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The T-odd fragmentation of an unpolarized quark into a transversely
polarized spin—% particle is studied in the framework of a simple model.
Special attention is payed to the gluon exchange which is incorporated in

the gauge link of the fragmentation function. Comparing the transverse

*e~ annihilation and semi-inclusive deep-

single spin asymmetries in e
inelastic scattering it is found that, in the one-loop approximation, the

corresponding fragmentation function is universal.

1 Introduction

For inclusive DIS the importance of gluon exchange between the struck quark
and target spectators has been emphasized recently [1]. It has been demon-
strated that this rescattering effect causes (additional) on-shell intermediate
states in the Compton amplitude, resulting in a shadowing contribution to the
DIS cross section. In Feynman gauge, this shadowing effect is described by the
gauge link appearing in the definiton of parton distributions.

Subsequently, the effect of rescattering has also been investigated in the
case of semi-inclusive DIS [2]. Using a simple model, it has been shown that
a transverse single target-spin asymmetry arises from the interference between
the tree-level amplitude of the fragmentation process and the imaginary part of
the one-loop amplitude, where the latter describes the gluon exchange between
the struck quark and the target system. This asymmetry has been interpreted
as model for the time-reversal odd (T-odd) and transverse momentum depen-
dent Sivers function [3] including its gauge link [4].
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Figure 1: Tree-level diagrams of fragmentation in e*e™ annihilation and semi-
inclusive DIS. In both cases a quark fragments into a spin—% hadron and a
scalar remnant (dashed line).

By considering the behaviour of the path-ordered exponential under time-
reversal a very interesting observation has been made in Ref. [4]: the Sivers
asymmetry in semi-inlcusive DIS has the opposite sign compared to the one in
Drell-Yan, i.e., the Sivers function is non-universal.

Here we study the universality of T-odd spin-dependent fragmentation func-
tions, focussing on the fragmentation of an unpolarized quark into a trans-
versely polarized spin-3 hadron [5]. To this end we investigate the gluon ex-
change incorporated in the gauge link of the fragmentation functions for both
ete™ annihilation and semi-inclusive DIS. In a one-loop model calculation we
find universality of T-odd fragmentation [5]. (Note that, in contrast to T-odd
parton densities, the corresponding fragmentation functions obtain a universal
non-vanishing contribution, even if their gauge link is neglected [6].) We point
out that universality holds for the T-odd Collins function [7] (fragmentation of
a transversely polarized quark into an unpolarized hadron) as well.

2 Rescattering in T-odd fragmentation to one-loop

In Fig. 1, the tree-level diagrams of the two fragmentation processes are dis-
played. For eTe™ annihilation we consider the decay of a timelike virtual
photon into a qq pair, where the quark fragments into a spin—% hadron (e.g. a
proton) and a scalar remnant (we use the model of Ref. [2]), i.e.,

¥ (@) — @1, ) + p(p, N) + s(p2) - (1)
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Figure 2: One-loop diagrams of fragmentation in eTe™ annihilation and semi-
inclusive DIS. The possible on-shell intermediate states are indicated by thin

lines.

The one-loop corrections are shown in Fig. 2. For ete™ annihilation (semi-
inclusive DIS) a single photon is exchanged between the remnant and the anti-
quark (initial quark). These diagrams provide a simple Abelian model for the
lowest order contribution of the gauge link of the fragmentation function. Two
cuts (on-shell quark and antiquark, as well as on-shell antiquark and remnant)
for eTe~ annihilation have no counterpart in semi-inclusive DIS. It turns out
that these two on-shell states contribute to the transverse spin asymmetry, but
their contributions cancel against each other [5]. The quark-photon cut in ete™
annihilation corresponds to the cut in DIS.

We consider ete™ annihilation in the rest frame of the timelike photon.
The proton in the final state has no transverse momentum, and its minus-
momentum is given by zq~, where ¢~ is the minus-momentum of the virtual
photon. We fix the plus-momentum of the antiquark according to p] =~ g¢*.
The antiquark also carries a soft transverse momentum —A 1, implying that the
fragmenting quark and the outgoing proton have a relative transverse momen-
tum, which is necessary for the transverse spin asymmetry. These requirements
specify the kinematics:

A 2 2
q:<Q9Q76_L>) plz(Q,é—l_-—Q_'——an',_ﬁ.L)a
2 - Az 2 .
p:(%,zQ,0l>, P2=(ﬁ;5%,(l—z)Q,AL>. (2)

For simplicity, in (2) only the leading terms have been listed.
In the model of Ref. [2] the proton carries no electromagnetic charge. There-
fore, the charge of the fragmenting quark (denoted by e;) and the one of the
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remnant are equal. The interaction between the quark, the proton, and the
remnant is described by a scalar vertex with the coupling constant g. The
z-component of the current for the diagram on the lhs in Fig. 1 reads

Jo\X) =erg a(p, A) (¢ — p1+mg) v v(p1, X')
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with M2

where use has been made of the relation

(&i + ﬁzz) : (4)

which connects the total energy /s in the c¢m-frame of the outgoing proton

) V4
s—m2 = (g—pi)? —m2 = ——

and scalar remnant with the variables z and A2 .
The transverse spin asymmetry A, (polarization of the proton along z-axes)
is given by opoi/Tunp, with the cross sections evaluated according to

Tump O %§J1(A, ) (Jl()\, ,\'))*,

Opol X %Z [T (52 =T,X) (I (52 :T,X)>* (5)

=
— T (ss =1, ) (S (s _—-1,)\’))*] .

While 04, is computed using the tree level current, in o, the imaginary part
of the one-loop amplitude is inlcuded to obtain a non-zero asymmetry.

Taking into consideration the imaginary part due to the on-shell ¢y inter-
mediate state, one obtains the following asymmetry [5]:

__(el)2 2—1‘-;!-A2 51—}—1712 [lnpzo—— |p2| cos a
ms
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where the result holds for m; = 0. In Eq. (6) the energy and the three-
momentum of the remnant, as well as the scattering angle (angle between the
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antiquark and the remnant) in the c¢m-frame of the proton and the remnant
appear. These variables can be expressed in terms of z and A2 (see Ref. [5]).

By explicit calculation we have shown that for semi-inclusive DIS the spin-
asymmetry caused by the on-shell g7y state coincides with the result in (6), i.e.,
the asymmetry in both processes has even the same sign. As a consequence, the
total transverse spin asymmetries in e*e™ annihilation (i.e. including all three
on-shell intermediate states) and in semi-inclusive DIS are equal, showing that
the T-odd fragmentation of an unpolarized quark into a transversely polarized
spin-% hadron is universal in a one-loop model. As a final remark we note that
universality of fragmentation functions should hold in general [8].
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