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In Eqs. (4), (6), and (8)—(11) we have neglected
relativistic corrections.

For tt=sr/2 the relations (2) and (9) vanish whereas
(10) and (11) become identical. There remain therefore
six independent relations between the coeKcients
b(sr/2)= —c(sr/2), d(sr/2), and e(sr/2), i.e., between
five real parameters which determine the transition
matrix T(sr/2, «b) except for an absolute phase factor.
For angles 0&t7&sr/2, one can obtain eleven relations
for nine parameters. The experimental quantities are
of course not single-valued functions of these param-
eters, but the ambiguities may be reduced by comparing
solutions for diGerent angles and energies. At lower
energies also a phase shift analysis can be helpful. A
more complete discussion, especially of the correlation
experiments, will be published later.
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We have found that deviations in excess of Mott
scattering are readily apparent at large scattering
angles. The early results (reported at the Seattle
meeting, July, 1954) at smaller angles showed the
expected agreement with the Mott formula within
experimental error. Deviations from the Mott formula
such as we have found may be anticipated at large
angles because of additional scattering from the mag-
netic moment of the proton. ' We have observed this
additional scattering but in an amount smaller than
predicted by theory.

The experimental curve at 188 Mev is given in Fig. 1.
It may be observed that the experimental points do not
fit either the Mott curve or the theoretical curve of
Rosenbluth, ' computed for a point charge and point
(anomalous) magnetic moment of the proton. Further-
more, the experimental curve does not fit a Rosenbluth
curve with the Dirac magnetic moment and a point
charge. The latter curve would lie close to the Mott
curve and slightly above it. Similar behavior is observed
at 236 Mev.
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ELECTRON SCATTERING
FROM HYDROGEN
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where N(P, «) is the number of events in which the spin of the
"scattered" proton is in the direction p and the spin of the
"recoil" proton in the direction q.'L. Wolfenstein, Phys. Rev. 96, 1654 (1954). The author is
indebted to Professor Wolfenstein for sending him a copy of this
paper.' H. P. Stapp, Bull. Am. Phys. Soc. 29, No. 8, 19 (1954); the
author wishes to thank Dr. Leona Marshall for showing him a
preprint of this paper.

'These are practically quadruple scattering experiments, but
they might be somewhat easier than straightforward quadruple
scattering.
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ITH apparatus previously ttesrribetl, 's we have
studied the elastic scattering of electrons of

energies 100, 188, and 236 Mev from protons initially
at rest. At 100 Mev and 188 Mev, the angular distri-
butions of scattered electrons have been examined in
the ranges 60'—138' and 35'—138', respectively, in the
laboratory frame. At 236 Mev, because of an inability
of the analyzing magnet to bend electrons of energies
larger than 192 Mev, we have studied the angular
distribution between 90' and 138' in the laboratory
frame. In all cases a gaseous hydrogen target was used,
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FrG. 1. The figure shows the experimental curve, the Mott
curve, and the point-charge, point-magnetic-moment curve. The
experimental curve passes through the points with the attached
margins of error. The margins of error are not statistical; statistical
errors would be much smaller than the errors shown. The limits
of error are, rather, the largest deviations observed in the many
complete and partial runs taken over a period of several months.
Absolute cross sections given in the ordinate scale were not
measured experimentally but were taken from theory, The
radiative corrections of Schwinger have been ignored since they
afFect the angular distribution hardly at all. The radiative cor-
rections do influence the absolute cross sections. Experimental
points in the figure refer to areas under the elastic peaks taken
over an energy interval of %1.5 Mev centering about the peak.
The data at the various points are unchanged in relation to each
other when the energy interval is increased to &2.5 Mev about
the peak; the latter widths include essentially all the area under
the peak.
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The correct interpretation of these results will
require a more elaborate explanation (probably in-
volving a good meson theory) than can be given at the
moment, although Rosenbluth already has made weak-
coupling calculations in meson theory which predict an
effect of the kind we have observed. 4

Nevertheless, if we make the naive assumption that
the proton charge cloud and its magnetic moment are
both spread out in the same proportions we can calcu-
late simple form factors for various values of the proton
"size."When these calculations are carried out we find
that the experimental curves can be represented very
well by the following choices of size. At 188 Mev, the
data are 6tted accurately by an rms radius of (7.0&2.4)
X10 '4 cm. At 236 Mev, the data are well 6tted by an
rms radius of (7.8&2.4) &(10-'4 cm. At 100 Mev the
data are relatively insensitive to the radius but the
experimental results are fitted by both choices given
above. The 100-Mev data serve therefore as a valuable
check of the apparatus. A compromise value fitting all
the experimental results is (7.4&2.4) &(10 '4 cm. If the
proton were a spherical ball of charge, this rms radius
would indicate a true radius of 9.5X10 " cm, or in
round numbers 1.0X10 " cm. It is to be noted that
if our interpretation is correct the Coulomb law of
force has not been violated at distances as small as
7X10 "cm.

These results will be reported in more detail in a
paper now in preparation.
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S EARCH for negative E mesons has been continued'
with essentially the same arrangement as previ-

ously reported, ' but with 2.8-8ev protons. The stack

TABLE I. Characteristics of E'=capture stars with unstable
heavy particle emission. F=star made in flight; (a) possibly
bound; (b) particle present, unanalyzed; (c) high energies have
no upper limits; (d) energies were calculated for pions. Errors
include both statistical and systematic uncertainties.
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In star 1VE8, particle (2) comes to rest at I'. From
scattering and range, its mass is (0.7 s.s~')m„. The
energy of particle (3) is consistent with a pion from
the charged hyperon Z+ (Q= 110 Mev). Accordingly,
the UHP can be identified as Z+.

of stripped emulsions now receives a collimated beam
of negative particles of momentum 316 Mev/c (average
spread +8 Mev/c) emitted from a Be target at 4' to
the proton beam.

Each emulsion was scanned, near its edge through
which the beam entered, for tracks of the beam direction
'within &1') and of about twice minimum grain
density, appropriate to the E mesons. All such tracks
were then followed to their ends.

In this way, 13 stars made by E mesons at the end
of their range were found; 3 stars made by E—mesons
in Right were found in 58 cm of E-meson track
followed. Therefore, the E mean-free path for star-
producing collisions approximately equals the geometric
mean-free path of emulsion (27 cm).

The Aux of E mesons relative to ~ mesons in the
emulsions (beam tracks of minimum grain density,
g; ) was 2)&10 '. The mass of each K particle, from
preliminary measurements of momentum vs range, in
some cases of grain count vs range and, for E mesons
producing stars in Right, of scattering vs grain count,
was consistent with the tau mass within about 10
percent.

In five E stars, described in Table I and, for four
cases, in Fig. 1, a charged unstable heavy particle
(UHP) is emitted. The other E stars show 1 to 7

heavy prongs and, in all but two cases, a single light
track consistent with a pion of 100 Mev, and have
visible energies &300 Mev, sufficiently less than the
500 Mev available to allow the possibility of A emis-

sion. '
In Fig. 1, tracks (1) are due to X coming to rest at

S, tracks (2) to the UHP, tracks (3) to light particles
emerging from the end of tracks (2) at P, tracks (5)
to light particles from S, and tracks (4) and (6)—(11)
to stable particles.


