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Anti Quark Polarization
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W Boson Production

polarized \ ); \ ;unpolarlzed
beam beam

collislon zon

* Direct Coupling to the Quark and anti Quark of interest.
“* Maximum violation of parity leads to perfect spin separation.

& 030

» High resolution scale (Q?) set by the W mass.
* Easy detection via the leptonic decay channels.

Parity violating longitudinal 49 -0

single spin asymmetry L ot +o
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:‘Theoretical Aspects

W AL, highly sensitive to individual polarizations at forward and backward decay lepton
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IC : Relativistic Heavy Ion Collider
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STAR Detector Overview
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Mid-rapidity W Selection
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Mid-rapidity Background Estimation

= - Primary Background
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Forward rapidity (1<ne<1.4 ) W selection uses similar technique as mid rapidity and
Background Estimation improve using additional Endcap Shower Maximum Detector
(ESMD)
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fragments of a jet
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Results

AL ¢ Profile Likelihood method used to extract

i ) i i o [ [
p+p > W" > e + v Asymmetries from combination of 2012
- \s=510 GeV 25 < E7 < 50 GeV p—
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Impact on Recent Global Analysis

* Preliminary Global analysis (DSSV++) from DSSV group and recent includes
preliminary STAR 2012 W AL data.

¢ Shift in central value for |Ajy| (negative -> positive) and Ag due to AL 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 Status

@

Barrel EMC triggered Integrated Luminosity

BHT3

350

L [pb7]

300

250

200

150

100

50

Mon Jun 10 10:35:56 2013

ofMiar

" 23/Mar 06/Apr 20/Apr O4/May 18/May 01/Jun 15/Jun
day

projected luminosity

12

FOM

LD P e by
Run 9 12 0.38 1.7
Run 11 9.4 0.49 2.3
Run 12 72 0.56 24
Run 13| ~300 | 0.54 ~ 87

In 2013 STAR collected total
integrated luminosity of ~300 pb-!
at Vs =500 GeV with an

average beam polarization of
~54% .
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Detector Calibration
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Detector Calibration

4+BEMC is a sampling calorimeter and it is segmented
into 4800 towers, each with AnXAd = 0.05x0.05

Calibration need to be done considering all possible Energy ranges !!!

4+ In the low energy range relative Calibration of towers is done using abundant MIPs (high P
hadrons)

4 E/P from electrons is used to obtain absolute calibration.

4 Other High Energy probes (from rare processes) such as 7 invariant mass peak position ,
slope of the sharp drop of W jacobian peak will be used to calibrate in the high energy

range.
8 14



STAR 2013 W Ay, Projections

STAR Run 2013 Projection
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Summary / Outlook

¢ The Production of W boson in polarized P+P collisions provides a new means to study
the spin and flavor asymmetries of the proton sea quark distribution.

¢ 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 asymmetries 1, dependence.

¢ Large statistics of STAR Run 2013 is being analyzed now in mid-rapidity region (Inl <1)

and will use the 510 GeV Barrel EM calorimeter calibration which is in progress.

¢ Run 2013 analysis will be extended up to 1 = 1.4 utilizing the EEMC in the forward
region and then very forward region using the FGT as the tracking device requiring
completion of carful calibration of EEMC and FGT.

¢ High precision results from 2013 will improve the constraints on the sea quark

polarization.
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systematic uncertainties

e Beam polarization uncertainty: correlated scale 3.4%
e Relative luminosity uncertainty: correlated offset AA; = 0.007

e Background estimation: less than 10% of statistical error
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STAR 2009 W Results
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Mid-Rapidity charge sign separation

gauss fit: x0, o Entries 2826

— -1.04 , 0.32

= (.99, 0.30
sum of both

200

e Charge sign reconstruction
based on TPC track bending °°

e Estimate wrong sign
contamination by fitting 100

Q % ET/pT with Gaussian.

50
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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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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)
> > ' > >
= > w- P SR —= W+ = S+
- = < —— ™ > < —— — 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 ; ‘

Devika Gunarathne - DIS, April 27-May 12015 - W AL, measurement at STAR
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et and Z type events
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Mid-rapidity (Inel < 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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The central values are both from the theoretical predictions. So the central values of the polarized anti-u and
anti-d quarks should be same. The the uncertainties are estimated from the W yields. For the old version, it
maybe estimated from the run9 W efficiency. But for the new version, the W yields are estimated from runl3
W efficiency. Due to the higher <zdc> rate , the later one should be a little smaller. I roughly compared the
error bars in these two projection plots, the differences is very slight, something like <10%. But, for the new
version, we indeed don't have the corresponding polarized anti-u and anti-d distribution.

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