CLOUD-CHAMBER STUDY OF Vo

As to the 6° decay, the indication of the departure
from an isotropic distribution appears to be quite
strong. The distribution for ° particles is presented by
the histogram in Fig. 4. The standard deviations have
been calculated as before from (3, W,%)?* (summing
over the number of events in each angular interval)
and are indicated by the vertical lines. The dashed
curve in the figure represents the sind distribution, i.e.,
the isotropic distribution. Taking the 11 nonclassified
cases as due to 6° particles does not affect the distri-
bution.

It is rather difficult to see how this departure of the
observed distribution from isotropy can be explained
except by taking J2> 1. It may be of interest to make an
estimate for the spin of the 6° particle, using the
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relation”
JZ1/(246)

as deduced from the uncertainty principle. Here A6 is
taken as the total width at half-intensity of the angular
distribution as estimated from Fig. 4. Such an esti-
mation gives J 2> 1.

However, this indication of higher spin for ¢° particles
may be regarded only as a preliminary indication,
because the statistics are still low and because there
might be some unknown biases which we cannot trace
at present.

17We should like to thank Dr. D. C. Peaslee for his helpful
discussion on the estimation of the spin of the V° particle from

the angular distribution of the decay products in the rest system,
and for his comment on the ratio Ngo/N po.
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The mean decay times of 35 ¢° particles and 23 A° particles have been calculated according to the
maximum-likelihood procedure as discussed by Bartlett. For each event, the decay length, the “total
potential” decay length and the “plate-potential” decay lengths were measured with the usual caution.
The velocity of each V° particle was determined from the a—e plots, and used to convert decay lengths
into the corresponding decay times in the rest system. The mean decay time for the 35 @ particles is found
to be (0.8-0.5794) X 10719 sec, and for the 23 A? particles (2.8_y.7112) X101 sec. The differential momentum
distributions of the 6° and A° particles are obtained and appear to be different in shape and momentum
range for the two types of V° particles. The mean detection probability of our chambers has also been
studied as a function of the momentum of the V* particles.

1. INTRODUCTION

HE mean decay times for §° and A° particles have
been determined by several workers.! However,

for either type of particle the experimental values for
the mean lifetime vary considerably. For example, in
the case of A® particles they lie in the wide range (1 to
10) X107 sec, while for 6° particles they vary from
about 1X107% sec to 4X 107 sec. This is partly due
to the fact that the statistics have been very low,
particularly for 6° particles, and partly because there
has not been a single acceptable method of measure-

* Material in this paper forms part of the material of Allen L.
Snyder’s Dissertation for the Degree of Doctor of Philosophy to
be submitted to the Graduate School of Purdue University.

T Supported in part by the Purdue Research Foundation.

I Reported partly at the 1955 Thanksgiving Meeting of the
American Physical Society held at Chicago [Phys. Rev. 100,
1264(A) (1955)]; also at the Washington Meeting, April, 1956
[Bull. Am. Phys. Soc. Ser. IL, 1, 186 (1956)].

! For examples: Leighton, Wanlass, and Anderson, Phys. Rev.
89, 148 (1953); Fretter, May, and Nakada, Phys. Rev. 89,
168 (1953); Bridge, Peyrou, Rossi, and Safford, Phys. Rev. 91,
362 (1953); D. 1. Page and J. A. Newth, Phil. Mag. 45, 38 (1954);
D. B. Gayther, Phil. Mag. 45, 570 (1954).

ment and of analysis. In 1952, Wilson and Butler?
suggested how the quantities involved in this problem
should be measured, and that the maximum-likelihood
procedure should be followed to deduce the lifetime.
Some of the ideas have already been incorporated in one
way or another by other authors! in their work. Recently
Bartlett® has described, from general statistical con-
sideration, the maximum-likelihood procedure for the
evaluation of the lifetime of unstable particles observed
in a magnet or multiplate cloud chamber. This pro-
cedure has been applied by Page and Newth' and by
Gayther' to the estimation of the mean decay times of
the V?° particles.

We have adopted the general methods of measure-
ment as discussed by Wilson and Butler and used by
other workers and the statistical procedure put in a
more convenient form by Bartlett to determine the
mean decay times of our 6° and A° particles, which have

2 J. G. Wilson and C. C. Butler, Phil. Mag. 43, 993 (1952).
3 M. S. Bartlett, Phil. Mag. 44, 249, 1407 (1953).
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been classified in the preceding paper,® because we
feel that these methods are in principle satisfactory.
Since the V° particles occur very rarely, single groups of
workers collect analyzable data rather slowly. There-
fore, it is important that the results from many groups
be combined in a straightforward manner. In this
paper we should like to mention briefly the maximum-
likelihood procedure to be used and to discuss the
methods of measurement, as well as to report
finally our results for the mean decay times of the
6° and A° particles together with the weighted mean
values of all the published results including our own.

II. STATISTICAL ESTIMATION

We consider, as a general case, a multiplate cloud
chamber to observe the V?° particles produced in the
plates. Then, the probability that the rth (arbitrary)
unstable particle undergoes decay in an illuminated
region at time® ¢, in the time interval dt, is, according
to the exponential decay law,® given by

e tr/ d tr

1
f(tr)dtr=_ (1)

r1— —Tr/r+zs(_— l)se—Trs/-r.

The probability of observing a particular set of in-
dependent decay times ?y,- - -4, - -f, is therefore equal
to the so-called likelihood function H :

=TI ft), (0<4L<T). @

The estimation equation can be obtained from Eq. (2)
by employing the maximum-likelihood procedure,’ i.e.,
by setting 6 InH/d7=0. In the approximation in which
T/7 is taken to be small, we have

1/r~=2(t—5¢./b:) /22X, 3)
and the standard error
A(l/n)=1/(. X}, 4
where
Xf: (dr/3br)_ (C,—/Zb,-)2; (5)

Cr= Trz—Zs(" l)sTrsz;
d,=T3=Y (—1)T,8% (6)

4 Gupta, Chang, and Snyder, preceding paper [Phys. Rev-
106, 141 (1957)7, hereafter referred to as Part I.

5 All these times, ¢, Ty, and T, are to be measured from the
same moment, when the rth particle emerges from the producing
plate. £, is measured to the instant when the actual decay occurs,
T, to the instant when the particle leaves the useful volume (if
it does not decay), and T, to the instant when it enters or leaves
a plate, an odd value of s referring to entering and an even one
to leaving.

8 The denominator of Eq. (1) actually represents the probability
of decay in the available time T, in the chamber minus that in
(Ty2—T4), etc., in the plates. Therefore, normalization with
respect to this denominator essentially corrects for those particles
which decay outside the chamber and for those which decay inside
the plates.

7 E. T. Whittaker and G. Robinson, Te Calculus of Observations
(Blackie and Son Limited, London, 1942), third edition, p. 186.

br= Tr—'Zs(— l)aTra;
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These equations can immediately be reduced, by
equating the sums over s to zero, to the corresponding
equations® for a magnet cloud chamber which does not
contain any plate in it.

III. MEASUREMENT OF DECAY LENGTHS:
DETERMINATION OF V° PARTICLE
VELOCITY

The different decay times ¢,, T, T mentioned in the
preceding sections are to be obtained from the corre-
sponding decay lengths /,, L,, L,;, which are measured
in each event along the line of flight of the ¥ particles,
using the coincident cloud-chamber picture of the
direct and stereoscopic pictures (see, for example,
Fig. 1). The boundaries of the useful (uniformly
illuminated) volume of our chambers were marked
before the start of our experiments and have been used
in the measurement of the “potential” decay lengths
L,. These boundaries were measured and clearly
marked on our three-dimensional projection system so
that the effective illumination edges could be readily
marked on each tracing along with the V° event,
the chamber plates, shower origin, etc. The “fiducal”
marks were placed at 6 cm from the back edge of our
chamber, 1 cm from the front edge (toward the camera),
and 2 cm from each side edge.

The following discussion explains how our decay
lengths have been measured. Since in nearly all of our
V° event pictures, it is difficult to recognize particle
tracks within 0.1—0.2 cm of a plate surface, these

Film NO. 30

Ist Plate Frame NO. 6794

2nd Plate

Side Illumination Edge

3rd_Plate

Fi16. 1. Tracing the event No. 30-6794, representing a typical
picture where measurements of potential lengths (see text)
requires careful consideration.

8 M. S. Barlett, Phil. Mag. 44, 249 (1953). See also W. L.
Alford and R. B. Leighton, Phys. Rev. 90, 622 (1953); Fretter,
May, and Nakada, Phys. Rev. 89, 168 (1953).



CLOUD-CHAMBER STUDY OF Vpe

lengths have been measured, for each event, from the
same point 0.4 cm below the bottom surface of the
plate concerned. Similarly the lengths L,, have been
measured respectively 0 a point 0.4 cm above the top
surface and #o another point 0.4 cm below the bottom
surface of a plate. The “potential” decay length L,
has been measured to a point where the shortest
prong (if decay took place at this point) would have
3 cm from the effective illuminaion edge or from the
top surface of the last plate. This length of 3 cm is
large enough to detect any appreciable multiple
scattering even in the case of narrow-angle V° events.
Since V° events in the last gas space were entirely
ignored (see Sec. II of the preceding paper), the
terminal point of L, has not been extended to this gas
space. As a consequence, we have in general only the
lengths L., and L., in addition to L, and /,, and in some
cases only L, and J, (see Tables I and II).

Figure 1 is a picture typical of a few difficult cases
where measurement of L., L., requires careful considera-
tion. It is an actual tracing of the event (30-6794).
Here the penetrating shower origin is in the first plate
(2 inches) and the apex of the V° event is about 0.8
cm (along the line of flight—the dotted line) from the
surface of the plate. The shower particles shown are
projected tracks on the plane containing the V? event.
The dashes (a,c,d) parallel to the plate surfaces indicate
the places up to which and from which these decay
lengths have to be measured. The point b is the apex
of the V° event, and so /,=ab along the line of flight.
At first sight one might think that the terminal point
L, should be extended to the point X, where the
shortest prong would have 3 cm from the side illumina-
tion edge; L, would be then equal to aX,, L, equal to
ac, and L,; equal to ad. But it should be easily realized
that the V° event could not have been identified and
included in the statistics (see Sec. II of Part I) if it
took place at this point. Therefore, L, was measured to
the point X, where the would-be prongs are indicated
by the dashed lines. Hence, for this event we have
ly=aband L,=aX; only. Of course, if the angle between
the two prongs were larger than say, 30° (actually
only 19.5°), the terminal point of L, could have been
at X, for a large angle itself also provides a good method
of identification (i.e., of distinguishing from an electron
pair; see Sec. IT of Part I).

These decay lengths /., L,, L,, so measured have to
be converted into the corresponding decay times ¢,
T,, T,s which are to be used directly for calculating
the mean decay time 7 of ° or A° particles. Hence, for
each event the velocity of the V° particle has to be
determined. This can be done more easily by the
graphical construction, i.e., by the a—e plots discussed
in the preceding paper. As before, let fi and f. be the
measured distances of the event from the foci F; and
F,, respectively. Then the velocity of the V° particle
can be found by means of the relation

1/8= (fi+f2)/2¢*. M
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TasLE 1. Lifetime data for 35 6° particles.

tr Ty Trn Tra
L, (1010

NRNOANOOLWRBRNOORXRIRAONWRNOWUNWROWWRLNON WO

Film and Ir (1010 (10-10 (10710
frame No. [:2% (cm)  (cm) sec) sec) sec) sec) W
16-5516 298 20 205 022 229 130 1.62 1.
16-5583 148 0.2 63 005 142 ... ... 1,
17-6595 339 2.7 59 027 058 .- ... 4.
18-7359 0.88 20 187 0.76 7.08 3.67 477 2.
19-8280 9.04 09 62 003 023 --- ... 4,
22-0411 1.68 20 193 040 3.83 1.87 252 1.
22-0649*= 399 085 62.2 0.07 2.18 1.13 142 1.
23-1248 236 0.2 885 0.03 125 ... ... 1,
24-1725 251 28 225 037 299 1.70 210 1.
24-1895 283 0.7 125 008 147 ... ... 1,
30-6794 450 03 129 0.02 0.96 1.
31-7464 2.83 2.0 7.7 024 091 2.
31-7629. 6.37 0.2 6.2 0.01 032 2.
33-8745 313 165 68 018 0.72 2.
34-9528 9.04 0.5 82 0.02 0.29 3.
349630(4) 6.37 035 8.8 0.02 046 2.
34-9630(B) 6.37 2.1 6.7 011 035 ... ... 4.
34-9995 093 3.2 87 115 312 ... ... 4/
35-0707 517 0.1 59 001 038 -.- ... 2
36-1131 283 1.6 76 019 090 .- ... 2,
37-1869 637 02 230 001 120 094 1.16 1.
38-2438 0.59 0.7 60 040 339 ... ... 1,
38-2954 6.37 0.8 56 004 020 ... ... 3.
38-2976 313 25 178 027 190 106 1.32 1.
40-4526 9.04 5.8 68 021 025 ... ... 27,
44-8014 637 04 209 002 1.09 061 0.74 1.
U2-0938 370 11 160 0.10 144 ... ... 1.

U4-2176 196 1.0 166 0.17 282 151 192 1.
U4-2300 121 31 173 085 4.77 260 3.31 3.
U4-2395 228 1.8 204 026 298 1.68 212 1.
U4-2590 6.37 08 161 0.04 084 047 0.60 1.
U7-4253 283 03 195 004 230 130 1.64 1.
U9-6000 399 11 118 009 099 ... ... 1,
U13-9043 450 14 59 010 044 3.
U22-5825 1.82 20 57 037 1.04 2.
Total W=106.1

= For definition of starred cases refer to Sec. V.1 of the preceding paper.

As the event has been classified already in Part I, the
appropriate value of €* is known and is given in Table
II of Part I. Since 7 is to be the mean decay time at
rest, the decay times ¢,, T, T, have to be measured in
the rest system of the V?° particle. Hence

tr=1,/(cBv), T.=L./ (cBv), Tr=Lys/ (cBv), (8)

where y=1/(1—p%% The values of 8y (=P/M,
specific momentum) together with the decay paths
l,, L, are given in Tables I and II, respectively, for
the 6° and A° particles. The values of W in the last
columns (calculated in Sec. V) are the weighting
factors, a correction for the detection efficiency of the
individual events, which have been used in Part I
for the discussion of the ratio of 6° to A° particles and
the angular distribution of the decay products in
the rest system and which are used in the present
paper for the discussion of the differential momentum
distributions.

IV. RESULTS AND DISCUSSION

In order to estimate the mean decay times of 6°
and A° particles and the respective standard errors,
we have listed, for each event, the values of By, I,
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TasLe II. Lifetime data for 23 A° particles.

tr Tr Tr1 Tre
(10710 (10710 (10710 (10-10

Film and r Ly

frame No. By (cm) (cm) sec) sec) sec) sec) w
11-2589 1.18 51 184 144 520 2.3
13-3472  0.64 0.6 9.25 0.31 4.82 14
13-4007 0.44 0.2 93 015 705 ... cee 1.1
144411 047 0.15 29.2 0.11 20.67 10.28 1291 1.1
15-4953 0.67 01 164 005 816 448 562 1.2
15-5010 0.63 0.75 8.0 040 423 ... cee 1.5
15-5400 0.26 2.4 119 3.08 1526 --- ve 3.1
16-6182 046 04 180 0.29 13.04 7.03 884 1.2
17-6438 029 04 112 046 1287 ... ce 1.2
17-6949 0.24 0.5 7.3 0.69 10.14 1.3
22-0182 045 3.7 122 274 896 3.0
274019 0.77 045 127 020 548 ... cee 1.3
28-4933*» 043 0.1 19.7 0.08 15.27 845 1039 1.2
30-6394* 0.50 1.1 194 0.73 1293 730 9.00 14
30-6869 0.61 5.7 68 311 372 ... «oo 15.6
349972* 0.74 0.5 12 0.23 541 1.3
350766 046 4.7 129 341 935 ... ven 3.9
38-2494 041 02 189 0.16 1537 8.05 10.08 1.1
38-2506* 089 035 79 013 29 .- ce 1.6
U4-2251 048 0.65 20.7 045 1438 7.15 903 1.2
U9-5775 040 1.8 187 1.50 15.58 892 11.33 1.8
U11-7302* 0.68 0.15 20.2 0.07 990 525 6.72 1.1
U23-6891* 0.87 2.8 180 1.07 690 3.79 479 19
Total W=>51.8

» For definition of starred cases refer to Sec. V.1 of the preceding paper.

L, t, Ty, Tn, T in Tables I and II (to save space,
values of L, and L, are omitted). In addition to the
standard errors, one has “nonstatistical” errors from
the measurements of the decay lengths and the velocity
of the V° particle as well as from its mass. However, it
has been found by actual examination that the effect
of errors on the value of 7 chiefly comes from the errors
in the velocity of the V° particle and that in /, (because
of its small magnitude). The effect of the various errors
has also been discussed by Page® in connection with
the magnet cloud-chamber experiments. In our case,
the velocity has been determined by Eq. (7), where the
values of f1 and f; are naturally affected by the errors
in the values of @ and ¢, which are in turn calculated
from the measured angles ¢; and ¢» (see Sec. IV of the
preceding paper). It is estimated that these different
errors together could give rise to an error in r of as
much as 159, which is perhaps smaller than but at any
rate comparable with the standard errors.

When one uses Bartlett’s statistical procedure, the
mean lifetime of #° particles from the measurement of
35 cases! is given by

1/7=(1.32-£0.45) X 101 sec— ©)
or .
7= (0.8-0.514) X 1071 sec,
and for the 23 A° particles;

1/7=(0.3620.11) X 10" sec™?,

9 D. I. Page, Phil. Mag. 45, 863 (1954).
© Four of the 6 cases with /, <0.4 cm are not included.

(10)
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or
7= (2.8_0.72) X107 sec.

The errors mentioned include the nonstatistical errors
of about 159, as discussed above.

In Table III we have summarized all the published
results, including ours, for the mean lifetimes of 6° and
A? particles. In order to combine these values to get a
weighted mean value for each type of particle, we have
used the values of 1/7, which are expected to have an
approximately normal distribution. The 1/r values
thus obtained are listed in the third and sixth columns
of Table III together with the corresponding sym-
metrical errors. On the basis of certain arguments,!
the results of Fretter e/ al. have been excluded, and
only the low-Q events of Alford and Leighton have
been included for weighting. Some recent results of
Blumenfeld et @l.,* which were obtained from V°
particles produced at the Brookhaven Cosmotron,
have not been included in the weighted mean lifetimes
so that these values may refer to cosmic-ray experi-
ments only. Thus, the weighted mean lifetime for the
83 ¢° particles studied by different groups of workers
is found to be

1/70=(0.720.15) X 10" sec™ (11
or
Tw= (1.4_9.574) X 1010 sec,
and the weighted mean value for 173 A° particles is
1/7=(0.2740.04) X 10" sec? (12)

or
Tw= (3.7._0,4"'0' 6) X100 sec.

V. MOMENTUM DISTRIBUTION OF A°
AND 6° PARTICLES

In many cases (e.g., N¢?/Ny°, momentum distribu-
tion, etc.) one wants to weigh each event for its detec-
tion efficiency by the cloud chamber. The weighting
factor mainly comes from the corrections for the decay
in the plates and that outside the chamber, and it can
therefore be calculated as follows: The probability
that a V0 particle decay and be observed in our chamber
is

O= (=T (=), (13)

The first set of parentheses represents the probability
that the V? particle decays in the time interval (T'—1)
and the second set of parentheses is the probability
that it decays in the second plate. As in previous
sections, these times are to be referred to the rest
system and are calculated from the corresponding

In the experiment of Fretter et al., the correction for the
decay in the plates has been neglected. Alford and Leighton
have set the dividing Q values at 50 Mev, and therefore the
high-Q events may be a_mixture of 6, A% and possibly some
other particles. [See also Page and Newth, reference 1.]

1 Blumenfeld, Booth, Lederman, and Chinowsky, Phys. Rev.
102, 1184 (1956). These authors obtain a mean lifetime value of
(0.8_9.9793) X 1071 sec for their 25 ¢° particles and (2.8_9.4105)
X107 sec for their 65 A? particles.
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lengths by relations similar to the following one:

l l

f=——=——X10"1 sec. (14)
By 3(P/M)
Thus, from Egs. (13) and (14) the detection probability
@® depends on the momentum P of the V° particle.
The lengths, L, Ly, L, mainly depend on the disposition
of the plates and the dimensions of the chamber.
Therefore, their dependence on the momentum P
may be neglected. But ! depends on P, though its
dependence on P is determined by the dimension of
the chamber relative to the mean decay length. Hence,
the dependence of the probability ® on the momentum
P is through 7 as well as through P explicitly as shown
in Egs. (13) and (14). For each event the weighting
factor W is therefore taken as the reciprocal of the
detection probability @, i.e.,

w=1/e. (15)

The values of W so calculated for the individual events
are given in the last columns of Tables I and II, and
have already been used in Part I.

Before discussing the momentum distribution of the
6° and A° particles, it may be interesting to see first
how the mean detection probability of our chambers
varies with the momentum of the V? particle. By

TABLE III. Summary of published estimates of the mean
lifetimes of A? and 6° particles.

A® particles 60 particles

No. 71 T No. 771 T
Groups of of (1010 (1010 of (1010 (1010
workers events sec™l) sec) events sec™l) sec)

Fretter et al.®
(1953) 22 107 11 433
Alford and
Leighton? (1953) 74 2.5+0.7
Alford and
Leightonb
(high Q) 20 1.340.5
Alford and
Leightonb
(low Q) 37 0343014 29+0.38
Bridge et al.°
(1953) 21 0.2940.11 3.5_.30%21 6 1.114+0.71 0.9_¢;"1¢
Deutschmannd
(1953) 22 0.21-+0.07 4.8_3.3%26 9 0434020 2.3_0.7%31
Astburye (1953) 11 0.63+0.37 1.6-0.6%22
Gaytherf (1954) 21 0.25+£0.12 4.0.5.2%7 8 1.8 +0.8 0.6-0.2%04
Page and Newthe
(1954) 26 0.27+0.14 3.7.1.3%39
Pageb(1954,1955) 23 0.28+0.07 3.6_07"1 14 1.43:£0.57 0.7_0.2703
Present paper 23 0.36:0.11 2.8_07%2 35 1.32:£0.45 0.8.0.2%04

a W. B. Fretter et al., reference 1.

bW. L. Alford and R. B. Leighton, reference 8; for discussion of the
classification of V0 particles by these authors, see reference 11, For the 37
low-Q events regarded as A9 particles, the 1/7 value is calculated from the
T va/lue given, and the symmetrical error of 1/7 shown is the largest error
of 1/7.

¢ The asymmetrical error for = of A® particles of Bridge et al. is quoted by
Page and Newth (reference 1); the value for = of 60 particles is quoted
by Gayther (reference 1). X

d r values (also number of events) for A% and for 69 particles of Deutsch-
mann are quoted, respectively, by Page and Newth and by Gayther
(reference 1).

e These results are quoted by Gayther (reference 1). . o

t D, B. Gayther, reference 1. Gayther's 7 value for 60 particles is his
recently corrected value [see Phil. Mag, 46, 1362 (1955)].

e D, I. Page and J. A. Newth, reference 1.

b D, 1. Page, Phil. Mag. 45, 863 (1954) for A° particles; 46, 103 (1955)
for 6° particles.
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F16. 2. Mean detection efficiency curve for the cloud-chamber
setup used in our experiment.

“mean detection probability”® it is meant that in
calculating this probability (®)» mean values of I,
L, Ly, and L, are used, the assumption being made that
these mean values are practically independent of the
momentum P of the V° particle. This variation is
represented by the curves in Fig. 2, the dashed one
being for #° particles and full one for A® particles. It
is seen that our chamber has a maximum mean detection
probability ~0.6 for both 6° particles (at P~1500
Mev/c) and A° particles (at P~700 Mev/c). To
detect A particles of momentum between about 150
Mev/c and 3500 Mev/c or 6° particles between about
400 Mev/c and 8000 Mev/c, the chamber still has a
mean detection probability between 0.3 and 0.6. Our
chamber has therefore the ability to detect particles
of either type over a wide range of momentum without
losing too much efficiency. This may reflect some idea
of the veracity of the momentum distribution, shown in
Figs. 3(a) and 3(b) for A° and 6° particles.

After weighting each event for the detection efficiency
according to Egs. (13) and (14), we have plotted the
momentum distributions in Figs. 3(a) and 3(b),
respectively, for A® and 6° particles. The momentum of
each event was obtained by multiplying the By in
Table I or I by the mass M. The standard deviations
are obtained as before from (3,7 ,%)* and are shown by
the vertical lines. Without discussing some known
sources of bias, it may be interesting to note that the
two distribution curves are different in the momentum
range covered. The 6° curve covers the interval approxi-
mately from 300 Mev/c to 4500 Mev/c. while the
A® curve runs from about 250 Mev/c to 1300 Mev/c.
The number of V° particles with low momentum is
probably understimated because low-energy VO par-
ticles probably make large angles with the penetrating
shower axis and hence may decay near or in the

13 D. B. Gayther and C. C. Butler, Phil. Mag. 46, 467 (1955).
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Fic. 3. (a) Momentum distribution for the 52 A? particles. The weighted mean momentum is about
640 Mev/c for the A° particles. (b) Momentum distribution for the 106 ¢ particles. The standard errors

shown by the vertical lines in both Figs. 3(a) and 3(b) have been calculated from ( 2,

2} (see text).

The weighted mean momentum for the 6° particles is about 2620 Mev/c.

producing plate and not be observed. This is more
nearly true of A° than 6° particles, since the A° have on
the average much lower momenta. The A° distribution
indicates a decrease* in the number of particles
towards the high-momentum end.
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14 Similar indications have been observed by J. Ballam et al.,
Phys. Rev. 91, 1019 (1953) and Gayther and Butler (reference 13).
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has been of great value to us. We should like to express
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