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Abstract

A newly constructed focal plane polarimeter for the medium resolu-
tion spectrometer at TRIUMF has been used to measure polarizations and
spin rotation parameters for protons elastically scattered from 208pp at
290 MeV. These results combined with existing cross section data at 300
MeV completely determine the elastic scattering amplitudes for momentum
transfers q<2.6 fm~!. The data are in quantitative agreement with Dirac
calculations which take the effects of Pauli blocking into account, but

disagree at small momentum transfer with density-dependent Schrddinger

calculations.
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Conventional non-relativistic theories of nucleon-nucleus scattering
[1] are known to fail badly when confronted with complete measurements of
elastic proton scattering observables at small momentum transfer [2].
These discrepancies can be remedied somewhat when many-body corrections
from density-dependent effects in the nuclear medium are included [3].

More recently it has become increasingly popular to analyze such
data with the relativistic impulse approximation (RIA) based on the Dirac
equation for the proton, with large scalar and vector potentials of
opposite sign [4,5]. Remarkably good agreement with experiment is
obtained, especially with the spin observables at 500 MeV [6]. The main
reason for the success of the Dirac approach lies in the inclusion of NN
pair terms [7] which remove short range structure from the particle pro-
pagator and lead to enhanced spin orbit and to a 'wine bottle' shape of
the optical potential [8,9]. Thies [8] has shown that suppression of
small-distance scattering in a Schrédinger approach by arbitrarily
introducing momentum dependent potentials can reproduce the results of
the Dirac approach. In any case, the Dirac models have provoked a
re-evaluation of nucleon-nucleus scattering and it is of considerable
importance to determine experimentally their limits of applicability.

We present here measurements of polarizations and spin-rotation
parameters for nemmcﬁv.vv elastic scattering at 290 MeV. Together with
existing data on cross sections and analyzing powers at 300 MeV [10] the
elastic scattering amplitudes are completely determined. Experiments at
energies below 500 MeV are particularly worthwhile. Within the RIA there
are ambiguities in the NN amplitudes from adopting either pseudoscalar
(Y5) or pseudovector coupling AA<mv which may lead to significant

differences in the optical potentials at lower energies [ll]. Also the
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by Aprile-Giboni et al. [15] to fit existing data between 95 and 570 MeV.
Instrumental asymmetries were investigated and found to be negligible
from measurements of Pg» using unpolarized beam. Because of parity
conservation such a sideways component cannot be present, and this was
confirmed with an accuracy of ~1%.

From a total of ten polarizations (P," and Pg~) determined for each
scattering angle with the focal plane polarimeter and from the Pg and Py
values for the beam polarization we derive [16] four independent quanti-
ties: the polarization P, the spin transfer coefficients Dgg' and Dgy
(which correspond to the Wolfenstein parameters R and -A, respectively),
and the longitudinal component for the incident beam, P, . The spin

rotation parameter Q is then calculated using the expression [13]
Q = Dgg' 8ind —~ Dg3' cos® (L)

where 6 is the scattering angle in the laboratory frame.

The data were sorted into 0.5° and 0.7° angle bins at small
(3% - 159) and large (16° - 38°) angles, respectively. Such small bin
widths are necessary to resolve the sharp structures in both the induced
polarisation P (fig. 1) and the spin rotation parameter Q (fig. 2). A
useful consistency check was carried out between n:m_vnmmmzn polarisation
data at 290 MeV and the analysing powers at 300 MeV, also from TRIUMF
[10]. The equality for elastically scattered protons from a spin-zero
target, P(q) = >%Anv. was extremely well fulfilled when the two data sets
were compared at the same momentum transfer q [16]. The important new
information from the present experiment comes from the spin rotation
parameter Q which together with the results from [10] completely deter-—

mines the elastic scattering amplitudes for q<2.6 fm~! at Ep~300 MeV.

The experimental results of figs. 1 and 2 are compared to the most
elaborate relativistic and nonrelativistic calculations available at
present. Both of these go beyond the simple impulse approximation (RIA
and NRIA, respectively) and include exchange effects and modifications
arising from the nuclear medium. The dashed lines represent a nonrela-
tivistic calculation by Dymarz [17] whose folding optical potential was
derived in a local density approximation from a G-matrix based on the
Paris NN interaction [3]. The inclusion of medium effects changes the
periodicity of the oscillations at large angles from that of the NRIA
(not shown, see [16,17]) improving the agreement with experiment for both
P and Q. However at small angles the inclusion of density dependence
does not remove substantial disagreement between data and calculation in
P, and especially in Q. We have verified that this disagreement at small
angles is an inherent feature of the nonrelativistic approach [3] and
cannot be remedied by reasonable changes in the nuclear densities. For
example, proton and neutron densities from relativistic mean field theory
[18] instead of those from ref. [17] produce only minor modifications in
the nonrelativistic predictions for P and Q.

The dotted curves in figs. 1 and 2 are the result of a relativi-
stic 'Love-Franey' calculation [11,12] in which the 5 Lorentz invariant
NN amplitudes are separated into direct and exchange terms. This proce-
dure allows a choice to be made between pseudovector (shown here) or
pseudoscalar coupling, although in the present case there is very little
difference between the predictions from both. The inclusion of exchange
causes a damping of the oscillatians in P and Q which worsens the agree-
ment with the data compared to the simple RIA (see [16,17]). The relati-

vistic calculations have been extended to include medium modifications
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Figure Captions

Fig. 1

Fig. 2

Induced polarisation P for elastic scattering of 290 MeV protons
from 208ph. The solid and dotted lines correspond to rela-
tivistic calculations with and without Pauli blocking, respec-
tively. The dashed line represents a nonrelativistic calculation
based on a folding optical potential derived with a medium-
modified effective NN interaction.

The spin rotation parameter Q for elastic scattering of 290 MeV
protons from 298pb. The meaning of the theoretical curves is

explained in the caption of Fig. 1.
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