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1. Introduction

Transverse polarization of hyperons produced in high-energy unpolarized proton-proton colli-
sion,pp— ATX, has been known for a long time since its first discovery in 19H0Jonventional
parton model and perturbative QCD, which had a success in the description of high energy pro-
cesses, could not account for this phenomenon. Therefore it has been a big challenge for QCD the-
orists to understand the mechanism of the polarization. This is an example of transverse single-spin
asymmetries (SSA), since only one particle participating in the scattering is transversely polarized.
Other observed SSAs inclugg’ — 71X andep’ — enX etc

Nowadays it is known that SSAs are a twist-3 observable in the collinear factoriZat@h [
which is valid when an observed final state hadron has a large transverse mom@ntur@, >
Nocp. In this framework, SSA is described as an effect of multi-parton correlations either in the
initial nucleon or in the final fragmentation process. These effects appear in the form of a twist-3
distribution function or a twist-3 fragmentation function in the spin-dependent cross section. So far
the complete twist-3 cross section fofp — 71X has been derive@[B, B, [7 B @ and the RHIC
data for this procesff]] has been analyze]]. However, forpp — ATX, complete twist-3 cross
section is not yet available. In this paper, we study this process based on the twist-3 mechanism.

For p(p) + p(p') — AT(P, Sy ) + X, the twist-3 cross section consists of two terms:

(A) (%) ® fP(X) ® H(2) ® oa

UN% ! (1.1)
B 0 ® fP(X) ® G(21,2) ® 0,

where the subscripts, b, ¢ denote quark species and the symbotlenotes convolution with re-
spect to the momentum fractions. Hekg, andé& represent the twist-3 quark-gluon correlation
function in the nucleon and the twist-3 fragmentation function/foy respectively. Other distri-
bution and fragmentation functions are twist{2;is the unpolarized distribution function ahtf

is the transversity fragmentation function faf. oag represent the partonic cross sections. In
this study, we focus on the first term. The hyperon polarization is a naivalgd observable,
which occurs as an interference between the amplitudes that have different complex phases. Ac-
cordingly the hard part for the (A) term occurs as a pole contribution from an internal propagator.
This pole contribution is classified into two kinds, i.e., soft-fermion-pole (SFP) which leads to
x1 = 0 or xo = 0, and soft-gluon-pole (SGP) which resultsxn= x,. The SGP contribution ap-
pears as derivative and nonderivative terms of the SGP funEfigx x). These were calculated in

the previous studieflP, [I3 and it was shown that only the derivative term contributes. The SFP
contribution appears only as a nonderivative term, but has not been calculated yet.

The purpose of this study is twofold. First we present a rederivation of the SGP cross section
in the light of the “master formula" which connects the partonic hard part for the SGP cross section
to a certain2 — 2 parton scattering cross section. This will give a relation between the hard cross
section for the derivative term and that for the nonderivative one. Second we present the calculation
for the SFP contribution for the first time.
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Figure 1: Diagrammatic representation of the master formula for the SGP contribution. The partonic SGP
cross section corresponding to ISI and FSI can be obtained from»a22partonic diagram. Each blob
represents the 2> 2 scattering amplitude.

2. SGP contribution

We consider the (A) term ifI{J). In this contribution, a parton coming from the proton
with the momentunmp’ has a momenturw'p’ and a quark fragmenting into the final' has a
momentump; = B,/z. Twist-3 quark-gluon correlation function contributes from the proton with
the momentunp. The SGP contribution was calculated in the previous stud@$£[R and it was
shown that the non-derivative term vanisHg&g [ which is in contrast to the case pfp — mX. In
this section, we develop a master formula for this contribution, which has an advantage that it can
simplify the actual calculation and make clear the origin of the vanishing nonderivative term. The
master formula was first developed for the contribution from the twist-3 quark-gluon correlation
function in the transversely polarized nucleore — ernX [I4] andp'p — 1iX [T

The SGP contribution consists of 2 types of diagram, i.e., the initial-state-interaction (ISI)
diagrams and the final-state-interaction (FSI) diagrams, depending on to which parton line the co-
herent gluon attaches. We call the hard parts for these contriblﬁl(gr@kl,kz,x’ P, pc)p! where
ki andk, are the quark momenta entering the initial proton with the momemtiefore collinear
expansion. To get the partonic hard part for the SGP cross section, we need to calculate the deriva-
tive of SJ\; with respect tck, and take the collinear limik; > — x12p. Master formula for this
contribution read41[q|

EaBnp ds;ﬁ(kla k27 X p/7 pC) p/\
okg

SGP

ki=xp

1 pole d 1 .
{xl—xz—kig] £ [Sidpg - p- pc{(p Si1)da —SiaP }} S5, (xap, X P, pe), (2.1)

SGP
1 pole v d < .
— [] g?Pnpg Spy (3P, XP', Pc) (2.2)

Xo — X1 +1i€ Ld(xpa
2 X (X'p?)

95, g(ka, ko, X' P/, pe) p
okg

gdBnp

whereS, is the polarization vector foA! and §/\FA represents a certaid — 2 scattering cross
section. From these formulae, the SGP cross section can be written in the following form:

dAcFS! My [ dX dz dx .
= —_ — (8 ) e PcPNS
E% d3Pn 39S o fl(X,) ) Hl(Z) X 5(S—|—t—|—U)E

x (§> |:XdEF(X’X)AO'S 1 Er (%, %) (~A0E + Adko) | 2.3)

ta dx
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dAg'S! My [ dX dz dx R
E __ X ¢ x/ H / 5 A\ £PepnS.
LT 3oms) w0 1(2) [ S 0(8+T+0)e

11 dEs(X,X)
“a [X dx

wheres= (p+ p')?, §= (xp+X )%t = (xp— pc)?,G= (Xp' — pc)2 andMy is the nucleon mass.
In @3 and 23, Aa,g:'ND represents some— 2 partonic cross sections. The appearanoﬁaﬂ‘,'3
is the different point from the case pf p — hX, Which is due to the fact that the spin vec&ris
involved in [Z1) and Z2). After calculation ofAal' andAayp, it turned out thatal' = Aay .
This implies that the nonderivative terms vamsh identically, which is consistent with what was
found by direct calculation id[J]. This way we finally obtained the following result:

dAUSGP
B~ qam

T[MNas ghpns. %/ Hl( )/dXC“EFZ())((’X) O'ab_>c5(§+f+l]), (2.5)

NG + Er (x,X) (—Aah +A0,'\,D)} . (2.4

with the partonic cross section in each channel

128 18 1 1\§ 1¢
%= pp pep =% (3 )t e
N>2—-2y§ 1¢& 11 18
o= (Te )~ hem e Sw-ai i e
11 1 1\8§
owa = et (N )
N2 @ 11 1 S 1 2%

oo _ u - > = 2.6
4974 NZ_1t2 ' N2—10 N2(N2—-1)fa (N2-1) f3° (2.:6)

whereN = 3 is the number of colors for a quark. These results also agree with the previous

ones[[2 3.

3. SFP contribution

According to the twist-3 formalism ofg], the SFP cross section for this process can be ob-
tained from the following formula:

dAc My dx dz
Eﬂ“ﬁ - 64n25/7f1(xl) 2z

/dxl/dXZEF (X1,%2)€ aBnp(

whereSﬁEP denotes the hard part for the SFP contribution. By this formula, we calculate the
partonic diagrams shown in Figs. 2-4. It turned out that the SFP partonic cross section vanishes
identically in all channels after summing over all diagrams. This differs from the cagkpof

niX [[Z] where the SFP cross section survives. From this result the SGP contribution gifEB) in (

is the only contribution from the twist-3 unpolarized distributiorpteo— ATX.

) S 0ap.xep), (3.1)

X1 —X2
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Figure 2: Lowest order diagrams for the hard part of the SFP contribution imthe+ qq andqg — qq
channels. The twist-3 distribution contributes from the lower side of each diagram. For each diagram, three
diagrams corresponding to a different attachment of the coherent gluon line to one of the dots need to be
considered. The barred propagator gives rise to SFP. Mirror diagrams also contribute.

Figure 3: The same as Fig. 2, but for tlyg — gq channel. Diagrams for thgg — gqg channel are obtained
by reversing the arrows of the quark lines and shifting the fragmentation insertion to the other quark line
crossing the final-state cut.

Figure 4: The same as Fig.2, but for tlyg — qg channel.



Twist-3 approach to hyperon polarization in unpolarized proton-proton collision Kenta Yabe

4. Summary

In this study, we calculated the contribution from the twist-3 quark-gluon correlation function
in the unpolarized nucleon tpp — A'X. For the SGP contribution, we have developed the mas-
ter formula and have confirmed the previous result which was obtained by direct calculation. The
master formula is useful to understand why only the derivative term survive and also to include
next-to-leading-order correction to the SGP cross section. We have also calculated the SFP contri-
bution and have shown that it vanishes identically in all channels. Accordingly the derivative term
of the SGP contribution is the only term for the twist-3 distribution contributiomp po— ATX.
For the analysis of the hyperon polarization one needs to include the contribution from the twist-3
fragmentation function, which will be reported elsewhere.
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