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Abstract

Measurements of the longitudinal spin transfer, D;;, and the transverse spin transfer,
Drr, of the A(A) hyperon in polarized p+p collisions are expected to be sensitive to
the helicity distribution and transversity distribution of the s(5) quark in proton and
the corresponding polarized fragmentation functions. This contribution presents the
new preliminary results of the A(A) D;; and D;; using data collected at RHIC-STAR
experiment in 2015, with twice larger statistics than previously published results.
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1 Introduction

Since the surprising results on the spin structure of the proton by the EMC experiment in the
late 1980s [1], much progress has been made in understanding the origin of the proton spin.
However, the sea quark contribution to the proton spin, for example, the polarized distributions
of the strange quark(anti-quark), s(5), is still not well constrained by experimental data. The
A hyperon contains a strange constitute quark, which is expected to carry most of A spin. The
A polarization, P, , can be determined from the angular distribution of the weakly decayed
daughters. The spin transfer of the A hyperon in proton-proton collisions provides a way to
study the s(§) quark contribution to the proton spin [2—4]. Recently, strange quark polarization
has been extracted from a model calculation incorporating the STAR measurements of the
hyperon spin transfer [5].

The longitudinal and transverse spin transfer asymmetries, D;; and Dy, of A hyperons in
p+p collisions are defined in Eq 1. They are naturally connected to the polarized parton distri-
bution functions in the proton and polarized fragmentation functions. D;; provides access to
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the helicity distribution of strange quark, while D is coupled to the transversity distribution.
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where p*/p~ and A* /A~ denote the helicity of the colliding proton and the A hyperon, and
1/l denotes the positive or negative transverse polarization of them. dso? (dAc?) is the
transversely (longitudinally) polarized cross section and do™ is the unpolarized cross section.
The polarized cross section can be factorized into the convolution of parton distribution func-
tions, polarized partonic cross-section and the polarized fragmentation function.

This contribution presents the new preliminary results of D;; and Dy for A(A) in proton-
proton collisions at /s = 200 GeV, with hyperon pseudo-rapidity |n| < 1.2 and transverse
momenta up to 8.0 GeV/c. This dataset is about twice as large as the previously published
D;; and Dy results [6,7].

2 Experiments and Hyperon Reconstruction

The Relativistic Heavy Ion Collider (RHIC) is the world’s first and only polarized hadron-
hadron collider. RHIC runs proton-proton collisions at /s = 200 GeV and /s = 510 GeV
with proton beams longitudinally or transversely polarized. In 2015, RHIC delivered 200 GeV
p+p collisions with an average beam polarization of 56% and an integrated luminosity of 52
pb~! . The STAR (Solenoidal Tracker At RHIC) experiment [8] is located at the 6 o’clock po-
sition of the RHIC ring. For Dy and D;; analyses, several sub-detectors were used, including
the Time Projection Chamber (TPC), ElectroMagnetic Calorimeter (EMC), and Time Of Flight
(TOF) detector. Hard scattering events were selected with a Jet Patch trigger which was based
on energy depositions in the EMC. Additionally, BBC (Beam-Beam Counter) and VPD (Vertex
Position Detector) were used to monitor the relative luminosity.

The A(A) candidates are identified from the topology of their weak decay channels, A — prt™
(A — pm™). Pairs of proton and pion tracks measured in the TPC are used to reconstruct the
A(A) candidates. TOF information is also used to improve particle identification. Then, a
series of topological cuts are tuned to further reduce the background. The side-band method
is used as in [6, 7] to estimate the residual background fraction, which is less than 10%. The
spin transfer of the A hyperon is obtained by subtracting the contribution from residual back-
ground, for example, D;; = (Dziw—erlL(g )/(1—r), where D; " and Dflgg are the spin transfers
for signal and side-band regions, and r is the background fraction. A similar definition is used
for Dy ;. Figure 1 shows an example of A candidates invariant mass distribution.

The spin transfer analyses are performed for the A(A) candidates associated with a jet. The
reconstructed jet axis is used as a proxy of the momentum direction of the fragmenting quark,
which is needed in determining the polarization direction for Dy measurements [7]. The anti-
kr algorithm is used to reconstruct jets, similar as in Ref. [9,10], with resolution parameter of
R =0.6. Then, we require jet transverse momentum p; > 5 GeV/c and —0.7 < Ngerector < 0.9.
The detector pseudorapidity, Ng.cector» 1S defined by extrapolating the jet thrust axis into the
BEMC detector, and calculating the pseudorapidity of that intersection point relative to the
center of the STAR detector. The correlation between A(A) candidates and the reconstructed
jets is made by constraining the distance AR = 1/(An)?% + (A¢)? between momentum direc-
tions of A(A) candidates and the reconstructed jets in 1 — ¢ space. The A(A) hyperons in the
near-side of jets (AR < 0.6) are kept for the Dy and D;; analyses.
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Figure 1: The invariant mass distribution for A and A candidates with 1 < p; < 8 GeV/c
after applying selection cuts as in [7].
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Figure 2: Preliminary results of D;; for A and A from STAR 2015 data versus hyperon pr,
together with previously published results. The results for the A and the previously published
results have been shifted slightly to larger py for clarity.

3 D;; & Dy Measurements and Results

3.1 D;; Measurements and Results

D; ; is measured from asymmetry of A counts with opposite beam polarizations in small cos 6*
bins, where the 6* is the angle between the A(A) polarization direction and the (anti-) proton
momentum in the A(A) rest frame [11]:

1 NT—RN~
Dy =

- ) 2
AaPpogm (cos 0*) Nt + RN~ )

where the (cos 6*) is the average value of each cos 6* bin, N *+/~ is the A count in a cos 6* bin
when the helicity of the polarized beam is positive or negative, R = £*1/%~ is the relative
luminosity ratio, & = 0.732+0.014 is the decay parameter and Py, is the beam polarization.

Figure 2 shows new D;; preliminary results based on the 2015 data at 200 GeV, together
with the published results from the 2009 data [6]. The new results have about two times larger
statistics than the previously published results, and are consistent with them. The new results
cover transverse momenta up to 8.0 GeV/c, and are consistent with zero within uncertainties.
These results are also comparable with model calculations in [2].
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Figure 3: Preliminary results of Dy for A and A from STAR 2015 data versus hyperon pr,
together with previously published results. The A results and the previously published results
have been shifted slightly to larger p; values for clarity.

3.2 D;; Measurements and Results

For the transverse spin transfer Dy, the hyperon polarization direction is defined as the trans-
verse polarization direction of the outgoing parton, which is obtained by rotating the polariza-
tion vector of the incoming parton along the normal direction of the partonic scattering plane.
The scattering plane is spanned by the momentum directions of incoming and outgoing par-
tons [7]. Here the reconstructed jet axis is used as the momentum direction of the outgoing
parton.

D is measured from a cross-ratio asymmetry using A counts with opposite beam polar-
izations within small cos 6* bins [7]:

Do — 1 v/N1(cos 0*)NL(—cos %) — v/NT(—cos 6*)N{(cos 6*)
TT

= . (3)
APpheqm (€05 0*) \/NT(cos 0*)NL(—cos %) + /NT(—cos 0*)N{(cos %)

With the cross-ratio method, the relative luminosity and the acceptance are both cancelled,
which helps to reduce systematic uncertainties.

Figure 3 shows the new preliminary D¢ results from 2015 data, together with previously
published results from 2012 dataset [7] versus A(A) py in positive pseudo-rapidity region
relative to the polarized beam. The statistical uncertainties of the new results exhibit a v2
improvement compared to previously published results as expected. The new results are con-
sistent with zero within uncertainties, and are also consistent with model predictions [4].

4 Summary and Outlook

Longitudinal (D;;) and transverse (Dry) spin transfer measurements in p+p collisions can
provide access to the strange quark helicity and transversity distributions in the proton and the
polarized fragmentation functions. New preliminary results of D;; and Dy in p+p collisions
at 200 GeV from STAR 2015 dataset were reported, with twice the statistics of the previous
results. The new results are consistent with previous measurements, and are consistent with
zero within uncertainties, which indicate that the strange quark polarized distribution and/or
the polarized fragmentation function of A(A) is small.
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STAR has expanded its acceptance by installing a series of detector upgrades, in particular
in the forward rapidity region. More proton-proton collision data will be collected at STAR in
2022 at 510 GeV and in 2024 at 200 GeV. That will significantly increase the statistics of A
hyperon samples. Those forward detector upgrades allow for a rich A physics program in the
forward rapidity region, including not only spin transfer measurements but also the transverse
hyperon polarization in unpolarized proton collisions.

Acknowledgements

We thank the RHIC Operations Group and RCF at BNL. The author is supported partially by
the National Natural Science Foundation of China under No. 12075140.

References

[1] J. Ashman et al., A measurement of the spin asymmetry and determination of the struc-
ture function g1 in deep inelastic muon-proton scattering, Phys. Lett. B 206, 364 (1988),
doi:10.1016/0370-2693(88)91523-7.

[2] D. de Florian, M. Stratmann and W. Vogelsang, Polarized A-Baryon Production in pp Col-
lisions, Phys. Rev. Lett. 81, 530 (1998), doi:10.1103/PhysRevLett.81.530.

[3] Qing-hua Xu and Zuo-tang Liang, Probing gluon helicity distribution and quark transver-
sity through hyperon polarization in singly polarizedppcollisions, Phys. Rev. D 70, 034015
(2004), doi:10.1103/PhysRevD.70.034015.

[4] Qing-hua Xu, Zuo-tang Liang and E. Sichtermann, Anti-Lambda polarization in
high energy pp collisions with polarized beams, Phys. Rev. D 73, 077503 (2006),
doi:10.1103/PhysRevD.73.077503.

[5] Xiaonan Liu and Bo-Qiang Ma, Nucleon strangeness polarization from A/A hyperon pro-
duction in polarized proton—proton collision at RHIC, Eur. Phys. J. C 79, 409 (2019),
doi:10.1140/epjc/s10052-019-6916-z.

[6] J. Adam et al., Improved measurement of the longitudinal spin transfer to A and A hyperons
in polariged proton-proton collisions at 4/s = 200 GeV, Phys. Rev. D 98, 112009 (2018),
doi:10.1103/PhysRevD.98.112009.

[7] J. Adam et al., Transverse spin transfer to A and A hyperons in polarized
proton-proton collisions at /s = 200 GeV, Phys. Rev. D 98, 091103 (2018),
doi:10.1103/PhysRevD.98.091103.

[8] K. H. Ackermann et al., STAR detector overview, Nucl. Instrum. Methods Phys. Res. Sect.
A 499, 624 (2003), doi:10.1016/S0168-9002(02)01960-5.

[9] B. I Abelev et al., Longitudinal double-spin asymmetry and cross section for inclusive neu-
tral pion production at midrapidity in polarized proton collisions at /s = 200 GeV, Phys.
Rev. D 80, 111108 (2009), doi:10.1103/PhysRevD.80.111108.

[10] J. Adam et al., Longitudinal double-spin asymmetry for inclusive jet and dijet pro-
duction in pp collisions at /s = 510 GeV, Phys. Rev. D 100, 052005 (2019),
doi:10.1103/PhysRevD.100.052005.

125.5


https://scipost.org
https://scipost.org/SciPostPhysProc.8.125
https://doi.org/10.1016/0370-2693(88)91523-7
https://doi.org/10.1103/PhysRevLett.81.530
https://doi.org/10.1103/PhysRevD.70.034015
https://doi.org/10.1103/PhysRevD.73.077503
https://doi.org/10.1140/epjc/s10052-019-6916-z
https://doi.org/10.1103/PhysRevD.98.112009
https://doi.org/10.1103/PhysRevD.98.091103
https://doi.org/10.1016/S0168-9002(02)01960-5
https://doi.org/10.1103/PhysRevD.80.111108
https://doi.org/10.1103/PhysRevD.100.052005

SCIl SciPost Phys. Proc. 8, 125 (2022)

[11] B. 1. Abelev et al., Longitudinal spin transfer to A and A hyperons in polar-
ized proton-proton collisions at /s = 200 GeV, Phys. Rev. D 80, 111102 (2009),
doi:10.1103/PhysRevD.80.111102.

125.6


https://scipost.org
https://scipost.org/SciPostPhysProc.8.125
https://doi.org/10.1103/PhysRevD.80.111102

	Introduction
	Experiments and Hyperon Reconstruction
	DLL  & DTT Measurements and Results
	DLL Measurements and Results
	DTT Measurements and Results

	Summary and Outlook
	References

