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The polarization parameter in elastic x P scattering has been measured, at the Berkeley 184-in. synchro-
cyclotron, with the use of a polarized proton target. At 318-, 337-, and 390-MeV incident pion kinetic
energy, the angular range from 70' to 180' in the center-of-mass system was covered. At 229 MeV, polari-
zation measurements were made in the angular range 150 to 180'. Phase-shift analyses, using these and
other published data, were made at the two lowest energies.

I. INTRODUCTION

'HK phenomenological analysis of low —to—medium-

energy pion-nucleon scattering has usually taken
the form of phase-shift analyses. ' Kith this type of
analysis there has been the dB5culty that, except at the
lowest energies, it is not always possible to determine
whether a unique solution exists.

A possible route out of this difliculty is to start with
a well-established solution at a low energy and to con-
tinue this solution upwards at small increments in

energy. At each energy, one would make the require-
ment of any solution found that it not only 6t the data
well, but also that it join continuously to the (presuma-
bly unique) solutions found at lower energies. We do
not exclude that other criteria such as those established

by unitarity and causality considerations (i.e., disper-
sion relations) be also imposed. In this manner one may
hope eventually to establish a phase-shift solution that
is unique at all energies for which su%.cient data exist.

The object of this experiment was to increase the
amount of data available in order to try to pin down a
unique solution at energies near 300 MeV. At the same
time, we attempted to resolve certain inconsistencies
among previously existing experiments' 'and analyses. "

In the experiment reported here, the polarization
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parameter P(e) in elastic a p scattering was measured
at incident pion kinetic energies of 318, 337, and 390
MeV in the range from 70 to 180 in center-of-mass
scattering angles, and at 229 MeV in the range from
150 to 180 . The technique used was single scattering
from a polarized proton target. Scintillation-counter
hodoscopes were used to detect both 6nal-state particles,
with sufBcient angular resolution to identify elastic-
scattering events from free protons. The measured
asymmetry of the counting rate in any channel, upon
reversal of the direction of target polarization (which is
normal to the plane of scattering), can be directly
related to the polarization parameter P(0) once the
degree of polarization of the target is known.

Section II of this paper outlines the experimental
procedure. Section III contains the results of this
experiment. In Sec. IV, we present the results of a
phase-shift analysis based on this and other results at
229 and 310 MeV.

II. EXPERIMENTAL PROCEDURE

A. Beam and Target

The negative-pion beams were produced at the inter-
nal target of the Berkeley 184-in. synchrocyclotron and
guided out through the cyclotron shielding wall into a
second shielded area known as the meson cave. The
magnet system was designed so that it could be tuned
to several diferent energies without having to move
either the target or the concrete shielding. Momentum
resolution was +15%Data were taken at beam kinetic
energies centered at 229, 318, 337, and 390 Mev, as
determined by range measurements, to within 2%

The polarized target has been described elsewhere, e

and, the principles of operation wi11 not be repeated
here.

Four crystals of (0.99La, 0.01 Nd'4') & Mg, (NQe) te ..24
H20, of a total mass of approximately 22 g, and 6lling
a 1-in.-diam )(1-in.-long cylinder, were used. as the

e G. Shapiro, Progr. Nucl. Tech. Instr. 1, 176 (1964);see, also,
H. Atkinson, in I'roceedings of the International Conference on
I'olarised Targets and Ion Sources, Saclay, 1966, edited by La
Direction de la Physique, Centre O'Ktudes Nucldaires de Saclay
(Centre d'Etudes Nucleaires de Saclay, Gif-sur-Yvette, France,
1967), p. 41.
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target. The hydrogen in the water of hydration provided the protons capable of being polarized by the method
of dynamic-nuclear orientation.

B. Method

The polarization parameter I' in xS scattering was originally defined in terms of the recoiling nucleon from
an unpolarized target. If the scattering is taken to be in the horizontal plane, then, for a given center-of-mass
angle 8,

number of nucleons with spin "up" minus number with spin "down"

total number of nucleons recoiling at angle 0

(This "up" direction is more precisely defined below as
the direction 6.) Many such experiments have been
performed, but they all have had to face the difficulty of
determining the recoil polarization by making the
nucleon scatter a second time.

With the assumption that parity is conserved in the
interaction or that it is invariant under time reversal,
however, the same parameter can be determined with
only one scattering if that scattering is from a polarized
target. Only the differential cross section I(0) and target
polarization Pz need be ineasured. The relation between
P, I, and Pr is

I(8)=Io(8)L1/P(9)6 Pr],

where Io is the differential cross section measured with
an unpolarized target, and n=k, &(kf is the unit normal
to the plane determined by the pion's initial and final
momenta k; and k~. In practice, it is easier to avoid
systematic errors by measuring the two rates I+ and I
corresponding to„scattering with target polarized in
the direction of the normal to the plane of scattering,
and opposite to that normal, respectively. Then what
is computed is the asymmetry

Finally (ignoring background),

In the experiment reported here, P(0) was determined

by this second method. The target geometry was such
that k and Pz were horizontal in the laboratory.

C. Counters and Electronics

All events were recorded as coincidences between
two counter hodoscopes which detected the scattered
pion and recoil proton as indicated in Fig. 1. To extend
the available angular range without doubling the
number of counters, the polarized target magnet was
operated with opposite polarities at different times. In
this way, pions scattered at certain angles which would
miss the array with one setting of the magnet will be
deQected into the array with the opposite polarity. We
hasten to point out that these polarity reversals are
not required to reverse the direction of proton polari-
zation. Target-polarization reversal is accomplished, at
either magnet polarity, by a change of 0.3'P~ in the
frequency of the microwave radiation used in the
dynamic polarization process.

The pion hodoscope and the normal-proton hodo-
scope each had 12 counters overlapped as shown in Fig.
1 to give 23 electronically distinguishable bins in the
0 direction. The array used to detect protons when the
magnet polarity was reversed used 11 such bins. In
addition, each array had 5 nonoverlapping y counters
(not shown) running the full length of the arrays behind
the 0 counters. Anticoincidence counters to left, right,

Incoming

Beam Reve Proton
reverse

FIG. i. Polarized target, magnet,
and scintillation-counter arrays.
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and above the beam were placed between the pule tips
upstream from the crystal.

A coincidence between at least one counter in each
of the four arrays (pion 8, pion q, proton 8, proton q)
activated the "data-break" input channel to an on-line
PDP-5 computer. The identities of all counters which
had registered in coincidence were then stored directly
in the computer memory, later to be read out onto
magnetic tape. The PDP-5 also performed a partial
reduction of the data and displayed summaries of
selected portions of it on an oscilloscope.

D. Data Analysis

Analysis of the IBM compatible data tapes produced
by the PDP-5 was mainly performed using an IBM 2094
computer off-line. Events for which one and only
one bin had registered in each array were further
classified according to these bin numbers into a matrix
having, typically, 23)&5)&23)(5= 13 225 elements. This
analysis was carried out separately for each beam
energy and magnet polarity.

Elastic scatters from hydrogen in the target have
well-defined kinematics and form a narrow band through
the matrix. Background events are more or less uni-
formly smeared over the whole matrix. A program which
displayed graphically selected slices of the array was
used to determine the hydrogen peak regions. The
de6nition of these regions was then inserted into the
6nal analysis program.

A dummy target, similar to the crystals with respect
to quantity of the various atomic masses but containing
no hydrogen, was used to measure the background due to
scattering from heavy elements. Correction was also
made for the presence of helium liquid in the vicinity of
the target. The background from these sources was
usually a small fraction of the counts in the channels
corresponding to elastic scattering from hydrogen, in
the worst cases amounting to 30%% of the total in those
channels.

The Anal computational program took the selected
regions in the crystal- and dummy-target data and
calculated the polarization parameter P(0) according to
the following formulas:

where

i is the ith data-taking run, X; is the number of counts
(in hydrogen region, at scattering angle 8) during ith
polarized-target run, j is the jth dummy-target run,
8, is the number of counts, in same region, during jth
dummy run, I'; is the average target polarization during
ith run, m; is the number of monitor counts during ith
run, p=P; m, P;/P; m; (which should be close to zero
if data are evenly distributed between positive and

negative target polarization), Q;= P; p—, Q'= P m, QP/

(background is normalized to total counts in the non-
hydrogen region), and NH refers to nonhydrogen
regions of matrix.

Target polarization was reversed every 2 to 3 h to
keep possible long-term drifts from aQecting data taken
with one sign of target polarization differently from
that taken with the other.

The scattering angle was calculated using a computer
program which found the trajectories of particles
through the measured magnetic field. Conjugate proton
and pion counters calculated in this fashion agreed
within one counter width with the hydrogen peak
regions found in the data matrix. Within our resolution
of about 1 laboratory angle, no evidence for error in
scattering ang1e was found.

E. Target-Polarization Measurement

Target polarization was measured by a nuclear-
magnetic-resonance (NMR) technique, as described in
Ref. 6 and by Jeffries. r The NMR signal was monitored
continuously during the run. Every~half hour a slow
(several-minute) sweep through the NMR signal was
made, during which the value of the rf level and its
first derivative were digitized at small intervals. These
data plus calibration signals (thermal equilibrium)
which were taken approximately once every 24 h were
analyzed by computer program to give a corrected area
under the resonance, which is thought to be proportional
to the true polarization. The ratio of these areas, plus
knowledge of the temperature and magnetic field at the
crystal during calibration, yielded the absolute target
polarization.

The polarization measured in this manner averaged
35%%un during this run. This rather low value may have
been due to such factors as insufficient microwave
power. On the other hand, we cannot rule out the possi-
bility of a systematic error in the polarization measure-
ment. This possibility is supported both by internal
evidence (certain difficulties encountered in the polari-
zation-measuring electronics) and by an external
inconsistency with other data, mentioned below. We
assign a systematic error of &10%%uo to the calibration of
the polarization measurement. This is to be interpreted
as an uncertainty in the scale to be applied uniformly to
all the data reported in this article, in addition to the
errors (largely statistical) reported here for the indi-
vidual points.

III. RESULTS

The results of this experiment are reported in Tables
I-IV. They are presented graphically in Figs. 2-4.

C. D. Je8ries, Dynamic IVuclear Orientalioe (Jnhrr Wiley ar
Sons, Inc., New York, 1963).



1264 A RE NS et al. 167

TABLE I. Experimental results for polarization in 27. p scatter-
ing at 229 MeV. A systematic error of 10'P~ is to be added because
of uncertainty in the target polarization.

TABLE III. Experimental results for polarization in m. p scat-
tering at 337 MeV. A systematic error of 10% is to be added
because of uncertainty in the target polarization.

8 *(degrees, c.m. )
153.5
155.9
158.4
160.8
163.5
166.0
168.5
171.1
173.8
176.3
178.6
178.9

—0.031—0.030—0.017—0.063
0.054
0.102—0.010
0.020
0.043
0.085
0.033
0.005

AP (e)

0.051
0.050
0.046
0.043
0.039
0.038
0.040
0.036
0.035
0.037
0.058
0.043

At 318 MeV, near where a convict exists between
measurements of Rugge and Vik' and those of Vasilevski
et al. ' at 310 MeV, our results tend to lie between the
two, but perhaps a bit closer to the former.

IV. PHASE-SHIFT ANALYSIS

A. Inyut Data

Using the present polarization measurements along
with other published data as input, we have made a
phase-shift search at 229 and 310 MeV.

e *(degrees, c.m. )

73.5
77.4
81.2
85.0
88.5
91.9
95.2
98.6

101.8
104.9
108.1
111.2
114.1
116.9
119.8
122.7
125.4
128.1
130.7
133.4
161.6
164.2
166.5
168.9
171.4
173.9
176.1
176.4
178.6
178.9

—0.709
-0.606—0.619—0.544—0.363—0.244—0.190—0.077

0.008
0.162
0.353
0.399
0.501
0.507
0.509
0.559
0.611
0.367
0.554
0.540
0.265
0.259
0.170
0.080
0.093
0.053
0.024
0.072—0.031
0.118

0.038
0.039
0.040
0.037
0.039
0.047
0.052
0.055
0.053
0.057
0.061
0.052
0.061
0.060
0.060
0.055
0.053
0.064
0.057
0.063
0.071
0.060
0.053
0.049
0.044
0.042
0.058
0.041
0.042
0.045

0 * (degrees c.m. )

66.8
70.7
74.6
78.5
82.3
85.8
89.3
92.6
96.1
99.3

102.4
105.7
108.9
111.8
114.7
117.5
120.5
123.3
126.0
128.6
131.3
163.0
165.3
167.7
170.2
172.7
175.2
177.3
177.7
179.8

—0.892
—0.784
—0.654
—0.569
—0.501
—0.463
—0.310
—0.147
—0.113

0.070
0.165
0.292
0.332
0.524
0.529
0.523
0.668
0.530
0.529
0.489
0.511
0.280
0.207
0.164
0.134
0.120
0.028

—0.052
—0.007
—0.103

0.045
0.036
0.036
0.035
0.033
0.035
0.037
0.042
0.040
0.044
0.045
0.045
0.047
0.049
0.054
0.049
0.047
0.048
0.049
0.048
0.050
0.112
0.100
0.095
0.092
0.078
0.081
0.101
0.085
0.087

TABLE II. Experimental results for polarization in 2i p scatter-
ing at 318 MeV. A systematic error of 10% is to be added because
of uncertainty in the target polarization.

The input data used, besides our own, were the follow-

ing: for 229 MeV: vr+p polarization at 246 MeV, ' z+p
total and differential cross section at 240 MeV, ' 7r-p

total and di6erential cross sections at 226 MeV, "and
vr p charge-exchange differential cross section at 230
MeV"; for 310 MeV: z+p total and differential cross
sections at 310 MeV, "z p differential cross section at
310 MeV, ' n p charge-exchange differential cross
section at 313 MeV, "z+p polarization at 310 MeV, "
and one point of z. p charge-exchange polarization at
310 MeV. 15

A normalization parameter was introduced for each

block of data to account for systematic uncertainties
in the scale of each measurement. This parameter was

'O. Chamberlain, C. D. Jerries, C. H. Schultz, G. Shapiro,
aud L. Vau Roszum, Phys. Letters 7, 293 (1963).

9A. I. Mukhin, E. B. Ozerov, and N. M. Pontecorvo, Zh.
Eksperim. i Tear. Fiz. 31 371 (1956) LEnglish transl. : Soviet
Phys. —JETP 4, 237 (1957Ig; see, also, W. K. Troka et aL, Phys.
Rev. 144, 1115 (1966)."S.Kellmann, W. P. Kovacik, and T. A. Romanowski, Phys.
Rev. 129, 365 (1963)."J.C. Caris, R. W. Kenney, V. Perez-Mondex, and W. A.
Perkins III, Phys. Rev. 121, 893 (1961).

~ J. H. Foote, O. Chamberlain, E. H. Rogers, and H. M.
Steiner, Phys. Rev. 122, 959 (1961);see, also, P. M. Ogden et al. ,
ibid 137, B1115 (19.65).' D. L. Lind, B. C. Barish, R. L. Kurz, P. M. Ogden, and V.
Perez-Mendez, Phys. Rcv. 138, B1509 (1965).' J. H. Foote, O. Chamberlain, E. H. Rogers, H. M. Steiner,
C. E. Wiegand, and T. Ypsliantis, Phys. Rev. 122, 948 (1961).

"R.E. Hill, N. E. Booth, R. J. Esterling, D. L. Jenkins, N. H.
Lipman, H. R. Rugge, and O. T. Vik, Bull. Am. Phys. Soc. 9, 4i0
(1964).
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allowed to vary in order to achieve the best fit. It was
generally noted that solutions found when the normali-
zation parameters were held fixed at unity were not
signi6cantly different from those found when they were
allowed to vary, but that they had consid. erably higher
X2.

Also included were the non-spin-Qip forward. -scatter-
ing amplitudes derived from dispersion relations. "

Partial-wave amplitudes up to and including 1.=3
(F waves) were varied. in the search for minimum Xs,

starting from values chosen randomly within certain
regions described below.

Because of limited computer time and memory, it
was considered impractical to generate the random
starts from points selected uniformly throughout the
total range of the variables (phase shift 8 between
—180' and +180'; inelasticity parameter ri between 0
and I, for each partial wave). To reduce the region
searched to manageable proportions, we made use of the
following facts: (a) The solutions shouM link up
reasonably continuously with solutions found at nearby
energies; (b) at these low energies, the elasticity is
expected to be near unity; and (c) F-wave amplitudes
are expected to be small. Whereas the starting points
for the searches were selected within the restricted
regions de6ned below, the solutions found proceeding
from these starts were not so restricted. The selected

e *(degrees, c.m. )

74.9
78.8
82.6
86.4
90.1
93.5
96.8

100.0
103.3
106.5
109.5
112.6
115.6
118.5
121.2
123.9
126.7
129.4
132.0
134.6
137.1
167.5
169.8
172.2
173.0
174.5
175.5
177.1
178.0
179.5

—0.759—0.716—0.620—0.610—0.515—0.353—0.258
0.103
0.252
0.469
0.520
0.643
0.897
0.742
1.020
0.821
0.728
0.796
0.688
0.692
0.524
0.119
0.112
O.C54
0.059
0.113
0.000
0.049—0.056
0.023

DP(s)

0.036
0.039
0.042
0.043
0.047
0.055
0.057
0.070
0.078
0.066
0.079
0.079
0.074
0.074
0.078
0.071
0.065
0.071
0.070
0.065
0.070
0.043
0.043
0.042
0.058
0.041
0.045
0.036
0.038
0.037

'6 J. Baacke (private communication}; G. Hohler, G. Ebel, and
J. Giesecke, Z. Physik, 180, 430 (1964),

TABLE IV. Experimental results for polarization in m p scatter-
ing at 390 MeV. A systematic error of 10%%uo is to be added because
of uncertainty in the target polarization.

TABLE V. 229 MeV. 18 degrees of freedom, 8 in degrees, phase
shifts accurate to +1', q's accurate to 0.01.

Solution

x'
S11
~11
~13
D13
D15
F15
F1?
S31
~31
~33
Dss
D35
F35
Fs?

1.00
1.00
1.00
1.00
1.00
0.99
1.00
1.00
0.98
1.00
1.00
1.00
0.97
1.00

25
10.2
44—3.9
5.1—0.6
3.1—1.4—16.6
49—64.9
202—0.6
107
34

1.00
1.00
1.00
1.00
1.00
0.97
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.97

6.2
2.3
3.3—5.6
5.5-1.4
0.4

74.7—34.9—29.5
-2.3

2.5
2.3—2.8

do/dQ(x+p)
do/dQ(x p)
do/dQ(ch. ex.)
p(~+p}
P(x p)

Normalizing factors for input data
0.99+0.01
1.00+0.01
0.99+0.02
0.96+0.01
0.84&0.06

1.00&0.01
1.00+0.01
0.99&0.02
0.89&0.08
0.84&0.05

regions in each case centered about the solution found
at a nearby energy by BBSV.4

B. 229 Me7

At 229 MeV, the region for random starts was de-
fined as follows: for 8 and F waves, r} between 0.9 and
1.0, 8 within 45 of the BBSV solution: for D waves, t}

between 0.9 and 1.0, 5 within 30 of the BBSVsolution:
for Il waves, g=1.0, 8=0 . Searches were made starting
from 40 points chosen randomly within these limits.

Solution

X2
S11
~11
~13
Dls
D15
F15
F1?
S31
~31
~ss
D33
D35
F35
F3?

1.000
0.97
0.96
1.000
1.000
1.000
1.000
0.97
0.994
1.000
0.957
1.000
0.980
1.000

72.8
10.6
21.6—4.6
5.81
0.55
1.52—0.37

21.1—10.8—41.3
211
1.19—0.84
2.16

1.000
0.90
0.978
1.000
0.982
1.000
1.000
0.964
1.000
1.000
0.91
1.000
0.984
1.000

84.4
4.6

20.2—7.7
8.2—0.102
2.26
0.21—32.4—14.1—30.4—9.7

11.0—0.52—1.07

d~/d O(x+p)
da/dD(x p}
do/dQ(ch. ex.)
p(~+p)
P(s. p)
E(ch ex.).

Normalizing factors for input data
0.91&0.02
1.03~0.02
1.11&0.04
0.99&0.03
0.89&0.03
1.03+0.03

0.89+0.01
1.00~0.02
1.07&0.03
1.00+0.03
0.75&0.03
1.05+0.03

TABLE VI. 310 MeV. 66 degrees of freedom, b in degrees, phase
shifts accurate to &1', g's accurate to 0.01.
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TAar, z VII. Values calculated from phase-shift solutions.

229 MeV
~+ inelastic cross section
~+ eLastic cross section
vr inelastic cross section

elastic cross section
charge-exchange cross section

310 MeV
m+ ineiastic cross section
~+ elastic cross section

inelastic cross section
m= elastic cross section
charge-exchange cross section

Solution A (mb)

4.82&1.50
125.63&2.10

2.57&0.65
16.05~0.32
29.36&0.65

4.78+0.73
55.4 a0.8
3.57~0.47

10.47&0.26
15.13&0.27

Solution 8 (mb)

4.79+1.15
126.82&2.12

3.79+0.69
16.00&0.51
29.60+0.68

6.96&0.53
54.0 +0.6
5.77&0.35

10.51&0.20
14.42a0. 19

Experiment' (mb)

small
0 p = 130.00&7.2

)0.3 a0.3
2Q.8 ~0.4
30.4 &1.3

small
0.z ——65.5 &1.7

1.47&0.10
11.4 &0.8
17.8 &1.0

"Reference 19.

The BBSV solution or minor modifications of this
solution were found sixteen times, with the confidence
level of the best fit being 14'P~. Another solution of con-
fidence level 8'Po was found once followed by solutions
with confidence levels of 1/q or less. Solution B can be
excluded by using the Wigner condition" to link the
229-MeV phase shifts to the 310-MeV phase shifts
given below. This condition states that d8/dk~& —R,
where R is the radius of interaction. Setting R equal
to one pion Compton wavelength, we 6nd that the S31
phase shift either goes through an improbable resonance
(5=90 ) between 229 and 310 MeV or decreases 5 times
more rapidly than the Wigner condition allows. These
two solutions are shown in Table U.

C. 310 Mev

At this energy, an intensive search was made over a
wide region of allowed starting points. 120 starts were

3I 8 MeV

0.6—

made from a region which for S, P, and D waves
allowed all values of g from 0.0 to 1.0 and 5 within
90' (i.e. , a semicircle) of the BBSVvalue. Ii waves were
started from q=1.0 and 8=0 . No good solutions were
found in any of these searches. 50 starts were made
from a more restricted region, namely, the same region
defined above for the 229-MeV search, but with BBSV
solutions appropriate to 310 MeV. Some acceptable
solutions were now found. We conclude that in the
previous case, the search region was so wide that there
was very small probability of ending a solution with
X' comparable to that of the BBSV solution.

40 starts were made from the same region, but with
F waves allowed to vary with the limits g between 0.95
and 1.0, 8 between —10 and +10 .

181 starts were made from regions centered at 0'
phase shift, within the following limits: S11 and P11,
&30; S31 and P31, &90'; P13 and D13, &23; P3, and
D33, ~45; D15 and F15, &19; Dg5 and F35, &38;
F17 +15 j F37 &30'; for S, P, and D waves, g between
0.9 and 1.0, for F waves, g between 0.95 and 1.0.
These limits were selected so that any partial wave
can by itself account for the known total cross section.
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Fro. 2. Experimental results for polarization in ~ p scattering
at 318 MeV. A systematic error of 10'P0 in the vertical scale is to
be added because of uncertainty in the target polarization. The
center-of-mass scattering angle is given in degrees.

' E. P. Wigner, Phys. Rev. 98, 145 (19S5).

FIG. 3. Experimental results for polarization in ~ p scattering
at 337 MeV. A systematic error of 10/0 in the vertical scale is to
he added because of uncertainty in the target polarization. The
center-of-mass scattering angle is given in degrees.
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This procedure should be capable of 6nding every
physically admissible solution.

The program was adjusted to 6nd the minima with
an accuracy of about 1 in the phase shifts 6 and 0.01
in the elasticity parameters p, two minima as found by
the computer were judged to be equivalent if they were
identical to about this accuracy in every parameter. The
BBSV solution was found" 14 times, with confidence
level 37%. A similar, but not identical, solution was
found 3 times; its confidence level was 6%, and it had
a rather different normalization factor for m. p polari-
zation than the first (BBSV) solution. Table VI shows
the parameters for each of these solutions. Other solu-
tions had, confidence levels of 0.5% or less (&'& 100).

Table VII gives values of some quantities that were
calculated from the various solutions. These quantities
were not fitted to experimental data within the program.
The elastic cross sections are reasonable in every case,
but the inelastic cross sections are generally larger than
that quoted in the literature. "A subsequent search by
others at this laboratory, "with a program which used
the total inelastic cross section as additional input,
indicates that a change in the parameters of less than
the error quoted can provide a 6t to all the data. There
remains the possibility that 6ts to the elastic data might
be found with some g less than 0.9, outside the region
of our search. Inclusion of the inelastic total cross
section would probably eliminate such solutions.

V. CONCLUSIONS

The results of this experiment demonstrate the
following:

With respect to the conflict in the s p polarization
data' ' at 310 MeV, our results lie between the two, but
tend to be closer to those of Rugge and Vik.

We con6rm the solution of BBSV' as giving a good
6t to all the data, including the results of the present

'8This soiution agrees with that of Bareyre, Bricman, and
Uillet (Ref. 4) to within 1' in 10 of 14 phase shifts and to within
2' in the remainder. The q's agree within 0.01 in 10 cases and
within 0.02 in two more.

"V. S. Barashenkov and V. M. Maltsev, Fortschr. Physik
9, 549 (1961).

s' C. H. Johnson (private communication).
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FrG. 4. Experimental results for polarization in ~ p scattering
at 390 MeV. A systematic error of 10%%uo in the vertical scale is to
be added because of uncertainty in the target polarization. The
center-of-mass scattering angle is given in degrees.
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experiment, which were not used in their original
search.

The results of our phase-shift search at 310 MeV seem
to indicate that solution A is probably unique. Extensive
searching throughout the region permitted by unitarity
failed to discover any other solution with comparable
X'. The slightly diferent solution B has marginally
acceptable X'.

Further experiments have been undertaken at this
laboratory to measure polarization in both ~+p and a. p
scattering in this energy range.


