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Any review of a subject which has been expanding rapldly is bound to be
incomplete. The rate at which the data have accumulated in recent years
is so rapid that one must necessarily leave out many references in which some
important features of these particles were revealed. However, the corre-
sponding progress in the understanding of the abstract properties of these
particles, especially their muntual interaction, has not kept pace with the growth
of experimental material on them. As a result, our understanding of these
particles has been mostly confined to knowledge of an empirical nature, a
state of affairs reminiscent of the period just preceding the advent of the new
quantum theory. If this analogy is taken seriously, now, it might even give
rise to the hope that one may not have to wait too long for the evolution of a
satisfactory fundamental theory of elementary particles, encompassing the
new ones. /

As was the case for some of the normal particles, it was mainly through
cosmic ray study that the new particles were originally identified. Once,
however, such identifications were made, it did not take long for some of the
giant accelerators to produce them copiously and thus help quickly to establish
their properties by means of vastly superior statistics that could ever be afforded
by cosmic ray studies. In this short review it is clearly impossible to sub-
stantiate every statement that can be made about their properties with
elaborate historical analyses. I must therefore be content with stating those
properties which are fairly well established by experiment, and devoting some
more time to examine the extent to which the theoretical picture about them
emerges with their help.

Of the subatomic particles, the e”, p* and ¥ have been known for the last
B0 years or so. The year 1932 was crucial, as this exclusive club began fo
swell with new entrants like e* (Anderson 1932, 1933) and n (Chadwick 1932).
These particles were, however, not unwelcome, smce the theoreticians had in
fact been looking for some of them, especially et to maintain their faith in
relativistic quantum . theory which predicted the existence of anti-matter.

* Phper read at the symposium on ‘ Particle Physics’ on the occasion of the Silver Jubilee
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As a matter of fact some of the wanted members of the club were found very
recently (the P and %), putting fresh confidence in the basic soundness of Dirac’s
(Dirac 1929) theory. The entry of the meson into the club is a fascinating
story, ‘as it turned out that there was not one but several kinds of them. The
now notorious up-meson, when it entered the field in 1937 (Anderson and
Neddermeyer 1937; Street and Stevenson 1937), was immediately welcomed
as it seemed to fulfil a basic theoretical necessity. It turned out, however,
that it had wrongly occupied the rightful owner’s place by proxy for almost
a decade when the ‘ wanted member’ (the 7m-meson) (Lattes et al. 1947) was
finally found. The u-meson was of course accepted as a member, but its
presence has all along put a heavy strain on the theoretical picture of funda-
mental particles, since it does not differ from the electron in any other respect
except mass. To complete the list of the so-called ‘normal’ particles one
should mention the massless, weakly interacting neutrino which had been
involved as long ago as 1934 to account for S-decay, but which took more
than two decades to be established experimentally. This particle, which had
so far been a back-bencher in the subatomic club, has suddenly come to the
forefront in the context of the modern Lee-Yang theory (Lee and Yang 1956)
of parity violation, and had presented experimentalists and theoreticians
alike with one of the most fascinating studies ever undertaken in physics.
Till recently it was almost unthinkable that a hypothetical particle, which
had been given a relatively minor task of carrying away some excess energy
and momentum, would provide the central pivot for the study of weak inter-
actions. The role of the modern neutrino in weak interactions resembles
closely that of the photon in electromagnetic interactions.

So much for ‘normal’ particles. It is interesting to note that even some
of these are ‘new’, from the point of view of their experimental discovery.
However, except for the odd p-meson, their elementary properties like spin,
mass, charge, interactions, etc., conform to our conventional picture of
elementary particles, i.e. they are fairly °well-accepted members of the
subatomic club’. Indeed, if these were the only particles to be discovered,
they might very well have formed a self-satisfied group where, on theoretical
grounds, the presence of members would be either strictly forbidden or any new
entrant would be identifiable as a combination of the existing members.

However, this did not happen. During the last decade, a new group of
‘ particles’ have been discovered in rapig succession and these have properties
some of which are quite distinct from those of the regular ones. These are
broadly classified as (1) K-mesons all having an identical mass of 966 m,,
but various decay modes into ‘normal’ particles, and (2) hyperons having
several masses above the nucleon mass and decay into lighter hyperons and
protons. Table I summarizes the important physical properties and decay

modes of all these particles. As a result of their appearance on the scene,
18 :
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the picture of elementary particles has become rather confused, and even the
criterion of ‘ elementary ’ has become more vague than ever.

The earliest observations on these particles revealed two interesting
features : (1) associated production, and (2) slow decay rates. To explain
these apparently unrelated features, a brilliant suggestion was made by Gell-
Mann (1953) and Nishijima (Nakano and Nishijima 1953), viz. that a new
quantum-number (which they called strangeness) should be assigned to each
of them in such a way that for the observed cases of associated production the
sum of the quantum-numbers for the pair should vanish so that the over-all
selection rate A 8§ = o would be obeyed by the reaction. On the other hand,
the slow decay rates of these particles would find an explanation on the basis
of violation of the strangeness quantum-number; viz. A §7#o. This idea
proved extremely fruitful, for it turned out indeed that it was possible to make a
unique set of assignments which were not only in harmony with every reaction
observed, but predicted many more which were subsequently found to be
true. However, the empirical nature of this approach did not make it parti-
cularly attractive to abstract field theorists who still looked for the course of
an analysis of this quantum-number. It turned out that it could be represented
as a measure of departure from the conventional relation between the charge, ¢,
heavy particle number, or baryon-number B and iso-spin I3 according to
the relation

 8=2Q—-B—=21Ig.. .. .. .. ..
the R.H.S. obviously vanishing for ‘ normal particles’.

These strangeness assignments also appear in Table I. Other inter-

- pretations of § have also been attempted, particularly one in terms of the so-
called hypercharge—a concept associated with the hyperons through their
ability to interact with other baryons by the emission or absorption of a
pion in much the same way as a charged particle interacts with another
charged particle through the exchange of a photon. The pions which are
thought to be carriers of the hypercharge have no hypercharge of their own
again analogously to photons. Since such interpretations, on the other hand,
have a deep physical content, they cannot be accepted as final unless all their
experimental implications are properly borne out.

A most remarkable feature about the various kaons appearing in Table I
is that their masses are identical, which strongly indicates their basic identity.
However, the widely different decay modes, even into states with opposite
parities like 27 and 3=, presented an extremely difficult problem, popularly
known as the r-§ puzzle, viz. one of maintaining the concept of parity conser-
vation for these weak interactions. Lee and Yang were the first persons to
question the validity of this hypothesis for such weak interactions, which
manifest themselves even in elementary p-decay. The subsequent confirma-
tion of their conjecture by observation of the up-down asymmetry of decay
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e~ from oriented nuclei like Co%® (Wu ef al. 1957) has now established a very
important principle hitherto unnoticed, viz. of parity violation for weak inter-
actions. Once this fact was established, very striking progress has been made
in the study of weak interactions involving the neutrino, culminating in the
modern Feynman-Gell-Mann (1958) theory of universal Fermi-interaction of
4-fermions with V-A coupling. This theory has so far been the most important
step forward in the quantitative understanding of weak interactions involving
the neutrino modes of decay, explaining such difficult problems like the lifetime
of the u-meson, branching ratio of =-decays into p* and e* modes, etc. . A
corresponding degree of progress has, however, not been possible regarding the
pionic decay modes of the K-meson. In particular the original - puzzle
still remains a problem if not a puzzle.

The hyperon decay modes, especially, have also confirmed the principle
of parity violation. The main points of difference between the hyperon and
kaon decay modes are that (1) the lifetimes of the former are about 100 times
smaller than the latter (neutral kaons excepted), and (2) the former almost
entirely do not involve neutrinos. Recently, however, some cases of the decay
A% p-te” v have been noticed. This is desirable from the point of view
of the Feynman-Gell-Mann theory.

While the picture of weak interactions of (decay modes) strange particles
has thus been sufficiently cleared up after the Lee-Yang discovery, processes
depending on their strong interactions (e.g. scattering, associated production,
etc.) are still at a rather empirical stage of understanding. This is not un-
expected because of the usual difficulties of approximation associated in the
treatment of strong interactions, as is also the case for the more familiar pion-
nucleon interaction. In this connection, one should still mention the theory
of Global Symmetry for strong interactions enunciated by Gell-Mann (1957) and
“Schwinger (1957), which is essentially a generalization of the idea of charge-
independence extended to strange particles. This theory is extremely attrac-
tive in its conceptual basis, but, it has remained largely in the conjectural
-stage; unlike the universal V-A coupling theory, it has not lent itself to any
detailed mathematical treatment so as to facilitate a reasonable comparison
with observations.

Recently some suggestidns have been made for a replacement of the contact
type four fermion interaction characterizing the V-A coupling theory by an
extended vertex produced by an intermediate boson, strongly reminiscent of
the original Yukawa idea for g-decay though the boson necessarily has prop-
erties different from the pion. An interesting theory in this connection has
been proposed by Lee and Yang who find that these bosons should have strong
interactions with all baryons as a result of which they would behave
simultaneously as bosons and fermions in isotopic spin space. If these
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intermediaries indeed exist, we must no doubt revise our ideas on the
properties of isotopic spin space.

Finally, it should be mentioned that the particles listed in Table I are by
no means the last word on the subject, though the last Rochester conference
(August 1960) did not record any new discovery of them. Isolated events
are still being observed, which do not find explanation on the basis of this
table. Thus an event like ? X 4-K~ (which has been observed) should
indicate hyperons with S < — 3. Similarly, an event like ? - K* = should
indicate bosons with mass ~ 1,300 m, and 8 > 2. Still more events may be
discovered in future, making the set of ‘ strange ’ particles look  stranger’ than
ever. If one has to wait until no further discovery of new events is made,
before attempting to give a unified theory of elementary particles, the problem
looks almost hopeless of solution. The only hope perhaps lies in the enun-
ciation of some bold and comprehensive principle which can automatically
afford to welcome future bonafide entrants to the nuclear club.
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