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We derive the twist-3 cross section formula for the production of transversely polarized hyperons in
semi-inclusive deep inelastic scattering in the framework of the collinear factorization. We present
the cross section from the twist-3 distribution function and the twist-3 quark fragmentation functions
in the leading order (LO) with respect to the QCD coupling constant for all five structure functions
which have different dependences on the azimuthal angles. The present result is relevant to large-Pr
hyperon production in the future Electron-Ion-Collider experiment.
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1. Introduction

The description of transverse polarization of hyperons produced in unpolarized proton-proton
collisions has been a big challenge in QCD spin physics, since a naive parton model or perturbative
QCD at twist-2 gives almost zero polarization. In the collinear factorization, it occurs as a twist-3
observable reflecting multi-parton correlations in the nucleon or in the fragmenting processes. The
twist-3 cross section for pp — ATX has been completed recently in the leading order (LO) with
respect to the QCD coupling constant [1-5]. This twist-3 mechanism also leads to hyperon polarizaton
in semi-inclusive deep inelastic scattering (SIDIS), ep — eATX, which we discuss in this talk. This
process is of great interest in the future Electron-Ion-Collider (EIC) experiment.

There are two sources for the polarization: (i) Twist-3 distribution function (DF) in the initial
nucleon combined with the twist-2 transversity fragmentation function (FF) for AT, both being chiral-
odd, and (ii) Twist-3 FF for AT combined with the usual twist-2 unpolarized DFs, both being chiral-
even. In (ii), two types of twist-3 FFs contribute, i.e., (a) quark FFs and (b) purely gluon FFs. In
this talk we present the twist-3 cross section from (i) and (ii)(a) [6]. The contribution from (ii)(b) is
reported in [7].
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2. Twist-3 DFs and FFs for ep — eA'X

Here we give a list of DFs and FFs relevant to our study. For the twist-3 DFs in the unpolarized
nucleon, we need only one function Er(xy, x,) defined by
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where p is the nucleon momentum which can be regarded as lightlike and # is another lightlike vector
satisfying p - n = 1. My is the nucleon mass and [un, An] is the gauge link operator which makes the
correlation function gauge-invariant. We use the convention for the e-tensor as €12 = 1.

The twist-2 transversity FF H|(z) for AT and the twist-3 intrinsic FFs are defined as [8]
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where N = 3 is the number of the color SU(N), |A(Pp, S 1)) denotes the hyperon state with mas M},
momentum Py, and the transverse spin vector S ; normalized as Si = —1, and w is another lightlike
vector satisfying Py, - w = 1. The twist-3 kinematical FFs are defined as
dA _
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and the dynamical ones are defined as
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where the gauge link is suppressed for simplicity. The dynamical FFs Drr(z,z1) and Gpr(z, z1) are
complex functions and their complex conjugates are defined in (4). Although these three types of
twist-3 FFs shown in (2), (3) and (4) are necessary to derive the cross section, they are not independent
but are related by the QCD equation-of-motion relation (EOM relation) and the Lorentz invariance
relation (LIR). The EOM relation involving the “T-odd” FFs is given by

Dr(2)
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+DIV(2), (5)
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and the LIR reads
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These relations play crucial roles to guarantee the gauge invariance and the frame independence of
various twist-3 cross sections (See, for example, [8]).
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3. Twist-3 cross section for ep — eATX

3.1 Kinematics
We consider the process

e(€) + p(p) — e() + AT (Py, S 1) + X, %)
which has five Lorentz invariants: S,, = (p + 0>, Xpj = 2pq 0> = —¢> = —({ - 0), f =
%, qr = \/—qtz, with the space-like four momentum ¢, = ¢ — II; -hPZ pH - satlsfymg qg: -

p = q: - Py = 0. To derive the cross section for (7), we work in the hadron frame where the vir-
tual photon momentum ¢ and p are collinear as shown in Fig. 1. In this frame ¢ and p can be

Fig. 1. Hadron frame in which ¢ and g are collinear. Azimuthal angles for the lepton plane and the hadron
plane are, respectively, ¢ and y, and the azimuthal angle of the transverse spin vector of AT measured from the
hadron plane is @y

written as gt = (qo,_q>) = (0,0,0,-0Q) and p* = (Zgb 0,0, 7= T ) We define the azimuthal an-
gles of the hadron plane and the lepton plane as y and ¢, respectively. Then P’;l can be written

00
= %(coshgb, sinhycosg, sinhysing, —1) and £'# = ¢#—g¢* with coshy = beQ’# —1. For convenience,

2
as P’; Zf Q (1 + 9 2r =4-cosy, —s1nX, -1+ %) The lepton momenta £ and £’ are, respectively,

2
we introduce 4 vectors as TH = l(q“ + 2xp;p") = (1,0,0,0), X* = qLT {%: -q" -1+ %)xbjp”} =

(0, cosy, siny, 0), Z# = =L =(0,0,0, 1), Y* = e*P’T X vwZs = (0, —siny, cosy, 0) which are orthogo-
nal to each other. Then the XZ-plane becomes the hadron plane and the transverse spin vector S can
be written as

S'| = cosfcos @g X* + sin Dg Y — sin @ cos Dy ZF, 8)

where 6 is the polar angle of ﬁh measured from the z-axis which can be written as tan 6 = 27 Q/ (q% -

Q?), and @y is the azimuthal angle of S, around Pj, measured from the hadron plane (See Fig. 1).
With these kinematic variables, the differential cross section for (7) can be written as

d° Ao az,zf

dxb.,-dQZdzqu%dqbdX 128748, %7, 0

LHV(K, fl)W,uV(p7 q9 P/’l)7 (9)
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where a,,, = €2/(4n) is the fine structure constant in QED, W, is the hadronic tensor and [/ is the
unpolarized leptonic tensor defined by L*(€, £') = 2(£4€"” + ') — Q% gH.

3.2 Twist-3 DF contribution

The hyperon polarization for (7) can occur from the twist-3 DF Er(x1, x7) in (1) and the transver-

sity FF H{(z) for AT in (2). The corresponding partonic cross section occurs from a pole of an internal

propagator in the hard part, which can be classified into the hard pole (HP) and the soft-gluon-pole

(SGP). The method of the calculation is explained in [9] in great detail. We thus present the final

result below.

The HP contribution is obtained as

dSAcHP a/2 s —nMy dz
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where X = xpj/xand 2 = z7/z, a5 = g2 /(4r) is the strong coupling constant, and the summation over
quark flavors and the factor for their electric charges is omitted. The SGP contribution is given by
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dxp de2dz,qu§d¢dX
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The twist-3 DF contribution is given by the sum of (10) and (11).

—8sinh? y sin {@g + 2(¢ — )} { — Ep(x, x))

3.3 Twist-3 FF contribution

In this subsection we present the cross section from the twist-3 FFs given in Sec. 2, combined with
the twist-2 unpolarized quark or gluon DFs f;(x). As opposed to the twist-3 DF case, the twist-3 FF
contribution occurs as a nonpole one. Following the formalism developed in [10], we have obtained
the cross section in the following form:

dGAO_tWS—frag
dxhdedequ%d(/)d)(
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where the sum over k runs k = 1,---,4,8,9, Ay is given by Aj(p) = 1 + cosh? v, Ar(p) = —
As(p) = —cosg sinh 24, A4(p) = cos2yp sinh? W, Ag(p) = —sing sinh 2y, Ag(¢) = sin2¢p sinh? ¥, and
S1234 = sin®;, Sgo = cos Pg. The partonic hard cross sections o-’;, a”iD, 0. 0 é”l‘)m, '(‘;Fl,
O'IéFz are functions of %, Z, g7, Q and color factors, which are listed in [6]. To reach (12), we have
used the EOM relation (5) and the LIR (6).
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4. Summary

In this talk, we have presented the LO twist-3 cross section for the transversely polarized hyperon
production in SIDIS, ep — eA'X, in the collinear twist-3 factorization. Contribution from the twist-3
DF and the twist-3 quark FFs are taken into account. The cross section can be decomposed into five
components which have different dependence on the azimuthal angles of the lepton plane, hadron
plane and the spin vector. This study is relevant to large-Pr hyperon production in the future EIC
experiment. The detail of the calculation will be reported elsewhere [6].
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