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I. Fundamental Assumptions 

In order to understand the interactions of elementary particles on 
the grounds of an all over viewpoint, a tentative model for the struc
ture of the particles is proposed. This is the «diatomic-molecular 
model» of the elementary particles which is sketched as follows. 

All the fermions are thought to be composed of two parts, one 
being a screwon with vanshing mass, which is described by an iso-
scalar spinor field, the other being the kernel part. With this theory 
we might compare our knowledge of the structure of the diatomic 
molecule. The kernel part produces the strong axial-symmetric po
tential, under the influence of which the screwon moves. The motion 
of the screwon can be dealt with separately from that of the kernel 
part, since the former is quite rapid compared with the latter. It 
seems likely, therefore, that the motion of the screwon describes es
sentially the mass multiplet of the isofermions. All the bosons are 
thought to be composed of two screwons+kernel part, just as the 
hydrogen molecule consists of two electrons+two nuclei. 

The fundamental interaction between the elementary particles must 
take place between the two screwons in one boson and the other two 
screwons, each in any one fermion. The mass multiplet must be in 
general common to fermions and bosons. This leads the present 
author (1) to the conclusion that all the fermions (baryons and leptons) 
must have their counterparts in the boson groups, and vice versa. 
Actually we have to distinguish between the barionic bosons and the 
leptons. 

* Present address: Department of Physics, University of Tokyo, Tokyo, 
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Bosons are assumed to be described by the real wave functions. 
This might be conjectured from the assumption that there are two 
screwons in any boson. As a result, we cannot accept the anti-K-
mesons. This is apparently at variance with the elegant theory of 
d'Espagnat and Prentki (2) about the reflection and rotation in the 
isospace. 

In fact the well-known relationship 

does not hold for the K-mesons with 8 = + 1 in our scheme. Also it 
must be mentioned that the present assumption can not include the 
particle mixture theory of Gell-Mann and Pais (3), because we only 
postulate the existence of K°-mesons which could be distinguished by 
their properties concerning the values of 8, but not by those of particle-
antiparticle relations. Instead, we understand the divergent behavior 
of K? and KJ by the singlet and triplet characters in their isospins. 
Internal potentials felt by the screwons under the influence of the 
kernel are supposed to be so strong that one cannot destroy their 
construction by means of the outer forces. Therefore, we cannot in 
general expect to observe parityc onservation, but only the com
ponent parallel to the internal axis. The perpendicular component 
is expected to be cancelled out by the time average of its swift mo
tion. The law of CP invariance must on no account be violated 
because this relates directly to the symmetry of the whole structure 
relative to the interchange of the two kernels. 

We can expect to be able to check the present statement by ex
periments. Suppose parity is violated in a certain strong interaction, 
and in an other weak interaction. We denote their coupling con
stants as g and /, respectively. According to our postulation, parity 
is conserved in their process as a matter of law, but the perpendicular 
component relative to the internal axis could not be observed because 
the internal interaction (say, superstrong interaction with the coupling 
constant (?) would precede the outer interactions even though they 
be strong interactions. Then the fraction of parity violation in exper
iments must be determined in terms of (g/O) and (//(?), for the strong 
process (g) and for the weak process (/). 

Suppose 
(ff/ff)· = 10- 1 , (//<*)• = 10-» , 
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we could in principle expect the larger deviation of parity violation 
from the maximum value. In this respect, we anticipate, that the 
parity violation for the strong processes such as 

Σ + Χ ->A + W-(glG)* 

would be smaller by a factor 

l - (//<?) 2 ' 

compared to a weak process such as 

Λ° -> π + ρ . 

Several authors (4) put forward the idea that the fundamental inter
actions are parity violating but under certain conditions parity is 
conserved for the strong interactions. It is intereseting to note that 
our model may provide a plausible reason to this idea, free from 
ad hoc assumptions. 

I t must be mentioned that our model will not suffer from the dif
ficulty of the binding energy problems. In our model, the pions are 
not considered to be composed of a nucleon and an antinucleon 
whose binding energy is enormous. We do not think that K-mesons 
with 8 = 1 are composed of Λ 0 and an antinucleon. We have only 
to assume that the screwon of the K-meson takes the quantum states 
allowable to the Λ 0 and to the antinucleon. In this manner, we are 
free from the difficulty of the composite particles model (5). 

As a consequence of the « diatomic-molecular model» of the ele
mentary particles, all the fermions are naturally assumed to be 
different states of the same particle. They are only distinguished by 
their specific quantum numbers. On the other hand, it is a general 
trend in the physics of elementary particles that their specific quantum 
numbers such as charge, hypercharge, and baryon number are no 
longer considered barriers preventing particles from being interchan
geable. 

We know two types of reactions which illustrate this statement. 
One is the decay of the unstable particles, the other being strong 
interactions. In the terminology of classical physics, the decay is 
comparable to an irreversible process while the strong interaction is 
comparable to the energy exchange in the system of the two reso
nators. In terms of quantum theory, we understand that the decay 
represents a jump from the higher level to the lower level in the mass 
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multiplet of the particles, while the strong interaction is the internal 
coupling between each component of the same level. In other 
words, if we have some reason to regard a number of particles as be
longing to the same group, we have to expect that among them there 
must be certain processes of strong interaction, and vice versa. 

The typical example for this is the meson theory by Yukawa. 
We know that the neutron and the proton can be considered different 
states of the same particle because they interact strongly and also 
show a striking resemblance in the nuclear reactions. The nucleon-pion 
phenomena present the remarkable feature of charge independence; 
both the direction and lenght of the isovector / are conserved. 

In the baryon group Ξ, ΣΛ, and nucleons are considered three states 
of the same particle, each differing in the hypercharge 8. They can 
change into each other by emitting K-mesons with 8 = +1 or 
8 = — 1. Here we notice that K-mesons with 8 = 0 are not iden
tified, while pions are found in the three types π+, π°, π~ in accor
dance with the requirement of the symmetrical meson theory. We 
postulate, therefore, the necessary existence of the new types of Κ 
mesons having hypercharge 8 = 0, for the sake of symmetrical 
argument. We suppose these new K-mesons with 8 = 0 to act as inter
mediaries between the same members of Ξ (S = — 1), ΣΛ (S = 0), 
and nucleon ($ = + 1) groups, just as the neutral pion couples with 
p-p or N-N forces. Thus we have the following processes in the sym
metrical (with respect to the hypercharge) K-meson theory: 

Ξ - > Ξ + Κ , = 0 , 

Σ - ^ Σ + Κ ,_ β , 

Λ - * Λ + Κ ,_ β , 

If we assume these Κ Λ < = 0 mesons are composed of charge triplet and 
singlet, we can easily write down the interaction Hamiltonian with 
symmetry properties. 

As the next step, possible processes in which a baryon can change 
into a lepton will be considered. Following Heisenberg and Pauli, 
we call both baryons and leptons by the general name of isofermions. 
We shall take as an analogy the meson theory of Yukawa in this 
case. Just as the positive (negative) pion can be emitted when the 
nucleon changes its state from proton (neutron) into neutron (proton), 
we shall assume that a boson, « X », with the baryonic charge + 1 (— 1) 
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could be emitted when an isofermion jumps from a baryon state (lepton 
state) into a lepton state (baryon state): 

B (1 ) - *L (0 ) + X ( 1 ) , 

L(0) -*B(1) + X ( - 1 ) . 

Here (1), (0), and (— 1) stand for their baryonic charge. In order to 
keep the stability of the baryon we must suppose the mass Mx of 
the X-meson to be heavier than that of the baryon 

Further, if we extend the idea of the symmetrical meson theory to 
this case, we have to assume the existence of a boson with the ba
ryonic charge zero, 

B ( l ) - *B(1) + X ( 0 ) , 

L(0) ->L(0) + X ' ( 0 ) . 

We see, however that the properties of the X(0)-meson are displayed 
by the K-meson group, and those ot the X'(0) meson by the pion and 
photon group. Therefore we need not introduce the unknown mesone 
for the sake of the symmetric theory. It is interesting to note that ths 
anomalous electron-neutron scattering discovered by the Stanford 
group (7) could be, in principle, directly connected with the X-me-
sons. We can in fact expect the X-process to contribute to pheno
mena through the following two processes given in Fig. 1. If we as-

N 

(I) tf_>e-+X+ (1) 

e Ν 
e Ν 

( I I ) Ν - > Ν ' + K s = o 

e -> e' + K 5 » o 

e Ν 

F I G . 1. 
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sume that the anomalous part of the e-£T scattering can be only ex
plained by the process (I) we have the following relationship 

This is a rough estimation based on the consideration of the potential 
volume for the e-Ή scattering in the anomalous part. Here ge is the 
coupling constant between the electron and the neutron, and Mx is 
the mass of X particle. If we take g\ & 1, we have Μx & 12Mn ~ 
^ 3 200 m,,, m e being the mass of the electron. On the other hand, 
the process ( I I ) , which is originally proposed by Nambu (8) requires 
the mass of MFS^0 to be of the order of 500^800. At present, we 
cannot say anything definite concerning their masses and the coupling 
constants. 

Next the question may be asked, «How many different particles 
could ever exist which could be called X-mesons? » At a first esti
mate if we imagine them to be analogous to those in the K-meson 
(X(O)-meson) group, we would have 32 types of which there would 
be 16 types with J5 = 1, and 16 with Β = — 1. One may find, on the 
other hand, that not all the baryons can change into all the leptons 
(even when emitting a certain X-meson in these 16 types just men
tioned). For instance, we have to exclude the possibility 

because this type of X-meson with double electric charge is not in
cluded there. On the other hand, we can naturally consider the 
interchange of muons into electrons as follows: 

If we assume further the decay scheme of the X-mesons and the 
K^o-mesons, we can in theory deal with the known modes of decay 
processes. For instance, the decay scheme 

ρ -> e- + X+ 

(la) χ ; - ι ( ΐ ) - * ρ + ν 

(2a) -> e~ + ν 

(3a) x;.o«>)-*v +v 
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II. β-Decay 

Analyses of the β-decay will provide a good test for our scheme 
of the total symmetry of the elementary particles for the following 
two reasons: First because it is one of the most well-investigated 
process, the final result (9) for the type of the interaction of β-decay 
should have the peculiar combination of the vector, V, and the axial 
vector, A, couplings in the Fermi interactions, i.e., 

(1) Ηβ = 0β[(ψ,φμγΜ)(ψ9γμ(ΐ + y5)Vv) -

— *(ψρΥμΥ8ψ*)[ψ.Υμ(1 + Υ*)ψν) + h-

(2) α = — 1.25 ±0 .05 , 

although, relying on the symmetry argument, we should expect 
l * | = i . 

For this reason and for others also (for example, because they took 
account of the effects of the pion cloud) many theoretical physicists 
have failed to reach the above result. Secondly, the process of β-decay 
concerns the four fermions, two of which belong to the baryon group 
while the other two belong to the lepton group, which indicates that 
this process includes many particle groups. It will be easily seen that 
two entirely different types of intermediate bosons must contribute 
to the β-decay, provided our opinion be accepted that all particles 
in our periodic table behave with equal force. We thus expect the 
β-decay process to run through the two channels, given in Fig. 2. We 
shall call the first channel given by (3) and (4) the Y-process, and the 
second channel given by (5) and (6) the T-process. Using the con
servation law of baryon number and of hypercharge, we take the 
K--meson of Β = 0, 8 =•• 0 for the Γ-process and the X+ of Β = 1, 
8 =-· 1 for the T-process. The type of the process indicated as Y-
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of the weak interactions can cooperate with the strong interactions 

(lb) ST -> e + X ; = 1 ( l ) 

(2b) K ^ p + K ; , 0 

(3b) μ -> e + κ;. β 

producing the well known processes of 3-decay and μ-e decay. 
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process was originally proposed by Yukawa (10) twenty-four years 
ago, while that of the T-process was claimed by Tanikawa (11) 
because of its property of renormalization. 

(3) N - ^ P + K; = o 

(4) Ki".o->e""+i? 

(5) N-><r + X 7 - i ( l ) 
(6) Χ ί - ι ( ΐ μ Ρ + ν 

F IG . 2 

I t is interesting to note that, since it became clear that the pion has 
nothing to do with β-decay, Caianiello (12) and the present author (13) 
have both proposed the theory of β-decay through an unknown heavy 
meson of the vector type, which can be considered as a prototype of 
the present Y-scheme (14). I t must also be mentioned that Tanikawa 
and Watanabe (15) developed recently the T- scheme in the Wata-
nabe theory of the chiral boson. 

Now, in our scheme both of the intermediary boson processes (Y ) 
and (T) are supposed to contribute simultaneously to β-decay. This 
is the essential point in our argument for the total symmetry. In fact 
we have no reason to rule out this possibility as long as the selection 
rules permit them to contribute to this process of β-decay. 

To formulate the interaction Hamiltonian for the β-decay, we have 
to know the properties of the field describing the K-mesons for the 
Y-process and of that describing the X-mesons for the T-process. 
As we have mentioned above, we suppose them to be the parity twins 
in our scheme. Therefore, the interaction Hamiltonian which describes 
the β-decay will be formulated in general as follows: 

j fff = ΰιψγμα + γ,)Ν·<ρμ

κ+η*y„(i + γ>)νφί + h. ο., 
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(8) Βζ = jfip ( 1 - γ.) # · 9 V + /i «d - r·)* · V** + h - c - . 

-Hi = <*i ey„(i + + J ipy^ i + r>-fx + h. c., 

*f= < ? ; ^ d - y 5 ) ^ - ^ + ν'ιργμ(ΐ- γ*)νφϊ + «·, 

HJ = <7„e(l + y 5 ) JV> x + i*,p(l + γ,)ν<ρχ + h.e., 
I f f = 0'. e(l - y.) 2Γ · + Fft{l - γ 5 ) ν V r + h. c. . 

Here φκ and φ,, stand for the wave functions for the K-mesons of 
even parity and for the ID-mesons of odd parity, respectively. gif g\ 
are the coupling constants for the process (3), /<, /J for the process (4), 
«?,, G\ for the process (5), and F{, Fl

( for the process (6). In the case 
of the two-component theory with the left-hand neutrino and the 
right-hand antineutrino, we have (1 — y 5)r = 0. We arrive at the re
lationship, if we assume charge independence for (3) 

(11) ργμΧ·φχ = ΡΥμΝ·<Ρϊ = ο · 

By means of the perturbation calculation, we deduce the expression 
for the interaction Hamiltonian of β-decay in terms of th« five forms 
of the Fermi interactions: 

(12) 

Ηζ(β)^(Η, + Η,)βζ 

Br = (ργμΝ)(~βγμ(1 + y » + h. c., 

Β τ = (Ρ<*μΛ){βσμν(1+ γ6)ν)+ h. c., 

(13) 

Βζ(β)-+(Β8 + Β, + Πρ)β*. 

Here (?f and Of indicate the effective coupling constants derived from 
intermediary boson processes ( T ) and (T ) ; (0) and (1) mean the con
tributions from the spin 0 case and from the spin 1 case, respectively. 

( U ) wr(£) = ^f0(8)er(e)\MA\^ 

(15) wT(e) = fo(e)eT{e)\Mv\* + |ΜΛ\*], 

a, represent the respective ratios for the axial vector coupling con-

ΕΛ = - (py / 1 y5^)(ey i,(l+y 6)v)+h. c., 

BP= (py5JV)(5y5(l + y . » + h. c , 
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stants relative to the vector coupling: 

(16) Xt = [MV+wJ/M' 
(17) /.(e) = ( e » - l ) » « ( * - « ) • · 

If we take here 

<18) ^ ) = 1 + J f i - 2 ^ + ^ ^ 1 ' 

we obtain 

^ ^ = = J P J f l - ^ + 2 J i , w 1 ' 

(20) W(e)Wr(s)+Wr(e)=±-[\M,\*+o&\Mt\<]-Ms), 

( ' τ „ ~ 2 π 3 # #c \3fJ ' 

First, it is clear from the comparison of our results (2) and (3) with 
the experiments (2), that 

/. = Κ = Fo = Κ = o. 
In fact these coupling types lead us to the scalar, tensor, and pseudo-
scalar interactions which must however have a factor ~ 10 _ 1 . Se
condly, if we assume 

(22) α* ~ 1.56, 

we obtain 

(23) 3 => (ργμ(1 - α, 7 5)N) (βγμ(1 + γΛ)ν) + h. c. . 

This means that the ratio of the coupling constants, GA : Cv must be 

(24) 0A:0y = -1 .25 . 

One must not, however, compare this result uncritically with exper
iments. In fact, the renormalization of the coupling constants might 
change the value of GJCV quite appreciably. Symanzik (16) has re-
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0 0 
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Because of the cancellation due to the various effects on the total 
symmetry &-^0. Only in this case we could say that the contri
bution of the two intermediary boson processes (Y ) and (T) indicates 
the correct ratio α for β-decay, provided the following properties are 
assumed for the K-meson and the X-meson: 

Κ: Β = 0 , 8 = 0 , spin 1, parity twin , 

X : Β = 1, 8 = 1, spin 1, parity twin . 

As far as the β-decay is concerned, we could not say anything more 
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