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active Terms in Quantum Electrodynamics"'

SAUx. T. Epsrziw
The Institute for Adeasced Study, Princeton, ¹mJersey

November 25, 1947

' 'N connection with the results of Lewis, it should be
~ ~ noted that once one knows the differen, tial cross section,
ytr, to the first non-vanishing order in a(=e'/Ac) for a
process in which a free particle interacts with an electro-
magnetic fieM, there is an almost trivial method for de-
termining the correction of order 0. which has to be ap-
plied to this result because one has used the experimental,
not the mechanical rest mass of the particle in computing
it. This correction, combined with the usual radiative
corrections of order a, may be expected to yield a finite
result.

To find the correction we remark that the e6ect of a
change in the partide's rest mass (that is, the difference
between experimental and mechanical rest masses) on the
plane waves, density of states, incident fIux, and other
quantities entering into the calculation of a cross section
is to change the value of 3E, the parameter representing
the mass, and through this the value of the energy defined

by Z' Ci'W+3PC', where P is the particle momentum.
P is, of course, unchanged. Hence the first-order correc-
tion in ya, due to the mass difI'erence bM, is

where, before differentiation, qe has been expressed as a
function only of the mass and of the momenta, and where
for bM we substitute the electromagnetic rest mass of the
free particle to order a, however, with a minus sign because
the experimental mass is greater than the mechanical mass.

Lewis has mentioned my application of this simple
method to the problem of radiative corrections to electron
scattering; we will consider here the corrections to the
scattering of a Pauli-%eisskopf particle by a central fie1d.
Two cases will be discussed: (I) the potential is an electro-
static potential and (II) the potential is a world scalar
V(A)%%'*, +, being the particle wave function.

Ke have, keeping just the relevant terms,
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where the dots represent both infinite and finite terms. '
Therefore, for smail momenta
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Dancoff' has studied the radiative corrections to this
problem. Since in I the part of yol which contributes is
just the product of the density of states and the incident
flux, he found only finite corrections, and did not find the
negative of the mass correction because, as Lewis has
discu~, he used an inconsistent perturbation method.
For the same reason he did not find the negative of the
first term in II. However, he does find the nagative of the
second term (when the electrostatic terms found by Lewis
are included) plus finite terms. Thus, we see that by con-
sidering all the corrections we get a finite result in both
cases, removing the anomaly found by DancoE.

Clearly this same procedure wi11 be helpful in determin-
ing the mass corrections in Compton scattering, brems-
strahlung, and other processes.

I wouM like to thank H. W. Lewis and Professor J. R.
oppenheimer for many stimulating discussions.

~ H. Vf. Lewis, Phys. Rev. V3, 173 (1948).
s Y. Weisskopf, Phys. Rev. 56, 72 {1939).
s S. M. Dance, Phys. Rev. 55, 959 (1939).
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HE cloud-chamber apparatus, previously described
by one of us, ' has been reconstructed in such a way

as to allow measurement of the decay times of individual
positive or negative mesons which stop in the specimen
b1ock S (compare Fig. 1, reference 1}.The time-measuring
apparatus is in principle similar to that described by
Rossi and Nereson. &s

The decay time is registered by a ballistic meter which
is photographed on the same picture as is the cloud
chamber.

With this apparatus we have observed that slow mesons
of both signs decay in a specimen of type 61-S Duralumin
{98percent Al, 1 percent Mg} and have succeeded in ac-
cumulating sufricient data to make rough determinations
of the mean lives of the positive and negative mesons.

Our results are shown in Fig. 1 in the form of integral
decay distributions. %'hen analyzed by the method of
Peierls the mean lifetime is, for the positive mesons 2.19
&0.24 microseconds, and for the negative mesons 0.74
&0.17 microsecond.
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During the experiment, 32 negative and 147 positive
mesone were Observed to decay after i.i microsecond from
their time of arrival at the apparatus. This is in agreement
with a previous 6nding of Bernardini and Panciais to the
e8ect that in aluminum both positive and negative mesons
decay, but that the obsemed number of positive decays is
considerably larger than that of negative decays.

Our value for the mean lifetime of positive mesons is in
agreement with previous determinations of the mean life-
time of mesons brought to rest in absorbers of high atomic
number; in this case it is known that only positive mesons
give rise to delayed emission of decay electrons. According
to our results, the composite decay curve of positive and
negative mesons in aluminum is the sum of two exponen-
tials. However, the fact that within the experimental
accuracy the decay curves in aluminum published by
Nereson and Rossi' and by Ticho' can be represented by a
simple exponential for times longer than one microsecond,
does not contradict our findings because at one micro-
second the number of surviving negative mesons is a small
fraction of the number of surviving positive mesons. For
the same reason it would not be expected that this
eHect would have been detected by Sigurgiersson and
Yamakama. '

From the approximate equality in the number of posi-
tive and negative mesons in the atmosphere it is known
that the natural lifetime of negative mesons cannot be
appreciably shorter than that of positive mesons. The
large difference which we find between the apparent life-
tirnes of positive and negative mesons in aluminum can
be explained easily if one assumes that rnesons may be
captured by nuclei. This nuclear capture process will

only take place for negative mesons because the electro-
static interaction brings negative mesons close to the
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Fie. 1. Integral decLy ylots for positive and negative mesons
wi k-i have been stoyyed ia aluminum.

nuclei and keeps positive mesons away. If A is the mean
lifetime before decay (which is hex@ assumed to be exactly
the same for positive and negative mesons) and ~c is the
mean lifetime of negative mesons before capture, the ap-
parent mean lifetime of negative mesons, ve, is given by
the expression i/va 1/%+i/rc. s Under the same as-
sumption, the fraction of negative mesons which undergo
spontaneous decay is f=ra/v9, %ith the values of rO and
re quoted above, one obtains f=0.36+0.08. On the other
hand, extrapolation of the decay curves of negative and
positive mesons to E=O gives the following value for the
ratio N /N+ between the numbers of negative and positive
mesons which give rise to delayed coincidences: N /N+
=0.6+0.2. This ratio does not represent the exact frac-
tion f of negative mesons which decay in aluminum be-
cause {1)positive mesons are slightly more abundant than
negative mesons, (2) some of the mesons are absorbed in
the brass walls of the counters rather than in the aluminum,
(3) the natural time lags of G-M counters slightly acct
the absolute number of' observed delayed coincidences.
After correcting for the above effects, one obtains for f
the value: f=0.7&0.25, which is greater than that calcu-
lated on the basis of the observed mean lifetimes. Not
much weight, of course, can be attached to this dis-
crepancy until the statistical errors have been reduced by
further experiments which are now in progress. Also the
possibility that the apparatus may discriminate in favor
of negative mesons has not yet been carefully tested. If the
discrepancy were confirmed, it might be interpreted to
indicate that the nuclear capture of negative mesons is
often accompanied by the emission of particles which can
be detected by the G-M counters. Another interesting
possibility is that negative mesons are never captured by
nuclei, but that their natural lifetime is shortened by the
proximity of the nucleus, perhaps on account of the strong
eIectrie field existing in this region. If this is the case, the
fraction f should turn out to be one, a value consistent with
our determinations. The assumption that negative mesons
do not undergo nuclear capture would explain the failure
to detect stars at the end of meson tracks in cloudwhamber
pictures, and would also be in agreement with the recent
results of Lattes, Occhialini, and Powell. s However, some
of Rasetti's early results's may be dificult to explain under
the hypothesis that in heavy elements the disappearance
of a meson is always accompanied by the emission- of' a
decay electron.

This work was supported in part by the OSce of Naval
Research, Contract N5 ORI-78, U. S. Navy Department.
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