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see P. Franzini and L. A. Radicati, Phys. Letters 6,
322 (1963).

The group SU(6) has been suggested in a somewhat
different context by M. Gell-Mann, to be published.
Gell-Mann's point of view is, however, different from
the one discussed here, being based on the algebra of
the conserved and quasiconserved currents.

For a more detailed analysis of the applications, see
A. Pais, following Letter [Phys. Bev. Letters 13,
(1964)).

F. Gursey and L. A. Radicati, to be published.
The group g4 is noncompsct and may be regarded as

an extension of the Lorentz group by means of the iso-
topic spin group. The generators of g4 are the covari-
ant spin operators, the isotopic spin operators and their

products. The little group of g4 for fixed momentum q
is tSU(4)]&.

F. Gursey, T. D. Lee, and M. Nauenberg, Phys.
Rev. 135, 8467 (1964).

~M. Gell-Mann, Phys. Letters 8, 214 (1964).
It is clear that the fundamental triplets wiO be cou-

pled to the mesons through E-type coupling only. Since
the baryons do not belong to the lowest representation
of SU(6), the gauge operators generate a larger algebra
which produces E-type couplings with the vector mesons
and E- and D-type couplings with the pseudoscalar me-
sons.

9P. G. O. Freund and Y. Nambu, Phys. Bev. Letters
12, 714 (1964).

A. Salam and J. C. %ard, unpublished.

IMPLICATIONS OF SPIN- UNITARY SPIN INDEPENDENCE*
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(Received 15 July 1964)

It is the purpose of this note to discuss further
the possibility' that a broken [SU(6)]- is a useful

q
symmetry in strong interactions.

To introduce some questions which arise, con-
sider Wigner's nuclear SU(4)-multiplet theory. '
Representations of this group label multinucleon
states in a given nuclear E shell. This is useful
largely because spin-orbit coupling can be ne-
glected to a good approximation for low-lying
states. Spin-orbit forces will lead to some re-
coupling and accordingly the classification under
SU(4) gets less good for higher excitations, as
emphasized by %igner.

Likewise for SU(6). Call (M) q
and (B) q

the
respective meson and baryon representations.
For M-fl scattering one must reduce out ((B)
S(M)] where a represents the orbital variables.
After taking out the center of mass, one can
choose o, = (k, l, ls), l =orbital angular momentum.
For each partial wave there may be recoupling
between l and the (B,M) spina. Where this is
unimportant, we can just reduce out (B)Q(M).

This leads to a maximum possible spin for the
baryon resonances, namely ~& with the proposed
choice of representations. ' Higher spins are a
sure sign of (l, s) coupling. In the region where
this starts to happen (it appears' to be -2 BeV),
the assignment of resonances to "new" SU(6)
multiplets becomes considerably more compli-
cated.

In view of this complexity, it may be asked
whether it is necessary to put (8, 2) and (10, 4) in
56, as proposed, ' because the breakdown SU(6}

-factorized [SU(3)SSU(2)] (first stage)-broken
SU(3} (second stage) has a first stage of which
the scale is not known beforehand. However, the
choice 56 becomes more suggestive through mass
considerations. The success of the Gell-Mann-
Okubo formula as an effective first-order pertur-
bation leads one to try the assumption that SU(6}
-broken SU(3) is additive in the first- and second-
stage breakdowns with coefficients that depend on
the (five) Casimir operators C. of SU(6) only.
This is achieved by M =M0+a0(C;)F8+ b0(C;)
xdS~KjFu or'

M =M +a(C.)Y+b(C )[I(I+1)--,'Y'-.-,'E'] (1)0 ' i

(F'=E;Ef). Mc is the central mass of an SU(3)
multiplet,

(C )+~(C , F'*., d F F. F, ~. .(Z .1).)+(2).0 00 i i' '
cgk sg

M~ is the central mass of the SU(6) multiplet.
%e shall see shortly that the dependence of the
SU(6)-breaking term m on both spin and unitary-
spin invariants is essential, and the same is
true for the C; dependence of the quantities a, b,
etc.

Application of Eq. (1) to the meson 35 yields
(using the quadratic mass relation) pa-v' =K*'-K',
knowns to be true within the p-mass accuracy.
Equation (1) as a linear mass formula gives for
the 56 a calculated (10,4) equidistance= 130 MeV,
derived from the (8, 2), close enough to the ex-
perimental value ~145 Me& to make the choice
56 quite attractive. ' The first-stage split be-
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+35%56j = 1134+700+ 70+ 56. (4)

For the decay of the (10, 4) the label o. now spe-
cifically refers to l =1. [For the one-particle
states on the right-hand side of Eq. (4) we may
imagine to be in their rest frame ]Eq.uation (3)
also indicates which other SU(6) representations
are possible candidates for resonances which
can decay into (octet+meson) or (decuplet+me-
son).

It is natural to consider next the other "small"
representation, 70, of Eq. (3) with content

70 = (1, 2) + (8, 4) + (10, 2) + (8, 2).

It is tempting to fill (1, 2) with Y,*(1405). For
this to work, one needs spin(YO*) = ~. It is fur-
thermore desirable for Yo* to have odd parity,
in order that it can be the resonant state sought
for in the interpretation of (K,p) data. ' This
would fix the parity of the other terms in Eq. (3)
to be negative. Thus, the incomplete y octete
becomes a possible candidate for (8, 4) in 70 .
There would then be harmony between the spin-
parity of this last multiplet and the desirable
properties of Y,*(1405).

Concerning the status of the y octet, for both
Y,*(1520) and N**(1512) the evidence for I is
good. '0 The assignment -,

' to Y,~*(1660) seems
dubious. ' However, according to Willis~ this
possibility cannot be excluded. In connection
with the SU(3) mass formula this assignment for
Y,**would imply a =*(1600)with '; . If this at
all exists, ' its production seems to be at most

tween (10, 4) and (8, 2) is «235 MeV, comparable
in magnitude to a, the F-type octet split.

There is an important new aspect to the (effec-
tive) BBM coupling in this theory. It follows
from

5656 = 1+35+405+ 2695 (3)

that this coupling is, in fact, unique, because of
the single occurrence of 35. Hence, the F/D
ratio is determined by SU(6). The fact that both
I" and D must occur in this coupling was noted by
Gursey and Hadicati. ' Hence, there is no R in-
variance (unless one "doubles" the theory which
is unattractive).

Let us next consider a few consequences based
on the additional assumption that the (spin, F-
spin) multiplets need not be strongly recoupled
to l. As (10, 4) decays into baryon and meson
(where energetically possible) one should at
least know whether 56 is in 35856. It is, as

-1-2% of =*(1530). [This would mean a first-
stage split (8, 4)-(1, 2) of =185 MeV, comparable
to the one for (10, 4)-(8, 2).] It seems that a -,

'
octet could well be there, even though not all the
correct ingredients may be at hand as yet.

If these assignments within the representation
70 are correct, there is a prediction of the
existence of an ~ octet and decuplet. In the
spirit of Eq. (1), one may anticipate that there
should be octet-decuplet relations also within
the 70. If this is so and if we assume, to give an
example, that the y octet is fixed by the masses
1512, 1520, 1660, and (1600?) then the equidis-
tance in (10, 2) should be --60 MeV, i.e., it is
a 10 with its "0"as lowest state. This, in turn,
would imply a sum rule for (8, 2), namely, Z~
-:"*+60MeV. These assignments to 70 can
only possibly work if the first-stage split m of
Eq. (2) depends on unitary spin as well as on
spin. The simplest possibility of a dependence
of m on F is a(C )E2 with a(C ) & 0 which would

give equidistant central masses for the sequence
(1, 2), (8, 2), and (10, 2) with (1, 2) lowest. Note
that a and b in Eq. (1) are generally different for
the 56 and the 70, due to their C; dependence. "

The content of 1134 and 700 is, of course, very
complex. In particular one (1, 2) and one (1, 4)
are herein contained. The assignment of Fo* to
70 is therefore not unambiguous; one must hope
that some simplicity prevails.

Finally, note that the small baryon representa-
tion' 20 is a baryon —two-meson state (for exam-
ple, in 70%2135). One can also discuss two-meson
states, using 35@35= 1+35+ 35+ 189+280+ 280
+ 405.

It is a pleasure to thank F. Gursey and L. A.
Radicati for very stimulating discussions.
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