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A possibility is discussed for setting up a system of the baryons and mesons based on the pos
tulate that there is a single "elementary" baryon and a single "elementary" meson, with a strong 
interaction between them. The "elementary" particles chosen are an isotopic singlet baryon !;r 

with strangeness - 3 and an isotopic doublet of mesons K+, K 0 with strangeness + 1. Conclu
sions are obtained that agree qualitatively with the known experimental data on processes that 
involve "strange particles." Some qualitative results on form factors are obtained. 

As the result of the great achievements of experi- Thus we shall assume that there exist only elec-
mental high-energy physics, during the last decade trically neutral and singly charged baryons and K 
a number of new unstable particles have been dis- mesons. 
covered- the hyperons and K mesons. The foun- We shall suppose that the "elementary" baryon 
dations of the systematics of these particles have is the hypothetical negatively charged ~r hyperon 
been laid in the well known papers of Gell-Mann of the G-N scheme, an isotopic singlet (I= 0) with 
and Nishijima (the G-N scheme ).1 But such a strangeness S = -3 and usual baryon spin (s =half-
large number of "elementary" particles is in integral number). 
some respects surprising. Therefore doubts as We assume that the "elementary" light particle 
to their elementary nature arise from time to is the isotopic doublet ( K+, K 0 ), I = 1/ 2 , which is 
time. This gives rise to attempts to represent the a boson in ordinary space ( s = integer) and has 
known particles as some sort of composite struc- strangeness S = + 1. The antiparticles of our 
tures, so as to diminish the number of "elementary" chosen particles will be "fi+ and (K-K0 ), re-
particles, and also to restrict the set of the inter- spectively. 
actions. We define a strong UK interaction and begin the 

We present here one more possibility, which construction of the series of baryons with the iso-
we believe has not been discussed so far; retain- topic doublet of the :S hyperons; we define their 
ing all the baryons and mesons that are known and structure by combining n- with each of the two 
predicted by the G-N scheme, we can nevertheless K mesons we have postulated, i.e., in the form* 
decidedly diminish the number of "elementary" par
ticles. 

It would be extremely attractive to leave in the 
systematics only one "elementary" baryon and 
only one "elementary" light particle. Remaining 
within the framework of the G-N scheme, we can 
limit our choice to the isotopic singlets n-, A0, 

and z+, with the respective strangenesses -3, 
- 1, and + 1. The most interesting possibilities 
are obtained with n- and z+, with which we can 
associate as the "elementary" light particles the 
isotopic doublets ( K+K0 ) and ( K-R0 ), respectively. 
The sets n-, K+, K0 and z+, K-, R0 are sym
metric with each other. An explanation of the vari
ous effects can be given with either one or the other 
type of theory. In what follows we shall use the 
type with ~r, K+, K 0, since it seems to us that 
it corresponds more to the known experimental 
data. 
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We then define the structure of the sequence of ~ 
hyperons, an isotopic triplet, by combining two K 
mesons with the n- in the three possible ways, 
namely 

It is known that the ~ 0 hyperon cannot exist long 
and goes over into a A0 hyperon by a fast electro
magnetic transition. This could be explained by 
assuming that it is not possible for the K+K0 pair 
to exist together near the ~r , and that through a 
strong K+K0 interaction (in an isotopic singlet 
state) it forms a bound state w+ = (K+K0 ), which 
could be understood as a meson with the strange-

*In the type of theory with z+, K", K0 the construction 
begins with the isotopic doublet of the nucleons, according to 

+- + the scheme p = (Z K0), n = (Z K"). 
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ness S = +2, isotopic singlet, predicted by the 
G-N scheme. 

Thus the structure of the isotopic singlet A0 

hyperon can be written in the form A0 = ( n- w + ) . 
Continuing with the addition of K+ and K0 mesons, 
we get the structure of the isotopic doublet of the 
nucleons in the form 

Now, in virtue of our original assumptions, there 
remains only one possible structure z+ = (rrw+w+ ), 
which corresponds to a hyperon that is an isotopic 
singlet with strangeness S = + 1, which is also con
tained in the G-N scheme. 

From the pairs of particles (K+K0 ) and anti
particles (KoK-); in combination with a TITI+ pair 
we can construct four isobosons with schemes of 
the type (KKQQ ). 

We can identify the charged systems with the 1r+ 
and 7!"- mesons, and from the neutral systems we 
can construct the third component of the isotopic 
triplet ( 7!"+, 1r0, 1r- ) and a neutral isotopic singlet, 
which is contained in the G-N scheme as the p0 

meson. 
Thus, by postulating only two elementary par

ticles we have been able to construct all the par
ticles of the G-N scheme. The attraction of the 
scheme under discussion is that we can get along 
with only two particles both in ordinary and in iso
topic space, and also with only two types of inter
action. Furthermore we can identify the 1r mesons 
with the quanta of the field that gives the ( QK) 
coupling. 

Using the proposed scheme, we can get from 
the measured masses of the known hyperons esti
mates of masses for the predicted hyperons. The 
differences m:E- > m:E o > m:E + and mn > mp are 
very probably a consequence of the fact that mKO 
> mK+ (cf. reference 2). Then we may suppose 
that the :S0 particle must be lighter than the :s-
by an amount of the order of 5me ( cf. reference 3 ) . 

For the absolute magnitude of the energy of 
coupling of the K mesons with the g- one gets a 
value of the order of 1200 - 1300 me. It follows 
from this that the g- hyperon is 250 - 350 me 
heavier than the :S particle. This means that 
obviously the g- hyperon should decay by the 
schemes (if we accept the rule I t:.S I = 1 ) 

An interesting situation occurs in the estimate 
of the mass of the z+ hyperon. If we begin with: 
1) the masses of the proton and the K meson and 
their binding energy, or 2) with the mass of the 

A0 particle and the mass and binding energy of the 
w+, both routes lead to the conclusion that the 
mass of z• must be of the order of 1500 me. With 
such a mass, however, the Z + hyperon cannot be 
observed, since we know of no ways in which it can 
be converted into a stable baryon or nucleon, since 
it is lighter than the latter. The question of the 
existence of the z+ hyperon, the value of its mass, 
and the manner of its decay is extremely interest
ing. 

The scheme developed here provides possibili
ties for explaining a large number of known experi
mental facts about the production and interactions 
of hyperons and K mesons. We shall examine only 
some of them. 

It seems most natural to explain a reaction of 
the type 

:t+N->Y+K, 

by a process of dissociation of the 1r meson in the 
field of the g- particle into a pair of mesons 
( K, R: ) , followed by annihilation of the K meson 
so formed with one of the K mesons around the 
n- (with annihilation of a pair K+K- or K0R:0 ). 

In this scheme the A0 particles produced in re
actions 

1t + N ->AD+ K, 

will be produced predominantly "backward" in the 
center-of-mass system, since in this case the K 
meson leaves the composite system practically 
without interaction, moving in the "forward" di
rection, and the K meson interacts only with the 
K meson, without touching the w+ system. 

The charged hyperons from the reactions 

will have a sharp "forward" directionality in the 
center-of-mass system, since now both the K
and the R: meson interact with the Kw+ system 
in the nucleon.* 

On the other hand, in the reactions 

;:-+p-,.r;o+Ku, "-+n---+L-+Ko, 

"+ + n---+ L0 + K+, :t+ + p ->I;+ + K+ 

both of the channels that have been mentioned can 
take part. Therefore it seems that the angular dis
tributions of these reactions should be more nearly 
isotropic in the center-of-mass system, possibly 
with some preference for emergence of the :E 
particles in the "backward" direction. It would 
be interesting to check these arguments for the 
reaction 

*For experimental data on this point see reference 4. 
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n:+ + p ~> r;+ -i- K+, 

for which the experimental data known so far4 con
tradict the consequences of our scheme. 

With increase of the energy of the incident 1r 
meson a KK pair that is produced may leave the 
compound system; this leads to the production of 
K+K- and K°K0 meson pairs. With the same total 
cross section for production of strange particles 
this can lead to a decrease of the cross section for 
production of YK pairs as compared with its value up 
to the threshold for production of KK pairs (at 1r -
meson kinetic energy 1. 34 Bev). * An analysis shows 
that reactions of the type 

n:- + N -+ N + K- + K0 , n:+ + N -+ N + J(o + K+, 

that go in one step are preferred over the reactions 

1t-+p-+n+K++K-, 1t++n-+p+Ko+i(o, 

which require a further step of charge transf~r 
K+ ~K0 • 

Let us now consider the question of the interac
tion of K mesons with nucleons. We first note the 
smallness of the charge-transfer effect in the reac
tion K- + p- K0 + n, which is due· .to the necessity 
for this process to go through a link K-K+ - K0R0 .t 

Of all the reactions of the type t K- + N - Y + 1r, 

the most probable is the reaction K- + n - A0 + 1r-, 

since it goes through the process K-K0 - 1r- with
out the participation of the ~r w + system. 

Another curious point that we note is that in in
teractions of ~± hyperons with nucleons, reactions 
of the type 

0 + 
r;± + N+ -+E0 + N°, 

are more probable than reactions of the type 

E+N~>M+N, 

since the former go only through the charge-trans
fer process K+ ~ K0• 

Is the observation of the w+ particle possible? 
If it can actually exist, then the most convenient 
way to produce it is by the reactions K + N - ~ 
+ w+. If mw < 2mK, the threshold for these reac
tions must be at a K -meson kinetic energy less 
than 1.23 Bev. Decay of this particle is possible 
through the schemes w+- K + 1r or w+- 1r+ + 1fo. 

So far there are no definite experimental indica
tions of reactions and decays of these types. The 

*Such a behavior of the cross-sections for the YK and KK 
reactions has been suggested by Wang Kang-Ch'ang on other 
considerations. 

t + -.. In the Z , K-, K0 scheme this reaction is allowed, which 
is clearly in contradiction with experiment. 

+In the z+, K-, K0 scheme the treatment has to be in terms 
of a virtual KK pair around the z+. 

observation of the w+ particle is one of the basic 
problems of the scheme we are discussing.* 

We now go on to the problem of the production 
of the cascade particles :s- •0 and ~r. It is obvi
ous that the simplest way of producing the :s- hy
peron will be by reactions with neutrons, since they 
go only through the Kw+ interaction: 

R + n _, .s- + K, 1t -+- n-+.s- +K + K. 

On the other hand reactions of the types 

K- + p-+3- + W, "'- + r-.s- + W + K0 

are less probable, since for them an additional re
distribution of energy between the K+ and w+ 

mesons is required. The production of the :S0 hy
peron is possible only in reactions with protons, 

K+p-.S0 +K. 

Reactions of the type K + n - :S0 + K are less 
probable. Thus the observation of :S0 is possible 
in liquid-hydrogen bubble chambers, and the pro
duction of :s- is difficult. 

As is well known, the Alvarez group3 has ob
served the 2:0 hyperon in a liquid-hydrogen bubble 
chamber and has not observed the :s- hyperon. 
Thus the facts are in agreement with the conse
quences of our scheme. For the reasons indicated 
the reaction 1f- + p - :s- + w+ is also unsuitable 
for the observation of the w+ meson. 

The process of production of the ~r hyperon 
is still moce difficult to observe. In this case all 
the possible reactions of the type 

K+N-+.Q- +K+K. n: + N-+ n- + K + K + K · 

involve more than one stage, and their yields must 
be very limited. 

We must also note the interesting possibility of 
explaining the decay properties of hyperons by the 
mechanism of production of a virtual KK pair fol
lowed by decay of the K meson. This gives results 
in qualitative agreement with existing experimental 
data. 

Finally, we can try to draw some qualitative 
conclusions about the electric form-factors of 
nucleons. In our scheme they have the structures 

From this it can be seen that since the system 
( ~r w + ) is very tightly packed the core of the nu
cleon must be electrically neutral. t Because the 

*The _same is true of the reaction K- + p .... z+ + cu- for the 
z+, K-, K" scheme. 

t A similar picture was suggested by V. I. Veksler on the 
basis of an analysis of the angular distributions of hyperons 
from rr + p reactions. 
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outer "shells" of the proton and neutron have re
spectively ~ K+ and a K0 meson, we can suppose 
that these particles mainly determine the natures 
of the electric form-factors of the respective nu
cleons. It seems to us thatthis picture corre
sponds to the known experimental· facts. 5 

A question that could be discussed is that of the 
mean radius of the electric charge distribution in 
the proton. It may perhaps be somewhat smaller 
(by a factor of about mK/m7T"' 3) than is believed. 
A possibility that seems more attractive, however, 
is obtained by introducing the Kn coupling by 
means of 7T mesons. Then the electric radius 
of the proton will be that corresponding to the 1r 

meson, and the magnetic moments of nucleons will 
be given by the sum of the Dirac moment of the n 
particle and the additional moment of the 7T -meson 
"coat," With a mean radius of the order of that of 
the 7T -meson cloud. 

We have here dealt only with effects associated 
with the existence of the "strange" particles. We 
believe that within the framework ~f our model 
there are interesting possibilities for explaining 

many questions of the structure of nucleons (iso
bars, etc. ) , and a number of effects associated 
with them (photomesonic processes, etc.). 

The writer is grateful to Academician V. I. 
Veksler and to Chou Kuang-Chao, and V. N. 
Ogievetskil for interesting discussions of this 
subject. 
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