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The best least-squares fit straight line has been passed
through the experimental points, yielding

Ao+= (1.51&0.14)X10 "' As+= (1 12&0 31)X 10 "
The errors are determined by a weighted propagation
of the errors of the individual observations. Considera-
tion of the external consistency of the points leads to
the same estimated errors. The value of A0+ gives
directly the following total cross section for 5-wave
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Thus if the assumption is made that (Is/M)'D is
negligible, it is found that

e'g'/23P=Z(As++As )=-',Ao+(1+Ap /Ap+). (6)

The ratio Ap /Ap+ is simply the limiting value at
threshold of the ratio do (pr )/do (sr+) from free nucleons.
Available experimental data' indicate that this ratio in
deuterium is 1.51&0.1. This value requires some
correction for the effects of the difference of the final
states (alternatively two protons or two neutrons for
the negative or positive pion case), but it is felt that
the corrections will be no larger than the indicated
limit of error.

Vsing this value for Ap /Ap+, it is found, that
g'= 11.8~0.14.

Similarly the Chew cut-off theory gives, at threshold,
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FIG. 1.The 90' c.m. cross section for photoproduction of pions in
hydrogen versus photon energies in the laboratory frame. The
solid curve was obtained by transformation of the straight line
of Fig. 2.
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where e'= 1/137, g is the renormalized symmetric
coupling constant, Is/M= ratio of pion mass to nucleon
mass, C is a constant, and D+ are functions of IA/3f.

photoproduction at threshold:

o+8 '"'= (1 90&0 18)X10 Psx. (4

A theorem due to Kroll and Ruderman4 proves, for
a relativistic covariant meson theory, that at threshold, '

where f is the coupling constant for this theory. The
value obtained is f'=0.066&0.008.
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Decay Curve of K Particles*
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FIG. 2. Plot of (dp'/dQ)/x (see text) versus the square of pion
momentum in the c.m. frame. The straight line represents the
least-squares fit of the points of this experiment.

E have measured the decay curve of stopped un-
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stable cosmic-ray particles with liquid scintil-
lators and directional Cerenkov counters. Auxiliary in-
formation is provided by Geiger counters connected to
an 80-channel hodoscope. The apparatus is shown in
Fig. 1. Each Cerenkov counter is a hollow Lucite box
filled with water, painted black on the bottom, and
viewed from above by an RCA C7157 photomultiplier.
The measured efficiency is 90 percent for fast p, mesons
traveling towards the photomultiplier end, and 0.4
percent for particles traversing the counter in the
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opposite sense. The experimentally verified Cerenkov
velocity threshold for water corresponds to E/mc'~ 0.52.

The apparatus was designed to select events of the
following type. A charged unstable particle produced in
the generating layer of Pb passes through the scintillator
5 and stops near or inside one of the Cerenkov counters

FIG. 1. Experimental ar-
rangement. Gi and G3 are
trays of GM counters of
diameter 1 in. and sensitive
length 24 in. ; G2 is a tray of
—,'-in. GM counters of the
same length. All the ele-
ments in the array are
approximately square ex-
cept for S, which is 11 in.
by 24 in. There are two
Cerenkov counters, one
behind the other, each 1 ft
square by 6 in. thick.
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C. There it decays at rest into an upward-going relativ-
istic secondary which is detected in C unobscured by
downward-going shower particles. The time delay is
measured with a 17-channel chronotron-type timing
circuit. ' ' The triggering requirements included the
firing of any two counters in the G2 bank. We also later
rejected, by examining the hodoscope pictures, events
where an extension tray and/or tray G& indicated an
air shower and certain other events discussed below.

Our results are shown in Fig. 2. The time distribution
shows a central peak and a well-defined exponential
"tail" beginning at about 12.4 mpsec. If the lags
greater than 12.4 mpsec are analyzed by the method of
Peierls on the basis of a single exponential, the mean
life is 8.7&1,0 mp, sec. The systematic error is probably
no larger than the statistical error quoted. The rate of
such events, extrapolated to zero time, is 3.5 hr '.

Instrumental timing errors were studied in detail by
inverting the Cerenkov counters and triggering on fast
p mesons and soft showers. The timing error distribu-
tions were consistent with the shape of the central
peak in Fig. 2, but could not possibly account for the
exponential tail. We found, however, that large pulses
in the scietNator —as indicated by a high multiplicity
in a hodoscoped Geiger tray below it—produced a
shift of 3 to 5 mpsec in the direction of apparent lags
in the Cerenkov counters. ' For this reason, we rejected
events in the actual run where more than six counters
were discharged in trays G2 or G3.

Time lags might arise from differences in time of
Right of two associated particles. We tested this
possibility by displacing the Cerenkov counters 50 cm
to one side, but still maintaining similar thicknesses of
Pb above and around it. The rate of lags greater than
12.4 mpsec decreased by a factor of 20 under these
conditions. (See "KB," Fig. 2.) Such a sharp deco-
herence cannot be associated with particles from a
distant origin. We also verified with a neutron source

that the Cerenkov counters had a negligible response
to neutrons.

The delayed events are most reasonably interpreted
in terms of bona fide decays. Many short-lived unstable
particles are known, but we wish to re-emphasize that
we detect only those which produce relativistic second-
aries. Thus v mesons can be detected only by the
materialization of p rays from the (relatively infrequent)
alternative mode of decay 7'~7r+27r' while the 7r—&p—+e

process will be detected only by the decay electrons.
These are distributed in time over a 2.2-psec mean
life and are very ineS.cient in triggering the apparatus
compared to long-range p mesons from E decay. A
small number of lags in the microsecond range were
indeed observed, but it was not possible in the present
experiment to analyze these into 2.2-@sec and Qat
random noise components; we can only say that the
background from such events is at most about 0.5
counts per channel in Fig. 2. (If this background were
doubled it would decrease the mean life by only 0.25
rnpsec. )
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FIG. 2. Time lag distributions. XA: regular run, disposition as
in Fig. 1, running time 230.7 hr, total rate 19.8 hr '. EB:test for
lags due to time of fbght. Cerenkov counters displaced 50 cm.
Normalized to same running time as E'A, so that differences in
absolute rate of lags are significant.

The fact that we considered only lags greater than
12.4 mp, sec in the analysis biases us strongly against
processes with mean lives less than about 4 mpsec.
Our results should be compared particularly with the
results of the Paris cloud-chamber group, ' where the
minimum time of Right to the lower chamber is 5
mpsec. These investigators found a predominant A
process IC„~++v, with a unique secondary momentum
223 Mev/c, and it appears likely that we are observing
this particle. The Paris group' estimates the E„mean
life as 28 mpsec, but this value is not considered
inconsistent with ours because of their small statistical
sample. Earlier cloud-chamber mean life estimates gave
lower and upper bounds of 4 and 10mpsec. ~ 8 In addition
to the E„'s,these estimates probably involved other
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E particles with mean lives short enough not to show

up after 12.4 mp, sec.
Our rates appear to be consistent with cloud chamber

and emulsion rates, but large uncertainties are involved
in the comparison.
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' 'T has been pointed out' that the AP' nucleus is of
~ ~ considerable interest from the standpoint of charge
independence of nuclear forces and the isobaric-spin
concept. If a plot is made of the known energy differ-

ences between the lowest-lying T=O state and the
lowest T=1 state versls mass number for the mass
range 6 to 54, a consistent trend is seen. Interpolation
on this plot suggests that in Al" the lowest T= 1 state
will be very near the lowest T=O state. In fact, it is
possible that the ground state has 1=1,as in the case'
of {O'. Previous data on Al" are inconsistent and
leaves the energy and the isobaric spin of the ground
state in doubt. '

The reaction Si"(d,n)APs is suitable for investigating
the T=0 levels of AP' as it has an estimated Q value of
1 to 2 Mev. The deuteron, the alpha particle, and Si"
are all T=0 nuclei; therefore, to the degree that isobaric
spin-selection rules are valid, levels with 7= 1 will not
be observed.

The MIT-ONR electrostatic generator and associated
high-resolution magnetic-analysis equipment have been
used to study Al" from its ground state to 2-Mev
excitation. Fresh targets of natural Si02 evaporated on
thin Formvar backings were used. Because of low

yield from this reaction, the targets used were of such
thickness as to give an energy spread in the alpha
groups several times the analyzer resolution. The
alpha particles were observed at 90 degrees to the
incident beam. Assignment of observed alpha groups
to AP' was based on observation of the change in alpha
energy with a change in bombarding energy.

TABLE I. Reaction energies for the Si (d,n)AI reaction.

0 Value in Mev

1.416 +0.008
0.998 ~0.008
0.364 ~0.008—0.334 ~0.008

(—0.430)&0.015—0.648 ~0.008

Excitation of
Al'6 in Mev

0
0.418
1.052
1.750

(1.846)
2.064

1.4I6
128+

T
2moQ~

2.064
1.846
1.750

1.052

.4I8

n)28

FIG. 1. Energy level
scheme for Al2'. The
levels up to 2 Mev are
those observed in the
present work. The cal-
culated position of the
lowest T= 1 level is
shown. This is seen to
coincide with the posi-
tion given by the ob-
served P+ decay end
point. The Ap'(y, n)
threshold then agrees
with the ground state.
The high-lying levels are
indicated by the reson-
ances and gamma-ray
energies observed by
Kluyver et al.
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The results are given in Table I. Each Q value is the
weighted average of at least three measurements made
at bombarding energies ranging from 5 to 7 Mev. The
excitation energy of AP' given in the last column is
based on the average ground-state Q value as shown.
The 1.85-Mev level was completely resolved at only one
bombarding energy. An accurate "energy shift"
measurement was therefore not obtained. Thus, the
assignment of this group to Al" is not completely
certain.

A region of about 3 Mev below the ground state has
been covered with no indication of lower levels. An
alpha of 10 percent of the intensity of the ground-state
group would have been seen. No group of alphas from
this reaction was seen between the listed ground state
and the first excited state. At 6.5- and 7-Mev bombard-
ing energy, the limit is about 3 percent of the intensity
of the ground-state group.

Figure 1 shows the 1=0 energy levels of AP' and
their relation to reactions that have been studied
elsewhere. Recent work of Haslam, ' using the AP'(y, rt)
reaction and counting positrons from the Al" decay as
well as the neutrons, is in agreement with the presently


