Measuring the gluon spin contribution to the proton
spin in polarized p+p collisions with the PHENIX
experiment
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The gluon helicity distribution function Δg(x) of the proton has been recognized as a
fundamental quantity characterizing the inner structure of the nucleon. The Relativistic Heavy
Ion Collider at Brookhaven National Laboratory provides unique opportunity to measure Δg(x)
using the polarized proton-proton collision at high energy. The double helicity asymmetry
ALL( pp → π

0

X ) is sensitive to Δg(x) and the golden probe for the PHENIX experiment owing

to its abundant statistical samples. The global fit analysis result exhibited non-vanishing and
positive Δg(x) within its error by inclusion of the latest (Run9) ALL for π0 from PHENIX and jet
from STAR measured at
s = 200GeV . In this report, details of various ALL measurements
from Run 9 data samples are presented and their interpretation is to be discussed.
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Figure 1 The delivered integrated luminosity and the average polarization of polarized proton beams in
for the polarized
proton-proton experiments at RHIC from 2005 (Run5) to 2013
polarized proton beam experiments from 2005 (Run5) to 2013 (Run13).
(Run13). The RHIC spin program has been focused on s = 200 GeV from Run5 to
Charted in Figure 1 is the delivered integrated luminosity to PHENIX and the average
polarization for the polarized proton-proton experiments at RHIC from 2005 (Run5) to
2 program has been focused on
2013 (Run13). The RHIC spin
s = 200 GeV from
Run5 to Run9 to measure Δg(x) with various probes and then the focus has been taken
Figure 1
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Ever since the European Muon Collaboration (EMC) found that a surprisingly small
fraction of the1.Introduction
proton spin is carried by quark spins, substantial efforts are made both
experimentally and theoretically in order to answer the fundamental question of QCD;
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over by the s = 500 GeV operation which highlights on the sea quark polarization
measurement via W-boson production. The largest luminosity sample from Run9 at
s = 200 GeV is the main focus of this report.
The PHENIX detector is designed to handle a high rate capability with limited
acceptance with specialized triggers, high granularity detectors, and good mass
resolution and particle identification. π0 and η mesons are detected by the finely grained
central arm electromagnetic calorimeter (EMCal) covers the psudo-rapidity range of
|η|<0.35 and forward muon piston calorimeter (MPC) 3.1<|η|<3.8 (3.9).

PHENIX is sensitive to Δg(x) through measurements of the double helicity asymmetries
in the production of particular final state, such as π0. The asymmetries are defined:
0

π
ALL
=

σ ++ dpT − σ +− dpT
σ ++ dpT + σ +− dpT

where σ ++ (σ +− ) is the production cross section for π0 from p+p collision with like
(unlike) proton helicities. In leading order this can be factorized as the sum of all
partonic subprocesses ab → cX where parton c fragments into the detected π0. In this
frame work, ALL can be understood as the convolution:
π0
LL

A

∑
=

abc

( ab → cX ) Dcπ
∑abc fa fbσˆ (ab → cX )Dcπ

Δfa Δfbσˆ ( ab → cX ) â

LL

0

where fa ( Δfa ) are the unpolarized (polarized) parton distribution functions, and Dcπ
is the fragmentation function of parton c into π0. The spin-averaged partonic scattering
cross-section for ab → cX is denoted by σˆ and âLL is the analyzing power; both of
which are calculable at next-to-leading order (NLO) in perturbative QCD (pQCD).
The ALL ( pp → π 0 X ) measurements have been the most sensitive probes of
Δg(x) in PHENIX thanks to their statistical abundance. π0 is triggered by EMCal in the
central arms through the decay mode π 0 → γγ with high efficiency. At s = 200
GeV, the cross section is dominated by qg scattering for pT > 5 GeV as shown in Figure
2, so the process is directly sensitive to Δg(x).
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3.Double Helicity Asymmetry Measurements at RHIC
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Figure 3 Measured ALL for π0 (left) and η (right) at
as a function of PT.

s = 200 GeV in central rapidity region plotted

In the analyses, the invariant mass spectrum is formed from all pairs of photons, and the
asymmetry is formed around the π0 mass peak in a window from 112 – 162 MeV/c2.
The background fraction and asymmetry in the background are estimated from side
band around the mass peak. The background fraction varies from 49% in the pT range of
1-1.5 GeV/c, to 5.5% in the 12-15 GeV/c in the case of Run9 data. The analyses of η
are similar to these of π0, but higher background contamination under the η invariant
η
mass peak. The ALL
measurement has a slightly different sensitivity to Δg(x) than π0
since the flavor content of the η is different. Shown in is the observed ALL for π0 (left)
and η (right) in the central rapidity region plotted as a function of pT. As can be seen
π0
from the comparison of Run5, 6 and 9 ALL
data[3], the statistical precisions are
improved as Run goes by, resulting in very tight constraint on the extraction of Δg(x)
from data especially for Run9 ones. However the total uncertainty is limited by the
systematic uncertainty (shaded band) in low pT region, which is almost comparable to
the statistical error of Run 9 π0 data. The dominant source of the systematic uncertainty
comes from the relative luminosity between positive and negative bunches.
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Figure 2 Decomposition of the NLO cross sections for pp → π0X collisions into the
contributions from initial gg, qg, and qq states[2].

pT [GeV]

FIG. 2 (color online). Latest STAR data [6] for the double-spin
asymmetry in jet production for two rapidity ranges compared
to the results of our new and original [3] analyses. The inner
and outer bands correspond to Δχ 2 ¼ 1 unit
90% C.L.,
Itaruand
Nakagawa
respectively.
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These data are analyzed by the pQCD analysis framework [7]	
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observed cluster ALL at s = 200 GeV are plotted in the right panel of Figure 5. The
data points exhibit consistent with zero asymmetry. The statistical errors are equally as
small as Run9 central arm π0, and the systematic error again compatible with the size of
statistical error.

s = 200 GeV. Shaded band

4.Summary and Outlook
We have measured polarized gluon distribution with various probes via double helicity
asymmetry ALL at s = 200 GeV in PHENIX. The result of the global fit analysis to
the latest (Run 9) PHENIX π0 in the central rapidity and STAR jet ALL data exhibited
non-vanishing and positive integrated gluon polarization function within the error in the
region of 0.05<x<0.2. It is important to extend the measurement of Δg(x) to lower x
region where gluon density increases. New data from forward cluster and measurement
at s = 500 GeV will explore unmeasured low x region.
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Figure 5 Run 9 Cluster ALL measured in forward rapidity region at
represents the size of systematic uncertainly.

