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Abstract

While the unpolarized parton distribution functions of the valence quarks (d and u)
are well determined from DIS experiments, the sea quark counterparts, d̄ and ū, are
much less constrained, in particular, near the valence region. Measurements of W+/W−

production ratio in pp collider experiments, such as the STAR experiment at RHIC, can
probe the d̄/ū ratio at a large Q2 set by the W mass. These proceedings will discuss
recent results of W and Z cross-section measurements using the STAR pp collision data
at a center-of-mass energy of

p
s = 500/510 GeV collected in 2011, 2012, 2013 and 2017.
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1 Introduction

Over the past decades, experiments at high-energy particle colliders have proven successful in
broadening our understanding of the nucleon structure and constraining the parton distribu-
tion functions (PDFs) more precisely than before. Several global analyses, such as CT14 [1],
MMHT14 [2], and BS15 [3], have been conducted in order to extract PDFs from experimen-
tal observations. Nevertheless, there remain open questions that require further experimental
studies. One example is the unpolarized sea quark distribution ratio d̄/ū, which has been
predominantly extracted from Drell-Yan measurements, such as those at E866 [4] and the
SeaQuest [5] experiments. While measurements from the two experiments are in good agree-
ment in the region of the partonic momentum fraction x < 0.2, a discrepancy is observed for
x > 0.25. This motivates complementary measurements using different physics processes.

A strong candidate for such a process is the W production in pp collisions, where the
W+/W− cross-section ratio is sensitive to the sea quark distribution ratio. The production and
decay channel of a W+ (W−) boson is shown in equation 1.

u+ d̄ →W+→ e+ + ν (d + ū→W−→ e− + ν̄) . (1)
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At the leading order, the W cross-section ratio, σW+/σW−, is directly proportional to the sea
quark PDFs, as shown in equation 2 [6], and can be used to probe the sea quark distributions
at a large Q2 ∼ M2

W .

σW+

σW−
∼

d̄(x2)u(x1) + d̄(x1)u(x2)
ū(x2)d(x1) + ū(x1)d(x2)

. (2)

Measurements of W production at STAR are also complementary to the LHC W and Z produc-
tion measurements by providing cross-section measurements with lower

p
s and larger x .

2 Experiment

A detailed description of the STAR detector can be found in [7]. A brief outline of the compo-
nents that are most relevant for this analysis is given below.

The time projection chamber (TPC) [8] is a drift chamber used for particle tracking, and
the barrel electromagnetic calorimeter (BEMC) [9] and endcap electromagnetic calorimeter
(EEMC) [10] are used to measure electrons from weak boson decays and for triggering. In
the mid-rapidity region (|η| ≤ 1) STAR probes the x range of approximately 0.1 to 0.3. The
EEMC allows the W cross-section ratio to be measured in the more forward direction, which
extends the x reach to roughly 0.06< x < 0.4.

The first measurements of W and Z cross sections at STAR were based on a data set taken
in 2009, corresponding to an integrated luminosity of L∼ 13.2 pb−1 [11], at a center-of-mass
energy

p
s = 500 GeV.

Additional data sets were collected in 2011 at
p

s = 500 GeV, and 2012 and 2013 at
510 GeV with a combined luminosity of L ∼ 350 pb−1. The results based on these data sets
have been published in [12]. Finally, a preliminary release has been granted based on the data
set collected in 2017 at

p
s = 510 GeV with L∼ 350 pb−1.

3 Results

W candidates are selected by requiring a large imbalance in the transverse momentum (pT)
deposit in the detector, arising from final-state neutrinos that escape the STAR detector system.
Furthermore, the decay-electron tracks are tagged by requiring a highly-concentrated energy
deposition in either BEMC or EEMC.

Figure 1: ET distributions for electroweak e+ (left) and e− candidates (right).

A comparison of the electroweak (EW) e± candidates from the STAR 2017 data set and

140.2

https://scipost.org
https://scipost.org/SciPostPhysProc.8.140


SciPost Phys. Proc. 8, 140 (2022)

a Monte-Carlo (MC) simulation (based on Pythia 6.4.28 [13] and GEANT [14]) is given as a
distribution of transverse energy (ET) in Fig. 1. The MC distribution is a combination of the EW
electron signal and various background contributions; W → eν MC represents the W -decay
electron signal from the MC simulation; the QCD contribution that survives the selection cuts
was estimated from the ET distribution that fails the pT imbalance cut, and is denoted in the
figure as data-driven QCD; the second EEMC background is an estimate of the non-W events
that mimic the imbalance in transverse momentum due to limitations in the STAR detector
coverage in the region η < −1; the background contributions from W → τ+ ν and Z → ee
decays are determined from MC simulation. A good agreement is found between data and the
combined MC contributions. Finally, an additional restriction, ET > 25 GeV, is applied in order
to isolate the EW e± signal from the background. On the other hand, the Z-boson kinematics
can be reconstructed by requiring events to have two electrons with opposite charges.

The selected W and Z candidates are used to extract the W and Z fiducial cross sections
as follows:

σfid
W±,Z =

NO
W±,Z − N B

W±,Z

L · εW±,Z
, (3)

where NO is the number of observed boson candidates, N B is the number of background events
estimated from data and MC, L is the integrated luminosity, ε is the detection efficiency, and
the subscript W±, Z refers to the respective boson candidate.

Figure 2: STAR W cross-section ratios from the 2011+2012+2013 data set and the
2017 data set plotted as a function of lepton pseudorapidity.

Shown in Fig. 2 is a comparison of W cross-section ratios from the 2011+2012+2013 data
set and the 2017 data set as a function of lepton pseudorapidity. The vertical bars represent
the statistical uncertainties, while the boxes represent systematic uncertainties. The colored
band and curves correspond to theoretical calculations based on different PDF sets [15, 16]
and frameworks [17,18]. The endcap measurement in the region ηe > 1 for the 2017 data set
is still under analysis. Only the 2011+2012+2013 result is shown.

The W -boson kinematics can also be reconstructed at STAR, as described in [19]. The
neutrino momentum, ~Pν, is determined from the imbalance in pT with the help of the MC
simulation. The RW (≡ σW+/σW−) cross-section ratio obtained with the 2011+2012+2013
data set is illustrated in the left panel of Fig. 3 as a function of reconstructed boson rapidity,
yW .
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Figure 3: STAR W cross-section ratios obtained with MC reconstruction method using
the 2011+2012+2013 data set as a function of W rapidity (left). Differential cross
section dσ/dpZ0

T as a function of Z0 transverse momentum pZ0

T (right).

In addition, the differential cross section dσ/dpZ0

T has been measured with the 2011+2012+2013
data and the preliminary result is shown in the right panel of Fig. 3. The result is compared
to different TMDPDFs [20,21].

4 Conclusion

STAR has measured the W+/W− cross-section ratio in pp collisions at
p

s = 500 GeV and
510 GeV. These measurements provide high Q2 data that are sensitive to the d̄/ū ratio in
the kinematic range of about 0.06 < x < 0.4, which will help constrain the sea quark PDFs
and complement the E866 and SeaQuest measurements. Furthermore, the STAR results are
complementary to the LHC W and Z production measurements by providing cross-section
measurements at lower

p
s and larger x . Preliminary results for W and Z production based

on the 2011+2012+2013 (L ∼ 350 pb−1) and 2017 (L ∼ 350 pb−1) data sets are presented,
and compared to model calculations.
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