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The new high statistics deuterium data set of HERMES shows signif-
icant semi-inclusive single spin asymmetries of identified pions and kaons.
The asymmetries observed on the deuterium target differ from those mea-
sured on the proton target. The appearance of non-zero single spin asym-
metries can be explained in terms of a non-zero transversity distribution
combined with a non-zero Collins fragmentation function. However, the
detailed interpretation of the data is model dependent as it turns out that
the asymmetries are dominated by higher-twist effects. HERMES data that
are currently being taken on a transversely polarized target will allow for
a model-independent extraction of the transversity distribution.

PACS numbers: 13.60.Hb, 13.88.+¢

1. New structure and fragmentation functions

In 1996, Mulders and Tangerman performed a complete tree-level anal-
ysis of the Semi-Inclusive Deep-Inelastic Scattering (SIDIS) cross-section,
taking into consideration all measurable spin-degrees of freedom in the ini-
tial and final state [1]. Their work identified a series of 8 structure functions
of the proton at leading twist, along with an analogous set of 8 fragmentation
functions. Each of these functions describes qualitatively different informa-
tion about hadronic structure and formation. The functions fi(z), g1(x),
and hi(z) have a special property: they are the only distribution functions
which survive on integration over intrinsic quark transverse momentum k.
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The remaining functions are all implicitly dependent on intrinsic quark
transverse momentum, which is necessarily related to the unknown orbital
angular momentum of quarks in the nucleon.

The new leading twist transversity function hq(z) represents the trans-
verse spin distribution of quarks in a proton polarized transversely to the
virtual photon. It is not identical to the longitudinal quark distribution in
a longitudinally polarized target (hi(x) Z g1(x)) due to the fact that boost
and rotation operators do not commute.

The Mulders decomposition of the full polarized SIDIS cross-section re-
veals how experiments may access these new structure and fragmentation

functions: by measuring azimuthal moments of the measured final-state
hadron in polarized SIDIS.

2. The HERMES experiment

The HERMES experiment [2]| has been taking data at the HERA accel-
erator in Hamburg, Germany since 1995. HERMES scatters longitudinally
polarized electron and positron beams of 27.6 GeV from polarized gas targets
internal to the beam vacuum. Pure atomic H, D, and *He have been used (as
well as a variety of unpolarized nuclear targets). Featuring polarized beams
and targets and an open-geometry spectrometer with good particle identi-
fication (PID), HERMES is well suited to a study of the spin-dependent
azimuthal moments of the SIDIS cross-section. The PID capabilities of the
experiment were significantly enhanced in 1998 when the former threshold
Cerenkov detector (used to identify pions above a momentum of 4 GeV) was
upgraded to a Ring Imaging system (RICH). This new detector provides full
separation between charged pions, kaons, and protons over essentially the
entire momentum range of the experiment.

In September 2000 HERMES completed its first phase of data taking,
on longitudinally-polarized targets. The 1998-2000 period was particularly
successful, yielding a very large data set (8 million DIS events) from polarized
deuterium. HERMES is now entering its second running phase which will
continue until 2006. A cornerstone of this period will be measurements
from transversely-polarized targets, with the specific goal of exploring the
transversity structure function.

3. HERMES measurements of Ayr(¢)

HERMES has measured the azimuthal distribution of charged [3] and
neutral [4] pions in the scattering of “unpolarized” (i.e. spin averaged) posit-
rons from a longitudinally polarized hydrogen target. The measured quan-
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tity is the following Single-Spin Asymmetry (SSA):

_ 1N ($)-N*(9) "
PrN- ()~ N (4)

Avur(9)

Here Pr is the target polarization and ¢ is the azimuthal angle of the mea-
sured final-state hadron, around the virtual photon direction, and relative
to the lepton scattering plane. The symbols N* and N~ represent the pion
yields in each of the two target spin orientations.

The measured asymmetries show a significant sin ¢ moment in the case
of 7 and 7¥ production, while no ¢-dependence is seen in 7~ production.
The sin 2¢p moments of the asymmetries were also analyzed and found to be
consistent with zero in all cases. The mean Q? of these measurements is
around 1.6 GeV.

At “zeroth-order” in complexity, the moment A%rﬁ‘ﬁ is related to the prod-
uct of transversity hy(z) and the Collins fragmentation function Hi(2).
Figure 1 shows the dependence of Ai}rﬁd) on the Bjorken scaling variable «,
the energy fraction z = E}, /v of the pion, and its transverse momentum pr
relative to the virtual photon direction. The dependences well match the
qualitative predictions of Collins [5] who predicted that the effect should
peak in the valence region x ~ 0.3, should rise with pt up to a maximum
at some hadronic scale 0.3-0.9 GeV, and should be larger for 7+ than 7
production.
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Fig. 1. Kinematic dependences of Ai}i¢ measured from a hydrogen target.

The reason for this latter expectation can be shown by a simple cal-
culation. It is reasonable to guess that the transverse quark polarization
(g = h?) is similar to the longitudinal quark polarization (Ag = ¢7) in the
sense dd/du ~ Ad/Au =~ —1/2. One may also estimate that the favored
and disfavored Collins fragmentation functions have a similar ratio as in the
unpolarized case (n = §+/D7J+ ~ (1 —2)/(1+42) =~ 1/3), one arrives at
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these simple estimates:

Aw+z4du+n5drv5_u AW0N45u+ 5d55u

4nou + od
P du+nd ~ uw’ TP T du+d

~0.

(2)
The 7t and 7° tags enhance the dominance of scattering from wu-quarks,
making those asymmetries almost entirely proportional to the positive u
quark polarization. For 7~ production, the favored fragmentation function
enhances the contribution from the oppositely polarized d-quarks, leading to
a smaller net asymmetry. The expectation that the 7 and 7% asymmetries
are of similar magnitude is also supported by the data.

, AT =~

w’ P dnu+d

3.1. New results on deuterium

HERMES has recently completed an analysis of Ay, from the deuterium-
target data collected in the years 1998 to 2000. In Fig. 2 preliminary results
are presented for the asymmetry moment A%rﬁd) for charged pion production.
A rough calculation of the type given in Eq. (2) leads to the expectation
that A%rﬁd) should be roughly the same for 7+ |, 7= , and 7° production
from deuterium, and should be about half as large as for 7™ production
from hydrogen. These qualitative expectations are indeed borne out by the
data. Spin-azimuthal asymmetries for charged kaon production have also
been measured for the first time, as shown in the right-hand panel of Fig. 2.
Just like the pion moments, the kaon moments are positive and increase
with the scaling variable z.
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Fig.2. HERMES preliminary results on the azimuthal asymmetry moment A%}Id)
for charged pion (left panel) and kaon (right panel) production from a deuterium
target as function of the Bjorken scaling variable z. The central panel shows the
pion moment as a function of the hadron energy fraction z. The strong drop at
large z (z > 0.7) is related to effects in exclusive pion production.
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3.2. Interpretation and future

For a more sophisticated interpretation of the data one must consider in
detail which terms in the SIDIS cross-section of Ref. [1] contribute to the
Aur(¢) asymmetry. In the theoretical decomposition, the longitudinal and
transverse components of the target polarization are measured with respect
to the virtual photon direction, not the lepton beam axis. The Ai}rﬁd’ analyz-
ing power (subscripts in experimental convention) thus contains a mixture of
the cross-section moments (sin ¢)yr, and (sin @)yt (theoretical convention).
The (sin ¢)yr moment is directly proportional to the product of transver-
sity and the Collins function. However the present HEMRES measurement
is most directly related to (sin ¢)ur,, which is much more complex: it is sub-
leading in @, and contains the interaction-dependent twist-3 functions hr,
and H. In addition an as-yet-unknown distribution function hf‘L(x) makes
an appearance.

A variety of theoretical calculations have been performed to address the
HERMES measurements of Ayr,(¢) [6-9]. A recently uncovered pair of sign
errors in the analyses of the HERMES and DELPHI data [10] modified some
of the results. Nevertheless, all calculations agree that A%Iﬁd’ is dominated
by higher-twist effects, due to the longitudinal target polarization.

For a better understanding of transversity, the next step is clear: high
precision SIDIS data on a transversely-polarized target are required. Accord-
ingly, HERMES has already changed to a transverse-target configuration. A
precise measurement of Ayr(¢) , sensitive at leading twist to the product
of hi(z) and Hi (z), will form a cornerstone of new HERMES runs that
started in 2002.

REFERENCES

[1] P.J. Mulders, R.D. Tangerman, Nucl. Phys. B461, 197 (1996); D. Boer,
P.J. Mulders, Phys. Rev. D57, 5780 (1998).

[2] HERMES Collab., K.Ackerstaff et al., Nucl. Instrum. Methods A417, 230
(1998).

[3] HERMES Collab., A. Airapetian et al., Phys. Rev. Lett. 84, 4047 (2000).
[4] HERMES Collab., A. Airapetian et al., Phys. Rev. D64, 097101 (2001).
[5] J.C. Collins, Nucl. Phys. B396, 161 (1993).

[6] K.A. Oganessian, N. Bianchi, E. De Sanctis, W.D. Nowak, Nucl. Phys. A689,
784 (2001); E. De Sanctis, W.D. Nowak, K.A. Oganessian, Phys. Lett. B483,
69 (2000).

[7] A.V. Efremov, K. Goeke, M.V. Polyakov, Phys. Leit. B478, 94 (2000);
A.V. Efremov, K. Goeke, P. Schweitzer, Phys. Lett. B522, 37 (2001).



3742 N.C.R. MAKINS, M. DUREN

[8] B.-Q. Ma, I. Schmidt, J.-J. Yang, Phys. Rev. D65, 034010 (2002).

[9] M. Wakamatsu, Phys. Lett. B509, 59 (2001).

[10] A.V. Efremov, K. Goeke, P. Schweitzer, Phys. Lett. B544, 389 (2002);
A.V. Efremov, “Spin Asymmetries in SIDIS”, Proc. of the European workshop

on the QCD structure of the nucleon, April 3-6, 2002, Ferrara, Italy, to be
published.



