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INTRODUCTION

N the last two years , research in K-mesons
and hyperons has been quite fruitful. These two
large groups of unstable part icles have been iden-
tified by the common designation "strange p a r -
t ic les ," which is closely linked with the somewhat
unusual formalism of isotopic spin, applied to K
mesons and hyperons. It is well known that an
attempt to extend the concept of charge independ-
ence to these part icles has led to the so called
"theory of displaced isotopic multiplets," formu-
lated first by Gell-Mann and Nishijima,1"4* which
has played (and continues to play) a tremendous
heuristic role . During the two years covered by
this survey, the experimental data on the decay
propert ies of K mesons and hyperons have grad-
ually become more complete, and many qualita-
tively new resul ts have been obtained. None of
these contradict the Gell-Mann classification,

*For a further development of the ideas of Gell-Mann, in
their mathematical formulation, see the survey articles (refer-
ences 5, 6, 7) and also the monograph by M. A. Markov,8 which
also contains an exhaustive bibliography on the subject.

and some are direct consequences of this c lass i -
fication. What a re these resu l t s?

1. Final confirmation of the existence, p r e -
dicted by Gell-Mann, of the 2° hyperons, which
decays rapidly (TJO < 10"15 sec) into a A0 p a r -
ticle and a y quantum.

2. The first direct experimental evidence of
the existence of a neutral cascade hyperon (E°)
has been obtained, also predicted on the basis of
the shifted charge multiplets scheme.

3. In agreement with the theory of Gell-Mann
and Pais (page 127), along-l ived Ki> part icle
has been observed, differing in i ts decay p roper -
ties from the hitherto known K° meson, and the
existence of a K° —* K° transition (so called
Pais-Piccioni process ) was experimentally
proven.

4. It was shown experimentally that the decay
of hyperons, like /3 decay, is not invariant under
space reflection and charge conjugation.

5. Accordingly, there a re no grounds at p r e s -
ent for doubting parity nonconservation in K -
meson decays as well. Thus, one can assume
that the T and 6 mesons a re really the same
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TABLE I. Decay propert ies of K-mesons and hyperons
(data as of Nov. 1, 1958)

part icle , decaying in different ways with parity
noncons ervation.

6. The first event of a charge-conjugated ana-
logue of the A0 part icle — the anti-lambda hyperon
(7L°), decaying in accordance with the principle of
charge conjugation into an antiproton and a ir* m e -
son, has been regis tered.

It must be noted that the experimental mate -
r ia l used in this survey concerning the decay in-
teractions of unstable part icles was obtained e s -
sentially with accelera tors . An exception is the

information on the cascade H hyperon, the only
source of which are so far only cosmic rays .*

DECAY PROPERTIES OF K-MESONS

"The T0 Problem"

The difficulties arising in connection with a
study of the r and 9 mesons are known to r e -

*A recently published communication states that two events
of creation and decay of S~ -particle were recorded with the aid
of a propane bubble chamber in a w-meson beam of a bevatron
(5.5 Bev/c) (see page 135).
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d u c e t o t h e ' f o l l o w i n g . I t w a s e s t a b l i s h e d e x p e r i -

m e n t a l l y t h a t t h e m a s s e s a n d t h e l i f e t i m e s o f r

a n d 6 m e s o n s a r e t h e s a m e , w i t h i n e x p e r i m e n -

t a l e r r o r , a n d t h i s g a v e g r o u n d s f o r a s s u m i n g T

a n d 6 t o b e t h e s a m e p a r t i c l e , b u t d e c a y i n g i n

d i f f e r e n t w a y s . O n t h e o t h e r h a n d , i t h a s b e e n

s h o w n t h a t t h e f i n a l s t a t e s o f t h e d e c a y s T — » 3 7 r

a n d d — 2 ? r h a v e o p p o s i t e p a r i t i e s , a n d t h i s w a s

e v i d e n c e t h a t t h e T a n d 6 c o u l d n o t b e t h e s a m e

p a r t i c l e .

I t w a s t a k e n t o b e s e l f - e v i d e n t t h a t i n K - m e s o n

d e c a y s , l i k e i n a l l o t h e r w e a k i n t e r a c t i o n s , p a r i t y

w a s c o n s e r v e d .

T h i s l a s t s t a t e m e n t , u n d o u b t e d b y a n y o n e , w a s

s u b j e c t e d t o a c r i t i c a l r e v i e w b y L e e a n d Y a n g .
9

T h e s u b s e q u e n t l y p e r f o r m e d e x p e r i m e n t s 1 0 ' 1 1 h a v e

s h o w n t h a t p a r i t y i s n o t c o n s e r v e d i n / 3 d e c a y .

S t r i c t l y s p e a k i n g , t h e s e e x p e r i m e n t s c o u l d n o t b e

c o n s i d e r e d a s d i r e c t p r o o f t h a t p a r i t y i s n o t c o n -

s e r v e d i n a l l w e a k i n t e r a c t i o n s , i n c l u d i n g t h e T

a n d 6 n e u t r i n o - l e s s d e c a y s .

H o w e v e r , a d i r e c t e x p e r i m e n t a l v e r i f i c a t i o n

o f t h e f a c t o f p a r i t y n o n c o n s e r v a t i o n i n K d e c a y

w a s q u i t e d i f f i c u l t , s i n c e i t i s i m p o s s i b l e t o o b -

t a i n p o l a r i z e d K m e s o n s , i n v i e w o f t h e z e r o

s p i n o f t h e l a t t e r ( s e e p a g e 1 2 5 ) . *

O n t h e o t h e r h a n d , i t i s o b v i o u s t h a t t h e d e c a y s

o f K m e s o n s a n d h y p e r o n s s h o u l d h a v e t h e s a m e

i n v a r i a n c e p r o p e r t i e s ( o r n o n - i n v a r i a n c e p r o p e r -

t i e s ) , s i n c e K m e s o n s a n d h y p e r o n s a r e " b o u n d "

i n t h e s t r o n g i n t e r a c t i o n o f a s s o c i a t e d p r o d u c t i o n ,

f o r w h i c h t h e a f o r e m e n t i o n e d i n v a r i a n c e p r o p e r -

t i e s t a k e p l a c e . T h e r e f o r e , a f t e r r e c e n t e x p e r i -

m e n t s h a v e s h o w n n o n c o n s e r v a t i o n o f p a r i t y a n d

v i o l a t i o n o f i n v a r i a n c e u n d e r c h a r g e c o n j u g a t i o n

i n h y p e r o n d e c a y s ( s e e p a g e 1 3 9 ) , t h e r e a r e n o

g r o u n d s f o r d o u b t i n g t h a t t h e s a m e t a k e s p l a c e i n

K , , - d e c a y s .

I t c a n t h u s b e c o n s i d e r e d p r o v e d t h a t t h e r e

e x i s t s o n e K - m e s o n w h i c h d e c a y s b y d i f f e r e n t

m o d e s , a n d t h e f a c t t h a t t h e f i n a l s t a t e s o f t h e

T a n d 8 d e c a y s h a v e d i f f e r e n t " p a r i t i e s , " i s

s i m p l y t h e r e s u l t o f p a r i t y n o n c o n s e r v a t i o n i n t h e

• F r o m t h i s p o i n t o f v i e w , t h e a b s e n c e o f a n y a s y m m e t r y

w h a t e v e r i n t h e d e c a y s o f 2 6 9 7 a n a l y z e d K m e s o n s , 2 4 6 i s

q u i t e n a t u r a l .

d e c a y i n t e r a c t i o n o f K m e s o n s . A s t o o t h e r a t -

t e m p t s o f r e s o l v i n g t h e " T 0 p r o b l e m , " 1 2 ' 1 3 ' 1 4 t h e y

h a v e n o t f o u n d e x p e r i m e n t a l v e r i f i c a t i o n .

D i f f e r e n t M o d e s o f K
+

 - M e s o n D e c a y

T a b l e I I l i s t s t h e b r a n c h i n g r a t i o s f o r d i f f e r e n t

m o d e s o f K + - m e s o n d e c a y , o b t a i n e d b y t h e D u b l i n

a n d B e r k e l e y g r o u p s . T a k i n g i n t o a c c o u n t t h e d a t a

b y t h e A m s t e r d a m g r o u p
1 7

 t h e a v e r a g e w e i g h t e d

b r a n c h i n g r a t i o s f o r t h e K ^ a n d K e d e c a y s i s

r e s p e c t i v e l y ( 3 . 9 ± 0 . 5 ) a n d ( 5 . 1 ± 0 . 8 ) p e r c e n t .

M o s t o f t h e d e c a y s r e p o r t e d h e r e h a v e b e e n

s u f f i c i e n t l y w e l l i n v e s t i g a t e d , a n d t h e l a t e s t r e -

s e a r c h e s a d d l i t t l e t o t h e o l d e x p e r i m e n t a l d a t a .

A n e x c e p t i o n a r e K ^ a n d K e d e c a y s , w h i c h

h a v e b e e n r e c e i v i n g m u c h a t t e n t i o n o f l a t e .

A s e a r l y a s i n 1 9 5 1 O ' K e l l y p r o p o s e d 1 8 t h a t t h e

s i m p l e s t o f t h e p o s s i b l e K ^ 3 d e c a y s i s K ^ , — * j i

+ 7 T
0
 + v . H o w e v e r , o n l y r e c e n t l y a n e x p e r i m e n t a l

c o n f i r m a t i o n w a s o b t a i n e d o f t h e f a c t t h a t o n e o f

t h e n e u t r a l p r o d u c t s o f t h e d e c a y i s a n e u t r a l p i o n .

S e v e r a l K i u - d e c a y e v e n t s h a v e b e e n r e c o r d e d , 1 9 ' 2 0

i n w h i c h t h e r a r e d e c a y i r + y t a k e s

p l a c e ( t h e s o c a l l e d " D a l i t z p a i r " ) ( s e e F i g . 1 ) .

e -

\

. F

F I G . 1

S t r i c t l y s p e a k i n g , t h e o t h e r n e u t r a l p a r t i c l e c o u l d

b e a y - q u a n t u m i n s t e a d o f t h e n e u t r i n o . S i n c e ,

h o w e v e r , t h e r e a r e g o o d r e a s o n s f o r a s s u m i n g

t h e K ° - m e s o n t o b e a b o s o n , t h e r e i s n o d o u b t

c o n c e r n i n g t h e K f c 3 ^ f j . + + IT0 + v s c h e m e . T h e

\ x * - m e s o n s p e c t r u m s h o w n i n F i g . 2 ( r e f e r e n c e

1 5 ) i s a l s o i n g o o d a g r e e m e n t w i t h t h i s d e c a y

s c h e m e , b y w h i c h t h e m a x i m u m e n e r g y i s E ^ ~

1 3 4 M e v .
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As to the decay Ke3 ~~ e + + ? + ?, nothing
specific can be said thus far concerning the nature
of the neutral decay products. It must be assumed,
however, that the Ke3 is the charged analogue of
K° — e* + 7rT + v, observed among the decays of
the long-lived K° -meson component (see page
127).

For the Ke3 — e+ + TT0 + v the maximum pos i -
tron energy is 228 Mev. However, in four cases
(out of the 45 recorded) the positron energy ex-
ceeds 228 Mev (references 15, 18, 21). Positrons
of such energies could a r i se , in principle, through
Ke2 — e + v, but so far there are not enough ex-
perimental data in favor of the existence of such
a decay. It is most likely that the presence of a
positron with E > 228 Mev is the result of an ex-
perimental e r ro r . It must be noted that the spec-
trum of the positrons produced by the decay K —•
e+ + 7T° + v, calculated unter the assumption of a
scalar K meson and a tensor decay interaction,
has two peaks near 100 Mev and 210 Mev.22.'23'24

This spectrum is in good agreement with the ex-
perimental resul ts reported at the Sixth Rochester
Conference18 (see Fig. 3) and with the data of the
Dublin group.15 In this connection cases with E >
228 Mev can be considered as a resul t of a " s m e a r -
ing" of the second ( tensor) peak produced by large
e r r o r s in the determination of E e+.

Feynman and Gell-Mann,25 and independently
also Marshak and Sudarshan26 as well as Sakurai,27

have recently proposed a universal four-fermion
interaction scheme, in which the coupling between
the baryons and the electron-neutrino field is ef-
fected through the vector and axial-vector covari-
ants (the so called V-A theory) . Within the
framework of this scheme, a satisfactory explana-
tion was obtained for almost all the experiments
on j3 decay, as well as experiments on the decay
and capture of \x mesons. The only serious d i s -
agreement with experiment was connected with
the n —' e + v decay, predicted by the V-A the-
eory, and not observed for a long time.2 8 '2 9 '3 0 This
difficulty was eliminated by recent experiments
which have shown, in contradistinction to ear l ier
investigations, that the -n — e + v decay exists

0 20 40 60 SO tOO 120 1(0 1B0 WO 200 220 240 260
Electron energy »-

FIG. 3

and that its probability is of the same order of
magnitude as that predicted by the V-A theory.31 '32

These successes of the V-A theory make it very
attractive to extend this theory to include also
decay interactions of K -mesons and hyperons. In
this connection, the presence of clearly pronounced
tensor peaks in the Ke3 spectrum is somewhat
discouraging. An estimate of the x2 probability*
in a comparison of the experimental Ke3 spec-
trum with the V-A theory gives in the best case
X2 ~ 0.07. while the use of the S + T + ( P ) v a r i -
ant yields good agreement with experiment.35>36t
On the other hand, the experimental value of the
branching ratio for the K£3 and Ke3 decays,

namely RK + = K + I ^ + * ^ o + \ = 0.8 ± 0.2 a r e m

good agreement with the predictions of the V-A
"theory (RK+ « i)_37.38,39 I t i s therefore very im-
portant, in principle, to investigate further v a r i -
ous angular correlations and energy distributions
of the K e , and decays (particularly at fixed
pion energy),? which give a wealth of possibilities
for a final determination of the theory variant for
the decay interaction for K mesons.40"50

Of exceptional interest a re searches for the
K — e + v decay, the branching ratio for which

—. _^—-—• should, according to the V-A the-

•Concerning the y1 criterion and in general concerning the
maximum-likelihood method see, for example, references 33
and 34.

tit must be noted, however, that the calculations of the
Kej and K^ spectra within the framework of the V-A theory
are of approximate nature, since these decays cannot be di-
rectly expressed in terms of the four-fermion interaction.

iThis is possible not only in the investigation of neutral
Ke3 and K^s mesons, but also in the case of an investiga-
tion of the K+ •* n + n° + v decays in bubble chambers with
heavy filler.
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ory, amount to 0.23 x 10 4 (references 37, 38).
It must also be noted that a study of the K^,

decay affords a r a r e opportunity of verifying the
validity of t ime- reversa l (T) invariance (or,
what is the same, the conservation of the "com-
bined" parity CP) in weak interactions. For
this purpose it is necessary to ascertain the p r e s -
ence of polarization of the decay muon relative to
the decay plane cr̂  (p^ x p ^ ) , which can be de ter -
mined from the asymmetry of the n —- e decays.
The presence of such an asymmetry, subject to
the condition that the K+ mesons are not polar -
ized,* would be evidence of the violation of the T
(or CP) invariance in the decay of the K-meson.

Apparently such an experiment is best set up
in bubble chambers with heavy fillers (such as
xenon or freon), for in this case the direction of
the decay pion (p^) can be determined by observ-
ing the conversion of the y quanta that a re c r e -
ated by the decay 7r° — 2y.

In recent years there were recorded two K^3

events, in which, at the point of decay, there
emerges not only a pion but also an electron-
positron pair (e+e~ ), which is apparently the
resul t of the 7r°—• e+ + e" + y decay.52 '53

These facts, if one takes also into account the
similarity between the positive-pion spectra in
the K^3 and K ^ decays54 a re direct evidence
in favor of the KTT3 — TT+ + TT0 + 7r° decay.

Finally, quite recently there have been ob-
served, among a large number of ordinary K+

decays (1400), two K^3 decays, in which posi -
tive pions were emitted with energies exceeding
the maximum possible for the ordinary K^ —
7r+ + 7T° + 7T° decay. The authors have proposed
that what they recorded was an anomalous decay
event of the type K+ — n* + 7r° + y (references
55, 56). However, as indicated in reference 56,
the nearly equal decay-energy values in both
cases (60 and 61.7 Mev) suggest the possibility
of a two-particle decay K+—» 7r++ x°, where x°
is a hitherto unknown boson with mass of ~ 500

•Experimental data are evidence that the spin of K mesons
is zero (see page 125).

m e , the neutral analogue of the part icle recorded
by the Alikhanyan group (see page 143).

Mention must also be made of an unsuccessful
attempt of observing a hypothetical K2

+ — /x+ + ju°
decay among the decays of 400 K+ meson.57 This
is evidence against the existence of a neutral
muon with mass of — m^±.

Average Lifetime of the K+ Meson

Along with using the emulsion procedure for
the determination of the lifetime of K mesons,
counters have been successfully employed in r e -
cent investigations and this made it possible to
obtain more accurate resul t s .

Figure 4 shows schematically a system of
counters used in reference 64 to measure the
average lifetime of K-,, K^2, and K ^ decays.
K+ mesons with a momentum of 465 Mev/c were
deflected by the magnetic field of an accelerator
and focused with the aid of quadrupole magnetic
lenses unto a system of Cerenkov and scintil la-
tion counters, located 4.5 meters from the target.

The Cerenkov counter located at the head of
this system is sensitive only to charged part icles
with velocities from 0.62 to 0.78 c. To limit the
number of K mesons regis tered by counter Cj,,
a second Cerenkov counter C2 is connected in
anticoincidence with C t . The threshold of C2 is
so chosen that the pions with momentum of 465
Mev/c are regis tered by this counter, while the
K mesons with the same value of momentum do
not produce Cerenkov radiation in this counter.
The K mesons are slowed down and are stopped
in C6, causing Ct - C 2 + St + S2 - S 3 coincidences,
and then decay with emission of a part icle fast
enough to actuate C4. What is measured here is
the delay between the pulses in C t and C6, a
delay that characterizes the lifetime of the de-
caying K meson.

The K^2 decay events are identified with the
aid of one of the Cerenkov counters, sensitive to
the muon. The thickness of the absorbers D and
E is so chosen that the pions from the Kn decay
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Figure 5 shows a curve of the delayed Cj + C6

coincidences in the registration of K^ and К „̂
decays, from which it follows that

0 7 17 27 37 47 57
Delay milli-^isec

FIG. 5

sec,

sec.

A somewhat modified experimental setup was
used by the same authors to measure the average
lifetime of the К,,-, decay

i3

sec.

An analogous setup was used by the Alvarez
group,67'69 which also obtained the same values
for тК

and

are absorbed in them. Neither are most of the
other types of decay, which have a low probability
in any case, recorded. The K-j mesons that stop
in F and decay into positive and neutral pions
are simultaneously selected.

The neutral pions decay forthwith into two у
quanta, which are not recorded in S3 and after
passing through a lead converter they produce a
pulse In C5. Generally speaking, coincidences of

7Г2

within the experimental ac-

this kind will occur also in • ц + IT + v and
К е з —• e + 7г° + v decays, but their relative proba-
bility is very small.

curacy (see Table III).
It is known that the branching ratios for К^3

and К е з decays measured under different condi-
tions, are equal within the limits of experimental
error. This is evidence that TV and TV are

К М з К е 3

of a magnitude nearly equal to the average lifetime
(of the remaining decays). However, a direct
measurement of т„ and TV involves serious
experimental difficulties in view of the low rela-
tive probability of these decays.

The Rochester group has undertaken an attempt

TABLE III
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to estimate the relative value of T , and TKe3
using as standards the K ^ and K ^ decays.73

The resul ts of these est imates a re given in the
table:

?% = (0.88 + 0.23)-10~8 sec;

•cA-e s-(1.44±0.46)-10-8 s e c .

As can be s e e n f rom t h e t a b l e , the e x p e r i m e n -
t a l v a l u e s of the a v e r a g e l i f e t ime of the v a r i o u s
d e c a y s a g r e e within the l i m i t s of e x p e r i m e n t a l
e r r o r s . This i s in c o m p l e t e a g r e e m e n t with the
a s s u m e d e x i s t e n c e of a s ing l e K m e s o n tha t d e -
c a y s by v a r i o u s m o d e s .

Recen t ly T r e i m a n and Wyld advanced the h y -
p o t h e s i s of a p o s s i b l e e x i s t e n c e of a K+ c o m p o -
nen t wi th a v e r a g e l i f e t i m e s c o n s i d e r a b l y l e s s than
10~8 s e c . 7 5

However , t hus fa r n e i t h e r e m u l s i o n s 7 6 n o r
cloud c h a m b e r s " have r e c o r d e d any no t i ceab le
n u m b e r of s h o r t - l i v e d K+ m e s o n s .

M a s s and Spin of the K+ Meson

The m a s s e s of K+ m e s o n s tha t decay by v a r i -
ous m o d e s , a l s o a g r e e within the l i m i t s of e r r o r s
(see t a b l e ) .

The v a l u e s of the m a s s e s obta ined in the s c a n -
ning of the s a m e s t ack of e m u l s i o n s , exposed to
the K + - m e s o n b e a m of the b e v a t r o n , a r e : 7 8

m(KK3) = 966.6 ± i.9/«0,

m (K^) = 966.9 ± 2.0m,,

m (isT^g) = 969 ± ome,

m (Ke3) = 967 ±8me.

As i s known, an a n a l y s i s of the nega t ive -p ion
m o m e n t u m s p e c t r u m in K - | decay can supply
in fo rma t ion on the spin of the K+ m e s o n . 7 9

S e v e r a l r e c e n t l y pub l i shed p a p e r s conta in such
an a n a l y s i s b a s e d on a c o n s i d e r a b l e n u m b e r of
e v e n t s , 8 0 ' 8 1 ' 8 2 ' 8 3 and th i s m a k e s i t p o s s i b l e to d r a w
the following c o n c l u s i o n s :

1. The K ^ m e s o n s t a t e in b e s t a g r e e m e n t with
the e x p e r i m e n t a l da ta i s ( 0 " ) .

2. The s t a t e s 1" and 2* a r e p r a c t i c a l l y e x -
c luded .

3 . The r e l a t i v e p robab i l i t y ( for K^3) of the
(1 + ) s t a t e i s neg l ig ib le .

4 . The s t a t e (2") cannot be exc luded in p r i n -
c ip l e , but an a r g u m e n t aga in s t t h i s poss ib i l i t y i s
the a b s e n c e of t h e K+—* ir + y decay . 8 4

It should be noted tha t an i s o t r o p i c d i s t r i bu t ion
of the decay p r o d u c t s in K-^ and K^2 even t s 8 5 ' 1 2

i s a l s o ev idence in favor of <XK = 0.
In addi t ion , the p r e s e n c e of c o m p l e t e p o l a r i z a -

tion (within 10%) of the ju meson in K^2 decay,
which was observed, for example in reference 86
can, generally speaking, occur if the K-meson
spin is zero . Thus, there is a considerable num-
ber of independent experimental facts to show that
the K -meson spin is zero, although the proof can-
not be considered r igorous.

The K~ Meson

The decay propert ies of K~ mesons a re known
in much less detail, since they interact strongly
with mat ter and, when stopped, a re usually cap-
tured by the nucleus before having a chance to
decay. The few registered K"-decay events are
essentially decays in flight.

Recently several K7L decay events were r e -
corded in a cloud chamber and in a bubble cham-
ber.87 '88 '89 The K^ decay which was observed in
an emulsion exposed in a K~-beam89 can be con-
sidered as quite rel iable.

A Ko decay event was also registered in the
same emulsion stack.

The Pa r i s group has obtained certain experi-
mental indications on the existence of K£2 and
K^3 decays.90 The Berne group has registered
several K ĵ-, and K^, events and measured the
energies of these decays: Q ^ = (109.5 ± 3.0) Mev
and Qp = (153 ± 4) Mev. Thus, ptie existence of
these types of decays can be considered as exper i -
mentally proven.91 There a re also other cases ,
regis tered with a cloud chamber, which can be in-

terpreted as and decays.
8 7 '9 9

The
b r a n c h i n g r a t i o s for d i f ferent m o d e s of decay for
the K~ m e s o n i s appa ren t ly the s a m e a s for the
K+ m e s o n , 9 4 (see Tab le I), but owing to the poor
s t a t i s t i c s one cannot d r a w m o r e defini te c o n c l u -
s i o n s . The a v e r a g e l i fe t ime of the K" m e s o n
[ T = (1 .25 ± 0.11) x 10"8 s e c ] 9 4 c o i n c i d e s , within
the e x p e r i m e n t a l a c c u r a c y , with TJ^+ . The e x i s t -
ence of a s h o r t - l i v e d K~ component with Tj^- ~
1O~10 s e c o n d s , men t ioned in r e f e r e n c e s 96 and 97,
w a s not con f i rmed by l a t e r e x p e r i m e n t s . 8 7

And, f inally, t h e r e was r e c e n t l y o b s e r v e d in
an e m u l s i o n s t a c k a t h r e e - p a r t i c l e K~ decay , in
which, a long with a nega t ive m e s o n , an e l e c t r o n -
p o s i t r o n p a i r was emi t t ed . 9 8 The m o s t p r o b a b l e
i n t e r p r e t a t i o n of th i s event i s a K ^ decay with
subsequen t decay of one of the p ions in a c c o r d a n c e
with the Dal i tz s c h e m e :

K-3n->ir + *;o + iCo

An investigation of the capture reaction K + p
—- 2 + + T" makes it possible to determine, with
great accuracy, the mass of the K - meson from
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TABLE IV

x 10'° sec

1 Ofi + °-08
L 0 6 -0.06

0.99 + 0.12

* » : ! £

Number
of events

259

89

228

62

39

677

Detector, experimental
conditions

Bubble propane chamber in
JT" beam (1.3 Bev), cosmo-
tron

Cloud chamber with plates
in n~ beam (1.8 Bev),
cosmotron

Bubble H chamber in IT
beam, bevatron

Bubble propane chamber in
n~ beam (1.1 Bev), cosmo-
tron

Cloud chamber in JT' beam
(1.9 Bev), cosmotron

Weighted average

Refer-
ence

170

171

172

173

174

the known masses of the remaining part ic les that
enter into this reaction. The most accurate va l -
ues of mj£ were obtained by the Berkeley
group99 '100 (493.87 ± 0.46 m e ) and by the Wiscon-
sin group (493.96 ± 1.0 m e ) 1 0 1 , giving a weighted
average of m x = 493.6 ± 0.4 m e .

Thus, the same values of mass and lifetime
of the K+ and K" mesons give full support to the
hypothesis that these mesons form a par t ic le -
antiparticle pair .

The Kj Meson

The most probable decay K° — TT+ + if was
investigated quite thoroughly in the ear l ie r r e -
searches (see references 102, 103, 104).

Recently, more accurate values were obtained
only for the decay energy Qgo = (217.0 ± 4)

10 F

[ 5 T

Target

Proton

01 -

01 -

701

VI

FIG. 6

-« 0 « 8 12
Distance from target

FIG. 7

Mev,106 which, taking into account the ear l ier
data105 gives a weighted average QgO = (215±2)

Mev. More accurate values were also obtained
for the lifetime (see Table IV).

Now that it has become possible to obtain
"strange" par t ic les from accelera tors , attempts
were undertaken to regis ter the neutral decays
K° — 7r° + 7T° and A0 — n + TT0.

In many papers108 '109 '110 an original method was
used for the purpose, first devised by Garwin.107

The K° mesons escaping from the target (see
Fig. 6) decay at a certain distance from it, p r o -
ducing in a case of a neutral decay TT° mesons,
which immediately (~10~15) decay into y quanta.

Thus, y quanta a re emitted from a space not
connected with the target and a r e regis tered by a
well-collimated y telescope.

Owing to the possibility of displacing the target
relative to the collimator, it is possible to "view"
the space at various distances from the target ,
both in front of it and behind it. Figure 7 shows
the dependence of the intensity of y radiation on
the relative placement of the target and of the col-
limator axis.109 The dotted lines show the inten-
sity of the y rays emitted directly from the t a r -
get, obtained at an incident-proton energy smaller
than the threshold for "strange" particle produc-
tion.

From an analysis of these curves (and also of
the curves obtained in reference 110 at various
energies of incident protons) the authors conclude
the existence of the decays K° — 2TT0 and A0 —
n + 7r°.

Here the authors make quite arbi t rary assump-
tions about the energy and angular distribution of
the created par t ic les , and disregard the contribu-
tion of the _ + — p + 7T° decay. These investiga-
tions cannot therefore, strictly speaking, be con-
sidered as experimental proof of the existence of
the neutral K° decay. More direct experimental
evidence of the presence of the K° — 27r° decay
were obtained in references 112 and 161.

v-e'+e

FIG. 8
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The authors were able to photograph in a bubble
chamber eight events of production of Л0 particle
in тГр interactions. These photographs show, in
addition to the characteristic Л0 decay, also elec-
tron-positron pairs from converted у quanta
(Fig. 8). A kinematic analysis of these events is
in good agreement with the assumption that the
registered у quanta are the result of a neutral
decay of a K° meson produced in association with
the A0 particle in the following reaction: тг~ + p
—• Л0 + K°. Figure 9 shows the energy distribu-
tion of the quanta obtained from these photographs.

allowed only for an even spin of K° = 0, 2,

50 100 № 200 2S0

Energy of у quanta in the K° rest system
FIG. 9

An analysis of this distribution makes it pos-
sible to discard the possibility of decays of the
type K° — 2y and K° —• тг° + у, since the former
gives (in the center of mass system) monoener-
getic у quanta (246 Mev), and the second yields
a maximum at 229 Mev. Of the two possible de-
cays, К 0^2тг° and K°-*37r°, apparently the
former takes place, since a decay into three pions
is considerably less probable from the point of
view of the phase-space volume. Furthermore,
if the decay interactions are invariant under time
reversal, then the decay Kj — 37г° should in gen-
eral be forbidden for the short-lived component
(see page 129). The number of quanta registered
simultaneously with decay was used to calculate
the branching ratio for the decay:

Less direct estimates give B.-^_2va = 0.07 ±
0.02,258

In any case, RK0_27r° 1 S apparently small,
since in certain experiments, such as the expo-
sure of a chamber with plates in the 1.8-Bev beam
of negative pions, no neutral decays were observed
at all (RK°—27г° = о л ± 0-1 )-" 3 *

It must be noted that the K° — 27r° decay is

•More recent data from this group, namely 0.03 < RK°-> 2TT°
< 0.13 were reported at the conferences in Venice and
Padua. 1 1 4

4, . . . ) . We can thus discard immediately, in the
determination of the spin, the possibilities CJĴ O =
1, 3, 5

The latest experimental data give no grounds
whatever for assuming the spin of K° to be other
than zero.

Figures 10 and 11 show the angular distribu-
tions of the decays of К mesons produced in
pairs with hyperons in 7r~p interactions at 1.1
B e v.ii5.ll6

From the given distributions it is seen that
they have no clear anisotropy, in agreement with
the assumption that crĵ o = 0.

The previously obtained experimental indica-
tions that the K° decay might be anisotropic116

are apparently the result of experimental errors.
It can therefore be assumed that the spin of the

K° meson, like the spin of charged К mesons, is
zero.

The Long-Lived K° Meson (K§)

It was indicated even in the earlier investiga-
tions that there exist so called "anomalous" K°
decays, different from K° — 2тг. Recently inter-
est in the "anomalous" decays has grown in con-
nection with the known investigations by Gell-
Mann and Pais. 1 1 7 As is known, the application of
the charge-conjugation operation to the K° particle
has resulted in a rather unique situation. On the
one hand it was established experimentally that
the K° particle has a non-identical antiparticle,
that is, the states K° and K° cannot have defi-
nite "eigenvalues" of the charge-conjugation op-
erator. On the other hand it is known that K°
and K° can go into the тг+тт~ state, which has a
definite value of "charge" parity (C = +1). Fur-
thermore, a slow conversion of the particle into
an antiparticle through this state, K° •- 27r =— K°,
is possible. In seeking a way out of this difficulty,
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Gell-Mann and Pais have proposed that the states
K° and K° a re a superposition of two components,
KJ and K|J, which consist of linear combinations
of the states K° and K°. These states a re made
up in such a way that each has a definite value of
C and, consequently, definite decay propert ies

I V'2

The first component K" as can be seen, is
"charge even" (C = +1) and can break up into
7r+7r", while the second is "charge odd," and its

o o
+ is forbidden.* It was also sug-
K| has a considerably longer lifetime

decay into
gested that n.2
and is therefore not observed in the associated
production processes .

The classical experiment on the determination
of the existence of a K° 5— K° transition in vac-
uum was proposed by Pais and Piccioni, after
whom this process is usually named.118 They p r o -
posed to study the interaction of the K° mesons
a sufficiently large distance from the point of p r o -
duction in order to permit the short-lived compo-
nent to decay completely. If the remaining long-
lived component actually represents the super-

position K | =
K ° - K °

then, as a result of the

different character of the interaction of K° and
K , such a superposition can "break apart ," and
cases of hyperon production can appear, for ex-
ample, K° + N — Y + 7r or a charge exchange
K° + n — K" + p.

It also becomes possible to observe near the
point of the interaction K° —• 27r, decays that r e -
sult from the separation of the K° and K°, which
have already interacted, from the superposition

K° - K °
K | = —. rr . Danysh and Pontecorvo have p r o -

posed an interesting version of the experiment
described above: observe the K" at incident-
nucleon (pion) energies below the threshold of
K" production (that i s , below the threshold for
the production of a pair of K -mesons) , but at
energy still sufficient for the associated produc-
tion of K° (K+) with a hyperon.119 In this case
the K~ may resul t from the transition K° -— K°
with subsequent charge exchange K° —• K" in a
thick target (or as a resul t of an even more com-
plicated process , namely K+ — K° —* K° —* K~ ).
An interesting situation a r i ses with the K» —*•

+ it* + v and K e , decays, which
a re allowed both for the Kj and the Kg pa r t i -

*In accordance with experimental data, it is assumed here
that the spin of the K meson is 0.

cles ,* since it is always possible to set up sym-
metr ical and antisymmetrical states of the type

K° = iA2 [<!•" (e+iTv) — M" ( e ' t S ) ] .

A s w a s n o t e d by T r e i m a n a n d S a c h s , 1 2 1 t h e p r o b -

a b i l i t y of d e c a y s of t h i s t y p e w i l l b e d e t e r m i n e d

n o t o n l y by t h e e x p o n e n t s of t h e Kj a n d K2 d e -

c a y s , b u t a l s o by t h e i n t e r f e r e n c e t e r m , w h i c h

d e p e n d s o n t h e d i f f e r e n c e i n t h e m a s s e s of Kj

a n d K2

R (e+* -v) = ± A\ exp ( - V ) + 1 A\ exp ( - l2t)

r i -\

~- A,A<> cos (Au>n exp I —(/.1-f-X2)--- ,

R (e"-+v) = 1 A\ exp { - \t) + i A\ exp ( - /.2.)

— AXA2 cos (&u>t) exp — (Kl + A2) y ,

w h e r e \± a n d \ 2
 a r e t h e d e c a y c o n s t a n t s of Kj

a n d K2 , a n d
(m o — m 0)c2

\ Kl ii- o

It is seen from these equations, for example,
that when Aj = A2 the decay K° — (e~7r+7^) will
be in general forbidden during the initial instant
of time (t = 0) .

3 -

o
\ ,

w
_\\

\
\

4

\

v v

R(e-

.—-
0

y)

2 3 « 5.
A

FIG. 12

We see from the curve (Fig. 12) that the t ime
dependence of the probability of the decays
R(e"7r+v') and R(e+7r"v) depends greatly on
AOJ = AMc2/R. A study of this effect can the re -

*The V —A theory predicts equal probabilities of the KBj

and the KMj decays120 for the K° and K̂ , that is,

w (Kl -> rJ + e1*1 + v) =w (A'8 —> it̂ "— e± + -i).

It becomes therefore interesting to search for anomalous

K° -» ^ ± + irT + v decays, for which the branching ratios should

be (assuming the same experimental estimates as made for K̂ )

~ 3-l(r4.
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fore yield information on the K.J and K.!> mass
difference.

An analogous t ime dependence was obtained
by Okun'122 for the probability of the K° -^ n~ +
n* + v decay by assuming that the decay in te rac-
tions 7r+—- n++ v (a) and K+— \i* + v (b) a re
the pr imary ones, and all the remaining in te rac-
tions involving K, \x, v a re derived from the
processes (a) and (b).123 This assumption makes
the decay K° —-\x~ + TT+ + v forbidden, with the
possibility of such a decay appearing as the r e -
sult of the transformation of K° into a K° p a r -
t icle, the decay of which into n~ + n+ + ~v is
allowed.

Interference effects can also be investigated
by register ing not the decays but the products of
the interaction of K° as was proposed in r e fe r -
ence 124. It must also be noted that for large t,
when only the long-lived component K?> remains ,
a charge symmetry should exist in the KJ> decays,
that is R(e '7r+F)/R(e+7r"^) = 1.

The experimental evidence on the noninvari-
ance of decay interactions under charge conjuga-
tion has necessitated a review of the Gell-Mann
and Pais theory. However, the main conclusions
of this theory remain in force if the "combined
parity" hypothesis is adopted. In fact, according
to the ideas of Landau,125 Lee and Yang,126 spatial
parity ( P ) and "charge" parity (C) are not sep-
arately conserved in weak interactions, but there
exists only invariance under the aggregate of
these operations (CP) ("combined inversion" in
Landau's terminology). Then the states Kj and

w(Ki-

K!J can be considered as eigenstates of combined
inversion with eigenvalues CP = +1 and CP = - 1
respectively. Since the 7r+7r~ state is even with
respect to the CP operation, the decay K<> —-27r
is forbidden, as before. All the conclusion con-
cerning the interference phenomena in the K° —•
e ± + if* + v and K° —• ^ + T^ + v decays, con-
sidered above, remain also in force. However,
several new consequences appear upon the review
of the Kg- decay.127 '128

1. The decay K° — 3TT° can occur only for
K°> ( C P - - 1 ) and not for the Kj ( C P - + 1 ) ,
since the 3TT0 state is odd under CP conjugation.

3. The decay K — TT+ + ir~ + ic is in principle
allowed for the K°, but such a decay is possible
for the state I = V = 1 (where I is the orbital
momentum). Consequently this decay is approx-
imately 100 t imes less probable than the K2

TT+ + 7r~ + 7r°, which can occur in the ground state.
If at the same time the decay probabilities
wfKg-) and w(K|7 r) a r e considered to be of
the same order , then

Certain other consequences also appear and
these will be reviewed in connection with the selec-
tion rule | A l | = i (see page 000).

It was subsequently shown130 that the existence
of the K° and the K!> components with different
lifetimes can follow from more general premises
than the proposed invariance of the decay in ter -
action under time reversa l . In this case all the
foregoing res t r ic t ions are lifted and the K° — 2TT
decay is found to be allowed for both the K | and
for the K° component. And although these decays
may in principle have different probabilities, it
becomes necessary to explain somehow the great
difference in the lifetimes of these components131

and to introduce some sort of selection rules that
forbid the K.P> —* 2ir decay.

In the case of violation of the CP invariance,
charge asymmetry can occur also in the decays

=»± - - - •—-

K u

±
v s o t h a t t h e r e l a t i o n

will no longer hold for the K?> component.*
The first direct experimental evidence of the

existence of a long-lived K.P; component was ob-
tained by Lande et al.129

Figure 13 shows schematically the experimen-
tal setup used in that investigation. A cloud cham-
ber was placed in a beam of neutral par t ic les p r o -
duced in the internal target of a cosmotron and
passed through a lead collimator. The distance
to the target was sufficient to allow practically all
the A0 and K ^ part icles to decay in flight. On
the other hand the charged par t ic les , traveling
towards the chamber, were gathered by a strong

FIG. 13

*Weinberg132 believes, however, that such an asymmetry
should be small (-$ 10%) even if the decay interaction of the
K meson is not invariant under CP.
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deflecting magnet (40,000 gauss) . As result ,
twenty-three V° events were registered, differ-
ent from K|- and A0 decays, and the lifetimes
of these events ranged from 3 x 10"9 to 10"6 sec.
A certain improvement in the experimental con-
ditions133 '134 '135 made it possible to increase the
number of registered "anomalous" V° decays
and to obtain more definite information on the
mass of the decaying part icle and on the charac-
ter of these decays.

It was shown that the mass of the decaying p a r -
ticle is close to the K-meson mass and that i ts
decay proceeds predominantly via the e ' W and
yu±7r=Fy states , and some of these decays were
firmly identified.

Figure 14 shows the distribution of the t r a n s -
verse momenta of the positive, negative, and neu-
t ra l decay products of the long-lived KJ; par t ic les .

60'

50-

40-
n
$30-
v

50 tOO
Pr (Mev/c)
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r \

250

vOFirjuv vOFitev
FIG. 14

As can be seen from the curve, the magnitude of
the extreme momentum coincides with the maxi-
mum momentum in K° —• e + IT + v decay, which,
along with the K° —• /x* + ir^ + v decay should be
considered as the principal one. Naturally, one
cannot exclude kinematically the K° -— e* + /uT +
ir° decays, but such a possibility was disregarded
since no such decays were observed among charged
K mesons.

Two K| — TT+ + 7r~ + 7T° decay events were r eg -
is tered, and a few other decays, which agree with
this decay scheme, but do not contradict the KJj —
7r+ + 7r" + y decay.

Table V lists a number of various decays, iden-
tified by the Brookhaven group.134 The table d i s -
closes the presence of a certain charge asymme-
try in the KJ> decays, which, as noted ear l ier , may
be the consequence of the violation of the CP (or
T) invariance in the K | decays.

Considering also that the Berkeley group has
recorded among the KJ> decays eight (8) events
with e" and not a single one with e + , the sum-
mary charge asymmetry in the KJ> decays will be

V(K+) _^ 38 __ ,
w(-r-) - 16 ^ -

The small number of registered events does not
permit as yet to draw final conclusions on the non-
conservation of CP ( T ) , on the other hand, a t -
tempts a re already being made to explain the pos -
sible charge asymmetry without foregoing the CP
conservation in weak interactions, for otherwise
(if CP is not conserved) the situation becomes
even more complicated. However, no satisfactory
solution has yet been found in this direction. Thus,
Treiman and Wyld136 proposed to revive the doublet
theory and to attribute the possible charge asym-
metry in the K^ decays to interference between

and It is assumed here that T° and 0°
a re different par t ic les , which is hardly likely now
that T and 0 were found to be identical.

In experiments with cosmic rays , certain ex-
perimental data were also obtained regarding the
"anomalous" K° decays. Using a cloud chamber,
Kadyk et al.137 observed 18 anomalous K° decays.
In each individual case it was impossible to es tab-
lish uniquely the type of decay, but it was shown
that the majority of the registered decays were
in good agreement with the schemes K° —* e* +

K 0 - ^ * v, K —-7r+ + TT~ + y, and
possibly also K° — IT* + iC + 7r°. It was also e s -
tablished that the lifetime of these "anomalous"
decays is much longer than the lifetime of the
ordinary K ^ decay. All this supports the a s -
sumption that these are decay events of the long-
lived component KJ;.

As to the observed differences in the number
of associated productions and in the angular d i s -
tributions of Kj and K.!>, this may be due to the
different lifetimes.

Method of decay

Number of events 10

TABLE

5 10

V

2

« • « - - . . • * • ?

2 8

« - ?

7

Total number of events with ir+ — 30
Total number of events with IT' — 16
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I79)

FIG. 15

Recently direct proof was obtained of the ex-
istence of associated production of a long-lived
K\ meson and a hyperon.138 A photograph (shown
schematically in Fig. 15) obtained with a propane
bubble chamber shows the following to be emitted
from the point of interaction between the n~ meson
and the proton (A):

(1) A y quantum giving r i se to an electron-
positron pair .

(2) A A0 part icle decaying near the point of
interaction (B).

(3) A K° meson, which undergoes a t h ree -
part icle decay at a considerable distance, equal
to ten (10) t imes the average decay range of the
Kj part icle (C). Thus, the entire accumulation of
experimental data is evidence that the following
reaction took place

• 2 !
*A°-'--

with a subsequent decay

139The data obtained by Pianos et al. 3 permit
an estimate of the relative number of K° mesons
undergoing K° — 2n decay. They took into account
here both the charged (n* + if~) and neutral
(7T° + ir°) decays, and the total number of K° m e -
sons created was determined under the assumption
that the only associated production to take place
is : f + p — A0 (2°) + K° ( i .e . , the number of K°
was taken equal to the number of A0 decays) .

As predicted by Gell-Mann and Pais , a rat io
w(K?

= 0.49 ± 0.08 was obtained, i .e. ,
w ( K j . 2 )

half the K° m e s o n s decay a s the s h o r t - l i v e d c o m -
ponent Kj , and the second half, KP>, owing to i t s
long l i f e t ime , i s not r e c o r d e d in the c h a m b e r . The
s a m e p a p e r con ta ins an eva lua t ion of the lower
l imi t for the l i fe t ime of the long- l ived component
( T ^ O > 3 x 10~8 s e c ) .

In one of the l a t e r e x p e r i m e n t s of the B r o o k -
haven g roup a d i r e c t m e a s u r e m e n t w a s m a d e of

the average lifetime of the K| particle.1 4 0 '1 4 1 For
this purpose the distance from the target to the
chamber was increased from 5.5 m to 21.5 m,
this reducing the number of registered KP> de-
cays per single neutron interaction observed in
the same chamber. Such relative measurements
have made it possible to dispense with the need
of corrections for the solid angle, for the inten-
sity of the pr imary-par t ic le beam, etc. The ve -
locity spectrum of the K| was determined kine-
matically under the assumption of associated
production of K mesons and hyperons in complex
nuclei.142

The result obtained was TKO = (9.0!3.;!) x 1 0~8

sec .
Several recently performed experiments have

confirmed the existence of the transformation
K° =*=*= K° in vacuo. Thus, as predicted by Pais
and Piccioni, hyperon production was observed
at a considerable distance from the target, r e -
sulting from the K° — K° transformation, with
the subsequent interaction K° + N—-2~+7r in a
cloud chamber.133 More definite proof of the ex-
istence of the Pais and Piccioni process was ob-
served in an analogous experiment with a beva-
tron, with the target bombarded by pions of energy
lower than the threshold for production of the K°
part icle .

At the same time was studied the interaction
of the K° part icle, which a r i ses as the result of
the Pais-Piccioni process in a propane bubble
chamber, and which has led to the registration
all together of not less than 14 A0 and 15 K° de -
cays.134 '143 '144

An event of exceeding beauty, recorded in a
hydrogen bubble chamber by the Alvarez group,
is the c learest illustration of the existence of the
Pais-Piccioni process1 4 5 (see Fig. 16).

This shows the negative-pion induced as soc i -
ated production of a A0 part icle, which decays
right there, and of a K° meson. A kinematic
analysis of this event makes it possible to de ter -
mine uniquely the direction of emission of the K°
meson, produced in association with the A0 p a r -
t icle. The K° part icle interacts, at a consider-
able distance from the place of production, with
a proton, giving r i se to a 2 + hyperon which un-
dergoes the decay 2+ — n + IT*. It is obvious that
the K° meson, having a "strangeness" SK0 = + 1 ,
cannot cause the production of the hyperon Sj; =
— 1, but such an interaction can resul t from the
Ku — K transition, which has indeed occurred in
this case.

In emulsion stacks, i rradiated at a consider-
able distance from the bevatron target , there were
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FIG. 16

also observed several events of production of un-
stable particles1 4 6"1 5 4 and the production of hyper-
fragments148 '152 by a neutral par t ic le . In some
cases1 4 9 it was found possible to estimate the
mass of this neutral par t ic le , which was found
to be close to the K-meson m a s s .

All these cases are in good agreement with
the assumption that the neutral par t ic le produc-
ing these interactions is the K° meson, "formed"
as the resul t of the Pais-Piccioni process via
the long-lived K$ component.

The most convincing experiments in this r e -
spect a re those of Fry et al.153>154 In emulsion
stacks located near the target , exposed to a K+ -
meson beam, there were observed 75 hyperfrag-
ments , which resul t from the following process :

K 0 charge exchange Pais-Piccioni process ^n

It must be noted that a further investigation of
the K\ decays is of considerable interest . It is
part icularly important to investigate the charge
asymmetry in the Ki, — e± + ri* + v and the K!>
— /i* + if* + v decays, which apparently can solve
the problem of CP -invariance in weak in te rac-
tions.* Similar resul ts can be obtained by inves-
tigating 3TT0 decays, for example, in a xenon
bubble chamber. In this case the presence of
K° — 37T° decays with a lifetime of TKJ, would be
evidence of violation of the C P (T) invariance.

It i s also very important to investigate the

*Cf., however, the footnote on page 129.

Pais-Piccioni process and the associated in ter-
ference phenomena, which can yield information
on Amj^o = (HIKJ - niK?)- For example, Okun'
and Pontecorvo155 discuss interesting experimen-
tal possibilities that a r i se if slow transitions with
| AS | = 1 and | AS | = 2 have a comparable p rob-
ability. In this case the K° — K° transition should
occur so rapidly (~ 10~16 s ec ) , that a seeming
violation of "strangeness" conservation could ap -
pear at production.

Recently the f irs t experimental attempt of e s -
timating Amj^o has been undertaken.156 For this
purpose the interactions of K° mesons with mat -
t e r at various distances from their point of p r o -
duction have been investigated. As already noted,
the presence of K° interactions in which hyperons
a re produced is evidence of the existence of the
K° —• K° transition, and a study of the distr ibu-
tion of such interactions can give information on
the value of Am^o. A rough est imate, based on
12 events, yields Amj^o ~ 10~5 ev, which c o r r e -
sponds to a transition t ime of ~ 10~10 seconds.
It was also noted there that no seeming violation
of the conservation of "s trangeness," caused by
faster t ransi t ions, were observed (neither were
they observed in the experiments of the Columbia
and Princeton.groups). In view of the very poor
stat is t ics these data must be approached very
carefully. This is more so, because of the K° —
K° transition, with a time on the order of 10~10

sec, may not be at all due to the foregoing in ter -
ference and resul t merely from the difference in
the lifetimes of Kj and K.!;. Another interesting
study, proposed in many papers , is an experimen-
tal investigation of various methods of regenera-
tion of the Kj meson, for example by scattering
the long-lived K| meson157 or by subjecting it to
a magnetic field.158 The latter proposal, however,
is only of academic interest , since such a process
is possible only if the magnetic moment and the
spin of K° a re not equal to zero .

As to an investigation of the regeneration of the
Kj meson by scattering the K§ meson, this , as was
shown by Good159 can yield data on the mass differ-
ence of Kj and K| par t ic les .

DECAY PROPERTIES OF HYPERONS

The A0 Hyperon

The principal decay of this hyperon, A0 -*-p +
TT", has by now been studied quite in detail. Note-
worthy among the latest experimental data is a
new value of the decay energy QAo = (37.9±0.4)
Mev105 (instead of the 36.9 Mev obtained in e a r -
l ier investigations). This i s of great importance
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for a correct determination of the binding energy
of the Л0 hyperon in hyperfragments, which, if the
new value of <ЗдО is to be believed, is 1 Mev
greater.

The first information on the neutral decay
Л0 — n + 7Г0 were obtained by Collins,108 Osher
et al.,1 0 9 and Ridgeway et al.1 1 0 However, as al-
ready indicated (see page 126) these data can
in no manner be considered as experimental proof
of the existence of the A0 —-n + 7r° decay. Un-
doubtedly more convincing in this respect are the
events registered with a propane bubble chamber
in a 7r~-meson beam.1 1 2 '1 6 1 This experiment
yielded five photographs of the production of a K°
particle in тг~р interaction, and these photographs
show, in addition to the K ^ decay, also the con-
verson of а у quantum emitted on the hypothetical
path of the Л0 particle. The direction of the emis-
sion of the Л0 particle was determined, in turn,
from kinematic relations under the assumption
that associated production takes place.

,! f

Л0 -» n + N gamma spectrum

0 20 to 60 W Ю0 SO HO 160
у energy in Л0 rest system

FIG. 17

The energy distributions of these five у quanta,
shown in Fig. 17, make it possible, in spite of the
statistical paucity, to exclude the possibility of the
Л0 — n + у decay, which yields, in the center-of-
mass system, monoenergetic у quanta (Ey ~
165 Mev), and at the same time does not contra-
dict the Л0 — n + я-0. By calculating the probabil-
ity of the у -quanta conversion, the authors have
obtained a very rough estimate of the relative
number of Л0 particles undergoing neutral decay

^ , ^ + , , - g > ( A ° 7 " + " 0 ) - 0 . 1 8 ± 0 . 0 9 .

It is possible to obtain Идо in a more indirect
manner from the ratio of the events of associ-
ated production of Л0 and K° to the number of
events in which only one K*^ is seen in the
photograph, and the Л0 is assumed to decay into
neutral products and is therefore invisible161

(RAo = 0.37 ± 0.03*).

The average lifetime of the A0 particle was
measured in many investigations. Tables VI and
VII give the values obtained respectively in cos-
mic-ray experiments and with accelerators.

As can be seen from the tables, the average
lifetimes of the A0 particle measured in experi-
ments with cosmic rays, is considerably greater
than тдО obtained with accelerators. One of the
most probable causes of this discrepancy will be
discussed in connection with the possible exist-
ence of a H° hyperon (see page 136).

_ Hyperons

The existence of charged 2 hyperons with
„.o

decays
•Р+7Г

\ and 2- •n + 7Г was estab-

lished experimentally relatively long ago, by ir-

TABLE VI

-Л«ХЮ1«

3.54-1.2
2 5+0 7

з.в±*-*
4.0i?;I

2.14±8;1

о e + 0 . 3
J > d - 0 . 2

Number of
events

21
63
26

23

21

22

25

31

232

Detector

Cloud chamber with plates
Cloud chamber in magnet
Cloud chamber in magnet

Cloud chamber in magnet

Cloud chamber with plates

Cloud chamber with plates

Cloud chamber with plates

Cloud chamber with plates

Weighted average

Refer-
ence

162
163
164

165

166

167

168

169

TABLE VII

•These are summary data obtained from 1399 events of
associated production registered by various groups. 1 6°

Тл" sec
x 1010 sec

2.77 ±0.2

2 75 + °-4°
~ / b -0.38

3.05 ± 0.35

2.63 ±0.21

2-°8+o°i;— U.ol

2.95 ±0.4

2.70 ±0.10

Number
of events

304

74

340

188

61

76

1043

Detector, experimental
conditions

Propane bubble chamber in
n~ beam (1.3 Bev), cosmo-
tron

Cloud chamber in pion
beam (1.9 Bev), cosmotron

Hydrogen bubble chamber in
тт~ beam (000), bevatron

Cloud chamber with plates
in i7" (1.8 Bev), cosmotron

Propane bubble chamber in
я" beam (1.1 Bev), cosmo-
tron

Bubble chamber in beam of
slow K* mesons (bevatron)

Weighted average

Refer-
ence

139,161

174

172

171

173

175
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radiating emulsions and cloud chambers in cos -
mic rays .

However, only the latest experiments, p e r -
formed with accelera tors , yielded more detailed
information concerning the decay propert ies of

sec ,

the 2 + and 2 hyperons.
The most accurate values of the average life-

t ime T£ were obtained in the study of 2 hyper-
ons, produced as a resul t of K~-meson capture
in bubble chambers and emulsions:

sec

s* = (0.69 ±0.10). 10-10;

QQ + 0.14 \
° y _o io ) Wisconsin group

Glaser group,176

;- = (1.6 ±0.2)-10~10 sec
Alvarez group,85

177

and also in the investigations of the joint Columbia,
Pisa , and Bologna groups170

*z -=( l . 89 1 J ; J ) - 1 0 - i » sec

(bubble chamber in 7r~-meson beam) . The
weighted average of these values, given in Table I,
is

n> = (0.79±0.10).10-10 sec,

0T" sec.

The emulsion data yield, as a rule , lower values
of T - - . In connection with this , the hypothesis
has been advanced that a short-l ived 2 ~ hyperon
exists.1 6 0 However, this hardly warrants serious
consideration, for the above data a re contradictory
and a r e of low accuracy.

The branching ratios for various modes of
2 + -hyperon decay were measured with sufficient
accuracy and found to be close to unity

= ^ = 0.88 + 0.12*.

Quite recently an even more accurate result ,
R s + = 0.96 ± 0.06, was obtained180 for the branch-
ing ratio for the 2 + — p + 7r° and 2 + —• n + ir
decays.

Worthy of attention is an unusual 2 + decay,
observed by Ekspong and Nilsson179 in an emul-
sion stack exposed to the K -meson beam of the
bevatron. A character is t ic feature of this decay
is the presence of an electron-positron pair ,
emitted simultaneously with the proton.

It would be most natural to consider this e lec-
tron-positron pair as a resul t of the 7r° —- e+ +
e" + y decay, but such an interpretation ra i ses
difficulties connected with momentum conserva-
tion.

In accordance with the scheme of Gell-Mann
and Nishijima, in which the 2 hyperon appears
as a charge triplet (I = 1) , there should exist a

neutral 2° hyperon, which decays very rapidly
( T 2 O < 10"11 s e c ) * into a A0 part icle and a y
quantum. The lat ter circumstance makes a direct
observation of the 2° hyperon very difficult.
F i rs t indirect indications of the existence of a
2° part icle were obtained even in ear l ie r inves-
tigations,181 '182 when violation of momentum con-
servation was observed in two events of assoc i -
ated production TT~ + p — A0 + K°. This seeming
nonconservation was readily eliminated by assum-
ing the production of a 2° part icle: ir~ + p — 2° +
K° with subsequent decay 2° —• A0 + y.

More detailed information on the existence of
2° were found by Alvarez et al.,183 who observed
the continuous spectrum of A0 par t ic les resulting
from capture of the stopped 2 ~ particle by the
proton. These resul ts a re in good agreement
with the assumption that the reaction occurring
is 2 " + p — n + 2 ° s v 0 + , and contradicts the

2 ~ + p — A° + n reaction, since the lat ter reaction
should yield monoenergetic A0 particles (E^o
~ 37 Mev). Finally, recently184 in a propane cham-
ber placed in a IT -meson beam there were recorded
three events of associated production in which a y
quantum, which gives r i s e to an electron-positron
pair , is emitted from the place of interaction b e -
tween the negative pion and the nucleon in addition
to a AJJ and K° (Fig. 18).

.y~e"+e~

FIG. 18

•Summary data from references 177 and 178.
•This value represents only an experimental limit. One

must assume that T^O is much less (~ 10~20 - 10~" sec).
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Twelve s imilar events a re reported in re fe r -
ences 138, 160, and 185. An analysis of these 15
events makes possible a sufficiently accurate de -
termination of the decay energy of the 2° p a r -
ticle:

(^0=75.3 -1-0.9 Mev

and of its mass

7^0=1190.5 +0-9. Mev.

In one of the foregoing cases1 8 5 of 2° decay,
a Dalitz pair (2° — A° + e + + e ~ ) was emitted
instead of a y quantum. A study of the relative
probability of such an anomalous 2° decay is of
considerable interest , since it would yield infor-
mation on the relative parity of the A0 and 2 °
hyperons.186 However, this calls for r ich s t a t i s -
tical experimental mater ia l .

Recently, exact values were also obtained for
the masses of charged 2 hyperons, ni2 + =
(1189.5 ± 0.3) Mev, m s - = (1196.5 ± 0.4) Mev188

and m s + = (1189.3 ± 0.3) Mev and m 2 - =
(1195.8 ± 0.5) Mev,100 and also m - - = (1196.7
± 0.6) Mev.187

In Table I we give the weighted average of
these resul ts m s + = (1189.4 ± 0.2) Mev and
S j - = (1196.4 ± 0.3) Mev. As pointed out many
times1 8 9 '1 9 0 '1 9 1 the observed difference in the
masses of the 2 + and 2~ hyperons resul ts
from a difference in the intrinsic electromagnetic
energy of these baryons, due in turn to the anoma-
lous magnetic moments, as also happens in the
case of the nucleon.192 '193 Using relations derived
by Marshak et al.190 as well as the latest exper i -
mental values of the masses of the uncharged
and charged hyperons, we can estimate the mag-
netic moments of these hyperons, the values of
which (in hyperon magnetons) a re listed below:

u-s+ ~ 1,5, fij;-~ 1 — 1.5, if |J-zo > 0;
^ • = ( - 8 ) - ( - 1 1 ) , ^ - = 5 - : - 8 , if (xio<0.

Cascade H Hyperons

The existence of a H~ hyperon can be consid-

ered as experimentally proved, although the num-

ber of observed cascade decays H~—-A _

a re still very few. Until recently only 20 events*
were recorded;194"207 of these only 12 can be con-
sidered fully rel iable, and all that can be said of

the remaining is that they a re in good agreement
with the decay (a). Most cascade hyperons were
recorded with cloud chambers in cosmic rays ,
and only four were recorded in emulsions, and
in the latter no A0 decay was observed, the iden-
tification being based on the character is t ic en-
ergy of the H~ decay.

The most valuable information on the proper -
ties of the S~ part icles are given by Trilling and
Neubauer,207 who analyzed six reliably registered
H~ hyperons. These data make it possible to e s -
timate the relative probability of the production of
the H~, which amounts to at least 20% of the prob-
ability of production of 2 ~ (with allowance for
the possible cases in which the decay of the A0

part icle , obtained as a resul t of the H~ decay,
occurs outside the effective volume of the cham-
b e r ) . Apparently, the registration hitherto of so
few cases of S~ is due (in addition to the high
energy threshold for the production) also to the
small efficiency with which two successive decays
can be registered in a chamber of not too large
size. Only in five previously-registered cases
is a very rough direct measurement of the £~
mass possible. However, since the decay scheme
H~ —*• A0 + TT~ h a s been r e l i a b l y e s t a b l i s h e d , t h e r e
i s no need for d i r e c t m e a s u r e m e n t , and the m a s s
of S~ can be d e t e r m i n e d with sufficient r e l i a b i l -
ity f rom the decay e n e r g y Qw- The weighted a v -
e r a g e of 18 S~ decay even t s y i e l d s Qw~ = (64 .2
± 2 . 5 ) Mev, m w = (1319 ± 3 ) Mev. Until r e c e n t l y
i t was found i m p o s s i b l e to m e a s u r e the a v e r a g e
l i f e t ime of H~ with any d e g r e e of a c c u r a c y . Th i s
i s expla ined by the fact tha t in o r d e r to identify
comple t e ly the H~ i t i s n e c e s s a r y to o b s e r v e
a l s o a A0 decay , and th i s so to speak r e d u c e s the
effect ive d i m e n s i o n s wi thin which the m e a s u r e -
m e n t of T W - i s p o s s i b l e . Only T r i l l i n g and Neu-
baue r 2 0 7 m a k e an e s t i m a t e of the lower and upper
l i m i t s of Tw-, b a s e d on 7 ana lyzed H~ d e c a y s .
Th i s e s t i m a t e y i e l d s for the lower l im i t T « =
4.6 x 10"1 0 s e c *

An e s t i m a t e of the upper l imi t T W - < 2 X 10~6

s e c was m a d e f r o m the n u m b e r of KJ d e c a y s
tha t a r e not a c c o m p a n i e d by a £~ d e c a y . It
was a s s u m e d h e r e tha t the £~ i s p roduced with
two K - m e s o n s . Th i s l a s t e s t i m a t e i s qu i te a r -
b i t r a r y and r a t h e r rough , and h a r d l y d e s e r v e s
s e r i o u s c o n s i d e r a t i o n . In sp i t e of the qui te l a r g e
p h a s e s p a c e v o l u m e , no S~ —*n + TT~ ( I ) decay
h a s been r e g i s t e r e d to d a t e . The a b s e n c e of such
a decay h a s led Ge l l -Mann and P a i s to the a s s u m p -

*This number includes two cases registered with a propane
bubble chanber, placed in a 77"-meson beam (En- - 5.0 ±0.5
Bev) of the bevatron.205-206

•The lifetimes of the H~ hyperons, registered in the beva-
tron (1.1 x 10"10 sec and 4.8 x 10"10 sec), do not contradict
these estimates.
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FIG. 19. Production and Decay of E~ hyperon in a bubble
chamber.206

tion that decays in which strongly-interacting p a r -
t icles participate are subject to the selection rule
| AS | = 1, which forbids decays (Type I) in which
the "strangeness" changes by two. This selection
rule calls for the strangeness of the S~ hyperon
to be Sw = - 2 , since its decay products, A0 and
7r" have a total strangeness of - 1.* Taking into
consideration the well known relation

N

(where Q is the charge, I3 is the third compo-
nent of the isotopic spin, and N is the number of
baryons minus the number of antibaryons) and,
putting Sw = - 2, we find that I3 = - \. It fol-
lows from this that under these assumptions the
H hyperon is a charged doublet, i .e. , a S° (I3 =
+ \ ) should exist along with the S~ (I3 = - \). t

*An argument in favor of S = - 2 seems to be the observed
creation of H~ with 2 K° mesons.203 However, one must not
overstimate this fac]\ First, there is no proof that both mes-
ons are K° and not K°; second, cases are known of a seeming
violation of strangeness, when the K° mesons apparently de-
cay outside the chamber or undergo neutral decay (for ex-
ample, the production of a E~ hyperon with one K° meson and
in general without K mesons204' 205 ' 206).

t Within the framework of the Gell-Mann and Nishijima
scheme, there exists, in principle, still another possibility:
assign an isotopic spin I = 0 to the S leading to an isotopic
singlet with S = - 3. In this case the selection rule can be
modified: decays with |AS| = 1 and 2 are allowed and those
with |AS| = 3 are forbidden.

The preferred decay of this hypothetical part icle
is apparently the hard- to-observe H° — A0 + TT0

decay. In connection with the possible existence
of the H° part icle , attention should be called to
the noticeable difference in the lifetime of the A0

registered in cosmic rays , T^O = (3.5*§;|) x io~10

sec and of A0 par t ic les , artificially obtained in a c -
celerators [TAO = (2.7 ± 0.1) x io~10 s e c ] . In the
former case it is possible to regis ter , in addition
to the A0 par t ic les produced directly in the p r i -
mary act, also A0 par t ic les occurring as a result
of the unobserved decay H° — A0 + 7r°. The p r i -
mary interaction, in which hyperons are produced,
is not observed here as a rule, and it is therefore
impossible to distinguish between these two types
of A0 par t ic les . This circumstance should lead
an apparent increase in the measured T^O over
the actual value, and this increase should depend
on the ratio of the probabilities for production of
H° and A0 part icles followed by their decay (for
more details see reference 208).

At the same t ime, those experimenting with
accelera tors have dealt so far with A0 par t ic les
that a r e "pure" in this respect , since the S° hy-
peron could not be produced, from energy consid-
erations .

This fact may be evidence in favor of the ex-
istence of the S°, although, naturally, the pos -
sibility of some systematic e r r o r cannot be ex-
cluded in this case .

The only direct experimental indication in
favor of the existence of the S° hyperon is an
event recently obtained by exposing a cloud cham-
ber in cosmic rays on Pique du Midi.209 The
photograph (Fig. 20) shows, in addition to the A0

FIG. 20
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part ic le , an electron-positron pair emitted from
the point of the proposed H° decay. The authors
believe this to be the resul t of the decay 7r° —
e+ + e~ + y. The report contains no details what-
ever, and it is therefore not c lear how it was
possible to exclude, for example, the possibility
of the 2° —• A0 + e+ + e~ decay or the possibility
of associated production of A0 and K° with sub-
sequent decay K° —* ir" + TT0 N. .

e + e~ + y.
The cascade hyperon is the most exotic and at

the same time the least studied of all the hyperons,
and therefore a further study of its propert ies is of
exceeding interest . In addition to the investigation
of the ordinary decay propert ies of the E~, im-
portant information can also be obtained by in-
vestigating the character of the interaction of the
cascade hyperon with matter.2 1 0 Thus, if the
"strangeness" of the E~ part icle is really — 2,
then in the capture of the cascade hyperon by a
proton of the nucleus, the reaction E~ + p —*• A0

+ A0 may occur.* And this leads to a definite
probability of both A0 part icles being captured
by the nucleus, with the excitation energy (~ 30
Mev) emitted in the form of y quanta and nu-
cleons. A study of such a "double" hypernucleus
offers a r a r e possibility of obtaining some infor-
mation on the A°-A° interaction.

Finally, a study of the S~ decay gives one of
the few actually realizable methods of verifying
the conservation of the CP (T) invariance in
weak interactions.212

The Hyperon Spin

It is known that at one time several observ-
ers2 1 3 '2 1 4 found a strong correlation between the
planes of the production and decay of the A0 p a r -
t icle, this being taken as evidence of the fact that
the spin of the A0 is greater than £. A further
investigation of the angular distributions of one
of the decay products of the hyperons relative to
the direction of the TT" meson that causes this
production has not confirmed the previously-
obtained experimental data.115 '116 '177 '215 '216 '217 As
indicated in reference 219, the resul ts easiest to
interpret a re obtained if the analysis is confined
only to the creation of hyperons at angles close
to 0 and 180 degrees . In these cases the S
wave predominates in the interaction and this
simplifies considerably the analysis, and makes
it unequivocal. A s imilar analysis was made in

A /4S events

1 ! i I I i I
U 0,1 0.2 03 Hi 05 as 0.7 0.8 OS 1.0

FIG. 21

•According to the model of M. A. Markov,211 in which the
hyperons are considered as excited states of the nucleon, and
the "strangeness" characterizes the degree of this excitation,
the probability of such a process is negligibly small.

o o.i o.2 OJ a<> o,5 0,6 a? as o.s w

(cosy)

FIG. 22
reference 215. Its resul ts a re given in Figs. 21
and 22. As can be seen from a comparison of the
experimental data with the angular distributions,
calculated for various values of the spin, the best
agreement is obtained by assuming a spin V2 for
A0 and _~, in the case of spin 3/2 there is a d i s -
crepancy 6 or 7 t imes greater than the standard
e r r o r , and for larger spin values this discrepancy
is even grea ter .

When investigating the angular distribution of
the 2 ~ decays, produced in the K~ + p — 2 ~ + TT+

reaction,177 none of the previously noted asym-
metry was observed, this again being evidence of
a spin V2.

95 A measurement of the ratio of the
number of non-mesonic to mesonic decays of
hyperfragments (q) can yield, in principle, also
information on the A0 spin.220 The latter data are
in good agreement with crAo = | , although certain
difficulties a r i se in the analysis with the in te rpre-
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TABLE VIII

Type of decay

A»->P+2 leptons

2-->A'-i-!x-+v
£-—>iV + 2 leptons

Probability of de-
cay based on the

V—A theory

5.3 x 10'
1.3x10'
6.6 x 10'
29 x 10'
14 x 10'
43 x 10'

Sensitivity of
experiment

1.1 XlO'
1.1x10'
1.1x10'
9,4x10'
9.4 A 10'
9.4 x 10'

tation of the non-mesonic decays.221 An additional
theoretical analysis, made under the assumption
of a strong parity nonconservation in the A0 decay
(which does take place in reali ty) have shown that
the experimental value of q can be reconciled
with the calculated one only if cr̂ p = | .2 2 2 A more
general examination of the relation of the value of
the spin to the degree of parity nonconvervation
was made by Lee and Yang,223 who showed that
aA0 = ^ follows from the experimentally observed
large "up-down" asymmetry in the decay of the A0

part ic le .
Thus, all the experimental data obtained during

the past two yea r s favor a^p = g. In connection
with this, the recently obtained218 asymmetry in
the angular distribution of the A0 decay is some-
what puzzling, for it indicates that the spin of the
A0 part icle is % . One must note, however, the
insufficient statist ical certainly of the observed
asymmetry (28 events of associated production
A0 + K° were analyzed).

The authors themselves apparently do not t rus t
their resul t , for in the analysis of the angular d i s -
tribution of the K° decays they use a value of |
for the A0 spin. Here they obtained, in accord-
ance with other experimental data, a value o^o
= 0 for the spin of the K° meson. At the same
t ime, if one assumes cr̂ o = % > the angular d i s -
tribution obtained for the K° is found to be in-
compatible with the value CTKO = 0. All this taken
together calls for a certain caution in the approach
to these data concerning the A0 spin. As to the
spins of 2° and 2+, the experimental data now
on hand, in spite of their paucity, a re quite com-
patible with the assumption that the spins of these
hyperons (like the spin of the 2 " ) a re | . As in-
dicated by Gatto,224 a complete analysis of the an-
gular distribution of the iT meson produced by
the a~ decay can yield information on the spin
of the cascade hyperon. However, the number of
regis tered S~ decay events is too small to p e r -
mit any definite conclusions on the H~ spin. As

yet there a r e no grounds for assuming the S
spin to be different from \.

Leptonic Decays of Hyperons.

The question of the possibility of the existence
of leptonic hyperon decays has long occupied both
theoreticians and experimental physicists . Inter-
est in this problem has become greater in connec-
tion with the success of the universal V-A inter-
action. This is quite natural: The "V-A theory"
predicts quite definite probabilities for the lep-
tonic decays of hyperons, and the comparison of
these predictions with experiment is a cri terion
of the applicability of this theory to decay in ter-
actions of hyperons. The most thorough searches
for leptonic decays of hyperons were made jointly
by the Columbia and Pisa groups.228 An analysis
of 270 A0 decays and 84 2 " decays regis tered in
bubble chambers has disclosed no lepton emission
in any of these. Table VIII shows the probabilities
of the different leptonic decays, calculated from
the V-A theory, and the sensitivity of the experi-
ments corresponding to one decay (already unob-
servable) .

A comparison of these two quantities shows
that if the probability of leptonic decays were to
correspond to the predictions of the V-A theory,
such decays would have been observed by now.

Equally unsuccessful were the searches for
leptonic decay of hyperons in many other investi-
gations,161 '229 '230 including among them the decays
of the long-lived neutral particles.1 3 4 So far, ap -
proximately 1500 decays of free and bound hyper-
ons have been analyzed all together and not a
single leptonic decay was observed.*

Although it is too early to draw any conclusion,
this fact must be considered as a serious diffi-
culty of the V-A theory as applied to hyperon
decays (at any ra te in its present form).

•Disregarding the rather doubtful case reported in refer-
ence 231.
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Attempts a re being made now to circumvent
somehow this difficulty ( see , for example, ref-
erence 120). The same reference gives an e s -
timate of the lower limits for the probability of
leptonic decays of hyperons made on the assump-
tion of no direct baryon-lepton interaction, the
decay proceeding via the NAK interaction with
subsequent decay of the virtual K meson. These
est imates yield:

a (A°

As a resul t of further research , two leptonic
decays of the type A0 — p + e + v were found in
a thorough analysis of 1529 A0 decays (instead of
the 24 events predicted by the V-A theory).2 9 2 '2 9 3

Parity Nonconservation in Hyperon Decay

Experiments performed at Columbia Univer-
sity10 '11 have demonstrated nonconservation of
parity only for decays in which a neutrino pa r t i -
cipates, and the neutrino was assumed by many
to be responsible for this effect.126'232 '233 It was
therefore of considerable interest to verify ex-
perimentally the nonconservation of parity in
neutrinoless decays, for example in hyperon de -
cays. The first to point out the possibility in
principle of verifying whether parity is conserved
in hyperon decays were Lee and Yang.14 Later on
this possibility was analyzed in many theoretical

papers 234-237 Recently, experimental investiga-
tions have been reported in which, as suggested
by Lee, Steinberger, et al.238 the correlation b e -
tween the production and decay angles was inves-
tigated in the following processes :

P

The principal resul ts of these experiments r e -
duce to the following:

(1) A considerable "up-down" asymmetry was
observed in the decay of A0 par t ic les polarized
at production, indicating nonconservation of p a r -
ity. The weighted average (based on the resul ts
of three investigations239"241) of the asymmetry is

PaM = i
 N "P - ^ o w n _ o.52 ± 0.10,

where N u p and Ndown i s t n e number of decay
TT~ mesons emitted upwards or downwards r e l a -
tive to the production plane P is the polarization
of the A0 par t ic les at production averaged over all
angles of emission, and a is the degree of asym-

metry due to parity nonconservation. The poss i -
bility exists of estimating the upper limit of the
polarization P , by accounting for the angular
distribution of the A0 part icles at production.
Taking into account only S and P waves, and
using the data by Adair242 on the "front-back"
anisotropy in the production of the A0 part icle
(2.9 ± 0.4), it is possible to obtain for the polar-
ization an upper limit P < 0.78 ± 0.03. From
this, taking into account the experimental value
of P a A.0, it becomes possible to determine the
lower limit of a A o > 0 . 6 7 ± 0 . 1 3 . * The probabil-
ity of the observed effect being the resul t of s ta -
tistical fluctuations is ~ 10~5.

(2) The result obtained is also evidence that
both invariance under space reflection ( P ) and
charge conjugation (C) a re violated in A0 decay.

To demonstrate this, Gatto243 used a theorem
by Lee, Oehme, and Yang,130 by which an asym-
metry connected with the pseudoscalar a^o x p ^
is forbidden if C is conserved and if the in ter -
action in the final state is neglected. Gatto has
calculated the maximum asymmetry possible with
C conservation due to final state interaction b e -
tween the decay products of the A0 (proton and
the ir~ meson) and found it to be a < 0.18 ± 0.02.
It is obvious that this quantity is incompatible with
the experimental value P a = 0.52 ± 0.10, since
P cannot be greater than unity. This leads to the
violation of the invariance under charge conjuga-
tion (C) in the decay of the A0 part icle .

(3) An analysis of 287 events disclosed no no-
ticeable asymmetry connected with parity noncon-
servation in the decay of the S~ hyperon. This
resul t is ra ther strange, considering the substan-
tial asymmetry in A0 decay, but this may be caused
ty the absence of polarization at production of the
_ " . t

One must also bear in mind that the degree of
polarization P depends on the angle of emission
(9) of the created hyperon and may have opposite
signs in different intervals of the angle 9, so that
an averaging of P (9 ) over all of 9 may result
in P ~ 0. It is therefore of interest in the future
to measure the anisotropy separately in different
angular intervals.

(4) An analysis was made of the angular d i s -
tribution of 114 decays of A0 par t ic les , which are

*In recent experiments with the bevatron (bubble chamber in
a beam of negative pions), a value a > 0.73 ±0.14 has been
obtained for the lower limit of the asymmetry coefficient (under
the assumption that P < 1). WO

tlnteresting possibilities of somehow "legalizing" the dif-
ference in the degree of asymmetry in the A and 2 decays are
considered in references 244 and 245.
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the product of 2° decay, for the purpose of es tab-
lishing parity nonconservation in the decay in ter-
action of 2° hyperon. No anisotropy beyond the
limit of experimental e r r o r was observed here
( P a 2 o = 0.17 ± 0.17 ).160 In this case, however,
one could not expect a considerable effect, since
the decay A0 par t ic les retains only V3 of the in i -
tial polarization of the 2° hyperon.

Certain information with respect to the "up-
down" asymmetry in 2 decays were also ob-
tained with the aid of photoemulsions, in which
2± -hyperon decays were observed, resulting from
the reactions

A'" -rp-

In agreement with the data of the various groups,
no anisotropy was observed in the 2 " decay. At
the same time a noticeable anisotropy P o ^ o ) =
0.36 ± 0.21 and Pa 2 + + ) = 0.37 ± 0.19 was ob-
served for the decays 2 + — p + vr0 and 2 + —
n + 7r+, respectively.247 '248 However, the relative
accuracy of these measurements leaves much to
be desired.*

Lee and Yang called attention to the fact that
the proton produced as a resul t of the A0 decay
should have, in the frame of reference where the
A0 is at res t , a longitudinal polarization equal to
the coefficient of asymmetry a.250

When the A0 part icle decays in flight, a t r a n s -
ve r se polarization component appears in the decay
proton, and this can be observed in "left-right"
asymmetry on scattering.

From the value of this asymmetry, knowing the
momentum and the angle of emission of the proton,
it is possible to calculate the initial longitudinal
polarization, i .e. , aAo.

Thus, there is a possibility of measuring the
coefficient of asymmetry of the A0 decay directly,
without need for any est imates of the degree of
polarization of the A0 part icle at production. Fur -
thermore , this method makes it possible to de te r -
mine the sign of the asymmetry, something that
cannot be done when measuring P a , owing to the
lack of information on the sign of the polarization.

The first resul ts of experiments employing

•Quite recently more exact values of anisotropy were ob-
tained for _ * decays: 18°

Pa(S+_^»-f
-it°)= + (0.70 J- 0.30),
-r.+) = + (0.02 + 0.07).

-%-)= + (0.02 + 0.05).

In this work there were selected the _ hyperons emitted at
production into a definite interval of 6 (45° < 6cm < 90°). The
experimental details are still unknown, and therefore the de-
gree of reliability of these results is difficult t o estimate.

this method have recently been published.249 '260

Thus, 54 events of the scattering of protons from
the decay of A0 part icles have been observed in a
cloud chamber with plates.249 These data were
used to determine174 the coefficient of asymmetry
aA0 = - (0 .85!° ,$) .* The probability of the coeffi-
cient measured in this experiment having an oppo-

a „» . a) ( a > 0) 1
site sign ( i .e . , «+") is ^ 7 ^ = ^ -

However, according to preliminary resul ts ob-
tained by the Berkeley group (21 scatterings of
the decay protons in a bubble propane chamber)
a more likely value is1 6 0

(a<0) " - •

It was noted many t imes that a study of the
asymmetry associated with parity nonconserva-
tion in hyperon decay can yield information on
the character of their decay interaction.236 '252 '253

The foregoing experimental data regarding the
asymmetry coefficient in A0 decay is in good
agreement (at least in magnitude) with the p r e -
dictions of the V-A theory (aAo = -0 .88) . 2 3 8 ' 2 5 2

As to the sign of the asymmetry, the experimental
data a re contradictory and cannot lead for the
present to unequivocal conclusions.

The asymmetry in the 2 -hyperon decays has
not been investigated sufficiently to make a s imi -
lar comparison with theory, and even the conclu-
sions of the theory itself a re less unequivocal in
this case . Nevertheless, the existing data do ex-
clude the scalar and pseudo-scalar covariants of
the interaction, if it is assumed that the hyperon
decay interaction is invariant under time reversa l
and if the parity conserving and parity nonconserv-
ing coupling constants a r e equal (the so called
"one-to-one l aw" t ) .

We must mention finally that the V-A theory
predicts a considerable magnitude for the asym-
metry coefficient in the decay of H~ hyperons
( a y - = - 0 . 9 6 ) , which in principle can be m e a s -
ured experimentally.

Antihyperons

We can now consider that the division of all
part icles into antiparticles is one of the general
laws of nature. Consequently no one doubts that

•From the point of view of longitudinal polarization of the
decay proton, a coefficient a with a minus sign means that
the proton has a negative "helicity," i.e., its spin is directed
opposite to its motion.

tBoth conditions are apparently satisfied in /S decay, but
their validity for hyperon decay should, strictly speaking, be
experimentally verified.
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FIG. 23

hyperons, like all other fermions, have antipar-
t ic les . However, the observation of antihyperons
involves considerable difficulties, owing to the
high energy thresholds for their production.* It
is apparently preferable to generate antihyperons
not in the pr imary beam of accelerated protons,
but in beams of secondary par t ic les (7T-K mesons ,
antiprotons), whose interactions afford consider-
ably lower thresholds for antihyperon production.
Nevertheless the production of sufficiently intense
secondary-part icle beams with sufficiently high
energy, necessary to real ize such a r a r e process
as the creation of an antihyperon, is in itself a
formidable problem.

Only one event that can be interpreted as the
decay of an antihyperon has been recorded to
date.255 An emulsion stack irradiated in the ir~-
meson beam of the bevatron (E,,- = 4.6 ± 0.3 Bev)
contained the decay of an anti A0 par t ic le , p r o -
duced apparently in a reaction of the following
type

E- 4. p -> A0 + A0 + n.

Figure 23 shows the decay of a neutral par t ic le
into two charged ones — one of which undergoes
the 7r — n + e decay character is t ic of the vr+

meson, and the other gives a multiple-prong s t a r
with liberation of considerable energy (visible
energy 783 Mev) and is almost certainly an anti-

*The production of A and 2 hyperons directly in nucleon-
nucleon collisions is at the limit of the energy rating of the
bevatron, and the production of all the predicted antihyperons
(including H) in reactions of this type is possible at present
only in the proton synchrotron of the Joint Institute of Nuclear
Research.

proton annihilated in flight. The measurement of
the angle of emission and of the energy of these
two part ic les has made it possible to determine
the decay energy Q = (35*o.<i) Mev, which agrees ,
within experimental e r r o r , with the decay energy
of a A0 par t ic le . Thus, there a re all grounds for
believing this case to be a decay of a A0 part icle,
although the possibility of simultaneous produc-
tion of p and 7r+ as the result of an interaction
of some neutral part icle with a neutron cannot be
excluded in principle.

EXPERIMENTAL VERIFICATION OF THE
SELECTION RULE | A l | = i

The absence of the decay H~ —••— + ir~, which
is energetically more likely than the observed
H~ —' A0 + n~, may mean that in weak interactions,
in which strongly-interacting par t ic les participate,
the "s trangeness" can only change by unity (|AS|
= 1) or |AI3| = 1.* This circumstance was noted
by Gell-Mann and Pais , who generalized this s e -
lection rule , by assuming that weak interactions
of this type obey also |Al| = \. This hypothesis
leads to several consequences, which can be v e r i -
fied experimentally.

(1) The selection rule |Al| = \ forbids the K+

—- 7r+ + 7T0 decay, and at the same time allows the
K° — 2TT decay.t25T Thus, within the framework
of this selection rule we find an explanation for
the great difference in the probabilities of these

•Strictly speaking, this argument is correct if Sg = - 2, but
in principle the possibility of Sg = — 3 cannot be excluded at
the present time.

tit is assumed here, in agreement with experiments, that
the K-meson spin is zero (even).
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decays, as observed experimentally.
(2) On the other hand, the experimentally e s t i -

mated branching ratio for the neutral K° -meson
decay is

and noticeably contradicts the |Al| = | rule, a c -
cording to which RK0 fl = % ,259 To satisfy the

o n e m u s t involve

RK2°—0 = V3

experimental value of RK-O .

also transit ions with AI = %. It is obvious, how-
ever, that the accuracy of this measurement i s
too low to make any far reaching conclusions.

In the case of the experimental value

when dealing with so small a number of recorded
events. As to the value of R i d ^ S*v e n by (b),
nothing can be said at all, since the K?> —- 37r°
decay has not yet been observed at all .

(5) The selection rules |Al| = 2 require that
the branching ratio for the charged A0 decay be

j

li -o.o;;

which is in good agreement with experiment
(RAo = 0.63 ± 0.03).160

(6) Considerably more complicated with r e -
spect to the selection rule |Al| = \ i s the situa-
tion with the 2-hyperon decay. It appeared at
first that the experimental values

R^ = —-4-—p ' '\{ = 0.88 + 0.12

(weighted average of 1069 events, regis tered by
various groups) , the agreement with the rule
AI = I , which implies Rĵ o . = l/3, is somewhat
bet ter .

(3) The rule |Al| = \
branching ratios for the

2

leads to the following
and K37r decays:260 '261

RK, =—7—r^ ; ==-r- 1.29a = 0.325T

This ratio i s t rue if the wave functions of the 3n
mesons is symmetrical under permutation of the
7T-meson momenta, as apparently is the case.257 '260

Experiment yields a value RK37r = ° - 3 2 ± °-08>
which is in good agreement with the values cited
above.11

(4) It follows from the rule |Al| = | that the
probabilities of 37r decays of K+ and K° should
be of the same order ( T ~ 10~7 sec) provided the
predominant state of the 3TC mesons is I — l . t
This selection rule leads also to other conclusions
concerning the decay of the long-lived K° compo-
nent, namely

= 0.2. (a)

(b)

(provided that the state with 1 = 1 predominates).141 '260

The existing experimental data do not contradict
the quantitative est imates given by (a) for RKo ,
although one can hardly speak of agreement

*Other experimental estimates of RKo (see page 127)
yield even smaller values.

tThe factor 1.295 is the correction for the difference in the
phase space volumes of these decays.

tThe experimentally determined ratio K '^ /K^ shows that
this is apparently so.

and r = T^-/T^+ = 2.2 ' a r e incompatible if the
selection rule |Al| = § is chosen.261 '262 The in-
clusion of arbi t rary t e rms that account for parity
nonconservation has expanded considerably the
range of possible values of B.-^ and r , so that
it became possible to satisfy the rule |Al| =i .2 6 3 .2 6 4

However, it is necessary to assume in this
case a definite degree of parity nonconservation
in S decays.265 '266 '267

As already mentioned (see page 139 ) the ex-
perimental data in this respect a re quite indeter-
minate: no noticeable anisotropy was recorded at
all in the S~ decays, while certain factors seemed
to indicate that anisotropy exists in decays of the
2 + hyperon. Nothing can be said in either case
concerning the asymmetry coefficients, since the
degree of polarization is unknown. To avoid the
need for estimating the polarization P to verify
the selection rule AI = §, use must be made of
relations that include ratios of the magnitudes of
the anisotropy ( P a ) , measured for different 2
decays under identical conditions.268 The use of
such relations shows that the existing experimen-
tal data (although still very skimpy) do not con-
tradict explicitly the selection rule AI = |.269»270

(7) An analysis of the isotopic relations, r e -
alized in the decay of H~ and H° hyperons under
the assumption that a pure AI = | transition takes
place, yields a value TW-/TW<> = \ for the ratio of
the average lifetimes of these hyperons (in the
case of AI = % , this rat io is TW-/TWO = 2).2 6 1

This rat io can still not be verified, owing to the
lack of experimental data.

*It must be noted that a similar result can be obtained if
an appropriate combination of transitions with |AI| = Vi and
|AI| = V2 is chosen.
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(8) If the selection rule AI = | is extended to
cover decay interactions that include leptons, as
was done in reference 271, there a r i se several
consequences, which can be experimentally v e r i -
fied:

W (h'1 —•> TC± -1- u•'• + v) = W (K°s

= 6 . 6 - 10" s e c

-V -i) = w (K'l e^ — v)

" 1= 2w (K — - ° -[- e* + v) = 8 .4 • 10 6 s e c " 1 .

B e a r i n g t h e s e r e l a t i o n s i n m i n d , i t i s e a s y t o s h o w

t h a t w e r e t h e K ° — T& + fj.T + v a n d K ° — n - + e T

+ v t h e o n l y p o s s i b l e m e a n s o f d e c a y o f t h e K°>

m e s o n , i t s l i f e t i m e s h o u l d b e T K / = 6 . 7 x 1 0 ~ 8 s e c .

H o w e v e r , s i n c e o t h e r d e c a y s o f t h e K ° p a r t i c l e

a m o u n t t o n o t m o r e t h a n 2 0 % , 2 7 9 t h e p r e d i c t e d l i f e -

t i m e o f t h e KJ; m e s o n i s s o m e w h a t l e s s ( TYS, =

5 — 6 x 1 0 ~ 8 s e c ) . T h i s q u a n t i t y d o e s n o t c o n t r a -

d i c t c l e a r l y t h e e x p e r i m e n t a l v a l u e ( T K O = ( 9 ± 3 )

x 1 0 " 8 s e c ) . M o r e d e f i n i t e c o n c l u s i o n s n e c e s s i -

t a t e m o r e a c c u r a t e m e a s u r e m e n t s o f t h e l i f e t i m e

o f t h e K | m e s o n a n d o f t h e b r a n c h i n g r a t i o s f o r

t h e v a r i o u s m o d e s o f i t s d e c a y .

T h u s , i n s p i t e o f t h e c o n s i d e r a b l e e x p e r i m e n -

t a l e v i d e n c e i n f a v o r o f t h e s e l e c t i o n r u l e | A l | = § ,

i t i s s t i l l d i f f i c u l t t o c o n c l u d e u n e q u i v o c a b l y , o n

t h e b a s i s o f t h e e x i s t i n g e x p e r i m e n t a l d a t a , t h a t

t h e d e c a y i n t e r a c t i o n t r a n s f o r m s i n i s o t o p i c s p a c e

a s a s p h e r i c a l t e n s o r o f r a n k \ . I t m u s t a l s o b e

m e n t i o n e d t h a t t h e s e l e c t i o n r u l e A I = | s t i l l

h a s a p u r e l y p h e n o m e n o l o g i c a l c h a r a c t e r . I t

w o u l d b e q u i t e i n t e r e s t i n g t o j u s t i f y i t t h e o r e t i c -

a l l y . T h e f i r s t s t e p s i n t h i s d i r e c t i o n h a v e a l -

r e a d y b e e n m a d e . 2 7 3 ' 2 7 4

" N E W " P A R T I C L E S

F r o m t i m e t o t i m e c o m m u n i c a t i o n s o f t h e e x -

i s t e n c e o f n e w p a r t i c l e s , d i f f e r i n g f r o m t h e h i t h -

e r t o k n o w n m e s o n s a n d h y p e r o n s , a r e r e p o r t e d i n

t h e l i t e r a t u r e .

T h e d e t e c t i o n i n c o s m i c r a y s o f a p a r t i c l e w i t h

m a s s ~ 5 5 0 m e [ ( 5 4 0 ± 3 5 ) 2 7 5 ] h a s a r o u s e d c o n -

s i d e r a b l e i n t e r e s t . E l e v e n s u c h p a r t i c l e s w e r e r e -

c o r d e d , a n o v e r w h e l m i n g m a j o r i t y o f t h e m ( 9 ) o f

n e g a t i v e s i g n ; t h e s e p a r t i c l e s s t o p p e d i n t h e c l o u d

c h a m b e r w i t h o u t p r o d u c i n g a n y s e c o n d a r y p a r t i c l e s .

W h a t i s s t r i k i n g i s t h e f a c t t h a t t h e s e p a r t i c l e s d o

n o t r e s u l t f r o m a n i n t e r a c t i o n i n s i d e t h e c h a m b e r

o r a b o v e i t , b u t a p p a r e n t l y e n t e r e d t h e c h a m b e r

f r o m t h e o u t s i d e . T h i s g i v e s g r o u n d s f o r a s s u m -

i n g t h a t t h e o b s e r v e d p a r t i c l e s c a n b e p r o d u c t s o f

d e c a y o f s o m e o t h e r u n s t a b l e p a r t i c l e . F r o m

a m o n g t h e k n o w n p a r t i c l e s , s u c h a n u n s t a b l e p a r -

t i c l e m a y b e t h e K m e s o n o r t h e H h y p e r o n .

H o w e v e r , a t h o r o u g h s e a r c h f o r a c h a r g e d p a r -

t i c l e w i t h m a s s 5 0 0 m e a m o n g t h e d e c a y p r o d -

u c t s o f 5 0 0 0 K + m e s o n s p r o d u c e d n o p o s i t i v e r e -

s u l t s 2 7 6 ( s e e , h o w e v e r , r e f e r e n c e 5 6 ) . A m o n g t h e

p a r t i c l e s g e n e r a t e d i n t h e b e v a t r o n t a r g e t , n o m e -

s o n s w i t h m a s s 5 0 0 m e w e r e o b s e r v e d , s o t h a t

o n l y t h e u p p e r l i m i t f o r t h e p r o d u c t i o n c r o s s s e c -

t i o n o f t h e s e p a r t i c l e s c o u l d b e e s t i m a t e d ( ~ V 3 0 0

o f t h e p r o d u c t i o n c r o s s s e c t i o n o f t h e K m e s o n s ) . 1 7 6

A s e a r c h f o r s i m i l a r p a r t i c l e s w i t h t h e C o r n e l l

s y n c h r o t r o n w a s i s e q u a l l y u n s u c c e s s f u l . 2 7 8 T h e

u p p e r l i m i t f o r p h o t o p r o d u c t i o n o f t h e s e p a r t i c l e s ,

c i t e d i n t h e a b o v e r e f e r e n c e , w a s 4 x 1 O ~ 3 3 c m 2

p e r B e n u c l e u s ( E y = 5 5 0 — 1 1 0 0 M e v ) . N e v e r -

t h e l e s s , K e u f f e l e t a l . 2 7 7 o b t a i n e d c e r t a i n a d d i -

t i o n a l d a t a c o n c e r n i n g t h e e x i s t e n c e o f s u c h p a r -

t i c l e s . I n t h e i r e x p e r i m e n t t h e m a s s s p e c t r u m o f

c o s m i c p a r t i c l e s a t h i g h a l t i t u d e w a s i n v e s t i g a t e d

u s i n g a s y s t e m o f s c i n t i l l a t i o n a n d C e r e n k o v c o u n t -

e r s . I n t h e r e g i o n o f 6 5 0 m e t h e y o b s e r v e d a

s m a l l p e a k i n c l u d i n g 1 5 p a r t i c l e s , o f w h i c h 8 c o m -

p r i s e d t h e b a c k g r o u n d . H o w e v e r , t h i s p e a k d i s a p -

p e a r e d a f t e r t h e l e a d a b s o r b e r l o c a t e d a b o v e t h e

s e t u p w a s r e m o v e d . T h e o b s e r v e d f a c t s i g n i f i e s

a p p a r e n t l y ( i n c o n t r a d i c t i o n t o t h e e x p e r i m e n t a l

d a t a o f A l i k h a n y a n ' s g r o u p ) t h a t t h e r e g i s t e r e d

p a r t i c l e s a r e p r o d u c e d i n t h e d i r e c t v i c i n i t y o f

t h e t a r g e t , a l t h o u g h t h i s m a y a l s o b e t h e r e s u l t o f

a c h a n g e i n t h e b a c k g r o u n d c o n d i t i o n s .

T h e p r o c e e d i n g s o f t h e l a t e s t G e n e v a C o n f e r -

e n c e o n h i g h - e n e r g y p a r t i c l e p h y s i c s c o n t a i n m e n -

t i o n o f t h r e e p a r t i c l e s w i t h m ~ 5 0 0 m e r e g i s -

t e r e d i n c o s m i c r a y s w i t h t h e a i d o f a c l o u d c h a m -

b e r . 2 7 9

H o w e v e r , f i v e o t h e r g r o u p s ( b o t h c h a m b e r a n d

e m u l s i o n ) , w h i c h a l s o a t t e m p t e d t o d e t e c t a p a r -

t i c l e w i t h m a s s 5 0 0 — 6 0 0 m e i n c o s m i c r a y s ,

h a v e n o t f o u n d a m o n g 4 7 0 0 s t o p p e d \i m e s o n s

a s i n g l e " a n o m a l o u s " p a r t i c l e . 2 8 0 ' 2 8 1 O n t h e o t h e r

h a n d , a s s u m i n g t h e r e l a t i v e p r o b a b i l i t y d e r i v e d

b y A l i k h a n y a n a n d S h o s t a k o v i c h 2 7 5 f o r t h e a p p e a r -

a n c e o f a p a r t i c l e w i t h m = 5 0 0 m e ( 1 i n ~ 2 0 0

s t o p p e d \i. m e s o n s ) , o n e w o u l d e x p e c t m o r e t h a n

2 0 s u c h p a r t i c l e s t o b e r e g i s t e r e d .

T h u s , i n o r d e r t o r e c o n c i l e a l l t h e s e r e s u l t s

w e m u s t a s s u m e t h a t t h e A l i k h a n y a n g r o u p u n d e r -

e s t i m a t e d t h e r e l a t i v e f l u x o f y. m e s o n s b y a t

l e a s t a f a c t o r o f 2 0 . N a t u r a l l y , n o c o r r e c t i o n f o r

t h e u n e q u a l r e g i s t r a t i o n e f f i c i e n c y c a n e l i m i n a t e

t h i s c o n t r a d i c t i o n . I t i s o b v i o u s t h a t t h e p r o b l e m

o f t h e e x i s t e n c e o f a m e s o n w i t h m a s s 5 0 0 — 6 0 0

m e c a l l s f o r a d d i t i o n a l e x p e r i m e n t a l v e r i f i c a t i o n .

S i n h e a n d S a n g u p t a , 2 8 4 w i t h t h e a i d o f a c l o u d

c h a m b e r e x p o s e d t o c o s m i c r a y s , r e g i s t e r e d t w o
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decays of a neutral part icle into two charged p a r -
t ic les , one of which is apparently heavier than the
IT meson and decays in turn, yielding a weakly ion-
izing part icle . Sinhe and Sangupta propose that a
superheevy meson has decayed in accordance with
the scheme \° — n + K + 10 Mev (m^o ~ 1270 m e )
with subsequent decay of the K meson. Here the
new part icle is considered as an excited bound
state of the K part icle and of the TT meson, and
use was made here of a model proposed some
time ago by Powell.285 It must be noted, however,
that such an interpretation is far from unique,
since there a r e no definite data on the nature of
the proposed K meson. Therefore, for example,
the possibility of the anomalous decay K —~2ir + y
with subsequent decay of one of the pions cannot
be excluded.

References 282 and 283 report two superheavy
mesons, not neutral as in the foregoing paper, but
charged. In the f irs t of these events282 a positively
charged par t ic le with m a s s 1200 —1600 m e

(measured by the ionization and momentum) is
emitted from the wall of a diffusion chamber and
decays into a neutral part icle and a pion (or
muon). The simplest decay scheme is

and under this assumption m^+ = 1462 ± 1 5 m e .
In the second case283 the "anomalous" meson

is produced in the chamber as a resul t of w -
nucleon interaction, and then undergoes a cascade
decay. Of all the possible p rocesses , the best
agreement with the kinematic analysis is produced
by the decay of a superheavy meson, \~ —- K° + TT~,
with a subsequent decay K° — Jf_ + IT* + v.

Experimental indications in favor of the possible
existence of a superheavy meson a re also contained
in reference 286. There, in the scanning of emul-
sions exposed in the s t ratosphere, a s t a r was ob-
served from which a slow charged particle emerges .
This part icle interacts and gives r i se to two t racks ,
one of which is assigned by the authors to the K~
meson. The justification for this i s a measurement
of the mass of this part icle (1160 ± 180) m e . The
track of the suggested K" meson was traced to the
end, but no charged part icles were observed at the
end of the t rack. According to the authors ' assump-
tions, this event must be interpreted as the in ter -
action between a superheavy meson (with m >
1400 m e ) which resul ts in the emission of a K
meson. Ear l ier papers2 8 8 '2 8 9 described two other
events, which can be interpreted as K -meson de -
cay of a superheavy meson. In these two cases ,
like in the preceding ones, the K meson produces
a prongless s ta r at the end of i ts t rack. The prob-

ability of such an event, considering the number of
prongless K" s t a r s (~0 .18) , is small (6 x l0~ 3 ) .
This strange circumstance can be explained by a s -
suming that the decay product is not a K meson
but a still unknown fermion with mass close to the
mass of the K meson, resulting from the decay
of the K part ic le . Such a fermion, when stopped,
should not give as a rule any visible interaction
products, as happens also in the capture of a /n
meson (ju~ + p —-n + v).* It must be recalled in
this connection that events registered by Harr is
et al.55 and Prowse et al.56 ( see page 000) can
also be interpreted as an anomalous decay of a
K~ meson into a pion and an unknown neutral p a r -
ticle with a mass ~ 500 m e .

The events described in references 288 and 289,
as well as those described in reference 287, can.
also be interpreted as the decay (or interaction)
of a superheavy hyperon Y — K + A (N) . It must
be pointed out that within the framework of the
Gell-Mann scheme there can exist such a nega-
tively charged hyperon with strangeness S = - 3
(isotopic singlet), which would decay into a K
meson and A ( _ ) or into a pion and H part icle .
"Superheavy" mesons, which yield a K particle
on decay, can also be included in the Gell-Mann
scheme as isotopic singlets with S = + 2 or S =
- 2 .

Recently there was observed in a cloud cham-
ber a case which, in the author 's opinion agrees
best with the assumption that a cascade decay
occurs of a superheavy neutral hyperon,290 Y° —•
_ ± + 7rT, with subsequent decay D* — ir^ + n.

However, this case does not contradict the
other possibility that was previously discussed,
namely:

with subsequent decay

Furthermore , what might have happened was
merely an interaction between the K° and the
nuclei of the gas in the chamber, K° + N —*•
_* + 7TT.

This hypothetical " superhyperon" Y° has no
place in the Gell-Mann — Nishijuma scheme. To
describe the Y° within the framework of the fore-
going scheme it would be necessary to introduce,
in addition to the "strangeness," still another
quantum number.

Mention should also be made of the decay, with
anomalously large energy Q, which was registered

*The particles with mass ~ 550 me, registered by the
Alikhanyan group, also show no visible tracks when stopped.
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in cosmic rays with the aid of a cloud chamber. 2 9 1

The result of this decay, a positive part ic le with
p = (352*61) Mev/c (with t ransverse momentum
PT = 351 Mev/c). is emitted at an angle of 95° to
the direction of motion. Not one of the known de-
cays of unstable part ic les can produce, so large a
decay energy, and therefore the authors a r e hard
pressed to draw some sort of conclusion concern-
ing the nature of the decaying part ic le.

Of the possible decays, the best agreement with
the experimental value of p - is given by the decay
H —*n + 7Г (рж+ ~ 320 Mev/c), but in this case it
becomes necessary to postulate a positive cascade
hyperon.
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