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representation (the adjoint representation) of a
simple Lie group.

F. Gursey, A. Pais, and L. A. Radicati, Phys.
Rev. Letters 13, 299 (1964), and previous references
by the same authors.

B. Sakita, to be published.
The representation of SU(2) and SU(3) multiplic-

ities 6 and 35, discussed recently by R. H. Capps
[Phys. Rev. Letters 13, 536 (1964)], is a member
of the SU(6) representation O' . As seen from Eq.
(3), the force in this representation is attractive,
but weak.

The relevant crossing matrices for these SU(2)
and SU(3) schemes are given in reference 2 and
by D. E. Neville, Phys. Rev. 132, 844 (1963).

This follows from the crossing matrices listed
in reference 2.

SM. Goldberg et al. , Phys. Rev. Letters 12, 546
(1964); G. R. Kalbfleisch et al. , Phys. Rev. Letters
12, 527 (1964); P. Dauber, W. E. Slater, L. T.
Smith, D. H. Stork, and H. K. Ticho, Phys. Rev.
Letters 13, 449 (1964).

J. J. Sakurai, Ann. Phys. (N.Y.) ~11 1 (1960).
~~R. H. Capps, Phys. Rev. 134, B1396 (1964).
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In several recent papers' ' the remarkable
correspondence between the 56-dimensional
representation of SU(6) and the low-lying
even-parity baryon states has been pointed
out. Although the relations among these states
have in the past" "been described with some
success in terms of a dynamical model which
is based on dispersion relations and is an out-
growth of the Chew-Low model, the correspon-
dence with SU(6) has been discussed in terms
of unfamiliar dynamical concepts. We shall
show here how the usual dynamical theory,
with some minor extensions, can be interpreted
as an SU(6) theory. Our model has the follow-
ing features: (a) It is the natural approxima-
tion to a Lorentz-covariant theory pertaining
to relatively heavy baryons. (b) The interac-
tions of pseudoscalar mesons with the baryon
octet and decuplet are taken to be the dominant
interactions governing the structure of these
states. (c) It incorporates a simple dynamical
theory of the electromagnetic structure of the
baryons.

We take the 35 SU(6) generators G~ to include
the SU(3) generators as well as the total angu-
lar momentum in the baryon rest frame. In
states containing a baryon and mesons we ne-
glect the motion of the baryon; the total angu-
lar momentum is then decomposed into the
spin of the central baryon and the angular mo-
mentum of the mesons with respect to this fixed
baryon. Since pseudoscalar mesons are emit-
ted by a baryon into P states, the pseudosca-
lar octet P provides a total of 24 mesonic states.
To obtain the full complement, of 35 states re-

quired by SU(6), we include provisionally an
SU(3) singlet pseudoscalar meson X (which may
be identified with the state at 960 MeV) and the
states of the vector octet, V, which have l = 1,
J=0. We define coupling constants in such a
way that the kinematical factors appear with
the same coefficients in the vector and pseudo-
scalar states. These coupling constants are
taken to be proportional to the generators
Gabn

The baryon-exchange force between a bary-
on and a meson is then proportional to

V =G G =G G +F G, (1)an, bP acP cbn acn cbP nPy aha'

if we assume degeneracy, where the F; arenpy
the structure constants. In the representation
N, this can be expressed in terms of the Casi-
mir operators G' as

V(N) = G'(N)6 +';[G'(N)-G'(56)-G'(35)], (2)

leading to" V(56) =33/2, V(70) =-9, V(1134)
= -1, and V(700) =+3 (a positive sign denotes
attraction). The strong attraction in 56 is con-
sistent with a bootstrap picture. In contrast,
the same calculation applied to the basic rep-
resentation 6 gives V(6) =-',-, V(84) =-1, and
V(120) =+1, so no self-consistent model could
be based on 6 alone.

To amplify this bootstrap discussion we may
consider ladder-approximation equations in
which the meson masses occur as parameters
and the coupling constants and baryon masses
are obtained by requiring self-consistency.
The masses enter through integrals correspond-
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ing to triangle diagrams with appropriate in-
ternal form factors. " If in these integrals
the average meson energies (~~), (~x), and

(&uV) were equal, there would be a self-con-
sistent solution with symmetrical coupling
constants and degenerate baryon masses. The
large masses of the g and of the octet V pro-
vide perturbations from SU(6) symmetry. How-

ever, the 56 supermultiplet is extremely sta-
ble against such perturbations; this is guaran-
teed by the fact that dynamical calculations
which have omitted these particles also arrive
at this supermultiplet and even at similar val-
ues for the ratio d/f for pseudoscalar mesons.

States with two orbital bosons are described
by the symmetric part of 3535. To allow
for the effects of a strong boson-boson inter-
action we may include other boson resonances
explicitly. The 35 states which can be identi-
fied with a component of 3535 in the most
natural way include the 24 states with l =J= 1
of the vector octet, the S states of a hypothet-
ical scalar octet S,"and either the S states
of a singlet axial-vector meson (perhaps the
1410-MeV resonance), or the l =J= 1 states
of the singlet vector meson (&u). It is not nec-
essary for our purposes that S consist of dis-
crete or quasidiscrete states; an arbitrary
continuum might suffice. Note also that the
8=0 state of the ~ is an SU(6) singlet.

It is not possible to make a rigid assignment
of states to the two 35 supermultiplets without
a detailed consideration of the actual three-
boson vertices, which contribute to boson-ex-
change interactions. These interactions, which
may have little resemblance to SU(6), could
in some cases cause considerable mixing to
take place. 'The mixing would determine the
appropriate linear combinations of states that
would make up the lowest-lying 35 and domi-
nate in the baryon structure.

Bdg, Lee, and Pais and also Sakita" have
noted that if the magnetic moment operator
is assumed to transform like a component of
35, one obtains for the ratio R = gp/p„ the val-
ue R =',-. (The experimental value is 1.457.)
In our model this assignment arises from the
bootstrap picture, in which the baryon is en-
visaged as a composite of a physical baryon
and an orbiting boson. The magnetic moment
in a state with Jz =& is then made up of two
terms: one term provided by the Jz =~1 charged
bosons, and a second term contributed by the
component baryon, for which we use the seU-

consistent value of the magnetic moment. The
mesonic term obviously transforms in the same
way as the generator Jzg, and self-consisten-
cy thus requires that the baryon moment also
does so.

To place this value of R in a better perspec-
tive, we give also the results of a calculation
which does not use SU(6). If we use a theory
with just nucleons and pions, ' since the cir-
culating pions give opposite currents in neu-
tron and proton states, R =1. To include the
kaon current, "we may use SU(3) and take into
account only the baryon and pseudoscalar oc-
tets. In terms of the F/D mixing angle 8, one
obtains"

R =
&v 5[&-(cos'8)/5+~~ sin'26]/sin28. (3)

As long as 6) is in a reasonable range, R is
insensitive to its value. %e note two special
cases: R(32.9') = 1.54, and R(41.8') =863/576
=1.498 [the first angle corresponds to the eigen-
state of the decuplet-exchange potential; the
second is the SU(6) value]. While these num-
bers show again that in our model the baryon
states are very insensitive to SU(6)-breaking
perturbations. they also show that the magnet-
ic moments do not, any more than the masses
in the baryon supermultiplet, test the special
features of SU(6).

The main way in which this SU(6) model goes
beyond previous dynamical calculations is that
it ascribes a definite form to the couplings
of vector mesons to baryons. The J=O states
correspond to "electric" coupling, which for
the octet is predicted in our scheme to be "pure
I',"while the J= 1 states correspond to "mag-
netic" coupling, for which d/f =';. This form
implies a vanishing contribution to the neutron's
electric form factor. A second difference is
that whereas in previous dynamical calculations
the j=,'- 27-fold multiplet was found to have
about half as strong an attraction as is respon-
sible for the decuplet, Eq. (2) shows that this
attraction is removed by the additional terms
present in the SU(6) model. Accordingly, dec-
uplet states may be more pure than previous-
ly supposed, "~""and perturbations from
SU(3) symmetry may generally have less ef-
fect. For example, this might help to enhance
the accuracy of the mass formula.
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%'e propose a simple model of weak interac-
tions which allows for CP violation. ' A single
current-current coupling is introduced where
vector and axial-vector currents transform
differently under SU(3), yet each transforms
like a member of a unitary octet.

We start from Cabibbo's elegant assumption'
that the hadronic weak current —including both

A&, the axial-vector current, and V&, the vec-
tor current —transforms under SU(3) like
m+cos8+K+sin8. Then the weak current, like
the electric current, transforms like a gener-
ator of SU(3). (Models with CP violation pro-
posed by Sachs and Treiman' and by Sachs~
invoke CP-odd currents with I = ';. Such cur-
rents do not have octet transformation proper-
ties. ) Furthermore, it is usually assumed that
the weak currents are chosen from among a
single octet of vector currents (the traceless
3x 3 Hermitean matrix J&) and one of axial
vector currents (the traceless 3x3 Hermitean
matrix K&). These octets behave in a definite
and identical fashion under CP, which may be
taken to be 4 (x, t) —Z (-x, t) and K&(x, t)
-K&(-x, t), where tilcPe denotes matrix trans-
position. These are the 16 conserved currents
of a chiral SU(3) 8SU(3) symmetry which can
hold in the limit of vanishing pseudoscalar
meson masses. ' (A model with CP violation

due to Cabibbo' requires the introduction of
other octets of currents with opposite CP prop-
erties. Matrix elements of these abnormal
currents are "of the second kind'" and give rise
to observable CP violations. )

We modify the original Cabibbo proposal by
introducing neither non-octet currents nor ab-
normal octet currents. Rather, we let V& and

A& transform like different members of a uni-
tary octet. ' We assume that V& transforms
like m+cos8V+K+sin8V, and that A& transforms
like 7+et@'cos8A+K+es4 sin8A. We lose no

generality writing V& as a real linear combi-
nation of m+ and K+, since the overall phase
of the weak current and the relative phase of
its Y = 0 and Y = 1 parts are unobservable. Be-
cause nuclear P decay seems CP invariant,
we put 4' = 0; because of the success of Cabib-
bo's model in relating decay rates, 9 we put

8V =8A =8. We are left with a two-parameter
description of the weak current involving 8~ 15'
(the relative strength of the l' = 0 and Y = 1 cur-
rents) and C (the degree of CP violation, which
may or may not be small):

pe

0 cos8 sin8
V = TrJ C= TrJ 0 0 0

P Po 0 0


