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Large single spin asymmetry
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”single spin” means only one particle is polarized.
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Conventional twist-2

An ~ &3(7) ~ 0 (Kane et al. (’78))

What is origin of SSA !




Factorization formalism beyond conventional twist-2

, _ TMD(Tranverse Momentum Dependent) factorization
Two formalisms exist

collinear factorization
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Purpose of this talk

We study the effect of multi-gluon correlations inside the transeversely

polarized proton.

This is represented by 3-gluon correlation functions.

ppT — DX

- Heavy quark production is sensitive to gluons inside the proton.

- The mesurement of Ay for this process is ongoing at RHIC.

- We will extract magnitude of the 3-gluon correlation functions from the

preliminary data.

ppt = X

- Cross section formula was derived by Ji. We will reexamine this

with our framework (developed for ep” — eDX).
cf. Beppu-Koike-Tanaka-Yoshida (PRD 82(’10)054005)

. We present numerical estimate based on the study of ppT — DX.



Triple-gluon correlation functions for p'

(z2 —x1)p
1P Lop cf. Beppu-Koike-Tanaka-Yoshida (PRD 82(°10)054005)
and the talk by K. Tanaka.
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Two independent correlation functions

All three terms with the above coefficient tensors are required because of

the Bose statistics of gluon and PT-invariance.



D-meson production

ppT — DX



Experimental d
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preliminaty data
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This suggests —0.1 < Ay < 0.1 in the range of —0.1 < zp < 0.1

We derive cross section formula and present a simple model estimate.



Leading order diagrams

Twist-2(unpolarized cross section)
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Twist-3(polarized cross section)

To produce nonzero Ay, the partonic hard part give a complex phase

as pole of internal propagator.
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These diagrams give pole contribution at r{ = x9




Factorization formula for polarized cross section

cf. for ep? — eDX (Beppu-Koike-Tanaka-Yoshida (PRD 82(’10)054005)
and the talk by K. Tanaka.)
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Cross section formula for pp? — DX
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Receives contribution from O(z,x),O(z,0), N(x,z), N(z,0)
as in the case of ep’ — eDX

+— Kang-Qiu-Vogelsang-Yuan (PRD 78(°08)114013)

Partonic hard cross sections for {O(x,x), N(z,x)} differ from
those for {O(x,0), N(z,0)}. we can not combine these functions.



We present a simple model estimate.

assumption

O(z,z) = O(x,0) = N(z,z) = —N(z,0) maximize Aﬁ

We use the following two ansatz with constant K¢, K(; in order to see
the behavior of Ay

O(aj, aj) = Kg X G (g;-) G(x) :unpolarized gluon distribution function
O(:C LIJ) — K,G % ai%G(:B) Gluck, Jimenez-Delgado, Reya Eur.phys.J.C53(2008)
2

We determine K¢, K/, so that Ay is consistent with the preliminary data.




Numerical estimate

parameterization
O(z,z) = 0.002 x zG(x)
/3 = 200GeV Pp=2GeV

D9%-meson production DP-meson(O(z, z) = —O(z, x))
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parameterization

O(x,z) = 3 x 0.002 X 22 G(x)
Vs = 200GeV Ppr=2GeV

D9%-meson production DO-meson(O(z,z) — —0O(z, z))
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Behavior at negative xp drastically changes.
AN at negative xp strongly depends on small-x behavior of

3-gluon correlation function.



Direct photon production

ppt — v X



Leading order diagrams

Twist-2(unpolarized cross section)
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Twist-3(polarized cross section)

initial state interaction

+ mirrors

These diagrams give pole contribution at the x1 = -




Cross section formula for ppT — vX
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This differs form the previous study.
X. Ji Phys.lett.B 289 (1992)

We obtained two parameterization by study of pp — DX

{ O(z,z) = 0.002 X xG(x)
O(xz,z) = 0.0005 x 27 G (z)

We present numerical estimate based on these parameterization.



Numerical estimate
/5 = 200GeV Pp=2GeV
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- Ay ~ 0 at zr > 0 regardless of magnitude of the 3-gluon correlation functions.

- Behavior at negative xr is sensitive to small x behavior similarly to pp — DX.



Vs = 200GeV

O(z,z) = 0.002 x zG(z)
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Summary

- We derived the contribution of the 3-gluon correlation functions to the

polarized cross section for pp? — DX and pp! — vX.

. Our cross section formula for pp? — ~X differs from the previous study.

. Ay for ppT — DX at zr > 0 is sensitive to the magnitude of 3-gluon correlation
function.

. For pp — vX, Ax ~ 0 at zr > 0 regardless of the magnitude of the 3-gluon
correlation functions.

- ANy at xr < 0 is sensitive to small-z behavior of 3-gluon correlation function for
both two processes.

* T'wo processes impose a costraint on magnitude and shape of 3-gluon correlation
functions.



