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Abstract—Data on the single-spin asymmetry (AN ) of inclusive π0 production in 40-GeV pion inter-
actions with a polarized target, π− + p↑ → π0 + X , are presented for the target-fragmentation region.
The result is AN = (−13.8 ± 3.8)% for −0.8 < xF < −0.4 and 1 < pT < 2 GeV/c and is compatible with
zero for −0.4 < xF < −0.1 and 0.5 < pT < 1.5 GeV/c. At a π0 momentum of about 1.7 GeV/c in the
c.m. frame, the asymmetry becomes nonzero both in the central and in the target-fragmentation region.
The behavior of the asymmetry is similar to that observed in the beam-fragmentation region of the E-
704 (FNAL, 200 GeV) and STAR (BNL, 20 TeV) experiments, which employed a polarized proton beam.

c© 2004 MAIK “Nauka/Interperiodica”.

INTRODUCTION

The spin is one of the fundamental properties of
elementary particles. Since the advent of polarized
targets and polarized beams, investigation into spin
effects has become one of the most important fields in
high-energy physics.

Within perturbative QCD (pQCD), transverse
single-spin effects tend to zero in the limit of high
energies and high momentum transfers. However,
even the first experiments with polarized targets
yielded results contradicting these expectations. A
significant asymmetry was revealed in elastic and
charge-exchange reactions. Experiments in the re-
gion of polarized-beam fragmentation at the Argonne
National Laboratory (ANL) disclosed considerable
effects in p↑ + p → π± + X reactions at beam en-
ergies of 6 and about 12 GeV [1, 2]. In 1990, a
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detailed study of the asymmetry was performed by
the E-704 experiment in a 200-GeV beam at the
Fermi National Accelerator Laboratory (FNAL). The
E-704 Collaboration reported a substantial value of
the π-meson asymmetry in the beam-fragmentation
region [3]. The absolute value of the asymmetry of
inclusive charged-pion production was 40% in the
E-925 experiment performed in a 22-GeV polarized-
proton beam at the Brookhaven National Laboratory
(BNL) in the late 1990s [4].

The main purpose of the PROZA-2 experiment
[5] was to measure the asymmetry in question in
the region of polarized-target fragmentation. No ex-
periments were performed in this kinematical region
previously. A feature peculiar to the PROZA-2 ex-
periment is that, in contrast to all previous experi-
ments, which sought the asymmetry of inclusive π0-
meson production either in the fragmentation region
at high longitudinal momenta (xF � xT , where xF ≈
2pL/

√
s is the Feynman variable and xT = 2pT /

√
s,

pL and pT being, respectively, the longitudinal and the
transverse secondary-particle momentum) or in the
central region (xF ≈ 0), the contributions of both the
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Fig. 1. Layout of the PROZA-2 experimental setup: (S1–S3) scintillation counters of the total flux, (H1, H2) hodoscopes,
(PT) polarized target, and (EMC-720) electromagnetic calorimeter placed at an angle of 40◦ or 30◦ with respect to the beam
axis.

longitudinal and the transverse momentum compo-
nents are significant here.

1. EXPERIMENTAL SETUP

Our experiment was conducted with the aid of
the PROZA-2 setup installed in the beamline 14 of
the U-70 accelerator complex. In a 40-GeV beam,
we measured the asymmetry of inclusive π0-meson
production in the reaction

π− + p↑ → π0 + X. (1)

The setup consisted of beam detectors, a polarized
target, and an electromagnetic calorimeter. Figure 1
shows the layout of the experimental setup, which
was described in detail elsewhere [6].

1.1. Beam Formation and Beam Detectors

The beam of negatively charged particles produced
in the internal target was deflected into beamline 14
by the magnetic field of the accelerator. The system of
three magnets and eight lenses permitted us to select
particles of specific energy and to focus the resulting
beam onto the polarized target of the setup. The
beam formed in this way contained π− mesons, K−

mesons, and antiprotons (about 98, 1.8, and 0.3%,
respectively), the beam intensity being 106 particles
per spill. The spread in particle momenta was about
2% and was determined by the acceptance of a pulsed
collimator.

The beam foci in the horizontal and vertical planes
were close to the target center. The beam dimen-
sions at the target were σx � σy � 3.5 mm. More
than 97% of beam particles hit the target, which was
18 mm in diameter.

The number of particles incident on the target was
determined by three scintillation counters, S1–S3;
the first two of them were 10 cm in diameter, while
the last one, located near the target, was 1.8 cm in
diameter.

The coordinates of beam particles incident on the
target were determined by two hodoscopes, H1 and
H2, placed at distances of, respectively, 8.7 and 3.2 m

from the target center. The hodoscope H1 comprised
two planes, each containing 16 counters of size 5 ×
5 × 85 mm; the hodoscope H2 had two planes with
12 counters per plane, each of them being of size
2× 5× 40 mm (the 2-mm side was oriented along the
direction transverse to the beam).

1.1.1. Polarized target

A frozen polarized-proton target based on propa-
nediol (C3H8O2) was used in the experiment [7]. The
mean polarization of hydrogen nuclei there was 80%
during the accumulation of data. The pumping of
the polarization, with its simultaneous reverse, took
about four hours. On average, it was performed once
every 48 hours. A special compact magnet ensuring a
field of high uniformity (up to 10−4) was designed for
the polarized target at the Institute for High Energy
Physics (IHEP, Protvino) [8].

A thin-walled horizontal cryostat was used in
the target. Low-energy secondary particles could be
recorded owing to thin side walls of the cryostat. This
property was of special importance for measurements
of the asymmetry in the target-fragmentation region.

We note that the mass of hydrogen nuclei was
about 1/10 of the entire target material. In calculating
the asymmetry, it is therefore necessary to take into
account the target-dilution factor D, which is defined
as the ratio of the total number of beam interactions
with the target to the number of interactions with
hydrogen nuclei.

1.1.2. Electromagnetic calorimeter

Photons from π0-meson decay were recorded
by a total-absorption electromagnetic calorimeter.
The calorimeter comprised 720 counters (EMC-
720) from TF1-00 lead glass [9]. It was shaped as
a rectangular matrix containing 30 column of 24
counters. The calorimeter was placed at a distance of
about 2.3 m from the target. The counters were of size
38 × 38 × 450 mm (18 radiation-length units); they
were wrapped with an aluminized Mylar film 20 µm
thick. Cherenkov light produced by electromagnetic
showers in the glass was recorded by a 12-dynode
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Fig. 2. Energy fraction recorded by the calorimeter (left panel) and efficiency of electromagnetic-shower reconstruction in the
detector (right panel) versus the true photon energy in a simulation.

photomultiplier tube (PMT-84/3), the photocathode
being 34 mm in diameter.

The coefficients used to convert the pulse from
each detector cell to the energy deposited inside this
cell were determined by means of a detector cali-
bration with a 26.6-GeV electron beam [10]. The
calorimeter design permitted moving the detector in
the horizontal and vertical directions orthogonal to
the beam in such a way that the electron beam could
irradiate all of the calorimeter cells. The calorimeter
resolution was σ(E)/E = 2.5% at the energy value
used (the beam-momentum spread of 2% was sub-
tracted).

A monitoring system based on photodiodes [11]
was used to test the calorimeter stability with time.
The energy scale was monitored by means of an ad-
ditional calibration against the π0-meson mass to a
precision of 0.1% in the course of five-hour measure-
ments.

The EMC-720 central counters were arranged in
the horizontal plane at a viewing angle of 30◦ with
respect to the target center in the run of 1999 for
measurements in the range −0.4 < xF < −0.1 and at
an angle of 40◦ in two runs of 2000 for measurements
in the range −0.8 < xF < −0.3.

1.2. Electronic System and Transverse-Energy
Trigger

The electronic system consisted of unified nano-
second-electronics modules, circuits of pulse-height
converters, rescaling circuits, registers, and other ad-
ditional systems manufactured in the SUMMA stan-
dard [12].

The coincidence of signals from three scintilla-
tion counters S1–S3 was a zero-level trigger for an
incident particle. In addition, a response from each
plane of the hodoscopes was required. The trigger was

formed within a 60-ns gate if another particle did not
pass within this time gate.

A level-1 trigger within a 350-ns gate was devel-
oped on the basis of an analysis of the total trans-
verse energy deposition in the calorimeter. A frac-
tion of the pulse from each counter (about 5%) was
fed into an analogous adder, the angle at which this
counter was viewed from the target being taken into
account. To introduce angular corrections, use was
made of shunting resistors whose resistances were
proportional to sin θ, where θ was the mean angle
corresponding to a given column. Thus, the total sig-
nal was proportional to the transverse energy ET =
E sin θ recorded by the detector. The detector trigger
was adjusted at a level of 1.1 GeV in the run of 1999
and at a level of 1.4 GeV in the runs of 2000.

For electronics of the pulse-height analysis, we
used 12-bit analog-to-digital converters (P-267)
[13]. The data were read out by a computer based on
the MC68030 processor and controlled by the OS-9
real-time operating system and were then transferred
by a local network to an individual computer in order
to perform on-line processing and to log them on
a magnetic tape. With allowance for the efficiency
of the data-acquisition system, about 300 events
were recorded per accelerator cycle. In all, about 100
million events were obtained over 30 days of data
accumulation.

2. DATA ANALYSIS AND RESULTS

Analyzing our experimental data, we selected,
among all of the recorded photons, those whose
energy ranged between 0.5 and 3.5 GeV. The mean
multiplicity of recorded photons was about 1.3.
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Fig. 3. Mass distribution of photon pairs recorded in the
EMC-720 electromagnetic calorimeter. The distribution
is approximated by a Gaussian and a polynomial of third
degree (solid curve). The dotted curve represents the
background in the region of the π0-meson mass peak,
while the shaded area corresponds to the Gaussian func-
tion describing the π0 mass distribution.

2.1. Simulation of an Electromagnetic Shower
in the Calorimeter

To test the algorithm for reconstructing photons
and π0 mesons, the development of electromagnetic
showers in lead glass was simulated on the basis
of the GEANT 3.21 code [14]. In the simulation of
Cherenkov light, we took into account the effects
caused by its propagation through matter and its
reflection from the surface of the crystal wrapped
with a Mylar film, as well as the quantum properties
of PMT-84/3 photomultiplier tubes. The number of
photoelectrons was about 1000 GeV−1, which corre-
sponds to experimental data obtained for this type of
glass [15].

The simulation revealed that a substantial fraction
of energy (up to 20%) was lost in recording low-
energy photons mainly because of the detection
threshold of the electronics. Figure 2 shows the
ratio of the recorded energy to the true energy. It
can also be seen from this figure that the efficiency
of electromagnetic-shower reconstruction in the
calorimeter without the background is close to 100%
for energies above 0.8 GeV and exceeds 80% at an
energy of 0.5 GeV.

2.2. Properties of Reconstructed Neutral Pions

Corrections to the shower energy that were ob-
tained in the simulation permitted us to take into ac-
count the energy losses and to reconstruct the energy

and the mass of π0 mesons correctly. Figure 3 shows
the mass distribution of a photon pair, its width σm

being about 15 MeV/c2.

The chosen geometry and trigger made it possible
to record π0 mesons in the target-fragmentation re-
gion for transverse momenta in excess of 0.5 GeV/c.
Figure 4 shows the distribution of photon pairs in the
region of the π0-meson mass versus some kinemat-
ical variables. The correlation between pT and xF is
clearly seen in this figure.

2.3. Algorithm for Calculating Single-Spin
Asymmetry

The single-spin asymmetry AN observed physi-
cally is defined as

AN (xF, pT ) (2)

=
1

Ptarg

1
〈cos φ〉

σH
↑ (xF, pT ) − σH

↓ (xF, pT )

σH
↑ (xF, pT ) + σH

↓ (xF, pT )
,

where Ptarg is the target polarization, cos φ is the
cosine of the azimuthal angle between the target-
polarization vector and the normal to the plane
spanned by the beam axis and the momentum of the
outgoing π0 meson, and σH

↑ and σH
↓ are the cross

sections for π0-meson production on hydrogen for
opposite directions of the target polarization. In our
case, π0 mesons were recorded at an azimuthal angle
in the range 180◦ ± 15◦; therefore, cos φ was set to
−1.

The raw asymmetry Araw
N actually measured in our

experiment for the detector placed to the right of the
beam axis is related to AN by the equation

AN =
D

Ptarg
Araw

N =
D

Ptarg

n↓ − n↑
n↓ + n↑

, (3)

where D is the target-dilution factor and n↓ and n↑
are the normalized (to the monitor) numbers of π0

mesons produced on the propanediol target for oppo-
site directions of the polarization vector.

The number of particles that traversed the setup
target was used as a monitor with allowance for
the efficiency of the hodoscopes—that is, with al-
lowance for the number of triggers T0 formed upon
a simultaneous actuation of the telescope consisting
of three scintillation counters and each plane of the
hodoscopes.

In measuring the asymmetry, there can arise
an additional instrumental asymmetry caused by
trigger-electronics jitter, failures of the monitor coun-
ters, and other reasons. As a consequence, the
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Fig. 4. (a) Transverse-momentum (pT ) and (b) xF distributions of photon pairs and (c) pT as a function of xF in the region of
the π0 meson mass according to measurements with EMC-720 during the run in the fall of 2000. The efficiency of π0-meson
reconstruction is not taken into account in the displayed distributions.

measured asymmetry is a sum of the real and the
instrumental asymmetry (Abackgr); that is,

Ameas
2γ = kAreal

π0 + Abackgr, (4)

where k is the relative number of π0 mesons, which
depends on the photon-pair mass. In order to remove
this systematic bias of the asymmetry, we developed a
method based on the assumption that the background
asymmetry is zero. By the background asymmetry
Abackgr, we mean the asymmetry of photon pairs off
the region of the π0-meson mass peak. This assump-
tion is based on the results of the PROZA-M and
E-704 experiments performed previously. The asym-
metry AN for photon pairs off the π0-meson mass
region was AN = (−1.0 ± 0.8)% in the E704 exper-
iment [16] and (0.04 ± 0.4)% in the raw data of the
PROZA-M experiment, where it was averaged over
the range 1.8 < pT < 3.2 GeV/c. In our calculation,
we set the background asymmetry to zero, disregard-
ing the uncertainty in the measurements.

In order to suppress systematic uncertainties as-
sociated with the instability of electronics operation,
the data from counters that were actuated much more
often, on average, than neighboring ones at least in
one of the event sets (hot counters) were excluded
from the analysis of the whole statistics. Hot coun-
ters were tested over three-hour intervals. In all, two
groups of 16 counters, each corresponding to two
analog-to-digital converters and nine separate coun-
ters were discarded. It should also be noted that we
selected only clusters described by an electromag-
netic shower of shape known from the experimental
data.

Figure 5 shows an example illustrating the cal-
culation of the asymmetry Araw

π0 . The asymmetry is
derived as the ratio of the difference of the normalized

numbers of photon pairs as a function of their mass
for two opposite directions of the target polarization

vector to the sum of these numbers,
n↓ − n↑
n↓ + n↑

. The

background asymmetry Abackgr is fitted off the region
of the mass peak. The resulting value is subtracted,
at each point, from the measured asymmetry Ameas

2γ .
In this way, we obtained the raw asymmetry Araw

N (2γ)
as a function of mass. The resulting distribution was
fitted with allowance for the weight factor k for π0

mesons at each point of the mass spectrum.
The systematic error of this method is determined

primarily by the statistics of photon pairs off the re-
gion of the π0-meson mass and, for different intervals
of xF, is 50 to 100% of the statistical uncertainty in
assessing the number of π0 mesons. In the results
presented in this article, we took into account both
the statistical and the systematic uncertainty.

2.4. Analysis of the Spurious Asymmetry

The spurious asymmetry is caused by a drift of the
calorimeter-energy scale and by the respective inac-
curacy in reconstructing the kinematical parameters
of the photon pair. The cross section for the inclu-
sive production of π0 mesons depends greatly on pT .
Therefore, a 1% difference in the energy scale of the
detector between the data for positive and negative
target polarizations leads to a spurious raw asymme-
try on the order of 2%—that is, to a spurious asym-
metry of 20% upon taking into account the dilution
factor. In our case, the instability of the calorimeter
energy scale was below 0.1%. Thus, the spurious
asymmetry caused by the instability of the energy
scale was below 0.2% for the raw asymmetry and
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Table 1. Dilution factor versus the transverse momentum

pT [GeV/c] 1.3 1.5 1.7 1.9 2.1 2.3 2.5 2.8

D from [17] 8.0 ± 1.0 8.1 ± 1.2 8.1 ± 0.7 8.2 ± 0.9 8.8 ± 1.3 9.2 ± 1.6 9.5 ± 2.0 10.1 ± 2.5

2% for the quantity under study (the dilution factor
and target polarization D/Ptarg ∼ 10 were taken into
account).

In order to estimate the spurious asymmetry, the
total data set obtained for the same direction of the
target polarization vector was broken down into two
equal subsets, and the asymmetry for these subsets
was determined (opposite signs of target polarization
were arbitrarily assigned to these subsets). Figure 6
shows the result calculated for the spurious asymme-
try in one of the three experimental runs. The spurious
asymmetry is zero within the errors. The same result
was obtained for the other experimental runs as well;
however, the uncertainties are rather large. In order
to be sure that the data obtained in the different
measurements are consistent, we compared the re-
sults on the asymmetry from the three experimental
runs performed in different periods. The results are in
agreement within the errors.

2.5. Determination of the Dilution Factor

In order to calculate the physically observed asym-
metry AN on the basis of Eq. (3), it is necessary
to determine the target-dilution factor. For this, we
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Fig. 5. Raw asymmetry Araw as a function of the photon-
pair mass (upper panel) and result obtained upon sub-
tracting the background asymmetry (lower panel). The
curve represents a fit to the background asymmetry—that
is, for photon pairs off the π0-meson mass peak.

must know the composition of the target material (in
percent). Interactions can also occur on the target
iron walls 0.3 mm thick. The cross section for the
production of charged π mesons is proportional to
Aα, with α lying in the range between 0.85 and 1.2
for pT > 1 GeV/c [18]. According to our calculations,
the dilution-factor value must range between about 8
and about 10.5 if the transverse momentum pT varies
between 1 and 3 GeV/c. To test the calculations,
we used the results of dedicated measurements from
previous runs [17] with an empty target and with
a carbon equivalent of our target. The effect for an
unpolarized propanediol target was determined as the
mean effect for two orientations of the target polariza-
tion vector. Table 1 summarizes the data from these
measurements. It should be noted that our study is
performed with the same polarized target from the
same material. In 1996, we also measured the di-
lution factor, but on the basis of scarcer statistics.
The results were D = 8.4 ± 1.2 and D = 9.2 ± 1.5 at
pT ∼ 1.8 GeV/c and pT ∼ 2.1 GeV/c, respectively,
these values being in agreement with previous results.
We adopted the value of D = 8.1 for our calculations.

2.6. Measurements of the Asymmetry

Figure 7 and Table 2 display the ultimate results
with allowance for the dilution factor and the target
polarization. In the calculation of the physically ob-
served asymmetry AN , the uncertainties in the di-
lution factor D and in the target polarization (about
10%) were disregarded.
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Fig. 6. Spurious asymmetry as a function of xF in the
spring run of 2000.
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The asymmetry proves to be AN = (−13.8 ±
3.8)% in the range −0.8 < xF < −0.4 and is close
to zero in the range −0.4 < xF < −0.1.

3. DISCUSSION

3.1. Comparison with Other Experimental Data

The asymmetry of inclusive π0 production in
the polarized-particle-fragmentation region was also
measured in experiments at FNAL (E-704) and BNL
[19] at, respectively, 200 GeV and 20 TeV in the
target rest frame (the latter energy value was rescaled
from the c.m. energy of two 100-GeV beams of the
RHIC collider to the beam energy in the laboratory
frame). Table 3 summarizes the results of the three
experiments in the polarized-particle-fragmentation
region.

In all of the experiments, the absolute value of
the asymmetry grows with increasing |xF|, reaching

Table 2. Asymmetry in the reaction π− + p↑ → π0 + X at
a beam momentum of 40 GeV/c versus xF

〈xF〉 〈pT 〉, GeV/c AN , %

–0.133 0.8 0.4 ± 1.4

–0.258 1.1 −3.3 ± 2.4

–0.353 1.3 −1.0 ± 3.9

–0.446 1.5 −12.7 ± 4.8

–0.54 1.65 −14.4 ± 7.2

–0.69 1.8 −18.3 ± 11.9

a value of 10 to 15% at high values of |xF|. There-
fore, we can conclude that the asymmetry of inclu-
sive π0-meson production in the polarized-proton-
fragmentation region is virtually independent of en-
ergy in the range 40–20 000 GeV in the laboratory
frame. The measured analyzing power is rather high
in the reaction being studied (10–15%), and the cross
section for π0 production is quite large. Thus, this
reaction can be used to measure the polarization of
proton beams.

The asymmetry AN in the central π0-production
region of the reaction π− + p↑ → π0 + X was pre-
viously measured with the PROZA-M setup at
40 GeV/c [17]. In that case, the asymmetry grew
in magnitude with increasing pT , reaching a value
of −30%. If the asymmetry was approximated by a
linear function, it intersected the abscissa at p0

T =
1.67 ± 0.09 GeV/c. In order to compare our new data
with the results from [17], we plotted the asymmetry
versus the π0-meson energy in the c.m. frame, E.
The asymmetry begins to grow in magnitude at p0 =
1.75 ± 0.2 GeV/c (Fig. 8). The measurements in [17]
were carried out at an angle of 90◦ in the c.m. frame;
therefore, the transverse momentum pT there was

Table 3. Data from different experiments on the asymmetry
AN measured in the polarized-proton-fragmentation re-
gion for 1 < pT < 2 GeV/c

Experiment |AN |, %

E-704, FNAL [3] 12.4 ± 1.4

STAR, BNL [19] 14 ± 4

Present experiment 13.8 ± 3.8
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virtually coincident with the π0-meson momentum
in the c.m. frame. Thus, we can see that, in the two
kinematical regions, the asymmetry begins growing
in magnitude at the same π0-meson energy in the
c.m. frame.

3.2. Mechanism of Asymmetry Generation
within Various Theoretical Models

The pQCD model predicts zero asymmetry. In or-
der to explain the observed high single-spin asymme-
try, Sivers [20, 21] introduced an additional internal
transverse momentum kT of quarks in the parton dis-
tributions within polarized nucleons. Collins [22] as-
sumed that an additional transverse momentum ap-
pears in the fragmentation functions Dπ/c. Thus, the
single-spin asymmetry appears because of the spin
dependence of initial-state interaction in the Sivers
model and because of the spin dependence of final-
state interaction in the Collins model. Figure 7 shows
Anselmino’s predictions for the single-spin asym-
metry AN in the reaction π− + p↑ → π0 + X within
the Collins model [23] (solid curve). His predictions
within the Sivers model deviate only slightly from this
curve.

Efremov and Teryaev [24, 25] proposed taking
into account the contribution of higher twists or
the quark–gluon correlation, which reflects quark
interaction with a hadron color field [26, 27]. The
predictions of Qiu and Sterman [28] within this model
also adequately describe the experimental data in the
polarized-particle-fragmentation region.

A high-asymmetry generation can also be associ-
ated with the orbital angular momentum of quarks.
Troshin and Tyurin [29] formulated a quark model

within the U-matrix approach where the main con-
tribution to the asymmetry comes from the orbital
angular momentum of current quarks inside a con-
stituent quark. For the reaction being studied, Fig. 7
shows the asymmetry values predicted within the U-
matrix quark model [30] (dotted and dashed curves).

Ryskin [31] proposed a model where the asymme-
try arises owing to the interaction of the quark chro-
momagnetic moment with a chromomagnetic field.
Using Ryskin’s basic idea, Abramov [32] put forward
his own model, which also describes the data in ques-
tion quite well.

The basic models are reviewed in [33–35].

The results on the asymmetry in inclusive π-
meson production that were obtained in the PROZA
(IHEP) [17] and E-704 (FNAL) [3] experiments
gave impetus to the development of these models.
The parameters of the models were chosen in such
a way as to describe well the results of the E-704
experiment. Since the data presented in this article
are similar to those obtained in the E-704 experiment,
they are in good agreement with the predictions of the
theoretical models.

We also note that the gluon component makes a
large contribution to the cross section in the region
of small |xF|; therefore, the asymmetry must be small
in the region |xF| < 0.4 because the transverse gluon
functions depend only slightly on the proton polariza-
tion.

4. CONCLUSIONS

The basic results of our study are the following.
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(i) The asymmetry in inclusive π0 production has
been measured for the first time in the polarized-
target-fragmentation region. The asymmetry mea-
sured in the reaction π− + p↑ → π0 + X is AN =
(−13.8 ± 3.8)% in the range −0.8 < xF < −0.4 for
pT values ranging between 1 and 2 GeV/c.

(ii) The asymmetry is close to zero in the range
−0.4 < xF < −0.1 for pT values between 0.5 and
1.5 GeV/c.

(iii) Within the uncertainties, the asymmetry mea-
sured in our experiment for |xF| > 0.4 is consistent
with the results of the measurements performed at
FNAL (E-704, 200 GeV) and BNL (20 TeV in
the rest-target frame) in the polarized-proton-beam
fragmentation region at the same values of |xF|.
Therefore, it has been established in a fixed-target ex-
periment that the asymmetry arises in the polarized-
proton-fragmentation region and is independent of
whether this proton is a beam or a target particle.

(iv) Inclusive π0-meson production in the polari-
zed-proton-fragmentation region is a new reaction
for polarimetry, the experimentally established ana-
lyzing power being about 10 to 15%.

(v) From a comparison with the asymmetry mea-
sured at an angle of 90◦ in the c.m. frame, it follows
that the absolute value of the asymmetry in the re-
action π− + p↑ → π0 + X at 40 GeV begins growing
at the same value of the π0-meson momentum in the
c.m. frame for two different kinematical regions, this
value being p0 ≈ 1.7 GeV/c.

(vi) The existing theoretical models describe well
the experimental data in question.
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L. Mankiewicz, Phys. Lett. B 321, 121 (1994).

28. J. Qiu and G. Sterman, Phys. Rev. D 59, 014004
(1999).

29. S. M. Troshin and N. E. Tyurin, Phys. Rev. D 52, 3862
(1995); 54, 838 (1996).

30. S. M. Troshin, private communication.
31. M. G. Ryskin, Yad. Fiz. 48, 1114 (1988) [Sov. J. Nucl.

Phys. 48, 708 (1988)].
32. V. V. Abamov, Preprint No. 98-84, IHEP (Protvino,

1998); V. V. Abramov, Eur. Phys. J. C 14, 427

(2000); hep-ph/0110152; Preprint No. 2001-13,
IHEP (Protvino, 2001); hep-ph/0111128.

33. Zuo-tang Liang and C. Boros, Int. J. Mod. Phys. A
15, 927 (2000); hep-ph/0001330.

34. M. Anselmino, Lectures at Advanced Study Insti-
tute on Symmetries and Spin (PRAHA SPIN 2001),
Prague, 2001; hep-ph/0201150.

35. M. Anselmino et al., Talk at 3rd Circum-Pan-Pacific
Symposium on High-Energy Spin Physics (SPIN
2001), Beijing, China, 2001; hep-ph/0201076.

Translated by E. Kozlovsky

PHYSICS OF ATOMIC NUCLEI Vol. 67 No. 8 2004


