used PDFs see Ref. [6].
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Fig. 5. Double ratio R as defined in Eq. (2) for the LHC with CTEQ6.5 (left) and
CTEQ6.6 (right) calculated at NNLO.

The primary difference that is driving this result is the different strange
PDF. For CTEQ6.5 the strange quark was defined by Eq. (1) while CTEQ6.6
introduced two extra fitting parameters which allowed the strange PDF to
vary independently from the up and down sea. Thus, the uncertainty of the
CTEQ6.6 distributions more accurately reflects the true uncertainty.

4. Conclusion

We have investigated the constraints of the strange PDFs and their im-
pact on the W/Z-boson production at the LHC.

We observe that the strange quark is rather poorly constrained, particu-
larly in the low x region which is sensitive to W/Z production at the LHC.
Improved analyses from neutrino DIS measurements could help reduce this
uncertainty. Conversely, precision measurements of W/Z production at the
LHC may provide input to the global PDF analyses which could further
constrain these distributions.

This work was partially supported by the U.S. Department of Energy
under grant DE-FG02-04ER41299, and the Lightner Sams Foundation.
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