Lambda polarization at HERMES
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Transverse polarization of A and A hyperons produced inclusively in quasi-real photon-nucleon scattering has
been studied for several nuclear targets in a wide range of atomic-mass numbers A. A strong A-dependence of

the A polarization is observed.

1. INTRODUCTION

The transverse polarization of A, A and other
hyperons has been studied in many inclusive high-
energy scattering experiments, with a wide vari-
ety of hadron beams and atomic numbers of tar-
gets [1-4]. In inclusive photo- and electroproduc-
tion of As and As, previous data are not conclu-
sive because of their limited statistical accuracy
[5,6].

Figure 1. Schematic diagram of inclusive A pro-
duction and decay. The angle 6, of the decay
proton with respect to the normal n to the scat-
tering plane is defined in the A rest frame.

The A hyperon is a uniquely useful particle in
spin physics: the parity-violating nature of its
weak decay A — pm~ results in an angular distri-
bution where the protons are preferentially emit-
ted along the spin direction of their parent A. The
angular distribution of the A decay products may

thus be used to measure its polarization, provid-
ing a rare opportunity to explore spin degrees of
freedom in the fragmentation process. In the rest
frame of the A it has the form

dN  dN,
d—Qp = d—QS(l + ozP,ix - costp). (1)
Here, 6, is the angle between the proton mo-
mentum and the A-polarization direction in the A
rest frame (Fig.1), P2 is the transverse polariza-
tion of the A, and o« = 0.642 + 0.013 is the analyz-
ing power of the parity-violating weak decay. The
symbols dN/dQ, and dNy/dSY, denote the distri-
butions for the decay of polarized and unpolarized
A samples, respectively. Because of the parity-
conserving nature of the strong interaction, any
final-state hadron polarization in a reaction with
unpolarized beam and target must point along a
pseudo-vector direction. In the case of inclusive
hyperon production with a positron beam, the
only available direction of this type is the normal
7 to the production plane formed by the cross-
product of the vectors along the laboratory-frame
momenta of the beam (p.) and the A (pa):
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2. Measurement of transverse A and A po-
larization

The experiment has been performed using the
HERMES spectrometer described in detail in Ref.
[7]. The 27.6 GeV positron beam of the HERA



e-p accelerator facility passed through an open-
ended tubular storage cell into which polarized or
unpolarized gaseous target atoms ('H, 2H, 3He,
4He, and the heavier gases N, Ne, Kr and Xe in
natural abundance) were continuously injected.
The positron beam was always longitudinally po-
larized. For the longitudinally polarized 'H and
2H targets and the transversely polarized 'H tar-
get the target-spin direction was reversed in time
intervalls of 1-3 minutes and therefore the aver-
age target polarization was negligibly small. The
scattered positron was not requested for this anal-
ysis and therefore the data sample is dominated
by events from quasi-real photoproduction.

The A (A) hyperons were identified in the
analysis through their pr~ (pr+) decay chan-
nel. The kinematics of the A (A) decay prod-
ucts is such that the proton (antiproton) momen-
tum is always much higher than that of the pion.
Two spatial vertices were reconstructed for each
event. First the secondary (decay) vertex was
determined from the intersection (i.e., point of
closest approach) of the proton (antiproton) and
pion tracks. Then the intersection of the recon-
structed hyperon track with the nominal beam
axis was used to determine the primary (pro-
duction) vertex. The distance between the two
vertices was required to be larger than 15 cm.
The invariant-mass distribution was fitted with a
Gaussian plus a second order polynomial. Events
within a window of £3.30 around the mean value
of the Gaussian fit were selected for further analy-
sis. The extraction of the A polarization from the
data was accomplished using the moment method
which exploits the top/bottom symmetry of the
detector [8,9]. In order to estimate the sys-
tematic uncertainty of the measurement a similar
analysis was carried out for reconstructed h™h™
hadron pairs, both with leading protons (like
in A kinematics) and with leading anti-protons
(like in A kinematics). Events within two mass
windows above and below the A (A) mass win-
dow (1.093 GeV < Mp+p- < 1.108 GeV, and
1.124 GeV < Mp+p- < 1.139 GeV) were se-
lected with the hadron point of closest approach
required to be inside the target region. False po-
larization values of 0.012 4 0.002 (0.018 £ 0.002)
were found in the A-like (A-like) case, and were
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Figure 2. Transverse polarizations P2 and P}
as a function of pp for hyperons from the re-
gions ¢ < 0.25 (upper panel) and ¢ > 0.25 (lower
panel). The inner error bars represent the statis-
tical uncertainties; the outer error bars represent
the statistical and systematic uncertainties added
in quadrature.



used as estimates of the systematic uncertainty
of the A (A) polarization. As an additional check
the decay K — wtn~ was studied. The false
polarization of the K9 sample was found to be
0.012+0.004 (0.00240.004) in the A-like (A-like)

case.

3. Results

Averaged over the experimental kinematics,
the net transverse A polarization is found to
be significantly positive while the net A polar-
ization is consistent with zero: PA» = 0.078 &
0.006(stat) 4 0.012(syst). and P» = —0.025 +
0.015(stat) + 0.018(syst) [9].
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Figure 3. Transverse polarizations P» and Pg\
(upper panel) and mean (pr) (lower panel) as
functions of .

As no information on the virtual photon kine-
matics was available in this inclusive measure-
ment, the kinematic dependence of the polar-
ization could only be studied as a function of
variables derived from the positron-nucleon sys-
tem. The selected variables were pr and ¢ =
(EA+4p2n)/(Ee+pe), where pr (p.a) is the trans-
verse (longitudinal) component of the A momen-
tum with respect to the beam direction, Fj is
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Figure 4. Transverse A polarization vs atomic
number of nuclei (upper plot) and vs A/Z (bot-
tom plot).



the A energy and E., p. are the beam energy and
momentum.

The variable ¢ provides an approximate mea-
sure of whether a hyperon was produced in the
forward or backward region in the center-of-mass
frame of the y*-nucleon reaction. It was used
instead of the Feynman variable zrp = pfl\ /P
which is not available in this inclusive mea-
surement. A Monte-Carlo simulation with the
PYTHIA event generator shows a reasonable cor-
relation between these two variables. In Fig. 2,
the transverse A and A polarization P, is shown
versus pr for the two kinematical regimes ( <
0.25 and ¢ > 0.25. In both cases, the A polariza-
tion rises linearly with pr. Fig. 3 shows P, versus
(. The A polarization appears to increase in the
low-¢ region while the A polarization shows no
visible dependence on either ¢ or pr within avail-
able statistics.

In the years 1996-2000 data were collected
mostly on 'H, 2H targets. Afterwards the in-
creased statistics collected with the heavy target
nuclei Kr and Xe allowed to study the dependence
of P2 on the atomic mass A. Such a dependence
has been investigated in many experiments with
hadron beams and only small effects of the nu-
clear medium on the measured polarization have
been observed [10-12]. The results obtained by
HERMES are presented in Fig. 4. A clear in-
dication of an A-dependence of P2 is observed:
the polarization for light nuclei (*H,2H) is statis-
tically significant positive, while it is compatible
with zero within the statistical uncertainty for the
heavier nuclei Kr and Xe. Note that the kinemat-
ical distributions for the various nuclei are very
similar such that the average values of (pr) and
(¢) are practically the same. Therefore the ob-
served effect cannot be explained by the kinemat-
ical dependencies of P2.

A possible explanation of the observed A de-
pendence might be related to the mechanism of
A photoproduction in the nuclear medium. In
the case of hadron-nucleus reactions, due to the
strong absorbtion of the hadrons in the nuclear
matter, the As are mostly produced on the outer
nucleons and thus A production is a surface effect.
Since surface nucleons are mostly loosely bound
the polarization of the produced As is practically

not affected by the nuclear medium. In the pho-
toproduction case the photon may produce the A
deep inside the nucleus and nuclear medium ef-
fects resulting in a decrease of the A polarization
compared to the production from free nucleons
might become more essential.
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