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The lifetime of the m' meson may in principle
be determined from an analysis of K meson
decays at rest in nuclear emulsion. Events are
selected in which the K~2 mode, K+ p++w', is
followed by the decay of the z' meson to give a
direct electron pair, ' m'~e +e +y. Both the
velocity and the direction of flight of the z'
mesons are determined by the kinematics of the
K-meson decay and the presence of the direct
pair allows the point of decay of the m' to be
found.

Harris, Orear, and Taylor' first proposed this
method of estimating the p lifetime, and using
12 events found in Ilford G5 nuclear emulsion
stacks were able to set an upper limit to the life-
time at -7x10 "second. In the present experi-
ment Ilford L4 emulsions of smaller grain size
(-0.3 g rather than the 0.6 p, typical of G5) have
been used in an attempt to increase the spatia. l
resolution of the method. The preliminary re-
sults, based on measurement of 26 events, sug-
gest a finite mean lifetime -3 x10 "second.

Thirty examples of K+-meson decay accom-
panied by a direct electron pair have been found
in a total of 27 000 K+-meson endings examined.
Measurements of the ionization of the secondaries
have shown 2 events to be v'' or K&3 decays; there
remains a possible 12% contamination due to
decay by the K&3 and Ke3 modes but the effect
on the result is small.

The measurements have been performed using
a projection apparatus to form an image of the
event on a screen at a magnification —7500. Each
grain in the tracks of the g+ meson, the electron
pair, and the K-meson ending was then traced.
The length of track used for the meson and elec-
trons was -30 p, . From the drawing, the co-

ordinates of the center points of each grain were
taken and this information was used to compute
best-fit lines to the z and electron tracks by
minimizing Ph~, where hi is the perpendicular
distance from a grain center to the fitted line.
This calculation was performed on the Oxford
University Ferranti "Mercury" digital computer.
At the same time the program computed the dis-
tance d between A, the foot of the perpendicular
from the center of the last E-track grain to the
w+ line (the estimated origin of the m'), and the
point 8, the intersection of the p and one of the
electron lines (the estimated point of decay);
this calculation is illustrated by Fig. 1.

If the m+-meson track has a dip angle n, the
z -decay path is then x =d sec@. Inthose cases
where both electron tracks of the pair were used,
the estimate of d was obtained by taking an aver-
age using 1/csc'8 as a weighting factor. Three
drawings were made for each event and an aver-
age value used for the result.

This method of determining the mean decay
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FIG. 1. Diagram showing the procedure for estima-
ting the projected flight path of the m meson. C is the
center of the last grain in the K-meson track which is
indicated by an irregular broken line.
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path is at all stages free from subjective bias.
Following a suggestion due to Harris, Orear,

and Taylor, ' the error, gz, in a measurement
x~ was assumed to be related to the geometry of
the ith event in the following way:

o. = sec+(a'+ b' csc'8)~'.
Z

I.O

5 csc8 is a contribution to the error from the
determination of the g, e intersection B, and a is
a term related to the error in A.

The constants a and b have been obtained from
measurements on 30 cases of T decay, using
exactly the same procedure to determine a dis-
tance d for a pair of m tracks and the K ending.
The values obtained were a=0.063 p, and 5=0.084 p, .

The results of measurements on 26 of the Dalitz
pair events have been analyzed. Using as a
weighting factor the quantity 1/g~', the weighted
mean distance is 0.147+ 0.042 p, . This corres-
ponds to a mean lifetime of (3.2+ 1)x10 "sec-
ond.

Since the distribution in true m' path length is
exponential, the distribution in x~ is not normal
and the weighted mean is not the most efficient
estimator for the mean decay path. The likeli-
hood function for the observed set of xz and Oz

has therefore been calculated and the maximum
likelihood estimate for the mean lifetime is
3.3x10 "second. The curve in Fig. 2 shows
the relative probability of obtaining this set of
measurements as a function of the lifetime. The
values fall to 1 /0 relative probability at -2 x10 "
second and -10 "second.

A recent estimate of the m lifetime by a dis-
persion theory method' suggests that the present
results of experiments on proton Compton scat-
tering are consistent with a lifetime within the
limits 5x10 ' second and 10 "second.

A further study of the estimation of errors,
and of confidence limits for the lifetime is in
progress and a fuller account of the experiment
will be published elsewhere.
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FIG. 2. The relative probability of observing the set
of 26 measurements of x as a function of the x -meson
lifetime.
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