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Twist-3 gluon fragmentation function contribution to the transversely polarized hyperon production
in the unpolarized proton-proton collision, pp — A'X, is formulated within the collinear factoriza-
tion and the corresponding cross section is calculated in the leading order (LO) with respect to the
QCD coupling constant. This has completed the LO cross section for this process. It is also shown
that the QCD equation-of-motion relation and the Lorentz invariance relations are crucial to guar-
antee the frame independence of the cross section. The formula is relevant for the ongoing RHIC
experiment.
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1. Introduction

Transverse polarization (~ a few 10 %) of hyperons produced in unpolarized pp collision has
been an important issue in QCD spin physics since its first discovery in 1970’s. The parton model or
QCD at twist-2 level gives essentially zero polarization, and it’s been known that the twist-3 effect
could give rise to such large transverse polarization. In this article we discuss the twist-3 polarized
cross section for the process

N(p) + N(p") = A(Pr,S 1) + X, ey

where p, p’ and Pj, are the 4-momenta of each particle and S, (S = —1) is the transverse spin vector
for the hyperon. The process (1) receives three types of twist-3 contributions: (i) Twist-3 unpolarized
distribution function (DF) in one of the initial protons convoluted with the transversity fragmentation
(FF) for AT, (ii) Twist-3 quark FF for AT convoluted with the unpolarized DFs in the initial protons,
and (iii) Twist-3 gluon FF for AT convoluted with the unpolarized DFs in the initial protons. The
cross sections for (i) and (ii) were, respectively, derived in [1-3] and [4]. In our recent paper [5], we
developed a formalism for calculating the contribution (iii) and presented the corresponding cross
section, which completed the cross section for (1) in the leading order (LO) with respect to the QCD
coupling. To guarantee the frame-independence of the cross section, the QCD equation-of-motion
(EOM) relation and the Lorentz invariance relation derived in [6] were crucial.

Formulating the twist-3 gluon FF contribution is technically very complicated and is worth for
studying since it constitutes a key element in high energy QCD. Besides the intrinsic importance of
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the formal development, it is also phenomenologically important given that gluons are ample in the
collision environment and the twist-3 FF contribution has been shown to be important for Ay for
p'p — nX [7] which shows a rising behavior in the forward direction similarly to the polarization for
(1). Therefore the above contributions (ii) and (iii) could be important as well, in particular, they mix
under renormalization. This talk is a brief summary from [5, 6].

2. Twist-3 gluon fragmentation functions

We first recall the complete set of the twist-3 gluon FFs relevant to (1) [6]. They are classified
into intrinsic, kinematical and dynamical FFs. The intrinsic FFs are defined as

T(z) =

dd _..
e OIFP(O)hX)(hXIF ) (Aw)|0)
N2 -1 lef 2n

= —iMy "M UG (2) + MyeP™ S HOWPING () + - )
where the lightlike vector w satistying P, - w = 1 is introduced, and the gauge links are suppressed

for simplicity. Gs7(z) is naively T-odd and contributes to hyperon polarization. The kinematical FFs
are defined from the correlators with the derivative as

fgﬁy(z) - _e_, = (O|F P (0)|hXY(hX|FY (Aw)|0) X 3)

M, M, M -
_ZThgi EPthJ_yG U(Z) + 2h PhwaﬁSV Aé\(l)( ) — Sh (EPthJ_{a/gﬁ}Y + EPhWy{aS'f_})AH(TI)(Z) T

where (/?TTD(z) and P/i(Tl)(z) are naively 7-odd and contribute to the hyperon polarization. The dynamical
FFs are defined from the correlators of three field-strengths as
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These dynamical FFs are complex functions and their 7-odd imaginary parts contribute to the hyperon
polarization.

3. Twist-3 gluon fragmentation function contribution to pp —» ATX

The purely gluonic twist-3 FFs contribution to (1) comes from diagrams in Fig. 1. It can be
written in a gauge invariant form as [5]

do(p,p', Pp;S 1) 1 f f
E = —
h 4P, 16728 £ S

(x)

o0 f 4 Te [F ()8 0 (Pa2)]
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where f""ﬁ(z), fzﬁ (2), f;’iy and IA";[?' are defined in (2)-(5), fi(x) is the unpolarized quark or gluon
distribution in the initial proton, &, = g/, — P’}iwa, S (k) is the partonic hard part for the two-body
gluon FF matrix element shown in Fig. 1(a), and S Jviab (Z/,2) is the partonic hard part for the three-
body gluon FF matrix element shown in Fig. 1(b). Calculating the LO diagrams for the partonic hard
part, one obtains the cross section in terms of the intrinsic, kinematical and dynamical FFs. Each
partonic hard cross section obtained this way depends on the kinematic factors €775+ and e"*nPS+
whose w-dependence brings the frame dependence of the cross section. To circumvent this situation,
we recall that the twist-3 gluon FFs are subject to EOM relations and the Lorentz invariance relations
(LIRs). The former reads

1 = Ve 1\ 1 Ty (11} = (1 11
Z 0 Z 77 Z Z Z Z T Z

Z

1/z .
+;(A“)(z)+Aﬁ“>(z) o f (Zl) Fr(l,i—l), (7

21 < <

and the latter read
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Fig. 1. Diagrams representing the twist-3 gluon fragmentation contribution to pp — ATX.
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where Dpr is another dynamical FF defined from the ggg-correlator as
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The relations (7), (8) and (9) show that the three types of twist-3 gluon FFs introduced in the previous

section are related to the ggg-type FFs. This suggests that in calculating the cross section one should

also take into account the contribution shown in Fig. 2 together. We thus have included it following

the formalism in [8]. Using (7), (8) and (9) to eliminate the intrinsic FF AG;7(z) and the derivative of

p —— fmm——

Fig. 2. Diagram for the ggg-type correlation function in pp — ATX. Mirror diagram also contributes.

kinematical FFs, a(la ) [(’}\(T1 )(Z)] and 6(16 7 [AItI\(T1 )(Z)], one eventually obtains the twist-3 cross section
from Figs. 1 and 2 as
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where s = (xp+x'p’)?, t = (xp—Py/z)* and u = (x'p’ — Pj,/2)* are the partonic Mandelstam variables
and &g, g, -+, etc denote the partonic hard cross sections which are the functions of s, # and u and
are listed in [5]. Here we note that the use of (7), (8) and (9) in (6) leads to the common combination
of the kinematical factor in (11)

’ /
wPpp’S | —-p' ,PhEWPhPSL = —¢ebnrp SL, (12)

p - Pre
which is w-independent as shown in the right hand side of (12). We have shown that the EOM relation
and LIRs are essential to guarantee the Lorentz invariance of the twist-3 cross section as shown for
other processes [4,9, 10]. Equation (11) is the final result for the twist-3 gluon FF contribution to
pp — ATX.

4. Summary

In this talk, we presented the twist-3 gluon FF contribution to the polarized hyperon production in
proton-proton collision pp — ATX. This has completed the LO twist-3 cross section for this process
together with the known results in the literature. We have also shown that the EOM relation and LIRs
are crucial to transform the cross section into the manifestly Lorentz invariant form. We hope RHIC
will provide data for this process.
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