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A selection of dp-elastic scattering events at energies of 1.6 and 2.0 GeV by using scintillation
counters has been performed. The procedure of the CH2ÄC subtraction has been established. The
dependence of the elastic events yield on the ˇlter thickness has been investigated. This method can be
used to develop the efˇcient high-energy deuteron beam polarimetry.
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INTRODUCTION

The investigations with the use of high-energy polarized deuteron beams proposed at
different facilities require the efˇcient polarimetry at these energies to deduce values of
polarization observables reliably. However, only some reactions can be used to provide
efˇcient polarimetry of high-energy deuteron. Since deuteron is a spin-1 particle, deuteron
beam has vector and tensor polarizations. The polarimetry should have a capability to
determine both components of polarization, if possible, simultaneously.

The polarimeters based on deuteron inclusive breakup with the proton emission at zero
degree [1] and pp-quasi-elastic scattering [2] are currently used at LHEP-JINR Accelerator
Complex to provide the polarimetry of the deuterons at high energies. But these analyzing
reactions cannot be used for the simultaneous measurements of the tensor and vector polar-
izations of the beam, because deuteron inclusive breakup at zero degree and pp-quasi-elastic
scattering have no vector and tensor analyzing powers, respectively.

The dp-elastic scattering has been successfully used for the deuteron polarimetry at RIKEN
at a few hundreds of MeV [3] and at polarimeter ALPHA (LHE, JINR) [4]. This reaction has
several advantages as a beam-line polarimetry over the others. Firstly, both vector and tensor
analyzing powers have large values. Secondly, a kinematical coincidence measurement of
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deuteron and proton with simple plastic scintillation counters sufˇces for event identiˇcation.
The same polarimeter for higher energies has been proposed [5], constructed and calibrated
at 880 MeV [6] at the Internal Target Station at the Nuclotron.

The goal of the present investigation is to study the possibility to use high-energy dp-elastic
scattering at forward angles with the selection by means of the kinematical coincidences of
deuteron and proton with simple plastic scintillation counters for extracted beam polarimetry
at the Nuclotron.

1. DEUTERONÄPROTON ELASTIC SCATTERING EVENTS SELECTION

The schematic view of the experiment at extracted beam of the Nuclotron is shown
in Fig. 1. The setup consists of two scintillation detectors based on PMT-85 photomulti-
plier tubes. Measurements were performed using deuteron beam of 2.0 and 1.6 GeV and

Fig. 1. Schematic view of the experiment. P Å proton detector, D Å deuteron detector

Fig. 2. The results obtained at 2.0 GeV deuteron beam on polyethylene target: a) deuteron energy

losses; b) proton energy losses; c) correlation of proton and deuteron energy losses; d) time difference

between the signals for deuteron and proton detectors
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Fig. 3. The selection of the dp-elastic scattering events by the energy losses correlation (a) and time

difference (b) after appying of the energy losses correlation criteria

Fig. 4. The results obtained at 2.0 GeV deuteron beam on carbon target: a) deuteron energy losses;

b) proton energy losses; c) correlation of proton and deuteron energy losses; d) time difference between

the signals for deuteron and proton detectors
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polyethylene and carbon targets. The deuteron detector was placed at 8◦ lab for the energy
1.6 GeV, the proton detector was placed in the kinematical coincidence.

The amplitudes of the signals and timing information from both the P and D detectors were
recorded for each event. The distributions of the amplitudes for scattered deuterons and recoil
protons for polyethylene target are presented in Figs. 2, a and b, respectively. The correlation
of the amplitudes and time difference are shown in Figs. 2, c and d, respectively. One can see
a clean correlation between the amplitudes from P and D detectors and a well-pronounced
peak in the time difference spectrum corresponding to the dp-elastic scattering events.

Fig. 5. Time difference spectra obtained on polyethylene (a) and carbon (b) targets

Fig. 6. Time difference distribution for dp-elastic events obtained from CH2ÄC subtraction at a deuteron

energy of 1.6 GeV
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Fig. 7. Time difference distribution for dp-elastic events obtained from CH2ÄC subtraction at a deuteron
energy of 2.0 GeV

The selection of the dp-elastic scattering events was done by applying the criteria on the
signal amplitudes correlation from the deuteron and proton detectors (see Fig. 3, a). Criteria
select high-energy scattered deuterons with low energy losses and slow recoil protons with
high energy losses, respectively. This allows one to reduce signiˇcantly background in the
time difference spectrum shown in Fig. 3, b.

The measurements on carbon target were also performed to estimate the carbon contribu-
tion from polyethylene target. The corresponding distributions of the amplitudes for scattered
deuterons and recoil protons, the correlation of the amplitudes and time difference are shown
in Fig. 4. One can see that the distribution for recoil proton energy losses for d+C interaction
is much wider than for d + CH2 scattering.

The time differences for P and D detectors for polyethylene and carbon targets after apply-
ing the graphical cut on the amplitudes correlation are shown in Figs. 5, a and b, respectively.
The relative normalization of the spectra was obtained from the ratio of the background
events placed on the left and right from the peak. For this purpose the time difference spectra
in Fig. 5 were ˇtted by the sum of Gaussian and constant. The ratio of the obtained constants
was considered as a normalization factor.

The results of the CH2ÄC subtraction of the time difference spectra for 1.6 and 2.0 GeV
are presented in Figs. 6 and 7, respectively. The lines correspond to the prompt time windows
for dp-elastic events. The background placed outside of the window is about 3% from the
peak height.

2. DEPENDENCE OF THE YIELD ON THE FILTER THICKNESS

The dependence of the dp-elastic events yield on the lead ˇlter thickness has been inves-
tigated using 1.6 GeV deuteron beam and polyethylene target. The thickness of the Pb ˇlter
placed in front of the P detector was 0, 2, 4 and 6 mm.
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Fig. 8. Relative yield of selected dp events as a function of the ˇlter thickness: � Å criteria A; � Å
criteria A+ B; � Å criteria A+B with the background subtraction (curves are presented for better

visualization)

The selection of the dp-elastic events has been performed in three stages. At the ˇrst stage
the events were selected using amplitude criteria on the protonÄdeuteron energy losses correla-
tion only (criteria A). At the second stage, additionally the prompt time window (between 520
and 620 bins) was imposed on the time difference spectra (criteria B). Finally, background
events under time difference peak were subtracted. The estimation of the background was
done from the events placed on the left and right from the peak in time difference spectra.

The results of the ˇlter thickness studies are presented in Fig. 8 as a function of the
selected events yield normalized to the monitor value on the ˇlter thickness. The symbols
�, �, � are the data obtained by applying the criteria A only, A+B and A+ B with the
background subtraction, respectively.

The applied criteria do not remove completely the background from the carbon content
of CH2. However, one can see that the use of 2 mm Pb degrader allows one to increase the
relative yield of events useful for polarimetry.

CONCLUSIONS

The following results have been obtained:
The possibility of the dp-elastic scattering events selection at high energies and small

scattering angles by using scintillation counters techniques has been demonstrated for the ˇrst
time. This method can be used for the high-energy deuteron beam polarimetry.

The dependence of the events useful for the polarimetry on the Pb ˇlter thickness has
been investigated. It is shown that the use of degrader can allow one to increase the yield of
useful events.
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