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Large transverse single-spin asymmetries (TSSAs) in inclusive hadron production at forward ra-
pidities have persisted as a major puzzle in QCD spin physics. To further explore the origin of these
asymmetries, we measure the analyzing power 𝐴𝑁 of electromagnetic (EM) jets reconstructed
from photons detected by the Forward Meson Spectrometer (FMS) at STAR. Using data from
transversely polarized 𝑝↑ + 𝑝 collisions collected at

√
𝑠 = 200 GeV in 2015 and 510 GeV in 2017,

we study the dependence of 𝐴𝑁 on kinematic variables, photon multiplicity, and event topology
to probe possible diffractive contributions. We find that 𝐴𝑁 increases with 𝑥𝐹 , decreases with
photon multiplicity, shows little dependence on

√
𝑠, and is similar across inclusive and diffractive-

enriched samples, indicating that diffractive processes are not the dominant source of the large
observed asymmetries.
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1. Introduction

Consistent large transverse single-spin asymmetries (𝐴𝑁 ) have been observed for forward 𝜋0

and 𝜂 production across a wide range of center-of-mass energies, from the fixed-target E704 measure-
ments at Fermilab [1] to collider experiments at RHIC (STAR, PHENIX, BRAHMS) [2–5]. These
results challenge leading-twist perturbative QCD expectations of negligible asymmetries [6]. Theo-
retical frameworks such as the Sivers effect [7], Collins fragmentation [8], and twist-3 quark–gluon
correlations [9, 10] have been proposed to describe these phenomena, yet the underlying origin
remains an open question.

Previous STAR measurements showed that isolated 𝜋0 mesons exhibit larger 𝐴𝑁 than non-
isolated ones [11], implying that the event topology may play an important role. Diffractive
scattering, which can produce isolated forward particles, has been suggested as a potential con-
tributor. This analysis explores that hypothesis by studying the 𝐴𝑁 of EM-jets in inclusive and
diffractive-enriched processes at forward rapidities.

2. The STAR Detector and Data Samples

The Solenoidal Tracker at RHIC (STAR) [12] is a large-acceptance detector designed to
investigate the spin and structure of matter at high energies. The Forward Meson Spectrometer
(FMS) is a lead-glass electromagnetic calorimeter on the west side of STAR, covering pseudo-
rapidity 2.6 < 𝜂 < 4.2 with full azimuthal coverage at a distance of 7 m from the interaction
point (IP). It detects photons from neutral meson decays and enables the reconstruction of forward
EM-jets.

This analysis uses data collected from transversely polarized p↑+p collisions at
√
𝑠 = 200 GeV

in 2015 (Run 15) and 510 GeV in 2017 (Run 17). The Beam–Beam Counters (BBC), located
about 3.7 m from the IP on both the east and west sides and covering the pseudorapidity range
2.1 < |𝜂 | < 5.0 over the full 2𝜋 azimuthal region, provide minimum-bias triggers and rapidity-gap
vetoes, while the Roman Pot detectors (RP), positioned on both sides with two stations per side at
approximately 15.8 m and 17.6 m from the IP, detect leading protons from diffractive events.

3. Event Selection and Analysis Method

Primary vertices are required within |𝑧 | ≤ 80 cm of the nominal interaction point. Photon
candidates in the FMS must have energy 𝐸 > 1 GeV. EM-jets are reconstructed using the anti-𝑘𝑇
algorithm with radius 𝑅 = 0.7, transverse momentum 𝑝𝑇 > 2 GeV, and pseudorapidity 2.8 < 𝜂 <

3.8. The jet 𝑝𝑇 is corrected for the underlying event using the off-axis cone method [13], and the
energy is unfolded to the particle level.

Three event classes are defined:

• Inclusive events: Require at least one EM-jet in the FMS.

• Rapidity-gap events: Require one FMS EM-jet and a veto on the east BBC.

• Single-diffractive events: Require one FMS EM-jet, a veto on the east BBC, and a proton
detected by the east RP.
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Since the RP does not cover the full azimuthal angle, the rapidity-gap sample includes potentially
diffractive events not tagged by the RP.

The transverse single-spin asymmetry is extracted from the azimuthal modulation of the EM-jet
yield, quantified by

𝐴raw = 𝐴𝑁 × 𝑃 × cos(𝜙) ≈

√︃
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, (1)

where 𝑃 is the beam polarization and 𝑁
↑(↓)
𝜙

denotes the yield for spin-up (down) polarization in
azimuthal bin 𝜙. The angle 𝜙 is defined as the azimuthal angle of the EM-jet measured relative to
the +x direction, which points radially outward from the center of the RHIC ring.

4. Results

Figure 1 presents the inclusive results from Run 17. The left panel shows that for 𝑥𝐹 > 0, 𝐴𝑁

increases with EM-jet energy and transverse momentum, while it decreases with photon multiplicity
(𝑁𝛾). The right panel demonstrates that 𝐴𝑁 rises with 𝑥𝐹 , regardless of the photon multiplicity.
Notably, more isolated EM-jets (𝑁𝛾 = 1 or 2) exhibit the largest asymmetries, consistent with
previous single-𝜋0 measurements. These trends indicate that spin effects are most pronounced in
simpler jet topologies, where parton-spin correlations and fragmentation processes are less diluted.
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Figure 1: Run 17 inclusive EM-jet 𝐴𝑁 as a function of 𝑝𝑇 (left) and 𝑥𝐹 (right). The asymmetry decreases
with increasing photon multiplicity and increases with jet energy and 𝑥𝐹 , suggesting that isolated high-𝑥𝐹
jets carry stronger spin correlations.

Figure 2 compares 𝐴𝑁 for inclusive, rapidity-gap, and single-diffractive processes in Run 17.
Despite an increasing diffractive purity in the event categories, the 𝐴𝑁 magnitudes remain similar
within uncertainties. This suggests that diffractive scattering contributes only a small fraction to the
large asymmetries seen in inclusive production, and that spin–transverse momentum correlations
from non-diffractive mechanisms likely dominate.
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Figure 2: Comparison of 𝐴𝑁 among the three processes for Run 17 data. Similar asymmetry magnitudes are
observed across inclusive, rapidity-gap, and single-diffractive samples, implying that diffractive contributions
are not the dominant source of the large inclusive 𝐴𝑁 .

The comparison between Run 15 and Run 17 is shown in Fig 3. The 𝐴𝑁 values exhibit
consistent 𝑥𝐹 dependence and similar magnitudes at both

√
𝑠 = 200 and 510 GeV, implying that

the driving mechanism behind the large TSSA is largely energy independent. This observation
disfavors purely perturbative origins and supports non-perturbative QCD explanations involving
parton orbital angular momentum or twist-3 parton correlations.

5. Summary

We have measured the transverse single-spin asymmetry of EM-jets in the forward region at
STAR using transversely polarized p↑ + p collisions at

√
𝑠 = 200 and 510 GeV. The 𝐴𝑁 increases

with 𝑥𝐹 , decreases with photon multiplicity, and shows little dependence on the collision energy.
The similarity of 𝐴𝑁 across inclusive, rapidity-gap, and single-diffractive samples indicates that
diffractive scattering is not a dominant source of the large forward asymmetries.

These findings suggest that partonic spin–transverse momentum correlations, such as twist-3
quark–gluon dynamics, play a major role in generating large TSSAs. Future analyses combining
forward EM-jets with central detectors and charged-jet reconstruction will further clarify the role
of diffractive and partonic mechanisms.
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Figure 3: Comparison of 𝐴𝑁 versus 𝑥𝐹 between Run 15 (200 GeV) and Run 17 (510 GeV) for inclusive
(left), rapidity-gap (middle), and single-diffractive (right) events. The 𝐴𝑁 shows consistent 𝑥𝐹 dependence
and magnitude across the two energies, indicating that the underlying mechanism responsible for large TSSA
is not strongly dependent on
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