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The sPHENIX experiment is a next-generation collider detector at RHIC designed for rare jet
and heavy-flavor probes of polarized p+p collisions. The experiment includes a large acceptance,
granular electromagnetic calorimeter (EMCal) and very high-rate data acquisition plus trigger
system. In RHIC Run-2024, sPHENIX sampled 107/pb of transversely polarized p+p collision
data at 200 GeV using an efficient high-pt photon trigger, a dataset representing a nearly tenfold
increase of the luminosity times acceptance compared to previous EMCal-based datasets for this
collision energy. This talk presents preliminary results of the transverse single-spin asymmetry
in inclusive production of neutral pions and eta mesons. Such an observable is sensitive to multi-
parton correlations in the proton, which are related to transverse-momentum dependent (TMD)
effects. The new sPHENIX dataset allows to significantly extend the kinematic range covered by

previous RHIC mid-rapidity measurements.
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1. Context

In singly- and transversely polarized proton collisions, transverse single-spin asymmetries Ay
refer to the left-right asymmetry in inclusive particle production with respect to the spin direction
of the polarized beam. More formally, Ay are defined as the amplitude of the sin ¢ modulation of
the azimuthal asymmetry. They can also be expressed with the relative luminosity and geometric
formulae in Egs. (1a) and (1b), where NT and N denote the particle yields for spin-up and spin-
down beam orientations, while £*/~ are the corresponding spin-dependent luminosities, and P is
the proton beam polarization.
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The asymmetry defined in Eq. (1b) is least sensitive to variations in acceptance and luminosities.
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Early theoretical predictions from perturbative Quantum Chromodynamics and the collinear-
leading twist framework [1] predicted these asymmetries to be very small. In contrast, experimental
studies at Argonne National Lab, FermiLab and Brookhaven National Lab have all shown significant
Ap for charged and neutral pions, as a function of the pion Feynman-x xg [2]. These sizable Ay can
be attributed to two alternative schemes. In the Transverse-Momentum-Dependent (TMD) scheme,
two prominent effects are suggested to explain these asymmetries. The Sivers effect [3, 4] describes
an initial-state correlation between the parton transverse momentum kt and the transverse spin of
the parent nucleon. The final-state Collins effect [5] describes the correlation between the parton
transverse spin and the fragmented hadron transverse momentum pt. Alternatively, the Collinear
Twist-3 scheme (CT3) identifies intrinsic interference between multi-parton states as the generator
of transverse single-spin asymmetries. The CTj3 distinguishes tri-gluon (ggg) and quark-gluon-
quark (gggq) correlators, referred to as twist-3 multi-parton correlators. In practice, both the Sivers
and Collins functions (and their CT3 analogues) enter as a convolution between initial-state Parton
Distribution Functions (PDF) and final-state Fragmentation Functions (FF). The Sivers PDF are
coupled to unpolarized FF (twist-2 quark-gluon or gluon-gluon correlators), while the Collins FF
are coupled to the quark transversity PDF (both transversity PDF and Collins FF are chiral-odd).
Thus, Ay reflects both initial- and final-state effects, not only the Sivers and Collins functions
themselves. The two schemes are proven to describe the same physics in the kinematic domain
where they overlap [6].

Our analysis is based on data collected by the SPHENIX apparatus, located on the Relativistic
Heavy Ion Collider (RHIC) at Brookhaven National Lab. The Ay are extracted in inclusive
production of 7% and n- mesons in transversely polarized proton-proton collisions, pTp — 7°X
and pTp — nX during the 2024 running period at RHIC. sSPHENIX [7-9] is a state-of-the-art
muti-purpose detector designed to measure jets and heavy-flavor. It features fast data acquisition (up
to 15 kHz) and a precision tracking system, whereas the electromagnetic and hadronic calorimeters
are crucial for measuring the energy of jets, photons and electrons. The integrated luminosity is
approximately 35/pb for this measurement, about 35% of the 2024 sPHENIX p + p data.
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2. Analysis of transverse single-spin asymmetries

Inclusive neutral mesons are identified through their decay into photon pairs. For that purpose,
we only use two specific components of the SPHENIX detector. First, the two Minimum Bias
Detectors (MBDs), which are mounted to the beam pipe 2.5 m from each side of the nominal
interaction point, trigger p + p inelastic collisions and measure their position along the beam axis.
Secondly, we use the tungsten-SciFi electromagnetic calorimeter, with a radius of about 1 meter, a
full azimuthal coverage and pseudo-rapidity || < 1.1 (from the nominal vertex position). Owing to
its granularity (24,576 individual towers), the calorimeter resolution is 67X d¢ = 24 mrad x 24 mrad.

We select events that satisfy either one of two triggers. The first requires MBD coincidence
and a photon candidate above 3 GeV energy and is prescaled by a factor of about 4 (i.e. only one in
every ~ 4 events is recorded). The second applies the same condition but with a 4 GeV threshold
and is effectively unprescaled. This choice maintains theoretical interpretability and a transparent
dataset definition. The candidate photon pairs within these events should satisfy several conditions:
both photon cluster energies should be above 1 GeV, the energy asymmetry |E| — E»|/(E; + E?)
should be lower than 0.7, and the pair pt should be above 1 GeV. In order to keep our measurement
inclusive, we impose that the photon trigger efficiency should be above 70% for either one of the
paired photons energy, or the energy sum if the pair angle is small enough for both photons to share
the same trigger window.

The 7° and 7 peaks are fitted from the invariant mass spectrum of the photon pair candidates,
along with the residual background as illustrated on Fig. 1. For each meson, the signal range is
defined around the peak mean y in a 1.5-standard deviation (0-) window as [u — 1.50, u + 1.50].
Two lo-wide sidebands, adjacent to the peak, provide an estimate to the residual background
asymmetry Alz’\l,‘. The signal range asymmetry A;i,g is corrected as A" = (Aj\i,g - rAE’\lf)/ (1-7r),
with r being the background fraction in the signal range determined by the background + signal fit.
A?\i,g and A';\l,‘ are fitted with a sinusoid function A sin ¢. For the relative luminosity fit Eq. (1a), we
use the range ¢ € [—n, ]. In the geometric fit Eq. (1b), we restrict to ¢ € [-n/2, ©/2].
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Figure 1: Invariant mass spectrum of photon pair candidates for pt in [6, 7] GeV

This procedure is performed in several bins of py: from 3 to 10GeV for the 7° asymmetry
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and from 2 to 20GeV for the  asymmetry. The smaller upper pr bound for 7° reflects more
pronounced cluster merging at high pt and small mass. Preliminary results of the pt dependent
Ay are shown on Fig. 2 alongside the results of the PHENIX experiment [10]. In addition to the
statistical error bars, we show error boxes associated with the systematic uncertainties of the analysis.
The systematics include three contributions: discrepancies between the two asymmetry formulae
(relative and geometric), errors in the fit of the invariant mass spectrum, and any remaining false
asymmetry identified through bunch shuffling, a method that randomly shuffles the spin orientations
of the proton beams. At this stage, a 7% scale uncertainty is assigned due to the measurement of
the beam polarization [11].

The PHENIX and sPHENIX experiments have a different kinematic coverage. PHENIX is
restricted to |n7| < 0.35 whereas sSPHENIX covers a wider pseudo-rapidity range, || < 1.1 for the
nominal vertex position, but it can be larger (up to 2) for nonzero z-vertex. Besides, sSPHENIX
results only show forward asymmetries (17 > 0) whereas PHENIX results include both forward and
backward asymmetries. Despite the different kinematic range, Fig. 2 shows that the two experiments
are compatible within uncertainties and consistent with zero.
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Figure 2: sPHENIX Ay for the 7° (left) and the 7 meson (right) alongside PHENIX results [10]. For
sPHENIX, the bin-averaged pseudorapidity values (7) for each pr bin are printed at the top of each panel

3. Conclusion

We have presented the first preliminary measurement of transverse single-spin asymmetries
Apn with the sSPHENIX experiment in the inclusive neutral meson channel, over the 2024 running
period at RHIC: pTp data at \/s = 200GeV and > 0. As it is typical of low-xg measurements,
the forward 7° and 7 meson A are consistent with zero, and they are also compatible with former
PHENIX Ay at mid-rapidity within uncertainties.

Several refinements are planned beyond the preliminary analysis. The extraction of the asym-
metries will be extended to smaller pt. In addition, Ay will be extracted in bins of  and xg.

In the global kinematic landscape, the sSPHENIX data points lie at low xp of about 0.04 (~
0.03-0.15 over our pt and 7 acceptance) and moderate pt in a previously uncovered phase-space

corner.
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