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guide, the production cross section above thresh-
old might be expected to be at most of the or-
der of 0.1 mb. Because the accelerator results'~'
imply high mass for a hypothetical quark, and
because its fractional charge cannot be taken
away in collisions with nuclear matter, it seems
reasonable to assume that the effective cross
section for removal of quarks by energy deg-
radation is less than 15 mb. With these assump-
tions, a strongly interacting, long-lived, charge-
3e quark must, if it exists, have a mass such
that I » 16 BeVjc'. Reducing the assumed
quark-production cross section to 0.01 mb,
M@»7 BeV/c .
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Recently GGrsey and Hadicati' and Pais' have
proposed an interesting new theory, SU(6)
symmetry, for the strongly interacting par-
ticles. In their theory spin and unitary spin
are incorporated in the same scheme. This
is because the group SU(6) contains both SU(2)
and SU(3) as its subgroups In par.ticular,
they have assigned the pseudoscalar octet and
the vector nonet to the 35-dimensional repre-
sentation and the baryon octet and spin-,'- dec-
uplet to the 56-dimensional representation.
Some consequences of the SU(6)-symmetry
scheme have been investigated, '~' and the pre-
dictions of the new theory seem to be in agree-
ment with experiments. The aim of this Let-
ter is to obtain further a set of mass relations
between the members of various isomuitiplets
in the limit where the SU(6) symmetry is bro-

ken by electromagnetism only. Similar work'
has, in fact, already been done with the SU(3)
group for the octet and decuplet where the
electromagnetic mass splittings in these two
representations are not related. Since the
SU(6) group contains both the octet and the
decuplet in its 56-dimensional representation,
we expect that the assumption of SU(6) sym-
metry would relate the electromagnetic mass
splittings of the octet and the decuplet and might
put further restrictions on the mass relations.
These mass relations could then be compared
with experimental results, when such informa-
tion is available. We should mention that the
approach of the present work is similar to that
of the recent work of Bdg, Lee, and Pais, '
where t.hey have uniquely expressed the mag-
netic moments of all members of the baryon
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octet and the spin-,'- decuplet in terms of the

proton magnetic moment.
The states of the 56-dimensional represen-

tation of SU(6) are described by the completely
symmetric tensor B~f &(q), where a, P, y
= 1, 2, "., 6, and q is the given momentum.
This tensor is reducible under the group SU(3)
)RSU(2)q, in the rest frame (q =0) the explicit
reduction is as follows':

aPy ijk ABC, ~, , ij k ABD C

j& iBCD A Oi j CAD+E' g 6 b +&
D

and

d 111 N g++ d 222 g g d 333 —Q
y

d 113 3—1/2Y 4+ d 123 6 1/2Y )lc 0
1

d 233 3 1/2~~ g

Substituting expressions for BT, B, and Q in
the right-hand side of (2), we obtain the follow-
ing mass relations for various isomultiplets:

(a) Baryon octet. —

~+-Z =m, +m, -6ms,

~ -Z =ml-2m2+3ms,
~o

2m2+ 3msp

~ ~

where i,j,k = 1, 2; A. , 8, C, ~ ~ = 1, 2, 3; e~~ and
e+~C are the Levi-Civita symbols in two and
three dimensions, respectively. X~ is the usual
Pauli spinor and y~~ are the spin-~~ wave func-
tions, both normalized to unity. b@ is the
baryon-octet tensor, and 2f is the sym-
metric decuplet tensor of SU(3).

We now consider the electromagnetic mass
corrections of the various isomultiplets with-
in the 56 representation. We shall assume
that the electromagnetic mass-splitting opera-
tor (denoted by C) transforms like a spin sing-
let in the spin space and like the charge opera-
tor, Q, in the unitary spin space. Then in the
absence of the principal mass-breaking inter-
action, ' but in the presence of all other sym-
metric strong interactions, the following is
the most general expressionv for the mass
term:

(6)P-n = m 1+m,-6m, .

We thus obtain

(7)

and

(8)Z -Zo== -='.
The mass relation (7) is the same as in SU(3),
which is known to be in good agreement with
the experimental results, while relation (8)
is a new prediction. ' Taking the values of the
masses from Rosenfeld et a.l.o we obtain for
the left-hand side of (8) 4.75+ 0.10 MeV, while
for the right-hand side 6.5+ 1.0 MeV. Thus
the new mass relation (8) is also in good agree-
ment with experimental values.

(b) Spin-~3 decuplet. —

N~++-N*+ =m, +4m, +12m„
N* -N*'=m +m -6m1

N~ -N* =ml-2m2+3ms

Yl*+-Yl* =ml+m2 6ms~

Yl* —Yl* = m 1-2m 2+ 3m 3,

(56 iM ) 56) = B t[m 5 5 5
+PE 0 p v

+3m 5 6 C +9m 5 C CP a P y
1p. v A. 2p, v

(2)+27m C C C ]B3 p, v A,

where C } =5 jQAB.
In our convention the charge operator Q is

=ml-2m2+3ms.
2IIII0 g 0

From (S) we obtain"

Ng+ Ngo Y g+ Y +0
1 1 (10)

(11)N4- —Y 40 Y 4- —~ 40

(3)
Among 18 particle states of the octet and the

decuplet there are eight isomultiplets. Their
mass splittings are given by 10 equations (6)
and (8), depending upon three parameters, m„
m„and m, . We, therefore, have the follow-
ing seven mass relations in SU(6)-symmetry

0 2+Ao 6

—(Z'/V 2) + (Ao/2)'6) n, (4)

-)20 &~0))

(2 0 0)
q=(F3+3 '~'E~) =p 0 -1 0

(0 0 »-
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between "*p and "* would be more accurate
than that between the members of the N* iso-
multiplet (considering that the number of events
is the same in each case). It would, therefore,
be very interesting to know this difference;
its magnitude and sign can be easily compared
with the above predictions as another simple
test of SU(6) symmetry.

The authors would like to thank Professor
Freeman J. Dyson for some discussion and
comments.

FIG. 1. Diagram showing the relatior~ of the
electromagnetic mass splittings of the members
of the octet isomultiplets with those of the members
of the decuplet isomultiplets.

scheme:

g+ gp p ~ Ng+ Ngp y g+ Y gpssI

~ p ~~ ieealp ~~ Ngp Ng~ Y yp y

(12a)

(12b)

(ii) the mass difference in the 1',* isomulti-
plet,

Y,* -Y,*+=17~7MeV

(Cooper et al. "), and

Y,*--Y,~+=4.3~ 2.2 MeV

(Huwe et al."). Although the above experimen-
tal results have large uncertainties, they are
in qualitative agreement with the prediction
from relation (12). Further experiments to
determine the above mass differences with
better accuracy would be encouraging.

Due to the fact that the width of "*(I'=7.5
MeV) is much smaller than that of N* (1 =125
MeV), the determination of the mass difference

Equations (12a) and (12b) relate the mass split-
ting in the decuplet to that in the octet in an
extremely simple manner. This is shown as
in the diagram of Fig. l. In particular, the
theoretical predictions are N~ & N+Q& N~+,

Y~* &Y~* &Y~*+, and ™*~&"*'. At present
the following experimental results are avail-
able to us:

(i) the mass difference in the N~ isomultiplet",

N*--N*++ = 0.6~ 5.0 MeV.
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