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ABSTRACT 

No example of a :S- decay into n + lT has been found in a sample of 

200 n<;>rmal :S- decays into A + lT-. 
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INTRODUCTION 

The weak decays of strange particles seem to obey the empirical rule 

that strangeness changes only by unity (~S=l). This is suggested by two 

pieces of evidence: 

a. A ~8=2 decay of :S- into n + n has never been reported (no ~8=2 

1 ..... - -
leptonic decay has been reported either) .. However, the mode 'A -+ n+ n 

is more difficult to observe than is :S-- A+ 1T-, and no systematic search 

2 . 0 
has ever been made. In the case of :S the difficulty is that only a few 

..... 0 0 ..... 0 -
A -+A+ :rr decays have been reported. Therefore; although the A -p + :rr 

mode is distinctive, it might not yet have been found. Furthepnore, mu~h. 

of the ~8=2 :S ~decay might proceed via the invisible mode :S 0 - n + TI
0

, be-

cause in this case the ~I=l/2 rule obviously does not hold and therefore, th.e 

ratio of the p1T to the n:rr 0 rates is completely undetermined. 

b. The measured K 1 - K 2 mass difference om is of second order in 

the weak interaction. 3 According to Okun' and Pontecorvo 
4 

this excludes 

most ~8=2 non-leptonic weak interactions. However, Glashow has pointed 

out that such interactions that are odd under charge conjugation (or parity) 

do not give first order K 1 -K2 mas~ splitting. 
5 

We have studied a sample of 200 negative cascades, loo~ing for the 

decay modes 

t 
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-
iT ' (A) 

and 

(B) 

we do not find any evidence for the second mode and can set an upper limit 

--
of 0. 5o/o on the rate of decay mode (B) with respect to (A). As for the leptonic 

.6.S=2 decays, we are still unable to set an experimental upper limit. 

EXPERIMENT 

The events studied were produced by interactions of 1. 51-BeV I c K 

mesons in the Lawrence Radiation Laboratory's 72 -in. hydrogen bubble 

chamber (the center-of-mass energy is 2025 MeV). 

The typical sequence in which a Z- is produced and subsequently 

decays in the chamber appears as a two-prong event where the negative out-

going track decays. In addition, two-thirds of the time there is a visible 

lambda associated with the decay vertex. Alvarez et al. already have re

ported on a study of 450 Z- produced in the same experiment at 1. 51-BeV I c 

2 and other momenta. Their study concerns only cascades with a visible A. 

Here we report on the analysis of events without a visible A. We restricted 

our study to a smaller sample than they used mainly because of the very large 

background of events with the same topology which become involved. 
6 

The productiona::nd.d;e·cay reactions that have been considered are 

- ...... - + ...... -K +p~.::. +K,.::. -A.trr, (1), 

where the A decays neutr'ally, and 

(2) 

These events are topologically the same as the !: or the K production and 

decay chains-in (3) througti (5) below; a kinematical fit to all these hypotheses 

is necessary for the identification. 

About 2,200 events of the above topology have been analysed. Each 

event was fitted to several noncascade interpretations, namely: 
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K tp-+2: + + 1T ' 
2:--+ntrr 

K + p-+ K + p, K then decays 

(3) 

( 4) 

( 5) 

as well as to the cascade i~terpretations (l) and (2). The fitting procedure 

involved an adjustment of the measured variables so that the constraining 

equations of conservation of energy and momentum were simultaneously sat-· 

isfied at both the decay and production vertices. An event was considered to 

fit a given four-constraint production-and-decay hypothesis [reactions (l), 

(2), (3), and (5)] if it gave a x2 value less than 30, or a one-constraint 

2 
hypothesis [reaction (4)] if the x value was less than l 0. 

The kinematics of the two "elastic" EK reactions, (l) and (2), are 

sufficiently different from those of the other reactions so that the kinematical 

fit alone is ordinarily sufficient to separate them from the other processes. 

The results of the fitting procedure are illustrated in Table L 

In addition to these satisfactory fits a total of 830 events failed to give 

a satisfactory x2 
to any of the above hypotheses. These fall into one of 

three categories: 

a. events involving the production of two or more neutrals, which have 

too many missing variables to allow a fit. These aremainlyreactions ofthe type 

2: -rr + rr 0 rr 0 , K- prr 0 rr 0 and K -1T + nrr 0 ; their charged counterparts, 2: -rr +1T + rr- and 

- + -K prr rr , account for 150 and 200 events respectively, in the same film sample. 

b. weakly constrained events of the type KNrr or EKrr. These are 

difficult to separate out unambiguously because they involve one missing 

particle and therefore were not used in the analysis. 

No fit has been tried to the K- prr 0 and K-rr + nhypothesis. An indication of how 

many events may be expected to belong to this category is given by the number of 

reactions of the type K 0 prr- observed in the same film sample (multiplied by 
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three to take into account the invisible decays). This number is -600, and 

- 0 - + if we assume that there might be as many examples of each K p1T and K 1T n. 

-0 -
as there are of K p1T , we may guess that -400 of our unfitted events are of 

this kind. v' 

c. examples of reactions ( 1) through ( 5) which fail to fit because of 

mismeasurements. 

Table I. Numbers of good fits (as defined in the text) for the set of hypotheses 

indicated by the rows and columns. Diagonal elements represent fits to one 

hypo the sis only. 

Final 
Hypothesis ( 1) ( 2) (3) ( 4) ( 5) apportionmentb 

( 1) 
,_- + ';:;' - __. J\1T 46 1 0 22 0 67 ~. K' ,_ 

(2) ';:;'-K+ ~- . - 1 1 1 6 2 0 ,_ ' ~ -.. nrr 

( 3) ~ 
- + 

~ 
- 0 1 363 46 ?a 390 1T 

' 
-+nTI 

( 4) - + 0 
~1T1T, ~ _,. nTI 22 6 46 719 ?a 771 

( 5) K-p 0 ·2 ?a ?a 149 151 

Total 1379 

a 
The data-processing flow was such that if an event fitted the most likely 

hypotheses (3) and (4) then hypothesis(5) was never tried. 

b 
The numbers in this column can be smaller than the sum of the elements 

of the,co.rresponding row because some ~vents are ambiguous between 

several hypotheses and thus appear more than once in the table. 

The small number of events ambiguous between the various reactions 

(ideally the matrix of Table I should be diagonal) illustrates the fact that 

the separation is relatively clean. Furthermore only one event gives a 
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satisfactory x2 
distribution to both modes of decay for ~-. Most of the 

ambiguities result from the relatively loose x_ 2 
cutoff. The fact that the 

probability for one hypothesis is ordinarily much higher than that of the other 

'" one, combined with the visual inspection of the; r:,elath.re_ ionization, enabled 

•-I 

·~ 

us to resolve all ambiguities. Table II lists in detail the relevant data for 

all the candidates for reaction (2). 

The final results on the two decay modes of ~- are: 

67 examples of ~--+A + 'TT- without visible A decay, 

No example of ~-__.. n + 'TT-. 

We feel quite confident that these 67 events are genuine examples of 

reaction ( l). Firstly, all ~- K+ candidates were inspected visually to make 

sure that the ionization agreed with the fitted momenta. All the 46 unambig-

uous events (see Table I) were found to be consistent with the 

...... - + esis; of the 22 other events 21 were found to be also ~ K . 

...... - + 
~ K hypoth-

We were helped 

here by the fact that;: at this incident momentum the K+ goes prefer'entially 

backwards in the center -of -mass system and thus has a relatively low veloc

ity in the laboratory system. Secondly, the x2 
distribution for this four-

constraint hypothesis is consistent within statistics with the one obtained for 

the much more numerous 2:-'TT+ reactions (also four constraint). Thirdly, 

the number found is in good agreement with the nun:ber NA-+p'TT- of reactions 

(1) with the A decaying via its charged mode in the chamber. 6 Normalizing 

to the same film sample ( 1.3 events per micro barn) and correcting to account 

for the different failure rate in the data analysis flow, we have NA-+p'TT- = 144. 

This gives a A-decay branching ratio equal to 67/(144+67) = 0.68±0.07, in 

excellent agreement with the expected 0. 69 ± 0. 02.
7 

Fourthly, the center-of-

mass angular distribution of our 67 ~ a.nd_oflthose with·vi:sili>le A of reference 6 

appear to be the same within statistics. 
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Table II. Analysis of the 10 ,;ambiguous" event.s. The first row of each event 

des c.ribe s the fit to reaction (2); low~ r rows. describe competing reaction!>. 

Event 
No. 

2 

3 

4 

5 

6 

7 

Fitting 
reactions 

. '( '(2) 

(5) 

{ 
{ 

f. 

Xb b·. 1.t Fitted pro a 1 1 y 
of fit moTifentum, 

p 

("/o) (MeV/C) 

2 

41 

4 

0.2 

37 

0.08f 

90 

0.05f 

15 

4 

402±9 

414±9 

1019±11 

264±6 

279±6 

730±34 

631±47 

968±23 

973±23 

503±12 

570±57 

687±25 

Relative Fitted 
io!_f-izationa momentum 

I /!min P 

4.2c 

1.2 

1.0 

1.0 

1.0 

1.5 

1.0 

1.2 

(MeV/c) 

1657±22 

1509±68 

837±10 

1503±12 

1487±14 

1385±47 

683±70 

873±17 

528'±40 

1177±14 

621±71 

843±5g 

Relative 
i~niza tionb 

r-/r . 
m1n 

1.0 

2.6 

1.6 

1.0 

1.7 

2.9 

2.5 

4.0 

1.9 

3.3 

2.6 

f 
( 

(2) 

(2) 

(5) 

(2) 

(4) 

(2) 

(4) 

(2) 

(4) 

(2) 

(4) 

(2) 

(1) 

(4) 

(2) 

(4) 

(2) 

(3) 

670±24 1.0 1162±132g 1.7 

8 l 
9 { 

10 { 

91 

90 

0.005f 

0.5 

0. Olf 

66 

a Calculated from p+ 

b Calculated from p-. 

413±7 1.8 

413±7 1.8 

351±62 1.0 

630±8 1.3 

674±48 1.0 

1254±11 1.0 

1254±11 1.0 

1324±9 

1324±9 

526±61 

1109±7 

628±66 

563±10 

287±1 0 

c The ionization of the positive track shows it to be a proton. 

d The ionization of the positive track excludes that it is a K+ 

1.8 

1.8 

4.2 

2.0 

3.2 

4.4 

11.0 

e The positive track stops in the chamber and has all the characteristics of 

a proton. 

f The first hypothesis is ruled out by its probability level. 

g The negative track is much too long (61 em) to be a hyperon; its ionization 

also excludes both hypotheses. The ev~nt is probably K- rr + n. 

... 
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We feel that there are no experimental biases tending to discriminate 

against reaction (2). Fitting failures due to poor measurements would effect 

reaction ( l) as often as reaction (2). The fact that the scanning efficiency 

is - 95o/o would probably tend to discriminate more against reaction ( 1), m-

sofar as the Q value for that decay is considerably lower than in the nrr-

decay. Thus on the average the decay pion wouldmake a smaller angle with 

the 2:- and thus be more likely to be missed. 

CONCLUSIONS 

Applying the known branching ratio for A decay, as well as the escape 

correction, we estimate that our 67 events correspond to 200 total events of 

- - + -the type K + p-+ 2: + K , 2: -+ A + 'IT-. On the other hand, the topology 

studied here represents all the examples of reaction (2). Accordingly, we 

are able to place an upper limit on the ~S=2 decay of 2:-, namely 
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