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The most recent data on the weighted transverse single spin asymmetry Asl}“T(‘z”’ =9 from HERMES and
COMPASS Collaborations are analyzed within the LO parton model with unintegrated parton distribution
and fragmentation functions; all transverse motions are taken into account, with exact kinematics, in the
elementary interactions. The overall quality of the data is such that, for the first time, a rather well
constrained extraction of the Sivers function for u and d quarks is possible and is performed. Comparisons
with models are made. Based on the extracted Sivers functions, predictions for A‘;',"T(‘b”_%) asymmetries at
JLab are given; suggestions for further measurements at COMPASS, with a transversely polarized
hydrogen target and selecting favorable kinematical ranges, are discussed. Predictions are also presented
for single spin asymmetries in Drell-Yan processes at the Relativistic Heavy Ion Collider and the Facility
for Antiproton and Ion Research at GSI-Darmstadt.
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I. INTRODUCTION

In a recent paper [1] we have discussed the role of
intrinsic motions in inclusive and semi-inclusive deep
inelastic scattering (SIDIS) processes, both in unpolarized
and polarized ¢{p — €hX reactions. The LO QCD parton
model computations have been compared with the experi-
mental dependence of the unpolarized cross section on the
azimuthal angle, around the virtual photon direction, be-
tween the leptonic and the hadronic planes (Cahn effect
[2]); at small transverse momentum Py of the produced
hadron 4, such an effect is dominantly related to intrinsic
motions and it allows an estimate of the average values of
the transverse momenta of quarks inside a proton, k | , and
of final hadrons inside the fragmenting quark jet, p |, with
the best fit results:

(k3 ) =0.25 (GeV/c)?, (p3) =020 (GeV/c)* (1)

More detail, both about the kinematical configurations
and conventions [3] and the fitting procedure can be found
in Ref. [1]. We only notice here that the above values have
been derived from sets of data collected at different ener-
gies and in different ranges of the kinematical variables xp,
Q?, and zj,, looking at the combined production of all
charged hadrons in SIDIS processes; constant and flavor-
independent values of (k7 ) and (p? ) have been assumed,
avoiding at this stage complications related to possible x, z,
and Q? dependences. Rather than a definite derivation, the
above results are better considered as a consistent simple
estimate and a convenient parametrization of the true
intrinsic motion of quarks in nucleons and of hadrons in
jets, supported by the available experimental information.

Equipped with such estimates, in Ref. [1] we have

studied the transverse single spin asymmetries Asli]'}(‘ﬁf%)

observed by HERMES Collaboration [4]; that allowed a
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first rough extraction of the Sivers function [5]

2k,

AVF (k) = = =% £ (x, ky), (2)
mp

defined by

1 A oA
fq/pT(xr kJ_) = fq/p(-x! kJ_) + EAqu/pT(xr kJ_)S : (P X kJ_)
3)

S-(PXk
= fa/p( k1) — fid(x, kl)(4xﬁ, “4)

p

where f,/,(x, k) is the unpolarized x and k; dependent
parton distribution (k; = |k [); m,, P, and S are, respec-
tively, the proton mass, momentum, and transverse polar-
ization vectors (ﬁ and k | denote unit vectors).

The Sivers function extracted from HERMES data in [1]
was shown to be consistent with preliminary COMPASS
data on A?}[}(‘b"_‘/“) obtained on a deuteron target, in a dif-
ferent kinematical region [6].

While the preliminary HERMES data [4] offered a
definite indication of a nonzero Sivers effect, their amount
and quality were not yet such that an accurate extraction of
the Sivers functions was possible; that reflects in the values
of the parameters of the Sivers functions given in Table I of
Ref. [1], which have large uncertainties.

New HERMES data are now available [7]; they are
consistent with the previous ones, with much smaller er-
rors. Similarly, COMPASS Collaboration published [8]
their preliminary results. We consider here these whole
new sets of HERMES and COMPASS data and perform
a novel fit of the Sivers functions. It turns out that the new
data constrain the parameters much better, thus offering the
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first direct significant estimate of the Sivers functions—for
u and d quarks—active in SIDIS processes. The sea quark
contributions are found to be negligible, at least in the
kinematical region of the available data.

The modeled and extracted Sivers functions
ANF (e ky) and ANf, (x, k) are used to compute,

and thus predict, the values of A“n(d”’ %s) expected at

COMPASS, for scattering off a polanzed hydrogen (rather
than deuteron) target, which avoids cancellations between
the opposite u and d contributions. Suggestions for the
selection of favorable kinematic regions, where the asym-
metry is sizable, are discussed. Similar predictions, with
strongly encouraging results, are given for polarized SIDIS
processes at JLab.
Finally, we exploit the QCD prediction [9]

f]J_Tq(-x’ ki)lpis = _f#(xy ki)lp—y (5)

and compute a single spin asymmetry, which can only
originate from the Sivers mechanism [10], for Drell-Yan
processes at the Relativistic Heavy Ion Collider (RHIC)
and the Facility for Antiproton and Ion Research at GSI-
Darmstadt (GSI).

II. EXTRACTING THE SIVERS FUNCTIONS

Following Ref. [1], the inclusive ({ p — €X) unpolarized
deep inelastic scattering (DIS) cross section in the noncol-
linear LO parton model is given by

};]likifgxk¢>d“

tg—Lq

d2 Lp—EX
J(xB’ Q kl)

dx dQ2
©)
and the semi-inclusive one (£p — €hX) by
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where
§ xp X% ki1
JZ???@*?@ﬂ ®
B
and
dole=te 2w’ 8 + i ©

Q?, xp, and y = Q?/(xps) are the usual leptonic DIS
variables and z;, Py the usual hadronic SIDIS ones, in the
v*—p c.m. frame; x and z are light-cone momentum frac-
tions, with (see Ref. [1] for exact relationships and further
detail)

k2 K2
cneofl) emavef})
v (10)
pJ_ =PT_thJ_+O<Q—Ji>.

The elementary Mandelstam variables are given by

2
§% = f [1—4k—l,/1—ycosgo:|+(9<%>, (11)

o
ﬁ2=Q—24(1—y)[1 4%%}+(9( ) (12)

where ¢ is the azimuthal angle of the quark transverse
momentum, k; = k; (cose, sing, 0). Regarding angle
definitions and notations we adopt throughout the paper
the so-called “Trento conventions” [3] (see also Fig. 3 of

5 Up—ChX

&’ otr _ Zfdzkifq(x’ ky) Ref. [1]).
dxpdQ*dz,d* Py The sin(¢;, — ¢g) weighted transverse single spin
Cy—tq asymmetry, measured by HERMES and COMPASS, which
X L J Z Dh(z, pL), (7)  singles out the contribution of the Sivers function (2), is

dQ? | given by

| 3. [ dsddydk AN i ko) sin(e - $5) 4Lt TS Dh(z p1)sin(¢y — bs)
AZHT((M _¢s) . P - (1 3)
%: fd¢sd¢hd kJ_fq/p(xJ kJ_) dQ? JZDq(Z’ PJ_)
We shall use Eq. (13), in which we insert a parametrization 4 o 1 —02 Jp?)

for the Sivers functions, to fit the experimental data. Dg(z. p1) = Dqg(2) mp2) e PLIL, (15

We adopt the usual (and convenient) Gaussian factori-
zation for the distribution and fragmentation functions:

Fap k) = f (%) e R/ (14)

<k>

and

with the values of (k3 ) and (p3) of Eq. (1). Isospin and
charge-conjugation relations imply
D7 (2) = DF (2) = DI (2) = DT (2) = Dy (2),
D7 (2) = DF (2) = DY (2) = DT (2) = Dypy (2).
(16)
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The integrated parton distribution and fragmentation
functions f,(x) and D(z) are taken from the literature, at
the appropriate Q values of the experimental data [11,12].

We parametrize, for each light quark flavor g =

u, d, i, d, the Sivers function in the following factorized
form:

Aqu/pT(-x’ kJ_) = ZNq(x)h(kL)fq/p(x) kL)7 (]7)
where
(a, + bq)(“ﬁbq)

N ,(x) = Nyxa(1 — x)ba = , (18)
ag'by’
2k, M,
hk))=——"- 1

N,, a, b, and M, (GeV/c) are free parameters.

fq/p(x, k) is the unpolarized distribution function defined
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FIG. 1 (color online). HERMES data on A?jr}(d’”_d“) [7] for
scattering off a transversely polarized proton target and charged
pion production. The curves are the results of our fit. The shaded
area spans a region corresponding to one-sigma deviation at 90%
C.L. (see text for further detail). Predictions for 77° (upper panel)
and kaon (lower panels) asymmetries are also shown.
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in Eq. (14). Since h(k;) =1 and since we allow the
constant parameter N, to vary only inside the range
[—1, 1] so that [N, (x)| = 1 for any x, the positivity bound

for the Sivers function is automatically fulfilled:

IAYF ekl _ o)
2fq/p(-x’ kJ_)

We have first attempted a fit of the HERMES and
COMPASS data, taking into account 4 Sivers functions
(for u, d, i, and d quarks), for a total of 13 parameters, like
in Ref. [1]. However, it turns out that the available data are
almost insensitive to the sea quark (and, in general, small
x) contributions, which leads to largely undetermined pa-
rameters of the corresponding Sivers functions. Indeed, we
have explicitly checked that various choices of AVNf, /o

and AN f; /1 do not significantly affect the computation of

A;‘;}(d”f%), Eq. (13), in the kinematical regions of the
performed experiments. We have then neglected the con-
tributions of these functions and considered only the con-
tributions of AYf, i and AVf, i, for a total of 7 free

parameters:
Nu: au) bu» Nd) ad’ bd’ MO' (21)

The results of our fits are shown in Figs. 1 and 2. The

weighted single spin asymmetry A?]“T(d’F%) is plotted as a

function of one variable at a time, either z;, or xz or P7; an
integration over the other variables has been performed
consistently with the cuts of the corresponding experiment
(see Ref. [1] for further detail). The resulting best fit values
of the parameters are reported in Table I. The shaded areas
in Figs. 1 and 2 corresponds to one-sigma deviation at 90%
C.L. and was calculated using the errors (Table I) and the
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FIG. 2 (color online). COMPASS data [8] on A{n® = %s) for
scattering off a transversely polarized deuteron target and the
production of positively (h*) and negatively (h~) charged
hadrons. The curves are the results of our fit. The shaded area
spans a region corresponding to one-sigma deviation at 90%
C.L. (see text for further detail).
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TABLE I. Best fit values of the parameters of the Sivers
functions. Notice that the errors generated by MINUIT are
strongly correlated, and should not be taken at face value; the
significant fluctuations in our results are shown by the shaded
areas in Figs. 1 and 2.

N,=032%0.11
a, = 0.29 + 035
b, = 0.53 + 3.58

M2 =032 % 0.25 (GeV/c)?

Ny = —1.00 = 0.12
ayg = 1.16 + 0.47
by =3.77 +2.59

¥2/d.of. = 1.06

correlation matrix generated by MINUIT, minimizing and
maximizing the function under consideration, in a 7-
dimensional parameter space hypervolume corresponding
to one-sigma deviation.

In Fig. 1 we also show predictions, obtained using the
extracted Sivers functions, for 7° and K production; data
on these asymmetries might be available soon from
HERMES Collaboration.

III. COMPARISON WITH MODELS AND
PREDICTIONS FOR SIDIS PROCESSES

The extracted Sivers functions for u and d quarks are
shown in Fig. 3, where we plot, for comparison with other
results, the first k| moment

k
ANfgil)(x) = fdzkj_ ﬁAqu/pI(x, k)= —flJ'T(l)q(x).
P
(22)

The solid line corresponds to the central values in Table I

and the shaded area corresponds to varying the parameters

within the shaded areas in Figs. 1 and 2. The other lines

show results from models or fits to different data [13-15],
as discussed below.

(i) The x dependences of both ANf, /i and ANf,, 1 —

as modeled in Eqs. (17)—(19) and shown in

Fig. 3—appear to be rather well determined, keep-

ing in mind that the data are essentially confined in

the region 0.01 < xz < 0.2. We notice that a 13-

parameter fit—including & and d contributions—

would lead to similar results; however, the values of

ANf. /pt and ANF 4/p» Within their shaded areas,

would be consistent with zero in the kinematical

region of HERMES and COMPASS experiments.

That is why we have not considered these contri-
butions here.

(i1) The large-x behavior of the Sivers functions cannot
be fixed by the existing data. According to the
counting rules of Ref. [16], and keeping in mind
that AN f 4/ originates from the interference be-
tween distribution amplitudes with different proton
helicities [17,18], one expects the large-x behaviors

ANF ot ~ ANf gy~ (1= )%, (23)
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0.1
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0.05

Xp

FIG. 3 (color online). The x dependence of the first k; mo-
ment, according to Eq. (22), of our extracted Sivers functions.
The solid line is obtained by using the central values of the
parameters in Table I and the shaded area corresponds to varying
the parameters within the shaded areas in Figs. 1 and 2. The dot-
dashed, dashed, and dotted lines show the first k|, moments of
the Sivers functions obtained, respectively, in Refs. [13—15].

JLab data will cover the appropriate region to help
check this prediction.

(iii)) The dot-dashed line in Fig. 3 shows fit I of
Ref. [13], where the g7/m,, weighted SIDIS asym-
metries were fitted and the large N, relation [19,20]
was adopted:

fi k) = = fi (x k). (24)

Notice that their results are in qualitative agreement
with ours and that Eq. (24) naturally turns out to be
approximately true in our fit.

(iv) The dashed line in Fig. 3 plots the first k| moment
of the Sivers functions obtained in Ref. [14], by
fitting Ay data in p'p — 7X processes; these data
are mainly sensitive to large x values, where—
again—approximately opposite values of ANf, /p
and ANf, /p1 seem to be favored. However, as dis-
cussed in Ref. [1], the universality of the Sivers
functions active in SIDIS and p'p — 7X processes
is still an open issue.

(v) Most theoretical models give a Sivers function for u
quarks much larger, in magnitude, than for d
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quarks; this can be seen, for example, from the
dotted line in Fig. 3, taken from the computation,
in the MIT bag model, of Ref. [15]. The same is
true for the Sivers functions obtained, within a
spectator model with diquarks, in Refs. [21-23].

A. A;};("”f"“) at COMPASS with polarized hydrogen
target

By inspection of Eq. (13) it is easy to understand our
numerical results for the u and d Sivers functions. In fact,
one can see that for scattering off a hydrogen target
(HERMES), one has

(Azr;"((l)}l_(ﬁS))hydrogen ~ 4ANfu/pTDZ + ANfd/pTDZ; (25)
while, for a scattering off a deuterium target (COMPASS),

(A;,i/nT(qsh_d)S))deuterium -~ (ANfu/pT + ANfd/pT)(‘l-D]; + DZ)
(26)

Opposite u and d Sivers contributions suppress COMPASS
asymmetries for any hadron 4. These opposite contribu-
tions do not affect the 7% asymmetry measured off a
hydrogen target, Eq. (25): in this case the charge factor 4
and the favorite fragmentation function (D7 > Djf)
combine to make the first term of Eq. (25) larger than the
second one. The cancellation between the two terms is
stronger for the 77~ asymmetry, because in this case the
charge factor 4 in the first term of Eq. (25) couples to the
unfavored fragmentation function (D7 < D7 ). Similar
arguments hold for the production of kaons and, in general,
for the production of charged hadrons, which is dominated
by pions.

However, COMPASS Collaboration will soon be taking
data with a transversely polarized hydrogen target. We can
easily compute the expected results: adopting the same
experimental cuts which were used for the deuterium target
[1], we obtain the predictions shown in the upper panel of
Fig. 4. The asymmetry is found to be around 5%. These
expected values can be further increased by properly se-
lecting the experimental data, thus excluding kinematical
regions whose contribution to the asymmetry is negligible.
For example, selecting events with

02=P;=1GeV/c,
0.02=<xz =1

04=z,=1,
(27)

yields the predictions shown in the lower panel of Fig. 4.
The asymmetry for positively charged hadrons becomes
larger, and, provided that enough statistics can be gathered,
one expects a clear observation of a sizable azimuthal
asymmetry also for the COMPASS experiment.

B. A;;'T'(d”’_d") at JLab with polarized hydrogen target

JLab experiments are also supposed to measure the
SIDIS azimuthal asymmetry for the production of pions

PHYSICAL REVIEW D 72, 094007 (2005)
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FIG. 4 (color online). Predictions for A}%® %) at COMPASS
for scattering off a transversely polarized proton target and the
production of positively (h*) and negatively (h~) charged
hadrons. The plots in the upper panel have been obtained by
performing the integrations over the unobserved variables ac-
cording to the standard COMPASS kinematical cuts [1]; results
with suggested new cuts, Eq. (27), are presented in the lower
panel.

on a transversely polarized hydrogen target, at incident
beam energies of 6 and 12 GeV. The kinematical region
of this experiment is very interesting, as it will supply
information on the behavior of the Sivers functions in the
large-xp domain, up to xz = 0.6. The experimental accep-
tance for JLab events at 6 GeV is constrained by [24]:

04=z,=07, 0.02 =Py =1GeV/c,
0.1 = x5 = 0.6, 0.4 =y=0..85,
(28)
0% =1 (GeV/c)?, W2 =4 GeV?,

| <E, <4 GeV,

while, with an incident beam energy of 12 GeV, this
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FIG. 5 (color online). Predictions for ASLi,“T(‘ﬁf%) at JLab for
the production of 77 and 77~ from scattering off a transversely
polarized proton target. Integrations over the unobserved varia-

bles have been performed according to the kinematical ranges of
Egs. (28) and (29).

becomes
04 =z,=07, 0.02 = Py =14 GeV/e,
0.05=x53=0.7, 0.2 =y=0..85, 29
0*=1(GeV/c)?, W? = 4 GeV?,

1=E,=7GeV.
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Imposing these experimental cuts we obtain the predic-
tions shown in Fig. 5. A large and healthy azimuthal
asymmetry for 7" production should be observed.
Similar results have been obtained also in an approach
based on a Monte Carlo event generator [25]. However,
one relevant comment is in order:

(1) As the region of high xj is not covered by HERMES
and COMPASS experiments, the predictions for the
large-xp dependence of the asymmetry are very sen-
sitive to the few large-xp data points of these two
experiments. As a consequence, the results for JLab
experiments may still change drastically in the re-
gion 0.4 < xp = 0.6, and the asymmetry might be
much smaller than presented in Fig. 5. This reflects
in the wide shaded area at large xp values.
Conversely, the results on Py and z;, dependences
are more stable as they depend on the xp-integrated
Sivers function. Notice also the little dependence on
the beam energy, consistent with the approximate
factorized form of the numerator and denominator of
Eq. (13), which leads to cancellations in their ratio.

IV. TRANSVERSE SINGLE SPIN ASYMMETRIES
IN DRELL-YAN PROCESSES

Let us now consider the transverse single spin asymme-
try,

. do' — do'

N do! + dat

for Drell-Yan processes, plp — €€~ X, p'lp — €T (X,
and p'p — €€~ X, where do stands for

(30)

d*o

e 31
dydM2d’q;, ©1)

and y, M?, and q; are, respectively, the rapidity, the
squared invariant mass, and the transverse momentum of
the lepton pair in the initial nucleon c.m. system. The cross
section can eventually be integrated over some of these
variables, according to the kinematical configurations of
the experiments.

In such a case the single spin asymmetry (30) can only
originate from the Sivers function and is given (selecting
the region with ¢7 < M?, g7 ~ k) by [10]

Zeé fkolqdzquaz(qu + qu - qT)Aqu/pT(-xqr qu)fq/p(-xq; kj_q)
q

Ay

where ¢ = u, i, d, d, s, 5 and

M
x:

= -y 33
q ﬁe e (33)

22631 fd2qud2kL552(qu thkig—a)fep(g ki) fap(xg kig) ,
q

(32)

{
Equation (32) explicitly refers to p'p processes, with
obvious modifications for p'p and p'p ones.

Inserting into Eq. (32) the Sivers functions extracted
from our fit to SIDIS data and reversed in sign according
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FIG. 6 (color online). Predictions for single spin asymmetries
in Drell-Yan processes at RHIC, p'p — £*{~ X, according to
Eq. (32) of the text. The lepton pair transverse momentum has
been integrated in the range 0 = gy = 1 GeV/c; Ay is plotted
as a function of xy (left) and M (right), with integration over the
other variable as indicated in the legend (see text for further
details). Values of (Ay) for negative xy are negligible, at RHIC
kinematics.

to Eq. (5), we obtain the predictions shown in Figs. 6 and 7.
Figure 6 shows the value of Ay as a function of M and
Xp = x4 — x4, for RHIC configurations: the lepton pair
transverse momentum ¢y has been integrated in the range
0 = gy = 1 GeV/c, while the rapidity variable y and the
lepton pair invariant mass M have been integrated accord-
ing to the experimental situations, as indicated in the
legend. The integration over the azimuthal angle of g7
has been performed, to avoid cancellations, as in
Ref. [10], that is, integrating over ¢, in the range
[0, 77/2] only, or, alternatively, taking into account the
change of sign in the different production quadrants. In
either case, the ¢, integration gives an overall factor 2 /.
As the shaded areas in previous figures, the closed areas
correspond to the uncertainty in our determination of the
Sivers functions.

0 . . . . . . .
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FIG. 7 (color online). Predictions for single spin asymmetries
in Drell-Yan processes at GSI, p'p — €*€~X, according to
Eq. (32) of the text. The lepton pair transverse momentum has
been integrated in the range 0 = g < 1 GeV/c; Ay is plotted
as a function of xy (left) and M (right), with integration over the
other variable as indicated in the legend (see text for further
details). The results for the p'p — €+ ¢~ X process are the same.
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Figure 7 shows the same plots for the PAX experiment
[26] planned at the proposed asymmetric pp collider at
GSI: g7 has been integrated over the same range as for
RHIC predictions, while y and M as indicated in the
legend. Results for p'p and p'p processes are identical,
due to charge-conjugation invariance. Notice that in our
configuration the polarized proton or antiproton always
moves along the (+2) direction.

The correct interpretation of these results requires some
further considerations.

(i) In our computations we have used the value of
(k3 ) = 0.25 (GeV/c)?, obtained from an analysis
of SIDIS data [1]; such a value is certainly appro-
priate for consistently computing spin asymmetries
in SIDIS processes, in the y*p c.m. frame, as we
have done in Secs. Il A and IIIB. This value
naturally corresponds to the intrinsic motion of
partons confined in a nucleon, simply according
to the uncertainty principle, and describes well
the Pr dependences of measured cross sections,
up to Py =1GeV/c. In addition, as we have
seen, it allows an understanding of the azimuthal
asymmetries, which would otherwise vanish.

(i1)) However, when considering other processes, as the
inclusive production of hadrons or leptons in pp or
pp interactions, we know that higher order QCD
corrections, like the threshold resummation of large
logarithms due to soft gluon emission [27], lead to
large K-factor enhancements of the cross sections.
Our k| unintegrated approach to the description of
hard scattering processes within a generalization of
the QCD factorization theorem [14,28] can be con-
sidered as an effective model which not only takes
into account the original partonic intrinsic motion
(related to parton confinement), but also, to some
extent, the intrinsic k, built via soft gluon emis-
sion. Indeed, the values of (k% ) used in Ref. [14] in
order to describe the data on the unpolarized
pp — wX processes are higher than the values
used here, and those requested for the Drell-Yan
cross section might be even higher. The average
(k% ) estimate of 0.25 (GeV/c)* might be, at most,
adequate to explain the Drell-Yan cross section up
to gy = 1 GeV/c, but would badly fail above that
value.

(iii) For the reasons explained above, consistently with
our approach expected to hold in the k| =~ Py ~ gy
region, in our predictions for Ay, Figs. 6 and 7, we
have integrated over gy up to gy = 1 GeV/c. In
addition, we notice that the value of Ay, as given by
Eq. (32), is not very sensitive to the chosen value of
(k% ): while both the numerator and the denomina-
tor of Eq. (32) greatly vary with (k% ), their ratio
varies much less so. We then consider our predic-
tions for Ay, assuming the validity of the relation
(5), safe and significant.
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We have considered the most recent data from polarized
SIDIS processes which single out the Sivers effect, namely,

the A?}“T(d’h s transverse single spin azimuthal asymmetry,
measured by HERMES [7] and COMPASS [8] Col-
laborations for charged hadron production. Assuming a
Gaussian factorization of the k; and p,; dependence of
all distribution and fragmentation functions, together with
a most simple parametrization of the x dependence of the
unknown Sivers functions, we have exploited the data to
extract information on ANf,, i(x, k1) and ANf,, i(x, k).

For the first time, the amount and quality of the experi-
mental results allow a significant, although still limited in x
range, estimate of the Sivers functions for u and d quarks;
these turn out to be definitely different from zero, well
inside the positivity bound of Eq. (20) and almost opposite
to each other. This last feature, predicted theoretically in
some models [19,20], explains naturally and is related to
the small asymmetry observed by COMPASS in scatter-
ings of muons off a deuteron target.

According to the general strategy of combining new
experimental information with the computation and pre-

diction of new expected results, the extracted functions

have been used to compute A;i,r}(¢”7¢5) in other experi-

ments. It turns out that, contrary to the results obtained
off a polarized deuteron target, a sizable A" asymmetry
should be measured by COMPASS Collaboration once
they switch, as planned, to a transversely polarized hydro-
gen target; a careful choice of the kinematical region of the
selected events would help in further increasing the nu-
merical value of the asymmetry for positively charged
hadron production.

Large values of Ai}'}(‘ﬁr%) are expected at JLab, both in
the 6 and 12 GeV operational modes, for 7" inclusive
production; in particular, the z, and P dependence of
the asymmetry seems to be stable and reliable, while the
xp dependence shows large uncertainties due to the lack of
HERMES and COMPASS information in this region. JLab
experiments have the unique features of exploring the large
xp behavior of the quark distribution functions, where
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predictions from QCD counting rules, Eq. (23), could be
tested.

The Sivers effect was believed for some time to be
forbidden by QCD time reversal properties [29]; however,
this proved to be incorrect [9] after an explicit model
showed the existence of a nonzero Sivers function [18].
The original proof of the vanishing of the Sivers effect
turned into the relation of Eq. (5), which predicts opposite
values for the Sivers functions measured in SIDIS and
Drell-Yan processes. We have then used this basic QCD
relation and computed the single spin asymmetries in
Drell-Yan processes given in Eq. (32); these can only be
generated by the Sivers functions, since no fragmentation
functions are needed to describe this process. We have used
the same functions as extracted from SIDIS data, with
opposite signs. The predicted Ay could be measured at
RHIC in pp collisions and, in the long range, at the
proposed PAX experiment at GSI [26], in pp interactions.
It would provide a clear and stringent test of basic QCD
properties.

A phenomenological study of the Sivers asymmetry —
the correlation between the intrinsic k| of partons and the
proton spin—is now possible, thanks to the existing ex-
perimental information and more which will soon be avail-
able. Basic properties of the QCD proton structure can and
will be clarified. A good control of the Sivers mechanism
will help in learning about and understanding other funda-
mental partonic spin properties, like the transversity dis-
tribution [30] and the Collins mechanism [29].
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