
PH YSICAL REVIEW VOLUME 85, NUMBER i JANUARV 1, 1952

Study of the Multiple Scattering of Fast Charged Particles in a Gas.
II. (Negative and Positive Beta-Particles)*

GERHART GROETzINGERp WATTs HUMPHREY~ JR.,$ AND FRED L. RIBE)
Institlte for Emcleur Stalks, University of Chicago, Chicago, Illinois

(Received September 24, 1951)

The experimental study of the multiple scattering of electrons in a gas has been extended to include
electrons of mornenta up to 10,200 gauss-cm. The results of these measurements are compared with pre-
dictions of various theories of multiple scattering. Furthermore, a parallel investigation of the multiple
scattering of positrons has been carried out over the momentum range between 2000 and 9000 gauss-cm.
The rms angle of multiple scattering for the positrons is found to be approximately ten percent less than
for electrons of the same momentum.
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Fn. 1. Root mean angle of multiple scattering for electrons
and positrons as a function .Of Hp. The solid curves, in connection
with scales s1, refer to electrons and positrons in one atmosphere
of argon, and the dashed curves in connection with scale s2, refer
to electrons and positrons in two atmospheres of argon. The
scales are matched on the basis of the theoretical pressure de-
pendence of multiple scattering.
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' 'N a previous publication' (to be referred to as I) we
- described a method for determining the momentum

and the multiple scattering of charged particles from
their tracks in a "magnetic cloud chamber. " Using
electrons of momenta IIp between 2000 and 7000
gauss-cm, originating from a P" source, an experimental
scattering law was obtained for their passage through
argon of one atmosphere and was compared with the
resuIts of various theories of multiple scattering. 2 6

The obtained experimental root-mean-square angle of
scattering is represented as a function of Hp by the
upper solid curve in Fig. 1 of the present communi-
cation.

The purpose of this investigation is to extend the
experimental multiple scattering law to (decay} elec-
trons of higher energies and to determine a similar Iaw
for positive beta-particles.
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A comparison of the multiple scattering of electrons
and positrons is of interest in view of a recent investi-
gation in which Seligerv observed that the ratio of the
backscattering coefficients P and P+ for electrons and.
positrons resulting from beta-decay with a maximum
energy of about 0.5 Mev is approximately 1.3 in several
media of atomic number between 4 and 82. It foHows
from theoretical considerations that large angle single
scattering for relativistic particles is more pronounced
for electrons than for positrons. s One might expect that
this effect would account for the observed difference in
the backscattering but will hardly affect the multiple
scattering since tracks displaying large angle deQections
are CHminated from considerations. However, Miller
remarks that backscattering also results mainly from the
"cumulative effects of small angle single scatterings" but
obtains nevertheless a theoretical ratio p to p+ of 1.16.
Consequently it is possible that a similar difference
might occur also for the case of multiple scattering.

The cloud chamber used in this investigation and
the method of taking pictures and analyzing the tracks
were the same as in I. The determination of the error
variance sz' was repeated but, contrary to the pr'ocedure

employed in the previous investigation, the variances
s' were corrected individually before they were fitted
to a second-order polynomial in (1/IIp)'. Positrons of
momenta between 2000 and 6000 gauss-cm were investi-
gated in one atmosphere of argon with an applied
magnetic 6cM. of approximately 340 gRuss vRI'ylng
somewhat from exposure to exposure, conditions being '

similar to the ones in I. For the investigation of the
scattering of electrons of momenta between 6000 and
j.0,200 gauss-cm, and of positrons of momenta between

Rnd 9000 gRuss-cm, R magnctlc 6ctd of Rpproxl
mately 680 gauss, varying somewhat for different
exposures, and a pressure of two atmospheres were used.
Use of this pressure guaranteed that for the section
length of two centimeters in argon used here, the

' H. H. Seliger, Phys. Rev. 78, 491 {1950).' See e.g. , N. F. Mott and H. S. W. Massey, The Theory of
Atomic Collisions (Oxford University Press, New York, 1945),
p. 81 ff.

'%. Miller, Phys. Rev. 82, 452 (1951).
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