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Spin direction of the polarized 
proton beam

SSAs :

• The SSAs for various very-forward productions(𝜋,n,𝛾) found to be governed by soft process 
was measured in 2007 [2].

• Fermilab experiment reported a nonzero AN for the first time in 1991 for the pion production [1].

• Single transverse spin asymmetry(SSAs) is one of the interests in high energy reactions, 
but it has not been well understood yet.
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AN =
d�" � d�#

d�" + d�#

• The pT and xF dependence of AN for very forward neutron with √s = 62, 210 and 500 GeV 
was also measured by PHENIX Collaboration [3].

• It is expected that the particle production mechanism in high energy is understood through 
the SSAs.

[1] D.L. Adams et al., Phys. Lett. B264 (1991) 3,4



• A theoretical approach to the SSAs for the very forward neutron production 
was successfully achieved by OBE exchange based on Regge theory [4].

p" p

p p
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⇡ a1

�⇡p"!a1p

• The contribution of the 𝜋-a1 interference for AN matches the experiment 
results very well.



• Recently the SSAs of very forward neutral pion was measured in RHICf 
experiment [5].

[5] M.H. Kim et al., Phys. Rev. Lett. 124 (2020) 124

• We take into account four Reggeons in the calculation of 
the SSAs by using interferences between them.

• The cross section for pB→pB′ will be used as fitting 
parameters.
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Born diagrams
• Born diagram for the                          :

<latexit sha1_base64="G1Go0WKPrvHEuQ1QJKriPcNiz3k=">AAACA3icdVDLSsNAFJ34rPUVdaebwSIIhZKUWuOu6MZlBfuAJi2T6aQdOkmGmYlSQsGNv+LGhSJu/Ql3/o3TNoKKHhg4nHMvd87xOaNSWdaHsbC4tLyymlvLr29sbm2bO7tNGScCkwaOWSzaPpKE0Yg0FFWMtLkgKPQZafmji6nfuiFC0ji6VmNOvBANIhpQjJSWeuY+L/Kum3AkRHwLXRVDl9OuBYuw3TMLVsmunjknVTgnjpORigPtkjVDAWSo98x3tx/jJCSRwgxJ2bEtrrwUCUUxI5O8m0jCER6hAeloGqGQSC+dZZjAI630YRAL/SIFZ+r3jRSFUo5DX0+GSA3lb28q/uV1EhU4XkojnigS4fmhIGFQR50WAvtUEKzYWBOEBdV/hXiIBMJK15bXJXwlhf+TZlnXUipfVQq186yOHDgAh+AY2OAU1MAlqIMGwOAOPIAn8GzcG4/Gi/E6H10wsp098APG2yfNBpb/</latexit>

p+ p" ! ⇡0 +X

• Effective Lagrangians: 
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Born amplitudes
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Regge trajectories
provides the correct Regge poles.

(Reggeized) Baryon amplitude :
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(1± exp{�i⇡(↵B(t)� JB)})�(JB � ↵B(t))(1� xF )

�↵B(t)+JBApB!X

[6] M. Guidal et al. Nucl. Phys. A 627 (1997) 

[6]
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Single transverse spin 
asymmetry



Single transverse spin asymmetry(SSAs)
• SSAs
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• In order to avoid producing nonzero AN at pT=0, we exclude the interference 
between natural and unnatural parity states.
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• The inclusive part of the interference terms can be approximated as the triple-Regge 
process.

• The inclusive part of the denominator is normalized in terms of the pp→pp 
differential cross section.



Normalization of the pp→X amplitude :

p"

p

⇡0

p

p

p

⇡0

X

p

P
X =

p" p

p p
⇡0 ⇡0

p p

�p"p!pp

Triple-Regge diagrams :
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Normalization of the pp→X amplitude :
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Triple-Regge diagrams :
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+

• Diagrammatic representation of the SSAs for the pion production
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SSAs vs pT
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bp�⇤(0) = 5.5 GeV�2

<latexit sha1_base64="gYU7UQcVmtDw48QocyfN8Mv8F0Q=">AAACEXicbVDJSgNBEO2JW4xb1KOXxiBEwTAT1HgRggp6kghmgWz0dGqSJj0L3T1CGMZP8OKvePGgiFdv3vwbO8tBEx8UPN6roqqeHXAmlWl+G4m5+YXFpeRyamV1bX0jvblVkX4oKJSpz31Rs4kEzjwoK6Y41AIBxLU5VO3+xdCv3oOQzPfu1CCApku6HnMYJUpL7XTWbkc3rYPGJXBF4qy5j8/wca7w0HCJ6gk3uoJK3IoO83E7nTFz5gh4llgTkkETlNrpr0bHp6ELnqKcSFm3zEA1IyIUoxziVCOUEBDaJ12oa+oRF2QzGn0U4z2tdLDjC12ewiP190REXCkHrq07h4fKaW8o/ufVQ+WcNiPmBaECj44XOSHHysfDeHCHCaCKDzQhVDB9K6Y9IghVOsSUDsGafnmWVPI56ySXvz3KFM8ncSTRDtpFWWShAiqia1RCZUTRI3pGr+jNeDJejHfjY9yaMCYz2+gPjM8fyA6bwQ==</latexit>

bN⇤�(0) = 5.7 GeV�2

Preliminary



SSAs vs xF

<latexit sha1_base64="/sjG1m8KM/FfTDPtwbupN47og0k=">AAAB9HicbZDLTgIxFIbP4A3xhrp000hMXJEZYsAFC6Ibl5hwS2BCOqUDDZ3O2HZIyITncONCY9z6MO58GzswCwX/pMnX/5yTnv5exJnStv1t5ba2d3b38vuFg8Oj45Pi6VlHhbEktE1CHsqehxXlTNC2ZprTXiQpDjxOu970Pq13Z1QqFoqWnkfUDfBYMJ8RrI3l2mXbrkfDVt1AbVgspfdUaBOcDEqQqTksfg1GIYkDKjThWKm+Y0faTbDUjHC6KAxiRSNMpnhM+wYFDqhyk+XSC3RlnBHyQ2mO0Gjp/p5IcKDUPPBMZ4D1RK3XUvO/Wj/W/q2bMBHFmgqyesiPOdIhShNAIyYp0XxuABPJzK6ITLDERJucCiYEZ/3Lm9CplJ1qufJ4U2rcZXHk4QIu4RocqEEDHqAJbSDwBM/wCm/WzHqx3q2PVWvOymbO4Y+szx+6TZAh</latexit>

0.00 < pT < 0.07
<latexit sha1_base64="y6cpWTEnN+wuzaYJlhZ51qnyBlc=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgapgpYhW6KLpxWaEvaIeSSTNtaCYzJplCGfodblwo4taPceffmLaz0NYDF07OuZfce/yYM6Ud59vKbWxube/kdwt7+weHR8Xjk5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/fH93G9PqFQsEg09jakX4qFgASNYG8lzbKdSjfuNqmO7t/1iybwXQOvEzUgJMtT7xa/eICJJSIUmHCvVdZ1YeymWmhFOZ4VeomiMyRgPaddQgUOqvHSx9AxdGGWAgkiaEhot1N8TKQ6Vmoa+6QyxHqlVby7+53UTHdx4KRNxoqkgy4+ChCMdoXkCaMAkJZpPDcFEMrMrIiMsMdEmp4IJwV09eZ20yrZ7bZcfr0q1uyyOPJzBOVyCCxWowQPUoQkEnuAZXuHNmlgv1rv1sWzNWdnMKfyB9fkDybWQKw==</latexit>

0.07 < pT < 0.19

<latexit sha1_base64="uInP69TTAbLHpgD2eTk6x/Qon/Y=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4GnqiuEAOQS8eI2SDZAg9nZ6kSc9id08gDPkOLx4U8erHePNv7CRz0MQHBY/3qqiq58WCK43xt5VbW9/Y3MpvF3Z29/YPiodHTRUlkrIGjUQk2x5RTPCQNTTXgrVjyUjgCdbyRvczvzVmUvEorOtJzNyADELuc0q0kVxsO7eVuFevYPsC94olbOM50CpxMlKCDLVe8avbj2gSsFBTQZTqODjWbkqk5lSwaaGbKBYTOiID1jE0JAFTbjo/eorOjNJHfiRNhRrN1d8TKQmUmgSe6QyIHqplbyb+53US7d+4KQ/jRLOQLhb5iUA6QrMEUJ9LRrWYGEKo5OZWRIdEEqpNTgUTgrP88ipplm3nyi4/Xpaqd1kceTiBUzgHB66hCg9QgwZQeIJneIU3a2y9WO/Wx6I1Z2Uzx/AH1ucPw8OQJw==</latexit>

0.19 < pT < 0.30
<latexit sha1_base64="SZ8W/EBGEaTNjkJZnysxUmsanto=">AAAB9HicbVDJSgNBEK2JW4xb1KOXxiB4Gnriesgh6MVjhGyQDKGn05M06Vns7gmEId/hxYMiXv0Yb/6NnWQOmvig4PFeFVX1vFhwpTH+tnJr6xubW/ntws7u3v5B8fCoqaJEUtagkYhk2yOKCR6yhuZasHYsGQk8wVre6H7mt8ZMKh6FdT2JmRuQQch9Tok2kovtC1yJe/UKtq9wr1jCNp4DrRInIyXIUOsVv7r9iCYBCzUVRKmOg2PtpkRqTgWbFrqJYjGhIzJgHUNDEjDlpvOjp+jMKH3kR9JUqNFc/T2RkkCpSeCZzoDooVr2ZuJ/XifR/q2b8jBONAvpYpGfCKQjNEsA9blkVIuJIYRKbm5FdEgkodrkVDAhOMsvr5Jm2Xau7fLjZal6l8WRhxM4hXNw4Aaq8AA1aACFJ3iGV3izxtaL9W59LFpzVjZzDH9gff4Au/SQIg==</latexit>

0.30 < pT < 0.50

Preliminary



Summary



Summary
• We investigated the SSAs for forward neutral pion through the Reggeon 

exchange processes.

• The pp differential cross section and the triple-Regge couplings are 
parametrized due to the lack of experimental data.

• Our results match the RHICf data of both transverse momentum and xF 
distribution quite well.

• The interference between Reggeon exchanges are approximated as the triple-
Regge processes.

• The spin asymmetry can be explained by Regge exchange processes.

• We will improve the transverse momentum distribution by adopting other 
processes in the denominator.
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