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A method for determining the mass difference of the K? and ~ mesons is proposed which 
makes it possible to find not only the absolute value of this difference but also its sign. The 
method is based on the observation of the interference of the K~ mesons produced in plates 
of various substances by a beam of K~ mesons. 

IT is well known that in vacuum the K0 meson and 
the RO meson behave like coherent superpositions 
of time-even (K~) and time-odd (K~) mesons1•2: 

1<0 =(I<~+ I<~)/ V2, K0 = (J<~- I<~)/ V2, 
(1) 

The K~ and K~ mesons have different properties 
in relation to weak interactions; the result is that 
these two mesons have different decay modes and 
.different lifetimes. The time-even meson K~ is 
short-lived (TK~ = (1.00 ± 0.04) x 1o- 10 sec*) and 
decays mainly into two mesons (K7r2 decay). The 
time-odd meson K~ is long-lived (TKO= (6.1 ~ U> 
x 10-8 sec), and its main decay modes2are K7r3, 

K,_t 3, and Ke3 • 

As was pointed out in the original paper by 
Gell-Mann and Pais, 1 the K~ and K~ mesons must 
have slightly different masses, because of the dif­
ference between their weak interactions. If the 
only transitions permitted in weak interactions are 
those with .6-S = ± 1, where S is the strangeness, 
then this mass difference must be of the order 
(cf. e.g., the paper by Zel'dovich4 ) 

flm ~ g2m K~ 1 I 't" 0 ~ 1 010 sec-1~ 1 o-s ev' (2) 
Kl 

where g2 ~ 10- 13 is the square of the weak-inter­
action constant and mK is the mass of the K 
meson (n = c = 1 ). If transitions with .6.8 = ± 2 
were permitted, the mass difference would be5 

flm ~ gmK ~ 1016 sec-1• (3) 

Experiment6 evidently indicates that .6-m ~ 1010 

sec-1, and consequently that transitions with .6.8 
= ± 2 are forbidden. 

Unfortunately, because of the lack of a consistent 
theory of the strong interactions, even if we assume 
that transitions with .6.8 = ±2 are forbidden, we 

*These data are taken from the report by Alvarez at the 
Kiev Conference of 1959.3 

can predict only the order of magnitude of the ab­
solute value of the mass difference .6-m. At 
present we can say nothing definite about the sign 
of .6-m, i. e., about which is heavier, the K~ meson 
or the K~ meson. 

The experiments considered so far by a num­
her of authors also cannot answer this question. 
For example, there is much discussion of an ex­
periment for the determination of .6-m in which 
one measures the number of R0 mesons that ap­
pear in a beam originally composed of K0 mesons 
only. One can measure the number of R0 particles, 
for example, by placing in the path of the beam 
plates in which the R0 mesons will be captured 
with the production of hyperons. It is easy to see 
that in such an experiment one cannot measure the 
sign of .6-m, since the number of KO mesons pro­
duced in the time t is an even function of .6-m: 

(4) 

"-1 = 1 I -r l(o' "-2 = 1 I -r o , 
1 Kz 

t is the characteristic time of the K meson. (sic) 
In the present paper we suggest a method for 

experimentally determining the sign of .6-m. 
The proposed experiment uses interference 

phenomena which must occur in a beam of neutral 
K~ mesons, and will be possible only if .6-m 
~ 1010 sec-1• 

Let us consider a monochromatic beam of Kg 
mesons which strikes a target consisting of two 
thin plates (a and b), which are in general made 
of different materials and are separated by a cer­
tain distance l ( see diagram ) . 

-Kzo--1=, =f.j 
0 h 

It is well known, that K0 and R0 mesons have 
different interactions with atomic nuclei. We can 
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describe the passage of the K -meson wave 
through plate a by introducing indices of refrac­
tion na for K0 mesons and Jla for K0 mesons: 

na = 1 + 2nk-2 Nafa (0). (5) 

Here k is the momentum of the incident K~ 
mesons, fa ( 0) is the coherent scattering ampli­
tude for K0 mesons scattered at angle 0° by the 
nuclei of plate a, and fa ( 0) is the corresponding 
quantity for K:0 mesons; Na is the number of atoms 
in 1 cm3• Analogous formulas hold for plate b. 
After passage of a beam of Kg mesons through a 
thin plate there is an admixture of K~ mesons in 
the transmitted wave: 

K~ = (K0 - K0) I Jl2 ~ (1 + ikdana) K0 I V2 

- (1. + iknada) Ro 1 V2 = [ 1 + ikda (na + na) I 21 Kg 
+ ikda (na - na) K~ I 2, (6) 

where da is the thickness of plate a. If we intro­
duce the notation 

1 kd ( -)- icpa -.- a na- na - rae ' 

tan cpa = Im (fa (0) -fa (O)IRe (fa (0)- fa (0)), 

ra = nNdak-1 {[Im (fa- fa)l2 + [Re (fa -fa)l2 }112 

(7) 

(8) 

(9) 

the amplitude of the ~ wave after plate a is of 
the form 

K~ ~ira exp {icpa + ik1x- l..~x I 2}, 

I..~= l..1 I V1Y1, k1 = V ro2 - mi, 
(10) 

It follows from Eq. (6) that in first approxima­
tion we can neglect the weakening of the K~ wave 
in the thin plate a; similarly, we can neglect the 
weakening of the K¥ wave in plate b. Then the 
total amplitude of the wave of K¥ mesons produced 
in plates a and b, evaluated at distance x from 
plate b (see diagram) can be written in the form 

K~- i [ra exp {i (cpa +k1l)- l..'1l I 2} 

+rb exp {i (cpb + k2l)- 1..' 21 I 2}] X exp {ik1x- l..{x I 2}, 
(11) 

where CPb and rb are quantities analogous to cpa 
and ra, and the factor exp{ ik2l-A~l/2} [where 
k2 == ( w2 - m~ )112 ] in the second term is due to the 
fact that in the interval between plates a and b 
part of the K~ wave goes over into the form of a 
K~ wave. In the derivation of the formula (11) we 
have used the condition da, db« l. 

For the total probability of ~ decays to the 
right of plate b we have 

11m= m1 - m2 , f 0 = l Ivy. (12) 

It can be seen from Eq. (12) that by measuring 
the number of K11'2 decays (in particular, of 
decays e~ - 11'+ + 11'-) to the right of plate b for 
various distances between plates a and b (differ­
ent values of t0 ) one can determine the magnitude 
and sign of D.m. It is easy to see that the sign of 
D.m can be determined only if the plates a and b 
are made of different materials. In fact, if the 
plates are made of the same substance, then it 
follows from Eq. (8) that D.cp == 0 and w ( K11'2 ) is 
an even function of D.m. 

It can be seen from Eq. (12) that it is advan­
tageous for D.cp to be close to 11'/ 2. It is obvious 
that in order for D.cp to have the optimal value the 
nuclear properties of plates a and b must be 
very different. Evidently it is desirable to make 
one plate of a substance with a small atomic num­
ber and the other of a substance with a large atomic 
number. 

The formula (12) shows that to determine the 
sign of D.m from this experiment we must know 
the sign of D.cp. For this, in turn, we must know 
the signs and magnitudes of Ref ( 0) and Ref( 0) 
for the plates a and b and the magnitudes of 
Im f ( 0 ) and Im f ( 0) (as is well known, the signs 
of these latter quantities are always positive). For 
light nuclei the information we want can be obtained 
from data on the interactions of ~ and K- mesons 
with these nuclei, if we use the isotopic invariance 
of the strong interactions. 

An analysis of the experimental data on the 
interaction of ~ mesons with protons indicates 
that the interaction of ~ mesons with nuclei at 
energies ~ 100 Mev mus!_ evidently be of the nature 
of an attraction, i.e., Ref ( 0 ) > 0. This follows 
from the fact that the real part of the amplitude for 
the scattering of a K- meson by a nucleon is posi­
tive both in the state with T == 1 and also in the 
state with T == 0 ( T is the isotopic spin). 

For ~ mesons the situation is less definite: it 
is known that the amplitude for the scattering of K+ 
by a nucleon in the state with T = 1 is negative 
( repulsion), but the data on the interaction of the 
K+ meson with the neutron is so incomplete that no 
definite conclusion can be drawn about the sign and 
magnitude of the amplitude with T == 0. Therefore 
so far we can say nothing about the sign of Ref ( 0). * 

*If the amplitude with T = 0 is small, as the experiments 
evidently indicate, we may suppose that Ref(O) < 0. 
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It follows from Eq. (12) that the number of K~ 
mesons that must be sent through the pair of 
plates a and b in order to observe one ~ decay 
to the right of plate b is of the order of magnitude 
of rl)2. 

If in the expression (9) for r we neglect f ( 0) 
in comparison with f( 0 ), we get 

(13) 

Assuming that plate b is made of copper and is of 
thiclmess d = 2 mm, and taking 

c;x• (Cu) = :rtr~A'f,~ I0-24cm2 , 4:rt 1 fx)O) [2 - "x. 

for K mesons of energy 40 Mev, we get r£2 = 4 

x 105• If we use the fact that the decay e~- 71"+ 

+ 1r- comprises two thirds of all decays of ~ 
mesons, we find that to observe one decay e~ 
- 1r+ + 1r- one must send about 600,000 ~ me­
sons through the plates. 

The proposed experiment can also be made 
with a nonmonochromatic beam of Kg mesons, if 
from the kinematics of the decay e~ - 71"+ + 11"­

we determine the momentum of the incident K~ 
meson and thus determine the time t 0 for each 
case of decay. 

The experiment considered above is of course 
not the only possible one. For example, instead 
of observing decays e~- Tr+ + 11"- to the right of 
plate b, one can register the production of hy­
perons in this plate. The number of hyperons pro­
duced in plate b is proportional to the density of 
RO mesons in the plate, and this quantity is in turn 
proportional to 

i-+exp{-A.1t0 j2}rasin(cpa-1'1.mt0) (14) 

(in this formula we have neglected terms of order 
r 2 and terms of order A.2to). 

This version of the experiment has the impor­
tant disadvantage that the effect in which we are 
interested is in this case a small correction of 
order r added to the term % (the presence of the 

plate a causes a slight change of the number of 
hyperons that are produced in plate b). Therefore 
we think that the version of the experiment con­
sidered before is better. 

We note that the sign of ~m can be obtained if 
we study the interference effects in the decay 
~,2 - 1r+ + 1r- + 1r0 that have been considered re­
cently by Weinberg and Treiman.7 The experi­
mental study of these effects is, however, evi­
dently much more complicated than the experiment 
we are suggesting. 

The writers are grateful to V. I. Veksler, 
Ya. B. Zel 'dovich, I. Ya. Pomeranchuk, and B. M. 
Pontecorvo for their interest in this work and for 
helpful discussions. 

Note added in proof Quly 19, 1960). In the actual experi­
ment it is advantageous to use thick plates, since this in­
creases the yield of K~ mesons. The calculation for the case 
of thick plates has been made by S. G. Matinyan. For -1 em 
of copper the yield of K~ mesons is 10-•. 

1M. Gell-Mann and A. Pais, Phys. Rev. 97, 
1387 (1955). 

2Ioffe, Okun', and Rudik, JETP 32, 396 (1957), 
Soviet Phys. JETP 5, 328 (1957). L. D.Landau, 
JETP 32, 405 (1957), Soviet Phys. JETP 5, 336 
(1957). Lee, Oehme, and Yang, Phys. Rev. 106, 
340 (1957). 

3 L. Alvarez, Tp. KHeBcKoH KoHilJepeH~HH no ilJ113!1Ke 
BbiCOKHX 3HeprHtl: (Proceedings of Kiev Conference 
on High-Energy Physics) (in press). 

4 Ya. B. Zel'dovich, JETP 30, 1168 (1956), 
Soviet Phys. JETP 3, 989 (1956). 

5 L. Okun' and B. Pontecorvo, JETP 32, 1587 
(1957), Soviet Phys. JETP 5, 1297 (1957). 

6 Boldt, Caldwell, and Pal, Phys. Rev. Letters 1, 
150 (1958). 

7 S. B. Treiman and S. Weinberg, Phys. Rev. 
116, 239 (1959). 

Translated by W. H. Furry 
119 


