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NEGATIVE PION-PROTON ELASTIC SCATTERING AT 600 to 750 Mev

John 1. Shonle

Lawrence Radiation Laboratory
Univorsity of California
Berkeley, California

June 24, 1960

The total % -p croes section chows two well-defined peaks, one at
600 Mev and one at 890 Mev (laboratory-nystem kinetic energy). 1 Peierloz
hac assigned D /2 and Fg /2 respectively, for the orbital and total
angular momentum states based on the photopreduction gnguiar diotributienas
and polarizations of the recoil protons. 4 Landovitz and Marshall® suggect that
Py /2 and D3 /2 or )’.)5 /2 assignments are also consictent with the data.
Previous ® -p elastic ocattering experiments have been made at 425,6
460, 7 600, 7 770, 7 810, s 925, 9 and 95010 Mev. Thesoe experiments have not
led to any definite concluoions, partly becauée of large energy spreado and
low statiotico.

This experiment was conceived to try to ectablich the angular
momenturn at the peaks from elacotic ocattering on hydrogen. Negative pions
at 610520, 655420, and 750420 Mev were passced through a 30-inch propane

bubble chamber operated in a 13-kgauss field. 11

The pions were focuced,

deflected, and collimated to give a momentum spread of #+1.57 %. The energy
spread quoted above comeo from energy loss in the chamber. The mean beam
momentum was checked by wire orbiting, by measuring the curvature of beam

tracks in the bubble chamber, and from kinematico of elastic events with

stopping protons. All three methodo gave consistent results. Twenty perc@nt

L3 ; e A .
Work performed under auspices of the U.:8;:iAtomiic . Fretgy GCoiihiiesion.
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of the film was scanned twice. All events were meaosured on digitized

microscopes (most of them on a "Franc‘kauotein") and the data reduced on

an IBM 650. A kinematics program gave the events a y 2 teot for elaoticity

ucing configuration-dependent errors. Good agreement with the expected

xz distribution wao found. About 40% of the measured evento were elastic.
Tracko entering the occanning region were counted in 4% of the

pictures. Corrections weére made based on calculated muon contaminations

(11.5%) and meaoured electron contaminations (about 3%), and for interactions

reducing track length. The repulting track lengtho were checked by counting

12 total croso sections.

interactions and checking with the w'-pl and 7 -C
The numbers of elastic events found were 539, 1159, and 1008 at |
610, 655, and 750 Mev, reopectively. Analysis of about 20% more events is
otill in process, and correctiont were made for theoe assuming they were
randomly distributed. Corrections were made for séanning efficiency and
azimuthal bias, but not as a function of scattering angle. A correction was
made for carbon contamination {about 7%) by using the behavior of the non-
elastic tail of the oboerved 2 diotribution. For the total elastic cross
osections, corrections for small-angle ccatters which were mivsed were made
by extrapolating the angular distributiono to 0 deg. The resulting total elastic
cross sections are 16.642.2 mb, 16.121.6 mb, and 14.4£1.3 mb, at 610, 655,
and ;750 Mev, respectively. | The errors in the cross scections are thought to
be about standard deviations, and are not strongly correlated from one energy
to another. Theoe regults are compared with the regults of other workers in
Fig. 1. If the latest total cross sections are valid, then the regults at 810
and 950 Mev should possibly be scaled to where the crosces indicate. Within

the erroro shown almost any energy dependence from one with peaks at 600

and 890 Mev to one which increases linearly may be concluded,
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The angular distributions are shown in Fig. 2. The crosses in-
dicate the expected forward scattering calculated from the optical theorem

13 The extrapolations of the observed angular

and dispersion relations.
distributions to 0 deg are compatible with these points if the cross sections
are rioing at small angles as a diffraction pattern with reasonable values of
the radius. Fite of cosine power series were made to the data. In each
cage the intervals 0.9 < coe o* < 1.0 were not considered, and only
statistical errors were used, since other errors affect only the over-all
normalization. Fits were made with the data divided into intervals of
A {cos a°) = 0.0% (38 points) and A{cos GQ) = 0,10 (19 points). The two fito
agreed within errors with each other. The 19-point fita are given in Table 1.
The values of xz reached plateaus at the powers of cosine shown, In all
cases the coefficient of the next higher power of cosine was zero within the
errors, The errors quoted have the normalization errors folded back in.

The fact that a, and a, were found to be larger at 655 Mev than at
610 Mev should not be taken toc seriously. It is assumed for what follows
that a, is really at a maximum at 600 Mev. If the peaks in the croos section
are regonancen~-that is, the real part of the phasge ghift goes through 90 deg--
then the gize of 9 elas compared to 1/2 n (27 + 1) h?‘l ezw-l |z makes it
likely that the firot peak has J < 3/2 and the second J < 5/2. That the
coefficient a, goes through a maximum at 600 Mev implies that the angular
momentum ctate there is J = 3/2, The decrease in 2, and 25 and the increace
in a4 and ag all imply that the next peak should have J = 5/2. If it is acsumed
thai both regsonances go through +90 deg and that there is a reasonable energy
dependence of the phase shifts, then even relative parity for the two resonances

would lead to interference terms that would give negative contributions to a,

and positive to a 4 around 600 Mev. It does not seem easy to reconcile such



Table 1

Coefficieats of the various powers of coo 8’; {in mb/sr) for the 19-point fits. The highest power and the
value of xz for the fit are given. There were {18 - n) degrees of freedom.

Energy
(Mev) = n X Z 20 1 , 22 23 24 2
610 4 10.6 0.23 % 0,04 1.73 £0.28 3.78 £0.61 0.27 £ 0.44 -1.23 £0.69 -
655 4 7.2 0.25 £0.08  1.56£0.20 4.38£0.50 0.17 £0.32 -2.54 £0.53 -
750 4 16.3 0.25 % 0.04 0.81 £0.20 2.49#0.48 -3,2421.02 0.52%0.69 5.81 %1.22

.s-

7826 -THDON
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contributions with the observed coefficients. It would be difficult to

explain a, and a, if one reoconance goeo through + 90 deg and the other
through -90 deg. Therefore it is moot reasonable to ansign odd relative

parity to the resononces: PS/Z and DS/Z' or DS/Z and FS/Z' Thus the same
possible angular momentum aosignmento are arrived at independently of

the photoproduction data.

Several nonresonating states are needed to explain the observed angular
diotributions. Plausible sets of such other otateo have been conntruc;ed. The
problem is underdetermined by the data at hand, since the phase shifts are
complex. If some of these other states could be determined by other meano,
then the ambiguity of the orbital momentum of the resonances could possibly
be eliminated. Because the nonregonant otates are responsible for the
negative value of a, around 600 Mev, its minimum is probably due to
"accidental' cancellations. If the real part of the phase ohift of the J = 3/2
wave is 90 deg at 600 Mev, then the phane: must have a large imaginary part.
This conclusion is necessary to account for the observed amount of inelastic
scattering when it is kept in mind that there must be some nonresonant elaotic
scattering. Strong absorption is in keeping with Peierlo! eanjectnrez as to the
cause of this peak. It should be emphasized that this experiment does not prove
that the peakso are true resonances. However, it would be more difficult to
account for the data without that hypothesino.

Isospin has been ignored in this qualitative analysio. One difficulty
with this analysis io that a, and ag ceem to be changing faster than general
considerations would indicate likely. Part of the apparent sudden change may @
be due to a lack of senaitivity to the fifth and sixth powers of cosine at the lower
energies. The vupposition of inoensitivity is compatible with the results of

Goodwin et al., 6 who find a best fit with a sixth-degree polynomial at 425 Mev.
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LEGENDS .

Fig. 1. The total elastic cross section is given as a function of the pion
kinetic energy (laboratory system:). The crosses show suggested
changes in the elastic data based on the latest total cross-section data.
(2) - Reference 6; (b) - Reference 7; (c) ~ Reference 8;

{(d) - Reference 10, A

Fig. 2. The elastic angular distributions are given as a function of the cosine
of the angle in the center-of-momentum system. The crosrsee are

the predicted forward scattering cross sections.
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