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1. Introduction

The available differential cross section measurements in Pp elastic scattening at low energy have’pro-
voked the publication of many papers describing these data in terms of NN potential models. Theé real
test of these models has to be found in the measurement of the various spin observables. This paper
describes the first high statistics measurement of the asymmetry parameter A, (also known as the
polarization), as well as the differential cross section at 15 values of incident p momentum between 497
MeV/c and 1550 MeV/c at those angles were both particles leave the setup. The experiment was per-
formed at the Low Energy Antiproton Ring (LEAR) at CERN.

At these low energies, the antinucleon-nucleon (NN) interactions may be described by NN po-
tentials. Although the long range part of the real part of these potentials can be derived from the much
better known NN potentials, our understanding of NN potentials is far from complete. The short
range part and the imaginary potential are dominated by annthilation, which so far has eluded a com-
plete description.

Some phenomenological NN potential models have been proposed [1} {2] [3] [4] [5]. These mod-
els introduce a number of free parameters which have been adjusted using (part of) the available NN
scattering data. In order to examine and discriminate between these models, good quality data on the
NN spin observables are needed.

The measurement of spin dependent observables is also useful to face the open problem of the
existence of broad NN resonances. This task requires a phase shift analysis with spin observables as
necessary input.

Precise data on the differential cross sections of pp elastic scattering are known down to ppy, =
180 MeV/c. Below 2 GeV/c high statistics differential cross section data were reported by Eisenhandler
et al. [6] above 690 MeV/c, Briickner et al. [7] between 180 and 600 MeV/c and Kageyama et al. [8]
between 390 end 780 MeV/c. Except for the data from Briickner et al. all these measurements were
done with conventional beams. Asymmetry data are virtually non-existent. At low momentum (about
700 MeV/c) two bubble chamber measurements exist, Ohsugi et al. [9] and Kimura et al. [10]. The
data from Albrow et al. [11] cover the momentum range between 910 and 2000 MeV/c and are the
most exhaustive, but suffer from poor statistics beyond the first diffraction minimum. It is here that
our data are a pronounced improvement.

Measurements of other spin observables do not exist as yet.

2. Experimental apparatus
2.1 The setup

The experiment [12] was carried out at the CERN Low Energy Antiproton Ring, using a polarized
proton target. This target consisted of a 3 cm long cylinder with diameter 1 cm, which was filled with
pentanol at 0.5 K. The target length was 1.94 gicm?® corresponding to a hydrogen length of 0.264
g/cm?, The proton polarization, typically 75%, was reversed every few hours. The target was placed in
a locally homogeneous magnetic field of 25 kG, provided by a C—shaped dipole magnet. The total
bending power of this field was 4.2 kGm. The background caused by scatterings on protons bound in
carbon and oxygen, was calculated from runs with a dummy target containing teflon. The experiment
was designed to measure the three twobody reactions pp - Pp, pp = 7 =+ and pp - K"K™. The
scattered and recoil particles were detected in the angular range were both proton and antiproton had
enough energy to traverse target and setup. This acceptance increased from —.28 <cos 0., <.28 at
497 MeV/c to — .B4d<cos 8., <.80 at 1550 MeV/c. Proton and antiproton were detected in three
multiwire proportional chambers (see figure 1). Immediately around the target, but still in the gap of
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the magnet, were a J-shaped and a C-shaped MWPC, with two planes of vertical wires each. The
J-chamber had one plane of cathode strip read out, mounted at an angle of 30° with the horizontal
plane. Further out were two MWPCs, one on the left and one on the right of the outgoing beam.
These chambers also had two planes of vertical wires and two planes of cathode strips. read out to
provide information about the polar scattering angle ¢.r;. The L-chamber had a width of 92°. De-
pending on the deflection of the beam, the R-chamber used, was either 152° or 171° wide. An array of
overlapping trigger scintillators was placed around this setup, split in the same way as the outer cham-
bers. Both the outer chambers and the trigger scintillators could rotate around the magnet on rails.
This arrangement allowed to change the detector positions, as the deflection of the beam changed with
momentum.

The incoming beam track was reconstructed from the information provided by the J- and
C-chamber as well as by two beamn chambers made of low density materials. Each beam chambers had
one plane of honizontal wires and one plane of vertical wires.

2.2 The twobody trigger

The beam trigger consisted of a triple beam counter coincidence B0.51.52 or B0.51.83. B0 was placed
24 m upstream of the target, S1 44 cm upstream, just inside the outer chamber. S2 and S3 were scin-
tillators of diameter 10 mm and 7 mm respectively directly in front of the target. They were aligned on
the target to better than | mm horzontally, and 2 mm vertically, by scans that measured the transmis-
ston of ps through the target. Horizontally mounted close to the pole faces of the magnet were two
veto counters (not shown in figure 1) to reject events with particles going cutside the acceptance of the
chambers. The trigger for the twobody reactions required exactly one particle in the L-scintiilator array
and exactly one in the R-sector, having approximately the correct kinematics. This trigger initiated the
MWPC read out. Using the information from the scintillators and the outer MWPCs, the kinematical
constraint was tightened. At this second trigger level it was already possible to distinguish between
clastic events on the one hand and #~#* and K"K * events on the other hand. A filter using informa-
tion from the C- and the R-chamber rejected events that were obvious annihilations in the C-chamber
outgoing beam region. The candidate events, 60 per second at a typical beam rate of 300K per second,
were written to tape for further analysis.

2.3 The two event topologies

The collection of elastic events fell apart in two event topologies. The events with the forward scattered
antiproton going to the left and with azimuthal angle ¢, around 0° will be denoted as PM. The
events with the recoil proton going to the left and with ¢, around 180° will be denoted as PP. Ac-
ceptance and background for the two event topologies were not the same, mainly due to the different
effect of the presence of the magnetic field. In the analysis they were handled separately.

3. Analysis
3.1 The matrix reconstruction method

The events were reconstructed with the use of a matrix method. The formalism of the reconstruction is
based on the method described in [13]. It was successfully used in an experiment by the Geneva group
at SIN [14].

The kinematics of a twobody event can be fully described with seven parameters. In our cxpen-
ment these were the three vertex coordinates vy, v,, and v,, the polar and azimuthal scattering angles in
the center of mass frame 8, and ¢, and the vertical and horizontal incidence angles of the incoming
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particle ay, and a},. Together they form the parameter vector p To each event given by p (Vy» Vys Vz»
fcmy Pemy @v, @h) corresponds an unique vector of MWPC hits x x (also called coordinate vector).

The relation between p p and X is given by a function, depending on the parameters of the setup,
the “design equation”:

—

= f(p)

A reconstruction program inverts this function fand calculates_j)' from X. If one defines a central
paramerer vector p,, corresponding to a ceniral coordinate vector x,, the design equation can be ex-
pressed as a Taylor expansion:

of”
X = fhbo) =) L . °(15’—1_3:,) + highe: order terms
dap  (P=po)

i:, + D (f).—i):,) + higher order terms

D is called the design matrix and can be calculated, by simulating twobody events with parameter vec-
tors at a small distance 3p from the central parameter.

If the parameter vector p is close to the central parameter vector, it is permitted to ignore the
‘ngher order terms in the expansion. The coordinate vector x X then is a linear function of p. By invert-
ing this linear equation, it is possible to express p as a linear function of x:

P=po+ R(x—%)

where R is called the reconstruction matrix. In order to invert D to find this matrix R, one also needs
the covariance matrix C of the measured coordinates, or rather its inverse G, the weight matrix. The
matrix G can be calculated by looking at the cffects of all possible error sources on the coordinates in
the MWPCs. Once G is known, the reconstruction matrix follows:

= (DTG D) ' DT G
where D7 is the design-matrix transposed. The x? of the solution is calculated in the following way:
=sts
where s is called the residue vector, given by:
=Y(x—-x) with Y =80-DR)
and B is given by G=8

The formalism described so far would be complete if the higher order terms of the design equa-
tion really can be ignored. This is permitted only if the magnitude of the non-linearities is small com-
pared to the errors in the measured coordinate vector. But in general this is not the case: the ranges of
the parameters, which are accepted by the setup, are large and the non-linearities in the Taylor expan-
sion grow rapidly, when one leaves the vicinity of the central parameter vector. The Monte Carlo pro-
gram that calculated the matrices, showed that the non-linearities are non-negligible only for three of
the seven parameters: v,, 6., and ¢.,. The higher order terms of the other four parameters were
smail enough to be ignored. Therefore for each matrix a three dimensional table was calculated, con-
tatning the corrections for the non-linearities.
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The advantage of the method described is speed in reconstruction. By dividing the angular ranges
of the three twobody reactions in pieces with a width of the order of 6° the non— lineanty corrections
never grew larger than 10 mm and depending on momentum up to 42 matrices were needed.

3.2 Event selection

The kinematical reconstruction program described above selected events with x*/DF for at least one of
the three reactions less than 30. This reduced the data sample typically by a factor three or four to
about 500K events per momentum, of which 90% were elastic event candidates and 10% mesons. To
reduce the number of elastic data further, different cuts were made to obtain an asymmetry data sam-
ple and a differential cross section data sample. For the asymmetry data sample we imposed ths cri-
terta:

1. A vertex cut of |v,[ < 12 mm, where v, is the longitudinal coordinate in the target.
2. A trgger given by S2, the bigger of the two target scintillators.
3. An azimuthal angle cut of lbeml < 15°

For the cross section data sample the cuts were tightened to ensure a correct calculation of efficiency
and geometrical acceptance:

1. A vertex cut of [v;| < 12 mm, where v, is the longitudinal coordinate in the target.
2. A trigger given by 83, the smaller of the two target scintillators.
3. An azimuthal angle cut of ¢ | < 6°

The third cut was dictated by the fact that the acceptance of the setup was limited in $om by the
height of the hodoscope counters and MWPCs. As no accurate vertical information was available in
the J- and C-chamber, it was decided to make this cut safely inside the region where the acceptance
was likely to drop. The obvious price to pay when adopting this method was a drastic loss in statistics
of about a factor two.

3.3 Background subtraction

The x? distribution of the events at one momentum is shown in figure 2. The large tail is entirely due
to quasi-elastic events and may be extrapolated to low values of x2 to give the amount of background
under the signal. The shape of the background distribution was measured collecting data with the
dummy target. The events from these runs were reconstructed and selected in exactly the same way as
the pentanol target data. As the amount of background depended on 8 em» the normalization was done
separately for each cos ., bin.

This normalization turned out to be not very sensitive to the exact definition of the tail. Normal-
ization with the cuts varying from 8<x?/DF< 15 led to results that were identical within errors both for
asymmetry and differential cross sections. The dummy target runs were taken only at three momenta
(523, 1089 and 1434 MeV/c) which each have rather different acceptances. For the intermediary runs
the background shape was determined by linear interpolation between the two closest momenta. The
shape of the x?/DF distribution varied only little with momentum. This was checked by recalculating
the background subtraction for each data set, using only the dummy target run that is in momentum
closest to that set. The results were almost identical within the statistical errors.
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3.4 Corrections applied to the data

Most corrections that are necessary for the differential cross section calculation, are not needed for the
asymmetry calculation, as they are the same for the two target polarizations.

The efficiency calculation was done separately for the events from the two target polarizations and
the two event topologies (figure 3). The efficiency was calculated from the tracks found in the raw data
sample. At most momenta it was not necessary to comect the asymmetry data for the inefficiency of
the chambers, as the efficiency of the wire chambers was constant or drifted only slowly during the
whole run. This was not the case for the two lowest momenta, 497 and 523 MeV/c, and therefore the
asymmetry data for these momenta were corrected for inefficiency of the chambers.

A second cause of loss of events was due to the fact that the proton or antiproton did not always
reach the hodoscope counters, but had an interaction somewhere in the target or setup. This absorp-
tion of secondaries increased with decreasing momentum of the particles, as the cross sections involved
rise at lower energy. A Monte Carlo program was used to calculate this effect. The p-nucleus and

p-nucleus cross sections necessary for this simulation were obtamed from [15] and [16] respectively.
I'he former was fitted by a function of the form (¢, + ¢, AY? )?, where A is the atomic number of
the nucleus and ¢; and ¢, are both of the form A; + B;p + C / p (p momentum), as was suggested
by [17].

In the case of p-nucleus the data points between A=4 and A =64 were fitted to a 15 parameter
function, which gave the cross sections at intermediate values.

Small corrections were needed to account for the absorption of the beam in the target, for random
coincidences in the counters and for the effective length of the target as scen by the beam.

Table 1 gives a summary of the corrections applied to the differential cross section data. All cor-
rections were calculated for each momentum separately.

3.5 Systematic errors
The following systematic errors were dominant:

1. It is difficult to prove, whether the beam really did go through the full length of the target.
Counter 83, which was smaller than the diameter of the target cylinder, was adjusted horizon-
tally before each run, in such a manner that the number of antiprotons leaving the target was
minimized. For momenta larger than 1000 MeV/c the beam spot was pencillike. At lower
momenta the beam did blow up due to multiple scattering and filled S2, the larger of the two
target counters, completely. Although the adjustment of 83 was done at every momentum,
there was no guarantee that all the beam passing through 83, also traversed the whole target.
Vertically the uncertainty might have been even bigger, due to the poor resolution in the re-
construction of the height of the vertex. An offset of only 1.5 mm of the centre of the counter
from the centre of the target, would lose beam. The beam was scanned vertically, using a small
vertical deflection magnet; and it was demonstrated that the centre of the target coincided with
the centre of 83 within +2 mm. However, the vertical image of the beam was larger than the
horizontal one, since the final quadrupole was horizontally focussing. Assuming the counter
never had an offset of more than 2.5 mm this systematic error was estimated to be + 6%.

2. The density of the target varied from run to run. This was due to a difference in packing frac-
tion of the pentanol beads. This variation led to the suspicion that the target was not filled in a
homogeneous way, but contained more pentanocl in the lower part than in the higher part of
the target. From the variation in the measured density and the difference in packing fraction
the error was estimated to be +8%.
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3. Systematic errors were caused by the uncertainties in the calculation of the absorption of sec-
ondary particles. These were mainly caused by the errors on the available p-nucleus and
p-nucleus cross sections. This error was estimated to be +2%.

4. In the Monte Carlo calculation of the absorption the loss due to straggling was underestimat-
ed. The Lorentzian tail of the straggling distribution was neglected. Instead the data points that
needed a correction larger than 20% were discarded. The error on the surviving data points
was estimated to be +2%.

5. The error on the efficiency calculation was estimated to be +2%.

6. The dummy target measurement was done at only three momenta. As the shape of the x? dis-
tribution was slightly momentum dependent, a systematic error was introduced in the number
of events subtracted. This error was estimated to be +2%.

7. The absolute calibration of the polarization of the pentanol target was +4%.

Only the last two errors had an influence on the asymmetry. The dominant systematic errors are sura-
marized in table 2.

4. Results aud discussion
4.1 Experimental results

The experimental results on differential cross sections are presented in figures 4 till 11, together with
our asymmetry data, which were already published in {18). Numerical values may be found in Appen-
dix A. The statistics of the differential cross section data are comparable with those of Eisenhandler et
al. [6] and Kageyama et al. [8]. We believe the shape of do/dR to be entirely reliable. However, abso-
lute normalization obtained using a polarized target is likely to be less reliable, than that obtained with
a liquid hydrogen target. The data were normalized using a procedure described in the next section. In
figure 12 the data at 783 MeV/c and 1089 MeV/c are compared with the data of Kageyama et al. and
Eisenhandler et al. In the lower momentum of the two, the difference between the Eisenhandler data
and our data stems entirely from a different normalization. In the backward direction the two previous
experiments disagres. At 1089 MeV/c we agree with Eisenhandler et al. on the value of the forward
point, but disagree by a factor 1.5 in the backward region. This momentum is the worst case. At all
momenta however, our data are lower than the Eisenhandler et al. data. At some momenta the abso-
lute value of the cross section is 10 to 20 percent smaller than the former.

At all momenta, Agy, tends to have two basic features: a broad positive asymmetry =0.4 sin 8,
with rapid vaniations around the diffraction minima of do/dQ.
4.2 Legendre polynomial fits and normalization

In a model independent way the differential cross section and asymmetry data can be expanded in or-
thogonal Legendre polynomials Py{cosf} and P*y(cos8).

do L
——(cosf) = Z ay Py(cos)
dQ £=0
do L
Ayy —(cosf) = I by Ply(cost)

da i=1
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The total elastic cross section o) is equal to 4ra,. The coefficients ap/a, and by/a, define the shape of
the distnibutions and are adjusted to fit the data. The angular range of our data is limited: at 1550
MeV/c only 4% of the total elastic cross section is actually seen. Consequently the results for o, have
to be approached with due reserve,

The limited acceptance forced us to use extra constraints for the do/dQ fits. These constraints also
provided an absolute normalization of the data. As extra constraints on the Legendre expansion the
forward differential elastic cross section do(8 = 0°)/d2 and its derivative were chosen. Extrapolating the
fitted Legendre expansion to zero angle gives the elastic differential cross section at § = 0°. After cor-
rect normalization the extrapolated forward differential cross section must be equal to the forward
scattering amplitude F(0) squared:

do(8=0)
= |F(0)|*
da

If one neglects spin dependent amplitudes, the forward elastic cross section may be expressed in terms
of ratio of real and imaginary parts of the forward scattering amplitude p and the total cross sestion
o40t- Using the optical theorem one may write

de(8=10) k?
——— = 1606 (1 + p?) — o
da m?

where the value of the constant is fixed when do(f=0)/dQ is given in mb/sr, c.m. momentum k in
GeV/c and o4, in mb.

To calculate p and oy, the data sets listed in tables 3 and 4 were used. In the case of the p par-
ametrization those data were chosen that correspond o fits with neglected spin-dependence parameter
. Taking # non-zero and the corresponding p, changes the calculated value for the forward cross sec-
tion less than a percent. This is not surprising as o444, p and 7 are strongly correlated. The p fit for
n =0 gave the result:

= 0245p* ~ 135p + 219 - 0774/ p [p in GeV/c]

The several o5, data sets do not have the same absolute normalization. Therefore in the fit, each set
was given a normalization parameter, which was allowed to vary between .95 and 1.05. The parame-
trization became (o44¢ in mb):

Otot = 643 + 538 /p — 0.308/p* + 0.039/ p? fp in GeV/c]

The procedure described so far is similar to the one used by Coupland et al. [19], to extract the
total elastic cross section from the elastic differential cross section data of Eisenhandler et al. [6]. The
two results obtained for the forward nuclear cross section are shown in figure 13. They differ slightly as
only the data set of Abrams et al. [20] was available in 1977. From the differences between the total
cross section data samples used in the parametrization (see table 3), the error on the calculated forward
point due to the uncertainties in the normalization of the total cross section and in p is estimated to be
+ 5%.

The second constraint was found in the derivative of the differential cross section at 8 = (°. Close
to zero the nuclear part of the differential cross section may be written as
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do do(6=0)

= exp(—b q?)
da da

where g? is the momentum transfer squared 2k? (1 — cos ) and b is the slope of the forward nuclear
scattering amplitude. b (in GeV~2/c~2) is parametrized by Iwasaki et al. [21] as

b = 6562 — 1294 p + 105.0 p? — 30.19 p* [pin GeV/c]

The two extra constraints fixed the absolute normalization of the data. The normalization factors
found in the procedure are shown in figure 14. They are consistent with one, although a decreasing
trend with increasing mementum may be seen.

The fits to do/dQ are done simultaneously with the fits to the asymmetry data. Results are shown
in figures 15 and 16. and numerically in Appendix B.

A separate fit to the do/dQ data changed the result only slightly. In table 5 the result of the com-
plete fit and the separate fit are compared with the result of Eisenhandler et al. at 1090 MeV/c [6]. In
the latter case both the numbers given in the reference and the result of the fit to their data using our
procedure are presented. The fit to the Eisenhandler data with our normalization procedure was re-
stricted to the same region of acceptance as our own data. Even so, the result of this fit and the fit of
ref. [6] are consistent for the lower order coefficients. At higher order (i >4) the differences are bigger,
due to the fact that these coefficients are more sensitive to the derivative of the forward point. The
same remark can be made for the comparison of our data with [6]: at higher order the values of the
coefficients are markedly different. On top of that the overall normalization (given by a,) differs
10-20%. This unexplained difference in the total elastic cross section appears for all measured mo-
menta, as will be detailed in a later section.

For all data sets the fits were done with 7 to 16 Legendre coefficients. The fits for which the x?
per degree of freedom reached a plateau wers selected as final result. The number of coefficients neces-
sary to represent the data becomes larger with momentum, up to twelve at 1550 MeV/c. Below 800
MeV/c only the coefficients a, till a, are important. In the proceduse used, the higher order coefficients
are determined mainly by the slope b.

In figures 17 and 18 (and Appendix B) the coefficients b;/a,, that determine the shape of the as-
ymmetry data are given. It is difficult to give an interpretation for these results. The bumps at 783 and
1190 MeV/c are not due to differences of these momenta in the shape of the asymmetry distribution
compared to their neighbours, but to different do/dS distributions. In fact the correlations between the
b; and 3 cocfficients are large.

4.2.1 The total elastic cross section

From the Legendre fits follows the total elastic cross section. The latter is shown in figure 19 and
compared with the results of Coupland et al. [19] and Kageyama et al. [8]. Our results tumed out to
be lower than {19], but agree with the two highest points of [8]. Numerical values are given in table 6.
It 35 clear that the result is strongly correlated to the assumed values for the two constraints
do(6 = 0)/d2 and b.

The data put forward no additionat evidence for the T resonance. This structure has been claimed
by several experiments [19] [28] in the mass region of 2150-2200 MeV/c?* (corresponding to a momen-
tum of 1200-1350 MeV/c).
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4.3 Comparison with potential models

NN-potential models, based on meson exchanges to describe the long and medium range potential and
complemented with a phenomenological short range potential, have been very successful in explaining
the available NN scattering data, which form at certain energies a complete set.

Considering only meson exchange diagrams the NN and NN are related by the G-parity transfor-
mation. Recent models based on transformed NN potentials (of which the Bryan-Phillips potential [ ]
was the first) are for example the Dover-Richard model [2], the Paris model [3], the Bonn model [4]
and the Nijmegen model [5].

All these models claim validity only below 900 MeV/c. They were developed at a time when only
four asymmetry data points (at 700 MeV/c) were available: the data from the bubble chamber experi-
ment of Kimura et al. [10} (see figure 20).

All potential models considered explain the gross features of the data. The shape of the differential
cross section is faithfully reproduced by the models, at least in the forward angular region. The posi-
tion of the diffraction minimum agrees. The differences between the models are most pronounced in
their predictions for the asymmetry. The predictions of the four models for the asymmetries at 679
MeV/c are shown in figure 21 together with our data. All models succeed in predicting the position of
the first maximum {cos 8.,,~0.5) and the central minimum in Ag,. The depth of the central
minimum is always too pronounced. Most models predict large negative asymmetries that are not seen.
Especially in the momentum range from 1000 till 1500 the central minimum is rather shallow with an
asymmetry of 0.2-0.3.

The Paris model is the only one for which it is possible to extrapolate over the whole energy
range of our experiment. The general trend of the A, data is foreseen nicely (figure 22). The model
disagrees slightly on the magnitude of the asymmetry and especially on the depth of the central mini-
mum. (figure 23)

4.4 Conclusion

The availability of clean, intense antiproton beams at LEAR allows a considerable improvement in
results of all antiproton experiments. The A, data in Pp elastic scattering presented in this paper have
statistical errors which are a factor five to seven smaller than the previous experiment of Kimura et al.
[10] and Albrow et al. [11]. They cover a momentum range from 497 to 1550 MeV/c in steps of about
100 MeV/c and are therefore a good means to check models of baryon antibaryon scattering.

The differential cross section data are comparable in quality with previous data from Eisenhandler
et al. [6] and Kageyama et al. [8]. The shape of the data as expressed in the Legendre coefficients
agrees with these previous experiments. The absolute normalization is 10-20% lower than Eisenhandler
et al., but is consistent with Kageyama et al.

All potential models considered, are capable of explaining the gross features of the data, but not

the details. The central dip in the asymmetry is always too pronounced: the models predict large neg-
ative asymmetries that are not seen.

We gratefully acknowledge the assistance of CERN, in particular the LEAR operating crew.
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. Tables
Correction: Value:
Background subtracted

PP: 12-18%

PM: 15-21%
Inefficiency due to chambers: 20-40%
Absorption of secondaries: 10-15%
Geometrical inefficiency: 0% (see text)
Random triggers: 1-3%

Random vetoes: 0-1%

Bad beam: 1-3%

Attenuation of beam

between 83 and target: 0.5-0.8%
inside target: 3-7%
Effective target length: 0.2-0.6%
Table {: Values of the appiied corrections.

Systematic error source: Error:

Position 83 + 6%

Density of target +8%

Absorption of secondaries: +2%

Straggling: +2%

Inefficiency calculation: +2%

Shape of background: +2%

Target polarization: +4%

Added in quadrature: +11.3% -9.6%

Idem asymmetry: +4.5%

Table 2: Dominant systematic errors.
Momentum Normalization Reference
range with year

{MeV/c)
487-737 0.98 Nakamura et al., 1984 [22]
484-599 1.03 Clough et al., 1984 [23]
480-1066 0.99 Hamilton et al., 1980 [24]
1000-1600 1.01 Abrams et al., 1970 {20]

Table 3: Total cross section data sarmples
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Momentum Reference
range with year
(MeV/c)
479-578 Cresti et al., 1983 [25]
505,590 Briickner et al., 1983 [26]
1174-2607 Jenni et al., 1981 [27]
481-715 Iwasaki et al., 1985 [21]
Table 4: p data sample
This experiment Eisenhandler et al.
Fit to Ay, Fit to du/dG Fit to do/dQ Data of
and do/dQ data only using our ref, [9]
data together procedure for
normalization
ay 2.89+.07 2.99+.08 341+.12 3.39+ .05
a,/ag 2.82+.09 2.76+.09 2.50+ .06 2.53+ .06
a,/ag 3.41+.14 1.38+.14 3.34x.14 3.19+.07
a,/aq 3.81+.18 3.66+.17 3.15+.13 2.99+ .08
afag 2.73+.15 2.66+.15 2.57+.14 2.152.07
as/ag 2.21%.12 2.05%.11 149+ .09 1.17+.06
ag/a, 1.04+ .06 1.00+.06 0.85+.05 0.48+.03
a,/a, 0.78+.03 0.70%£.03 0.32+.02 0.17+.01
ag/ay 0.22+.01 0.21+.01 0.16+.01 0.04+ .01
x?/DF 1.8 i3 1.0 1.0
Table 5: Comparison of different fits at 1089 MeV]c.
p 9101 P da(0%) b %el
(MeV/c) (mb) —_— (GeV~2%/ {mb)
dQ ¢~ ?)
(mb/sr)
679 141.5 0.25 357 18.6 44.5+3.1
783 131.3 0.29 40.6 16.6 43.2+3.0
886 123.6 0.31 45.1 15.5 41.6+£2.9
988 117.5 0.31 49.0 15.1 41.2+29
1089 112.6 .30 52.6 15.0 36.3+2.5
1196 108.5 0.28 55.9 15.1 36.6+2.6
1291 105.0 0.26 59.0 153 36.4+2.5
1400 101.9 0.23 62.2 15.3 34.3£24
1416 101.4 0.22 62.7 15.2 34.6+24
1449 100.6 0.21 63.7 15.1 35.8x£25
1467 100.2 0.21 64.2 15.1 33.0£23
1501 99.4 0.20 65.2 14.9 31.0£2.2
1550 98.2 0.19 66.6 14.5 30.0%£2.1

Table 6: The total elastic cross section
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Figure captions

Figure 1: Schematic view of the experimental setup. B0,S1,52,83: beam defining counters;
B.J,C,L,R: multiple wire proportional chambers; HL,HR: hodoscope counters; M: polarized target
magnet; P: cryostat with polarized target; beam: incident and throughgoing beam track;

Figure 2: x* distribution for 1089 MeV/c after selections (PP and PM combined). Shaded histo-
gram: background calculated from the dunmy target measurement.

Figure 3: Efficiencies for 1089 MeV/c. Upper plots: Target polarization “up’. Lower plots: Target
polanzation ‘down’. Left side plots: PP events. Right side plots: PM events.

Figure 4: Ay, 497 and 523 MeV/c.

Figure 5: Ay, and do/dQ for 679, and 783 MeV/c. The curves are the Legendre fits to the data
described in the text.

Figure 6: Ay, and do/dQ for 886 and 988 MeV/c. The curves are the Legendre fits to the data
described in the text.

Figure 7: A, and do/dQ for 1089 and 1190 MeV/c. The curves are the Legendre fits to the data
described in the text.

Figure 8: Ay, and do/dQ for 1291 and 1400 McV/c. The curves are the Legendre fits to the data
described in the text.

A Figure 9: A, and do/dQ for 1416 and 1449 MeV/c. The curves are the Legendre fits to the data
described in the text.

Figure 10: Ay, and de/dS for 1467 and 1501 MeV/c. The curves are the Legendre fits to the data
described in the text.

Figure 11: Ay, and do/dQ for 1550 MeV/c. The curves are the Legendre fits to the data described
in the text.

Figure 12: Differential cross sections at 783 MeV/c and 1089 MeV/c. The curves are the Legendre
&ts to the data of Kageyama et al. [8] at 796 MeV/c (labeled K) and Eisenhandler =t al. [6] at 780 and
1090 MeV/c (labeled E).

Figure 13: The forward nuclear differential cross section. Present calculation (solid line with error
bars) compared with the result of Coupland et al. (dashed line) [19].

Figure 14: The normalization parameter

Figure 15: Legendre coefficients a, up to a, normalized by a, (closed squares). The results are
compared with ref. [8] (closed circles) and [6] (open diamonds). For all points shown the diagonal er-
rors are typical 0.1.

Figure 16: Legendre coefficients a; up to ag normalized by a, (closed squares). The results for a,
are compared with ref. [8] (closed circles) and [6} (open diamonds). For all points shown the diagonal
errors are typical 0.1.

Figure 17: Legendre coefficients b, up to b, normalized by a, (closed squares). For all points
shown the diagonal errors are typical 0.CG1.
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Figure 18: Legendre coefficients b; up to by nommalized by a; {closed squares). For all points
shown the diagonal errors are typical 0.005.

Figure 19: The total elastic ¢cross section.

Figure 20: Comparison of the asymmetry data (closed squares) with the data from previous ex-
periments (open circles). Lefi: Ay, at 679 MeV/c (this exp.) and at 699 MeV/c (Kimura et al.). Right:
A, at 886 MeV/c (this exp.) and at 910 MeV/c (Albrow et al.).

Figure 21: Model predictions for the asymmetry at 679 MeV/c. The data points are those of this
experiment. The curves are the prediction of the Pars model (full curve), Dover-Richard model II
(dashed curve), Nymegen potential {dotted curve) and Bonn potential (crossed-dashed curve).

Figure 22: Position of the extrema in the differential cross section and asymmetry data compared
with the predictions of the Paris modcl. The curves are: prediction for the position of the diffraction
minimum (solid line), A5 (dashed-crossed line) and Ap;, (dashed line).

Figure 23: Value of the central minimurmn in the asymmetry data compared with the predictions of
the Paris model.
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APPENDIX A

Numerical values for Agp and do/dR

The differential cross sections given are normalized according to the
procedure described in Chapter 4,

cosB A cos@ A
-0.26 0,05+0.15 0.02 0.40+0.03
-0.22 0.38%0.12 0.06 0.42+0.03
-0.18 0.38%0.10 0.10 0.40+0.02
-0.14 0.3010.07 0.14 0,4110.02
-0.10 0.33%0.05 0.18 0.4340.03
-0.06 0.38+0.03 0.22 0.3610.04
-0.02 0.36%0.03 0.26 0.4310.08

Table 1: Momentum in centre of target: 497 MeV/c
cosB A cogh A
-0.26 0.03%0.17 0.06 0.4310,04
-0.22 0.29%0.15 0.10 0.36+0.04
-0.18 0.09+0.13 0.14 0.43%0.04
-0.14 0.2040.10 0.18 0,3610.03
=0.10 0.25%0.09 0.22 0.39+0.03
-0.06 0.31+0.06 0.26 0.36+0.04
~0.02 0.3610.05 0.30 0.35+0.06

0.02 0.3710.06

Table 2! Momentum in centre of target: 523 MeV/c
cosH A do/dQ cos® A do/dQ
-0.50 0.2410.10 0.09+0.01 6.06 0,34+0.04 0.1910.01
-0.46 0,2610.07 0.16+0.01 0.10 0.38+0.03 0,2810.01
-0.42 0.24+£0.05 0.18+0.01 0.14 0.34+0.02 0.3910.01
-0.38 0.2240.04 0.16+0.01 0.18 0,39+0.02 0.5310.01
-0.34 0.10+0.05 0.14+0.01 0.22 0.39+0.02 0.68+0.01
-0.30 0.1240.05 0.1310.01 0.26 0.4110,02 0.87+0.02
-0.26 0.06+0.05 0.12%0.01 ¢.30 0.38+0.,0f 1.12%0.,02
~-0.22 0.01x0.06 0.09+0.01 0.34 0.3620.01 1.32+#0.02
-0.18 -0.121+0.06 0.08+0.01 0.38 0.39+0.01 1.70%0.03
-0.14 0.0310.06 0.07+0.01 0.42 0.36%0.01 2.0910.04
-0.10 0.17+0.06 0.0710.01 0.46 0.361+0.01 2.3810.04
-0.06 0.25%+0.06 0.09+0.01 0.50 0.35+0.01 2,.49+0.05
-0.02 0.2710.05 0.1010.01 0.54 0.20+£0.04

0.02 0.26%0.04 0.15%0.01
Table 3: Momentum in centre of target: 679 MeV/c



A .

cosH A do/dQ cos6 do/dQ

-0.58 0.24%#0.06 0.19+0.01 0.02 0.10+0.06 0.08%0.01
-0.54 0.33+0.05 0,22+0.01 0.06 0.23+0.07 0.09%0.01
-0.50 0.24+0.04 0.22+0.01 0.10 0.41%0.06 0.12+0.01
-0.46 G0.17+0.04 0.2410.01 ¢.14 0.38+0.05 0.15%0.01
-0.42 0.0910.04 0.2410.01 0.18 0.42+0.04 0.2240.01
-0.38 0.1310.05 0.21+0.01 0.22 0.41+0.03 0.33%0.01
-0.34 0.09+0.04 0.21+0.01 0.26 0.43+0.03 0.4510.01
-0.30 0,03+0.04 0,18%0.01 0.30 0.3410.02 0.6410.01
-0.26 0.11+0.04 0.14+0.01 0.34 0.37+0.02 0.81%0.02
-0.22 0.11%0.05 0.13%0.01 0.38 0.36+0.02 1.06%0.02
-0.18 0.08%0.05 ©€,09%0.01 0.42 0.32+0.01 1.41%+0.03
-0.14 0,.0510.05 0.1010.01 0.46 0.331£0.01 1.85+0.03
~0.10 -0.02+0.06 0.08%0.01 0.50 0.31%0.01 2.2940.65
~0.06 -0.02+£0.06 0.08%0.01 0.54 0,30+0.01 2.91%+0.06
-0.02 0.1210.06 0.031+0.01 0.58 0.30+0.01 3.40+0.16

Table 4: Momentum in centre of target: 783 MeV/c

cos@ A do/df cos@ A do/dQ

-0.66 0.55%0.22 0.26%0.05 0.02 0.00+£0.07 0.08%0.01
-0.62 0.321+0.06 0.1710.01 0.06 0.154+0.07 0.0810.01
-0.58 0.2910.06 0.2010.01 0.10 0.25%0.09 0.08t0.01
-0¢.54 0.15+0.05 0.22+0.01 0.14 0.32+0.09 0.08+0.01
-0.50 0.15+0.05 0.23+0.01 0.18 0.3610.08 0.10+£0.01
-0.46 0.1610.05 0.2510.01 0.22 0.4510.07 0.1410.01
-0.42 0.09+0.05 0.22+0.01 0.26 0.4210.05 0.19+0.01
-0.38 0.2240.05 0.2310.01 0.30 0.43+0.04 0.30+0.01
-0.34 0,17+0.04 0.2210.01 0.34 0.3810.03 0.45+0.01
-0.30 0,10+0.04 0.19+0.01 0.38 0.34%0.02 0.7010.02
-0.26 0.18+0.04 0.1910.01 0.42 0.3410.02 0.95%0.03
-0.22 0.13+0.04 0.17+0.01 0.46 0.30+0.01 1.3610.03
-0.18 0,17+0.05 0.,12+0.01 0.50 0.32+0.01 1.6940.04
-0.14 0.1610.05 0.14+0.01 0.54 0.29+0.01 2.07+0.04
-0.10 0.1510.05 0.1310.01 0.58 0.28+0.01 2.87+0.05
-0.06 0,23%0.06 0.10+0.01 0.62 0.28+0.01 3.76t0.06
-0.02 0.11+0.06 0.09+0.01 0.66 0.22+0.04 4.19+0.21

Table 5S¢ Momentum in centre of target: 886 MeV/c



cos@ A do/dQ cos8 a do/dQ

-0.70 0.45%0.16 0.10+0.01 0.62 0.26+0.05 0.14+0.01
-0.66 0.3840.10 0.10+0.01 0.c6 0.21+0.06 0.1110.01
-0.62 0,4810,08 0.11+0.01 0.10 0.19%0.07 0.0910.01
-0.58 0.27+0.07 0.12%0.01 0.14 0.3210.09 0.0810.01
-0.54 0.,3310.06 0.1310.01 0.18 0.2840.10 0.0810.01
-0.50 0,28%+0.06 0.15+£0.01 0.22 0.24%0.10 0.0810.01
-0.46 0.37£0.06 0.1610.01 0.26 0.38+0.08 0.1010.01
-0.42 0.33120.05 0.17+0.01 0.30 0.50%+0.06 0.12+0.01
-0.38 0.3110.04 0.17+0.01 0.34 0,39+0.04 0.2010.01
-0.34 0.27x0.05 0.174+0.01 0.38 0.35%0.03 0.29140.01
-0.30 0.31+0.04 0.1610.01 0.42 0.40140.03 0.41+0.02
-0.26 0.37x0.04 0.18+0.01 0.46 0,3610.02 0.6810.02
-0.22 0.28+0.04 0.1940.01 0.50 0.3410.02 0.94%0.02
-0.18 0,28+0.04 0.1810.01 0.54 0,3010.01 1.4010.03
-0.14 0.17+0.04 0.17+0.01 0.58 0.28140.01 1.56%0.03
-0.10 0.25+0.04 0.18+0.01 0.62 0.26+0.01 2.4110.04
-0.06 0,2240.05 0.1510.01 0.66 0.17+0.01 3.32+0.04
-0.02 0.2510.05 0.13%0.01 0.70 0.2040.02 3.9410.08

Table 6: Momentum in centre of target: 988 MeV/c

cos6 A do/dQ cosH A do/dQ

-0.78 0.05+0.25 0.03+0.01 -0.02 0.31%0.04 0.1410.01
-0.74 -0.02%+0.13 0.0510.01 0.02 0.2910.05 0.1410.01
-0.70 0.11%0.11 0.05t0.01 0.06 0.311+0.05 0.13%+0.01
-0.66 0,06+£0.10 0.06+0.01 0.10 0.,2610.05 0.1210.01
-0.62 0.29%0.10 0.0610.01 0.14 0.26%£0.05 0.10%0.01
-0.58 0.19+0.09 0.08+0.01 0.18 0.31+0.06 0.0910.01
-0.54 0,42%0.10 0,0710.01 0.22 0,2510.06 0.0910.01
-0.50 0.32+0.09 0.08+0.01 0.26 0.3110.07 0.06%0.01
-0.46 0.33+£0.07 0.0940.01 0.30 0.3110.07 0.0740.01
-0.42 0,38:0.08 0.1010.01 0.34 0.36x0.06 0.091+0.01
-0,38 0.39%0.05 0.,1310.01 0.38 0.4440.05 0.12+0.01
~-0.34 0.47£0.05 0.13+0.01 0.42 0.46%0.04 0.2340.01
-0.30 0,44%0.05 0.1410.01 0.46 0.46+0.03 0.39+0.02
-0.26 0.44%0.05 0,14+0.01 0.50 0.3910.02 0.5510.02
-0.22 0.38%0.04 0.1510.01 0.54 0.,3610.02 0.8810.03
-0.18 0.36%0.04 0.1610.01 0.58 0.35+0.02 1.00x0.03
-0.14 0.38+%0.04 0.1510.01 0.62 0.3310.02 1.6610.04
-0.10 0.38+0.04 0.16+0.01 0.66 0.29%0.02 2.45%0.11
-0.06 0.3710.04 0.1610.01 0.70 0.25%0.03 2.7610.33

Table 7: Momentum in centre of target: 1089 MeV/c



cosH A do/df cos8 A do/dQ
-0.78 -0.54+0.17 0.05+0.01 0.02 0.34+0.05 0.2110.01
-0.74 -0,.18+0.16 0.0410.01 0.06 0.30%0.05 0.19+0.01
-0.70 -0.5840.17 0.04%0.01 0.10 0.34+0.05 0.1940.01
-0.66 -0.4510.17 0.0510.01 0.14 0.3210.06 0.15%0.01
-0.62 -0,15+0.21 0.,04+0.01 0.18 0,27%£0,06 0,15+0.01
-0.58 0.04%+0.20 0.05%0.01 0.22 0.22+0.07 0.13%0.01
-0.54 0.34%0.16 0.05%0.01 0.26 0.24x0,07 0,10%0.01
~0.50 0.54%0.15 0.06%0.01 0.30 0.30+0.08 0.09:0.01
-0.46 0.3910.13 0.0710.01 0.34 0.331+0.08 0.08+0.01
-0.42 0.64+0.11 0.,.1010.01 0.38 0.49+0.08 0.11+0.01
-0.38 0.54%0,10 0,1110.01 0.42 0.51%0.07 0.13%#0.01
-0.34 0.60+0.08 0.11%0.01 0.46 0,57+0.05 0.2310.02
-0.30 0.4610.07 0.14%0.01 0.50 0.47+0.04 0.36%0.02
-0.26 0,40%0.06 0.151+0.01 0.54 0.37+0.03 0.6710.03
-0.22 0.39+0.06 0.15%0.01 0.58 0.3410.03 0.83+0.03
-0.18 0.4110.05 0.22%0.01 0.62 0.36+0.02 1.20+0.04
-0.14 0.39+0.05 0.19%+0.01 0.66 -0.31+0.02 1,98%0.05
-0.10 0.3110.05 0.1940.01 0.70 0.2910.02 2.93%0.06
-0.06 0,36%0.05 0,19%0.01 0.74 0.28+0.02 4.22+0.07
-0.02 0.31+0.05 0.19%0,01 0.78 0.24%0.02
Table 8: Momentum in centre of target: 1190 MeV/c

cos8 A do/dQ cos® A dao/df
-0.82 -0.55+0.23 0.0510.01 0.02 0.324£0.03 0.19%0.01
-0.78 -0,39+£0.10 0,07+0.01 0.06 0.2910.03 0.21+0.01
-0.74 -0.34+0.10 0.04t0,01 0.10 0,23+£0.03 0,2210.01
-0.70 -0.2510.11 0.0410.01 0.14 0.2740.03 0.2140.01
-0.66 -0.15+C.11 0.04%0.01 0.18 0.23%0.03 0.20+0.01
-0.62 -0.3040.15 0.03+0.01 0.22 0.2240.03 0.20%0.01
-0.58 0.05%0.15 0.0410.01 0.26 0.21+0.03 0.,16%+0.01
-0.54 0.17+0.12 0.03%0.01 0.30 0.2610,04 0.15+0.01
-0.50 0.63+0.13 0.0510.01 0.34 0.29+0.04 0.13%+0.01
-0.46 0.53%0.09 0.05%0.01 0.38 0.33£0.05 0.1140.01
-0.42 0,45+0.08 0.07%0.01 0.42 0.42+0.05 0.1240.01
-0.38 0.58+0.07 0.08%0.01 0.46 0.4510.05 0.14%0.01
-0.34 0,6410.05 0.11+0.01 0.50 0.4440.03 0,2310.01
-0.30 0.52+0.05 0.10%0.01 0.54 0.41%0,03 0.32+40.01
-0.26 0.56x0.04 0.11+0.01 0.58 0.35%0.02 0.,53%+0.02
-0.22 0.5040.06 0.13%0.01 0.62 0.36+0.02 0,.8310.02
-0.18 0.4710.04 0,14+0.01 0.66 0.2810.02 1.36%0.03
-0,14 0.414+0.04 0.15%0.01 0.70 0.29+0.02 2.3340.04
-0.10 0,3410.03 0.19%40.01 0.74 0.3220.04 3.59+0.08
-0.06 0.4010.03 0.18£0.01 0.78 0.27£0.03

-0.02 0.38%0.03 0.20+0.01 ¢.82 0.21+0,03

Table 9¢: Momentum in centre of target: 1291 MeV/c



cosh A do/dQ cosB A do/df

-0.74 -0,05+C.14 0.0610.01 0.06 0.2710.05 0.24%0.01
-0.70 -0.23+0.18 0.06%0.01 0.10 0.37£0.05 0.25130.01
~0.66 0.07+0.17 0.0610,01 0.14 0.30x0.04 0.28+0.01
-0.62 -0.13+0.19 0.03+0.01 0.18 0,.33%0.05 0.27140.01
-0.58 0.10+x0.23 0.05+0.01 0.22 0.2410.05 0.2610.01
-0.54 0.40+0.20 0.06%0.01 0.26 0.2940.05 0.2740.01
-0.50 0.63+0.22 0.0610.01 0.30 0.36%0.05 0.2510.01
-0.46 0.44%0.16 0.07+0.01 0.34 0.30+0.05 0,2240.01
-0.42 0.5410.14 0.08+0.01 0.38 0.2440.06 0.19+0.01
-0.38 0.74+0.15 0.0810.01 0.42 0,45%0.07 0.1510.01
-0.34 0.56%0.10 0.08+0.01 0.46 0.41x0.09 0,13+0.02
-0.30 0.6910.09 0.08%£0.01 0.50 0.63%0.11 0.131t0.02
-0.26 0.7040.08 0.1340.01 0.54 0.61+0.07 0.191+0.02
-0.22 0.6210.08 0.14+0.02 0.58 0.55%0.06 0.301+0.02
-0.18 0.6010.07 0.1210.01 0.62 0.45x0.04 0,5510.03
-0.14 0.54%0.07 0.14+0.01 0.66 0.4410,03 1.031+0.04
-0.10 0.5410.06 0.1740.01 .70 0.36x0.03 1.6810.05
-0.06 0.55+0.06 0.19+0.01 G.74 0.2910.02 2.981+0.07
-0,02 0.3910.05 0.20+0.01 0.78 0.27+0.02 4.6410.09

0.02 0.43+0.05 0.21+0.01 0.82 0,2310.02
Table 10: Momentum in centre of target: 1400 MeV/c

cos@ A do/dQ cos@ A da/dR

-0.86 -0,01+0.19 0.05+0.01 -0,02 0.41+£0.05 0.1710.01
-0.82 -0.10+0.13 0.04+0.01 0.02 0.44+0.04 0.1940.01
-0.78 -0.2540.11 0.07+0.01 0.06 0.46%0.04 0,1910.01
-0.74 -0,2240.11 0.06+0.01 0.10 0.33:0.04 0.221+0.01
-0.70 -0.1940.13 0.0510.01 0.14 0,36+x0.04 0.204+0.01
-0.66 -0.,22140.13 0.05+0.01 0.18 0.37+0.04 0.2210.01
-0.62 -0,2010.17 0.04+0.01 0.22 0.3510.04 0.24%0.01
-0.58 -0.27+0.17 0.04+0.01 0.26 0.2610.04 0.23140.01
-0.54 0.30%0.15 0.0310.01 0.30 0.25+%0.04 0,2110.01
-0,.50 0.38%0.14 0.04+0.01 0.34 0.38+0.05 0.17+0.01
-0.46 0.59%0.12 ©0.0710.01 0.38 0.30+0.05 0.1610.01
-0.42 0.6510,13 0.0510.01 0.42 0.3110.06 0.13+0.0!
-0.38 0.72+40.12 0.06+0.01 0.46 0.48+0.07 0.1110.01
-0.34 0.7740.10 0.0940.01 0.50 0.57+0.06 0.1410.01
-0.30 0.71+0.09 0.07+0.01 0.54 0.54*+0.06 0.1710.02
-0.26 0.57+0.07 0,.0940.01 0.58 0.49+0.04 0.2910.02
-0.22 0.,69+0.06 0.09+0.01 0.62 0.43+0.04 0.601+0.03
-0.18 0.6110.06 0.11+0.01 0.66 0.40+0.03 1.00+0.03
-0.14 0.59+0.06 0.1040.01 0.70 0.32+£0.02 1,7810.05
-0.10 0.5440.05 0.12%0.01 0.74 0.32+0.02 3.0610.06
-0.06 0.5710.06 0.1310.01 0.78 0.30+0.02 4.3810.09

Table 11: Momentum in centre of target: 1416 MeV/c



cos® A do/dQ cos® A do/dQ

-0.78 0.26%0.21 0.04+0.01 0.02 0.43%0.06 0.2010.01
-0.74 -0.27+0.18 0.07+0.01 0.06 0,33+0.06 0.2010.01
-0.70 -0.37+0.21 0.0630.01 0.10 0.36+0.06 0.2410.02
-0.66 0,09+0.23 0.0410.01 0.14 0.39%0.06 0.2410.02
-0.62 -0.67+0.24 0.05+0.01 0.18 0.38+0.06 ©€.22%0.02
-0.58 0.19+0.23 0.041£0.01 0.22 0.35t0.06 0.28+0.02
-0.54 0.221#0.22 0,04t0.01 0.26 0.30+0.06 0.31+0.02
-0.50 0.51%0.24 0.031+0.01 0.30 0.26+0.06 0.24%0.02
-0.46 0.70+£0.22 0.07+0.01 0.34 0.35%C.06 0.2310.02
-0.42 0.7310.17 0.0610.01 0.38 0.27+0.07 0.24%0.02
-0.38 0.83%0.21 0.0610.01 0.42 0.3410.08 0.15+0.01
-0.34 0.59%0.13 0.10+0.02 0.46 0.3910.09 0.1410.01
-0.30 0.45%0.11 0.07+0.01 0.50 0.46+0.10 0.10+0.02
-0.26 0.55+0.10 0.14+0.02 0.54 0,58+0.08 0.19+0.02
-0.22 0.76%0.10 0,12+0.02 0.58 0.55%0.06 0.2710.03
-0.18 0.48%+0.09 0.10+0.01 0.62 0.38+0.05 0.5610.04
-0.14 0.49+0.08 0.1410.01 0.66 0.29+0.04 0.9510.06
-0.10 0.51+0.08 0.15%0.01 0.70 0.33+0.04 1.5310.10
-0.06 0.45+0.08 0.151+0.01 0.74 0,32+0.02 3.04%0.39
-0.02 0.41%0.07 0.2110.01 0.78 0.2710.02 4.76x0.60

Table 12: Momentum in centre of target: 1449 MeV/c

cos® A do/dQ cos A do/dQ

-0.86 0.061+0,16 0.07£0.01 -0.02 0.,52£0.06 0,13+0.01
-0.82 (¢.24%0.13 0.0710.01 0.02 0.4410.06 0.161+0.01
-0.78 -0.031+0.15 0.06+0.01 0.06 0.41140.06 0.1710.01
-0.74 -0,18+0.15 0.04+0.01 0.10 0.4410.05 0.1810.01
-0.70 -0.3410.15 0.0610.01 0.14 0.3340.05 0.,18+0.01
-0.66 -0.28+0.18 0.0440.01 0.18 0.384£0.05 0.19+0.01
-0.62 -0.04+0.20 0.0410.01 0.22 0.30+0.05 0,23+0.01
-0.58 -0.04+0.16 0.0510.01 0.26 0.27+0.05 0.21%0.01
-0.54 -0.09+0.18 0.0410.01 0.30 0.28%0.05 0.22%0.01
-0.50 0.47+0.18 0.0310.01 0.34 0.27+0.05 0,1810.01
-0.46 0.39+0.15 0.0410.01 0.38 0.2940.06 0.1510.01
-0.42 0.60+0.14 0.0410.01 0.42 0.41%+0,08 0.10+0.01
-0.38 0.46%0.13 0.04120.01 0.46 0.30%0.08 0,1110.01
-0.34 0.5510.12 0.0410.01 0.50 0.37+£0.08 0.1210.01
-0.30 0.75%0.12 0.06+0.01 0.54 0.68+0.08 0,13+0.01
-0.26 $.65%0.09 0.07+0.01 0.58 0.4540.06 0.2510,02
-0.22 0.55%0.09 0.08%0.01 0.62 0.55+0.05 0.3810.02
-0.18 0.66+0.09 0.08+0.01 0.66 0.43+0.04 0,7510.03
-0.14 0,64%+0.08 0.0910.01 0.7¢ 0.34%0.03 1.2910.04
-0.10 0.50+0.07 0.10+0.01 0.74 0.30%0.02 2.37%0.05
-0.06 0,48+0.07 0.12+0.01 0.78 0.28%0.02 3,75%0.07

Table 13¢ Momentum in centre of target: 1467 MeV/c



cosf A do/dQ cosd A do/dQ

-0.8 0.5010.19 0.0310.01 -0.02 0.4610.06 0.12+0.01
-0.82 0.04£0.15 0.0510.01 0.02 0.4410.06 0.1310.01
-0.78 -0.01+0.14 0.05+0.01 0.06 0.53+0.06 0.1410.01
-0.74 -0.2610.15 0.0410.01 0.10 0.3710.05 0.1510.01
-0.70 0.00+0.16 0.0310.01 0.14 0.37+0.05 0.17+£0.01
-0.66 -0.02+0.18 0.04+0.01 0.18 0.31+0.05 0,1710.01
-0.62 -0,20+0.20 0.0410.01 0.22 0.2810.05 0,2010.01
-0.58 0.30+0.25 0.02+0.01 0.26 0.33+0.05 0.18+0.01
~-0,54 0.16+0.18 0.03+0.01 0.30 0.32+0.05 0.1810.01
-0.50 0.3610.17 0.0410.01 0.34 0.2840.05 0.16+0.01
-0.46 0.27+0.16 0.03+0.01 0.38 0.3110.05 0.17+0.01
~-0.42 0,311+0.14 0.04%0.01 0.42 0.29+0.07 0.12+0.01
-0.38 0.34%0.13 0.0310.01 0.46 0,3110.07 0.1110.01
-0.34 0.71%0.15 0.0410.01 0.50 0.47+0.08 0.0710.01
-0.30 0.5810.10 0.0510.01 0.54 0.4810.08 0.101+0.01
-0.26 0.65+0.10 0.0510.01 0.58 0,45%0.06 0.18+0.01
-0.22 0.60+0.09 0.0610.01 0.62 0.4510.05 0.26%0.02
-0.18 0.5410.08 0.0510.01 0.66 0.4610.05 0.54+0.03
-0.,14 @.55%0.08 0.081+0.01 0.70 0.3610.03 0,9410.03
-0.10 0.36+x0.07 0.0910.01 0.74 0.35+0.02 1,.751+0.04
-0,06 0.50%0.07 0.0910.01 0.78 0.34%0.02 3.08%0.06

Table l4: Momentum in centre of target: 1501 MeV/c

cos8 A do/dQ cos@ A do/dQ

-0.78 -0.27+0.17 0.08+0.01 0.02 0.4910.07 0.16+0.01
-0.74 -0.15%0.17 0.07+0.01 0.06 0,48+0.06 0.17+0.01
-0.70 0.02+0.19 0.0410.01 0.10 0.50%0.06 0.21%0.01
-0.66 -0.01+0.21 0.03+0.01 0.14 0.40%0.06 0.221+0.01
-0.62 -0,0510.19 0.05%+0.01 0.18 (.38+0.05 0.23+0.01
-0.58 0.31+0.23 0.0310.01 0.22 0,33£0.05 0.25%0.01
-0.54 0.3010.18 0.0410.01 0.26 0.30%0.05 0.2510.01
-0,50 0.1610.18 0.0410.01 0.30 0.26%0.05 0.2710.01
-0.46 0.29%0.19 0.0510.01 0.34 0,21%0.05 0.2710.01
-0.42 0.44%0.19 0.0510.01 0.38 0.20+0.05 0.21+0.01
-0.38 0,56+0.18 0.04t0.01 0.42 0.10+£0.06 0.191+0.01
-0,34 0.611+0.16 0.051+0.01 0.46 0.08+0.07 0.1410.01
-0.30 0.4510.11 0.0710.01 0.50 0.19+0.08 0.10%0.01
-0.26 0.538+0.12 0.0810.01 0.54 0.4710.09 0.1310.02
-0.22 0.4610.11 0.06+0,.01 0.58 0,59+0.08 0.15+0.,02
-0.18 0.5240.10 0.1010.01 0.62 0,54+0.07 0.26%0.02
-0.14 0.47+0.09 0.,09%0.01 0.66 0.5130.07 0.40+0.03
-0.10 0.60+0.09 0.19+0.01 0.70 0.45%0.05 0.8410.04
-0.06 0.,48+0.07 0,13+0.01 0.74 0.354%0,03 1.58%0.05
-0.02 0.43+0.07 0,1440.01 0.78 0.28%0.02 3,03+0.07

Table 15: Momentum in centre of target: 1550 MeV/c



APPENDIX B
Legendre expansion coefficients
Values of Legendre expansion coefficients aj/a, and bj/a,. Expansions

are terminated at orders corresponding to the minimum value of x*/DF. The
errors shown correspond to the diagonal elements of the covariance matrix.

The fits are performed using the constraints described in chapter .

P afa, 82/30 as/au aa/ao &5/80
679 2.57+0.08 2.58+0.10 2.07+0.10 1.1010.06 0.45%0.02
783 2.56+0.07 2.82+0.10 2.46+0.10 1,47+0.07 0.7710.04
886 2,47+0.09 3.02%#0.13 2.711+0.13 1.85%0.10 1.15%0.06
988 2.2410.09  3.3240.17 2.73#0.16  2.55%0.17 1.3240.09

1089 2.82+0.09  3.41%0.14 3,8110.18 2.73%0.15 2.2140.12
1190 2.71£0.08 3.50%0.12 3,7810.15 3.06%0.14  2.32+0.11
1291 2.66+0.09 3.61%0.15 3.86+0.19 3.39+0.19 2.5510.14
1400 2.63+0.06  3.68%0.10 3,95+0.12 3.74%0.13 2.8410.10
1416 2.56+0.07 3.7240.13 3.84+0.16 3,7910.18 2.77+0.13
1449 2.56+0.08 3.71#0.14 3.83+0.16 3.77+0.18 2.7310.13
1467 2.70+£0.07  3.79+0.12 4.21+0.16 3.95+0.17 3.2610.14
1501 2.74+0.07 3.87£0.12 4.3940.16 4.20%0.17  3.58%0.15
1550 3.07+£0.07 3.8040.10 5.00%0.16 4.10+0.15 4.2210.15
Table 16: Legendre expansion coefficients (aj/a,)

P b1/an bz/&o ba/au bh/aﬂ bs/ao
679 .075+.007 .160+£.019 -.006+.001 .049+,008 -.060£.009
783 .181+.016  .301%,031 .184+.022  ,221%.030 .067+.009
886 .089+.009  .134%.017 .060+.009 .073%1.012 -.015%.003
988 .050+£.006 .031+.005 .026+.005 -.003%+,001 ~-.012+.002

1089 .080+£.008 .085%.010 .073+£.010 .053%£.009  .024%.004
1190 .103£.009  .147£.015 .114+.014  ,130+.018  .061%,008
1291 .051+.005 .055+.007 .038+.006 .036+.006 .011%+.002
1400 .084%.006 .087+.007 .079%.,007 .066+.007 .042+.004
1416 .084+.007 .092+.010 .087+.011 .072£,010 .050%£.007
1449 .070+.006 .065£.007 .062+.008 .040%.006  .029%.004
1467 .055£.,004 ,061%+.006 .043+£.005 .039+.005 .010+.001
1501 .0601.005 .0671.006 .058+.006  .048%+.006 .025£.003
1550 .054+,004  .057+.005 L043+.004  .041%.004  .022+.002
Table 17: Legendre expansion coefficients (bj/a.)
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