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We have measured the branching ratio {Kl 27I )/(KL, 37t ) to be (4.6+ 1.1) x10
Combined with a recently reported branching ratio (KI 3~ )/(Kl. -all modes) =0.209
+0.011, we find (KJ -2~ )/(KI all modes) =(0.96+0.23) x10 3 and jgoo) =(2.3+0.3)
x10

The apparatus described in the preceding Let-
ter' has been used to measure the branching ra-
tio (K&-2w )/(KL -3& ). In the limited space
available, we shall demonstrate that the 2m de-
cay was observed and that the number of these
decays was normalized in a reasonable way to
the number of 3m' y rays observed in the spectro-
meter. A paper giving a detailed description of
this experiment is under preparation.

The spectrometer measurement allows us to
isolate a group of potential KL, -2m' decays from
the dominant mode EL,- 3m by the requirement
that the transverse momentum pi of a single y
ray from Kf, decay be greater than 165 MeV/c.
The resolution in P~ has a 4% standard deviation,
plus a bremsstrahlung tail on the low-momentum
side which does not affect the separation. The
recorded time of flight for each event permits a
transformation to the c.m. system of the decay-
ing particle. However, the separation from the
3m' mode depends only on Pi and is independent
of any error in the time of flight.

In the absence of background, all events with
Pi&165 MeV/c would be either Kf, -2w' or Kf,
-yy. This idea was used in a previous experi-
ment' which reported a very large preliminary
value for the branching ratio (Kg-2w')/(KL,
-3v'). Subsequent analysis of that experiment
and the present experiment have indicated a sub-
stantial background originating from y rays pro-
duced by interactions of neutrons and Eg, 's in the
helium-filled beam volume and in the walls of the
steel chambers which surrounded the beam. Of
the total of 643 y rays that were found to have a
Pz &165 MeV/c, approximately 150 were found to
be from KL, -yy. Of the remaining 500, only
about one in four was from Kl.- 2m decay.

The y rays detected in the steel chambers in
coincidence with the spectrometer y ray had en-
ergies ranging from 10 to 400 MeV. In order to
maximize detection efficiency and thereby reduce
the dependence on correction factors, a y-ray
criterion of two or more contiguous sparks was
chosen. This modest requirement permitted a
large accidental flux of sparks from neutron and

EJ interactions to qualify as y rays. This acci-
dental rate was about 25%. In addition, there
was a 20%%d accidental rate for short, two-gap re-
coil protons, which were classified as charged
particles since their tracks originated in either
the first or second plate in the aluminum section
of a chamber.

The set of EI.- 2w' events can be divided into
three categories, depending on the number of y
rays detected. No events were considered with-
out a spectrometer y ray with Pi &165 MeV/c.
An event was classified as a type C if all three
other y rays were detected in the steel chambers.
When only two additional y rays were detected,
the event was classified a type A if the missing y
ray was associated with the w' of the spectrom-
eter z ray, and a type B if it was associated
with the other w'. As we shall see below, the A
and C events were relatively free of background
from accidentals and interactions.

For the discussion that follows, the spectrom-
eter y ray is labeled as 4 and its associated y
ray as 3. The y rays associated with the other w'

are designated 1 and 2. The direction of 4, which
converted in the thin radiator, was known with a
precision of 2.5 . The shower directions of 1, 2,
and 3 have not been used in the analysis scheme
which did, however, assume that the decay point
lay along the trajectory of 4.

Consider an event of type C. If the decay point
were known, there would be a three-constraint
fit to the hypothesis Kl -2m'. However, since
the decay point is only known to lie along a line,
only a two-constraint fit is possible. For a hypo-
thetical decay point on the trajectory of 4, the di-
rections of 1, 2, and 3 are assumed to lie along
the lines drawn from this point to their conver-
sion points. The time-of -flight information is
then used to obtain the directions u- of the four y
rays in the c.m. system. Momentum conserva-
tion in the center-of-mass of the decaying parti-
cle yields

plug +p2u2 +plug +p4U4 = 0 y

where pi is the c.m. momentum of the ith y ray.
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The solution to this set of three equations is 40-

30

Here A; depends only on the directions of the y
rays and not on the measured momentum P4. The
mass of the decaying particle, rn*, and the mass-
es of the associated pairs of y rays, m» and m,4,
can be calculated to be

m *=p, (]. + A, + A., + X,),
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If the decay point were known, these three quan-
tities could be used to check the hypothesis KL-2'. To find the decay point, a g' is formed
using only the mass ratios m„/m * and m„/m*,
which are independent of P4. This y' is defined
by
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where m~ and mK denote the m and Kl masses,
respectively, and 0'~/mA-=0. 02 is an estimate of
the fitting precision. A minimum value for y' is
obtained by searching along the spectrometer y-
ray trajectory in 0.5-in. steps. For an accept-
able fit, the best decay point may be no more
than 2 in. outside the beam volume. All three
possible pairings of the four observed y rays are
tried and the minimum g' is retained. In the case
where an accidental track gave a fourth y ray in
the steel chambers, that combination of three y
rays giving the best overall y is retained. The
events are limited to have at most one y ray con-
verting in the first two gaps. The measured
spectrometer y-ray energy, P4, is also required
to lie between 165 and 240 MeV.

A total of 74 type-C candidates were found, and
Fig. 1(a) shows the &f2 distribution for 54 events
with g'&50. The distribution is essentially flat
beyond y' = 5 and a cut was made at y' = 9. The
m* mass distribution of the 42 events with y' 9
is shown in Fig. 1(b). After a cut of 350( m*
~ 650 MeV was imposed, 39 events remained,
forming a peak centered about 498 MeV. This
leads us to the conclusion that the KL -2w decay
was indeed observed. %e wish to emphasize that
m* was not constrained in the g' search, but was
calculated using P» only after a minimum y was
obtained.

Figure 1(c) shows the resulting distribution for
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ui ~ u„the cosine of the opening angle of the oth-
er 7t . In addition, we find that the distance be-
tween the fit point and the vertex located by the
y-ray directions shows a peak about zero with a
standard deviation of 3.5 in. Furthermore, the
number of sparks observed for a y ray is well
correlated with its predicted energy.

In the fit for a type-A event, y rays 1 and 2 are
assumed to be associated with a m' from KL, -2m'
decay. Knowledge of the directions of these y
rays in the c.m. is sufficient to predict P4. Two
solutions are possible, and the one which gives
better agreement with P4 is kept. The predicted
value of P4 is required to agree within 8 MeV of

FIG. 1. (a) Distribution of g2 for 54 type-C candi-
dates with y -50. Events with X ) 9 are cut. The sol-
id curve is the Monte Carlo prediction. (b) Distribu-
tion of m*, mass of decaying particle, for 42 events
with g2-9. Events with 350-m*-650 MeV are kept.
The solid curve is the Monte Carlo prediction. (c) Dis-
tribution of u& u2 for 39 C events with g -9 and 350
-m*-650 MeV. The solid curve is the Monte Carlo
prediction. (d) Distribution of u& ~ u2 for 26 type-A
events. The solid curve is the Monte Carlo prediction.
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the measured value, the latter having been in-
creased by 4% to account for bremsstrahlung
losses. The precision of 8 MeV was chosen to
match the spectrometer resolution. The decay
point was also adjusted to give the best fit. Since
a type-A event is more susceptible to an acciden-
tal fit than a C event, no fits were permitted with

a track beginning in the first gap of a steel cham-
ber. Events which failed the C fit and those with

two particles in the steel chambers were tried
for a type-A fit. In all, a total of 26 type-A
events were found. The distribution of u, ~ u, for
these events is shown in Fig. 1(d).

The type-8 events allow only a check that a sin-
gle y ray in the steel chambers can form a m'

with the spectrometer y ray. This check is too
weak and is highly susceptible to contamination

by accidentals. Hence only type-A and type-C
events are used to calculate a final branching ra-
tio.

To study the background oi events with Pz &165
MeV/c in the spectrometer due to neutron and KL
interactions, a run was made with a heavy gas,
SF~, in the decay volume. The interaction rate
in this gas has been estimated to be -14 times
that in helium. ' Furthermore, the presence of
SF, increased the accidental rate in the steel
chambers significantly. The SF, running period
was ~i that of the helium run, leading to an esti-
mate of 1.7 times as many interactions in the
beam volume. For the SF, run, seven type-C
and twelve type-A events were found where five
and three decay events were expected, respec-
tively, for a run of ~i duration. In addition, five
events were found with m *& 650 MeV. Hence a
background of 1 C event and 6 A events is pre-
dicted for the helium run, and a total of 7+4
events was subtracted from the category A+ C.

We have considered the possibility that some of
the events are in fact 3m' events that spill past Pi
=165 MeV/c because of bad resolution. Using the
4% resolution found for KL -yy, no 3v' events
are expected with Pi&165 MeV/c. The trans-
verse momentum Pz has been remeasured for all
the A and C events, and only one event was found
in which a significant mistake had been made. In-
dependent of either the spectrometer resolution
or the possibility of a component of the Kl beam
being off axis, we can estimate the maximum
possible 3m background. Approximately 1000 ex-
perimental 37i' events were analyzed with the
same 2H fitting scheme, except that the mea-
sured c.m. energy P4 was replaced with a value
chosen randomly between 165 and 230 MeV. This
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FIG. 2. Distribution of m* for experimental 3x()

events analyzed as 2n, but with Ec m chosen at ran-
dom between 165 and 230 MeV. These events are nor-
malized to the 39 observed type-C events whose m ~

distribution is also shown.

is the only background spectrum compatible with

the observed Ec m distribution for the A and C

events. The resulting distribution in m* is shown

in Fig. 2. If the three events in our experiment
with m*&650 MeV are due to 3m background,
then 3.5 type-C events with 350(m*&650 MeV

can be expected from such a source. Combined
with a similar analysis of the 3m' data for type-A
events, an upper limit of seven A+ C events are
expected if the 3m' background were truly pres-
ent. However, since three events with m*&650
MeV are expected on the basis of five similar
events found in the SF, run, we make no correc-
tion for a 3v' background.

Given an observed y ray in the spectrometer,
we have evaluated the detection efficiency for
each event category. This efficiency calculation
involved the geometry of the steel chambers, the
y-ray conversion probability by the processes of
pair production and Compton scattering, and the
probability of observing one electron traversing
at least two gape (-0.3 radiation lengths at nor-
mal incidence). This latter visibility factor was
calculated as a function of y-ray energy and an-
gle of incidence, using known bremsstrahlung
cross sections. It is essentially unity for y-ray
energies &50 MeV. A summary of the detection
efficiencies for 0, 1, 2, and 3y rays detected in
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Condition

Table I. Detection efficiencies for p rays from KL -2x .

Number of y rays detected in steel chambers
1 2 {type A) 2 {type B) 3 {type C)

Geometry alone
Conversion probability

included
Visibility and conversion

probability included

0.00
0.00

0.02

0.02
0.09

0.14

0.10
0.20

0.29

0.12
0.17

0.16

0.76
0.54

0.39

the steel chambers is shown in Table I. The ef-
ficiency for type A is larger than that for type B
because the y ray associated with the spectrome-
ter y ray is generally of low energy. While vari-
ations in visibility may affect the relative effi-
ciencies for A and C, the efficiency of A+ C re-
mains rather stable.

The combined detection efficiency for A+ C is
thus 0.68. This value must be modified because
some true A and C events fail to pass the analy-
sis scheme, and some B events may fit as A
events. The only way to compute these correc-
tions is by identical analysis of Monte Carlo gen-
erated events. It must be emphasized that the
analysis scheme used only (1) the direction of the
spectrometer y ray, (2) the conversion points of
the other y rays in the steel chambers, and (3)
the observed momentum of the spectrometer y
ray. The errors in each of these quantities can
be calculated quite reliably and the Monte Carlo
generated events are expected to be realistic.
These fitting corrections are small and the over-
all efficiency for A+ C events after analysis is
0.64. In order to estimate an error for this ef-
ficiency, the parameters which are involved in
the calculations have been varied, and the A+ C
efficiency has been found to be quite stable, hav-
ing an extreme range of values 0.64+0.06. It
was noted that the addition of a random y ray can
transform a type A to a type C in about 20% of
the cases, but it cannot cause events to be lost
from the combined category of A+C. To be abso-
lutely safe, the efficiency for A+ C has been tak-
en as 0.64+ 0.10 for subsequent calculations.

From the observed 65+8 A+ C events, 7+ 4 are
subtracted for background, leaving a total of 58
+ 9 events. Using 0.64+ 0.10 for the detection ef-
ficiency, the number of 2~' events observed in
the spectrometer with Pi & 165 MeV/c is found to
be 91+21. The Monte Carlo calculations indicate
that 0.570 of all 2w' events detected in the spec-
trometer have Pi&165 MeV/c. Hence a total of
&2~0 = 160+ 37 2 events were observed in the

spectrometer as compared with N3~ = 6077+85 3m

events. '
The branching ratio is given by

K -2w' (N ~i (6+2R'i (
K -3s kN ) i 4 I (& 0)'

where R' =0.60+ 0.03 is the branching ratio (Kf,-~'~ +)/(Kf, -3w'), ' and &/&2go =0 0968 + 0.0072
is the relative efficiency of the spectrometer for
KL-3w as compared with KL-2m'. The factor
6/e2po is obtained in a manner entirely similar
to e/eyy discussed in the preceding Letter. i

We find

(K» 2m')/(K - 3~') = (4.6 ~ 1.1)x 10-'.
L L

This is in strong disagreement with the earlier
result of (18.9+3.1)x 10 ~.' Using the new val-
ue for the branching ratio (Kf -3+)/(KL, - all)
=0.209+0.011, we find

(K —2v')/(K —all) = (0.96 + 0.23)x 10

and the CP-nonconserving parameter' }pi, } to be

Iqool = (2.3+ 0.3)x 10

or

I goo I2 = (5.1 + 1.2) x 10-6.

This is to be compared with the result of Bart-
lett et al. ,

' who find lri«P = (-2 + 7)x 10 8, and
with the ful1y analyzed experiment of Gaillard et
al. ,

' who find IqooI'=(13+4)x10
On the basis of this experiment, we conclude

that the previous result~ obtained using only the
pair spectrometer was incorrect. We have no ev-
idence to conclude that Ig«} is different from

t, and hence a C& nonconservation in KL-2~
decay containing only }M}= & transitions is com-
patible with this experiment.
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Total cross sections for the processes E P-A~+~ and It. n-A7t x (pure T= 1)
have been measured as a function of center-of-mass energy. From these the Ann T =0
cross section was determined. The data indicate the existence of a A7r7t. decay of the
Y +(1690).

In order to study S = -1 baryon systems in the
center-of-mass energy region from about 1600
to 1740 MeV, we have made use of a K -deuter-
ium exposure in the Brookhaven National Labor-
atory 30-in. bubble chamber. Pictures were tak-
en at six incident K momenta: 670, 720, 770,
810, 850, and 910 MeV/c.

A number of S = -1 baryon resonances have
been seen previously in this general energy re-
gion. ' In the T =1 channel there is a 1660-MeV

resonance which seems to decay mainly into
Y,*(1405)w, a 1890-MeV resonance which decays
into IYN, hm, Z~, and Y,*(1385)w, and a 1770-
MeV & resonance which decays into Ann, KN,
and other modes. In the T=0 channel evidence

exists for a 1670-MeV 2 resonance which de-
cays mainly to Ag and KN, and for a 1690-MeV
resonance which is seen in the KN and Zn chan-
nels and is probably &

We have looked for resonance effects in the
Ann final state coming from both K n and K P
initial states. This gives information on both
T =0 and T = 1 channels of the KN system.

The film was scanned for events having a two-
prong "vee" topology with a scanning efficiency
in excess of 901'. The events were measured on
film plane devices and then processed through
the NP-54, GRIND sequence. The candidates
for the final state included a sample which did
not fit the Awe hypothesis. This sample should
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