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Impact of SeaQuest data on sea-quark PDFs at large 𝒙
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We investigate the impact of the recently released FNAL-E906 (SeaQuest) data on the ratio of
proton-deuteron and proton-proton Drell-Yan production cross-sections on the sea quark PDFs.
We find that they have constraining power on the light-quark sea isospin asymmetry (𝑑− �̄�) (𝑥) and
on the (𝑑/�̄�) (𝑥) ratio at large longitudinal momentum fraction 𝑥 values, and that their constraints
turn out to be compatible with those from Drell-Yan data in collider experiments (Tevatron and
Large Hadron Collider) and in old fixed-target experiments by the FNAL-E605 and FNAL-E866
collaborations. We study the impact of nuclear corrections due to the deuteron target, finding them
within 1% in most of the kinematic region covered by SeaQuest. We perform a new proton PDF
fit, including SeaQuest data, using the ABMP16 methodology and we compare it to the ABMP16
baseline.
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1. Introduction
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Figure 1: (𝑥1, 𝑥2) coverage of various DY datasets from collider and fixed-target experiments, used in the
ABMP16 + SeaQuest PDF fit (red full circles: SeaQuest [1], magenta down-oriented triangles: NuSea [2],
black up-oriented triangles: FNAL-E605, blue open circles: Tevatron D0𝑊± production [3, 4], green: LHCb
𝑍-production at

√
𝑠 = 7 and 8 TeV [5–7])

.

The knowledgde of parton distribution functions (PDFs) at large 𝑥 is one of the most urgent
open issues, that, if not solved, will be capable of compromising precision physics within the
Standard Model (SM) and searches for physics beyond the SM at the forthcoming high-luminosity
Runs at the Large Hadron Collider (HL-LHC).

In this contribution we focus on quark distributions. Deep-inelastic-scattering (DIS) data at
HERA and in fixed-target experiments have allowed to constrain quark distributions in a wide range
of longitudinal momentum fraction 𝑥 values. In order to distinguish the sea and the valence quark
component in case of the up and down flavour, they have been supplemented with Drell-Yan (DY)
data at colliders and in fixed-target experiments.

The present study aims at investigating the relevance of recently released FNAL-E906 (SeaQuest)
data on the ratio of DY cross sections for proton-deuteron (𝑝𝑑) and proton-proton (𝑝𝑝) collisions
𝜎𝑝𝑑→𝛾∗→`+`−/𝜎𝑝𝑝→𝛾∗→`+`− [1] as a function of Feynman-𝑥 variable 𝑥𝐹 for constraining the
light-flavour isospin asymmetry (𝑑 − �̄�) (𝑥), and the related (𝑑/�̄�) (𝑥) ratio, according to an idea
already pointed out by Ellis and Stirling in Ref. [8]. Neglecting nuclear effects and considering a
fixed-target experiment in forward kinematics like SeaQuest, 𝜎𝑝𝑑→𝛾∗→`+`−/𝜎𝑝𝑝→𝛾∗→`+`− (𝑥2) is
directly related to (𝑑/�̄�) (𝑥2), where 𝑥2 is the longitudinal momentum fraction of the parton in the
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target nucleon. The SeaQuest center-of-mass energy
√
𝑠 = 15.1 GeV is smaller than for previous

experiments also sensitive to the (𝑑 − �̄�) (𝑥) asymmetry and the (𝑑/�̄�) (𝑥) ratio, CERN-NA51 [9]
and FNAL-E866 (NuSea) [2]. Therefore SeaQuest can be considered as complementary to these
old experiments, probing an 𝑥 range extending to higher values, i.e. 0.12 ≲ 𝑥 ≲ 0.45. On the
other hand, the data from the older experiments, in particular NuSea, are essential to constrain the
aforementioned isospin asymmetry at lower 𝑥 values, down to 𝑥 ∼ 2 · 10−2. Further DY data were
collected by the FNAL-E605 experiment [10], reaching an 𝑥 value even larger than SeaQuest, i.e.
𝑥 ∼ 0.5, however using only a Copper target. The latter are not particularly sensitive to the isospin
asymmetry considering that Copper is close to isoscalarity and that data with a 𝑝 target were not
collected by the latter experiment.

SeaQuest released its data on DY cross-section ratio in seven bins in 𝑥𝐹 . For each bin the
average value of the invariant mass and transverse momentum of the `+`− pair, ⟨𝑀 (`+, `−)⟩ and
⟨𝑃𝑇 (`+`−)⟩ are also reported. With this information, one car reconstruct a value of ⟨𝑝𝐿 (`+, `−)⟩
and ⟨𝐸 (`+, `−)⟩, and from there an average rapidity ⟨𝑦(`+, `−)⟩ and, assuming leading order
kinematics, an (𝑥1, 𝑥2) combination of values corresponding to each data point. The latter are
reported in Fig. 1 together with the values of (𝑥1, 𝑥2) for each datapoint of other DY measurements
already used in the ABMP16 PDF fit. One can also observe, that in comparison to previous fixed-
target experiments FNAL-E605 and FNAL-E866, the correlation between 𝑥1 and 𝑥2 values in case
of SeaQuest is more evident, because the latter experiment restricted 𝑀 (`+, `−) to a small range of
values ∼ 5 GeV. A cut 𝑀 (`+, `−) > 4.5 GeV was imposed to suppress the contamination from 𝐽/𝜓
and 𝜓′ production and decay. One can also observe the complementarity with collider data, where
the correlation between 𝑥1 and 𝑥2 is more evident due to the exchange of an heavy boson (𝑊± or
𝑍). The latter are capable of constraining PDFs at smaller 𝑥2 values at a larger scale 𝑄2.

2. Comparison of fits incorporating or not SeaQuest data

All fits discussed in this section were performed following the ABMP16 methodology discussed
in Ref. [11]. We considered and compare the original ABMP16 NNLO and NLO fits [11, 12] with
new NNLO and NLO fits including all data already in ABMP16 plus the SeaQuest ones discussed
above. The corresponding 𝜒2 are reported in Table 1. The 𝜒2 values per data point when including
or not SeaQuest data in the fits are comparable and compatible within statistical fluctuations,
meaning that adding SeaQuest data does not worsen the quality of the fit. On the other hand, the
𝜒2 values per data point for the NNLO analyses are closer to one than those for the NLO analyses,
as expected, considering that including higher-order corrections in theoretical predictions leads to
a better accuracy and a better agreement with the experimental data. We thus focus mainly on the
NNLO analysis, and besides the two variants above, we also consider other two: one with Tevatron
data excluded and the other with LHCb data excluded. The four variants correspond to the four
columns of Table 2. For each variant, we report explicitly the 𝜒2 for various experimental data sets.
By comparing column (I) and (II), it is clear that adding the SeaQuest data does not compromise
the description of other datasets, i.e. the SeaQuest data turn out to be compatible with both the
NuSea and the collider ones. On the other hand, by comparing (II) with (III) and (IV) it is evident
that eliminating 𝑊± Tevatron data allows to improve the description of LHCb data and viceversa,
i.e. there is a tension between the considered Tevatron and LHC data.
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fit NDP 𝜒2

NLO NNLO
ABMP16 2861 3428.9 3377.6

ABMP16 + SeaQuest 2868 3438.4 3384.7

Table 1: The total values of 𝜒2 obtained for the NLO and NNLO ABMP16 (+ SeaQuest) fits. See Ref. [13]
for more detail.

Experiment Process
√
𝑠 (TeV) Ref. NDP 𝜒2

I II III IV
SeaQuest 𝑝𝑝 → 𝛾∗𝑋 → `+`−𝑋 0.0151 [1] 7 – 7.3 8.1 7.6

𝑝𝑑 → 𝛾∗𝑋 → `+`−𝑋

NuSea 𝑝𝑝 → 𝛾∗𝑋 → `+`−𝑋 0.0388 [2] 39 52.8 54.3 52.5 53.0
𝑝𝑑 → 𝛾∗𝑋 → `+`−𝑋

D0 𝑝𝑝 → 𝑊±𝑋 → `±
(−)
a 𝑋 1.96 [14] 10 17.6 17.6 – 14.5

𝑝𝑝 → 𝑊±𝑋 → 𝑒±
(−)
a 𝑋 1.96 [4] 13 19.0 19.0 – 15.9

LHCb 𝑝𝑝 → 𝑊±𝑋 → `±
(−)
a 𝑋 7 [15] 31 45.1 43.9 35.0 –

𝑝𝑝 → 𝑍𝑋 → `+`−𝑋

𝑝𝑝 → 𝑊±𝑋 → `±
(−)
a 𝑋 8 [16] 32 40.0 39.6 38.2 –

𝑝𝑝 → 𝑍𝑋 → `+`−𝑋

𝑝𝑝 → 𝑍𝑋 → 𝑒+𝑒−𝑋 8 [17] 17 21.7 21.9 21.9 –

Table 2: The values of 𝜒2 obtained for the data sets probing the large-𝑥 light quark PDFs, included in
various QCD analysis variants (column I: NNLO ABMP16 fit [11], column II: NNLO ABMP16 + SeaQuest
fit, column III: a variant of II with D0 DY data excluded, column IV: a variant of II with LHCb DY data
excluded). See Ref. [13] for more detail.

The effect of SeaQuest data in constraining the isospin asymmetry is illustrated in Fig. 2. It is
evident that the 1𝜎 uncertainty band on the latter shrinks for 𝑥 > 0.3 in the ABMP16 + SeaQuest
analysis in comparison to the ABMP16 one. However, one should also note that at large 𝑥 the
isospin asymmetry become increasingly small. These observations apply to both the NLO and the
NNLO fit.

3. Nuclear effects

Considering that SeaQuest data involve the use of a deuteron target, besides a proton one, we
investigated the role of nuclear effects [13]. We found them small, as evident when comparing the
ratio of 𝜎𝑝𝑑→𝛾∗→`+`− computed accounting for the fact that partons from the target are bound in a
nucleus, to the sum of 𝜎𝑝𝑝→𝛾∗→`+`− and 𝜎𝑝𝑛→𝛾∗→`+`− , which neglects nuclear effects. As shown
in Ref. [13], the ratio vary between 1.005 and 1.01 in the SeaQuest bins 𝑥𝐹 > 0.2, while it increases
when considering smaller 𝑥𝐹 (corresponding to larger 𝑥2) values outside of the SeaQuest present
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Figure 2: The 1𝜎 band for the 𝑛 𝑓 = 3-flavour isospin asymmetry of the sea distribution 𝑥(𝑑 − �̄�) (𝑥) at the
scale ` =3 GeV in the ABMP16+SeaQuest analysis (central pdf: dashed line, uncertainty band: left-tilted
hash) compared to the one of the ABMP16 fit (central pdf: dot-dashed line, uncertainty band: right-tilted
hash). The left panel refers to the NLO analysis, whereas the right panel refers to the NNLO one.

coverage. We concluded that nuclear effects due to deuteron can be neglected when using SeaQuest
data in proton PDF fits at the current level of data uncertainties.

4. Conclusions

In summary, we found that SeaQuest data are capable of reducing the uncertainties on the
(𝑑 − �̄�) (𝑥) asymmetry at large 𝑥, in particular 0.3 < 𝑥 < 0.45 and their role is complementary to
those of the NuSea data at smaller 𝑥. The constraints from SeaQuest and NuSea data are compatible
with those from collider data. The results point towards an asymmetric sea, with a predominance
of 𝑑 (𝑥) quarks vs. �̄�(𝑥) at 𝑥 ∼ 0.3.

So far the SeaQuest collaboration has analyzed only a part of the data they already collected.
We expect that completing the analysis will be fundamental in order to decrease the present data
uncertainties ∼ 5% and to increase their constraining power.

The ABMP16 + SeaQuest NNLO PDF fit will soon be released in the LHAPDF library [18].
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