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Abstract—The deuteron beam vector polarization was obtained at the Nuclotron Internal Target Station using
proton-proton quasielastic scattering on the polyethylene target at the beam energies of 200, 500, 550, and
650 MeV/nucleon. The proton beam polarization was obtained at the beam energy of 500 MeV. The selection
of useful events was performed using the time and amplitude information from the scintillation counters and
the subtraction of the carbon background, both for the deuteron and proton beams.
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INTRODUCTION

Experiments to study proton-proton and deuteron-
proton scattering are fundamental for understanding
of the nucleon-nucleon interaction. At the same time,
the study of spin effects at accelerators requires con-
tinuous monitoring of the beam polarization during
the experiments. For this purpose, the polarimeter
based on the asymmetry measurement of the deu-
teron-proton elastic scattering has been developed and
installed at the Nuclotron Internal Target Station [1].
This polarimeter is designed to measure vector and
tensor polarization of a deuteron beam using polyeth-
ylene and carbon targets.

The part of the detectors of this polarimeter was
used to carry out tests of another classical method of
the beam polarization measurement, which uses the
asymmetry of quasielastic proton-proton scattering
[2]. The comparison of the analyzing power of elastic
and quasi-elastic pp-scattering shows that they are the
same within achieved experimental accuracy over a
large energy range [3]. This allows one to measure
both the polarization of the proton beam and the vec-
tor polarization of the deuteron beam, since the
counters are installed in accordance with pp-elastic
scattering kinematics.

The purpose of this article is to present the data on
the measurements of the vector polarization of the

deuteron beam at different energies using the asym-
metry of the pp-quasielastic scattering and the polar-
ization of the proton beam at the energy of 500 MeV
using pp-elastic scattering.

EXPERIMENT AND EVENT SELECTION
The beams of polarized deuterons and protons for

Nuclotron were provided by the source of polarized
ions [4]. Three spin modes of the source were used for
the deuteron beam: unpolarized, “2-6” and “3-5”,
with maximum theoretical values ( , ) = (0, 0),
(+1/3, +1), and (+1/3, –1), respectively. Two spin
modes of the source were used for the proton beam:
unpolarized and “1-3” with maximum theoretical val-
ues ( ) = (0), (+1). The spin modes were changed
one by one from cycle to cycle. The polarization quan-
tization axis was perpendicular to the plane of the
Nuclotron ring. Polarization of the deuteron beam
was also measured regularly during the experiment
using dp-elastic scattering at the beam energy of
135 MeV/nucleon [5].

The internal target station was a spherical vacuum
chamber with the target changing system [6]. The disk
with various targets was fixed inside the chamber on
the axis of the stepper motor. During beam accelera-
tion, the disk was turned with an empty place, and
upon reaching the required energy, the desired target
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Fig. 1. Vector polarization values of the deuteron beam for the “2-6” and “3-5” spin modes of the source of polarized ions are
shown in the left and right panels, respectively. Values obtained in the present work are shown using by the filled symbols. The lines and
symbols are described in the text.
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has been brought into the ion tube. For the experi-
ment, the polyethylene film with a thickness of 10 m
was used. The target consisting of 10 twisted carbon
filaments, each 8 m thick, was used to evaluate the
background from carbon contained in polyethylene.
The procedure of the carbon background subtraction
is described more detailed in [7].

Secondary particles from the interaction of the
beam with the target were detected by the scintillation
counters. In the present experiment, 22 scintillation
counters were used. Two additional counters were set-
tled at 90° in c.m.s. to make the luminosity monitoring
be insensitive to the vector polarization. Events in the
experiment were detected by pairs of counters,
installed in accordance with the kinematics of pp-elas-
tic scattering. Useful events were identified using cri-
teria for the time-of-flight difference and the energy
losses correlation in the kinematically coupled scintil-
lation detectors, as well as taking into account the
position of the interaction point [8].

RESULT

Comparison of the polarization values for the deu-
teron beam, averaged over the angles, with the results
obtained at the energy of 135 MeV/nucleon [5] is pre-
sented in Fig. 1. Vector polarization values of the deu-
teron beam for the “2-6” and “3-5” spin modes of the
source of polarized ions [4] are shown in the left and
right panels, respectively. Values obtained in the present
work are shown using by the filled symbols: —500,

—650, —550, —200 MeV/nucleon. The polariza-
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tion values obtained using dp-elastic scattering at the
energy of 135 MeV/nucleon [5] are shown by empty
symbols. Only statistical errors are indicated. Solid line is
the weighted average of the dp-elastic polarization values.
The dashed lines correspond to ±1  from the data
obtained using dp-elastic scattering.

Polarization values of the proton beam are shown
in Fig. 2 using by the filled symbols. The values for
“unpolarized” and “1-3” modes of the ion source are
shown in the left and right panels, respectively. The
solid lines correspond to the weighted averaged polar-
ization values. The errors of weighted averaged values
are shown by the dashed lines.

Beam polarization was calculated using the analyz-
ing power values of pp-elastic scattering obtained by
fitting the world data with a third degree polynomial.
The values were calculated for each angle in c.m. sep-
arately, then weighted averaged to obtain the values for
the given energy.

CONCLUSIONS
The results obtained in the present work are in

agreement with the polarization measured using the
asymmetry of the dp-elastic scattering [5]. The values
for the proton beam also show that the source of polar-
ized ions is durable for spin physics studies.

The experiment was carried out in 2016–2017 at
the internal target of the Nuclotron, LHEP JINR
main facility. Quite a large statistical uncertainty at
some energies was a consequence of the fact that the
experiment was carried out in the test mode and there
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Fig. 2. Vector polarization values of the proton beam for the “1-3” and “unpolarized” spin modes of the source of polarized ions
are shown in the left and right panels, respectively. Obtained values are shown using by the filled symbols. Lines are described in
the text.
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was not have enough time to collect the data. It is
planned to improve the accuracy of measurements of
the polarization and analyzing power by increasing the
angular range of measurements and the statistics in
future studies with polarized beams of protons and
deuterons [9].
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