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%e have investigated the pion decay process
7j 0+ e++ „x ~hereas various model calcula-

tions'~' lead to branching ratios for this process
of the order of magnitude 10~, the conserved
vector current (CVC) hypothesis'~' allows a pre-
cise prediction. Using the accepted values for
the masses' of the particles involved and consid-
ering the calculated radiative corrections, ' one
obtains a branching ratio between 1.00x10~ and
1.06x10 ' depending on the choice of coupling
constant. e Thus considerable attention has been
focused on the pion beta decay, since a precise
measurement of its branching ratio can serve as
a test of the CVC hypothesis. Experimental in-
vestigations have been undertaken also at CERN'
and Dubna xo

This experiment was designed to detect the two
7t' gamma rays, the positron, and also the posi-
tron annihilation radiation from the reaction n+
-w'+e++ p. We find a branching ratio (see Ta-
ble 1) which is compatible with CVC.

A schematic diagram of the experimental ar-
rangement is shown in Fig. 1. Positive pions
(175 MeV/c) are degraded in carbon and brought
to rest in scintillation counter 5. In order to de-
tect the 7t' mesons produced in the m+-m' decay,
18 lead-scintillator sandwich counters were ar-
ranged cylindrically about counter 5. Each of
these sandwich counters had two photomultipliers
(e.g. , n, and P, ) that viewed alternate layers of
scintillator separated by lead. Coincident signals
from n, and P, required that a charged particle
penetrate at least one thickness of lead (2.7 g/

cm') in that counter. y, and 5, were similarly
situated photomultipliers on the diametrically op-
posite counter. A concentric array of thin scin-
tillators used in anticoincidence was placed be-
tween the lead-scintillator -sandwich counters
and counter 5 to guard against charged particles.
Thus a m' produces a fourfold coincidence n~Pzy~-
5., i = 1,2, ~ ~,9, without anticounters. Because

gP

of the geometrical resolution of the system, events
of the type a;Ppjbj, j=i ~1, are also acceptable.
The efficiency of this system was measured by
detecting m' gamma rays produced by stopping 7t

mesons in counter 5. The gamma-ray efficiency
of counters y;5, for example, was determined by
the ratio of fourfold events, n;P,~zd;, to threefold
and fourfold events, ai~iri+ aiPi5i+ ai~ixi~i
gether with the calculated probability of convert-
ing a w' gamma ray by the lead plates within the

counter. From this result we find that the num-
ber of m' mesons produced per w stop in scintil-
lator is 1.3 x10 '. The work of Dunaitsev et al. '
leads to a value of -1 x10 ' for this ratio, while
the CERN group' obtains 2 x10 '. Utilizing our
measurements, we find that the total efficiency
of our apparatus for the detection of a w' meson
produced in the w+ ~ w' decay is 11$.

The positron in the decay was observed by two
methods: (1) We looked for the e+ signal follow-
ing the stopping m+ signal in counter 5. This
counter was divided into three sections, A, B,
and C (each viewed by a different photomultiplier),
in order to enhance the e+ signal relative to that
of the stopping w+. (2) We looked for the signal

Table I. Summary of results for pion beta decay.

Criterion for
counters

nPyb.
8+

detected by
Acceptable

events

Background
events

(i ~q *0,1)

Total
eff iciency 77+ mean life

(nsec)
Branchinga
ratio x108

i --j &0, 1

i =-g ~0, 1b

i=jb

NaI

NaI

NaI

NaI
and 5

10 0.86

0.77

0.66

0.33

24 +10 2.0

The errors to be assigned to the branching ratio are dominated by the statistics on the number of events.
The i =-9 counters are excluded.
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FIG. 2. Simplified electronic schematic.
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j"IG. 1. Schematic of experimental system. Counters
1,2, 4, 5&,3,6, 7 define a stopping pion. Counter 3 is
a water Cherenkov to guard against beam positrons.
All other counters are scintillators. Counter 8 is a 2-
inch thick NaI crystal for the detection of the positron
annihilation radiation. C represents carbon degrader.

, and their respective 18Q' counterparts,
, are lead-scintillator sandwich counters

for the detection of the ~ gamma rays.

from counter 8, a NaI crystal placed near counter
5 in order to detect one of the —,'-MeV gamma rays
from the e+ annihilation.

The logic of the electronic system was as fol-
lows (see Fig. 2): A m+ meson stopping in 5 gen-
erates the signature 2453671D. The 1D signal
occurs if another beam particle enters the system
within an interval of 10 to 60 nsec following the
pion stop. Consequently, TD demands that no
other beam particle enter the system during the
time we are awaiting a possible m+-w' decay.
This signature opens a 40-nsec gate (G,) 5 nsec
after the pion stops. Within the gate if any four-
fold coincidence of the lead-scintillator sand-
wich counters —n.p yy51 —occurs without anti-ng.
counters, a trigger is produced which activates
the data storage system and triggers a four-

beam oscilloscope. The data storage system in-
terrogates all sandwich counters and records on
magnetic tape those that have signals. Simulta-
neously the oscilloscope records pulses from
the sandwich counters, the NaI, and some of the
beam counters. The magnetic tape was processed
by an IBM-7090 computer. The correlated mag-
netic tape and oscilloscope records allow us to
determine the colinearity of the m' gamma rays
(to within the geometrical resolution of the coun-
ters), the timing of all counters activated by the
event, the pulse height of the e+ in counter 5 (A,
B, or C), and the pulse height of the —,'-MeV gam-
ma in the NaI.

Our trigger rate was 6 per 107 stopped pions;
the stopping 7t+ rate was 10' sec '. The computer
analysis indicated that 10$ of these triggers were
caused by opposite gamma rays (i.e. , a.P.y.5.
events) and thus needed further investigation of
the oscilloscope film for the remainder of the
identification. However, in order to investigate
possible background effects, the film was ana-
lyzed independently by scanning all events which
had a NaI signal. In an acceptable event, the NaI
signal of the proper pulse height (this was pre-
viously determined with &-MeV gammas from
Na."positron annihilation) occurred in time with
the n, P, y, and 5 signals. The e+ signal could
not be reliably observed in counter 5 until 18 nsec
after the ~+ stop, and even then only if its energy
was 2—,

' MeV. Eleven events were found, seven of
which had observable positron pulses in counter
5. Of these eleven events, only one can be defi-
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nitely attributed to background (the angle between

the gamma rays was too small to have been pro-
duced by a decay w'). These results are shown in

the first line of Table I. It was noticed in the ana-
lysis that the gamma-ray counters near the beam
contribute a disproportionately large fraction of

the trigger rate. If we discard the events from
these counters (i = 9 counters) we are left with

six events, all of which satisfy the criteria.
These events are listed in the last three lines of
Table I. The third line of the table shows the
effect of requiring that the two gamma rays be
in diametrically opposite counters. In the last
line of the table we impose the requirement that
the e+ pulse be visible in counter 5 and the re-
sult is unchanged. The measured pion lifetime
from the ten events in the first line of Table I is
given to show its consistency with the known pion
lifetime. The branching ratio as determined from
these ten events is (2.0+ 0.6) x10~. ln the entire
experiment 5.6x10"n+ mesons were stopped.

Dunaitsev, Petrukhin, Protkoshkin, and Ryka-
lin" have measured a branching ratio of (1.1+', ',)
x10 ' from four events with an expected back-
ground of 1.3 events. Depommier, Heintze, Muk-

hin, Rubbia, Soergel, and Winter' have obtained
a value (1.7+0.5) xl0 8 for the v+-w' branching
ratio, having detected 14 events. Our experiment
differs chiefly in the requirement of the positron
annihilation radiation, whereas the other experi-
ments required some energy resolution for the
m' gamma rays. Without the requirement of the
positron annihilation, our background subtraction
was too large to obtain a meaningful result.

The results verify the existence of the pion-
decay process m+-m +8++ v. Although the statis-
tical accuracy is poor, the results are compatible
with the CVC hypothesis.

We thank Mr. James Vale and the 184-inch cyclo-

tron crew for their cooperation. We would also
like to express our appreciation to Professor
V. Telegdi for his comments and assistance during
the early stages of this experiment.
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A preliminary report of our work has been given at
the Washington meeting of the American Physical So-
ciety, 1962 (unpublished) and at the International Con-
ference on High-Energy Nuclear Physics, Geneva, 1962
(CERN, Geneva, Switzerland, to be published).
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