
Vor.vME 21, NvMBER 11 PHYSICAL RKVIK%' LETTERS '9 SEPTEMBER 1968

S. Mande]. stam, Phys. Rev. 168, 1884 (1968).
2D. Z. Freedman and J. M. Wang, Phys. Rev. 160,

1560 (1967).
The O{3,1) classification is, of course, only valid at

5 =0.
~An M = 1 conspiracy has opposite parity Regge tra-

jectories intersecting at t =0. For details on Lorentz
pole theory, see M. Toiler, Nuovo Cimento 53A, 671
(1967), and 54A, 295 (1968).

By a we mean an S -wave state of two pions, of what-
ever isospin and energy.

6H. Hogaasen and P. Salin, Nucl. Phys. B2, 657
{1967).

YAn s~ contribution to fl & 0 0 would require an
M = 0 trajectory (A& type) at 4 =+ + 1. Here we deal with
M = 0 or M = 1 trajectories with leading J=o. .

It must, if M is to be defined from on-shell consid-
erations. We might mention that our special results
for the ~o and 7tp couplings are easily derivable without

the explicit use of conspiracy conditions from the off-
shell invariant-amplitude approach given in R. F.
Sawyer, Phys. Rev. 167, 1372 (1968). The argument
given, leading to Eq. (4), is similar to one due to
M. Le Bellac, Phys. Letters 25B, 524 (1967). Kine-
matic arguments leading to (2) and (3) can be found in

L. Jones and H. K. Shepard (to be published).
BThis theorem is implicit in the general residue

formula for the unequal-mass case given in the paper
by Cosenza, Sciarrino, and Toiler (to be published),

p, o ~ [—A, + 1+!M-l A.
&

—A, 3 II]
P

~ This is true up to certain pole terms for the pion

amplitude (i.e. , the Regge vertex), which correspond
to bremsstrahlung graphs in the complete amplitude
for Regge exchange. These graphs do not obey the con-
spiracy condition {1). But we can conclude that 8-wave
xN scattering, for example, vanishes in the MTt. 0

limit.
~~S. Weinberg, Phys. Rev. Letters 17, 616 (1966).
2The M = 1 pion trajectory raises an entirely distinct

question: How can it possibly make a physical J=0
particle at an energy F- =M~ so near to the O(3, 1) sym-
metry point~ In a model in which the symmetry break-
ing may be treated in a perturbation expansion in F- it
cannot. However, in an ingenious model due to Blank-
enbecler and Sugar it can, through mixing with a near-
by M =0 trajectory. Frazer, Lipinski, and Snider have
manufactured a similar model. It should be noted that
neither of these models gives a dynamical understand-

ing of the hypothesis of partially conserved axial-vec-
tor current. Furthermore, neither model is, in our
opinion, even consistent with the interpretation of cur-
rent-algebra results as exact results in a M&=0 world,
which are good approximate results in the M& =M&

world.
We use the notation of R. F. Sawyer, Phys. Rev. 167,

1372 (1968).
4This type of pion coupling is frequently called eva-

sive. But M = 0 is the correct designation. An M = 0 pi-
on necessarily evades in the NN system, but it can cou-
ple to other systems at t=0. M=O is a quality intrin-
sic to a trajectory; evasion is not.

~5F. Arbab and J. Dash, Phys. Rev. 163, 1603 (1967).
~6R. L. Omnes, Phys. Rev. 168, 1893 (1968).
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By measuring the branching ratio of K&3+ relative to Ke3+ we have arrived at a value
of $ (0) =-f (0)/f+{0)= -0.08+ 0.15. This is in good agreement with the Callan-Treiman
relation.

We describe a measurement of the branching
ratio of E&3+ relative to Ee3+. We deduce from
this a value of the parameter (, the ratio of the
form factors for vector coupling in &~3 decay,
where

$(o)=f ( )/0f, ( )0,

f (q~) =f (0)[1+A (q2/m ')],

and

q'= (p -p )'=m '+m '-2m E
K m K m K

There is a discrepancy between the values of
$ deduced from branching ratio and polarization
methods. ' Apart from a result given some time
ago, investigations of the relative muon and pos-
itron semileptonic rates indicate a comparative-
ly high K&3:Keg ratio, and hence a positive val-
ue, -0.3, for $.' On the other hand, polarization
experiments have shown a systematic shift to-
wards negative values for $, averaging $(0)
= -1.25+ 0.32.

We have carried out a K experiment at Nim-
rod in which positron- and muon-decay rates
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relative displacements of the pairs of sparks in
each chamber.

A limit, which excluded 9% of the events, was
imposed on the values of g'. The principle rea-
son for this limit was to eliminate the large
number of pions which decayed in flight within
the limits of the sonic system. An examination
of high-y2 orbits for the uncontaminated positron
and &&2 events allowed us to restrict the uncer-
tainty on the branching ratio due to this cut to
+1 /o.

The X weights were corrected to equalize the
mean g' values of positrons and muons within
this limit. After a close comparison of the dis-
tributions we conclude that the treatment of the
two leptons is identical within statistics.

There was a further source of background. In
the region before the first sonic chamber, pions
decaying in flight became indistinguishable from
K&3 muons. However, within our momentum
band the minimum direction change in their tra-
jectories was 0.12 rad. Measurements of the
tracks in the beryllium-plate chamber were used
to calculate the effect, and the result agreed
with a direct Monte Carlo computation. The con-
tribution was (7.0+ 0.45)% of the number of ob-
served muons.

The process K- p&y was also present. The
rate was calculated from the theoretical spec-
trum, ' assuming no structure amplitude. It in-
volved a subtraction of (3.6 + 0.4) % of the data.

The corrected numbers appearing in our mo-
mentum band, 5601 muons and 7770 positrons,
are in the ratio 0.721+0.017.

This number has been related to the form fac-
tors by calculating spectra from the K~3 matrix

B.R.= 0.62
I I I I

0.02 0.04 0.06 0,08

FIG 3 Relation between experimental branching
ratio and the total branching ratio.

elements for a vector interaction. Radiative cor-
rections' have been taken into account for the
positron spectra, but in the experimental mo-
mentum range they were barely significant.
These calculated spectra were modified to allow
for energy losses in all materials as far as the
second sonic spark chamber, taking into account
the distribution of the starting points of trajecto-
ries. For the positrons, bremsstrahlung losses
were included. 9

The contributions to our error from several
experimental sources have been investigated.
The effects of uncertainties in momentum reso-
lution, momentum calibration, momentum de-
pendence of the spectrometer solid angle, and
ionization energy loss are insignificant. A possi-
ble error of +0.5% due to uncertainty in the ef-
fects of bremsstrahlung has been allowed.

Our results a,re shown in Fig. 3. In Fig. 3(a)
is the relation between $ and X+, for X =0, giv-
en by this experiment. If we accept ~+=0.023,4

then

t(0) = -0.08+ 0.13.

Including the experimental uncertainty in A+

(+0.008) the error on E becomes +0.15.
The possibility that ~ is large' leads us to

remark that the variation of $(0) and its experi-
mental errors is fairly linear in ~ . At ~ =0.1
and &+=0.02 our experiment would give

$(0) = -0.13+0.25.
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For the overall branching ratio, Fig. 3(b) indi-
cates (&+=0.023, & =0) that

I'(K )/I (K ) = 0.667 + 0.017.
p3 e3

The &&3+ branching ratio has been calculated
[assuming a value of (4.94 + 0.11) lo for Ke3+
branching ratio"j to be

I'(K +)/I'(all) = (3.29 ~ 0.11)%.
p3

In our restricted momentum window the spec-
trum of muons is not very sensitive to the form
factors. There is, however, a second value,
= -5.1, associated with our branching ratio. The
theoretical spectrum for this gives a y' of 40 for
6 degrees of freedom when compared with the ex-
perimental spectrum. For ( = -0.08 we obtain y'
= 7.2.

Our value for the form-factor ratio is 1.7 stan-
dard deviations from the well-known prediction
(-0.3) of a simple K~(890) intermediate state
model.

A comparison can be made between the K&2
and E&3 amplitudes using the Callan-Treiman'
relation. The momentum -transfer extrapolation
has been performed between q2 = mK and 0 as-
suming ~+=~ . We find for ~+=0.023 that the
theoretical value, (=0.0+0.05, is in excellent
agreement with our experimentally deduced value.
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throughout the experiment. In addition, we thank
the technicians at the Oxford University Nuclear
Physics Laboratory, and the scanning team un-
der Mrs. J. Huxtable.
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