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It is shown that one can include the leptons consistently in a unified classification of elemen-
tary particles, if one assumes that muons and muonic neutrinos have unit hypercharge. In
this classification the place of each elementary particle is determined by its spin and by
three elementary numbers each of which can only take the values 0, +1. The proposed clas-
sification is compatible with conservation of hypercharge in all leptonic decays.

A.FTER the discovery of the second kind of neu-
trinos [1J there have appeared new possibilities

for the construction of a unified classification of
elementary particles which includes the leptons,
too. A unified classification assumes evidently
that all particles are characterized by the same
elementary numbers (quantum numbers), includ-
ing strangeness or hypercharge. Consequently, the
leptons too must be regarded as particles bearing
a certain hypercharge.

Let us regard the muons and muonic neutrinos
as ‘‘strange’’ particles and the electrons and usual
neutrinos as nonstrange particles. In other words
let us assume that electrons and electronic neu-
trinos have zero hypercharge and that muons and
muonic neutrinos have unity hypercharge. In this
case all known elementary particles will be de-
scribed by their spin and three elementary num-
bers: Q, Y, and n, i.e., the electric charge, the
hypercharge, and the baryon number. For all
known particles these numbers can only have the
values -1, 0, and +1, while the spin can only have
the values 0, 1/2, and 1. Some of the ‘‘resonances’’
may possibly be exceptions to this rule, but it is
more correct to consider such resonances as
groups of particles ‘‘stuck’’ together rather than
as separate elementary particles.

Isospin is another important characteristic by
which to group elementary particles. The I, com-
ponent of the isospin of baryons and mesons is con-
nected with Q and Y through the well-known rela-
tion:

L.=Q—Y/2. 1)

For all known baryons and mesons, the isospin
can only have the values 0, 1/2, 1. If the hyper-
charge for the leptons is chosen as indicated above,
then according to Eq. (1) the value of |I,| for lep-

tons will also take only the values 0, 1/2, and 1. It
is important to note, however, that for leptons the
quantity I, can only formally be called a compo-
nent of isospin, since in distinction from baryons
and mesons the leptons do not form groups of par-
ticles with closely spaced masses, which would
possess properties describable by isospin space.
Taking into account this reservation, we will never-
theless call the quantity I,, defined by Eq. (1) for
leptons, the isospin projection.

Thus, if one attributes hypercharge to the lep-
tons one can make the assertion that for all known
elementary particles the admissible values of spin
and isospin are 0, 1/2, and 1, and that the quantum
numbers Q, Y, and n can only be equal to -1, 0,
and +1.

This hypothesis is compatible also with the
simple rules for the decay processes which can
be realized in practice. These rules are the fol-
lowing: 1) in the pionic decays of hyperons and K-
mesons the hypercharge changed by +1 or

AY = —2Al, = +£1, (2)

2) in all leptonic decays the hypercharge does not
change, i.e.,

AY = — 2A[, = 0. (3)

It is easy to see that these rules can be true
only if two kinds of neutrinos exist, one having
hypercharge, the other not.

One can very simply convince oneself of the
truth of the above assertions if instead of hyper-
charge one uses neutronic charge [2-4] for the char-
acterization of particles, the neutronic charge ¢
being connected with the quantum numbers Q, Y,

n, I, and with the strangeness S by the following
relations:

S+n=Y=Q+e [,=(Q—¢)2, (4)
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and if one uses furthermore the notation for ele-
mentary particles proposed in [4], according to
which the electric charge is denoted as a right
superscript, the neutronic charge as a right sub-
script, and the baryon number as a left subscript
of the symbol used for the particle, thus:

WAE, (5)

where A is the symbol for the particle. In doing
S0 it is convenient not to use any signs for van-
ishing values of Q, €, or n, to denote positive and
negative values of the electric and neutronic charge
by the signs + and — respectively, and to denote
nonvanishing values of the baryon number by 1 and
— 1. Furthermore, for the usual (electronic)
neutrino, for which all elementary numbers vanish,
it is convenient to denote right and left polarization
by means of the orientation of an arrow above the
symbol.

All elementary particles (excluding resonances)
are represented in the table in order of increasing
masses ). In the first column the usual symbols
are listed, and the second column lists the above-
mentioned corresponding rational symbols. The
remaining columns contain the most important

DA possible exception to this rule is the muonic neutrino
v, the mass of which is as yet unknown, but which is con-
veniently placed between the electron and muon.

characteristics of the particles: spin, hypercharge,
and isospin. It can be seen from the second column
that the lepton and meson groups of particles are
formed by taking all possible combinations of two
elementary numbers (Q and €) and the baryon
group is formed of all combinations of three ele-
mentary numbers (Q, €, and n), neither of these
numbers being larger than one in absolute value.
Only the combinations for which the hypercharge
Q+¢€ becomes larger than one are excluded. The
group of spin-1 particles contains only the photon.
However, if one includes among the elementary
particles the resonances p, w, and K*, then this
photonic group is also generated according to the
general rule.

It is easy to see that the rules formulated above
are realized if one writes out known reactions using
the rational symbols. Thus, for instance, for the

well known pionic decays
A —pt g, K*—nt +m,

K, —» nt 4«7 + nete.

12— A + T,

one gets indeed |Ae| =|AY| =1. For the known
leptonic decays n, — p* +e; +7, 75— u* + v,
mt — el + U, ut — e + U + v, one obtains Ae€

= AY = 0, in agreement with the second rule. For
the forbidden decays u* — e +vy, u* — el + e}
+ el etc. one obtains |Ae| =|AY]| = 1.
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In order to maintain hypercharge conservation
in the leptonic decays of the K mesons, one has
obviously to assume that in this case the electrons
are formed together with a muonic neutrino, i.e.,

(6)

and the muons are formed together with an elec-
tronic neutrino, i.e.,

Kr—el +wv,,

()

The second of the last two possibilities is com-
patible with the assumption that the particles v,
e7, v,, and u* have the same orientation of their
polarization. This also forbids the decays

Kt »p."-{-;or K" —»p* +;.

(8)

since p* and e have the same polarization. How-
ever this alternative seems to be excluded by ex-
perimental evidencell], although this conclusion
still requires additional experimental verification.

The first alternative of the decay modes listed
in (7) does not contradict experiment [1], since in
this case the K'-meson decay gives birth to a
flux of neutrinos, and not antineutrinos. If one ad-
mits this alternative, however, one must assume
that the ¥, e3, v_, and u~ have the same polariza-
tions, since only this choice is compatible with the
fact that in the K, and T, decays the muons have
the same polarization. But in this case the u* and
e have opposite polarizations and therefore the
reaction (8) is not forbidden.

Thus if one starts from the fact that the decay
mode (8) is forbidden and if one considers that the
experiments (1] exclude the second alternative of
the decay mode (7), one must necessarily arrive
at the conclusion that the law of conservation of
hypercharge in leptonic decays is not sufficient
to explain all known hindrances. _

From the table it is also clear that the so-called
Kiev symmetry (B-L or GMO-symmetry) between

K, —p" + e,

the proton, neutron, and lambda-hyperon on the one
hand and the electronic neutrino, the electron, and
negative muon on the other hand may be due to the
fact that the first group is obtained from the sec-
ond by adding to the quantum numbers of the sec-
ond a positive unit of baryon number and a positive
unit of electric charge 5J. However, the muonic
neutrino must not enter into the Kiev symmetry,
since by adding to the latter one positive unit of n
and Q one obtains the ;Z*-hyperon.

It is interesting to note that the other hyperons
are obtained from the antileptons 7, e?, v,, and u*
by adding to these a positive unit of baryon number
and a negative electric charge. Consequently all
elementary particles can be considered combina-
tions of the eight leptons with four hypothetical
bosons 1B+, _1B—, lB-’ and _1B+.

Thus, the second neutrino allows one to attrib-
ute hypercharge to the leptons in a consistent man-
ner and to include these particles into a unified
classification which is a natural generalization of
the Gell-Mann—-Nishijima classification.

In conclusion, I use this occasion to express
my sincere gratitude to R. Feynman for a valuable
discussion on the subject.

1Danby, Gaillard, Goulianos, Lederman, Mistry,
Schwartz, and Steinberger, Phys. Rev. Lett. 9, 36
(1962).

2Ya. P. Terletskii, DAN SSSR 101, 1035 (1955).

3Ya. P. Terletskii, DAN SSSR 108, 236 (1956),
Soviet Phys. Doklady 1, 303 (1957).

4Ya. P. Terletskii, JETP 31, 703 (1956), Soviet
Phys. JETP 4, 575 (1957).

5 Maki, Nakagawa, Ohnuki, and Sakata, Prog.
Theor. Phys. 23, 1174 (1960).

Translated by M. E. Mayer
252



