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Understanding the origin of the proton spin is one of the most fundamental and challenging
questions in QCD. Much progress has been made since the first surprising result by the EMC
experiment in the late 1980s. However, the helicity distributions of strange quarks and anti-quarks
inside the proton are still not well constrained by the experimental data. Measurement of the
longitudinal double spin asymmetry Ay of the inclusive jets tagged with a 7% /7~ carrying high
jet momentum fraction, z, in p + p collisions can provide further constraints on the gluon helicity
distribution in the proton. In addition, the A7 of A, A and Kg in the longitudinally polarized
p + p collisions may shed light on the strange quark and anti-quark helicity distributions. In this
contribution, we report the preliminary results on the A;; measurements of inclusive jets tagged
with a high-z 7%, and the A, A and Kg. We utilize the longitudinally polarized p + p collisions at
/s = 200 GeV collected by the STAR experiment with an integrated luminosity of about 52 pb~".
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1. Introduction

Inspired by the first surprising results of the proton spin structure from the EMC Collabo-
ration [1], tremendous progress has been made in the past 35 years to improve our knowledge of
how the proton spin is made up by the quarks and gluons in Quantum Chromodynamics (QCD).
Nevertheless, there still remain open questions that challenge the current understanding of the com-
position of the proton spin. In polarized p + p collisions, the longitudinal double spin asymmetry
App is expected to be sensitive to the helicity distributions of partons inside the proton, which is
defined as the difference between the cross section with same and opposite beam helicity:

ottt -0t Ao

ey

A= o= =
At leading order, the Ao is proportional to AfiAf,dry, where Af; and Af, are the helicity
distributions of two colliding partons and dp ;. is the double spin asymmetry at partonic level and
can be calculated by the perturbative QCD.

The Relativistic Heavy Ion Collider (RHIC) is the world’s first and only polarized p + p
collider and is capable of colliding both longitudinally and transversely polarized proton beams
at 4/s = 200 GeV and 500 GeV. The dominant subprocesses of the hard scattering in such p + p
collisions are quark-gluon and gluon-gluon scatterings [2], which make RHIC an ideal facility to
study the gluon helicity distribution. Series of Ay; measurements [2—7] for jets and dijets have
confirmed a sizable gluon polarization [8, 9] inside the longitudinally polarized proton. However,
the JAM Collaboration recently proposed that Ay of inclusive jets is not sensitive to the sign
of the gluon helicity distribution and a negative gluon polarization is also allowed [10] . As the
helicity distributions of u quark and d quark are in opposite sign, and they favor 7% and 7~ in the
hadronization, respectively, Ay ; of the 7*-tagged jets is expected to be sensitive to the sign of the
gluon helicity. In addition, the helicity distributions of the strange quark and anti-quark [9, 11] are
still poorly constrained by the experiments. Measuring the longitudinal double spin asymmetry of
A hyperons and Kg can shed light on the strange quark and anti-quark helicity distributions.

In 2015, STAR concluded its longitudinal polarized data collection at /s = 200 GeV. This data
set corresponds to an integrated luminosity of about 52 pb~! with an average beam polarization of
about 54%. With this data set, we performed the first measurement of the A, for the n*-tagged
jet, A hyperons, and Kg.

2. Longitudinal Double Spin Asymmetry A;; of 7*-tagged Jet

2.1 Jet Reconstruction

Similar to previous publications from STAR [2, 5, 6], jets were reconstructed with charged-
particle tracks measured by the Time Projection Chamber (TPC)[12] and the energy deposits in
the Barrel Electromagnetic Calorimeter (BEMC) [13] and the Endcap Electromagnetic Calorimeter
(EEMC) [14] using the anti-k7 algorithm [ 15] with a resolution parameter R = 0.6. An off-axis cone
method adapted from the ALICE experiment [16] was used to correct the transverse momentum pr
of the reconstructed jet for the contribution of the underlying events. A Monte Carlo simulation
sample was generated to correct the reconstructed jet quantities back to particle level and estimate
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systematic uncertainties in these measurements. In the simulation, the p + p collision events
were generated with PYTHIAG [17] and were further processed through a STAR detector-response
package based on GEANT3[18]. The simulated events were then embedded into the zero-bias
events recorded during the STAR data-taking runs to simulate the pile-ups and beam backgrounds
present in data. Same jet reconstruction procedure was applied to this simulation sample. In
addition, particle-level jets were reconstructed and the jet p7 in data was corrected back to particle
level.

2.2 n* Identification

In this measurement, charged pions were identified based on their energy loss dE /dx inside
the TPC. At STAR, the dE /dx is normalized into no according to the following formula:

2

no(m) =

1 1 ( dE [ dxops )
n >
Oexp dE/dxn,cal
where the dE /dxqps and the dE /dx ¢ are the measured energy loss of the tracks and the expected
energy loss of the 7 based on the Bichsel formalism [19]. The oy is the energy loss resolution of
the TPC [20, 21]. In practice, the no () distribution was divided into three particle-rich regions, i.e.,
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Figure 1: (a) Multi-Gaussian fitting on the no () distribution for positive charged tracks with their momen-
tum 1.4 < p < 1.5 GeV/c. (b) Particle purity as a function of jet transverse momentum pr in pion-rich
region for positive charged tracks carrying jet momentum fraction z > 0.2.

pion-rich region, kaon+proton-rich region, and electron-rich region. Similar to [22], particle purity
at each particle-rich region was estimated with a multi-Gaussian fitting to the no () distribution of
charged tracks. Figure 1(a) shows an example of the multi-Gaussian fitting of the no- () distribution
for positive charged tracks with their momentum 1.4 < p < 1.5 GeV/c. The estimated purity, for
example, as a function of jet pr in pion-rich region is presented in Fig. 1(b). To enhance the fraction
of jets from the fragmentation of u quark and d quark, jet momentum fractionz = p - p jet! V4 jet 2
carried by the 7* was required to be larger than 0.2.
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2.3 A;; Extraction & Result

Experimentally, the longitudinal double asymmetry Ay can be calculated with the following
formula:

1 N"—-RN*
"~ PyPg N*+ + RN+’

ArL

3)

where Py and Pg are the measured polarization of two colliding beams. N** and N*~ are the
n*-tagged jet yields from beam bunches with same and opposite beam helicity configurations,
respectively. R is the relative luminosity measured by the Vertex Position Detectors (VPD) [23] and
the Zero Degree Calorimeters (ZDC) [24]. The raw asymmetry, A"}, calculated from each particle
rich region is expected to be a linear combination of the Ay ; of each particles. The n*-tagged Ay 1

can be obtained by solving the following linear equations:

K+ .
T P e T raw, 7trich
fﬂ'rich Trich f”rich ALL ALL
K+p K+p raw, K+prich

T e A - A Ticl 4

fK+Prich fK+Prich fK+prich LL LL ’ ( )
K+p raw, ey
VY e e »>€rich
ferich €rich ferich ALL ALL

where, for example, f7 is the 7% purity at 7= rich region.

The preliminary results of the n*-tagged jet A, with jet momentum fraction z > 0.2 and
z > 0.3 are presented in Fig. 2 (a) and Fig. 2 (b), respectively. Predictions based on PYTHIAG6 [17]
and the helicity distributions from NNPDF Collaboration [9] are compared with the measurements.
The measurements are consistent with the predictions of A ’er > A ’LT]: with positive gluon helicity.
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Figure 2: Panel (a) and (b): preliminary results of the longitudinal double spin asymmetry Ay of the
m-tagged jet as a function of jet pr in polarized p + p collisions at ys = 200 GeV with jet momentum
fraction z > 0.2 and z > 0.3, respectively. The bars represent the statistical uncertainties while the
systematic uncertainties are shown in boxes. Predictions calculated with the helicity distributions [9] based
on PYTHIAG6 [17] are compared to data.
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3. Longitudinal Double Spin Asymmetry of A, A and Kg

3.1 A, A and Kg Reconstruction

The A(A) hyperons and Kg were reconstructed via their decay channels A — p + 7~ (A —
p +n*), and Kg — n* + 7, respectively. Daughter tracks were identified based on their energy
loss dE /dx inside the TPC. Two daughter candidates were paired firstly and a set of selection
criteria was applied based on the decay topology of the A hyperons and Kg. Figure 3 shows the
invariant mass distribution of the reconstructed A, A, and Kg candidates at 3 < py < 4 GeV/c.
The residual backgrounds under their mass peak are mainly from the random combination of two
daughter candidates and were estimated with the side-band method.

£ 40000 £ 45000 £
E (a) | 2 (b) | 30000 (©)
35000 [IF] mass peak 40000—
1 2! =
30000 [ side band 35000~ 25000
25000 300007~ 20000
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Figure 3: Panel (a), (b) and (c) show the invariant mass distributions of the reconstructed A, A and Kg
candidates at 3 < pr < 4 GeV/c, respectively. The yields under the mass peak (blue-filled area) are used for
the A77" calculation and the yields under the side-band region (red-filled area) are used for estimating the
background fraction under the mass peak.

The reconstructed A, A and Kg candidates were used as inputs in the jet reconstruction using
the same method as in Ref. [25]. In-jet A hyperons and Kg were used for further analysis to make
sure A hyperons and Kg originate from a hard partonic scattering.

3.2 A;; Extraction & Result

Similarly, the longitudinal double spin asymmetry of the A hyperons and the Kg can be
measured with the Eq. (3). The A"} from mass peak and the A:l}ig from the side-band region were
extracted separately with the Eq. (3). The influence of the residual backgrounds was corrected with
the following formula:

bkg
raw _
ALL rA

ApLp = LL )

1-r
where r is the residual background fraction under mass peak and is found to be below 10%.

The preliminary results of the longitudinal double spin asymmetry of the in-jet A hyperons
and Kg as a function of particle pr are presented in Fig.4. The results are consistent with zero
within uncertainties. Figure 5 shows the Ap; as a function of the jet pr. The jet momentum
fraction z shown on the bottom panel was corrected back to particle level with the same Monte
Carlo simulation samples used in 7*-tagged jet A;; measurements. The jet sample used in Fig. 5
has large overlap with the published inclusive jet A;; measurement [5], but this result is more
sensitive to the strange quark and anti-quark helicity distributions as A hyperons and Kg are a part
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Figure 4: Preliminary results of longitudinal double spin asymmetry A7y as a function of particle pr for A,
A, and Kg in polarized p + p collisions at /s = 200 GeV. The results of A and Kg have been slightly offset
horizontally for clarity.
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Figure 5: Top panel: preliminary results of longitudinal double spin asymmetry Ay as a function of jet pr
for A, A, and Kg in polarized p + p collisions at y/s = 200 GeV. Bottom panel: the averaged particle-level jet
momentum fraction z carried by A hyperons and Kg.
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of jet. Another related analysis is the longitudinal spin transfer of the A hyperons, which is also
sensitive to the strange quark and anti-quark helicity distributions [25]. Small Ay results might
indicate small strange quark and anti-quark helicity distributions inside the proton.

4. Summary

We reported new preliminary results of the longitudinal double spin asymmetry Ay of the
n*-tagged jet, A hyperons, and Kg in polarized p + p collisions at /s = 200 GeV at STAR. The
n*-tagged jet Apy can provide sensitivity to the sign of the gluon helicity distribution. The results

indicate Azz > A ZL, which favor positive gluon helicity. The first measurement of Ay for the

in-jet A hyperons and Kg is consistent with zero within uncertainties, which indicates small helicity
distribution of the strange quark and anti-quark inside the proton.
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