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Motivation
DSSV Global Analysis
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Proton Spin Puzzle :  

(Jaffe-Manohar, 1990)

� Integral of quark polarization is well 

measured in DIS to be ~30%, some 

info on decomposition from SIDIS but 

sea quarks are not well constrained. 

22

∫ ∆+∆+∆+∆+∆+∆=∆Σ dxsdusdu )(

Jinlong Zhang  DNP-2013-10 2

PRD 80, 034030(2009)

Flavor-separate anti-quark polarized 

PDF measurement 
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� Ws couple directly to the quarks and 

anti-quarks of interest

� V-A coupling of the weak interaction 

leads to perfect spin separation

Why W ? 

leads to perfect spin separation

� W charges allow flavor separation

� Detect W+/W- through e+/e- decay 

channels
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Measure parity-violating single-spin 

asymmetry: 
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Expectations for W Aʟ

� Large parity-violating asymmetries 

expected.

� Simplified interpretation at forward and 

backward rapidity. 

backward e⁻ 

u

u∆
u d

θ
−e

)()()()(

)()()()( 2121

xuxdxdxu

xuxdxdxu
AWL

+

∆+∆−
∝

+

)()()()(

)()()()(

2121

2121

xdxuxuxd

xdxuxuxd
AWL

+

∆+∆−
∝

−

Parallel to W⁻
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Anti-parallel to W⁺

*  Charged lepton tends to emit parallel (anti-parallel ) to W⁻(W⁺) 

due to the handedness of produced neutrino.
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STAR Detector Overview

Triggering Barrel EM 

Calorimeter:  |η|<1

Triggering Endcap EM 

Time Projection Chamber:

Triggering Endcap EM 

Calorimeter: 1.1< |η|<2EEMC
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Time Projection Chamber:

Charged particle tracking



W Selection
� Match Pᴛ>10GeV track to EMC cluster

� Isolation Ratio 

� Pᴛ-balance

� e+ vs. e- charge separation

� At forward region , improve background 

rejection by additionally using Endcap Shower 

Maximum Detector (ESMD)
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Background Estimation 

W signal : 

* “Jacobian Peak”

Background: 

* Electroweak (from Pythia)

* Z  � ee Embedding  MC* Z  � ee Embedding  MC

* W� τν Embedding  MC

*  Second EEMC 

*  Data-driven QCD

� Estimate wrong sign contamination by 

using Q*Eᴛ/Pᴛ 
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STAR 2012 W Aʟ(ηₑ)
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DSSV++ Global Analysis
� A preliminary global analysis from the DSSV group that includes preliminary 

RHIC 2009 Aʟʟ data and STAR 2012 W Aʟ data.

� Shift in central values for Δū & Δd̄.

� STAR run12 W results provide significant constraints on ū & dV polarization.
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STAR 2012 Z Aʟ
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Projection of Run 2013
2013 W trigger FOM

GeV  510=s

day

� FOM(P²L) of Run 2013(~85pb⁻¹) are 4 times 

Run12 

FOM

GeV  510=s
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� FOM(P²L) of Run 2013(~85pb⁻¹) are 4 times 

higher than run 2012. 

� Extension of backward / forward  

acceptance  enhances sensitivity to ū / dV 

quark  polarization



Summary and Outlook 

� The production of W bosons in polarized p+p collisions provides a powerful The production of W bosons in polarized p+p collisions provides a powerful The production of W bosons in polarized p+p collisions provides a powerful The production of W bosons in polarized p+p collisions provides a powerful 

tool to study the spintool to study the spintool to study the spintool to study the spin----flavor structure of proton.  flavor structure of proton.  flavor structure of proton.  flavor structure of proton.  

� STAR has measured the paritySTAR has measured the paritySTAR has measured the paritySTAR has measured the parity----violating Aʟ of W bosons as a function of lepton violating Aʟ of W bosons as a function of lepton violating Aʟ of W bosons as a function of lepton violating Aʟ of W bosons as a function of lepton � STAR has measured the paritySTAR has measured the paritySTAR has measured the paritySTAR has measured the parity----violating Aʟ of W bosons as a function of lepton violating Aʟ of W bosons as a function of lepton violating Aʟ of W bosons as a function of lepton violating Aʟ of W bosons as a function of lepton 

ηηηηₑ, which provide significant constraints on ∆ₑ, which provide significant constraints on ∆ₑ, which provide significant constraints on ∆ₑ, which provide significant constraints on ∆ū ū ū ū and ∆and ∆and ∆and ∆d&d&d&d&. . . . 

� Aʟ for Z/Aʟ for Z/Aʟ for Z/Aʟ for Z/γγγγ* production was also measured, and is consistent with the * production was also measured, and is consistent with the * production was also measured, and is consistent with the * production was also measured, and is consistent with the 

theoretical predictions.theoretical predictions.theoretical predictions.theoretical predictions.

� Ongoing work will give final results from final production of RunOngoing work will give final results from final production of RunOngoing work will give final results from final production of RunOngoing work will give final results from final production of Run12 12 12 12 and Runand Runand Runand Run11 11 11 11 

dataset.  dataset.  dataset.  dataset.  

Jinlong Zhang  DNP-2013-10 12

dataset.  dataset.  dataset.  dataset.  

� Upcoming Run Upcoming Run Upcoming Run Upcoming Run 2013 2013 2013 2013 W Aʟ analysis is expected to give more accurate result of W Aʟ analysis is expected to give more accurate result of W Aʟ analysis is expected to give more accurate result of W Aʟ analysis is expected to give more accurate result of 

Aʟ(Aʟ(Aʟ(Aʟ(ηηηηₑ) and further constraints on ₑ) and further constraints on ₑ) and further constraints on ₑ) and further constraints on ū ū ū ū & & & & d& d& d& d& polarization. polarization. polarization. polarization. 



Backup 
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Why W ? 
A. Polarized (subscript) proton provides u B. Polarized (subscript) proton provides d�
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A.1 Proton helicity = “+” A.2 Proton helicity = “-” B.1 Proton helicity = “+” B.2 Proton helicity = “-”
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Switch u and d :

Superpose A and B : 



Ongoing combined 2012+2011 Analysis

� More Ws have been found in Final production. 

� Include low luminosity dataset of Run2011.

� The asymmetries may be measured yields of a 

GeV  500=s

2011 W trigger FOM

� The asymmetries may be measured yields of a 

few counts, where assumptions of Gaussian 

uncertainties break down.

� Exploring profile likelihood method to extract the 

asymmetry . 

GeV  510=s

2012 W trigger FOM
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Year L(pb⁻¹) P* P²L(/pb⁻¹) W yield**

2011 9.4 0.49 2.3 417

2012 77.4 0.56 22.6 2965

*  Average beam polarization for blue and yellow

** Charge summed yields ET=[25,50]GeV

GeV  510=s



Profile Likelihood 
Simplified example: 

for a two spin state experiment, we have a 3-D likelihood function.  

� Reduce 3-D likelihood function to 1-D only depends on 

Aᵂ by finding the nuisance parameters set which 
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Aᵂ by finding the nuisance parameters set which 

maximize the Likelihood function.

� The maximum is the central value for the measured 

asymmetry.

� The upper and lower error bounds are found by the 

integrating out to the desired CL from the central 

value.
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Forward Rapidity(ηₑ>1) W Selection
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Forward Background Estimation 

� Similar with mid-rapidity background 

estimation. 

� Fewer TPC points at forward rapidity 

cause worse charge sign solution. 
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Previous STAR measurements
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