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ABSTRACT

In this paper we present analyses of 41 7- and 7'-meson decay
events. Since the emulsion density was accurately known, and an improved
range-energy curve is available, a Q-value for the 7 decay was obtained
which is more precise than that available heretofore. It is 75.08 + 0.20 Mev.
Analysis to determine the character of the 7 meson was made by comparing
the experimental data with the 5 spin-parity combinations that lead to |
unique energy and angular distributions. It is fouﬁdonferr?ploying a x
test that there is a probability o 1l%0that the xz for the (0, -) choice may
exceed that observed, whereas the next most probable choice, (3, -), yields
a probability of only 2.8%. The data could not distinguish between the
(0, -) and (2, -) states of the T meson. The 7"/‘7' ratio observed is
0.25 + 0.12, which is consistent with the hypothesis of charge independence.
The energy distribution of the 1T+ meson in thé 7' decay is consistent with
a decay scheme T' — 1r+ + 2n°, and an associated electron pair also con-

firms this supposed mode of decay.
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INTRODUCTION -

During the systematic scanning for K particles in the K+-meson
mass experiment, ! 7.8 £ 1.4% of all stopping K particles were identified
as 'r+ mesons. -The 28 'r+ observed were easily recognized by their
characteristic 3-pion, coplanar mode of decay. The details of the
experimental arrangement are given in the paper referred to. The
essential feature of the emulsion exposure was the use of a strong-focusing
lens system at 900 to the 4.8 Bev proton beam. The momentum interval
selected for this experiment was 340 to 410 Mev/c. The proper flight
time from the 1/4" x 1/2" Ta target to the position of the emulsion stack
was 1.2 x 10__8 sec. v

While the number of events in this study is not large, a com-
plete analysis of the T-meson decay is valuable for two reasons. First,
accurate measurements of the emulsion density and thickness were taken
which, along with the experimentally determined range-energy relation
of Barkas et al., 2 permits us to make an improved evaluation of the Q
value of the 7 decay. Second, the method of "along the track! scanning
employed throughout the K-mass experiment has given a virtually un-
biased selection of T mesons. The energy and angular correlation data
thained from these events will, therefore, be useful to augment existing

data that pertain to the spin and parity of the 7 meson.

1 H. H. Heckman, F. M. Smith, and W. H. Barkas, "The Masses of
Positive K Particles, " University of California Radiation Laboratory
Report No. UCRL-3156, Nuovo Cimento, 3;.85,(1956). . .

2 Barkas; Bérrétt, Cler, Heckman, Smith, and Tichd, Phys. Rev.
100, 1797 (1955).
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Q VALUE AND MASS

For "7 completes' (events where all 3 pions stop in the emulsion),
the Q value was determined by measuring the range of each pion, converting
to kinetic energy, and taking the sum of the three energies for Q. The
error in Q is primarily due to the inherent range straggling of the pions.

. In events where only two pions stopp'ed in the stack, the Q value was
evaluated by measuring their ranges (i.e., momentum) and the included.
angle, and invoking momentum balance. In this latter case, the Q value
is determined with less precision, since the angle measured is generally
between the lower -momentum pions(the high-momentum pions tend to
leave the stack) and thus subject to error. ’

The principal sources of systematic errors that arise from the
uncertainties in the emulsion density and the range-energy relation have
been largely eliminated in this experiment. . The measured ranges were
normalized to an emulsion of specific density 3.815, the standard density
chosen for the range-energy relation, assuming-thé difference in densities
is due to different moisture contents. The relation between the observed
range R in a medium of density p and the range Rj in 'a medium of density

90(3,815 g/cm3) is given in the first approximation by

Rl () (=)

where L and v are the rates of energy loss in water and emulsion,

respectively, The specific gravity of the emulsion used for this experiment

was 3.844 + 0.003 and the correction applied to the measured ranges was

+ 0.4 to 0.6%. ‘The emulsions were essentially free of shear-type distortions

and no corrections were made for this effect. Also, the development of

the emulsion was uniform, including the top few microns of the emulsion

surface, which permitted the entrance .and exit ppints to be easily located.
The distributions of Q are shown in Fig. 1. The weighted mean

of Q from these measurements is 75.08 + 0.20 Mev. The median value of

Q, combining distributions (a) and (b}, is 74.93 Mev and is, therefore,

within the standard error of the mean. Using the mass values of

273.3£0.2 m_(P.E.) and 272.8 + 0.3 m_(P. E. ) for the n' and 7,

Walter H. Barkas, Wallace Birnbaum, and Frances M. Smith, Phys.
Rev. '101,.778,. (1956). =
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Fig. 1. Distributions of the decay energies of the 7t meson.
(a) Q value in Mev of the 7+ decay evaluated from two
pion ranges (i.e., momenta) and their included angle.

(b) Q value of 77 decay where all pion ranges were
measurable. The weighted mean of Q = 75.08 + 0.20 Mev.
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respectively, we find that the mass of the 7 meson (and its standard error)
becomes 966.3 £ 0.7 m

SPIN AND PARITY OF THE r MESON

The theoretical investigations by Dalitz4’ > and Fabri6 have shown

that an analysis of the decay configurations of the 7 meson provides a
sensitive method for determining its spin and parity. In the decay events
where all charges of the pions are known, the decay configuration can be
completely described by specifying the kinetic energy of the unlike meson
(m") and the angle 6 between the relative momentum vector ;:r of the like
pions and the momentum vector I—; of the m, where cos 8 = %% . (See

Fig. 2, which gives the observed distribution of cos 6. Figure 3 is the

(T
ax' max
Included in these data are the results of previous measurements on the

histogram of T/Tm = 48.2 Mev) for the m” meson in the 7 decay.
T decay. 7 The relevant theoretical distributions with which these are
compared are the unique distributions obtained when only the minimum
angular momenta are used in the matrix element describing the decay, and
assuming that the momentum dependence is determined by the penetration
of the centrifugal barrier. The spins and parities of the T meson that can
be described by these single modes of decay are (0, -), (1,+4), (i, 23,02, +),
and (3, -).4’ 5,6

is obtained from the (0, -) state of the 7 meson. The distributions for the

sk
Of these distributions, the over-all best fit to the data

. H. Dalitz, Phil. Mag. 44, 1068 (1953).

R
R. H. Dalitz, Phys. Rev. 94, 1046 (1954).
6 E

. Fabri, Nuovo Cimento.}_l_, 479 (1954).
7 H. H. Heckman, "Analysis of the Tau-Meson Decay and Evidence for
the Beta Decay of a K Meson, " University of California Radiation Laboratory
Report No. UCRL-3003, 1955,
Sk R
The XZ test in this case gives an 18% probability for XZ equal to or
greater than that observed. This can be compared to a 2.8% probability
for the (3, -) state, the next best fit for the unique distributions.
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Fig. 2. Correlation in angle between the relative momentum
of the 7t's and the momentum of the m-. The theoretical
curves are representatives of the several final-state
distributions that can be expressed by a unique decay
amplitude.
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Fig. 3. Energy distribution of the m~ meson from the Tt decay,
v > #t + ¢+ + 7. Maximum kinetic energy (rel.) of w-
is 48.2 Mev.
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{2, -) T meson (not shown) involve a linear cornbination of two equally
probable matrix elements Wh11e the (2. ) and (0 —) fmal sta.te d1str1but1ons
are not in detail alike, " the exper1menta1 data cannot d1st1ngu1sh between
them. In order that these data may be compiléd  with similar types of
measurements on the 7 decay, Table I tabulates: for each event the kinetic
energies of the pions, Q of the decay, and cos 6. ‘

| It should Be noted that there Was no clear evidence for a radiative
decay of the 7 meson. One event (T]4) appears to have an anomalously low
Q value of 71.66 Mev, but the statistical expectation of this event is about
twice as great as the probability for the emission of a photon of k>~3 Mev
in the ‘T decay by an "internal bremsstrahlung" process. 8 Among the
400 K+=particle endings observed, no radiative decays that could be
classified as 'r+—> g Y were seen, Of course this y ray would have
virtually no chance of being detected. A decay mode '7"+ - 1r+'+ e+ +e”
(internal pair conversion) would have been readily observed and was not. *
These latteritypes of radiative decay of the T would be expected to compete
favorably with the 3w mode of decay for nonzero spins of the 7. 8 That '

none were observed gives some additional evidence that the 7 is a particle

of zero spin.

8 r. H. Daiitz, Phys. Rev 99, 915 (1955)

An electron pair of 60 + 15 Mev was observed to accompany a 1'r+ meson
from a decay interpreted as 7' => at + 70 + (n® >y +et +e”). This type
of event is not confusable with 7% = 7t +.et + e~. The energy of the =
meson in T' decay is always less than 53.3 Mev. Accompany1ng such a
pion, the electron pair observed could not conserve momentum and
energy. : s
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Table I
Tabulation of pion kinetic energies, t_{l’e 9 of the tau decay in Mev,
and cos 6 = l%-”—%[

. AT“1+ T2+" .'T3_ Q cos 6

(Mev) (Mev) (Mev) (Mev)
Ty 19.30 26.80 28.40 74.50 “0.184
T, 16.39 16.80 43.37 76.56 0.021
T3 20.31 ©23.01 32.18 75.50 0.066
Ty 9.71 39.02 25.28 74.01 0.727
Ty 8.90 43.32 23.37 75.59 0.843
T 27.32 29.70 18.05 75.07 0.064
T 28.25 '32.84 13.92 75.01 0.139
Tg 4.83 28.22 42,73 75.78 0.786
Ty 25.81 32.95 15.41 74.17 0.080
T10 13.00 32.02 29.91 74.93 0.468
T11 19.88 23.82 "33.11 76.81 0.098
T12 16,10 (40.32) 18.45 74.87 0.632
T3 21.72 (42.68) 10.35 74.75 0.628
Tia 20.52 (40.61) 10.53 71.66™ 0.661
Tis 4.46 (42.82) 26.90 74.18 0.913
T16 4.47 24.61 (45.37) 74.45 0.886
Ti7 35.91 (36.83) 1.63 74.37 0.070
718 (33.46) 33.51 9.47 76.44 0.003
T1g 18.00 25.69 (31.10) 74.79 0.195
T50 25.92 (43.03) 7.82 76.77 0.619
T51 11.44 (42.34) 19.45 73.23 0.797
Tso (29.50) 37.62 8.11 75.23 0.296
T5a 5.38 (39.04) . 29.68 74.10 0.936
Ty 15,11 15.62 (43.82) 74.55 0.021
T>s 17.66 (25.82) 33.10 76.58 0.201
756 12.47 23.36 (37.48) 73.31 0.232
T 11.80 24.75 (37.40) 73.95 0.288
T (20.78) - 38.22 16.98 75.98 0.466
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Table I continued. -

+ +

T, ‘ T, ‘ T3- Q. . cos 6

(Mev) (Mev) (Mev) . = (Mev) L
T, 16.2 24.3° (34.0) g See ** ©0.215
'rb ' 17.6 43.2 14.7 : ‘ ‘ 0.718-
'TC ' 17,3 - 19.6 (37.5) : v 0.066
Ty 18.2 S 34,7 22.4 ’ 0.414
Te 18.3 37.4 19.2 ' : - 0.498
Events '1"1' through T.ll: "all pion ranges measured

Events 712 through 758" entries in parentheses evaluated by momentum
' ‘balance
Events T, through Te from UCRL-3003
* Not included in the averaging of Q as deviation ~3 0 from mean of
distribution. This may be an example of a radiative decay of the T meson.

“* Q values for T, to Te were not included in the evaluation of the mean

Q as thé emulsion-der‘i‘sity was not accurately measured.
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AL TERNATE DECAY MODE OF THE 7

A small fraction, i.e., 1.9 £ 0.8%, of the K mesons that decay
into a singly charged secondary give rise to a positive pion having a o
spectrum of energies up to ~50 Mev. This type of decay is interpreted as
the alternate mode of the T decay, i.e., 7;' - 1r+ +7° + 'rro. Figure 4 is the
observed distribution of T/Tmax for the m' meson, wl;ere T hax™ 53.3 Mev.
A tabulation of the range and kinetic energies of the m is given in Table II.
Although the statistics are poor, the energy distribution of the 1-r+ meson. in:
the 7' decay appears to be unsymmetrical, in contrast to the m energy
distribution from the 7 decay (Fig. 3). It is not believed that this
difference can be accounted for by observational bias, as all K secondaries
of grain density greater than that expected for the secondaries from K*n'Z
and KpLZ particles were followed to their termination. Dalitz5 has pointed
out, however, that these distributions are not in general expected to be
unique. _

The hypothesis of the conservation of isotopic spin gives no
further information on the decay Qf_ the '7'+ - Z1r+ + m , but does lead to
relations between the probabilities of the two modes of decay. The main
consequence of the hypothesis9 is a statement that the ratio
N(7' - 27° + 7')

N(t = 27t + 7-)

must satisfy 1/4 <r < 1 for isotopic spin T = 1. The observed ratio is

~

0.25 + 0.12, consistent with the hypothesis of charge independence.

9 R. H. Dalitz, Proc. Phys. Soc. (London) A66, 710 (1953).
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Fig, 4. Energy distribution of the n* meson in the 7' —nt + 2mo
decay. T hax = 53.3 Mev.
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Range and energy of the nt meson in the 7% > ™ + 270 decay

R E
(cm) (Mev)
2.206 37.5
1.541 29.7
0.515 15.8
0.418 14.0

'0.352 12.5
0.084 5.7
0.047 4,1
0.039 3.7
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