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o.,= 127rXo'(ori'/2) 8 (e—so), (3')

where X.p is the wavelength corresponding to the reso-
nance energy eo. (Po& is given by averaging Eq. (3')
over the momentum distribution of the pion cloud.
If we- take a momentum distribution of the form'
q' exp( —nq'/nz '), the experimental (Po.r can be obtained

by taking n=6—10 and I'=55—40 Mev with op=155
Mev and (P=40%%u~. Because of the large effect of the
internal motion of the pion cloud, only a very narrow
distribution of the pion cloud can be consistent with
the experimental (Po.l.'

Our model predicts also the following features of
pion-nucleon scattering. Since the probability of the
pion cloud having more than one meson is small, the
inelastic pion-nucleon scattering is predominantly one-

pion production until the incident pion energy becomes
high enough to produce a pion by a pion-pion collision.
If the latter becomes appreciable when the pion energy
in the center-of-mass system of the two pions is larger
than 340 Mev, then the two-pion production in the
pion-nucleon scattering becomes appreciable for a larger

energy than 1.7 Bev.
If the pion-nucleon scattering occurs only through

the T= 1 state of the two pions, the ratios of the various

types of inelastic scattering are

a (p+or ~p+m —+oro): a(p+n.—~n+~—+~+):
o (P+~ ~n+2mo) =1:1:0

an isotopic spin T (=0, 1, or 2) state of the two pions.
e~ is the average of r T over the momentum distribution
of the pion cloud.

Since the wavelength of the incident pion in the
center-of-mass system of the two pions is still large
( 2h/ns c) even at 900-Mev incident energy, only 5
and P wave interactions of the two pions are suKciently
strong to explain the large pion-nucleon cross sections
in the 1-Bev region.

Assuming Op= 0 g, we obtained 6'cr~ and (Pop from the
experimental values of o. (p,~+). (See Fig. 1.) (Pot is
much larger than 5'O. p and shows a pronounced peak at
about 900 Mev. ' Applying the one-level formula to the
p-wave pion-pion scattering (T=1),

o.i ——12~X'(I'/2)'/[(e eo)'+ (I'/2)'] (3)

where X and e are the wavelength and the energy of the
incident pion in the center-of-mass system of the two
pions, and neglecting the internal motion of the pion
cloud, we can reproduce the 5'0-~ curve between 500
Mev and 1100 Mev, if tP=40%%uo, so=155 Mev, and
F =50—90 Mev.

The Doppler effect due to the internal motion of the
pion cloud brings an additional width into the (Po~

curve. For simplicity, we consider the case where the
width due to this Doppler effect is larger than I",
replacing Eq. (3) by

and

o (n+or ~n+~ +~o):o.(n+~=&p+2~ ) = 1:0
when there is no final interaction between the pions
and the nucleon, while

o.(p+vr ~p+m +no):o.(p+~ ~n+7r +m+):
o-(p+7r=+n+2~o) = 17:26:2

and

o(n+7r=+n+~ +7ro):(r(n+or ~p+2or ) =13:2
when either one of the two pions composes a 7=-,'
isobar state with the nucleon after the two-pion inter-
action. These ratios are consistent with the experi-
mental data. ' The ratio between the elastic scattering
and the inelastic scattering depends on the strength of
the interaction between the pions and the nucleon
after the two-pion interaction.
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~ NTII. recently the measurement of the hyperfine
splitting of the ground state of hydrogen, used in

conjunction with the theoretical formula, ' has provided
the most accurate means of ascertaining the value of
the fine structure constant, n=e'/Ac. In this note, we

propose to employ the formula, together with an inde-

pendent measurement' of n, to estimate a magnetic
radius" for the proton.

The doublet separation, AvII, can be represented to
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within a few parts per million by the equation metric function with total strength unity,

16 p„m ' o. Q
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where ap ——n(A/mc) is the Bohr radius and

(3)

to insure the correct value of the magnetic moment.
It follows that 8 has the value

r=
)"dr rf(r) (4)

9n m 2kp
(li~—1)' ln f 1—6), (1)

4z MJM„M
where p,„ is the proton magnetic moment and pp the
the electron Bohr magneton.

The leading factor is the Fermi formula, ' whereas the
factors in brackets represent successively the reduced
mass correction, half the gyromagnetic ratio of the
electron, the Breit correction, the term which takes
account of the distributed character of electrodynamic
eGects, the contribution of proton recoil, and finally,
a hitherto unknown fractional correction, —8, arising
from the structure of the proton. The calculation of the
penultimate factor' presupposed that the proton is
characterized as a point charge with an anomalous

point magnetic moment. The result depends, although
not sensitively, on structure in that a cutoG, kp, is re-

quired for the terms in which the proton interacts
exclusively via the anomalous part of its moment.
Equation (1) is a double power series in n and m/M,
in which the corrections of relative order n, n', and
m/M can be certified. ' On the other hand, previous
treatments have lacked the criteria for determining the
accuracy of the term of relative order crns/M and for
distinguishing recoil and structure effects.

By employing an approach in which the electron-
proton system is studied by means of the relativistic
two-body equation and all the interactions of the
proton, other than with the electromagnetic field, are
treated phenomenologically, we have been able to
justify the use of Eq. (1). In particular we have been
able to demonstrate that the proton recoil factor of
Eq. (1) contains the only term of relative order
cr(m/M) ln(M/m), although there may be additional
terms of order rr(ris/M) too small to worry us here.
Moreover, we have established that the main con-
tribution to 8 is obtained by considering the proton as
a distributed source of magnetic dipole field with
magnetization Ir j(r), where f(r) is a spherically sym-

r &2.5 (A/Mc), (6)

as determined by the experimental error in Eq. (5).
The upper bound thus established lies barely within
the limits of error for the proton "size" deduced from
the electron-scattering result of Hofstadter and Mc-
Allister. v It should be recalled, however, that the latter
experiment measures (r')A, for a combination of the
charge and magnetization distributions.

A detailed account of the calculations is in prepara-
tion and will be submitted later for publication.
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is the first moment of the distribution of magnetization.
In general, we may expect r to lie between the nucleon

and meson Compton wavelengths. Thus the relative
correction to Eq. (1) may be as large as 5X10 P. On
the other hand the direct measurement of fine structure
has yielded a value of n '=137.0365+0.0012, accurate
to 1X10 '. If we remark that cr(rip/M) 1n(M/m) is of
relative order 3X10 ', we realize that Eq. (1) is suffi-

ciently precise to permit an estimate of r. Inserting
the recent experimental value of he~, ' the value of
n'cE„ from the fine structure measurement, ' and all
other atomic constants from the review article of
DuMond and Cohen, ' we obtain

(3.26X10 ') 1n(2kp/M) —2nr/ap ——(2.6+20.0)X10 ' (5)

where the uncertainty follows from the error in n'.
For any reasonable value of kp, say kp 3E we may
assert that the value of r is bounded from above by the
inequality


