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1. THE TWO TYPES OF NEUTRAL K MESONS

NEUTRAL K mesons do not belong to the class of
truly neutral particles: K? and its antiparticle K°
have the respective strangenesses S=+1 and S = —-1.
Strangeness is not a strictly conserved quantity, how-
ever; K and K® can undergo the decays K®— 27, K°
— 21. Therefore transitions K% == 2r = K° are pos-
sible by way of virtual r-meson states. This is a
special feature of the neutral K mesons, which oc-
cupy, as it were, an intermediate position between
truly neutral particles (7’ mesons, photons) and par-
ticles that differ from their antiparticles by any strictly
conserved quantum numbers (electron and positron,
neutron and antineutron). The difference in strange-
ness between K° and K' mesons has the consequence
that their strangeness-conserving interactions with
other particles are different. For example, K° me-
sons can be produced only in pairs along with K® me-
sons, but K® mesons can also be produced in pairs

along with A® and T hyperons: therefore the threshold .

for production of K® mesons is much lower than that
for the production of K° mesons. The only interaction
between K’ mesons of moderate energies and nucleons
is that of scattering, elastic or with charge transfer:
for K mesons reactions with production of A’ or =
hyperons are also possible:

Kot p— A0{ ", (1)

We may say that K® mesons are more easily produced,
and K’ mesons interact better. Let us consider inter-
actions which do not conserve strangeness. It has been
found experimentally that K’ mesons can decay into
two 7 mesons:

Let us apply the charge-conjugation operator C to the
initial and final states of these reactions. It is obvious
that

K9— 2mo,

K —anattm.

(2)

CK°—=K",
C (2n%) = 2n0, ;
C(n*'+n)=n"+n". J

3

Thus the processes (2) are not charge~invariant. The
operator C takes the K’ meson over into its antipar-
ticle K% while the right-hand sides of the reactions
(2) remain unchanged. It was this contradiction that
in 1955 led Gell-Mann and Pais[!] to a remarkable
discovery. They introduced states which are super-
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positions of K® and K'*:

1 i~
Ki= 5 €0+R, |

v @)
K= 5 (K"K, l

The states K] and K} do not have definite strangeness,
but correspond to eigenvalues of the change-conjuga-
tion operator:

1

CKy =1

(K°+ K% =K?,

®)

CK? K'—K% = —K°.

1
“vi
According to Gell-Mann and Pais the decays (2) do not
go from the state K’ (or IN{O), but from the state K?,
which, like the T mesons that are produced, has a def-
inite C-parity (+1). The possibility of observing the
reactions (2) allows us to separate out from the state
K®, which does not have a definite value of C, the
eigenstate K‘l’ of the operator C, and to study all of
its properties. Similarly, by observing a reaction of
decay of neutral K mesons to states odd with respect
to charge (for example, the decay K® — 37°) one can
study the properties of the state KJ, which has the
charge parity C = —1. Thus the states K? and Kg ap-~
pear as different particles: we shall see that they have
different lifetimes and different masses. Thus accord-
ing to Gell-Mann and Pais the neutral K mesons are
produced in states with definite strangeness—they ap-
pear as K® or K° mesons; in the decays, on the other
hand, we observe the states K} and KJ. The discovery
of nonconservation of parity P and charge parity C in
weak interactions did not alter the results of Gell-Mann
and Pais. Instead of the separate conservation laws for
P and C we now have their product CP as a conserved
quantity. This transformation is called the combined
parity, and consists of replacing particles by antipar-
ticles and simultaneously carrying out an inversion of
the space coordinates. All of the arguments that have
been given remain valid, since the operator CP has the
same properties (3) and (5) as the operator C.

The existence of K} and K{ mesons leads to ex-
tremely curious effects, which can be observed in
beams of neutral K mesons. Let us imagine a beam
of K® mesons produced by m mesons in a target A
(Fig. 1). These K’ mesons can be represented as a
superposition of the states K? and Kg

*Here and in what follows we use the same letter to denote
a particle itself and its wave function.
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FIG. 1. Schematic
arrangement of the Pais-
Piccioni experiment.
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K0=— (KY+K)

[this relation follows from the equations (4)]. Since
the lifetime of the K meson is much longer than that
of the K(1] meson (see below ), the composition of the
beam will change as it moves farther away from the
target A. At a sufficiently large distance from the
target A the beam will be practically entirely com-
posed of K} mesons. But the pure K{ state contains

both the K state and the K° state in equal proportions:

Kg:%(lf°~lf°).

In other words, at sufficient distances from the point
of production of the K® mesons an admixture of R?
mesons appears in the beam: K — K°. The presence
of K° mesons can be detected, for example, by the
occurrence of the reaction (1), which is characteristic
of K® mesons. To observe this reaction a target B
is placed in the beam. This sort of experiment was
proposed by Pais and Piccioni in 1955.[2] Figure 2
shows the process as observed in a propane bubble
chamber, and the transition K® — K® can be clearly
seen. The K’ was produced by transfer of charge
from a K to a carbon nucleus; at some distance
from the point where the K° is produced a reaction
caused by K' is observed:

Koy P> A+ a0,

Similarly, if a beam of Kg mesons is sent through
matter, then owing to the difference in the ways the
K® and K° mesons that make up the beam interact
with the nucleons the composition of the beam will
change. When the beam emerges from the target one
can observe in it K} mesons which previously were
not present in it. These remarkable properties of
mutual interconversion are characteristic of neutral
K mesons only, and are caused by the possibility of
K —R? transitions.

The question may arise as to why one does not
consider superpositions analogous to K‘l’ and Kg for
other neutral particles, for example

niz—l%(n+%) and ny=—— (n—n)

Vz

where n and n are the wave functions of neutron and
antineutron: unlike the states n and n, the states n,
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FIG. 2.a) Photograph of the process K° *’i\{/", observed in a
propane bubble chamber. The K® was produced from a K* by
charge transfer to a carbon nucleus. The K® is revealed by the
reaction K° + p A+ " (from [°l): b) diagram of the process
seen in Fig. 2 a.

and n, do not have definite values of the baryon num-
ber, but like K{ and Kj they have definite values of
the combined parity. The point is that the introduction
of such states has no meaning, since there are no in-
teractions that would lead to the decay of n; or n,
into states with definite values of CP, for example
into 7 mesons. Otherwise, as for the neutral K me-
sons, transitions n — n would be possible, which is
absolutely forbidden by the law of conservation of
baryon charge. Superpositions analogous to Kg and
K] of course are also meaningless for truly neutral
particles, since for them particle and antiparticle
are identical.

2. THE LIFETIMES OF K! AND K} MESONS

The difference between the lifetimes of K{ and K}
mesons is due to the fact that the decay processes
available for these particles are different. Let us con-
sider the possible m-meson decays of neutral K me-
sons: _
a4,

2n9o,

3o,
a4 o,
The combined parity of the states (2r%) and (z* +77)
is positive [see Eq. {3)]. The state (37%) has nega-
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tive combined parity. In fact, owing to the fact that the

70 mesons are identical the orbital state of the system

(37") must be even: the CP parity of each 7 meson

is negative: CP(n") = —7°. Therefore CP(3x%) = — 30

The CP parity of the system (r*7 7%) is (-1)*1,
where ! is the orbital angular momentum of the 7°
meson relative to the center of mass of the system
(7"7” ). This can be seen as follows. The CP parity
of the 7' meson is negative. The CP parity of the
system (r*7~) is always positive, since P+ -

= (1)L, cprp = (- 1)E and cPrrp = (-1l =1
Here L is the relative angular momentum of the sys-
tem 77~ (Fig. 3). Thus the combined parity of the
system (7*7 7%) is completely determined by the
value of I: CPg+ g0 = (-1l Obviously I = L,
since the spin of the K meson is zero. We now write
out the 7-meson decays allowed for K}(CP = 1) and
for Kg (CP=-1):

2o,
K —| ' +a,
t a4 4w, l=L=1,3, ...,
KOs 3o,
2 nt 4-n 4 a0, 1=L=0,2, 4, ...

It follows that two-particle decay (27° or 7* + 1 ) can
occur only from the state K?: the Kg meson can decay
only into three 7 mesons. Therefore the lifetime of
the K(l) meson against m-meson decay must be much
shorter than that of the K} meson, since the phase
volume for three-particle decay is much smaller than
that for two-particle decay. The lifetimes 7(K{) and
7(KJ) of these mesons against all possible decays de-
pend also on the probabilities of leptonic decays,

Ko—settvd-a,

KO se vt

KO—p"4-v4a,
Ko sy 5 4o,

A characteristic feature of these decays is that the
final states do not have definite values of CP |[for
example, CP(e*+ v +7 )=e + 7P +x*], and conse-
quently they are equally accessible for K? and Kg
The presence of the leptonic decays does not lead to
equalization of the lifetimes of K? and Kg mesons,
however, because the probabilities of these decays
are relatively small. According to the measurements
of Luers and others®] the ratio of the probability
Iy (L*) for leptonic decays of KJ-to the probability
Iy (+-0) for the decay K} — "+ 7~ + ¥ is

FIG. 3. Notation scheme for
e the orbital angular momenta of
¢ the system (77~ 7°) (see text).

x
Pt =65 4 1.0, (6)
The lifetime of the K] meson has been determined ex-
perimentally in the bubble chamber from the flight
distance (distance from point of production to point

of decay) of neutral K mesons that decay into two

m mesons. The value of 7y found from the results

of several researches is[4]

T(K®) = (1.00 + 0.04)-10° sec.

Measurements of the lifetime of the KJ meson can be
made by studying three-particle decays of neutral K
mesons at distances from the point of production which
are large enough so that the K? component has com-
pletely decayed.* This is the way the most reliable
values of T, have been obtained. In the work of Alex-
ander and others (%] measurements of T, were made
in a 180-centimeter hydrogen bubble chamber. Neutral
K mesons were produced in the chamber itself by the
action of 7~ mesons: 7~ +p— A + K (P~ =1.03
BeV/c). In this work only those decays of K mesons
were registered which were accompanied by an asso-
ciated decay A — p + 7~ visible in the chamber. The
resulting possibility of a detailed kinematic analysis
made possible a reliable selection of cases which were
actually decays of neutral K mesons, and also an ac-
curate knowledge of the ‘‘age’’ of the decaying K me-
son. For the determination of T, cases were selected
in which K mesons decayed with times of flight 3.4

x 1071 < ¢ =20.0 x 1071 sec (in the rest system of
the K meson). In this way cases of K? decay were
practically excluded. The value of 7, found in this
work was

T (KY) = (7.5 jf_'z).io-e sec.
This value of 7, is in good agreement with the value
(&Y = (8.1 5107 sec,

obtained in [6J by the method of direct measurement
of the dependence of the number of K} decays on the
distance traversed. Crawford and others ("] obtained
the somewhat smaller value

(&)= (3.6 T} 107 sec.
It must be remarked, however, that in this work the
hydrogen bubble chamber used in the determination of
7 was a small one (25 cm); as in (97, the K° mesons
were produced in the chamber itself by the reaction
77 +p— A + K’ Thus the small size of the bubble
chamber did not permit spatial separation of the K‘l’
and K decays. Therefore in the determination of T,

*The intensity of the KJ beam produced in this way in the
latest experiments (L. B. Leipuner and others, preprint 1963)
was (2.5 + 0.6) - 107 particle per square centimeter per pulse.
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from the observed cases of three-particle decay of K
mesons it was necessary also to know the ratio
T'{(L)/T4(L) of the probabilities I' (L*) of leptonic*
decays of K} and K} mesons. Crawford et al.['] as-
sumed that T'y(L)/T'(L) = 1. Their assumption of the
value I' (L)/T',(L) = 1 is not in contradiction with the
value

Ty (L 4

T =35 1
found in their work, and moreover follows from the
Sakata model of the universal weak interaction. In the
most recent papers, 8] however, there are indica-
tions that 'y /T’y = 9 (with an error of the order of
the quantity itself). These last results are very im-
portant in themselves, since they contradict the Sakata
model; these problems will be considered in more de-
tail in Sec. 7; at present we only point out that if we
assume in accordance with the experimental data that
the ratio is T'; /Ty = 9, then the experiment of Craw-
ford and others "] leads to the value T(K?) = (8.2 £ 3)
x 1078 sec. The values of 7, obtained in [%%] do not
depend on any assumptions and can differ from the
true value of 7, only owing to experimental errors.

If we assume that the values of 7(KJ) found in [5:6]

are the most reliable, the ratio of the lifetimes of K}
and K} mesons is found to be

3. THE DIFFERENCE OF THE MASSES OF K} AND
K} MESONS

The possibility of the transition K'— K’ necessarily
leads to a difference between the masses of K} and KJ.
In fact, the variation with time of the states K® and K°
can be written (if we neglect the decays of these par-
ticles)

, 0KO =,
—1 B =mK?° -l" 6K0,
—i 2% o sk,

at

where 6 is the matrix element for the transition
K’ = K'. Using the expressions for the states K} and
KJ in terms of K° and K°, we easily get

, 0KY

—i 9t =(m—}-6) K‘:v

_; oKy

5= (m—0) K3,
i.e., the difference of the masses of K and K{ mesons
is Am = 26. It is seen from this that Am = 0 only for
6 = 0, that is, if the transition K" = K" is forbidden.
The difference of the masses of K] and K} mesons

*The quantity 7, is mainly determined by the leptonic decays
of the K mesons. The nonleptonic decays of K can be taken
into account with adequate accuracy by using the data [Eq. (6)]
of Luers.[?]
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FIG. 4. Virtual states possible for K{ and K{ mesons.

can also be understood if we recall that the CP pari-
ties of these particles are different. Consequently the
virtual states in which K} and K{ mesons spend part
of their time are also different: the virtual states ac-
cessible to the K} mesons are those with an even num -
ber of 7 mesons, and these states are not accessible
to the K{ meson (Fig. 4). This must lead to a differ-
ence between the masses. It is impossible, however,
to calculate the magnitude of the mass difference Am,
or even to determine its sign, since at present there
is no apparatus for calculating virtual interactions of
strongly interacting particles. A qualitative estimate
of the magnitude of Am (but not of its sign) can be
made from a consideration of the diagrams of Fig. 4.
Obviously each conversion K — 7 is proportional to
the weak-interaction constant G Since the diagrams
have two vertices, we have Am ~ AG:. From dimen-
sional considerations the constant A must be propor-
tional to w®, where u has the dimensions of mass.
Taking u = mg, we find Am ~ 107 eV; for u = mg,
we get Am = 1072 eV. The quantity Am is usually
expressed in units h/c?ry = 6 x 10°% eV, where 7,.is
the lifetime of the K] meson. The experimental de-
termination of Am (see below) has given the value
Am ~ 107% ey = 10738 g. The determination of such a
small mass difference is a brilliant example of the
use of the wave properties of particles in a macro-
scopic experiment.*

Let us consider the idea of this experiment. Sup-
pose that at the initial time t = 0 (near the target)
there is a pure K’ state. Let us denote by K(t) the
state of the system in question—the beam of neutral
K mesons at the arbitrary time t (i.e., at various
distances from the place where they are produced).
Then for t = 0 we write K(t) in the form K(0) = K°
= 271/2(Ky + KJ). At the time t we obviously have

*The experimentally determined value Am ~10"* eV indicates
that there is no interaction with AS = 2, since with such an in-
teraction the amplitude for the transition K “K would be pro-
portional to G, not to G?, and the magnitude of the mass differ-
ence would be Am ~ 107* eV.
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t t
iHyt— iEgl—
K(’f):%(}'(fe1 Ty g KO By,

Here E; and E, are the respective energies of the

K and K) mesons, 7, and T, are their lifetimes, and
v is the Lorentz factor of the beam of neutral K me-~
sons. Using the expressions for K} and K}

K° = V’ (K°4+-K% n KZZV%(KO_EO)’

we find

. ¢ s t
K ()= Ko™ Ty 4™ )

: t . t
+ IZO (ezElt— Ty elng— 2{—2\7)]

Thus the probabilities for observing the states K° and
K? in the beam at the time t are

t '
B — =t iEpt—
W (K0) = ¢ 207 4 T
t t T1tTg '
[e TY 4 V4 2¢ 2uwey cos (8t)],
t
~ t— iEpt— ——
w(Koy=le tE1 Ztly e ! 2ty |2
1 t t _11+Tz f
~4—[€ U¥-fe Tv—2e 2uw¥ cos (8t)].

(7)

Here 6 = E{—E;, ~ mAm/E. The time dependences (7)
of the probabilities W(K’) and W(Ko) are shown in
Fig. 5. Figure 6 shows the time dependence W(KO)
obtained with various values of Am. It can be seen
from Figs. 5 and 6 that the possibility of K’ — K°

winy, Wik

3§

FIG. 5. Time dependences
of the intensities W(K°) and
W(K®) in a beam which is a pure
K° state at time t = 0.
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FIG. 6. The time dependence Wg°(t) in a beam initially com-
posed of K° mesons, calculated for various values of Am.

transitions leads to characteristic oscillations of the
intensities W(K®) and W(K°) as a beam of neutral K
mesons travels through vacuum. The observation of
these oscillations provides a possibility for determin-
ing the mass difference Am of K} and KJ mesons to
a very high degree of accuracy. As can be seen from
Fig. 6, one possible way to determine Am is to meas-
ure the number of K’ mesons in a beam originally
composed of K’ mesons as a function of the ‘‘age’ of
the K mesons. One can identify the K’ mesons from
the reaction (1) which is characteristic of these par-
ticles. Such an experiment was first done by Camerini
and others ) in 1960. Subsequently (1% these authors,
using the same method, obtained a somewhat more pre-
cise value of Am. In the experiments of Camerini and
others[%1%] the K mesons were produced in a propane
bubble chamber in a charge-transfer reaction of K*
mesons, K" +n— K" + P. Also photographs were se-
lected in which the K meson produced in this reaction
caused an interaction in the K state, i.e., gave rise
toa A or Z hyperon:

A} mr,
fo+P/

(8)
\2* -+ o,

A typical photograph of such an event is shown in Fig.
2. Measurements of times of flight of the neutral K
mesons from the point of production (i.e., from where
the K* meson disappeared) to the point of production
of a hyperon by the K® meson were used to construct
the distribution function IK0(t). This quantity Igo(t),
the number of K’ mesons interacting during the time
At, bears the following relation to Wg0(t):

Ig () A=W, (t)on - 2 At, 9)
where n is the number of nuclei per~unit volume, ¢ is
the cross section for interaction of K mesons with
these nuclei, and p is the momentum of the K mesons.
Ax = (p/m) At is the distance traversed by the K° me-
sons in the time At; onAx is the probability for a K°
meson to undergo interaction in the time At. In [%10]
the reactions (8) of interaction of K° mesons were ob-
served in a propane (C3Hg) bubble chamber; the re-
lation (9) is then written in the form

Tiza (1) At =Wy (1) 130c (7) + 80w ()] 292 2 A1, (10)
Here oC(p) and oHg(p) are the cross sections for the
reactions (8) on carbon and hydrogen nuclei, N, is
Avogadro’s number, p is the density of the propane,
and A is the molecular weight of propane Figure 7
shows the experimental distribution IK (t) as found
in [103, and also theoretical distributions calculated
from Eq. (10) for the values Am = 1.55/7; and Am

= 0.751/7;. It can be seen from this figure that the
curve of Igo(t) for the value Am = 1.5%/7; is in good
agreement with experiment; Fig. 8 shows the corre-
sponding plausibility function P(Am). From the func-
tion P(Am) shown in Fig. 8 it follows that the experi-
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FIG. 7. Distributions of Ig°(t) as measured in the experiment

of Camerini and others[!]. The curves are the theoretical distri-
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mental distribution Ig0(t) found in this work corre-
sponds to the value

Am=(1.5 £ 0.2) %: (0.9 & 0.12).1075 V.

A similar experiment was made in 1961 by Fitch
and others.[11] Their result (Am = (1.9 + 0.3)h/7¢)
agrees within the limits of error with the value of Am
found in [10J,

Another method for determining the quantity Am,
which is also based on the use of the wave properties
of beams of neutral K mesons, will be considered in
the next section.

4. THE GENERATION OF K! MESONS IN A BEAM
OF K} MESONS

It follows from the difference between the lifetimes
of K} and K} mesons that at a sufficiently large dis-
tance from the place where neutral K mesons are pro-
duced the K! component has decayed completely and
the beam will consist of K‘z’ mesons only. If, however,
we send the K2 mesons through matter, an admixture
of K1 mesons appears again in the beam. In fact, the
pure K state contains K® and K° components in equal
amounts:

o___l_ 74
K= Vs (K°+ K9).
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In passing through matter more of the K° component
‘“‘drops out’’ of the beam, because of its stronger in-
teraction. The resulting change of composition of the
beam is equivalent to the appearance of an admixture
of K} mesons. The K? mesons that appear in this way
move in exactly the same direction as the primary
beam of K} mesons. The interaction of the K mesons
with matter also leads to the appearance of ‘‘different’’
K{ mesons, whose direction of motion does not coin-
cide with that of the primary beam. These K° mesons
are the K{ component of the elastically scattered K°
and K° mesons which “compose” the primary K°
beam. Since K° and K° mesons are scattered by nu-
clei (and by nucleons ) with different amplitudes, it
is obvious that the scattered wave must contain K°
mesons. The scattering of the K? and K mesons
which leads to the generation of K particles at angles
6 > 0° can occur owing to two processes: diffraction
scattering by nuclei, and elastic scattering by individ-
ual nucleons. In what follows we shall consider these
processes separately. The process of production of
K? mesons in the direction of the beam is coherent,
in the sense that the total effect from the interactions
with the different nuclei or nucleons in the matter is
described not by adding up the corresponding intensi-
ties, but by adding the amplitudes. Therefore the am-
plitude for the generation of K‘l’ mesons in this proc-
ess is proportional to the number N of nucleons in
unit volume, and the corresponding probability is pro-
portional to N2, The regeneration of K} mesons owing
to diffraction scattering of K’ and K° by nuclei and
the elastic scattering by individual nucleons is not a
coherent process. The intensity of the K! mesons
generated in this way will be proportional to the first
power of N. The pronounced difference between the
angular distributions of the coherent and incoherent
processes of regeneration of K} mesons makes it ex-
perimentally possible to distinguish them reliably. We
shall show later how a comparison of the probabilities
of these two processes can be used to determine the
magnitude of the mass difference Am between K} and
Kg mesons. At present we only point out a factor which
makes the description of the process of generation of
K} mesons in the passage of K} mesons through matter
a complicated one as compared with the description of
the process of generation of K® mesons in a beam of
K’ mesons, as given in Sec. 3. The comphcatlon is
due to the fact that whereas the generation of K in
a K% beam occurs in vacuum owing to the more rapid
decay of K(I’ as compared with Kg and to the mass
difference of K{ and K3, the generation of K{ in a K
beam occurs as the beam passes through matter, so
that besides the reactions which conserve the combined
parity (decay of K1 and Kz) there are also processes
which conserve strangeness (interactions of the K® and
K mesons with matter).

We proceed to a detailed consideration of the proc-
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esses of coherent and incoherent production of Kj me-
sons in the passage of Kg mesons through matter.

The coherent generation of K| mesons is due to the
change of composition of the beam owing to the decay
of the K mesons and their interaction with matter. Let
us first consider the general case of change of compo-
sition of a beam which initially consists of an arbitrary
superposition (K, KJ)) of the states K} and K}. We
denote by ¥(x) the wave function of the system (KIK})
as a function of the distance x which the beam of neu-
tral K mesons has travelled through the matter. ¥(x)
can be represented as a superposition of K® and K°
states, or of K} and K} states:

P (2) =a(z) K*4-a (z) K°,
() = () K2+ a () K3 ] (1
it follows from Eq. (4) that
ay (7) = = [a (2) +a ()],
e (12)

s (2) = ——[a (z) —a (2)].

V2
We shall find the differential equations that describe
the changes of the amplitudes a; and a, for the vari-
ous values of x. In the absence of interaction with
matter the composition of the beam will change only
owing to the decay of the K} and K mesons. Accord-
ingly the expressions for the change of the amplitudes
a; and a, with time can be written

day . i
dr _1<E”—"2¥T_‘>ai
E'Li_ ,(

since dx = vdt. Similarly

day >
et (B

Here v and E are the speed and energy of the K me-
sons, and yT is the lifetime in the laboratory coordi-
nate system.

Let us consider the changes of the amplitudes a,
and a, ‘‘along the beam’’ owing to the interaction of
the K mesons with matter. Since the reactions in
which the K mesons interact (scattering and absorp-
tion) occur with conservation of strangeness, the ei-
genfunctions in these processes before the interaction
are the states K and K'. The changes of the ampli-
tudes a and a corresponding to these states [ see
Eq. (11)] can be written in the well known way[“] in
terms of complex indices of refraction expressed in
terms of the forward scattering amplitudes:

or

— ) (13)

1 +2nN/ ©

for the K® mesons and

_ 1 2ENTO) 2an 2aN7 (0).

for the K® mesons. Here f(0) and £(0) are the values
of the scattering amplitudes of the K’ and K’ mesons
at the angle 8 = 0, N is the number of nuclei per unit
volume, and k is the momentum of a K meson. Then
the changes of the amplitudes a(x) and a(x) can be
written:

da . da s
- = ikna, = ikna.

The corresponding changes of the amplitudes a; and
a, can be obtained by using the relations (12):

%— : (n+n) ka, + (n—n) kas, ]l
day i 7 t a9
= __Z_(n-n)ka,+§(n+n)ka2 J

Adding the expressions (13) and (14) for da;/dx and
da, /dx, we get

Do [y tmk— (Bi—p) |+ 5ke—ma )
o Lo [ oL (Bt ] -

(15)

These equations describe the changes of the function
p(x) along the beam, i.e., owing to coherent processes.
The equations (15) can be solved for arbitrary initial
conditions, that is, for any values of a; and a, at x

= 0. The solutions so obtained determine the compo-
sition of a beam of neutral K mesons moving in the
original direction after passing through the distance

X in the matter.

Let us now consider the case of interest to us, in
which the initial beam is in the pure K} state [a,(0)
=0, a,(0) = 1]. We are interested in the amplitude
a; (x = L), which determines the number of coherently
generated K‘il mesons after passage of the beam through
a plate of thickness x = L. The solution of (15) can be
decidedly simplified in the case of a plate which is thin
enough so that the mean free path against interaction
of the K mesons is much larger than L. Under these
conditions the probability of generation of K? mesons
is relatively small, and also we can practically neg-
lect the interaction with the matter of the K} mesons
that are produced. It must be pointed out that the case
of a ““thick’’ plate cannot be realized in practice be-
cause of the small lifetime of K{ mesons. This can
be seen from the following numbers: the mean free
path of the K‘l’ meson against decay is about 3 cm,
whereas the free path against the interaction is ~ 40
cm (in carbon). Therefore the K{ mesons will decay
rather than interact. It follows that the term (i/2)x
k(n - n)a, in the expression (15) for da,/dx can be
omitted. In solving the equations (15) we can also set
Ty, = ©» (see Sec. 2). In this approximation the ampli-

tude a;(x) which satisfies (15) is of the form
n4n E i8 1
vk (n——n) (*7 k—*)x[i_e— (?+2yrlu)x].

28—
'Y"fi

ay(z) = (16)
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Here 6 = E; —E, ¥ mAm/E. The number of coherently
generated K‘{ mesons in the beam after passage through
a plate of thickness L is given by the expression

I
2yvy 12_

202,242 (n—
I(KY)=|ai (L) [P= Y—Z;!(—’(;YTS;LJF—;Q B (17)
Let us introduce the dimensionless quantities
L L E
Sn= A A=(m,—m2)11=$r,. (18)

In these variables the intensity I(KJ) can be written
in the form

(2 ) weario—-70R t

I(K)=— {T2a7 ledt—e 22 (19)

It can be seen from Eq. (19) that the intensity I(KYJ)

is proportional to N2, i.e., to the square of the nuclear
density of the matter, as must be the case for a coher-
ent process. The relation (19) describes the intensity
of the K} mesons generated coherently in the passage
of a beam of Kg mesons through matter, and thus com-
pletely solves the problem we had set for ourselves.
Let us now go on to the treatment of the incoherent
generation of K{ mesons.

The incoherent generation of K? mesons occurs
owing to two processes: the diffraction scattering of
K® and K° by nuclei and the elastic scattering by in-
dividual nucleons. The K° mesons so produced move
in the. direction of the scattered K® and K° waves, and
thus can be distinguished experimentally from the co-
herently produced K‘l’ mesons, whose direction of mo-
tion coincides with that of the primary beam. Figure 9
shows the angular distribution F(cos 6) of the K
mesons generated by KJ mesons in passing through
an iron plate. (18] The distribution F(cos 8) shows
a distinct peak at 6 = 0, which is formed by the co-
herently produced K? mesons. At somewhat larger
angles F(cos §) consists mainly of K} mesons which
arise in the process of diffraction scattering of the
K° and K waves by nuclei. Finally, at angles 6 > 10°
the main contribution to F(cos 6) is that of the K}
mesons that arise in the process of elastic scattering
of the K® and K® waves by individual nucleons. Let
us consider the process of diffraction generation of
K0 mesons at small angles. The cross sections for
diffraction scattering of K® and K° mesons by nuclei
are described by the respective amplitudes f(0) and
£(0). Since the primary beam was in the K) state,

Kg=V—‘E-(K°—1?°),

the diffraction-scattered wave can obviously be rep-
resented in the form

K aiss =T}§ {f (0)%(1(2 K9 — f(()) (K° K”)}

= M{lf (0)—F (01 K3-+1(0)+7 (0] K3}

Thus the amplitude of the diffraction-generated K}
mesons is
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FIG. 9. Angular distribution of the K} mesons generated in a

beam of K mesons in its passage through an iron plate, in the
experiment of Good and others.[**] The data plotted give the sum
of the distributions F(cos &) for plates of thicknesses 3.6 and
14.5 cm. The smooth curve corresponds to the distribution Fgj¢f
(cos ) of the diffraction-generated K{ mesons, with normalization

adjusted to the experimental data.

far= 5 1 (©)—F(O)).

The amplitude f,; determines the number of K me-
sons produced in the layer dx and passing on through
the thickness L —x in the direction of the incident
beam:

=|fa P Ne ”Wl dx (20)

( al d1ff (Kl)

Here N is the nuclear density of the matter and Q is
the solid angle. Integrating the expression (20) over
X and using the notations (18), we get

a7 gige (K3)

T dQ (1)

=|ful? NA(1—e).

The incoherent generatlon of K0 mesons owing to
elastic scattering of K and K° mesons by individual
nucleons has a realtively broad angular distribution
and makes no appreciable contribution to the number
of K? mesons moving in directions at small angles
(0 =~ 0°) with the beam.

The study of the coherent generation of K} mesons
in a beam of K} particles can be used to determine the
mass difference of K} and K} mesons. This follows
directly from the relation (19). It is also seen from
Eq. (19) that the intensity of the coherently generated
K} mesons depends on the amplitudes £(0) and f(0),
which at present are not very accurately known. We
can eliminate the unknown amplitudes f and f if we
take the ratio of the intensities of the coherent and in-
coherent processes of production of K} mesons at
small angles (6 =~ 0°) with the primary beam. From
Egs. (19) and (21) it follows that this ratio is given by

N2
41\1A<2’t

T (14482 (1—e Y

!
[etdl —¢ ‘le_

(22)
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For a plate thickness L much larger than the life-path
A = vyt of the K} meson, I = L/A — «, the formula
(22) takes a particularly simple and perspicuous form

w) =

1612 N Ax2
1-4A2°

R(l— (22a)
This way of determining Am was proposed in 1958
by M. Good. {23 The experiment was done in 1961 by
R. Good and others.t3) In this experiment a well col-
limated beam of K} mesons passed through a bubble
chamber, inside which an iron (or lead) plate was
placed in the path of the Kg mesons (Fig. 10). The
angular distribution F(cos 6) of the K‘l’ mesons pro-
duced in this plate and registered by decays into two
mesons is shown in Fig. 9. This distribution F(cos 6)
clearly shows a peak at angles 6 = 0° formed by the
coherently generated K0 mesons. At somewhat larger
angles F(cos 6) is made up mainly of Kl mesons pro-
duced owing to diffraction scattering of K and K° by
nuclei. Finally, at angles 6 > 10° the main contribu-
tion to F(cos 6) is that of K} mesons that arise in
processes of elastic scattering of K° and K® waves
by individual nucleons. It can be seen from Fig. 9 that
the ratio R for the coherently produced and diffraction-

produced K‘l’ mesons can be rather reliably determined.

Equating the ratio Rgy,, found in this way to the theo-
retical value (22), the authors were able to obtain the
value

_ +0.29N\ #_
am= (086 1002

The values of Am obtained in this and other re-
searches are shown in Table I.

HT

” FIG. 10. Schematic
representation of the pro-
pane bubble chamber in
the experiment of Good
and others.[*?]

Table I. Values of the mass difference Am
of K} and K} mesons found from the
data of various papers

Dm in units
A/r=6%10° eV

Refer-

ence

Method

The distribution W (t)

[see Eq. (7)] 1.94-0.3 n
1.540.2 10
. 0 .
Cohe:ent generation of K| in 0.84+0-29 1
a K; beam | H 0,22

5. WHICH IS HEAVIER: K! OR K}?

The present theory of weak interactions does not
give any answer to the question: which is heavier, the
K? meson or the Kg meson? In the experiments on
the difference between the masses of K} and K} which
we have discussed it was possible to determine only
the absolute value of Am. For the determination of
the sign of Am other experiments have been proposed,
which are also based on the use of the wave properties
of beams of neutral K mesons. As yet, however, there
are no experimental results. One such proposed ex-
periment is as follows.[15] A beam of K} mesons is
sent through two thin plates A and B, which are made
of different substances and separated by the distance
x = vt, where v is the speed of the K} mesons. As the
result of passage through plate A there appears in the
beam an admixture of K{ mesons which have been co-
herently produced and are moving in the same direc-
tion:

K} —a:K)+ a,K°. (23)
The dependence of the amplitudes a; and 4, on the
thickness of the plate is described by Eq. (15). For the
case of thin plates, for which the admixture of K} me-
sons that arises in passage through the plate is small,
the relation (23) can be written approximately in the
form

K} — K} +a,K? (ag € 1). (24)

The expression for the amplitude a, has been obtained
earlier [ see Eq. (16)]. It follows from Eq. (16) that
for thin plates (kL <« 1, where L is the thickness of
the plate) the amplitude a;(L) of the K} mesons co-
herently produced in plate A is given by

vkL (ng—n4)

— i
=qae 4
5 Al

ay (L) ~
Here ap and ¢ A are real numbers which character-
ize the properties of plate A (we recall that the in-
dices of refraction n and n are complex numbers ).
At the position of plate B the amplitude of the K} me-
sons produced in plate A is written

. ¢
ip imyt— —
aqe e 21,

(25)

where t is the time of flight of the K mesons through
the distance x = vt between plates A and B. In plate
B the Kg mesons of the beam * generate a new ‘‘por-
tion” of coherent K} mesons with the amplitude

: t
i imgl— —
~%B e 2 212,

age (26)

Thus the amplitude a; of state K? beyond plate B is
the sum of the amplitudes (25) and (26):

*Because the thickness L is small the composition of the
beam changes only slightly in passing through plates A and B,
and is still mainly K] mesons.
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t t
myt— L e imat— -
4 ggeBe 2y,

ay=a,e'% ¢
The intensity I(K ) of the K° mesons beyond the sec-
ond plate is determined by the square of the absolute
value of the amplitude a;:
-t -1
I(K)={aP=0je T+ope ™

t t
+2a40e 21 2tzcos (Ap-+-Am-1). @27
Here Ap = oA —¢p and Am = m,; —m,. By observing
the oscillations of I1(K}) described by the term
~ cos (Ap + Am~+t) in the expression (27) as a func-
tion of the distance x = vt between the plates, one can
in principle find the sign of Am. To do so, however,
one must know the quantity A¢ = ¢ A —¢@R. The phases
@A and ¢p must be determined independently, for ex-
ample from experiments on the scattering of K° and
K’ mesons by the nuclei of which plates A and B are
composed.

Another method for determining the sign of the
mass difference Am has been proposed by U. Cam-
erini and others.[!] Figure 11 illustrates the idea of
this experiment. A beam of neutral K mesons, which
is initially in the pure K state, undergoes scattering
by a nucleus (or a nucleon) after the time t’. Among
the scattered neutral K mesons one selects the cases
of decay into two 7 mesons, i.e., one selects the K?
component. The dependence of the intensity of the K‘l’
component on the time t’ is different for the cases
my > my and my < my, where m; and m, are the
masses of K‘i’ and Kg mesons. In fact, the amplitude
of the beam of neutral K mesons at the point of scat-
tering ‘“2’’ (see Fig. 11) can be written
i‘mlt ~ 9% — Ko

’ t
1 KO_L.KO + -KO0 1m2t —m] .
"T/—

vz V3

In the process of scattering at the point ‘‘2’’ the am-
plitude K{t’) is changed in the following way:

K ()=

: ,_L . " i’_
K({)— K (t')scat= % [fK° (e it 21 -I—elmﬂ 21e)

imatr_ b ot A
+ f—i(vo (e!mll T e‘l‘mzl 2_(2)],
2
ALY
P N
" \\\ 3
~ K¢ decay
AN J/ 1
\
o
r'
,r'

FIG. 11. Scheme of experiment proposed by Camerini and
others[*¢] for the determination of the sign of the mass difference
of K{ and K mesons.
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where f and f are the respective scattering ampli-
tudes of the K® and K° components From this we
can easily find the intensity I1(K}) of the K} compo-
nent at the point of the decay ‘3"’

IK)=ge S FE4IT @ fte )

7 '

N & i P9
+2(fP =171 e 2t " cos (Amt')+ 2 Re (/%) (¢ — ")

_TatTs ,

+4 Im (ff*)e zuw “sin (my—my)t').

The expression for 1(K}) depends on sin (m, —m,)t’,
and thus is different for the cases Am = my-m; >0
and Am < 0. At the same time, it can be seen from
the expression for I(K?) that to determine the sign
of Am it is necessary to know the amplitudes f and
f, which at present are not well enough known. It is
interesting to point out that I(K‘i)) has only an expo-
nential dependence on the time t: the oscillating terms
in the expression for I(KJ) are functions of the time
t’ only. A picture taken with a propane bubble cham-
ber of an event in which a K® meson is scattered by
a proton and then undergoes K — 27 decay is shown
in Fig. 12.

6. THE WAVE PROPERTIES OF A SYSTEM OF
NEUTRAL K MESONS

Interesting features of the wave properties of the
system K'K? have been considered by V..I. Ogievetskil,
E. O. Okonov, and M. I. Podgoretskii.[1"] A K'K® pair
can be produced, for example, in the reaction 7~ + p
— K%+ K’ +n. The system K°K° has the definite
strangeness S = 0, and also the definite value of the
combined parity CP = +1. This last is because under
charge conjugation C a boson-antiboson system ac-
quires the factor (-~ 1) this same factor also appears
as the result of space inversion P. Thus the CP trans-
formation leads to multlphcatlon of the wave function
of the K'°K? system by (-1)% = +1.

The decay of the system K*K? can occur according
to the schemes KJK{, K}K, or KJK!. Because they are
composed of identical particles, the systems KK} and
KJK? always transform with an even value of the orbital
angular momentum I. Therefore the combined parity
of such pairs is always +1. The system KK} can
transform with any value of I, and therefore its com-
bined parity is CP = (-1) +1 From this follows the
extremely interesting situation in which the decay
scheme (K°K°, KgKg, or Kng) is a detector of the
parity of the orbital angular momentum of the system
K°K’. For example, if the KK? pair is produced near
threshold, so that I = 0, the decay can occur only ac-
cording to the schemes KJK! or KJK3, but not accord-
ing to the scheme KJKJ. The paper cited gives a de-
tailed study of the change with time of the composition
of a beam of two neutral K mesons which began as
K'K® pairs. In such beams there arise characteristic
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FIG. 12. a) Photograph showing scattering of a K® meson by a
proton and its subsequent 27 decay. The time between the pro-
duction of the K® meson and its scattering is 1.1 x 107*° sec.
(from[“]) b) Diagram of the process shown in Fig. 12 a.

beats, whose period does not depend solely on the mass
difference Am of K{ and KJ mesons. By studying
such beats one can in principle determine the sign of
Am. We do not give a more complete description of
the results obtained in [1"] because there are no cor-
responding experimental data.

7. LEPTONIC DECAYS OF NEUTRAL K MESONS.
THE AS = AQ RULE
The leptonic decays of neutral K mesons
nEfe¥ 4w,
4
nE +p¥Fi4v

(28a)
(28b)

lead to possibilities for observing specific interfer-
ence effects. Let us use the following symbols for the
amplitudes for leptonic decays of K® mesons*

*For definiteness we ate considering the ‘“electronic’’ de-
cays of neutral K mesons. Everything that will be said, except
the absolute magnitudes of the amplitudes a and b, also applies
to the “y-mesic’’ decays K—n* + u¥ + v.
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(K°/n"e*vy=a, (KO/atev)=b.
Then the amplitudef for the charge-conjugate proc-
esses of decay of K’ mesons are

(K°/n*ev) = a*, (Ko /n™e v) = b*,

where a* and b* are the complex conjugates of the
quantities a and b. If we make the usual assumption
that the combined parity CP is conserved in the de-
cays of K mesons, the amplitudes a and b must be
real. Taking a and b to be real and using the rela-
tions ), we get the following expressions for the am-
plitudes of the leptonic decays of K{ and K} mesons:

(KO we vy = (K me'v) = T/Lz_((hLz)), ) -
(Ky/n*ev)= —(Kj/ne'v)= %(b-—a). J}

Let us now consider the probabilities W for the decay
processes K—r"+e +v and K—~7 +e*+v ina
beam of neutral K mesons which is initially (at t = 0)
in the pure K® state:

1
Ko= S (K14K3).
From the relations (4) and (29) it follows that
, t t 2
W e v) = 3@ty e I 4 (b—a)e” T HE

T1+7T2

t t
= %{(a -+ b)% Vit (a— b)’e‘ﬁ—i— 2 (b2 —a?) e 2miay tcos (6¢)},

Win +e+v)=

T1+Ts

t i
= (@)% Vi 4 (a — b T — 2 (B2 —a?) e TRy ‘cos (81)),

S=E,—E, ~ r%n_ .

(30)
It can be seen from Eq. (30) that the expressions for
Wi{r*+e +v) and W(r +e*+v) contain not only
exponentially decreasing terms but also oscillating
terms which depend on Am.

The relations (30) can be used for the experimental
determination of the ratio b/a (for a known value of
Am). Theory (the Sakata model of the weak interac-
tions ) predicts b = 0. The equation b = 0 follows
from the application to the processes

K sntt+e +vand KOsn e +v

of the rule AS = AQ,* which follows from the fact that
in the Sakata model there are no interactions with AT;
= 3/2 for the strongly interacting particles. It can be
seen from Eq. (30) that the AS = AQ rule, i.e., that

b = 0, leads to the equation W{r" +e” +v) = 0 at

t = 0, where there is a pure K® state. Furthermore,
as the ‘“‘age’’ of the K mesons increases the proba-
bility of the decay K — 1% + ™ + v will vary in accord-

*The rule AS = AQ means that in processes occasioned by
weak interactions the change of strangeness of the strongly in-
teracting particles is equal to the change of their charge.
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ance with the value of Am. Another effect of the van-
ishing of the amplitude b is that the probabilities I'(L)
of leptonic decays of K} and K) mesons are equal:
I;(L*) = I',(L*). This can be seen from Eq. (29),
which gives immediately

Fi(L*)z-;_IaJ,-b]”, I‘Z(L*)=§|a—b|”

The hypothesis that T'y(L) = I';(L) has been used by
Crawford and others ("} in the determination of the
quantity 7, (see Sec. 2). As has already been pointed
out in Sec. 2, however, a number of experiments have
given indications that the Sakata model does not apply
to the decays of K mesons; it has been observed that
T{(L) = Ty(L), i.e., the amplitude b is not zero. Im-
provements in the accuracy of these results are of
very great importance for the construction of a theory
of the weak interactions. Let us consider these ex-
periments in somewhat more detail. In (8] o separated
beam of K' mesons was sent through a 75-cm propane
bubble chamber, in which observations were made on
the <“V-forks”’ from the leptonic decays (28a) of neutral
K mesons produced in the charge-transfer reaction

K* +n— K + p. Thus the initial state (at t =0) in
this experiment was a pure K wave, and the proba-
bilities of the observed leptonic decays K—r" +e” + »
and K— 7~ + e’ + v must be given by Eq. (30). Using
the value of Am found in other experiments, [10:11,13]
the authors came to the conclusion that their observed
dlstrlbutlons in time Wexp(" +e +v) and Wexp(m
+e*+v) [see Eq. (30)] are consistent with the values

I‘ 1(L)
T2 (L)

2 —0.55%)% and —12%8.

The leptonic decays of neutral K mesons have also

been studied by Alexander and others (%) in a 180-cm

hydrogen bubble chamber. The ratio they found,
I'y(L)/Ty(L) = 6.6§, corresponds to

b a +0,12
or 7~0 44“0 00 *

The small number of cases observed did not justify a
preference for either of these two possibilities; the
value

0,1
=0.44%0" 12

is in good agreement with the result of Fly and others 8]

40,08
——O 8575 4z -

The fact that the amplitude b is not zero means that
the interaction that leads to the leptonic decays of K
mesons allows transitions with AT = 3/2, which are
incompatible with the Sakata model of the weak inter-
action. The experiments ©%:8] that have been mentioned,
which indicate violation of the rule AS = AQ, decidedly
complicate our ideas about weak interactions, which
had hitherto fit so well into the framework of the Sakata
model. Owing to this it is a matter of very great inter-
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est to get further confirmation of the experimental re-
sults obtained in [%:%], and improved accuracy in the
values.

8. THE ISOTOPIC PROPERTIES OF NEUTRAL K
MESONS

The K° meson forms an isotopic doublet with the K*
meson, and the K° meson forms an isotopic doublet
with the K™ meson. Thus the isotopic spin of the K
meson is Tk = 1/2 Isotopic spin is not conserved in
the decay of strange particles: theory (the Sakata
model of the weak interactions) predicts only quite
definite rules for the change of the isotopic spin in
the 7-meson decays of K mesons: AT = Y%, %. We
can affirm, however, from all of the experimental
data on the decay of strange particles, that the am-
plitudes for transitions with AT = 3/2 are much smaller
than those for transitions with AT = 1/2. Let us con-
sider what consequences follow from the application
of the rule AT = I/2 to the decays of neutral K mesons.
First of all we must call attention to the fact that the
lifetimes of charged and neutral K mesons against 2r
decay are very different:

T (K} — 2n) =1.10"° gec,
T (K" — 2r) = 5-.10-8 sec,

and this is in excellent agreement with the rule AT
=Y. Infact, the 7 mesons from the decay K* —r*
+ 70 can only be in a state with T = 2. It is easily
verified that the states with T = 0,1 are forbidden.
Since the isotopic spin of the K meson is Tk = /2,
this reaction can go only with AT =%,. On the other
hand the decay K} — 27 can occur with AT = Y%, and
this means that the probability of this process is
larger by a factor 500. Applying the rule AT =Y, to
the processes K} — 7'+ 7 and K{— 2%, we can cal-
culate their relative probability

I'(K} —>at+a7) _1
I'(K}— n*-4-n7)4 T (K} — 2n9)

R == = E‘ .

The experimental value of R is Reyp = 0.30 + 0.05.
Applying the rule AT =Y, to the decays of K* and K’
mesons into three m mesons and using the principle of
isotopic invariance, we get

IF'K;—3n%):T (K}— n* 45"+ n0) =2,
T (Ky— 3m):T (K" — 3m) =1,2.

In finding these ratios we have also taken into account
the difference of the masses of 7+ and 7’ mesons,
which leads to some change of the respective phase vol-
umes. The use of the rule AT = Y, enables us to get
from the experimentally known lifetimes of K* mesons
against decay into various channels predictions of the
probabilities of the various types of decay of the K
meson:

I=4.6-108 sec_1
I'=2.3.10¢ sec™ !,

K5 —> 3m,,
K}— a4 4o,
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K)— e 4-v+m, [=3.4-10° sec” !,
K)—> e +v+n, ['=3.4.10° sec™?,
K'—>p' 4v+4a,  I'=33.10° sec”?,
K'—p +v+a’,  T=3.3.10° sec™,

From this we get as the total probability of decay of
the K meson I'(KJ) = 20.3 x 10® sec™!, which cor-
responds to the lifetime 7(KJ) = 5 x 1078 sec. This
value of 7(Kj) is close to that found experimentally.
The ratio predicted (for AT = %)
Tpla*+n-n®)
Iy (L¥) -

2,3-108

13,4100 =017

is also in good agreement with the experimental value (3]

L@+ +ah _ 0,4640.02.
T, (L¥)

The probabilities of leptonic decays of Kg mesons have
been measured in a number of researches. %3] The
results obtained are shown in Table II. In [5:18] the
leptonic decays of neutral K mesons were studied at
rather large distances from the place where the me-
sons were produced: that is, the pure K} state was
selected experimentally. In the experiment of Craw-
ford and otherst?] it was impossible to distinguish the
K? and Kg decays experimentally (see also Sec. 2):
the value of I'y shown in Table II was obtained in that
paper on the assumption that I'y(L¥) = I‘Z(Li). A
comparison of the data of Table II with the predic-
tions of the Sakata theory of the weak interactions
shows that within the limits of experimental error
these results are not in contradiction with the theory.
At the same time, the obtaining of more accurate val-
ues of the probabilities of the various branches in the
decay of K mesons is now of very great importance in
connection with the experimental indications of a vio-
lation of the Sakata model in the decays of neutral K
mesons, which were described in Sec. 7.

The reader will also find discussions of various
questions connected with neutral K mesons in [187213,

Table II. Experimental probabilities I'y(L)
of leptonic decays of K} mesons

Probability [, Refer-
Decay sec™! : ence
et fn¥ fw (9.342.5)- 108 5
0
Ei >\ pxdnFiw (20.417:2).108 ?
Ky »ertn¥Tlw (6,242,0)-108 18
Ky > pELla¥tly (5,64-3,0y.108 18
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