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The group M(12)!? has been proposed to un-
derlie the symmetry of strong interactions.
M(12) is a 144-parameter noncompact group
that upon application of Weyl’s unitary trick
goes into the compact group U(12). M(12) sym-
metry is “intrinsically broken” by the effects
of the kinetic energy (i.e., Feynman propaga-
tors), and consequently “exact” M(12) invari-
ance is only meaningful in a highly idealized,
explicitly dynamics-dependent strong-coupling
limit. Furthermore, M(12) being noncompact,
its finite-dimensional representations are not
unitary and it is by no means necessary that
all components of an M(12) representation cor-
respond to particles encountered in nature. In
fact the maximal compact subgroup of M(12)
is W(6) = U(6)®U(6),"* and one might at best
hope that W(6) multiplets will actually have par-
ticle content. However, the intrinsic symme-
try-breaking mechanism will split these W(6)
multiplets in U(6) and then into SU(3)®SU(2)
multiplets, and some of these multiplets might
be shifted to very high masses and consequent-
ly get “isolated” from their relatives in the
low-mass region. One may consider therefore
only the low-mass U(6) multiplet in an M(12)
representation and “project out” all other mul-
tiplets by symmetry-breaking subsidiary con-
ditions. A convenient (though not necessari-
ly unique) projection procedure? is to require
that the M(12)-multiplet fields satisfy the Barg
mann-Wigner —type* wave equation. In view
of the encouraging results obtained with this
procedure for baryon-meson couplings, it may
be interesting to apply it to the problem of me-
son-baryon scattering. This we shall do in the
present paper and, indeed, a very rich body
of sum rules for scattering amplitudes appears
to emerge. We shall interpret the significance
of these sum rules as tests for the M(12) sym-
metry scheme.

It is very important to point out that the sim-
ple requirement of unitarity for the S matrix
conflicts with M(12) symmetry. This type of
symmetry breaking is one and the same as the
kinetic-energy symmetry breaking mentioned
earlier.! The sum over intermediate states
which occurs in the equation for the absorptive
part of a scattering amplitude includes a sum

over spin states; this sum over spin states is
just the absorptive part of the propagator, which
interferes with exact M(12) symmetry (for spin
> 3). It is unclear that the rules used to con-
struct vertex graphs can be combined to give
meaningful scattering graphs. Nevertheless,
we shall assume that the entire S matrix has
the structure of the Born approximation. There
is, of course, no theoretical justification for
this procedure; our objective is merely to test
a well-defined set of rules against experiment,
without prejudice as to the ultimate significance
of these rules.

We describe the baryons by M(12) spinors®
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where o,8,y=1,---,12; a,b,c=1,--+,4; and
A,B,C=1,--+,3; bcM is the usual SU(3) bary-
on matrix; M is the central baryon mass, and
the dots stand for spin-3 decuplet whose pro-
duction we do not intend to study here. Mesons
are then described by !»2°
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where PAB is the SU(3) meson matrix, m is
the central meson mass, and the dots stand
for omitted vector-meson terms. Intrinsical-
ly broken M(12) then restricts the form of the
matrix element for the reaction between an in-
coming meson of momentum % with a baryon
of momentum p, resulting in an outgoing me-
son of momentum %’ and an outgoing baryon

of momentum p’, to’
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Table I. Meson-baryon reaction amplitudes in terms of the four M(12)-invariant amplitudes.a’b

Process a(s,t) b(s,t)/F
1y Ty Ty Tso40 Ty Ty T'5949
T +p T +p 1 Ay Ag tBs -C +3Dg -8 -32 -12
+n By/V2 -Bs/V2 3(Dy—Dg)/V2 20V2 20V2 122
K +z~ (Ds-2Dy) -12
K%+ 30 ~Ag/V2 (C=Dy~-Dg)/V2 -2
K+ A —(Ag+2Bg)/V6  (C +Dy—5Dg)/V6 12v6 46
n+n B, /6 Bs /6 (D, +Dg)/V6 40/V6  —40/Y6
at+p—at+p 1 Ay+By As —C +3Dy 32 8 12
Kt+zt —Ag C-3Dy -8 -12
K +p—K +p 1 Ag+Bg -32
K’+n . Bg -40
ET+K —-Dy—~Dg
E0+K° D,-2Dg 12
ten™ -4, C-3Dg 8 12
2T 4+nt Dy —2Ds 12
20470 —A,/2 (C +Dy~5Dg)/2 4 12
A+70 —(Ay+2By)/2V3 (C=5Dy +Dg)/2V3 -12V3 -4V3
K++p—~K++p 1 A, +B, 32

aWe only consider reactions with the proton as target.
PThe kinematic functions Ag, Ay, Bg, By, C, Dg, Dy, and F are listed in Table IIL

where s =(p +k)? and ¢ = (k—k’)? and the ampli-
tudes have been labeled by the M(12) represen-
tation of the ¢ channel. The matrix element ¢
for any given pseudoscalar meson-baryon re-

Furthermore, we find that there should be no
polarization of the out-coming baryons for the
following reactions:

- + -
action can be described in terms of two ampli- To+p=K +Z, (6a)
tudes K +p=-K°+n, (6b)
c=al(s,t)+b(s,t)yQ/m, (4)
with @ =k +%’. The power of M(12) makes it- Table II. Kinematic functions.?
self felt when we realize that the amplitudes 3o+ miey) 8(x—M?)
a and b for any meson-baryon reaction (e.g. Ax=56+ oM a2
for all 16 reactions listed in Table I) can be
expressed in terms of the four amplitudes T,, _2t<%+-55+—8—)_ 62’“2
««+, Tyoq introduced in (3), with the use of some M® m® mM] m'M
“kinematical” functions of s, which come from B =8— 162 +m?—x) +40(x:[M2)
expanding the products in Eq. (3). In Table I, x mM m
we list all the experimentally accessible scat- 2:( 3 7 _4) ) 6xt
tering reactions in terms of these kinematical TE\ME T m T mM) T mim?
functions; Table II lists the various kinemati- 1 1\ 2l(s—m2=M?)?+si]
cal functions. It should be noted that the kine- C=-8+2 <,; +M) + miM
matical function F multiplying yQ/m is univer- 9
sal. Tables I and II are the main result of this Dx =4(x_::;; M), 3(’;:12”2) - #
paper. We give below a selection of sum rules 2 o2 . R
that follow from them. First, in addition to _{x=m’=M") *’21(;2“ M7)(¢=M")
m

the well-known SU(3) relation®
Y M
(5a) - (1— 4M2)(1+"')

2To evaluate Ag and A, of Table I, insert x=s and
x=u, respectively, in A,; same for B, and Dy; u
=2m?+2M%-s—t.

do(K™ +p~K°+ZE%) =do(K~ +p =" +7"),

we find

do(n~ +p~K +Z7)=do(K~ +p—~Z" +7*). (5b)
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K- +p-E"+K", (6c)
K +p—-E°+K°, (6d)
K +p-+nt. (6e)

We also find the relation

- +,\ -\ +
o, K P)-o (K ")‘2[°tot(" p)-o, (v )], (D

derived earlier from nonrelativistic SU(6) con-
siderations.®

Finally, we wish to give some relations be-
tween amplitudes for elastic and charge-ex-
change meson-baryon scattering, that we think
should be tested:

bK™ +p—~K~ +p) 4
b(K~+p—~K°+n) 5’

(8a)

aK +p~K +p)—a(K™ +p~K ™ +p)
- [(Au +Bu)/32F]b(K++p ~K*4p)

+ [(AS +Bs)/32F]b(K- +p~K~+p), (8b)

b(n~ +p—=a_ +p)+b(n +p— 7t +p)
=3 +p~K " +p)+bK +p~K +p)], (8c)

for a and b defined above [Eq. (4)] and with Ag,
Ay, Bg, By defined in Table II.

When compared with existing experiments,
(6c) does not fare well at Py ., =1.95 BeV/c
where the average =~ polarization is 0.77
+0.24." But then it should be kept in mind that
even the SU(3) relation (5a) conflicts with ex-
periment at low energies. The main success
of SU(3), as clearly emphasized in reference 8,
is in correctly connecting large elastic-scat-
tering amplitudes

dOK—p N d0K+p N dan_p _ do”+p

dt dt dt dt

and

- ~0 ~ -~ .
%totk™p ~ %totk'p totr™p  Ctotr*p

It may therefore be worth while to concentrate
on relations of the type (7) and (8) which con-
tain elastic amplitudes and are consequently
expected to hold better than the relations of
type (5) and (6). The relations (5) and (6) con-
nect small reaction amplitudes which are more
susceptible to serious symmetry- [even SU(3)
symmetry-] breaking effects.

We wish to thank Professor J. R. Oppenheim-
er for the hospitality of the Institute for Ad-
vanced Study.

Note added in proof. —After the completion
of this work we received a preprint by R. Blank-
enbecler, M. L. Goldberger, K. Johnson, and
S. B. Treiman in which some of the results of
this paper are also obtained.
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