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In the 2009 Run of the Relativistic Heavy lon Collider, PHENhas observed W bosons for
the very first time in polarized p+p collisions afs = 500 GeV£? through theW* — e* decay
channel. The parity violating spin asymmetky(W* — €%) can be used to extract the flavor-
identified polarized quark parton distributions. PHENIX aseredA, (e*) = -0.83+ 0.31 +
(11% syst), consistent within errors to a variety of curmgoiarized pdf’s.
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1. Introduction to W Bosonsin Polarized Proton Collisionsto Extract Polarized
Quark pdf's

There has been considerable effort over the past few decadessamaéae composition of the
quark and gluon spin content of the proton. Starting in 2009, the Relatiistiwy lon Collider
(RHIC) has started colliding longitudinally polarized protons at center ofsneagrgies of 500
GeV/c?, an energy high enough to produce W bosons. In polarized protonicodisV bosons
become a very elegant tool to measure the flavor identified polarizedZd3s W bosons are
ideal for this purpose since the analyzing power for W’s is as high asilgesince W’'s maximally
violate parity. In addition, W’s are created at a very large scale wheoedtieal uncertainties are
well under control, and do not suffer from the ambiguities of fragmentatiameakness of SIDIS
measurements of the polarized pdf’s. Since the W couples only to left-Handeks and right-
handed anti-quarks, in polarized proton collisions one can compute titye atating single spin
asymmetryA, for theW™, which at LO and ignoring any strange or charm contribution is

1ot -0 Ad(x, Mi)u(xe, M) — Au(xs, Mg )d(x2, M)
S Pot4+0m u(x, ME)d(xe, ME) +d (X1, MZ )u(x2, M3, )

AV (y) (1.1)

(1.2)

Since the PHENIX detector is far from hermetic, one can only measure ttomntefspom the decay
of the W, so that the simple relations above between the W and the polarizédpgifia cannot be
used sincé\ (e%) is measured and né{ (W=). However, one can show at LO that the momentum
fraction x of the quarks in the W production can be calculated from theitgpigland pr of just

the decay lepton,

Mw M
=— exp(Ye T cosh ﬁ), X2 = M3, /x18 (1.3)

N
The one uncertainty comes from a degeneracy in the W rapidity, sincedbete/o possible ra-
pidities which can produce the same lepton y afdthis is the reason for the sign ambiguity in the
above relations. This sign ambiguity is small for leptons at large rapiditiesyatras important at
mid-rapidities, so that the net result is that the lepton carries much of thekiasioatic informa-
tion about the initial state quarks and is a good carrier of information abeujuark polarization
in the proton. Theorists have tested this hypothesis in a more sophisticatedr&th@wvork and
have a similar conclusion[5, 6, 7]. The NLO based framework will ultimatetyvigle the most
sensitive extraction of the flavor identified polarized quark pdf's froentteasuredy_(e*).

X1

2. Measurement

2.1 RHIC and the PHENI X Detector

This data was collected with the PHENIX detector during the 2009 500 &e&¥/4 p run
at RHIC. A total integrated luminosity of 8.6b~ was collected after a 30 cm z-vertex cut with
a proton beam polarization of 39%. The luminosity is determined from coincédeim beam-
beam counters (BBC) covering13< |n| < 3.9. A van der Meer scan was used to determine the
percentage of the total luminosity seen by the BBC. At the luminosities duringuhithe BBC
coincidence rate is lower than the true luminosity rate since there can be morenhaollision
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event in a bunch crossing, and the BBC counts at most one eventmpehr brossing. The multi-
collision crossings also affect the online vertex reconstruction of the. BEB@ections for both of
these effects were taken into account.

The PHENIX detector consists of two almost back-to-back central arveriog Ag = 90°
each andn| < 0.35, as well as two forward muon arms covering & |n| < 2.2, and is described
in more detail in reference[1]. For this analysis, which concerns itself thigw* — e mea-
surement, only the central arm was used. The events were triggergddusirtower sums in the
electromagnetic calorimeter, and reached full efficiency at 12 GeWhe energy of the electron
candidates were measured using the EmCal, with an energy scale setUaimdy; mass distribu-
tions. Drift Chambers (DC) and Pad Chambers (PC) were used to trdatted@rmine the charge
sign of thee™ candidates and associate them to EmCal clusters. Frequent checkdratkieg
and beam position were done using straight tracks taken during z&tatfies to ensure against
any bias to the charge sign determination.

2.2 W Boson Signal

For this analysis, with the relatively low integrated luminosity, only about a rethtV can-
didates were expected, so the approach was to make the cuts as loossibke ffo ensure good
efficiency. To find goodt™ candidates, an association between tracks and clusters of 10 mrad in
azimuthal angle is made, with a 30 ns wide timing cut in the EmCal to select the refgimod
collison time and reduce cosmic background, an& Ap < 2 cut to reduce hadronic backgrounds.
In figure 2.2 thept spectrum for the positively and negatively charged candidates is shbuen
estimated background (black histogram) as well as the expected signakfilusted background
(red histogram) is shown. The expected signal comes from from the |ejetcays oW+ and
y*/Z calculated in PYTHIA. The main contributions to the background come fror® @@l con-
sist of charged hadron clusters and photons. The photons come feodethys of hadrons such
as 1 or are directly produced, and they pass the track matching cut becayseitiher convert
before the tracking detectors or are accidentally matched to a track in thenlilgiplicity envi-
ronment of a jet. The backgrounds from charm, bottom,\&hd> T was also studied and found
to be small belowpr = 20 GeV/c. The background estimation comes from a hybrid data-driven

% E 1 Raw counts (Positive Charge) *3 E + Raw counts (Negative Charge)
§ F (EMCal cluster associated with track) § B (EMCal cluster associated with track)
[ — Data driven BG estimation o — Datadriven BG estimation
10° = (10-20GeV assumed to be all BG) 107 (10-20GeV assumed to be all BG)

— BG+PYTHIA (normalized) F — BG+PYTHIA (normalized)

E —~— —~——
= PH:“ENIX PH-ENIX
r Preliminary Preliminary
10

10

RS

R
pT[GeV/c]

I
60 70
pT[GeV/c]

Figure 1: Spectrum of positron (left) and electron (right) candidatethe PHENIX detector.

and monte carlo approach. For the charged hadron backgrounéctisp of NLO pQCDrmr*
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andmr were generated and run through the GEANT based monte carlo of PHESXhe other
backgrounds, the spectrum of clusters in the EmCal was measured,eanthifitiplied both by

the estimated conversion rate of the inner part of PHENIX and the probatfilitgck association.

This produces an absolute spectrum of the background from the photmmtribution. Since the
charged hadron response in the PHENIX monte carlo has some uncertlagntharged hadron
background was added with a free normalization to the photonic backdjrand fit to the region
between 12 pr < 20 GeV/c. From the figure one can see good agreement between the back
ground estimate and the data. Note that the background is relatively smalRHENIX was
designed specifically to measure electrons, and thus the low inner materthimalorimeter are

very effective at reducing conversion and hadronic backgrgyuasisfying the loose cuts used.

There is a clear Jacobian distribution in the data, which is a well known signafW pro-
duction. One expects a Jacobian distribution in the leppsince for a W decaying at rest, one
can calculate the leptopr distribution from the solid angle distribution via

Oclio _ do dcosf _ do (Zm)(}M\%’_p%)_% 2.1)
pr dcos6 dpr dcosf My “ 4
The distribution is independent of phi, and the anglis relative to the beam-axis. The Jacobian
factor comes from the last term, which produces a pegk-at My /2. There will be a natural
smearing of this spectrum from the width of the W-~of2 GeVk? and the fact that the W is not
produced at rest (this spectrum is also not corrected for the detestdution).

2.3 Parity Violating Single Spin Asymmetry A_

A W' ~ e* (ly.|<0.35)
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Figure 2: Parity violating Single Spin Asymmetr (W — e*) for |ye| < 0.35. The curves are calculated
using the RHICBOSJ5, 6] generator using different polatipelf's. See text for details on the PDF’s used
and explanation of the measurement.

Since both beams are polarized, one has four possible spin patterns, ++,-+, with cor-
responding cross-sectioos™™ = N**/L**, etc. For a single spin asymmetry measurement one
beam is averaged over so that it is net unpolarized, and then the otdmaribaveraged over pro-
ducing double the statistics, ie,

AtUZEG"'—O'_:1(0'+++O'+_)—(0__+O'_+) 2.2)
Pot+o- P(ott+o)+(0+0 1) '
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and vice versa foAP". Due to the low statistics, instead of the direct calculation as shown in the
eqguation above, a fit of the four spin separated cross-sections wastal@xtract the value for
A_(e") so that the poisson fluctuations could be taken properly into account. #lsocrease
the signal-to-noise ratio in the asymmetry measurement an isolation cut of 233eA8 imposed
around the positron candidate. This cut reducespthepectrum of fig 2.2 by a factor of 4 below
25 GeV/c, but leaves the W signal region above 25 GeV largely uncdamgech demonstrates
that our W candidates are isolated.

In figure 2.3 theA_(e") for pr > 30 GeV/c is plotted along with calculations by RHICBOSI5,
6] for the expected\_ using the PDF sets DNS[8], GRSV[9], and DSSV[10]. Thehas been
corrected for dilution due to thg*/Z contribution and QCD, and the systematic error is due to
uncertainties in the amount of QCD background. Here the asymmetry fothm®tCD and/*/Z
has been assumed to be 0. Even thoughythi& asymmetry may not quite be 0, the contribution
to A_ should be small sincg*/Z is only ~ 8% of the W. There is additionally a scale uncertainty
to A_ due to the error on the polarization.

3. Summary and Outlook

For the first time a parity violating asymmetry from W bosons has been olasérve+p
collisions. This run, which was the first to collide at 500 Ge&#//served as an exploratory run
for both the collider to learn how to achieve high proton beam polarizationgat lhminosity,
as well as to test the capabilities of PHENIX for measuringehalecays from W bosons and
for handling very high luminosities. Both goals have been successfully mgnated with this
measurement & _(e"). The RHIC Spin Plan[4] calls for a total integrated luminosity of 30!
at 70% beam polarization, and at the completion of this program we will Aavgth an order of
magnitude better sensitivity than this first result, placing the strongest aonistavailable to the
flavor identified pdf’s in the x region covered by the W production at REK& 0.1.
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