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target absorption, is measured by comparing
pion yields from 10-, 20-, and 40-cm Be tar-
gets. In the same manner, multiple scatter-
ing in the spectrometer was measured by in-
troducing various amounts of material between
the counters.

The apparatus mas quite close to the target,
which made both lifetime and muon-contami-
nation corrections very small. At low momenta,
there was an appreciable yield of electrons;
these mere subtracted on the basis of Cherenkov
curves.

We estimate the total uncertainty due to sys-
tematic errors to be about ~10$. Statistical
errors are indicated in Table I for the kaon
data but are negligible for the pion and proton
data.

Various theoretical models (statistical, fire-
ball, one-pion-exchange) have been proposed
to interpret particle production and have been
partially successful in indicating the over-all
aspects, but detailed agreement is not good.
A useful empirical expression proposed by
G. von Dardel, '

1 6I2
=A P'(P, -p) exp -P —+—

0

where

d'N/dPdQ =differential cross section

[mb/(sr BeV/c) ],

P = pion momentum [BeV/c],

8 = production angle [radian],

P, =13.4 BeV/c,

g~ =16 for m+, 8 for m

I' =1.35 BeV/c,

P, =0.057 BeV/c,

is capable of representing our pion data within
a factor of two over most of its range.
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On the basis of CI' invariance and of trans-
formation of the nonleptonic interaction as the
35 of SU(6), a definite understanding of nonlep-
tonic hyperon S waves has recently been reached. '
The presence of orbital angular momentum has
not allowed so far for a simple understanding
of nonleptonic hyperon I' waves. Orbital angu-
lar momentum can be introduced following the

general scheme proposed by Gell-Mann. ' How-
ever, the large number of parameters in such
a general treatment does not allow for useful
predictions on the I' waves. In this note we pro-
pose a dynamical theory of nonleptonic hyper-
on & waves. We supplement the assumptions
of CI' invariance and of behavior as 35 of the
interaction with the assumption of dominance
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P(Z ) =0,

P(A ') =P3P(Z, '),
WZP(=- ) = P(Q

(2)

(3)

P(Q ) = (-,')"2P(Q ). (4)

Equations (1) and (2) are obtained also with the
lower symmetry SU(4)(T) C8ISU(2)(&)IRW(&), '
instead of the full SU(6) symmetry —actually

of the baryon intermediate states of 56 in a one-
variable dispersion relation. We find the fol-
lowing relations for the P amplitudes (in addi-
tion to those following from b T = 2):

Eq. (1) is strictly inherent to the dynamical
model.

Comparison with the data must be carried
out for the same choice of amplitudes that was
found to agree with the SU(6) predictions for
S waves. Equation (1) reads -0.39+ 0.60 = 0;
Eq. (2) reads 2.0+0.25= v3(3.6+0.35) for So-
lution (i), or 2.0+0.25 = v 3(1.7+ 0.2) if one
chooses Solution (ii). The latter solution is
then preferred. It is known, however —risus
dolore miscebitur —that neither Solution (i) nor
(ii) agrees well with the &T = 2 relation &2Zo
=-Z +Z+ . Equations (3) and (4) can be used
to derive lower limits to the rates of 0
+ m (briefly Q ) and of Q —A'+K (brief-
ly Q K-). We obtain~

m' t'K)'
r(Q--:-0+x-)~ r (Q--:- +x )=—— =-- I- — 12r (:. ) —118x10'secP 2m m iK j P (5)

1 m tK
r(Q -A'+K )o r (Q--A'+K-)=- —=-I l3r (:- )=64.5x10'sec-,

P 2m (K j P

where I'P is the rate for decay into P wave;
K-„and KA' are the momenta of the final " and
A in ~ decay, respectively; KA is the momen-
tum of the A emitted in " decay. The predic-
ted P-wave rates, Eqs. (5) and (6), are small-
er than the estimates by Glashow and Socolow,
who give I'p(Q -:-'+w ) =178x10' sec ' and
I'p(Q -AD+K ) =94x10' sec

To derive the above results we assume a one-
variable dispersion relation in the squared ini-
tial four momentum and the dominance of the
intermediate baryon states of 56. The general
amplitude is a linear combination of the follow-
ing four terms (corresponding to the four pos-
sible invariants that can be formed out of the
baryon tensor B Py, the mesons MnP, the in-
termediate baryons B Py, and the orbital an-
gular -momentum spurion tn P):

Q a M t tB q(aPy)P Xpv p cr

P Xpp .a ta" y5 6p5y, (v)ePr 5 A. p, v '

Q B tM t B g(nPy)P A. op p. v

.a 'a" y6 6p6y. (v )ePy 5 A. )L(, v
'

In Eqs. (7)-(7"'), x is the weak spurion, Qp
denotes summation on all permutations of the
indices A. p. v into Q. Py, and the weight factor
g(nPy) accounts for the normalizations of the
components of B Py; q(nPy) =1,3, 6 for a =P
=y, or n =pey, or no pey, respectively. '
Carrying out the summation and noting that

yq(npy)Bapyt -—1 (not summed on the in-
dices), the above four amplitudes become

x~ 'a p' y6 5 p6', (V)
apy 6 X g v '

g P eP5 yM t B x
npy p o 6 ' (8)
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~M 't Pa"""g(nPy)P Xpo p v

xa 'a p' y6 5 p6', (v)
OPr 5 A p v '

[B t +2B t ]M B xaPo y kayo P p

[B ~M + 2B M ]t B x
~Pc y ~re P

(8')

(8 )ii
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ing to the fourfold appearance of (1, 1) in (20,
1)C8 (15, 1)13(15,1)NI(20, 1)] in one-to-one cor-
respondence with the analogous invariants in
SU(6).

The first term, Eq. (8), does not contribute;
the second and the third, Eqs. (8') and (8"),
give equal contributions. Eliminating the two

independent parameters one finds Eqs. (1), (2),
(3), and (4).

Partial inclusion of symmetry breaking, by
restricting the symmetry to the subgroup SU(4)(T)
I8ISU(2)(X) SW(Y), leaves Eqs. (1) and (2) un-

changed. Under SU(4)(T)IRSU(2)(X} the nucle-
ons transform as (20, 1), Z and A as (10,2),
m as (15, 1). The weak spurion x transforms
as (4, 2), and the angular-momentum spurion
t as (15, 1)$(1,3). The main point is to observe
that the (1,3) component of t cannot contribute
because of its SU(2)(X) behavior —we call to
mind the related selection rules following from
conservation of G' parity. ' The component (15,
1) of t introduces four invariants [correspond-
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In a. recent note' it has been shown how the
method of relativistic completion of SU(6) leads
to fully covariant and crossing-symmetric ef-
fective vertices and matrix elements. We con-
tinue to mean by SU(6) a group property of zero-
three-momentum one-particle states. For
brevity we denoted all these effective quanti-
ties as "S-matrix quantities, " so that the term
S matrix is used in a phenomenological sense.
It was found that this completion procedure
is in general not unique. The la.ck of unique-
ness is due to the fact that there are (with the
exception of the 6 representation) inequivalent
ways in which an SU(6) representation can be
boosted to momentum p. The total set of ways
in which this can be done is fully determined
by the spin content of the SU(6) representation
in hand. The inequivalent boosts are effective-
ly indistinguishable when applied to bilinear
forms (free particles), but they are effective-
ly distinct when applied to n-point functions,
n & 2. For the meson(35}-baryon(56) three-

point function, the set of covariant but inequiv-
alent vertices was given. It was noted that
the noncompact booster group SU(12)~ provides
a convenient way of keeping track of the inequiv-
alent boosts of a given SU(6) representation.
In particular it was found that a unique meson-
baryon vertex emerges if one assigns the
SU(12)~ representations"2 364 and 143 to the
boosted 56 and 35, respectively. Similar re-
sults for this vertex have been obtained inde-
pendently by several other authors 2 It was
further observed' that the same methods can
be applied to any n-point function to yield co-
va, riant and crossing-symmetric answers.

Within the conventional framework of quan-
tum mechanics and relativity theory, the de-
scription in terms of this covariant SU(6)-in-
variant effective S matrix is only approximate
in a dynamical sense. It should indeed be re-
called'" that the completion procedures can-
not be applied in general to a Lagrangian field
theory with interaction, where the free kinet-
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