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How do we probe the structure and dynamics of matter in ep vs. pp scattering? 

Spinning Glue: QCD and Spin

e�

X

e

p

x
Q2

W 2 � Q2/x

d�ep � F2 =
�

q

xe2
qfq(x)

!3

XXVI International Workshop on DIS and Related Subjects - DIS2018 
Kobe, Japan, April 16-20, 2018

M
om

en
tu

m
 

co
nt

ri
bu

ti
on

f(x) =

f+(x) + f�(x)

+

Spin 
contribution

�f(x) =

f+(x)� f�(x)

�

d�pp ⇥ f1 � f2 � �h �Dh
f Factorization

Universality

Theoretical foundation

e

p

p
x1

x2

W

�̄e



Observable: Quark/Anti-quark 

polarization (W production)  

Longitudinal single-spin 

asymmetry AL 

Parity violation for W production!
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AL =
�+ � ��
�+ + ��

Theoretical foundation
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Features of W boson production 

probing parton distributions:  

Direct sensitivity to quark (u/d) / anti-

quark (ubar/dbar) distributions 

Large scale defined by W mass (~80GeV) 

Simple final state of charged leptons: No 

dependency on fragmentation functions 

e

p

p
x1

x2

W

�̄e

Polarized and unpolarized partonic cross-sections 

known at NLO / Resummation framework - W AL 

asymmetry results powerful input for global analyses 

such as DSSV and NNPDF at NLO level!  

Proton spin structure using high-energy polarized p+p collisions - W production
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Theoretical foundation
Probing the quark flavor structure: W boson production (1) 
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Theoretical foundation
Probing the quark flavor structure: W boson production (2)

!6

XXVI International Workshop on DIS and Related Subjects - DIS2018 
Kobe, Japan, April 16-20, 2018

W kinematic coverage
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Experimental aspects - RHIC
The world’s first polarized proton+proton collider
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Absolute Polarimeter  
  (H jet)

RHIC pC Polarimeter

PHENIX

STAR

Siberian Snakes

Spin Rotators

Siberian Snakes

Pol. Proton 
Source 200 MeV Polari-

meter

Rf Dipole Strong AGS snake

AGS polarimeters

Helical Partial  
Siberian Snake

Partial Snake
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Experimental aspects - RHIC
Polarized p-p collisions
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Production runs at 

√s=500/510GeV (long. 

polarization) in 2009, 2011, 

2012 and 2013: W 

production (Quark 

polarization) / Jet and 

Hadron production (Gluon 

polarization)

Run L (pb-1) P (%) FOM (P2L) (pb-1)

Run 9 12 0.38 1.7

Run 11 9.4 0.49 2.3

Run 12 72 0.56 24

Run 13 250 0.54 73
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BBC

BEMC

EEMC
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Experimental aspects - STAR
Overview
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Calorimetry system with 
2π coverage: BEMC 
(-1<η<1) and EEMC (1<η<2) 

TPC: Tracking and 
particle ID

ZDC: Relative 
luminosity and local 
polarimetry (500GeV)  

BBC: Relative 
luminosity and 
Minimum bias trigger
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Results / Status - W reconstruction
W boson reconstruction at STAR vs. pseudo-rapidity η
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Results / Status - W reconstruction
W boson reconstruction at STAR vs. pseudo-rapidity η
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Results / Status - W reconstruction
Mid-rapidity STAR selection criteria 
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Results / Status - W reconstruction
Mid-rapidity W+ / W- signal distributions / Background determination 
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QCD background:  

Data-driven QCD background estimate: Background which satisfy e± candidate isolation cuts   

Second EEMC QCD background estimate: Background (“Jet”) at non-existing calorimetric coverage for -2 < η < 1.1 based on 
instrumented calorimetric coverage with STAR EEMC for 1.1 < η < 2 

Electro-Weak background: Z → e+ + e- (Z decay) and W → τ + ν (W-Tau decay) / PYTHIA-MC estimation!

STAR ET distributions 
for W-/W+ candidate 
events well described by    
W → e + ν (W-e decay) 

signal events and data-
driven QCD background 
estimation plus electro-
weak background events 
in four mid-rapidity η 
bins

Run 13
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Results / Status: Cross-section W+/W-

W/Z cross-section measurements at collider experiments 
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Measured and theory evaluated 

cross-sections agree within 

uncertainties 

Theory calculations: Full NNLO 

framework
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12

in the previous section. The results for pp ! W± to-
tal production cross sections at

p
s = 500 GeV are the

following:

�tot
W+ · BR(W+ ! e+ ⌫e) = 117.3 ± 5.9(stat)

± 6.2(syst) ± 15.2(lumi) pb,

�tot
W� · BR(W� ! e� ⌫̄e) = 43.3 ± 4.6(stat)

± 3.4(syst) ± 5.6(lumi) pb.

The result for the pp ! Z/�⇤ total production cross sec-
tion at

p
s = 500 GeV in the invariant mass range of

70 < me+e� < 110 GeV/c2 is

�tot
Z/�⇤ · BR(Z/�⇤ ! e+e�) = 7.7 ± 2.1(stat)

+0.5
�0.9(syst) ± 1.0(lumi) pb.

Figure 11 shows the measured total cross sections, mul-
tiplied by the respective branching ratios, in comparison
with the theoretical predictions at NLO from the fewz
program using the MSTW08 PDF set. Measurements
from other experiments at the Spp̄S, Tevatron, RHIC,
and LHC are also shown as a function of

p
s for compar-

ison.
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FIG. 11. (Color online) Measurements of W and Z total
cross sections times branching ratio versus center-of-mass en-
ergy. For the W cross sections in pp collisions, the closed
symbols represent W+ and the open symbols represent W�.
The theory curves are from the fewz program at NLO using
the MSTW08 PDF set.

Theoretical predictions for the production cross sec-
tions computed by the fewz [29] and fully resummed
rhicbos [15] calculations are shown in Table VII. The
theoretical uncertainties were determined for the fewz
predictions using the 90% confidence level error eigenvec-
tor PDF sets; error eigenvector sets are not provided for

the rhicbos calculation. Variations in the strong cou-
pling constant, ↵s, from the associated error PDF sets
were considered as well, but the uncertainties were found
to be negligible compared to the uncertainties from the
PDFs. The theoretical predictions agree well with the
measured cross sections within the theoretical and exper-
imental uncertainties. Interestingly, di↵erences between
the MSTW08 and CTEQ 6.6 PDF sets result in signifi-
cant di↵erences in the predicted cross sections at NLO.

�tot
W+(pb) �tot

W�(pb) �tot
Z · (pb)

NLO MSTW08 132.4 ± 9.0 45.7 ± 3.6 10.8 ± 0.8

NNLO MSTW08 136.7 ± 9.5 48.1 ± 3.0 11.2 ± 0.8

NLO CTEQ 6.6 121.8 ± 8.8 41.1 ± 4.3 9.8 ± 0.8

Ressum. CTEQ 6.6 121.1 39.9 -

TABLE VII. Summary of total cross section (times branching
ratio) theoretical predictions at

p
s = 500 GeV calculated

with the fewz and rhicbos programs. The Z/�⇤ values are
defined within the invariant mass range of 70 < me+e� <
110 GeV/c2.

VII. THE W CROSS SECTION RATIO

The W cross section ratio is defined as

RW =
�fid
W+

�fid
W�

=
Nobs

W+ �N bkgd
W+

Nobs
W� �N bkgd

W�

·
✏totW�

✏totW+

. (8)

If the small contributions from strange quarks are ne-
glected, this ratio should be equal to [32]

RW =
u(x1)d̄(x2) + d̄(x1)u(x2)

ū(x1)d(x2) + d(x1)ū(x2)
. (9)

Measurements of the cross section ratio should therefore
be sensitive to the flavor asymmetry of the antiquark sea
in the Bjorken-x range 0.1 <⇠ x <⇠ 0.3 probed at RHIC.
Drell-Yan experiments [17, 18] have measured a large
asymmetry in this x range, and precision measurements
of RW at RHIC can provide independent constraints on
the flavor asymmetry which are free from the assump-
tion of charge symmetry required in Drell-Yan. Mea-
surements of the lepton charge asymmetry at the LHC
[33, 34] provide similar constraints on the quark and an-
tiquark PDFs, though at significantly lower x due to the
much higher energy of the collisions.
The W cross section ratio was measured in two |⌘e| re-

gions, as this coarsely constrains the x of the partons in-
volved in the W production. In each |⌘e| bin, the fiducial
cross sections were computed using the same procedures
described in Sec. VI, where the background and e�cien-
cies were separately calculated for each charge and |⌘e|
bin. The luminosity, and its sizable uncertainty, cancel in
the cross section ratio, significantly reducing the system-
atic uncertainty, with respect to the W+ and W� cross
sections independently.

L. Adamczyk et al. (STAR Collaboration), 
Phys.Rev. D85 (2012) 092010.
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Results / Status: Cross-section ratio W+/W-

STAR: Probing dbar / ubar ratio: QCD sea 
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B. Kerns et al. (SeaQuest Collaboration), APS April Meeting, 2016.

STAR coverage at mid-rapidity: 0.1 < x < 0.3 for -1 < η < 1  

Constraints on global fitting for dbar/ubar through W production at higher Q2 compared E906  

Independent cross-check of Drell-Yan data
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Results / Status: Cross-section ratio W+/W-

STAR: Probing dbar / ubar ratio: QCD sea 
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ū(x1)d(x2) + d(x1)ū(x2)
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B. Kerns et al. (SeaQuest Collaboration), APS April Meeting, 2016.

Important issue: d̄/ū at large x and high Q2

d̄/
ū

x

New statistical PDF: predictions and tests up to LHC energies – p. 26/37

C. Bourrely and J. Soffer (2013)

STAR coverage at mid-rapidity: 0.1 < x < 0.3 for -1 < η < 1  

Constraints on global fitting for dbar/ubar through W production at higher Q2 compared E906  

Independent cross-check of Drell-Yan data
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Results / Status: Cross-section ratio W+/W-

STAR: W cross-section ratio measurements (Run 11 / 500GeV) (Run 12 / 510GeV)
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Run 11 + Run 12 preliminary result: ~100pb-1 

Run 13 data sample with ~250pb-1 will provide important improvement on precision 

Large Run 17 data sample of ~350pb-1 M. Posik et al. (STAR Collaboration), DIS 2015.

R
W

=
�
W

+

�
W

�
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Results / Status: Cross-section ratio W+/W-

STAR: W cross-section ratio measurements at (Run 11 / 500GeV) (Run 12 / 510GeV)
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W boson kinematics can be determined by reconstructing the W kinematics via its recoil  

Combination of data/MC simulations allows W boson rapidity reconstruction 

Critical for transverse single-spin asymmetry result of W production probing Sivers sign change

S. Fazio et al. (STAR Collaboration), DIS 2015.

R
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Results / Status: Cross-section ratio W+/W-

STAR: Run 11 / 12 uncertainties in comparison to projections for Run 13
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Improved precision with Run 13 compared to Run 11+12 preliminary results  

Further improvement from Run 17 p+p data sample expected at 510GeV with 350pb-1
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one can expect sensitivity to the polarized quark and anti-quark distributions in the region
0.05 ! x ! 0.4. We note that similar results as in Fig. 5 were also found in Ref. [14].

Figure 5: Averages of the momentum fractions x1,2 as functions of the charged lepton’s rapidity
ηl for W− (left) and W+ production (right) at RHIC.

Because of the correlation shown in Fig. 5, the combinations of parton distributions pre-
dominantly probed will vary with ηl. However, here also the underlying structure of the weak
interactions enters. For W− production, neglecting all partonic processes but the dominant
ūd → W− → e−ν̄e one, the asymmetry is found to be given by

Ae−

L ≈

∫

⊗(x1,x2)
[∆ū(x1)d(x2)(1− cos θ)2 −∆d(x1)ū(x2)(1 + cos θ)2]

∫

⊗(x1,x2)
[ū(x1)d(x2)(1− cos θ)2 + d(x1)ū(x2)(1 + cos θ)2]

, (5)

where
∫

⊗(x1,x2)
denotes an appropriate convolution over momentum fractions, and where θ is

the polar angle of the electron in the partonic c.m.s., with θ > 0 in the forward direction
of the polarized parton. Note that θ itself depends on the momentum fractions and on the
lepton’s rapidity. At large negative ηl, one has x2 ≫ x1 and θ ∼ π. In this case, the first
terms in the numerator and denominator of Eq. (5) strongly dominate, since the combination
of parton distributions, ∆ū(x1)d(x2), and the angular factor, (1 − cos θ)2, each dominate over
their counterpart in the second term. Therefore, the asymmetry provides a clean probe of
∆ū(x1)/ū(x1) at medium values of x1. By similar reasoning, at forward rapidity ηl ≫ 0
the second terms in the numerator and denominator of Eq. (5) dominate, giving access to
−∆d(x1)/d(x1) at relatively high x1. For the W+ production channel one has instead of (5)
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] . (6)

Here the distinction of the two contributions by considering large negative or positive lepton
rapidities is less clear-cut than in the case of W−. For example, at negative ηl the partonic
combination d̄(x1)u(x2) will dominate, but at the same time θ ∼ π so that the angular factor

10

one can expect sensitivity to the polarized quark and anti-quark distributions in the region
0.05 ! x ! 0.4. We note that similar results as in Fig. 5 were also found in Ref. [14].

Figure 5: Averages of the momentum fractions x1,2 as functions of the charged lepton’s rapidity
ηl for W− (left) and W+ production (right) at RHIC.

Because of the correlation shown in Fig. 5, the combinations of parton distributions pre-
dominantly probed will vary with ηl. However, here also the underlying structure of the weak
interactions enters. For W− production, neglecting all partonic processes but the dominant
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L. Adamczyk et al. (STAR Collaboration), Phys. Rev. Lett. 113, (2014) 072301.
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FIG. 3. (color online) Distributions of the invariant mass
of Z/�⇤ ! e+e� candidate events. The Z/�⇤ ! e+e� MC
distribution (filled histogram) is shown for comparison.

Figure 2(b) shows the reconstructed charge sign multi-
plied by the ratio of Ee

T (measured by the EEMC) to peT
(measured by the TPC) for forward rapidity candidates.
Because of their forward angle, these tracks have a re-
duced number of points along their trajectory measured
by the TPC compared to the midrapidity case, which
leads to a degraded pT resolution. Despite that, a clear
charge sign separation is observed. The data were fit
to two double-Gaussian template shapes generated from
W± MC samples to estimate the reconstructed charge
sign purity. The shaded regions were excluded from the
analysis to remove tracks with poorly reconstructed pT
and reduce the opposite charge sign contamination. The
residual charge sign contamination is estimated to be
6.5%, which is small relative to the statistical uncertain-
ties of the measured spin asymmetries.

Measurements of Z/�⇤ production at RHIC energies
are limited by a small production cross section. How-
ever, one unique advantage of this channel is the fully
reconstructed e+e� final state, allowing the initial state
kinematics to be determined event by event at leading
order. A sample of 88 Z/�⇤ ! e+e� events was identi-
fied by selecting a pair of isolated, oppositely charged e±

candidates, as described in Ref. [25]. The resulting in-
variant mass distribution of e+e� pairs is shown in Fig. 3,
superimposed with the MC expectation.

The measured spin asymmetries were obtained from
the 2011 and 2012 data samples using a likelihood
method to treat the low statistics of the 2011 sample.
For a given data sample, a model for the expected, spin-
dependent W± event yield µ in a given positive pseudo-
rapidity range, labeled a, of the STAR detector can be
defined for each of the four RHIC helicity states of the
two polarized proton beams

µa
++ = l++Na(1 + P1�A

+⌘e

L + P2�A
�⌘e

L + P1P2�ALL)
µa
+� = l+�Na(1 + P1�A

+⌘e

L � P2�A
�⌘e

L � P1P2�ALL)
µa
�+ = l�+Na(1� P1�A

+⌘e

L + P2�A
�⌘e

L � P1P2�ALL)
µa
�� = l��Na(1� P1�A

+⌘e

L � P2�A
�⌘e

L + P1P2�ALL)
(1)

where

• P1(P2) is the absolute value of the polarization of
beam 1(2),

• A+⌘e

L (A�⌘e

L ) is the single-spin asymmetry mea-
sured at positive(negative) ⌘e with respect to beam
1,

• ALL is the parity-conserving double-spin asymme-
try [32] which is symmetric with respect to ⌘e,

• Na is the spin averaged yield, and

• l±± are the respective relative luminosities deter-
mined from an independent sample of QCD events,
which required a nonisolated lepton candidate with
Ee

T < 20 GeV as described in Ref. [18].

A similar set of four equations can be written for
the symmetric negative pseudorapidity range of the
STAR detector, labeled b, by interchanging A+⌘e

L with
A�⌘e

L . The dilution of the asymmetries due to unpolar-
ized background contributions to theW± candidate yield
are represented by � = S/(S + B), where S and B are
the number of signal and background events as shown
in Figs. 1 and 2, and were measured separately for re-
gions a and b. The estimated W± ! ⌧±⌫⌧ yield is not
a background for the asymmetry measurement as it is
produced in the same partonic processes as the primary
signal, W± ! e±⌫e.

The eight spin-dependent yields for the pair of sym-
metric pseudorapidity regions in the STAR detector (a
and b) are used to define a likelihood function

L =
4Y

i

P(Ma
i |µa

i )P(M b
i |µb

i )g(�
a)g(�b) (2)

consisting of a product of Poisson probabilities P(Mi|µi)
for measuring Mi events in a helicity configuration, i,
given the expected value µi from Eqn. (1) and a Gaus-
sian probability g(�) for the estimated background di-
lution. The spin asymmetry parameters (A+⌘e

L , A�⌘e

L
and ALL) of this likelihood function were bounded to
be within their physically allowed range of [-1,1], Na,b

and �a,b were treated as nuisance parameters, and the
remaining parameters (P and l±±) are known constants.

Separate likelihood functions were computed for the
2011 and 2012 data sets, consisting of 2759 W+ and 837
W� candidates in total. The product of these two like-
lihood functions was used in a profile likelihood analy-
sis [31] to obtain the central values and confidence in-
tervals for the asymmetries. The W± asymmetries were
measured for e± with 25 < Ee

T < 50 GeV and are shown
in Figs. 4 and 5 as a function of e± pseudorapidity for the
single- and double-spin asymmetries, respectively. These
results are consistent with our previous measurements of
AL [18]. The data points are located at the average ⌘e
within each bin, and the horizontal error bars represent
the rms of the ⌘e distribution within that bin. The ver-
tical error bars show the 68% confidence intervals, which

STAR: Published W AL measurements (Run 11 / 500GeV) (Run 12 / 510GeV) 
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Measured asymmetries constrain anti-quark 

polarizations: Larger asymmetry for W- suggest 

large anti-u quark polarization!

Critical: Measurement of W+ and W- 

asymmetries as a function ηe 

Extension of backward / forward ηe 

acceptance  enhances sensitivity to anti-u / 

anti-d quark polarization 

AL (Z/γ*) result: AL = -0.07+0.14-0.14
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Significant constraint for ubar and dbar. 

Significant shift of ubar central value from STAR 2012 W AL prelim. data.
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Impact of STAR 2012 W AL measurements (DSSV)
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Anti-u quark polarization Anti-d quark polarization

E. Aschenauer, arXiv: 1304.0079.
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Significant constraint for ubar and dbar. 

Significant shift of ubar central value from STAR 2012 W AL prelim. data.

Anti-u quark polarization Anti-d quark polarization

E. Nocera. PoS DIS2014 (2014) 204, 
arXiv: 1406:7122.

R. Ball et al. (NNPDF Collaboration), 
Nucl. Phys. B887, (2014) 276.
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Flavor asymmetry of ubar and dbar is positive 

Flavor asymmetry of ubar and dbar of similar magnitude as respective 
unpolarized difference!

R. Ball et al. (NNPDF Collaboration), 
Nucl. Phys. B887, (2014) 276.

Flavor asymmetry of the polarized nucleon sea Emanuele Roberto Nocera
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Figure 2: The polarized light sea-quark asymmetry x(Dū � Dd̄) computed with the NNPDFpol1.1
PDFs [9] at Q

2 = 10 GeV2, its comparison with predictions computed with DSSV08 [7] PDFs and vari-
ous models of nucleon structure [17, 18, 19, 20, 22, 23, 25] (left plot), and with the unpolarized asymmetry
x(d̄ � ū) computed with NNPDF2.3 PDFs [26] (right plot).

MC (p-meson) [16] MC (r-meson) [18] PB (bag-model) [17] PB [21] IN [24] DSSV08 Dc2 = 1 [7]
ID ⌘ 0 < 0 ' 0.09 ' 0.2 ' 0.2 0.14±0.05

MC (p-r inter.) [17] MC (p-s inter.) [19] PB (ansatz) [20] CQS [22, 23] ST [25] NNPDFpol1.1 [9]
ID [�4 ·10�3,�0.033] ' 0.12 ' 0.3 0.31 > 0.12 0.17±0.08

Table 1: Prediction for the quantity ID =
R 1

0 dx[Dū(x)�Dd̄(x)] based on various theoretical models. Results
are taken from Ref. [10]. The value of ID at Q

2 = 10 GeV2, obtained using the NNPDFpol1.1 [9] and the
DSSV08 [7] PDF determinations from experimental data, is shown for comparison.

reported in Ref. [10], compared to that obtained using the NNPDFpol1.1 and DSSV08 PDFs. The
theoretical models quoted in Fig. 2 and Tab. 1 include several meson-cloud (MC) models [16, 17,
18, 19], various Pauli-blocking (PB) models [17, 20, 21], chiral quark-soliton (CQS) model [22,
23], instanton (IN) model [24] and statistical (ST) model [25]. A description of each of these
models has been recently summarized in Ref. [10].

Inspection of Fig. 2 and Tab. 1 allows us to draw the following conclusions.

• The results obtained using either the NNPDFpol1.1 or the DSSV08 PDFs are in fairly good
agreement, for both the sea-quark asymmetry and its first moment ID. A slight difference in
the size and shape of their central values is observed, especially in the high-x region, as a
consequence of the different behavior of the Dū distribution in the two parton sets, see Fig. 1.
This mild discrepancy may be explained by the fact that, in comparison to NNPDFpol1.1,
the DSSV08 result could be affected by some sources of bias: these include a poor knowl-
edge of the fragmentations functions used to analyze SIDIS data, and a parametrization of
PDFs which is not sufficiently flexible. The uncertainty for both the asymmetry in Fig. 2
and its first moment ID in Tab. 1 corresponds to the one-s band (for NNPDFpol1.1) and
to the Hessian uncertainty computed assuming Dc2 = 1 (for DSSV08). We notice that in

4

E. Nocera. PoS DIS2014 (2014) 204, 
arXiv: 1406:7122.
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STAR: W AL measurements (Run 13 / 510GeV)
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The most precise 

measurement of W AL up 

to date from Run 13 

measured over 4 bins in 

mid-rapidity for  

Expect to further 

constrain ubar / dbar.
 η lepton  

2− 1− 0 1 2
1−

0.5−

0

0.5

= 2% error2χ/2χ∆DSSV08 LO 

ν + ± e→ ± W→+p p
=510 GeVs  < 50 GeVe

T25 < E
LA

Rel lumi
syst

3.3% beam pol scale uncertainty not shown

+W -W
STAR 2013 Preliminary
DSSV08  RHICBOS
DSSV08  CHE NLO
LSS10 CHE NLO

W-

W+

J. Zhang et al. (STAR Collaboration), INPC2016,       
D. Gunarathne et al. (STAR Collaboration), SPIN2016.
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 η lepton  
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ν + ± e→ ± W→+p p
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+W -W
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STAR 2011+2012 Data
DSSV08  RHICBOS
DSSV08  CHE NLO
LSS10 CHE NLO

STAR 2013 W AL preliminary results is the 

most precise measurement of W AL up to date. 

STAR 2013 preliminary W AL results 

consistent with published 2011+2012 results. 

Statistical uncertainties (Dominant 

uncertainties) were reduced by 40% / Similar 

systematic uncertainties. 

J. Zhang et al. (STAR Collaboration), INPC2016,       
D. Gunarathne et al. (STAR Collaboration), SPIN2016.
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STAR 2013 W AL preliminary results is the 

most precise measurement of W AL up to date. 

STAR 2013 preliminary W AL results consist 

with published 2011+2012 results. 

Statistical uncertainties (Dominant 

uncertainties) were reduced by 40% / Similar 

systematic uncertainties. 

Results consistent with published PHENIX 

mid-rapidity measurements.

J. Zhang et al. (STAR Collaboration), INPC2016,       
D. Gunarathne et al. (STAR Collaboration), SPIN2016.
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mid-rapidity measurements.
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J. Zhang et al. (STAR Collaboration), INPC2016,                            
D. Gunarathne et al. (STAR Collaboration), SPIN2016.
A. Kraishan (STAR Collaboration), AGS/RHIC Users’ Meeting 2016
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Summary 

Mid-rapidity (Run 11/12): Published W asymmetry results suggest large anti-u quark polarization along with broken QCD 

sea. 

New prelim. result of STAR 2013 W AL is the most precise measurement to date: Further constrain anti-quark helicity 

distributions / Publication in preparation! 

New STAR 2013 W AL prelim. results consistent with published STAR 2011+2012 results and published PHENIX mid-

rapidity results. 

Preliminary cross-section ratio measurement (Run 11/12): Strong physics case of unpolarized dbar/ubar ratio using W 

production complementary to SeaQuest at FNAL / New Run 13 result in preparation! 

Outlook 

Long 510GeV run in 2017 (Run 17) at transverse spin polarization of about 350pb-1: W AN / Unpol. QCD sea  

Unpolarized program for Run 17: Cross-section ratio measurements of W+/W- Unpolarized dbar / ubar probe 

Exciting long-term polarized pp/pA program beyond 2020 requiring forward detector upgrade (Cold QCD plan)

E. Aschenauer, Cold QCD plan, 
arXiv: 1602.03922.
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