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Transverse Single-Spin Asymmetry (AN)

• Large AN in single hadron production consistently observed up to 
RHIC energies, over 40 years. 
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AN at RHIC energies

• General features at forward rapidity
• Striking effects at large xF

• AN survives at large energies
• AN(𝜋+) and AN(𝜋−) have roughly same magnitude, opposite sign
• AN(K+) and AN(K−) same sign
• AN(𝜋0) is positive, smaller than AN(𝜋+)

3/28/23

BRAHMS collaboration
PRL 101, 042001 (2008)

arXiv: 1602.03922
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Possible origin of AN

• p↑+p à h+X : collinear factorization approach
• Twist-3 Multiparton(qgq, ggg) correlations and fragmentation functions
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Sivers Mechanism
Correlation between proton spin & parton kT

Collins Mechanism
Transversity x spin-dependent fragmentation
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Inclusive hadron AN in polarized p+A

• The first polarized p+A collision at RHIC 2015 run
• Interplay of small-x and spin physics
• Help to disentangle differing mechanisms and clarify the origin of the AN.
• A-dependence of AN can be a probe for the saturation scale in the nucleus.
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Inclusive hadron AN in polarized p+A

• The first polarized p+A collision at RHIC 2015 run
• Many interesting AN results in p↑+A collisions

• neutron, J/𝜓, h+, 𝜋0, 𝜂 …

• A-dependence of inclusive hadrons at forward rapidity
• A-dependence of AN(h+) at 0.1<xF<0.2 PHENIX collaboration, PRL 123, 122001 (2019)

• Small A-dependence of AN(𝜋0) in far forward region STAR collaboration, PRD 103, 072005 (2021)
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Relativistic Heavy Ion Collider at BNL
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RHIC as a polarized proton-proton collider

• The only facility: polarized proton collider
• Polarized proton-ion collisions in RUN 2015
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ion (Al, Au)
RHIC 2015 run
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Apparatus: PHENIX muon spectometer 

• Two Muon spectrometers called South arm (-2.2<η<-1.2) and 
North arm (1.2<η<2.4)
• Muons penetrate whole system while hadrons stop in the middle.
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D à 𝜇±
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Apparatus: PHENIX muon spectometer 

• Absorber
• 19 cm copper, 60 cm iron, and additional stainless steel (36.2 cm) 
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Apparatus: PHENIX muon spectometer 

• Muon Tracker:  Momentum measurement
• Trigger events with high momentum tracks by requiring maximum 

bending at the middle plane among 3 stations
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Apparatus: PHENIX muon spectometer 

• Muon Identifier: muon/hadron separation and trigger
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Charged hadron selection

• Charged hadrons are stopped in the middle of Muon Identifier
• Muon background are rejected by pz cut
• K/𝜋 modified due to the detector material including the front absorber
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K/𝜋 in p+p K/𝜋 in p+Aupz in simulation

PHENIX collaboration
PRC 101, 034910 (2020) arXiv:2303.07191
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Result: p↑+p à h±+X 

• New result: (arXiv: 2303.07191)
• AN(h+) increases to positive values as xF increases at xF>0
• AN(h-) small to zero at xF>0 : Opposite sign of AN for 𝜋−,𝛫− canceled partially
• Model from D. Pitonyak, PLB 770, 242 (2017) 
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Results in p↑+p, p↑+Al, p↑+Au à h±+X 
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p↑+p, p↑+Al, p↑+Au à h−+X p↑+p, p↑+Al, p↑+Au à h++X
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• New result: arXiv:2303.07191



Results in p↑+p, p↑+Al, p↑+Au à h±+X 
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p↑+p, p↑+Al, p↑+Au à h++X
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p↑+p, p↑+Al, p↑+Au à h−+X

• New result: arXiv:2303.07191
• Smaller AN for h+ at 0.1<xF<0.2 in p+A



Nuclear dependence of AN

• New result: arXiv:2303.07191
• Smaller AN for h+ at 0.1<xF<0.2 in p+A
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p↑+p, p↑+Al, p↑+Au à h++X
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S. Benić and Y. Hatta
PRD 99, 094012 (2019)

PHENIX collaboration
PRL 123, 122001 (2019)
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Summary
• Large Transverse Single Spin Asymmetry (AN) in single hadron production 

consistently observed up to RHIC energies, over 40 years. 
• AN of charged hadrons at forward and backward rapidity (1.4<|𝜂|<2.4) from p↑+p, 

p↑+Al, and p↑+Au collisions is studied in PHENIX 
• 1.5<pT<7 GeV/c , 0.04<|xF|<0.2
• arXiv:2303.07191 submitted to PRD
• AN(h−): small to zero
• AN(h+): increases to positive values as xF increases in p↑+p , smaller in p↑+A collisions

• This provides new opportunities to investigate the origin of AN and a tool to study 
nuclear effects in p+A collisions
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Thank You!


