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One of the most important goals of the PHENIX
experiment at the Relativistic Heavy Ion Collider
(RHIC) is to study the proton spin structure by mea-
suring spin asymmetries during particle production.
The Run13 PHENIX experiment collided longitudi-
nally polarized protons at

√

s = 510 GeV. Helicity
asymmetry measurements of various probes from the
experiment are ongoing.
RHIC is capable of running polarized proton beams,

and each beam polarization P is measured by RHIC
polarimeters using left-right asymmetry in elastic scat-
tering in the Coulomb Nuclear Interference (CNI) re-
gion. Since the stable beam polarization direction in
the RHIC rings is vertical, the beam polarization di-
rection is kept vertical in RHIC except in experimental
halls. For each ring, Spin Rotators, which consist of su-
perconducting helical dipole magnets, rotate the beam
polarization direction the 90 degrees at the entrance
and the exit of the PHENIX experimental hall.
Since beam polarization may not purely be longi-

tudinal at the experimental hall, we require measure-
ments of transverse and longitudinal component of P
(P⊥, P�

) at the experimental hall, which is local po-
larimetry, as they introduce systematic error. Local
polarimetry is especially important in ALL measure-
ments for studying gluon polarization in a proton since
ALL is very small, and P⊥ has potential to introduce
significant error.
PHENIX Local Polarimetry uses large transverse

single spin asymmetry (left-right asymmetry) AN of
forward neutron production. Left-right asymmetry
originates from the interference between spin flip and
non-flip amplitudes. One Pion Exchange (OPE) mod-
els describe the production cross section of forward
neutron reasonably well, but the pion exchange am-
plitude is fully spin flip.1) Theoretical study is still on-
going.
PHENIX Local Polarimeter measures energies and

trajectories of forward neutrons. The local polarime-
ter consists of Zero Degree Calorimeters (ZDCs), and
Shower Max Detectors (SMDs). ZDC consists of W-Cu
alloys and PMMA (polymethyl methacrylate) based
optical fibers, and collects Cherenkov photons pro-
duced by charged secondary particles from neutron
showers. SMD is an X-Y plastic scintillator strip ho-
doscope. It is located between the 1st and 2nd ZDC
modules, where the approximate hadronic shower is
maximum. X-Y position of a neutron is reconstructed
by using shower profile on SMD. Those detectors are
located 1800 cm away from the collision point, and
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Fig. 1. Observed asymmetry in transverse fill (left), in lon-

gitudinal fill (right). The red lines are constant fittings.

cover 10 cm x 10 cm of a transverse plane at each zero
degree area.

The observed left-right asymmetry eN of forward
neutron production is defined as eN = P⊥A

Eff
N , where

AEff
N = fsmearAN . fsmear is the smearing effect, corre-

lated to the neutron energy-dependent position resolu-
tion1). fsmear is assumed to be constant during the
Run13 experiment.We measure AEff

N at transversely
polarized proton beam collisions, where P⊥ = P so
that it is measured by RHIC polarimeters. After that,
we measure eN with the local polarimeter to obtain
P⊥ of longitudinally polarized beams.

Fig.1 shows eN plots. The left (right) plot shows eN
of transversely (longitudinally) polarized proton beam
collisions.

As a final result,
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is ≈ 0.999 in the Run13 experiment. The measured
double helicity asymmetry becomes

AMeasured
LL ≈

1

PY

1

PB
(PY

�
PB
�
ALL + PY

⊥
PB
⊥
ATT ) (1)

≈ 0.999ALL +O(10−3)ATT (2)

where Y and B represent two colliding beams, and
ATT is the double transverse spin asymmetry. This
analysis suppressed the systematic error of ATT term
to O(10−3). ALL measurements have been done up to
O(10−4) so far2), and O(10−3)ATT is orders of magni-
tude smaller than 10−4.3) Therefore, P⊥ does not sig-
nificantly contribute to systematic error in ALL mea-
surements in Run13.
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Hadronic backgrounds pattern study
for W± → µ± analysis in PHENIX
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The ongoing W± → l± analysis at PHENIX aims
to precisely constrain the sea quark spin contribution
to the proton spin of 1/2. The main observable of this
analysis is single longitudinal spin asymmetry among
muons (AL), which directly decayed from W boson1).
To measure the desired asymmetry precisely S/BG

needs to be estimated as accurately as possible. How-
ever, observing a distinct Jacobian peak in W± → µ±

is not expected due to the large momentum and charge
smearing in the muon reconstruction in addition to
dominant backgrounds from various sources. As a re-
sult, conventional S/BG estimation is not available;
thus, we use a partially indirect method based on like-
lihood to the W (Wness), which is calculated by using
NLO level signal Monte Carlo (MC) and data itself.

In an actual S/BG estimation, we perform an un-
binned maximum likelihood fit (UMLF) by using six
probability density functions (PDFs) from a pair of
kinematic variables (η (pseudorapidity) and dw23 (re-
duced azimuthal bending)) and three processes (signal,
muonic BG, and hadronic BG).

Among these PDFs, the hadronic BG process is
modeled from the data itself owing to the difficulty
in hadronic MC production. To obtain the expected
hadronic distribution among the final muon candi-
dates, we modeled each kinematic variable’s distribu-
tion from the BG dominant region in the data (0.1 <
Wness < 0.9), and then extrapolated it into the signal
dominant region (Wness > 0.9). For the validity of
the method, each variable’s distribution along Wness
should be understood precisely. However, as there ex-
ists a serious Wness dependence of dw23 (Fig. 1) un-
like η, a specific pattern study was required to reflect
its shape along Wness.

A typical dw23 in a certain Wness range (ex. 0.1 <
Wness < 0.2) can be described by a stack of two Gaus-
sians. To understand its development along Wness,
we collected dw23 over a certain Wness range, per-
formed a fit using two Gaussians, and then parame-
terized each Gaussian’s parameters (maximum, center,
and FWHM) along Wness. Then we fed it back during
the hadronic BG dw23 modeling process as explained
above.
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Fig. 1. An example of dw23 vs. Wness.

Fig. 2. Comparison between fit results before (top) and af-

ter (bottom) the pattern study for W+ → µ+ measured

in the North muon arm. The gray-hatched area of the

solid line indicates the uncertainty of the final PDF it-

self.

Figure 2 shows the results of a 2D UMLF projec-
tion onto dw23 in the final sample before and after
the pattern study. A noticeable improvement was ob-
served in the fit’s χ2, and we plan to apply the pattern
study in W± → µ± analysis for both the 2012 and
2013 datasets.
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