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1" -p ELASTIC SCATTERING AT 550, 600, 720, 900. AND 1020 iev

Calvin D, Wood, Thomas J. Devlin, Jerome A. Helland,
Michael J. Longo, Burton J. Moyer, and Victor Ferez-.endez

Lawrence Radiation Laboratory
University of California
Berkeley, California
April 3, 1961
This letter contains the results of measurements of differential
cross sections taken in the energy region of the second and third peaks of

the = -p total scattering cross section, 1,2

The data were obtained by using
an array of recoil proton scintillation counters in coincidence with pion deteci -
to identify elastic events, Details of the experimental procedure and the dat»
analysis will be published separately. 3

It should be here stated that we were unable to arrive at an independer.
normalization for the data, because of pion bearn monitoring difficulties, alihc
the shapes of the curves were rather well determined and repeatable. There.c -
we normalized our data to the total elastic cross sections 2s determined by
other workers and summarized by Falk-Vairant, 4 keeping the point at
cos 8” = 1 fixed at the value determined by dispersion relations5 and the optica’
theorem (where 9¢ is the c. m, scattering angle for the picn), ience, the
normalization is known only to about * 12 to 15%., A future run is planned to
meagsure the absolute normalization,

The errcrs quoted were obtained from a statistical analysio of the
repeatability of repeated runs, The only region of the curve where the errorc
are significantly different from pure statistics (i. e., different by more than a
factor of two) is that in which the recoil proton had nearly the same laboratory-
system angle as the scattered pion, Corrections due to accidenial and ineclastic

counts were 2% or less for all channels and all energies,
8
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The results are listed in I'able I, where 913 is the center-of-meaare
angle of the scattered pion and adg— ia the differential cross section {in mbt/.
The corresponding graphs appear in ig. 1.

In Fig. 2 we present a plot of the energy dependence of the coefficieni”
of the various cosine power series adjusted to our data, and also to the dat=>
of Goodwin et al,, 6 Shonle, 7 Jergia et al., 8 and Chrétien et al.? The
initials standing by the data points indicate their origins, From this
behavior of the coefficients we make the following inferences,

1. The prominence of a; between 300 and 550 mMev may be ascribed
to P-D interference. If so, it may be due to the overlap of the high-energy
tail of the 200-Mev Py /2 resonance with a D-state interaction building up
with increasing energy.

2. The small magnitudes of‘ aj and a, at 600 Mev indicate that if 2
D-state interaction exists at 600 Mev it has angular momentum 3/2, If
at 600 Mev no states higher than D3/2 interact strongly, and if the P3/Z
interaction has sufficiently decreased, we can understand the small cos39
and coa4o contributions and the prominence of a,; a superpoeition of
principally §,; /2 and D, /2 waves would give just this,

3. At 900 Mev we require strong values of az, 24, and ag; but no
powers higher than 00356 are required te fit the data. These facts call for =
prominent Fg /2 interactionv together with strong D-state interaction. We
cannot fit the 900-Mev data without a superposition of & and D waves
(and posgsibly of P waves as well). 1The hump in the vicinity of cos GQ = - 0.8,

which appears to be at a maximum at 900 Mev;is due to D and ¥ (and possibly

also P) opin-flip amplitudes in superposition,
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4. The strong forward peaking, particularly at 900 Mev, implies
that abgorptive processes may be prominent in these ''resonanceo, " At
900 Mev a o'imple diffraction model with an absorbing volume whose radiug
is 1.2 fermis can describe quite well the small-angle data,

More extensive analysis of these results is in progress, including
phase-shift calculations, and‘t'urther experimental work is planned, includinge
polarization measurements, In agreement with the assignments of Peierls, 19
we infer strong I)3 /2 interaction at 600 Mev, and strong r“s /2 interaction ai
900 Mev; but our data indicate a more complicated picture than simple
resonances in these states,

Wwe gratefully acknowledge our indebtedness to Professor A. U. Helmko'
for encouragement and discussion, to Richard Eandi, Donald Hagge, and
Dale Dickinson for their valuable assistance in all phases of the experiment,

and to the Sevatron staff and crew,
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Au~uley distributions from # 4 p = 7 + p. The normalization of the curves is known only to about

12 to 15% (see text for explanation)

- = 550 Mev E = 600 Mev T = 720 Mev E = 900 Mev E = 1020 Mev
v 87 do/dQ”  cos 6" do /aa” cos 8" do /aa” cos 8" dg/ae’ cos 6 do/dﬂa
) {mb/er) {mb/sr) (mb/sr) {mb/srd {mb/sr)
) 4.LF 3,24 1.0 6.19+,21 1.0 5.46%,24 1.0 17.82%,56 1.0 12.91%,40
22101 2.63%.14 0.60793 2.692.05 0.57743 1.44+4,032 0.78163 3.92x.050 0.76638 3.00+,064
N 34215 2,164,08 0.52725 2.294,035 0.49242 1.172.034 0.53391 0.405%.017 0.50618 0.345%.019
2 735 1.74%,16 0.35918 1.54%.27 0.31764 0.861,22 0.44323 0.203%,027 0.41215 0.2004.034
0 1Hh849 1.16%,20 0.14816 0.79%11 0.10192 0.717+095 0.25983 0.218+063 0.22410 0.2042.046
. 32705 0.5774,040 0.00611 0.332+,021 -0.04083 0.302+.017 0.03926 0.273%026 0.00122 0.365+,025
- .0713 0.302+.028-0.12776 0,167,013 ~0.17365 0.308+.014 -0.10349 0,351%,022 -~0.14090 0,351%035
S 14919 0.1722.028 .0.26858 0.1242.013-0.31167 0.438+.034 -0.23412 0.461%.019 -0.26976 0.392+,022
+ 1357 ©£.230+%023 -0.46716 0.254%017 -0.50302 0.7804.029 -0.36731 0.726+.022 -0.39987 0.441+.026
52925 0 T30%,043 -0.68059 0.6742,023 -0.70500 13;13£,023 -0.54859 1,409+,03%F -0,57458 0.745+,050
TN715 1.13%,05 -0.79494 0.911%,030 -0.81157 1.09x%027 ~0.73539 2,069%034 -0.75230 1,102%.044
S 37572 1.41%.06 -0.88048 1.20%.046 -0.89061 0.9854.042 -0.83206 2.019+,044 -0.84339 1,030%,043
3.625 1.53%15 -0,94838 1.272,055 -0.95288 0.5504,068 -0.90296 1.635%,046 -0.90974 0.792+.043
-0.95837 0.790+,049 -0.96136 0.297+.041
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LEGENDS
rig. 1. Angular distributions from 7 +p-7 +p. 9" ic the on

r . ‘.—‘ -
gie ov wi.

the pion ic scattered in the c. m. system. The solid curves way: ol

from a least-oquares fit of a cosine power geries {o the data.

% ‘max o o%
Fig. 2, Coefficients a, from the expansion d¢/dR = Z a, cos” @
l Wi o

which was fitted to the data by the method of least squares.
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Angular distributions from T +p =T + p. 0" is the angle by
which the pion is scattered in the c. m. system. The solid
curves were obtained from a least-squares fit of a cosine
power series to the data. '

Fig. 1.
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which was fitted to the data by the method of-least squares.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





