Measurement of longitudinal single-spin
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Evolving Picture of Proton’s Spin Structure

Valence Quarks Sea Quarks and Gluons

2 Devika Gunarathne - DNP, 7-11, OCT 2014 - W AL measurement at STAR



Anti Quarks Polarization
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W-Boson Production
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* Direct coupling to the quark and antiquark of interest.

* Maximal Violation of Parity leads to perfect spin separation.

< High resolution scale (Q°) set by the W mass.

* Easy detection via the leptonic decay channels.

Parity violating longitudinal |, O -0
single spin asymmetry L ot+o
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W

:‘Theoretical Aspects

W AL, highly sensitive to individual polarizations at forward and backward decay lepton
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STAR Detector Overview

n=+1.0
Barrel Electro-Magnetic
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Mid-rapidity W Selection

W-> e+v candidate Pr>10 GeV QCD background candidate
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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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Results

AL ¢ Profile Likelihood method used to extract

i ) i i o [ [
p+p > W" > e + v Asymmetries from combination of 2012
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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 FOM
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In 2013 STAR collected an
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Mid-rapidity Analysis Status : W selection
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Forward-rapidity Analysis Status :

B )

FGT(2=hits)+Vertex+ EEMC+Prompt

Entries 100

Mean 0.009755
0.03884

..........................

.......................................

......................................

o1

Q/Pr

Prompt = actual measurement using TPC internal Multi-Wire
proportional chamber

FGT res=0.02cm , VI X-XY res=0.02cm, VTX-Z
res=1cm, TPC prompt res=0.1cm, EEMC res=0.3cm

separation with FGT+VTX+EEMC
+PROMPT (~1/3 events)
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STAR 2013 W A Projections

STAR Run 2013 Projection
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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.

\ 4
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Backup
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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




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

L=TI'p(M{ | u)p(M] | u))g(B)g(B)

p(M; |, ) M;
Wi

ul, =1,N(1+ PBA™ + B,BA™ + RPPA,,
ul =1, N(L+PA - P,BA" ~ PPA,,
u', =L ,N(1-BBA™ + P,BA" ~ BP,BA,,
u’ =I_N(1-PBA™ - P,BA" + PP,BA,

Pl, P2 Azm (Azﬂe )
A N )i

I+
I+

g(P) - p

Extract asymmetries from likelihood function Lsg11 X L2g12



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

-+ STAR Data (a) -'2 + STAR Data = Electron (p)
50 Data-driven QCD g | ] Excluded == Positron

W ev MC
BwW-tvMC H

30- @ Z—oeeMC |
i ne>1.0 |I_;-'

0 20 I

"-20 0 7 e -2. -1 0 1 2

signed P.- balance (GeV/c) Lepton charge sign x ET/pT

Events / 4 (GeV/c)

PRL 113,72301 (2014)



Run 12 ALL and Z AL results

ott4+o" " )—(cT +o~ "
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0 05 ' lepton | 0 0.1 0.2 0.3 04 05
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PRL 113,72301 (2014)
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PRL 113,72301 (2014)



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 - DNP, 7-11, OCT 2014 - W AL measurement at STAR
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Mid-rapidity (In.l < 1)W Selection
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FGT

Tllustration of charge-sign discrimination

Endcap SMD Y/cm

hit o=1.5mm A
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FG'T track reconstruction

O Comparison of data / fast MC: Track reconstruction

RISOLATION pT[GeV/C]

400

350

10? =
300 =

.| Run13 Data (F6T+VTX
= F=—= : /| +EEMC, no prompt)

10

| PYTHIA QCD charged

“0-l Efliililliiiii ERY Pt [ B | i 33 1~~1113131113311 LELLE: hadr'ons

pepepripepepes e de gy g gl e e e g T
0 5 10 15 20 25 30 35 40 45 50

PseudoRapidity 50GeV/c

PYTHIA W

«| PYTHIA QCD electrons

PYTHIA QCD photons




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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