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tion with another problem prevented a careful
investigation and partly because experimental
consequences seemed remote. Recently, how-
ever, Dr. Burton J. Moyer in a private conversa-
tion informed the author that an experimental
search for the Nambu particle is quite feasible.
If these superficial remarks serve to encourage
such a search, they are perhaps justified.
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It is well known that, within the framework of
the formula of Gell-Mann® and Nishijima? relating
the strangeness of a particle to its baryon num-
ber, charge, and third component of its isotopic
spin, there is room for additional particles.

One of these, which we shall call D, following
Yamanouchi,® is a positively charged meson with
strangeness S=2 and isotopic spin 7=0. Another,
which we shall call £, is a negatively charged
baryon with $=-3 and 7=0.° It is the purpose of
this note to point out that if the D and Q exist,
the conclusions of a number of authors®~® about
the symmetries of the strong interactions must
be modified.

If we consider only meson-baryon interactions
which are linear in the meson fields and bilinear
in the baryon fields, the most general charge-
independent interactions including the new parti-
cles are of the form
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where H.c. stands for Hermitian conjugate and
we use the notation of Gell-Mann’ that the sym-
bol for a particle stands for the operator that
annihilates it. Here K is a spinor and K. the
charge conjugate spinor, and they are given by

) ()

In (1) we have emphasized the form of the inter-
action in isotopic spin space. If the 7, K, and

D are all pseudoscalar mesons, and all the
baryons have the same spin and parity, then all
the interactions in (1) will contain an additional
factor which will be either y, (pseudoscalar coup-
ling) or ¥,y 8/8x ), (pseudovector coupling).

In the absence of further symmetries, there
are eleven coupling constants to be determined
before the interactions are specified. However,
we can postulate that all pion-baryon coupling
constants are equal (global symmetry), all K-
baryon couplings are equal (cosmic symmetry),
and all D-baryon couplings are equal (which we
might as well call galactic symmetry). Then the
number of independent coupling constants is re-
duced to three: G;, Gk, and Gp. (If the inter-
actions are pseudovector, we can speculate that
there is only one dimensionless coupling constant,
i.e., M;Gy=MgGg =MpGp, where the M’s are
the meson masses. The constants MG, and
MgGyg appear to be approximately equal experi-
mentally.)

One of the reasons for postulating the existence

143



VoLuME 4, NUMBER 3

PHYSICAL REVIEW LETTERS

FEBRUARY 1, 1960

of the D and € is as follows: Pais has shown that,
provided the commonly assumed baryon mass
spectrum is complete, global and cosmic sym-
metry cannot hold simultaneously without con-
tradicting experiment.’® For example, the reac-
tion

7 Hp-K 2T (2)

would be forbidden to order A%, where
A=(Mx -Mp)/Mp, relative to the reaction

1T +p-K 427, 3)

However, both reactions are seen experimentally
with comparable cross sections. The existence
of either the D or & without the other would not
be enough to break the selection rule which for -
bids (2), but if both exist, the reaction is allowed.
All the other discrepancies with experiment
pointed out by Pais also disappear if D and {2 are
both present.

A second reason for postulating the existence
of the two new particles concerns the baryon
mass spectrum. If the baryons all have the same
bare mass, then this mass degeneracy is not
removed within the framework of the commonly
assumed particles, provided global and cosmic
symmetry both hold and the only sirong inter-
actions are of the form (1). The existence of
either new particle would partially 1ift the degen-
eracy, but only if both are present do the baryons
(including ) split into five distinct ievels. We
have not attempted to determine whether this
splitting is in the right direction to give the ob-
served ordering of the masses of the baryons.

These statements about cross sections and
mass degeneracies follow from the form of the
interactions given in Eq. (1) even when giobal,
cosinic, and galactic symmetries hold simultan-
eously. This can be seen by noting that the &
is distinguished from the other baryons at the
outset by having no 7 interactions. Then the =
is distinguished from the others by being the
only baryon coupled to the £ via K interactions.
The nucleon becomes split from the A and Z

144

at this stage through indirect effects. However,
the A and Z remain degenerate, and Pais’ rules
still hold, since the A and X can still be written
as two charge doublets instead of as a singlet
and triplet without altering the form of the inter-
actions (see references 7 and 8). Turning on
the D interaction further distinguishes the nuc-
leon, since it is the only baryon coupled to the
Z by the D. At the same time, the A is dis-
tinguished from the Z, since the A is coupled

to the § via the D, whereas in a charge-inde-
pendent interaction of the form assumed, the

D, §, and T cannot be coupled.

Alternatively, the proof may be given by the
use of perturbation theory.” We need consider
only second and fourth order diagrams and note
that the graphs in which D and §2 appear remove
mass degeneracies and destroy the relations that
were deduced by Pais.

The author is grateful to Professor J. S. Kovacs
and Proiessor Joseph Ballam for valuable dis-
cussions.
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