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Using a previously discussed dynamical model, we show that the baryon octet and decuplet poles alone
lead to a simple explanation of the observed parity-violating nonleptonic hyperon decay amplitudes, es-
sentially without involving any unknown parameters, provided that the strong interactions are SU(3)-
invariant.

'T is the purpose of this paper to extend a previous
- - discussion" of a dynamical model for the nonlep-
tonic hyperon decays. We wish to point out that the
decuplet poles can play a signi6cant role in the analysis,
In fact, with the baryon octet and decuplet poles alone,
it is possible to understand, in a sixnple way, the ob-
served ratios of the parity-violating amplitudes, as well

as the vanishing of the parity-violating amplitude for
Z+~ n+ sr+ without involving any unknown parameters.

This approach can be compared to the recent calcula-
tionss of the nonleptonic hyperon decays using current-
algebra techniques. With the assumption of octet
dominance, one obtains for the parity-violating ampli-
tudes the Lee-Sugawara4 sum rule'

A (tt ')+2A (:)=v3A (Zo+) snd V(Z++) =0.

There are two parameters in the theory to describe the
remaining two parity-violating amplitudes; an over-all
scale factor and a weak D/F SU(3) mixing parameter.
Therefore, the ratios of the parity-violating amplitudes
are to be Gtted within this theory. '

We assume that the weak V-+ E+rc amplitude can

be related to the amplitude for inverse associated
production V+X —+ I +sr through the dominance of

the E~' —+ vacuum transition. ' The production ampli-
tudes are estimated from the relevant poles in the s,
t, and I channels (see Fig. 1). We assume SU(3)-
symmetric couplings for all strong vertices, but use
physical masses for initial, 6nal, and intermediate
states. With baryon octet and decuplet poles the ratios
of the parity-violating nonleptonic hyperon decay am-
plitudes are determined by the strong coupling constants
for the decuplet-baryon-pseudoscalar-meson vertex and
the baryon-baryon-pseudoscalar vertex and the strong
DjF SU(3) mixing parameter for the BBP vertex.
Using the recent analysiss of the d/f parameters from
strong interaction data, we can predict all the ratios of
the parity-violating hyperon decay amplitudes.

Let us de6ne the matrix element for the decay by'

3E(V~E+sr) =i (2sr)4h(Pz. Ptr P)— —
)& Utv(V iysC)—Uy, (1)

whet e V ts the parity-vlolatlng (S-wave) amphtude.
The necessary couplings are defined by the Lagrangian

K(K' )
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Fio. 1. Pole contributions to nonleptonic decays.
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(1+2f) 2(1—2f) (1—f)
V (it )s-= s fxmxg' — +

A+X Z+1V
(8 8 10)Gg)

+I I
4-'~A's'en"'+H c

u im.
+ifzmz'yz, ~ (.2) , (1—2f)(1+f)

V(Z++)s=~fzmzg'

[assuming SU(3) invariance for the strong interactions) cuplet pole terms given in Fig. 1. The octet pole terms

I.=V2g((1 f)—Tr(Byp, B)P f—Tr/Bys, BiP)

The normalization of the BBP coupling" is chosen to
give the usual pion-nucleon coupling constant gsjkr
= i5. The field for the decuplet, 8~1', is defined by the
Fierz-Pauli" formalism, with a positive-energy projec-
tion operator" given by

&&(7 PP.+P Pv. 4P P.)j(—P+~) (3)

The decuplet coupling 3-j symbol was evaluated from
the tables of McNamee and Chilton. "

We can now evaluate the contributions to the parity-
violating amplitudes resulting from the octet and de-

1 (1+2f) (1—f)
3 A.+S

(1—2f)f (1+2f)(1—f)V(Z:)s
——%2fxmzg'—

Z+X A.+X
2(1—f) (1—4f) (1—2f)-

V(=:)s ——-', fzmzg'
+Z

The decuplet poles give

(4)

i8 8 10' 8 8 10
V(&~ S+s')yp= 3~~fzmz(Ga/m m~) !Imp (mg)+ mr) (3E~ m~ —mQ)—

EVZ D&X

i8 8 iOii8 8 10~
I$(3mrE~ mN')(m—N+mg&) m~mr(—2E~+mn m~) j —. (5)

&V ~ Dilz Z Di

D(A ') = —0.043,
D (Z++) = —0.0134,

D(Z:)= —0.124,

D(:)=+0.110.

(7)

To proceed, it is useful to have some information on
the decuplet coupling constant G~. We can estimate

' The SU(3) mixing parameter is normalized so that f+d =1.
The curly- and square-bracket notation stands for the anti-
commutator and commutator, respectively, of the usual 3X3
matrices for the baryon octets.
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Therefore the parity-violating amplitudes can be ex-
pressed, in this model, in the form

V(V~ N+x)s+ip= fzmzg'B(mr, m~, mr, f)
+Gg) D (mr, m~, m, mr*) . (6)

The functions 8 and D are known functions of the
physical masses and f Lwhich gives the d/f ratio in the
SU(3) BBPcoupling). The function D can be evaluated
immediately (in units of MeV '):

this from the known decuplet decay widths. Vsing the
Lagrangian in Eq. (2), the decay width is given by

1'(D —+ S+s)
(8 8 10)Go ' 1 (E~+mNi

II1I' (8)
Zr Dim„3 k m

For a E*(1236)width of 120 MeV, "we obtain a value
for (V3Go)' of 0.825 or Gns =0.375. Experimental values
for other decuplet decays result in a value of G&' rang-
ing from 0.2 to 0.3. Hence the value of the SU(3)-
symmetric decuplet —baryon —pseudoscalar-meson cou-
pling is not too well determined in this approximation;
however, it is limited to a small enough range to be
useful for our purposes.

The function B in Eq. (6) depends not only on the
physical masses but also on the SU(3) mixing parameter
f. Knowing the pion-nucleon coupling constant g, and
having information on the decuplet coupling constant
6&, we calculate the ratios of the parity-violating
amplitudes as a function of f. Experimentally, there
seems to be good evidence" that V(Z++)=0. This
solution occurs in our model for f=0.35." (Because of

'4 A. H. Rosenfeld et al. , Rev. Mod. Phys. 40, 77 (1968).
'~ D. Berley, S. Herzbach, R. KoQer, S.Yamamoto, W. Heintzel-

man, M. SchiG, J. Thompson, and W. Willis, Phys. Rev. Letters
17, 1071 (1966).
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the small decuplet pole contribution to the Z+ -s n+w+
parity-violating amplitude, this solution is almost
independent" of Gn. ) Instead of solving for f from the
condition V(Z++)=0, we can use the solutions for f
obtained from strong-interaction data (f=0.41+0.07).'s
While the cancellation is somewhat sensitive to the
exact value of f, throughout this entire range of f,
V(Z++) is suppressed relative to the remaining ampli-
tudes. To the extent that f=0 35 .is consistent with the
determinations of f from strong interaction data, we can
say that we predict V(Z++) =0.

Using f=0 35, w. e can evaluate the 8 functions in
Eq. (6) (in units of MeV '):

O.I6-

O.I5 "

O.I4-

O.I5

O.I2

O.I I

0.10

0.09

0.08

0.07

g Bs(A ')= —0.070,
g'8 (Z~+) =+0.003,
g'8 (Z:)= —0.061,
g'8(":)=+0.062.

(9)
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Therefore, Eq. (6) can be written in the form

V(I)=fzmxbr+Ga'dr (10)

FIG. 2. Parity-violating decay amplitudes as a function of
dimensionless decuplet coupling constant.

The br and dr are constantsts given by Eqs. (9) and (7),
respectively. This result gives us the ratios of the parity-
violating amplitudes as unique linear functions of G&'.
This dependence is shown in Fig. 2. Experimental
values for these ratios are'

tribution depends on the scalar-meson coupling to the
baryon-baryon system Lwith the associated d'/f' SU(3)
mixing parameterj and the two-pseudoscalar-meson
system. Because we have been able to fit the physical
amplitude ratios with baryon octet and decuplet poles,
the contribution of the scalar-meson poles should not
disturb this ratio. This can happen in two ways: (1)
The scalar-meson couplings can be so small that these
poles are not signiicant; or (2) the scalar-meson poles
contribute in the same ratio as the observed amplitudes.

If we tak.e the second. point of view, so that the scalar
mesons are signjL6cant, the observed amplitude ratios
determine f' LSU(3) mixing parameter for BBS cou-
plingj as 1.4. Interestingly enough, this is just the
value required by the tadpole model of Coleman and
Glashow" for the medium-strong mass sp/ittings As.
they show, in this case the scalar-meson tadpole con-
tribution to the parity consersin-g amplitudes (P-wave)
can be removed. In other words, a signidcant contribu-
tion for scalar-meson pole in the t channel of the parity-
violating amplitudes results in a f' value which removes
the mechanism giving rise to our successful explanation'
of the parity-conserving amplitudes (z tadpole). How-
ever, any nontadpole contribution (which could still
allow f' near 1.4) causes the argument to break down.
If we assume such a nontadpole contribution to the
mass splittings, we can maintain the tadpole mechanism
for the parity-conserving nonleptonic decay amplitudes
even near f'= l.4 (where there is a singularity structure
in determining the coupling constants, see Ref. 2). A
complete analysis of the tadpole model for both parity-
violating and parity-conserving amplitudes has been

V(A ):V(Z:):V(:)= —1.0:—1.2:+1.3 (1l.)

(where these values have approximately a 5% error).
As can be seen from', Fig. 2, the values with no decuplet
poles (Gn=0) has relatively too large a V(A') arnpli-
tude. However, in the range of G& indicated by experi-
ment, there is satisfactory agreement. Given this range
of G~ from strong interaction data, we would predict
the ratios of the parity-violating amplitudes consistent
with the data. Assuming the physical amplitudes are
dominated entirely by these poles, the value of the
tadpole coupling is

frrmrr 0 4X10 ' MeV. . (12)

This value is consistent with the range obtained from
the analysis of E&—+ 2~ and E&-E2 mass diBerence. "

Comparing these results with our previous discus-
sion, ' we must discuss the possible contribution of
scalar mesons in the t channel (see Fig. 1). This con-

s' S. Coleman and S. Glashow, Phys. Rev. 134, 3671 (1964).

's Because of the quadratic dependence on f in Eq. (4), there
are really two solutions: f=0.35 and f= —1.4. The second can be
discarded as it is inconsistent with the determinations in Ref. 8
or because it leads to unphysical V(Z:); see Ref. 2.
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I The bI could be a function of GL) indirectly as its f dependence
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carried out elsewhere. "The parity-violating amplitudes
are dominated by the octet and decuplet poles. The
small scalar-meson couplings, which result from the
t-channel pole in the parity-violating amplitudes, are
compensated in the parity-conserving amplitudes by an
enhancement of the f(: —+ vacuum coupling. Therefore,
we maintain the previous predictions and success' "of
the tadpole model for the nonleptonic decays.

In conclusion, we would lik.e to point out again that
the tadpole model does allow one to explain the ratios
of the parity-violating amplitudes and the vanishing of
V(Z++) in a natural way. These conclusions are based

~~ D. Loebbaka, thesis, University of Maryland Technical Re-
port No. 624 (unpublished).

on the strong-interaction coupling constants and there
are no fitted parameters in these results. To the extent
that there is a nonzero Ei-+ vacuum coupling, the suc-
cess of the tadpole model has to be considered in any
analysis of the nonleptonic decays. "
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Within the framework of a model based on the noncompact group II(3,1), scattering amplitudes are
calculated in the Born approximation using a phenomenological propagator in which an infinite number
of one-particle states are exchanged. The amplitude is found to be nonanalytic at the point where the
squared mass of the internal line changes sign (u=0). The possibility of testing such anomalous behavior
in pion-nucleon backward scattering and in other processes is discussed.

1. INTRODUCTION

KCENT work on current algebra and supercon-
vergent amplitudes' has suggested that in order

to saturate such relations with a 6nite or infinite number
of one-particle states, the crossing symmetry of the
theory must be different from the crossing given by the
ordinary local 6nite-component field theory. (In a
dispersion language, one needs different assumptions
about the behavior of the kinematical singularities. )
It is well known that in the in6nite-component field

theory with "local" coupling, such "anomalous" cross-

ing is present, ' ' and that the only known examples of
consistent saturation of the current-algebra commuta-
tion relations have been obtained by the use of unitary
representations of a noncompact group. ' The lack of
conventional crossing in the in6nite-component field

theories leads us to think that in such theories the
scattering amplitude might be nonanalytic wherever

the squared mass of an internal line changes sign. In
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~ I. T. Grodsky, Phys. Letters 25$, 149 (1967).
~ C. Fronsdal, Phys. Rev. 156, 1653 (1967).
I C. Fronsdal and R. White Phys. Rev. 163, 1835 (1967).

S. Fubini, invited talk, in Proceedirrgs of the Fourth Coral
Gables Conference on Symmetry PrinciP/es at IIigh Energy, f967
(W'. H. Freeman and Co., San Francisco, 1967).

this work we compute scattering amplitudes in the
Born approximation in a model based on the non-
compact group U(3,1), and we find such a lack of
analyticity.

Born diagrams including the exchange of an in6nite
number of particles have been discussed by Van Hove, 5

and in the framework of the noncompact group 0(3,1)
by Cocho and Harum Ar-Rashid' and by Fronsdal. ~ In
this work, we will compute Born approximations in-
cluding the exchange of an infinite number of particles
in the framework of the relativistic harmonic-oscillator
model discussed in a previous work. '

Although U(3, 1) might not be the right group for
elementary particles Land in particular the extensive
work of Barut et al.s seems to suggest that 0(4,2) might
be a better candidatej, the calculations are simpler in
U(3,1), it is easier to obtain answers in a closed form,
and we believe that such a possibility is worth explor-

' L. Van Hove, Phys. Letters 24$, 183 (1967).
6 G. Cocho and Harum Ar-Rashid, Nuovo Cimento 47, 874

(1967).
7 C. Fronsdal, Phys. Rev. 168, 1845 (1968).
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