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Abstract .

We present preliminary results for the first measurements of the double longitudinal
spin asymmetry Ay, in inclusive jet production at mid-rapidity in polarized proton-proton
collisions at /s = 200 GeV. The data amount to ~ 0.5 pb™! collected at RHIC in 2003
and 2004 with beam polarizations up to 45%. The jet transverse energies are in the range
of 5 < pr < 17GeV/c. The data are consistent with theoretical evaluations using deep-
inelastic scattering parametrizations for gluon polarization in the nucleon, and tend to
disfavor large positive values of gluon polarization.

One of the main objectives of the STAR (Solenoid Tracker At RHIC) spin physics program
is the precise determination of the polarized gluon distribution in the nucleon by measurements
of double longitudinal spin cross section asymmetries Az, = Ac /G = (67t — o) /(o™ +017)
in collisions of polarized protons at /s = 200 and /s = 500 GeV [1]. The STAR setup pro-
vides charged particle tracking, particle identification, and electromagnetic calorimetry cover-
ing large acceptance [2]. These allow Ay measurements for various processes, including the
production of inclusive jets and pions, of di-jets and di-hadrons, and of prompt-photon and
jet coincidences. The golden channel at STAR for a direct gluon polarization determination is
the production of & prompt-photon in coincidence with a jet, which is dominated by the gluon
Compton process gg — vg. The polarized gluon distribution function Ag(z) can be extracted
from the measured asymmetry Azy, over a wide and resolved kinematic range 0.01 < z < 0.3.
The gluon spin contribution to the proton spin is expected to be determined to a precision
better than 0.5 [3] for projected future beam polarizations and luminosities at /s = 200 and

/s =500 GeV at RHIC [1].

While luminosity and polarization are being developed at RHIC, STAR has collected
about 0.5pb~! of data in 2003 and 2004 at v/8 = 200 GeV. The longitudinal average beam
polarizations are 30 — 40% for these data. The data allow an exploratory measurement of
the asymmetry Apr in inclusive jet production, a process with a sizable cross section that is
sensitive to the size of the gluon polarization in the proton:
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where f,) are the spin independent and Af,) are the spin dependent parton distribution
functions, and the subscripts a,b refer to the initial partons in the hard interaction. The



hard partonic cross section is denoted as (A)Gap—sjetx. The parton four-momenta Pa(p) are
proportional to Bjorken z,;) and the beam momenta, The factorization and renormalization
scales are assumed to be equal pr = pgp = p and p? ~ pk. Fragmentation functions enter
a jet production measurement only indirectly, through reconstruction and trigger biases. At
leading order the cross section receives contributions from gg — gg, gg — gq and qq — qq.
Their relative contributions vary with pr and are dominated by gg and qg scattering in the
pr range probed by STAR, 5 < pr(jet) < 17 GeV/c. The probed range of Bjorken z of the

parton is about 0.03 — 0.3 at /s = 200 GeV.
Experimentally the double longitudinal spin asymmetry is defined as:
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where N, ;) are the inclusive jet yields for equal (opposite) spin orientations of the protons,
R = L**/L*~ is the ratio of luminosities for equal and opposite proton spin orientations,
and Py(9) are the proton beam polarization values. RHIC polarimeters [4] measure the degree
of polarization and are ultimately expected to deliver an absolute measurement with 5%
uncertainty. The polarization direction in the STAR interaction region is measured with
Beam Beam Counters (BBC) [5], as is the relative luminosity.

Jets are reconstructed using a midpoint-cone algorithm [6] with a cone size of 0.4 that clus-
ters charged tracks and electromagnetic energy deposits [7]. STAR’s main tracker, the Time
Projection Chamber (TPC), covers the pseudorapidity range |n| < 1.6 and 27 in azimuth.
The Barrel ElectroMagnetic Calorimeter (BEMC) covered in 2003 and 2004 0 < n < 1 and 27
in azimuth. The trigger was formed using coincidence BBC signals and a signal from a BEMC
tower (An x A¢ = 0.05 x 0.05) above a transverse energy threshold of about 2.5 GeV. This
trigger preferentially selects hard (quark) fragmentation and may thus bias the jet sample.
Selections in the analysis include the requirement of a vertex on the beam axis within %60
cm of the nominal interaction point, a jet axis within a fiducial volume 0.2 < 7;e; < 0.8, and
a sizable TPC contribution to the reconstructed jet energy to reject triggers caused by beam
background, jet Emnmc/Eior < 0.9. ‘The sample after selections consists of about 3 x 10° jets
with transverse momenta of 5 < p’,ﬁt < 17 GeV/c. Fig. 1 shows preliminary results for the
double longitudinal spin asymmetry Ay, in inclusive jet production in polarized proton-proton
collisions at /s = 200GeV from short data collection periods with longitudinally polarized
proton beams in 2003 and 2004. The indicated uncertainties are statistical. We have consid-
ered systematic uncertainties from relative luminosity R, trigger bias, the possible contribution
from residual non-longitudinal spin asymmetries, the contamination from beam background,
and the beam polarizations. The total systematic uncertainty in the STAR measurement is
about 0.01, smaller than the statistical uncertainties. The RHIC beam polarization uncer-
tainty amounts to an estimated 35(30)% in scale for 2003(2004). Analyses with randomized
spin patterns and other cross-checks including parity violating single-spin asymmetries show
no evidence for beam bunch to bunch or fill to fill systematics.
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Figure 1: The double longitudinal spin asymmetry Az, in 5+ 7 — jet + X at /s = 200 GeV
vs jet pp. The curves show evaluations based on deep-inelastic scattering parametrizations of
gluon polarization [8].

The curves in Fig. 1 show theoretical evaluations of Af}, in inclusive jet production for

different sets of polarized gluon distribution functions based on fits to deep-inelastic scattering
data [8-10]. They are based on a best fit - standard - GRSV polarized gluon distribution
function (GRSV-std), a vanishing polarized gluon distribution function Ag(z,Q@3) = 0 and
a large positive or negative polarized gluon distribution function Ag(z,Q32) = +g(z,Q3) at
the input scale of the GRSV analysis Q3 = 0.6 GeV2/c? [9]. The STAR jet asymmetries are
consistent with three of these evaluations and tend to be below the one that is based on the
assumption that the gluons in the nucleon are maximally polarized. Large and positive gluon
polarization is thus disfavored, in agreement with Refs. [11,12].

In 2005 STAR recorded an integrated luminosity of 3pb~! with average beam polarizations
of 45% and a new trigger that required a transverse energy deposit larger than 7 GeV within
a BEMC patch (An x A¢ = 1.0 x 7/3). This trigger is designed to be more efficient and is
less biased. The 2005 data analysis is in progress.

In summary, the first preliminary measurements of the double longitudinal spin asym-
metries in mid-rapidity inclusive jet production in polarized proton-proton interactions at
v/ = 200GeV are presented. The results are consistent with evaluations based on deep-
inelastic scattering parametrizations for the gluon polarization in the nucleon, and tend to
disfavor large positive values of gluon polarization.
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