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It was proposed by Gell-Mann and Pais® that in
the decays of hyperons and K mesons into strongly
interacting particles the isotopic spin change is
given by AT = § when electromagnetic interactions
are neglected. The subsequent detailed investi-
gation of the implications of the rule® led to pre-~
dictions which seem now to be satisfied by the
most recent data.®

For K*—7%+7°% the AT =3 rule predicts no rate
at all in the absence of eleciromagnetic correc-
tions. Experimentally the Kt -7+ 4+7° rate ig
found to be almost two hundred times smaller
than the rate for X° - 27. n the
direction of the prediction from the AT =} rule.
The question then arises of discovering the mech-
anism which makes the amplitude for K* - 77 +7°,
arising from electromagnetic corrections of
order ¢°, large enough to account for the ob-
served rate. Independently of this question it
has been pointed out that the amplitude for ¥t -
77 +7° +y would be of the order ¢ and might thus
‘compete favorably with the amplitude for K¥ -
7t 4+7%% Sucha pessibility would strongly contra-
dict present experimental evidence based on a
few K" =11 +7%+y events which can be accounted
for in terms of the internal bremsstrahlung
process acecompanying the K% —~ 17 +7° decay.

In this note we show that there is no contra-
diction between the observed low frer*L,e“cy of
Etogtsq® +y events and the AT-—E rule. Specif-
ically we show that the total BV =7 4+ 4° +y ampli-
tude is not expected to be much larger than the
internal bremsstrablung contribution. This con-
tribution would be of the order ¢, aceording to
the exact AT =4 rule, but it may thus compete
favorably with the direct amplitude of order e.
Such a rather unique situation would make very
interesting a measurement of the 7+ spectrum of
i AR L

We shall construet an amplitude for K+ — 5+ 4+5°
+v satisfying the requmement of gauge invari-
ance. The total amplitude will consxst of an
internal bremsstrahiung amplitude (of order e®
it AT =3 holds exactly) and of a direct amplitude
(of order e) The \necessax ily off -:heL-) ampli-
tude for K* — 77470 satisf ring AT =3 can be ap-
proximated by retaining only those ferms with
the lowest dependence on momentum transfer.
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Such an approximation should be valid if high-
mass intermediate states contribute to the decay,
as is expected. The form of the amplitude is
then uniquely fixed by AT =3 and corresponds to
an effective Lagrangian,®

) -i +H.c.,

“efz\/z_'fM aé-ﬁ-[w-‘_*( e
ox 7T \ox
v v
Wherej is a constant, M is the K mass, &, is
the K™ field, and ¢ is the charged 1 ueld The
amplitude for K¥ —7" +7° on the mass shell
(which necessarily violates AT = 1) can be derived
irom the simplest Lagrangian,

[,...A
N

o =gM3@+gp+*¢o+H.c., (2)

on the basis that any structure eifect from this
vertex would certzinly he neglizihle considerin
the smallness of the K decay constant g. The
i int + o+
current producing the radiative decay K" =7
+7°+y includes contributions from the 7 and K

currents and from the transition current derived

W

from (1) through the substitution 6/ax, ~8/8x,
-ieA,. The total amplitude is given by
€ & .
(3)
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where
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In (3) and (4), E,, E,, and E}, are the energies
of the final particles; ¢, ig the polarization
vector; pu®, p ; K, and g, are the mo~-
menta of the final plms of the X meson, and
of the photon, respectively. ¥ may be noted that
the current (4) does not lead to any magnetic
dipole emission; this ic 2 consequence of our
approximation which neglects higher structure

terms. The pion specirum from (3) and (4) is
given by
1 dw fe®\2gp 2
i = + F s . o (5
W, A E } 5[63 %9 +5°9], )
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in the following notation: g is the photon momen-
tum in the (¥, 7°) center-of-mass system, w and
p are the energy and momentum of 77 in the K
rest system, E is the total energy of (y,7°) in
their center-of-mass system, B is the velocity

of 77 in the nonradiative decay, x =f/g, U is the

T mass, and w, is the rate for nonradiative decay.
The expressions for E, g, and 8 are

E?=M?*+u®-2Muw,
2Eqg=M* - 2wM,
M2EE =M -4p2,

In (5), ®is the bremsstrahlung term arising
from the small amplitude (2) for KT =77 +4°,
D arises entirely from the ofi-mass-shell ampli-
tude (1), and 4 is an interference term. The
bremsstrahlung term coincides with that given
by Good,® but the form of the other terms diliers
from estimates contzined in reference § on the
hasis of dimensional and invariance considera-~
tions. In Fig. 1 we report A®, Axg, and Ax°D
with 4 =gp/EB, as given by (5), and for x =15.
In "he v'atio x, the gquantity g can be derived from
the Bt w17+ 70 rate. A simplest model that gives
a unigue value for F is the following., The K - 27

A <7 1
decays are supposed to proceed through virtual

dissociztion of the X meson into a nucleon and an
antilambda (for both K and K°); the A-decay
interaction (subject to AT =3) contains the deriva-
tive of the pion field. If then follows that K" =27

comes from an cffective Lagra

0 10 20 E E ™ & °o 1o Ho
w in pev
FIG. 1. The different contributions to the 77 spec-

trum in X =7 +n'+y. A® is the bremsstrahlung
term, szipis the direct term, and Axg is the inter-
ference betwean the twa. The value of the parameter
% is here chosen to be 15.

with the same 7 as in (1). The value of f can then
be obtained by comparing the expression for the
total K 27 rate derived from (6) with its ex-
perimental value, In this way one obtains x ==15
According to the choice of the sign, one finds
that the namber of KT =% +7°+y cvents in the
best explored region of 55-75 Mev is bigger by
a factor 1.6 (for negative interference term) or
5 (for positive interference) than the number
redicted on the bagis of internal bremssirahlung
alone (i.e., 1 event for the 8653 decays examined,
among which two anomalous decays were re-
poried). We consider our conclusion to be in
agreement with experiment 2lso, in view of our
ambiguous determination of /. For instance, if
our model to determine f is extended to include
¥ particles, then one can derive in perturbation
theory, assuming special forms for the hyperon
decay Lagrangiang,” cutoff-independent relations
between f and the K-decay constant of (6). Such
relations do not give unigue results, however,
because of the possibility of varying some signs
in the hyperon decay Lagrangians.®
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®We report briefly the argument. The rul
implies that the final pione appzar in the combinations
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Of such expressions only the last tweo differ from zers
and they are equal apart from sign.
57, B. Good, Phys. Rev. 113, 352 (1858).
'O. Hori, Nuclear Phys. 17, 227 {(1960).
¥Particular models inelading I particles are being
investigated by Dr. Bassetti, whom we wish to thank
for useful discussions.

ESTIMATE OF THE NEUTRAL 7-MESON LIFETIME
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{Received September 21, 18606)

The lifetime of the 7° meson may in principle
. Y . +
be determined from an analysis of K -meson

i~

decays at rest in nuclear emulsion. Events are
selected in which the K2 mode, K¥ =77 +7°, is
followed by the decay of the 7° meson to give a
direct electron pair,! 7°+e¢* +e” +y. Both the
velocily and the direction of flight of the #°
mesons are determined by the kinematics of the
K-meson decay and the presence of the direct
pair allows the point of decay of the #° to be
found.

Harris, Orear, and Taylor?® first proposed this
method of estimating the 7° lifetime, and using
12 events found in Ilford G5 noclear emulsion
stacks were able to set an upper limit to the life-
time at ~7x107° second. In the present experi-
ment Iford L4 emulsions of smaller grain size
(~0.2 & rather than the 0.8 u typicai of G5) have
been used In an attempt to increase the spatial
resolution of the method. The preliminary re-
sults, based on measurement of 26 events, sug-
gest a finite mean lifetime ~3 x10™® second.

Thirty examples of KT -meson decay accom -
panied by a direct electron pair have been found
in a total of 27000 Kt-meson endings examined,
Measurements of the ionization of the secondaries
have shown 2 events to be 7/ or K, 3 decays; there
remains a possible 12% contamination due to
decay by the K#3 and K,3 modes but the effect
on the resulf is small.

The measurements have been performed using
a projection apparatus to form an image of the
event on a screen at a magnification ~7500. Each
grain in the tracks of the n™ meson, the electron
pair, and the K-meson ending was then traced.
The length of track used for the meson and clec-
trons was ~30 i, From the drawing, the co-
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ordinates of the center points of each grain were
taken and this information was used to compute
best-fit lines to the 7 " and electron tracks by
minimizing Z}hiz, where %; is the perpendicular
distance from a grain center to the fitted line.
This calculation was performed on the Oxford
University Ferranti “Mercury” digital computer.
At the same time the program computed the dis-
tance d between A, the foot of the perpendicular
from the center of the last K-track grain to the
7" line (the estimated origin of the 7°), and the
point B, the intersection of the 77 and one of the
electron lines (the estimated point of decay);

this calculation is illustrated by Fig. i.

If the 7" -meson track has a dip angle @, the
n°-decay path is then x =d sece. Inthose cases
where both electron tracks of the pair were used,
the estimate of d was obfained by taking an aver-
age using 1 /cscf as a weighting factor. Three
drawings were made for each event and an aver-
age value used for the resull.

This method of determining the mean decay
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FI1G. 1, Diagram showing the procedure for estimsa-
ting the projected flight path of the 7’ mesen. ¢ is the
center of the last grain in the A-meson track which is
indicated by an irregular broken line.



