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In theories of the Fermi interaction, it has
been suggested that the weak interactions all
arise from the couyling of a vector current with

a heavy charged boson. ' One of the consequences
of the existence of such an intermediate boson is
the decay mode' p, -e+y which would be expected
to occur with a branching ratio

R(p -e y+)/R(p. - ev++ v) -10

Experimentally an upper limit for this branching
ratio has already been found' to be -10 '.
Although the calculation based on the idea of the
intermediate boson is ruled out by these meas-
urements, the status of the theory of weak inter-
actions demands a close examination of the pos-
sible decay modes of the muon. We have there-
fore continued the experiment previously re-
ported4 and improved upon the result.

The search for the p-e+y decay mode was
made by observing coincidences between a gamma
detector and an electron detector placed on either
side of a source of decaying positive muons.
These were obtained by stopping the 60-Mev z+

beam of the Nevis cyclotron in a lithium target.
There, the z+ mesons decayed into muons whose

range was too short for them to escape from thi

target. The decay products were then counted ii
the two telescoyes. The exyerimental arrange-
ment is shown in Fig. 1. An event was defined b
a fast coincidence between counts in the electror,
and gamma-ray telescopes with the requirement
that none of the anticoincidence counters trig-
gered at the same time. All counts were gated s~

they were recorded only if they occurred during
a cyclotron beam burst.

In addition to the electronic selection of the
events, an event was checked by phot~graphing
yulses displayed on two oscilloscopes. On one,
a sweep speed of 20 millimicroseconds yer cen-
timeter permitted a rough check on the timing oi

one counter yulse from the electron telescope
relative to two from the gamma-ray telescope.
Displayed on a second oscilloscope, with a re-
latively slow sweep speed, were yulses from the
remaining coincidence counters as well as 2' and
3' anticoincidence signals before they were pulse
shaped. The signature of an event is shown in
Fig. 2.

The efficiency of the electron telescope to de-
tect 53-Mev electrons was estimated to be 0.75.
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FIG. l. The 60-Mev x+ be~ is stopped in the lith-
ium target. Electrons are detected as a 789 coinci-
dence. Photons are converted in the ~3-inch thick
lead and are counted as a 456 coincidence in anticoin-
cidence with 3'. All counters are plastic scintillators
2 inch thick, except No. 4 counter which is ~~ inch
thick. Counts coincident with incident beam particles
were rejected by 2'. The shielding around the poly-
ethylene absorber in the beam was lead and guarded
against background from w+ charge-exchange scatter-
ing.

Me gamma-ray detector efficiency was calcula-
ted as a function of energy and was also exyeri-
mentally determined with (a) the spectrum of
gamma rays from the decays of go mesons ob-
tained by stoyying the negative yion beam in a
lithium hydride target, ' and (b) attenuation
mea, surements of electrons from the muon de-
cays. The calculation and the measurements are
in agreement, and from them is predicted a 0.15
probability for detecting 53-Mev gamma rays.

The sensitivity of the equipment to the p-e+ y
decay mode was demonstrated by the observation
of the radiative decay of the muon, p. e+ v+ v+y,
which, because of the simultaneous emission of
an electron and gamma ray, is experimentally
similar to the decay with no neutrinos. Several
times throughout the run, the threshold energy
requirements of the electron and gamma-ray de-
tectors were lowered by removing the yolyethyl-
ene absorbers, and under these conditions the
measured counting rate was consistent with esti-
mates of the radiative decay rate. ~ Other routine
cheeks were made with the counters lined up in
the direct meson beam, as well as by counting
the gamma rays from the decays of charge ex-
change go mesons yroduced by g captures in a
lithium hydride target. For the latter test, a ~-
inch lead converter was ylaced in front of the

FIG. 2. Photographs of oscilloscope traces with a
sweep speed of 1 psec per centimeter. Trace A, with
counter pulses 6, 8 and 9, is the signature of an event.
One event was rejected on the basis of a trace which
contained a pulse from the anticoincidenee counter 3'.
Trace 8 is an example of such an event.

electron telescoye so that both detectors w'ere
sensitive to gamma rays.

The electron detector was used to measure the
sample of decaying muons to which the detecting
system was sensitive. Five counts were ob-
tained as e+y coincidences out of 2.6x10' decay
electrons. One of these counts was rejected
upon examination of the slow oscilloscope photo-
graphs because an anticoincidence pulse failed to
trigger electronically.

There are two sources of background which
make significant contributions to the observed
counting rate. One is the accidental counting
rate between uncorrelated yarticles which register
in both the electron and gamma-ray telescopes.
The second is from real counts which originate
from the radiative muon decay, p.-e+ v+ v+ y.
Backgrounds due to cosmic rays were eliminated
by counting only during the cyclotron beam bursts,
and by the use of an anticoincidence counter over
the apparatus; while those which might arise from
s+ charge exchange scatterings were rejected by
the 2' anticoincidence counter placed in the pion
beam.

The accidental rate was computed from the
known gamma and electron counting rates and a
measured value of the resolving time/cyclotron
duty cycle. The last factor was obtained by
measuring the accident@.l rate between uncorre-
lated decay electrons counted in both the electron
and gamma-ray telescopes. For the samyle of
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muons observed, 1.5 accidental counts were ex-
pected. The contribution to the counting rate due
to the radiative decay has been calculated, ' but
since there are no previous experimental data
the result is not considered reliable to better
than a factor of two. An absolute lower limit to
the expected number of counts from these decays
is then 1.4 counts.

On the basis of four events, L.e analysis of the
data with the background as discussed above
yields a branching ratio B(p,-e+ y)/R(p, -e+ v+ v)
which is probably less than 0.7x10 6. The
systematic error in the efficiency for detecting
the p,-e+y decays is estimated to be not more
than 80%, and the branching ratio is then found
to be less than 2 x10 s with a 90% confidence
level.

The authors are indebted to Dr. %. Chinowsky
and Dr. A. Sirlin for discussions and to A. Gar-
finkel for his assistance with the experimental
work, and they gratefully acknowledge the guid-
ance and the valuable criticisms extended by
Professor J. Steinberger throughout the course

of the experiment.
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SLithium hydride was chosen over other hydrogenous
materials (polystyrene, polyethylene, water), in which
we also found a substantial number of x- captures by
hydrogen, because the low conversion probability in
the lithium made this substance more favorable for
efficiency measurements.

~The transition probability for the radiative decay
was computed from the formulas derived by Behrends,
Finkelstein, and Sirlin [Phys. Rev. 101, 866 (1956H,
by assuming a V -A interaction. An analysis of the
data obtained is now in progress and a further com-
munication on the subject of the muon decay with inner
bremsstrahlung will follow.
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The recent precise determination of the muon
magnetic moment' has raised the question as to
whether the lower limit for the p. -meson mass
can be trusted with enough precision to demon-
strate a clear discrepancy between the experi-
mental value for the muon moment and its value
predicted by standard quantum electrodynamics.
Actually, by using the best lower limit known up
to now, a the inequality

g )2(1.00158+0.00022),
P

obtains, whereas quantum electrodynamics pre-
dicts'

(2)g~- 2 (1.001165).

The discrepancy of a few parts in 10~ requires a
precise knowledge of the precision to which the
lower limit of the muon mass can be trusted.
Crowe's best value for that limit involves a ten-
tative limit of error of 2x10 ~, although some
corrections were only guessed and some others
were not yet evaluated. Owing to the real im-

portance of having the most precise value of the
limit, this paper is devoted to a very careful ex-
amination of the corrections in order to reduce
considerably the limit of error. A summary of
the corrections we have been considering is
listed in Table I.

The fine structure splits the 3D-2P transition
into a triplet, the components of which have the
following energies in electron-volt~:

(5)

8D —u„:[1](425.42)m~/m, ; (8)

SD —2P~ '. [9] (425.65)m„/m; (4)

3D~ —2J'va. [5] (427.75)m~/me.

The numbers in square brackets are the relative
intensities.

Fitch, Rainwater, and Koslovd have shown that
the SD-2P transition energy falls above the Pb
K-edge energy and below the Bi K-edge. There-
fore the Pb K-edge energy will Provide a lower
limit to m /m . Using the very probable value'
of (88015+ 5) ev for the Pb K-edge energy, one




