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ment.
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the case of a "gauge theory" [C. N. Yang and R. L.
Mills, Phys. Rev. 96, 191 (1954); J. J. Sakurai, Ann.
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al result due to Sakurai (to be published) stating that
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vector mesons are degenerate. One of the authors

(B.W. L.) is grateful to Professor J. J. Sakurai for re-
minding him of this result.

~This can most easily be seen by replacing one of
the matrices M in (10) by K and observing that Tr
MKys ——Tr MK=—0. The meaning of the vertex (12) can
be better understood at a pictorial level. Consider an
arbitrary Feynman graph with three external meson
lines. In the limit of "exact U(6)" in which symmetry-
breaking kinetic-energy effects are ignored (yp terms
in quark propagators and k&k~ terms in meson propa-
gators are dropped), this vertex would be -Tr MMM
—= 0. Considering the kinetic energy as a spurion can
be visualized by kineton emission from the three-
meson vertex. It is readily checked that any graph
with three external meson lines and one external kine-
ton line leads to a contribution of the form (12) to the
vertex.
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In recent papers'&2 we have described sever-
al aspects of the relativistic completion of SU(6).
The procedure is meant to apply only to effec-
tive vertices and matrix elements ("S-matrix
theory"). For local Lagrangian field theory
there is a specific breakdown'&2 of SU(6). In
this Letter we indicate how the systematic ap-
plication of our rules leads to an S-matrix de-
scription which is fully covariant, crossing
symmetric, and SU(6) invariant. As before, '~

we take as our starting definition for SU(6) a

group property of zero three-momentum one-
particle states.

It is crucial to note that the relativistic corn-
pletion (boosting') of an SU(6) representation
is not unique, except for the trivial case4 of
the 6, which of course is to be treated like the
representation [&, 0] of 2, the orthochronous
Lorentz group including space reflections.
Thus we call it 6[&, 0]. This is given by u~&(p)t&
where the notation is as follows: i =1,2 denotes
spin states, A =1,2, 3 refers to unitary spin,
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a = 1, 2 denotes the upper (lower) component
pair of the four-spinor u. Thus if we have a
set of (Hermitian} matrices y&, we may ex-
emplify our notation in the useful representa-
tion' y = -p, o, y, = p„y, = p~ as follows: (y,u)'a

is short for ( p-2)ba(&rl)&~u&b, etc. Thus for
fixed i, ug~ is a two-component spinor in "p
space. " With u =u y, we have. (up3), =u.b(p3)
x6;j, etc. We can briefly denote the particle
states of 6[&, 0] by u~(!2 ), A. = (i, a, A) = 1, ~ ~ ~, 12.
We reserve the early letters a, b, ~ ~ ~ for p
space; i,j,k, ~ ~ - for spin states. We denote
the antiparticle states by v (P). The Hermi-
tian adjoint functions are u&j, v&j.

For the 35 there are two distinct completions
(for the same set of physical mesons!). They
are 35[~2, ~2] and' 35[(~2)', 0], to which there
will correspond respective 12x12 meson ma-
trices "'stt ~ and "'6!t ~. We have ' for 35['
1]—

(1) z (yq) A

ABC ABD C
b (3)

There are again two distinct boosts, namely
56[(&)', 0] and 56[(&)', &]. [The set of distinct
boosts for any SU(6) representation is of course
fully determined by its spin content. ] In order
to give a compact specification of these boosts,
we introduce the boost matrices D' ', a =1,2,
where

D"'(p) = j(1+y,)[m-i(yp)y ][2m(E+m)] "', (4)

while Da' is the same expression but with (1+y,)
—(1—y,). Next we introduce the following def-
inition':

Q ap2b2 yc( )p

(a)i( } (b)j( )
(c)k(

)
lA, mB, nC. (5)

The 56. For p=0 we have'

any ijk ABC
( ~)-I

, ij k ABC jk i BCA ki j CAB,x[e y X +& gX +e yX

+ [i(y~) ] v.
jb

We have, for 56[(q)', 0], the elements

(6)
where I' is the pseudoscalar octet, V the vec-
tor nonet; yq =

y&q&
= yq+ iy4q0. Furthermore, '

for 35[(q)', 0)

o.2, P2, y2)

which is 4- (8-)component for the octet (dec-
uplet). This is the relativistic SU(6) represen-
tation which was constructed earlier. ' Observe
that this completion maintains the (o. , P, y} sym-
metry of the 56 for p =0. Equation (6) gives
the particle states. The antiparticle states
are obtained by the substitution

Equation (2) corresponds' to a reducible g
representation, corresponding to a ps(ps) + v(t)
structure with relative weight determined by
SU(6). One may wish to reject Eq. (2) by the
criterion of 2 -irreducibility. However, we
shall see below that this may not be prudent.

We note that u&(pl) "'5K&~(q)u&(p2), i =1,
2, q =p, -p„are fully covariant SU(6)-invar-
iant (6*,6, 35) vertices for (particle, particle,
meson). In order to go to a crossed channel,
replace up(p, ) by v&(-p, ), keep the rest as
is, but read now q = -P,-p, . Thus we have
manifest crossing symmetry. All these covar-
iance properties are readily shown to hold like-
wise for any 8-matrix element involving arbi-
trary numbers of 6's and 35's.

in Eq. (5). Furthermore, 56[(&)~, ~2] is described
by

Eq. (5) with a, b, and c not all identical. (8)

Also here a pairing like in Eq. (6) is always
necessary. This pairing is a "1-2 conjugation. "
Thus, for example,

( «2, 21y2),
n2, P2, yl

has the appropriate behavior under space re-
flections. Clearly, this relativistic represen-
tation no longer has the (o., 8, y) symmetry of
SU(6).
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We now turn to the baryon-meson vertex.
To begin with we discuss the particle-particle
sector. Consider the expressions

1 Qa) PA, yt."

In Eqs. (10) and (11) we sum over the Greek
indices [SU(6) labelsj. In regard to the Latin
indices we observe the pairings (with equal
weight) prescribed by Eqs. (6) and (9), but do
not otherwise sum over a, b, c, and d. Each
of Eqs. (10) and (11) then lead to four general-
ly distinct vertices. Each of these eight ex-
pressions represents a Lorentz-covariant SU(6)-
invariant particle-particle vertex. Moreover,
by application of Eq. (7), it is readily seen
that each of these eight expressions is also
crossing symmetric.

Thus we have now found an eightfold answer
to the construction of the vertex with all the
requisite symmetry properties. We have found
some general properties of this set, namely:
(i) Each of them reproduces the ratio' p(n)/
p(p) = -~ if we replace Otl by the SU(6)-covar-
iant magnetic-moment operator. (ii) There
are three possible values for the D/F ratio
of pseudoscalar mesons, namely: pure I,
D/F = ~, D/F = 6. Thus a general combination
of the eight vertices renders this ratio arbitrary.
There exists a clear need for more selective
criteria.

An elegant criterion is provided by the re-
quirement that the vertex be invariant under
the transformations of a group SU(12)&, the
"booster group" of SU(6). The tensors of this
group are defined so as to preserve space-re-
flection invariance. The 2 indicates that the
algebraic structure is formally that of SU(12),
provided the adjoint tensors' are defined in
terms of the density appropriate to the Lorentz
metric. Within the context of the present paper
these mathematical artifices are fully justifi-
able.

The 56 can be embedded in the totally sym-
metric SU(12) representation 364. This cor-
responds to a unique vertex, namely

with A =ra, p=gb, p=yc, and v=5d. There
is a second choice for embedding the 56, name-
ly in the mixed-symmetry representation 572.

This choice gives two independent couplings.
In the rest of this note we confine ourselves
to the vertex given in Eq. (12). Before men-
tioning some implications of this coupling, it
may be well to state a few general properties
of this group SU(12)&.

(a) The representation 364 has the SU(6) 42I SU(2)
content (56, 4) (70, 2). Here SU(2) corresponds
to "D spin, " the fundamental representation
being 2 corresponding to the pair (D'", D+').
"D spin" is a kinematic concept. Thus (56, 4)
corresponds to total symmetry of boosting,
that is, D spin &. (56, 4) corresponds of course
to one and only one 56 in the rest frame. Pari-
ty is still extraneous to the booster group. If
SU(12)& is now an approximate symmetry of
strong interactions, a 70 should exist with

positive parity. Note that the representation
220 contains one 20 and one 70, again with

equal parity t

(b) Similarly, the 35 belongs to the booster
representation 143 = (35, 3+ 1)8 (1,3). Here
(35, 3+1) corresponds to the boosts n'gg and
"'5R with prescribed relative weight as it ap-
pears in Eq. (12). Clearly an SU(12)& repre-
sentation contains prescribed mixtures of 2
representations corresponding to the same
physical SU(6) representations in the rest frame
As an approximate symmetry, SU(12)& predicts
a further pseudoscalar singlet (boosted with
D spin 1). The 7}' meson at 960 MeV would fit
nicely in this spot. '

(c) We now return to the meson-baryon ver-
tex. Equation (12) gives a unique D:F ratio in
the coupling of pseudoscalar mesons. Remark-
ably enough, this ratio turns out to be precise-
ly 3:2.

(d) Equation (12) determines the Pauli cou-
pling of the vector mesons, to the baryons,
in terms of the Dirac coupling. If one assumes
that the Pauli couplings of the p and + deter-
mine the Pauli coupling of the photon, Eq. (12)
may be said to predict the magnetic moment
of the proton. Before a definite value can be
assigned, it is necessary to have an unambig-
uous procedure for handling central masses,
which enter in an essential way.

The extension of the rules for constructing
relativistically invariant SU(6)-invariant struc-
tures given above for the three-point functions
can readily be extended to n-point functions.
SU(12)& requirements will again reduce the
number of independent form factors. Explicit
constructions will be given elsewhere. We
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only note here that the formalism incorporates
the relation found by Johnson and Treiman'
in a Lorentz-invariant framework.

The present considerations do not affect the
conclusion reached earlier' that local Lagran-
gian field theory and SU(6) invariance are not
compatible (except in the trivial case that there
is no interaction at all).

The notion of SU(12) & invariance brings up
mathematical problems of a novel nature. These
will be studied further.

After the conclusion of this work one of us
(A.P.) was informed in a private communica-
tion by Professor AMus Salam that he had ob-
tained full S-matrix covariance along similar
lines.

Note added in proof. —In different contexts,
the group SU(12)& appears in earlier papers. "

M. A. B. Beg and A. Pais, "Lorentz Invariance and
the Interpretation of SU(6). I," to be published.

~M. A. B. Beg and A. Pais, "I,orentz Invariance and
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3The use of this term is discussed by S. Weinberg,

Phys. Rev. 133, B1318 (1964), especially Sec. 2.
4The 6 is the only representation of SU(6) for which

spin and unitary spin factorize. For this reason, mod-
els which involve sextets only hide many of the com-
plexities of the problem.

This representation is useful for demonstrating in-
variance under L+~. With appropriate labelings, our
methods hold for any representation.

Here (~) =
~ ~

= 10+ 0. Thus t(~), 0] is a convenient
shorthand for the reducible representation t1, 0]8 [0, 0).

~We follow the notations given in M. A. B. Beg, B. W.
Lee, and A. Pais, Phys. Rev. Letters 13, 514 {1964);
see especially footnote 9 of that paper.

Note that in our notation, X(~ z)~ transforms accord-
ing to g) «)]-1.

M. Goldberg et al. , Phys. Rev. Letters 12, 546
(1964).

OK. Johnson and S. B. Treiman, Phys. Rev. Letters
14, 189 (1965).

~~P. Roman and J. J. Aghassi, Phys. Letters 14, 68
(1965) [SV(12); with a different physical interpretation
of multiplets]. K. Bardakci, J. M. Cornwall, P. G. O.
Freund, and B. W. Lee, Phys. Rev. Letters 14, 48
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NONEQUIVALENCE OF THE ONE-CHANNEL N/D EQUATIONS
%ITH INELASTIC UNITARITY AND THE MULTICHANNEL ND EQUATIONS

Myron Bander*
Stanford Linear Accelerator Center, Stanford University, Stanford, California

and

Philip %. Coulterf and Gordon L. Shaw)
Institute of Theoretical Physics, Department of Physics, Stanford University, Stanford, California

(Received 28 December 1964)

Consider a partial-wave elastic-scattering
amplitude' for two spinless particles of equal
mass, M, as a function of s = 4(k'+M'):

A = . (S-l) = . (r)-1)=B.+ A,
1 2i5

2zp 2l p

where p is a kinematical factor and the "gen-
eralized potential" 8 is regular in the physi-
cal region, whereas ~A has cuts only for s
& 4M' -=sE. The inelastic partial-wave cross
section ar is determined by q alone:

the Frye-Warnock equations &

2g(s)
( )

ReN(s)

1
t

[B(s')—B(s)]2p(s ') ReN(s ')ds '

sE (s'-s)[1+q(s')]

—
( ) ( )

P
t [I-r](s )]ds

v Js 2p(s)(s'-s) '

D(s) =1——P 2p(s') ReN(s')ds'
(s'-s) [1 + q(s')]

o =vk (2l+1)(1-g ).l 2 2

r (2) -i ReN(s) 8(s-s ),
2p(s)

1+q(s) E '

Given B and g, we can determine A = N/D using- ImN(s) = ReD(s) e(s-s )
I-q(s)
2p s I
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