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Z+-Deuteron Scattering in the Impulse Approximation*

ERAsMo M. FKRRKIRAt'
lnsperiaL College of Science and Technology, I.ondon, England

(Received September 17, 1958; revised manuscript received March 25, 1959)

It is suggested that a phenomenological analysis using the impulse approximation of the processes
occurring in the scattering of E+ mesons by deuterons may be used to get the phase-shifts for the T=O
isotopic spin state. Typical curves are given for the elastic, elastic plus inelastic and charge exchange scat-
tering differential cross sections of 100-Mev E+ mesons by deuterons on the assumption that only S-waves
contribute and for various ratios of the T=1 and T=0 isotopic spin states phase shifts.

INTRODUCTION

ALI existing experimental results which give in-
formation on E+ meson-nucleon scattering are

consistent with an isotropic and energy-independent
differential cross section at energies between 40 and
200 Mev. These results come both from pure hydrogen
bubble chamber and from nuclear emulsions experi-
ments.

The pure E+ meson-proton processes, as observed in
hydrogen bubble chambers, can only give information
on the amplitude for the scattering in the T= 1 isotopic
spin state. At the energy of 100 Mev a negative S-wave
phase shift sinai ———0.37 (with all the other phase
shifts equal to zero) fits well the observed repulsive
potential at low energies and the isotropy -in the
scattering, the tota, l cross section being of 4~ sin'h, /k'
= 16 millibarns.

The direct and charge exchange scattering of E+
mesons by neutrons observed on nuclear emulsion
material depend on the amplitude ao for scattering in
the T=O state, as well as on the amplitude a~ for
scattering in the T=1 isotopic spin state. Assuming
charge independence, in a material with a number of
protons equal to f times the number of neutrons, the
rate of charge exchange to total (non-Coulombian)
scattering is R= (ai —ao)'/L2(a, '+a, ')+4fa, '7. If there
is no interaction in the state T=0, that is, if ao ——0, we

get R=1/6 for f=1 and R=1/7 for f=5/4. As the
experimentally observed ratio is consistent with these
values of E, it has been suggested' that at low energies
only the T= 1 isotopic spin state is responsible for the
scattering.

These processes observed in nuclear emulsion give
the only available information on E+ meson-neutron
processes and on the contribution of the T= 0 state to
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' See for example the reports of M. Goldhaber et a/. , Proceedings
of the Sixth Annlal Rochester Conference on High-I"nergy Physics
(Interscience Publishers, Inc. , New York, 1956); and Proceedings
of the Padua-Venice Conference on Fundamental Particles, 1957
(unpublished); or the more recent reports by M. F. Kaplon and
R. Ek. Dalitz, Proceedings of the 1956' Annual International Con-
ference on High Energy Physics (CERN, Geneva, 1958).

~R. H. Dalitz, Reports on Progress in Physics (The Physical
Society, London, 1957), Vol. 20, pp. 212.

the E+ meson-nucleon interactions. However the com-
plexity of the emulsion material makes the analysis of
the experimental results rather dificult. Deuterium
bubble chambers and diffusion cloud chambers now in
use provide a more convenient sample material con-
taining neutrons.

The impulse approximation' has been used with suc-
cess by Fernbach, Green, and Watson4 and by Rock-
more' to express the differential cross sections for
scattering of pions by deuterons in terms of the ampli-
tudes of elementary processes of pions with protons and
neutrons. In Rockmore's formulas the cross sections for
elastic, elastic plus inelastic, and charge-exchange
scatterings of the x-mesons by deuterons are expressed
in terms of the 5- and I'-wave phase shifts for scattering
in the charge independent T=3/2 and T=1/2 states
of a pion-nucleon system. Comparison of Rockmore's
results with experiment' has shown the reliability of
the application of the impulse approximation to his
problem.

We now then suggest that a calculation in impulse
approximation similar to that of Rockmore, and experi-
ments on the scattering of a E+-meson beam by the
deuterium of either a bubble or a difIusion chamber, be
used together to get information on the phase shifts
for the T=O isotopic spin state of the E+ meson-
nucleon system.

In this paper we present the formulas, which are
analogous to those of Rockmore, giving the differential
cross sections for elastic, elastic plus inelastic, and
charge exchange scattering of E+ mesons by deuterons.
In particular we present the curves for these differential
cross sections for E+ mesons of 100-3lev energy in the
cases of T= 1, 5 wave only contributing to the scattering
and of T=0, 5-wave adding a small contribution to the
above (two different signs of the phase shift are con-
sidered).

We have suggested explicitly the work with the
positive E meson for the obvious reason of the greater
simplicity (as compared with the negative E) of its

3 G. F. Chew and M. I.. Goldberger, Phys. Rev. 87, 778 (1952).
4 Fernbach, Green, and Watson, Phys. Rev. 84, 1084 (1951).
5 R. M. Rockmore, Phys. Rev. 105, 256 (1957).Typographical

errors in Rockmore's formulas were later corrected: see R. Rock-
more, Phys. Rev. 113, 1696{K) (1959).

'K. C. Rogers and L. M. Lederman, Phys. Rev. 105, 247
(1957).
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