
RU0010090

Polarimeter for the Deuteron Beam at the JINR
Synchrophasotron

A.N.Prokofiev, V.V.Vikhrov, A.A.Zhdanov
Petersburg Nuclear Physics Institute, Gatchina, 188350, RUSSIA

L.S.Azhgirey, N.M.Piskunov, G.D.Stoletov
JINR, Dubna, Moscow Region, 141980, RUSSIA

F.Lehar
DAPNIA, CE Saclay, 91191 Gif-sur-Yvette, FRANCE

ABSTRACT

The method and device for deuteron beam polarization monitoring and measurement are presented.
For this goal the measurement of quasielastic proton-proton scattering at a hydrogen containing
target (CH2) was used. The measured proton polarization is directly related to the polarization of
the stripped neutrons and to the vector polarization of the extracted deuteron beam. The polarimeter
was investigated at the deuteron beam with the intensity of about 2 • 109 particle per spill and in the
beam momenta region from 3.0 to 9.0 GeV/c. The presented method is faster than the earlier used
measurements of the asymmetry of elastic p-d scattering and allows to obtain the information on the
beam polarization practically on-line .

Introduction
The measurement of the difference of np-scattering total cross-sections (Aa^iip))

in pure longitudinal spin states1 was carried out at the polarized deuteron beam of
JINR Synchrophasotron. New beam polarimeter, based on the measurement of the
quasielastic pp-scattering asymmetry, was installed at the extracted beam line to con-
trol the stability of the beam polarization and to measure the value of deuteron vector
as well as proton polarizations. This method was used earlier at SATURNE II po-
larized deuteron beam2'3 in the energy region 7j < 2.3 GeV. It is based on the fact
that the polarizations of protons and neutrons in the deuteron are equal. It is also
assumed that in the kinematical and energy range of the experiment the asymmetry
for quasifree scattering on polarized nucleons in deuterons is the same as for free po-
larized protons. This condition is trivially satisfied if there's no difference in analyzing
power for scattering of free nucleons and of quasifree nucleons in deuteron. This is in
fact found to be the case for pp-scattering in the region up to ~ 1 GeV per nucleon.
After dividing the asymmetry t^p measured in experiment , by analyzing power for
scattering of free protons we can obtain a value of the polarization of protons into the
deuteron which is expected to be close to the value of deuteron vector polarization'1.
The latter was independently checked in our experiment by means of measurement of
the dp elastic scattering asymmetry5.

The main equations which describe the process of elastic nucleon-nucleon scattering
are presented below:
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(PT + PB)PPP + CNNPBPT], (1)

where Pj and PB are the target and beam polarizations and Ppv is the pp-elastic
scattering analyzing power (polarization).

If PT — 0, which is true in our case,

£ p p W = = P P ^ (2)

and

The main advantages of the used method are:

1. The possibility of the on-line measurement of the stability of the deuteron beam
polarization during the whole run.

2. The calculation of the beam polarization needs the information on the values of Ppv

only. The last one was carefully measured many times and can be extracted from
the results of these measurements as well as from phase shift analysis calculation
with the high precision6'7.

3. The measurement of the polarization of the quasielastic scattered protons allows
to measure directly the polarization of the proton inside the deuteron which has
to be equal to the polarization of the neutrons.

Experimental setup, results and discussion

The polarimeter was installed at the extracted polarized deuteron beam of JINR
synchrophasotron at F4 area. It consisted of eight scintillation counters C\ — Cg and
detected the scattered and recoiled particles from hydrogen containing target. The
fourfold coincidences defined the right and left scattering events. The arms of the po-
larimeter were installed at the angles corresponding to the elastic pp-scattering kine-
matics. The CH2 and carbon targets were used. The thickness of the CH2 target
along the beam was 5mm; the thickness of C target was chosen taking into account
contamination of the carbon into CH2 target. The experimental setup is presented in
Fig.l. The main parameters of the polarimeter are listed below:

Polarimeter main parameters

Distance to the determining counters
Size of the determining counters
Angular resolution
Solid angle

L
Sci,s
A0
u>

188 cm
5 x 5 cm2

1.5"
7 • 10"4
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Fig. l . Schematic layout of the polarimeter

The measurements were carried out at four polarized deuteron beam momentum
values (3.0, 3.84, 6.64, and 9.00 GeV/c). The last of these momenta corresponds to
the proton energy of 3.66 GeV which is considerably higher than the energy where
the quasielastic pp-scattering was used before for polarization measurement. The po-
larimeter was settled at 8°ab for the two higher momenta and at 14°a(, for the two
others. The chosen angles correspond to the maximum values of pp-elastic scattering
analyzing power6'7. The right-left and up-down asymmetries (the latter for both arms
of polarimeter) were measured at transversely polarized deuteron beam with up- and
down-oriented vector polarization. Obtained results are shown in Fig.2 where pre-
sented is the correlation of normalized number of events per spill for left and right
polarimeter arms for both orientations of the beam polarization. The events in the
region close to the left corner belong to the pp-quasielastic scattering at carbon nuclei.
Fig.3 presents the left-right asymmetry from quasielastic pp-scattering at the same
beam. Both figures display data at Tp = 2.5 GeV.

Numerical results of our measurements are collected in Tab.l. The good agreement
of the results for left-right and up-down ; asymmetry is found and gives evidence of
the low instrumental asymmetry of our measurement. The last column of the table
presents the result of proton beam polarization calculation. The results of PB at
ppp = 1.5; 1.92 GeV/c were corrected for asymmetry due to pp-quasifree scattering
from carbon using the R.ef.3 results for this correction. The independent measurements
at C target were not carried out during the run.

Table 1. Asymmetry (left-right and up-down) for quasielastic pp-scattering

W(GeV/c) || Tp(GeV)

3.00
3.84
6.64
9.00

0.83
1.20
2.51
3.66

Kb
14
14
8
8

e'r

0.246±0.016
0.2201±0.0015
0.1435±0.0015
0.0801±0.0022

0.2227±0.0015
0.1432±0.0015
0.0813±0.0020

PB

0.58
0.60
0.58*
0.50*

1 the asymmetry from scattering on carbon was not subtracted.
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The independent estimation of the beam vector polarization was made at pd =
3.84 GeV/c using the measurement of pd-scattering asymmetry. Obtained values are
0.53 ±0.03 and 0.54±0.03 for different signs of the beam vector polarization. The small
discrepancy between these numbers and our data presented above is under discussion.
As one of the possible reasons for it, the precision of used pd-analyzing power data
could be mentioned.

{N/M)R

0.2 0.3

Fig.2. Correlation of the normalized event numbers for left and right polarimeter
arms. Data from quasielastic pp-scattering at T, = 2.5 GeV and CH% target for

deuteron beam with up- and down-oriented vector polarization.
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Fig.3. Left-right asymmetry from quasielastic pp-scattering for deuteron beam with
up- and down-oriented vector polarization.
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The measurements of asymmetry of pp-quasielastic scattering were carried out dur-
ing the whole A<T/,(rcp) experiment. The data on the stability of the deuteron beam
polarization were obtained for three different beam momenta. The polarization 'his-
tory' of this run is presented in Fig.4 depending the record numbers. As the result ,the
highest level of the pp-scattering asymmetry instability can be estimated as At < 0.01.
This estimation corresponds to the polarization instability less than 0.04 for the proton
(or neutron) beam polarization at Tp = 2.5 GeV during the run.
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Fig.4. Beam polarization monitoring (history) of the A<7/,("p) measurement at JINR.

Summary.

The on-line polarimeter for monitoring and measuring the vector polarization of
polarized deuteron beam was installed and tested at JINR synhrophasotron. It was
shown that the polarimeter based on the measurements of quasielastic pp-scattering
asymmetry can be successfully used in the momentum region up to pj = 9 GeV/c.
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