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sensitivity to the assumptions about the asymp-
totic behavior of the cross sections at high en-

ergy is in progress, so that a critical compar-
ison of theory and experiment can be attempted.
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In general, this corresponds to several standard de-
viations from the best fit, and also would imply the
physically unexpected result that the range of the inter-
action responsible is of the order of five times larger
than that corresponding to the exchange of a pion.
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In a recent paper' we have proposed a spuri-
on theory of broken U~(12) symmetry In this.
scheme the formal, initial U&(12) invariance'
of an amplitude is not only broken by the im-
position of Bargmann-Wigner equations, which
define the asymptotic "states" of physical par-
ticles, but also by spurions. ' It is the purpose
of this note to give a more detailed discussion
of these spurions and to report certain conse-
quences of the spurion theory for meson-bary-
on amplitudes.

We note that the spurion theory of Ug(12)
should be considered as an approximation scheme
for S-matrix elements and vertex functions, and
not as an exact supermultiplet theory which
complies a priori with all the axioms of field
theory or of dispersion theory. It is mell known
that a relativistic theory mhich incorporates
the successful features of SU(6) models encoun-
ters difficulties because of the noncompact na-
ture of the I.orentz group. ' In U~(12) schemes,
the impact of these difficulties is softened be-
cause the transformations are not directly ap-
plied to the physical amplitudes; rather, they
act on formal amplitudes which are generali-

zations of the "spinor space amplitudes*' used
in dispersion theory. ' There are, however,
difficulties with the unitarity condition, even
after imposition of the Bargmann-signer equa-
tions. '~8

A priori, we introduce the spurions in such
a way that they preserve the Lorentz invari-
ance of the amplitudes, transform as SU(3)
singlets, and do not split the masses of par-
ticles with different spin values which are con-
tained in the same SU(6) supermultiplet. We
write the general spurion in the form

s=(r+r & +r & +r

+ —'I' g )CR1,
pv pv

and if used in first order, the coefficients are
Lorentz covariants which must be constructed
out of the independent momenta available in
the amplitude into which 8 is being inserted.
In the second and higher order, we can pro-
ceed in different ways. If we continue to con-
struct the coefficients in Eq. (1) out of exter-
nal momenta only, then the masses of the SU(6)
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supermultiplets remain degenerate. ' On the
other hand, in second order we may also con-
struct terms of the form

S = (slcal+s y Ry +s y styP55vP.
+s iy y Qiy yA p. 5

+s o IRo )IRIR1.
7 PV PV

(2)

These spurions can give rise to mass differen-
ces between the SU(3) multiplets which are con-
tained in a given SU(6) supermultiplet.

Liberal use of the spurions (1) and (2) will
eliminate all restrictions due to the broken
U&(12)-invariance scheme, and we are left
only with SU(3) and Lorentz invariance. On
the other hand, if we use only the spurion S
with momentum-dependent coefficients, then
we obtain a scheme which reproduces many
of the successful results of SU(6) models. '

As an example, let us consider briefly the
amplitude for quark-quark scattering. In the
limit of formal U~(12) symmetry, there are
two terms:

(p')u (p)u (k')u (k),
A, B

(3)

(p')u (k)u (k')u (p),A, 8
(4)

where k+p =A''+p'. With the spurion S in
first order, we have irreducible insertion [iy
~ (k + k') R 1 + 1 S iy (p +p ') j in Eq. (3) and an
analogous one in Eq. (4). In second order the
terms with iy. (k+k') NI iy ~ (p+p') for Eq. (3)
and iy* (p+k') S iy (k+p') for Eq. (4) are added,
and this is all we can get with the momentum-
dependent spurion (1). The remaining inser-
tions are y, IR y, andi y,y (k+k')Sl iysy (p+p')
for Eq. (3) and corresponding forms for Eq. (4).'
They can only be obtained with the second-or-
der spurion S, given in Eq. (2), the inclusion
of which leaves us with PS SU(3), where P is
the Poincard group.

It is important to note that our amplitude
satisfies the elastic unitarity condition only
in the SU(3) limit. We find that unitarity mixes
the amplitudes of type (3) and of type (4), and,
using the Fierz relations, we see that also
those invariants are generated which are not
present in the original amplitudes obtained
from the momentum-dependent spurions (1).

In general, we cannot hope to get complete
elastic unitarity with the spurion S alone. How-

ever, this should not detract from the possible
usefulness of this spurion method as an approx-
imate scheme. We may recall that most dis-
persion- theoretical approximations violate uni-
tarity in some way, especially the pole-domi-
nance models. In the spurion theory, we have
the choice of various paths from formal Ug(12)
invariance to PSSU(3) with mass splitting, and
the usefulness for a specific amplitude of a
given chain of approximations may well depend
upon dynamical considerations.

Let us now consider meson-baryon amplitudes
within the framework of the spurion scheme.
We restrict ourselves to the octet of baryons,
and sometimes also to pseudoscalar mesons.

The meson-baryon vertex has been discussed
in reference 1 in connection with the electro-
magnetic form factors. Using only the spurion
S with momentum-dependent coefficients, we
found that almost all the favorable results of
the Ug(12) limit are retained. Furthermore,
on the mass shell of the meson-baryon vertex,
we have the same unique coupling as with for-
mal Ug(12) symmetry, except for a new term
involving only the singlet vector meson. This
term had been left out in reference 1. Evident-
ly, the uniqueness of the couplings and the fa-
vorable d/f ratios will be destroyed if we in-
troduce the second-order spurion S, given in
Eq. (2).

With the spurion S, our results for the elec-
tromagnetic form factors are similar to those
obtained by Bdg and Pais7 on the basis of a
specific modification of the U~(12) scheme,
at least as long as we do not insist upon a strict
pole model. However, the method of these au-
thors makes predictions for pseudoscalar-me-
son-baryon scattering which are quite differ-
ent from those of our spurion scheme. We
have pointed out in reference 1 that a first-
order insertion of the spurion S makes possi-
ble polarization effects for a set of reactions
for which formal Ug(12) invariance predicts
zero polarization. &' In many cases this is
also true for the $ scheme mentioned by Bdg
and Pais. However, we have an important ex-
ception in the reaction

K +p " +R

If we write the amplitude for this process in
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the form

u (p')[A(s, t)—iy. —,'(k+4')B(s, t)]u (p), (6)

~~ C(p')~ (p)4, (k)~C, (k), (7)

where

we find that we have B(s, t) = 0 in the Ug(12) lim-
it, whereas for most other reactions only ImAB*
=-0 is obtained. ' In the g scheme mentioned
above, the amplitude which contributes to Re-
action (5) is given by

final meson in the c.m. system. Because of
C(iy k)TC ' = i—y k, we find that the amplitude
(11) violates charge-conjugation invariance,
and hence we must have @~=0. %e see that
annihilation into two mesons is forbidden in
our theory with momentum-dependent spurions
S in first order. But a more detailed discus-
sion shows that also in higher order many terms
vanish because of charge- conjugation invariance.
A suppression of two-meson annihilations seems
to be quite compatible with experiments.

In the U@(12) limit, and as a consequence
of Eq. (10), we have a unique amplitude for the
annihilation into three mesons; it is given by

C (k) = (~-fy k/q}y, Z(k},

C (k ) =(t +fy k /q)y, Z(k ) (8)
~„C(-p8 (p)~„, (k, )

Even if we assume that ((s, i) and ('(s, f) are
arbitrary complex functions, we still find B(s, t)
=-0. In our theory with S spurions we have, in
first order, the term

(P)[fy (k+k)], ~ (P)ABC A'

xc, (k )C, (k), (9)

where here 4 and 4 are given by Eq. (8) with

$
-=$'=-1. The amplitude (9) and the correspond-

ing U@(12)-invariant expression (7) together
give rise to independent complex functions A(s, t)
and B(s, t) for Reaction (5), and this makes it
possible to account for the observed polariza-
tion effects. '

Finally, we consider the annihilation of nu-
cleon-antinucleon pairs at rest into mesons.
The consequences of formal Ug(12) invariance
have been discussed by several authors. " Due
to the orthogonality of the spinor wave functions
for particle and antiparticle with equal momen-
ta, one finds that

lim 4 (—p)e (p) =0.Aa C

p-0
(10)

where p = 0 and k =-k' is the momentum of a

This implies that in the U~(12) limit there are
no annihilations into two mesons. In our spuri-
on scheme, with S used in first order, we have
the unique amplitude

( )(. )
C A B C (P)

s ABC C

x4„, (k)~, (k),

~ C , (k )C , (k ), (i2)

with p = 0. For nucleon-antinucleon systems,
Eq. (12) gives rise only to the production of
nonstrange particles and excludes y mesons.
Kith a spurion S, we obtain a new category of
amplitudes which are of the form

+& C(-P)S, y (P)C» (ki)

XC (k )4, (k ). (13}
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These amplitudes could survive for p = 0 and

may give rise to the production of strange me-
sons. However, our theory does not determine
the coefficients of the amplitudes (13}, and there
may well be a suppression for dynamical rea-
sons. One may also speculate that the annihi-
lation process is mainly due to forces of very
short range, and that for these forces the for-
mal U~(12) symmetry is a much better approxi-
mation than for those with longer range.

After this note had been written, I was informed
about a related note by P. G. O. Freund which
deals with the breaking of U~(12} symmetry due
to "kineton emission. " I would like to thank
Peter Freund for a discussion of his work.
Thanks are also due to Chai S. I.ai for check-
ing some of my calculations.
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In the course of a study of the production and

decay modes of netural bosons produced in the
reaction r +p-n+neutral particles, we have
obtained evidence for a neutral boson of mass
about 700 MeV which decays into two pions.
The experiments were made at the AGS at Brook-
haven National Laboratory using & beams of
momenta up to several BeV/c, and the main
evidence for the resonance here reported was
observed with v momentum of 1.520 BeV/c.
Our experimental procedure was to detect the

interacting in liquid hydrogen with no charged-
particle production, but with the production
of a neutron whose energy is measured by the
time-of-flight technique. The two-body reac-
tion is indicated by a characteristic neutron
energy which is a function of the ~ energy
and the angle of detection of the neutron as
well as of the mass of the neutral particle pro-
duced. The decay of the latter is observed
by a large solid-angle array of y-sensitive
spark chambers.

The apparatus is shown schematically in Fig. I.
The interacting n is signaled by the response
1234 in the plastic scintillator, and the neutron
by the delayed 65. The hydrogen target is 7.5

S.G.- t
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0
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Beam View of Side Chambers

t

.~r 4 S.C.-5
Side View of Apparatus

FIG. 1. Schematic cross section of apparatus. The
spark chambers have at least 4 radiation lengths of
lead plates in all directions, while the neutron counters
consist of 20 plastic scintillators about 7 in. in diame-
ter and 4 in. thick coupled to 58AVP photomultipliers.
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