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Introduction

* The transverse single-spin asymmetry(TSSA) is one of the crucial observables in
high-energy physics for understanding particle production mechanisms and hadron
spin structure.

» Large pt (> 2 GeV/c) TSSA has been investigated by QCD-based approaches:
(i.e., Transverse Momentum Distributions(TMDs), Collinear twist-3 factorization, ...)

* Sizable transverse single-spin asymmetries in the very forward direction have been
continuously reported for the few decades 2],

 Recently the TSSA of very forward neutral pion was measured in RHICf experiment 3],

. lransversely polarized proton
v beam

TSSA ;
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» Since the produced particles have very large values of pseudorapidity and low pr, it
IS believed that they are produced via diffractive processes.
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Inclusive ppT — 7'X scattering




Kinematics

Inclusive pp' — 7'X reaction:

 Kinematics for single diffractive(SD) process D

(s, M% > m?, and |pr| <1 GeV)

P1 = (E1707 Oapz)7 P2 — (E270707 _pz)7 P3 = (E37pT7p,z)

M% = (p1 + p2 — p3)? pT >
p: s

Feynman variable . zr

The squared momentum transfer : t = (p1 — p3)* ~ (1 — zp)m3

The SD processes can be described in terms of s, Xf, and pr2.

p, N*(1520), A, A(1600)



Invariant cross section In
the triple-Regge limit



Invariant differential cross-section

e The Lorentz-invariant differential cross section of 71'0 :

do" = Z A o (s pT,h)‘2
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Residue functions with Born approximation
’ | Rt ’ 2 (pr) = (8’ Q)Fv5tp(s,p),
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p Triple-Regge coupling and ppk vertex function

G APP (M%) (0) VPP (t,, = 0) Z Baa (0

No momentum transfer between the unpolarized proton

7 ] by the generalized optical theorem.
Residue functions with Born approximation
> P
\ ) s (PT) = (8’ Q) kvsup(s, p),
(s (s 57 N*
Bse (1) = 1ty (8", @) (K + ay k) vsuy(s, p)),
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o,y (t) = —0.35 + 0.99¢
an~(t) = —0.73 + 0.95¢
aa(t) =0.16 + 0.89¢
an-(t) = —0.56 + 0.80t

Reggeized propagator

Pi(t) = ;& () (J; — (1)) (1 — azF)_O‘i(t)

Signature factor:

- 1+ mexp{—im(a;(t) —0.5)}
D §i(t) = 5

 Note that f should be real-valued function, so the

phase of a Regge-pole contribution to An comes from
the signature factor
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Transverse single-spin
asymmetry




Transverse single-spin asymmetry(TSSA)

e TSSA
B dAo, dol — do?

do  dot + do!

AN

Spin-dependent cross section
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Spin-averaged cross section
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Parity invariance : 631,\2 = 771772777;(—)/\1_/\25—/\1,/\2

1. do vanishes if k is an unnatural parity state.

unnatural parity states : Fp—torethprmre

natural parity states :| »

ap(0) 21, a,(0)~0.5

2. dAo | vanishes when i and j have opposite naturalities.

Spin-dependent cross section
dAo | = dAc) +dAcY

1 x N * * * *
= LS (B I PP GV (1) + 82,555 PaPA. GRA ()] o4
A

Spin-averaged cross section
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g8 =G (0)/Gp™(0), b =By — B

 Diagrammatic representation of the An
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Results
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3D Plot of An
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Summary



Summary

* We investigated the TSSA for very forward neutral pion through the Reggeon
exchange processes.

* The differential cross-section for ppT — 79X is approximated to the triple-
Regge exchange process.

 QOur results match the RHICf data of both transverse momentum and Xr
distribution quite well.

e We found that diffractive reactions are a main source of the 72'0 AN In the
very forward direction.

. pp! = 7tX, nX, AX, AX ...
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Contribution from each interference
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FIG. 7. Numerators when zr = 0.3,0.5, 0.8. FIG. 8. Denominators when zx = 0.3,0.5,0.8.



Effective Lagrangians

LrNN = f%\;N VY5 T - YOH
LiNN* = Z’fwri:rv* Vo (9w + a7 )T - YO,
Lana = fﬂ\;A ‘EZ (Guv + avu )T - pO”'m,
Lanax = LALS ‘Zg* (Guv + av,7)T - 0",
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