Measurement of longitudinal single-spin

asymmeltries for W= boson production in
polarized p+p collision at V=510 GeV at RHIC
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Evolving Picture ot Proton’s spin

Valance Quarks Sea Quarks and Gluons
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Anti Quarks Polarization

rule for Polarized proton : Helicity PDF
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W-Boson Production
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*» Maximal Violation of Parity leads to perfect spin separation.

** Direct coupling to the quark and antiquark of interest.
¢ Higher resolution scale (Q2) set by the W mass.

* Easy detection via the leptonic decay channels.

Parity violating longitudinal O =Yea

single spin asymmetry L ot+o
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:‘Theoretical Aspects

WAL, highly sensitive to individual polarizations at forward and backward decay lepton pseudo

rapidity (1)
M +
n= —ln(tan(g)) <X, >~ —W ol A o
2 \/E :r == o
04 i W™ Au L e
:1AL - = o _f ----- -
N<<<0—=x <<x,,0 =7 n>>0—=x>>>1x,0—-=0 030 u ___T!..:._.__.:_._.ﬂ
i we Ad
; == A =29
~ - 0.2_—@____|—-—~ | Ld
AV o —Ad(x))u(x,)+Au(x,)d(x,) S N
- d(x))i(x,)+u(x,)d(x,) 0.1F .
‘e\H Au Op== s : W~ W+ RHICBOS
~ = b e
— < > |— : - - — DNSK
— - —0.1F ---- —— DNS-KKP
l/t/ d e T --- — DSSV08
— CHE
_ _ —0.21 - - — DSSV08
AV o —Au(x)d (x,)+Ad (x,))u(x,) _03l @
L = = i
u(x)d (x,)+d (x))u(x,) o — 1 d |
—0.4F 4" _ _Au =
= : u
e’ s ! ! !
3 /9v > =2 - 0 ! ?
67 \ U d lepton pseudorapidity e

DL



STAR Detector Overview
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Mid-rapidity
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Mid-rapidity Background Estimation
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Forward rapidity (1<ne<1.4) W selection use similar technique as mid rapidity and Background
Estimation improve using additional Endcap Shower Maximum Detector (ESMD)



STAR 201242011 W AL (Me)
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@ Profile Likelihood method used to extract
Asymmetries from combination of 2012
and 2011 data.

“* ArL(W>) is larger than the DSSV Predictions.
“*The enhancement at 1. <0, in
particular is sensitive to the| At |,
polarized antiquark distribution.

* AL (W) is consistent with theoretical
predictions using the DSSV polarized
PDFs.

» The Systematic uncertainties for A, are
well under control for In. <1.4.



Impact on Recent Global Analysis

¢ Preliminary Global analysis (DSSV++) from DSSV group and recent

preliminary STAR 2012 W Ay data.

¢ Shift in central value for

Au

includes

(negative -> positive) and Ad due to A, W from STAR .

* STAR 2012 W results provide significant constraints on anti u and anti d quark

polarization.
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STAR 2013 W Analysis Staus
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Mid-rapidity Analysis Status :

&

Et distribution compare to Selection Cuts
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Forward-rapidity Analysis Status :
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STAR 2013 W A Projections
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Summary / Outlook

® The Production of W Bosons in polarized p+p collisions provides a new means
to study the spin and flavor asymmetries of the proton sea quark distributions

4 STAR has measured the parity violating single-spin asymmetry A, for In | <
1.4 from 2012 and 2011 data, providing the first detailed look at the

asymmetry’s 1, dependance.

¢ STAR 2012 W A, results provide significant constraints on anti u and anti d

quark polarization.

® The first half of the data from the high statistics 2013 run is in the final state of

analysis and the analysis of the second half is under way.
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Backup
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Extracting Asymmetries using Profile Likelihood

Method

§ Profile Likelihood method used in extracting Asymmetries from combination of run 2012 and run
2011 data [simple gaussian uncertainties breakdown particularly for small 2011 data sample ]

& Define likelihood function for 8 spin-dependent yields from pair of symmetric 1 region of STAR
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STAR 2009 W Results
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Mid-Rapidity charge sign separation
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Run 12 Preliminary results compare to Final
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Endcap W Selection
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ESMD CUTS
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Forward Rapidity Background Estimation and charge sign separation
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Run 12 ALL and Z AL results
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W production: more details

Helicity structure can see in the differential cross section of W

dow+ oc d(x)u(x2) (1 + cos 0) + u(xy)d(z2)(1 — cos 0)?
d cos 6

dow— o U(x1)d(x2)(1 — cos 0) + d(z1)u(x2)(1 + cos 0)?
d cos 0 ’

W tends to boost direction of the valance quark traveling

Helicity structure of the interaction causes lepton to emit parallel (antiparallel) to W-(W+)

= & — = - = -
S < S < S < ~ =
d™(x1)  @t(wa) at(21)  d(xa) T@)  u(22) u=(@y)  d+(as)
> > ' > >
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- = < —— ™ > < —— — S < — i
P, 0°=0 e e @ =x T e =0 e & =x P

higher (lower) x parton in the collision is most likely quark (antiquark) . And quark is very likely to come from valance region

W longitudinal momentum e decay kinametics in lab frame related to W boost direction
1 T = 0- My /2 (p5 = sin6 - My/2).
S lab x lab  Pr, COS W Pr w/2).

PrLw = 7 (551 — 5172) pLa,e — ;pL,e + BEea ; ‘
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Mid-rapidity (In.l < 1)W Selection
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FGT

Tllustration of charge-sign discrimination
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FG'T track reconstruction

O Comparison of data / fast MC: Track reconstruction
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Unpolarized BG [5 and systematic uncertainties

& [simple gaussian uncertainties breakdown particularly for small 2011 data sample |



