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Observable: Quark/Anti-quark 

polarization (W production) 

Longitudinal single-spin 

asymmetry AL

Parity (Spatial inversion) violating 

for W production!
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Explore proton spin structure using high-energy polarized p+p collisions
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Key signature: High pT lepton 

(e-/e+)(Max. MW/2) - Selection 

of W+/W- : Charge sign 

discrimination of high pT 

lepton

Required: Lepton/Hadron 

discrimination 
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STAR W program in e-decay mode at mid-rapidity and backward/forward rapidity
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Probing the quark flavor structure using W boson production: Unique new probe
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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)

Ae+
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d̄(x1)u(x2)(1 + cos θ)2 + u(x1)d̄(x2)(1− cos θ)2
] . (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
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Experimental aspects - RHIC
The world’s first polarized proton-proton collider
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Experimental aspects - STAR
Overview
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Calorimetry system with 
2π coverage: BEMC 
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polarimetry (500GeV) 

BBC: Relative 
luminosity and 
Minimum bias trigger
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Recent results - W production
W boson reconstruction at STAR vs. pseudo-rapidity η
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Recent results - W production
Mid-rapidity STAR selection criteria 
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Mid-rapidity STAR selection criteria 
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Mid-rapidity: STAR Background treatment / Signal distribution (Run 9) 

12

Background dominated by QCD 

background (Data driven 

estimate) with smaller 

fractions from W boson 

induced τ decays and Z0 boson 

events (MC estimate)

Total background (B):

e+: 39 ± 9

e-: 23 ± 6

Total e+/e- cand. events  (S+B):

e+: 462

e-: 139

STAR Collaboration, PRL 106, 062002 (2011)

Recent results - W production
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Mid-rapidity: STAR Background treatment / Signal distribution (Run 12) 
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Recent results - W production

Current FOM Run 13 (Mid-rapidity W trigger BHT3): ~ 22pb-1

Goal for Run 13: ~50pb-1
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Recent results - W production
Forward-rapidity selection criteria

Similar concept as at mid-rapidity

Utilize TPC up to η = 1.4

Use isolation ratios and vector pT 

imbalance to reduce QCD background

Improve background rejection by using 

STAR Endcap Shower Maximum (ESMD) 
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Recent results - W production
Mid rapidity / Forward rapidity: W candidate distributions (Run 12) 
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Recent results - W/Z production
STAR Z / γ* cross-section results
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STAR W AL results / projections

Recent results - W production



Measured asymmetries (Run 9) are in 

agreement with theory evaluations using 

polarized pdf’s (DSSV) constrained by 

polarized DIS data   

⇒ Universality of helicity distr. functions!

eη
−2 −1 0 1 2

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

 
 
 

 
 
 

  

LA

W+

W�~p+ p ! W± +X ! e± +X

25 < Ee
T < 50GeV

RHICBOS

DNS�K
DNS�KKP
DSSV08

CHE

DSSV08
W� W+

eη
−2 −1 0 1 2

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

 
 
 

 
 
 

  

LA

W+

W�~p+ p ! W± +X ! e± +X

25 < Ee
T < 50GeV

RHICBOS

DNS�K
DNS�KKP
DSSV08

CHE

DSSV08
W� W+

DSSV08 LO with ��2 = 1 pdf error

 

XXI International Workshop on DIS and Related Subjects - DIS2013  
Marseille, France, April 22-26, 2013

Bernd Surrow

17

STAR W AL results / projections

Recent results - W production
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STAR W AL results / projections

Recent results - W production

Critical: Measurement of W+ and W- asymmetries 

as a function ηe
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STAR W AL results / projections

Recent results - W production

Critical: Measurement of W+ and W- asymmetries 

as a function ηe

Major step forward in Run 12: Large AL (W-) 

asymmetry above DSSV suggests large anti-u 

quark polarization

Extension of backward / forward ηe acceptance  

enhances sensitivity to anti-u / anti-d quark 

polarization

 ⇒ STAR Forward GEM Tracker (1<|ηe|<2)
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Installation 
completed 

prior to Run 
13!
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STAR Forward GEM Tracker - Layout
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Impact of new DSSV global fit result

DSSV++ (w/ STAR data) includes 2009 AL data and preliminary 2012 AL data

Significant shift in anti-u quark polarization from W- Run 12 data
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Recent results - W production



STAR Preliminary Run 2012

 (pol beam)   1 reco x
0.1 0.2 0.3 0.4

 (u
np

ol
 b

ea
m

)  
 

2
 re

co
 x

0.1

0.2

0.3

0.4

 

 blue beam pol
 yellow beam pol

 (GeV)  eeM
40 60 80 100 120

 E
ve

nt
s 

/ 4
 G

eV
  

10

20

30
 STAR Data

 ee MCA* a Z/
| < 1

e
d|

 

-0.3

-0.2

-0.1

0
*aZ/

LA
DSSV08 CHE NLO

3.4% beam pol scale uncertainty not shown

<+e+ eA* a Z/A+p p
 < 110 GeVee=510 GeV      70 < Ms

Rel lumi
syst

 

XXI International Workshop on DIS and Related Subjects - DIS2013  
Marseille, France, April 22-26, 2013

Bernd Surrow

Recent results - Z / γ* production
STAR Z / γ* AL results 
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Summary / Outlook
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W boson program

Mid-rapidity: New W- results suggest large 

anti-u quark polarization 

Critical: Measurement of W+ and W- 

asymmetries as a function ηe

Backward/Forward rapidity: Upgrade of STAR 

Forward Tracking system: Forward GEM 

Tracker (FGT)

Run 12/13 and future

Run 12 / Run 13: Long. 510GeV (~85pb-1 rec.) 

runs in Run 12 and ongoing Run 13 

Future: Expect and need several long 500GeV 

production runs beyond Run 13


