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STAR measures Ws via lepton channel
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u+ d̄ → W+ → e+ + ν

d+ ū → W− → e− + ν̄

Measure parity-violating single-spin asymmetry:
(Helicity flip in one beam while averaging over the other)

AL =
σ+ − σ−
σ+ + σ−

Ws couple directly to the quarks 
and antiquarks of interest

Detect Ws through e+/e- decay 
channels

X
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STAR Detector Overview
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0.5 T Solenoidal Magnet
Triggering Barrel EM 

Calorimeter (BEMC): |η|<1

Triggering Endcap EM 
Calorimeter (EEMC): 

1.1<η<2

Time Projection 
Chamber (TPC): 
Charged particle 
tracking |η|<1.4
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STAR Detector Overview
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• Match pT > 10 GeV 
track to BEMC cluster

• Isolation Ratios

• PT-balance
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W algo extension for |η|>1
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Single Asymmetric η Slice

Single η slice

AL for both beams measured 
from 4 spin dependent yields

+(-)+(-)

+Z STAR 
ref. frame

+η -η
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Single Asymmetric η Slice

Blue beam 
polarized 
→AL(+η)Single η slice

AL for both beams measured 
from 4 spin dependent yields

Blue 
beam
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L (+η) =

1 + 2 − 3 − 4

PL
1 · Σ1. . .4

+(-)+(-)

+Z STAR 
ref. frame

+η -η
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Single Asymmetric η Slice

Blue beam 
polarized 
→AL(+η)Single η slice

Asig
L (−η) =

1 − 2 + 3 − 4

PL
2 · Σ1. . .4

AL for both beams measured 
from 4 spin dependent yields
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8 yields from a symmetric “pair of detectors”

Symmetric Pair of η Slices 
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2012  AL for  W → e ν 
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AL(W+) is consistent with theoretical 
predictions using the DSSV polarized PDFs

The systematic uncertainties for AL are well 
under control for |ηe| < 1.4

± 1σ
bands
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2012  AL for  W → e ν 
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AL(W+) is consistent with theoretical 
predictions using the DSSV polarized PDFs

AL(W-) is systematically larger than the DSSV 
predictions

The enhancement at ηe<0, in particular, is sensitive 
to the Δu polarized antiquark distribution

The systematic uncertainties for AL are well 
under control for |ηe| < 1.4

± 1σ
bands
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DSSV++ global analysis
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Summary
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The production of W bosons in 
polarized p+p collisions provides 
a new means of studying the 
spin and flavor asymmetries of 
the proton sea quark 
distributions

STAR has measured the parity-
violating single-spin asymmetry 
AL for |ηe| < 1.4 from Run 12 data, 
providing the first detailed look at 
the asymmetry’s ηe dependence

AL for Z/ɣ* production was also 
measured, and is consistent with 
the theoretical predictions 




