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Abstract

Taking into account the effect of final-state interaction, we calculate the non-zero (ffaivé) transverse momentum
dependent distributiomf (x, ki) of the pion in a quark-spectator-antiquark model with effective pion-quark-antiquark coupling
as a dipole form factor. Using the model result we estimate the¢ggasgmmetries in the unpolarized™ N Drell-Yan process
which can be expressed b% X ﬁf We find that the resultingfn (x, kzL) has the advantage to reproduce the asymmetry that
agrees with the experimental data measured by NA10 Collaboration. We estimate theasys#inetries averaged over the
kinematics of NA10 experiments for 140, 194 and 286 GeVbeam and compare them with relevant experimental data.
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1. Introduction processeq?] from FSI/ISI via the exchange of a
gluon, have been explored and are recognized as previ-
¢ ously known Sivers effedB,4]. This effect, formerly
thought to be forbidden by the time-reversal prop-
erty of QCD[5], can be survived from time-reversal
invariance due to the presence of the path-ordered
exponential (Wilson line) in the gauge-invariant de-
finition of the transverse momentum dependent par-
ton distributions[6—8]. Along this direction some
phenomenological studid®9-11] have been carried
out on transverse single-spin asymmetries in SIDIS
E-mail address: mabg@phy.pku.edu.d.-Q. Ma). process, which is under investigation by current ex-

Recently it is demonstrated that the effect o
final-state interaction (FSI) or initial-state interaction
(ISl) can lead to significant azimuthal asymmetries
in various high energy scattering processes involv-
ing hadrond1,2]. Among these asymmetries, single
spin asymmetry (SSA) in semi-inclusive deeply in-
elastic scattering (SIDIS]1] and that in Drell-Yan
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periment[12]. Analogously the exchange of a gluon
can also lead to another leading twist (naiZ&pdd
distributionhf(x, ki): the covariant transversely po-
larization density of quarks inside an unpolarized
hadron. This chiral-odd partner of Sivers effect func-
tion, introduced first in Ref[13] and is referred to
as Boer—Mulders function, has been propofef to
account for the large cog2asymmetries in the un-
polarized pion-nucleon Drell-Yan process that were
measured more than 10 years @6,16] Recently
hf(x, ki) of the proton has been computed in a quark-
scalar diqguark moddB,17] and also used to analyze
the consequent cogZazimuthal asymmetries in both
unpolarizedep SIDIS proces$9] and unpolarizeg p
Drell-Yan proces§l 7], respectively.

The same mechanism producifigodd distribu-

tion functions can be applied to other hadrons such as

mesons. In a previous pagdés] we reported that non-
zerohi of the quark inside the pion (denoted/a$ )
can also arise from final-state interaction, by applying
a simple quark spectator-antiquark model. Among the
phenomenological implications of the functimf% is

an important result for the cog2azimuthal asym-
metry in the unpolarizedr— N Drell-Yan process
[15,16], which can be produced by the productiqf

of the pion and that of the nucleon. Therefore, one
can investigate how the theoretical prediction of the
asymmetry is comparable with the experimental re-
sult, as a test of the theory and the model. In the
present Letter, based dn from our model calcu-
lation, we analyze the cog2azimuthal asymmetry in
the unpolarizedr ~ N Drell-Yan process by consider-
ing the kinematical region of NA1O experimefis].

To obtain the rightQr dependence of the asymme-
try, we recalculatehliﬂ(x, ki) in a spectator model
similar to the model used in Refl8]. The differ-
ence is that here we treat the effective pion-quark-
antiquark coupling; as a dipole form factog, (k?),

in contrary to the treatment in Refl8] where we
takeg, as a constant. We find thagg, (x, ki) result-

ing from the new treatment together wittf (x, k?)

for the nucleon in a similar treatmef#0] can repro-
duce the cos@ asymmetry which agrees with NA10

201

2. Non-zero hfn of the pion in spectator model

In this section, we will show how to calculate
hfﬂ(x, ki) in a quark-spectator antiquark model. We
follow Ref.[1] to work in Abelian case at first and then
generalize the result to QCD. There are pion-quark-
antiquark interaction and gluon-spectator antiquark in-
teraction in the model:

Lr=—gzVys¥or — ey YA, +hec, )

in which g, is the pion-quark-antiquark effective cou-
pling, ande; is the charge of the antiquark. When the
intrinsic transverse momentum of the quark is taken
into account, as required b§-odd distributions, the
guark correlation function of the pion in Feynman
gauge (we perform calculation in this gauge]4s]:
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where L,(a,007) is the path-ordered exponential
(Wilson line) accompanied with the quark field which
has the form

o
Lo(0, 00) = Pexp(—ig / A1T(0,67,0)) d?;‘),
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etc. The Wilson line has the importance to make
the definition of the distribution/correlation func-
tion gauge-invariant. Without the constraint of time-
reversal invariance, in leading twist the quark correla-
tion function of the pion can be parameterized into a
set of leading twist transverse momentum dependent
distribution functions as followfl3,19]
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where n is the light-like vector with components
(”Jrv n—,ni)=(1,0,0y), Opy = lﬁ[)ﬁu Wl and M,

is the pion mass. Knowing, (x, k), one can obtain

data. We give the asymmetries predicted by our model these distributions from equations

averaged over the kinematics of NA1O experiments
for 140, 194 and 286 GeVt~ beam and find that

the energy dependence of these asymmetries is not

strong.
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