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POLARIZATION TRANSFER IN THE 12C( p’)X REACTION
FOR DEUTERON MOMENTA BETWEEN 5.8 AND 9.0 GeV/c

L.S.Azhgirey, A.P. Kobushkm B. Kuehn, V.P.Ladygin, P.K. Manyakov,
S.N.Nedev, L. Penchev C.F. Perdrtsat N.M.Piskunov, VPun]abz y
I.M.Sitnik, G.D.Stoletov, E.A.Strokovsky, A.I.Syamtomov1

The polarization transfer coefficient of the IZC(Z) ﬁ') )X reaction has been measured in the
double scattering experiment using a vector polarized deuteron beam of the JINR
Synchrophasotron and the spectrometer ALPHA. New data in 0—0.57 GeV/c internal
momentum range of the deuteron wave function are presented.

The investigation has been performed at the Laboratory of High Energies, JINR.

ﬁ
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H3mepen koahduumueHT nepenays NONApH3aLUMH B 3KCIIEPHMEHTE 110 ABOHHOMY PacCesHHUIO

B pEaKLHH 12C(¢7,) ?)X Ha Iy4Ke NOJApH30BaHHLIX ACHTpOHOB cuHXpogazoTpoHa OHSIH ¢
nomouwibio cnektpomerpa AJIbPA. TlpencrasneHsl HOBble NaHHble B OOGJACTH BHYTPEHHHX
uMmIynecos B geiitpone 0—0.57 I'sB/c.

Pabora semonnena B Jlaboparopuu Bsicokux sHepruii OVSIU.

1. Introduction

The polarization observables of backward dp elastic scattering and the deuteron
breakup reaction at the zero degree are quite precise tools for investigation of the deuteron
structure. The measurements of the tensor analysing power T,, in the deuteron breakup

reaction done at Dubna [1] and Saclay [2] showed large deviations from the theoretical
values estimated in the framework of the non-relativistic and relativistic impulse
approximation (NIA and RIA) with standard deuteron wave functions. The experimental
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results obtained with the ALPHA set-up [1] show that T, is negative up to k < 0.8 GeV/c.

A similar result was obtained later with the ANOMALON set-up in Dubna [3], extending
the range up to k<1 GeV/c. Combined analysis of polarization transfer data from the
deuteron to proton, Ky and T20 data, both obtained at Saclay [4] showed that no deuteron

wave function (DWF) including S- and D-waves only, is suitable in the framework of the
IA to describe these data [5]. First measurements of K, in Dubna were performed with the

ALPHA set-up [6,7] up to k=0.51 GeV/c and later, with the ANOMALON set-up [8] up
to k=0.55.
Here we present results of new measurements of x, obtained with the ALPHA set-up

extending the range of k-values to 0,57 GeV/c.

2. Experiment

The polarization transfer coefficient x is defined, in general, as

p’
K=—*%,
pZ

where P, and p; are the vector polarization of the initial deuteron and secondary proton

respectively. When the tensor polarization of the initial deuteron is equal to zero, as in the

present experiment, K becomes K.

The spectrometer ALPHA (Fig.1) was adjusted as in our previous experiment [7], but
a CH,-target for the second scattering was used instead of CH. Previous measurements have

shown that the analysing power is high enough at small angles to allow decreasing the
rejection angle of the trigger system to select efficiently events with squared momentum
transfer down to — ¢ =0.01 GeV2. Also, the time of flight (TOF) system was upgraded from
its original configuration {9].

The beam of vector polarized deuterons was provided by the POLARIS [10] source.
The direction of polarization changed alternately from up to down burst by burst. The beam
polarization was measured as described in Ref. [11] using data [12]; the absolute value of
the vector polarization in both states was | p,| =0.58 £0.02, and the tensor polarization was

negligible |p_| =0.03%0.03.

The deuteron beam intensity on the primary target, where the breakup reaction
_)
d+C—op+X

occurred, was (0.5 -10) x 108 particles per burst. The graphite target thickness was 2 cm
when the deuteron momentum was 9 GeV/c, and 15 cm in the other cases.

The outgoing protons from deuteron breakup at 0° were transported by a magnetic
channel to the spectrometer ALPHA; it was tuned to transport particles with average
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Fig.1. The spectrometer ALPHA in configuration for measurement of polarization
transfer. T,,: second target, M, : dipoles, S, : scintillator counters, §,; : counters of the

TOF system, PC: proportional chambers. Line a is the unscattered beam direction, the
region between lines b and c is the region of scattered events

momentum p=4.5 GeV/c. The momentum and angular acceptances were respectively

Ap/p =~ 3% and AQ ~ 107~ sr.
The polarization of the secondary protons was obtained using the reaction

P+ CH, > p+X

for this purpose. A 30 cm long CH, target was installed in the spectrometer area. The
scintillation counters SS—S8 were positioned to create a trigger rejecting events with too

small scattering angles. All dipoles bent particles to the right while left scattered events
were detected. Such a geometry provides a correlation between momentum and scattering

angle of events, when the tragger efficiency along —r ~ (p 9)2 has a behaviour close to that
of 6-function. Accumulations of events only in region of ¢, far from sharp behaviour of
trigger efficiency, is an important condition to avoid systematic errors due to fluctuation of
the initial beam parameters.

Because the momentum distribution of secondary protons was not narrow, a good
separation of elastic and inelastic events required measuring the proton momentum both
upstream and downstream from the CH, target with two dipoles and six proportional

chambers. The distribution of the proton momentum p, before the second interaction is
shown in Fig.2, and the difference of the momenta after (p,) and before the interaction —
in Fig.3.

A TOF system [9] with base length of 20 m, was used to separate the protons from

deuterons produced in (d, d’) reactions. The resolution of the TOF system was sufficient for
complete separation of (d,d ") and (d, p} processes.
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Fig.2. Distribution of proton Fig.3. Distribution of the difference
momentum p, before second of the momenta before and after the
interaction second interaction

3. Data Analysis

The number of protons scattered into direction (8, ¢) at the second target is given by:

N@®, ¢, p) =Ny(1+A(8, p)) p, cos @), m

where A(6, p,) is the target analysing power. Changing the sign of the polarization we
obtain the asymmetry:

N -N

+ \
X= NN =A®, p)) p,, cos ¢. 2

Integrating over the @ acceptance of the spectrometer we have:

’

p,
X=A40.p) p, 5 =¥,B6.p)). ®)

As is seen, if the scattered protons have a constant momentum p,. the function B depends

on the angle 8 only, and not on the momentum of the primary deuterons. The different
K, for different initial deuteron momenta can be calculated as a proportionality coefficients

between the asymmetry X, and a single function B. They can be found by minimization of:

— _ 2
§=2. [xy; BU;) =X 0T @)
L)
where i indicates the different initial deuteron momenta and t— the different squared

S . 2
4-momentum transfers defined as Itj | = @, Gj ).
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Fig.4. Analysing power of the elastic scattering = Fig.5. Analysing power of the inelastic
at CH, and CH targets scattering at CH, andCH targets

All events were divided into elastic (|p,~p, | <0.25) and inelastic (p,~p, <~0.25)

groups. We used two fifth degree polynomials, with different coefficients — Bel(t) for
elastic and B"(r) for inelastic events. When the primary deuteron momentum is 9 GeV/c,
the proton produced in the primary dC reaction carries half of deuteron momentum and has
the same polarization as primary deuteron. The light cone variable k in this case is zero and

Ky =1 The coefficients of the polynomials and the parameters K, were found by
minimization of the function (4) with fixed Ko1 = 1. The error in Ko due to the fit is

included as a systematic error to the polarization transfer coefficients obtained in this
experiment.

According to eq.(3), the analysing power of the CH2 target can be obtained using the

measured value of the primary beam polarization. The corresponding results for elastic and
inelastic events are shown in Fig.4 and Fig.5 (full circles). The solid lines are calculated
from the corresponding polynomials. In the same figures the analysing power of the CH
target used in our previous experiment [7] is shown with triangles. It is seen that the
analysing power for the inelastic scattering is similar for both CH and CH, targets, but the

analysing power for the elastic scattering is higher for the CH, target.

4. Results

Results for K, are given in the Table and are shown as triangles in Fig.6. The momenta
of deuterons p , and protons p, are corrected for ionization losses in the first carbon target.

The infinite momentum frame variable is defined [13,14,15] as:
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p +E m m

=P P a2 P n
¢ py+E,’ S a 1-a

2 2 2
. Vl(Msf, m., mp)
2M ’
sf

where E , Ep are the energies of deuterons and protons, m, and m_ are respectively the

Ma, b, ¢) = @ + b +c? = 2ab-2ac - 2bc,

proton and neutron masses. The values of o, in the Table are r.m.s. for k, corresponding to
the p,-distribution (Fig.2) for each primary beam momenta.

The first point in Fig.6 is the calibration point with x = 1, the second and the third (full
triangles) are in a well-known region, the fourth point is at the highest value of & reached
until now. It is seen from the figure that the polarization transfer coefficient is still negative
at the highest k-value of 0.571 GeV/c. The reanalysed data of Cheung et al. [4,16] for dp
breakup are plotted with open circles and our previous data [7] are shown as squares. The
data of A.A.Nomofilov et al. [8] are shown as diamonds. The solid curve is from a
calculation with Paris potential [17] in the frameworks of RIA [18]:

- w2(k) = wHk) = u(lyw(k) /N2

5
0 u? (k) + wh(k) ®)

One can see that both our new and previous data in the region k=0.55 are in
disagreement with data [8], performed in experimental conditions, close to our.
Both sets of data,

1.5 T S " | ‘ ] 99’1 obtained with the help of the
8 _ Aﬁj\g?li 992 { ALPHA spectrometer are in
1.0 4 o — Anomalon | good agreement with data
a — Alpha,1993 [4,16] and with extrapolation

{ based on parametrization [5]

0.5 | of both polarization transfer
(4,16] and T,, [2] (dashed
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out at energy independence
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Table
pd (GeVic)y | pp (GeV/ic) | k(GeVic) | o (GeV/c) Ko Ax
1 8.989 4.503 0.002 0.008 1.00 0.07
2 7.374 4470 0.198 0.016 0.79 0.14
3 6.575 4.489 0.354 0.022 -0.10 0.14
4 5.785 4.462 0.571 0.037 -043 0.23

from predictions, based on 1A calculations with Paris potential (solid curve) demonstrates
rather the deuterons structure peculiarity than contribution of additional to IA mechanisms
of the reactions, such as considered in Ref. [19].

The achieved value of internal momentum of &k =0.571 GeV/c is still not large enough
to estimate asymptotic behaviour of considered polarization characteristics and to make
choice between models, predicting asymptotic value of K, positive [20] or negative [21].

So, measurements at higher values of k are extremely important.
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