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1. Siversasymmetry
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. Figure 1. Sivers amplitudes for pions, charged kaons, and
and/or nucleon’s spin. Among those g P P g

i ] ~~ the pion-difference asymmetry (as denoted in the panels) as
the Sivers function relates to the dis- fctions ofx, z or By, . The systematic uncertainty is given
tribution of unpolarized quarks in a as a band at the bottom of each panel. In addition there is a
transversely polarized nucleons and is 7.3% scale uncertainty from the target-polarization mesasu

rather particular as it is naive-T-odd, ment.
thus requiring in DIS final-state interactions. It breaks tonventional understanding and inter-
pretation of factorization and universality. If measune®rell-Yan, QCD quite firmly predicts the
Sivers function to be of opposite sign as in DIS.gdp— hX no firm prediction can even be made
at all at present.

Nevertheless, the situation is rather straight-forwardnDIS experiment: one needs to mea-
sure the azimuthal distribution of hadrons produced in ttedtering of unpolarized leptons by
transversely polarized nucleons. When polarized trassver the virtual-photon momentum di-
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rection five distinct Fourier modulations of the cross settian be identified (cf., e.g., Ref. [4]).
The sin(@ — @) modulatiort is the signature of the Sivers effect while, e.g., thé@in ¢@s) mod-
ulation arises through the interplay of transversity arel@wollins fragmentation function. Other
modulations involve the pretzelosity distribution and gjere twist-3 contributions. When the tar-
get is polarized perpendicular to the beam direction a sixdldulation arises from the small but
non-vanishing longitudinal component of the target spintwvthe momentum direction of the vir-
tual photon. This sifR@+ @s) modulation is sensitive to one of the worm-gear distritngio

The HERMES experiment [6] took data with transversely polarized pnstand the 27.5 GeV
e" /e~ beam at HERA during the years 2002-2005. The excellent particle ideatifon allowed for
measurements of the azimuthal modulations in the crosgséor pions as well as for charged
kaons. In Fig. 1 the Sivers, i.e., the G@n- ¢s), amplitudes are presented for pions, charged kaons,
and for the charged-pion cross-section difference [7].aClvidence for a non-vanishing Sivers
function can be deduced from the significantly positive amgés for all but thet™. These results
lead to Sivers distributions that are opposite in sign foand d-quarks.

A puzzling facet of the data is the difference in magnitud¢hef amplitudes forrt andK™*.
On the basis of u-quark dominance, e.g., the dominant @omimn of u-quark scattering to the
production ofrr™ andK ™, one would naively expect amplitudes of similar size, whileeality the
K* amplitudes are partially double in size of thieé amplitudes. One apparent difference between
the two mesons are their different valence structuresdbsshe u-quark, which is a valence quark
in the target nucleon as well, the" is made of an anti-d quark in contrast to the anti-s quark for
theK™, both being sea quarks in the target nucleon. The questiaskitherefore is whether there
can be a significantly different role of the various sea gsiamkhe Sivers effect? One hint might
come from an earlier result [8] by #RMES, the distribution of strange quarks in nucleons. It was
found to be much softer than the one for the light sea, withdifierence being largest where also
the difference between the" andK* Sivers amplitudes is the biggest (c.f. Figs. 2 (left) and 3).
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Figure 2: Difference of Sivers amplitudes fé¢* and ™ as functions ok for all Q? (left), and separated
into "low-" and "highQ?" regions above and below the average (Q?(x)), of thatx-bin.

1Al angles and asymmetries are defined in line withremto Conventions[5]. In particular,q (¢s) is the azimuthal
angle of the hadron momentum (the target-spin vector) abeuwtirtual photon direction w.r.t. the lepton scatteritaye.

2|t is interesting to note that it is sufficient to have Siveradtions for sea quarks that are opposite in sign of the
one for u-quarks to explain the" / K* difference: the respective sea-quark contributioK toproduction willreduce
the contribution from u-quarki®ss than torr™ production as there are fewer anti-s than anti-d quarkseptbton.
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There are other aspects that need
to be taken into account in thet /K*
comparison. Even in the case of scat-
tering solely off u-quarks the role of the
fragmentation function cannot be ne-
glected as the fragmentation function
appears in different convolutions over
intrinsic and fragmentation quark trans-
verse momenta in the numerator and
denominator of the asymmetry. For
example, varying dependences of the
fragmentation functions on transverse momentum can leagrgng magnitudes of the asym-
metry amplitudes. Another crucial aspect may also lead ¢odifferences observed: unrelated
1/Q?-suppressed contributions to the amplitudes. Indeed,ingoét theQ? dependence of the
K+ — mr* difference, the latter seems to be significantly non-zetoveagr values ofQ? only (Fig. 2).
In addition, while there is no evidence for a@f dependence of the™ amplitudes there is a hint
of systematically smallegk* Sivers amplitudes at larger values@? (Fig. 4).

An entirely different azimuthal modulation is the ggamodulation. It receives subleading-
twist contributions only, but nevertheless was found to twe-rero—though decreasing wigf—
for the i~ (Fig. 4 right). It can be related to several interestingriistion and fragmentation func-
tions, e.g., transversity in conjunction with the novegnatction-dependent fragmentation function
H, but also to the Sivers function or to the worm-gear distidsucorrelating the longitudinal quark
and transverse nucleon polarizations. While disentagdliese contribution will require further
detailed studies, a rather interesting aspect can alreadyighlighted. The inclusive analogue,
i.e., summing over all final-state hadrons and integratirgy their four-momenta, must vanish—at
least in the one-photon approximation. (This was testeds®NtEs and no asymmetry at the 19
level was found [9].) As a sizable asymmetry amplitude isxdeetherr only, which is negative
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Figure3: The strange-quark distributic®{x) = s(x) + S(x)
as a function ok and compared to its TEQ6L parameteri-
zation as well as to the light sea.

I:‘P’_ + 2 2 + [% [ &+ HERMES PRELIMINARY
=4 Q<@ (Xi)D K —~ TU  73%scale uncertainty
g o Q*> @*(x,) + \;g? 0.11 ° Qi > \Qz(x.)
01 - # # @ i " Q7 <@ (x)C
~ +¢%+$%#++ ﬂ)[} | %} +.p+“>¢+¢
0 r 1 1 -0.1 +
: | F
T 10} N o | ¢ 10¢ T o
% 3 o a o g %, F o g
O] © n o © L} o ° u
<\1A:r ° o - " - o a " " F o :)I "
=4 1 - n ‘ .0 n ‘ g 1 n " ‘
-1 -1 -1
10 X 10 10 X

Figure4: Sivers amplitudes forr™ (left) andK™* (middle) and the subleading-twist gi|amplitude (right)
as functions ok. TheQ? range for each bin was divided into the two regions above &l Q?(x;)) of
that bin. In the bottom the avera@® values are given for the tw@? ranges.
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and does not change sign in the kinematic range examinedutstion arises where the missing
strength is hidden that is needed to balance outithamplitude to zero. Indeed, a rather large and
positive asymmetry was reported for exclusive production at HERMES[10].

Of the remaining amplitudes on a trans-

versely polarized target, only the Collins § 50,031 L el e x O@<iee
asymmetry is significantly non-zero [11]. < 0oz = ¢ Q> 1Gev
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in conjunction with pretzelosity. In the mul- 5(50-03 - - e'p-e'X
tipole patterns associated with the various 0.02F £ <|> |
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tum and to the difference between transver- %%\ __}| ———l
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the signal observed at#RMES is consistent E S M R g
with zero, either because of cancellations of T | =« 1} At g
the various quark flavors, pretzelosity being & ) o ., 0
too small, or because of the additioraj, 107 107 107 ;(R 107
suppression of the sjBg — ¢s) modulation of
the cross section. Figure5: Azimuthal SSA ininclusive DIS off trans-
versely polarized protons.
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