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The problem of generalizing SU(6)-symme-
try notions to the relativistic domain has pro-
voked widespread discussion recently, pro
and con.! It is now believed, rather general-
ly, that any attempt to directly join the Poin-
caré group to an internal-symmetry group must
lead to physical catastrophe, hence that any
generalization of SU(6) can at best only repre-
sent some sort of approximation to dynamics.
Whatever the formal situation may prove to
be, for practical purposes one is ultimately
interested in symmetry notions, “broken” or
otherwise, which are directly applicable to
effective S-matrix elements at some decent
level of approximation. The successes achieved
so far for SU(6) have after all sprung from such
direct applications. We are concerned here
with such direct tests.

A number of authors?~® have recently put
forward relativistic generalizations of SU(6)
symmetry based on the noncompact group var-
iously called SU(12)g, U(12), M(12), SL(6,c),
etc. In particular, Bég and Pais® propose the
applicability of their prescriptions to effective
vertex functions and S-matrix elements. They
have recognized the formal difficulties which
arise in the framework of local field theory
and relativity theory and, therefore, regard
their Lorentz completion of SU(6) as an approx-
imation procedure, hopefully a leading one.

At this level, then, one can only ask whether
the prescriptions are in reasonable agreement
with experiment in various domains of parti-
cle physics. One immediate difficulty arises,
which transcends the formal details of local
field theory. It has been noted by us, and in-
dependently by Bég and Pais,® that the relativ-
istic completion of SU(6) comes into conflict
with the principle of unitarity of the physical
S matrix. This appears to us to be a very ser-
ious difficulty. However, the formal demon-
stration of this conflict gives no measure,
quantitatively, of the degree of violation which
is involved.

It seems worthwhile, therefore, to set these
troubles aside for the moment, and to study
the direct implications of the SU(12); scheme
for a variety of experimentally accessible re-
actions. This must surely be the ultimate test.
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Some-advance hope is, of course, provided
by the successes already achieved for SU(6)
itself in quasistatic problems and even in one
uncritical, but not unsuccessful, application
of SU(6) notions to high-energy forward elas-
tic scattering of mesons on baryons.”

In the present note we consider the general
class of reactions, for arbitrary scattering
angle, M +B-~M'+B’, where M denotes the
pseudoscalar octet, B the baryon octet. In
view of the more difficult questions now under
discussion, we of course accept for present
purposes the validity of the internal symmetry
SU(3), and we therefore neglect mass differ-
ences among the mesons and among the bary-
ons. For meson-baryon scattering one deals,
spatially, with two amplitudes, spin-flip and
spin-nonflip. Each, according to SU(3), is a
linear combination of seven independent ampli-
tudes. Hence, on SU(3) the whole complex of
meson-baryon scattering reactions is deter-
mined by 14 independent complex functions
of energy and angle. Concerning the spatial
structure, we adopt, in place of the familiar
expression for the transition amplitude, an
alternative one which is somewhat more con-
venient for the present purpose; namely,

#(pylC +iDygy € ot Kt ke, ()
where P=34(P, +P,), K = 3(q, +q,), A=p,=p,
=q2—4q,.

The scalar functions C and D depend on the
invariant variables s = —(p, +¢,)? and ¢ = -AZ2,
For unpolarized initial baryons, the differen-
tial cross section in the center-of-mass sys-
tem (where 6 is the scattering angle, % the
three momentum, W the total energy) is given
by

dO - m 2 2 2 in2 2 2
ol <4ﬂW) (1-t/4m?)[IC 1% + sin?6 |E2WD 2], (2)
and the polarization (0) of the outgoing baryon

is given by

E2W Im(CD*)
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(3)

when n is a unit vector in the direction & xk’.
According to the SU(12)p scheme, the bary-
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on octet and decuplet (mass differences being
neglected) are collectively described by a total-
ly symmetric tensor ¥4 BC( p), where p is the
momentum and where each index runs from

1 to 12. The pseudoscalar-meson octet and
vector-meson nonet are collectively described
by a mixed tensor ¢ DE (9), where ¢ is the me-
son momentum. Explicit representations, in

terms of the labels of the SU(3) and Lorentz
groups, are given in the literature.?~* Accord-
ing to the SU(12)p prescription of Bég and Pais,’
the most general structure for meson-baryon
scattering is to be gotten by contracting the

four tensors involved in all possible ways,

each contracted expression being multiplied

by an arbitrary function of s and ¢{. The gen-
eral structure is, therefore,
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where o, B, y, and 6 are arbitrary complex
functions of s and ¢.

We are concerned here with the part of the
above expression which describes scattering
of the pseudoscalar-meson octet and baryon
octet. The 14 independent amplitudes allowed
by SU(3) collapse here to a total of four inde-
pendent, complex amplitudes. Evidently, this
reduction leads to an enormous number of new
predictions for the complex of reactions under
discussion.

We shall not write out here the complete
structure which emerges when the contractions
of Eq. (4) are explicitly carried out. Instead,
let us merely note a few of the most striking
predictions, some of which can be foreseen
just from the general structure of Eq. (4). In
particular, we remark that, apart from the
arbitrary functions a, 8, y, 6—which may be
complex —the tensor contractions themselves
lead to expressions for the two spatial ampli-
tudes C and D of Eq. (1) which are real. Polar-
ization effects, therefore, can arise from in-
terference among the complex functions «,

B, v, 6. For reactions which receive contri-
butions only from a single one of the four con-
tractions, there can then be no polarization
on the present scheme. But just from the SU(3)
content of the meson and baryon tensors we
can easily see in advance that this situation
indeed arises for a number of reactions. In
any case, on the present scheme one predicts
zero polarization for the following reactions
[and others related to them through isotopic
spin invariance or pure SU(3) invariance]:

K-+p-~K°+n, (5
Kt+n—-K°+p, (6)

Kosn-Zt+m—, (7
1t +n-2T+KO, (8)
K- +p-~="+K", (9)

Through charge independence the Reactions (7)-
(9) are, of course, supposed to be, respective-
ly, identical in detail to the processes

K- +p-S +17, (77
TT+p~Z T +K", (8"
K°+n—~=°+K% (9")

so the predictions concerning the absence of
polarization apply for these too. Also, from
SU(3) alone one predicts that (8) and (8’) are
equivalent to

K~ +p—~E°+K°, (10)

so that again one is led to the expectation of
zero polarization here.

A further consequence of the SU(12)g pre-
scription is that the differential cross section
for (8’) [hence (8) and (10)] is supposed to be
identical with that for (7’) [hence (7)]:

do(K~ +p~Z~ +1")=do(n= +p~Z~+K™*). (11)

One also recovers on the present scheme
the relations obtained earlier for forward elas-
tic-scattering amplitudes.”

Finally, among many other connections im-
plied by the SU(12)£ prescription, we note
the prediction of a definite energy-angle-de-
pendent relation between the differential cross
sections for the processes (7’) and (9):

do(K”+p—2”+7") 1[  sin’6kiW? (12)
do(K~+p~-=Z"+K") 4 R? ’
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where
12(m + R = §[(s =m>= p?)? + (s =m® = p? + 1)?]
=2m2p2 +t(m? + u® +mu).

For small values of the momentum transfer
t, R approaches the value

R - m?*(w?-u?)/6(m + ),

where w is the laboratory energy of the incom-
ing meson. We have selected this last example
for explicit mention to illustrate a curious fea-
ture of the SU(12)£ scheme, which relates dif-
ferent processes through energy-angle-depen-
dent factors.

For purposes of comparison with experiment,
one is faced with the usual problem of dealing
with symmetry ideas that are manifestly inex-
act with regard to mass differences. Indeed,
SU(3) symmetry itself does not fare too well
in the context of scattering phenomena.®® If
only to avoid those troubles which relate to
external mass differences, one ought presum-
ably to effect comparisons with experiment
only at high energies, where detailed informa-
tion is not yet available for all the questions
of interest. Nevertheless, the prediction of
a null polarization for certain reactions, dis-
cussed above, is quite striking, and one may
ask whether the experimental indications now
available are at all favorable. The answer is
decidedly in the negative. In the case of Re-
action (9), for example, at K~ lab momentum
2.3 BeV/c one finds very large =~ polariza-
tions, polarizations which are not far from
maximal over a wide range of angles.!® Sim-
ilarly, for Reaction (8), at pion lab momen-
tum 1.19 BeV/c, there is some evidence for
large Z% polarization.!!

These polarization tests of SU(12)g have the
merit that they are “internal” and do not re-
quire the comparison of one reaction with an-
other, where mass differences make ambig-
uous how the comparison is to be effected when
the energies involved are not so high as to make
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these differences unimportant kinematically
[e.g., one would prefer to restrict tests of

Eq. (11) to energies in the multi-BeV range].
From the polarization evidence alone, it ap-
pears that the SU(12)g scheme cannot general-
ly represent a good approximation to particle
dynamics. This still leaves open, however,
the question why at the same time the scheme
incorporates other successful predictions.
Bég and Pais have discussed other variations
on the theme of boosting SU(6). It is worth
remarking that the affirmative results on for-
ward elastic scattering” are stable under these
variations.
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