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In order to make a simple first approximation,
let us assume that f,[s(q)] is a. regular function
of the c.m. momentum q, except for the Z pole
at q=q(s=mZ )=-iKai(2m dB)~. From the
unitarity condition we find

-K + iq(s)
fp(s) =

g( )
z' (2)

If we compute the residue' of the pole at s =mZ'
from Eq. (2) and compare the result with Eq. (1),
we obtain

16m

4v [(m +m )'-m '][m '-(m '-m ')']

(3)

How good is this "zero-range" approximations
Presumably the most important correction is
due to the Z pole in the crossed reaction, the
residue of which is again determined by gZ~~'.
For the s-wave amplitude f,(s), the relevant
contribution from this pole appears in the form
of a short logarithmic branch cut, '

(m -m ) /m «s-2m +2m -m . (4)
A r Z'

A g Z

Preliminary estimates seem to indicate that the

It is the purpose of this note to point out some
new experimental and theoretical possibilities
which follow from the assumption that the rela-
tive ZA parity is odd. ' Using a crude dispersion-
theoretic estimate of the scalar ZAg-coupling
constant, we discuss the rates for the decay
processes Z ~e + v+4 and Z ~y+y+A, and
we remark briefly upon some other consequences
of a possibly strong scalar ZAm coupling.

I et us begin with the evaluation of the constant

gZ& . Because the ZA parity is odd, the Z can
be considered as a composite Ag system in an
s state. ' The s-wave amplitude for wA scatter-
ing, which is defined by f,(s) = q '(s) sinbp(s)
Xexpibp(s), with q'(s) =(4s) '[s -(mA+m )']
x[s -(mA-m )'], has a. pole at s=mZ'. The
residue of this pole may be expressed in terms
of gZA, ' we find

4v.(s) =
2m

Z Z
-S

+ other (nonpole) terms.

effect of this branch line is to increase the value
(3) of the coupling constant. Aside from the vZ

and KN thresholds for s) (mA+mv)', we have
also left out the circular branch line IsI =mAz

-m~', which is due to the intermediate pion
states of the reaction g+g A+A. This neglect
seems to be reasonable, provided there are no
low-mass two-pion resonances with T = 0.

In what follows we make the working assump-
tion that the scalar coupling constant is of the
order one, say gZA '/4 v =1.5. As a first ap-
plication, we estimate the rate for the decay
Z ~A'+e + p on the basis of several assump-
tions.

%e assume that the strangeness-conserving
vector current is conserved. Therefore we may
neglect the vector contribution to the decay rate
since the ZA transition has LTCO. The vector
part vanishes in the allowed approximation in
accordance with the selection rule hT =0. If
the vector current is not conserved, one would

expect that its over-all contribution amounts to
an increase of the total decay rate.

The matrix element of the axial vector current
may be written in the form (noting the assump-
tion of odd ZA parity),

(AIP IZ )

=~2u [r a(-p') -ip b(-p')+a p c(-p')]u,

(1/v2 )G '=g E(m ')/(m -m ), (6)

where E(mv') is determined by the pion lifetime.
We may compare Eg. (6) with the Goldberger-
Treiman formula for nuclear P decay. Denoting
the usual axial vector coupling constant by G&,

(5)

where p=@ -p&, and a(0) =G&' is the correspond-
ing renormalized axial coupling constant. The
coefficients in Eq. (5) are real analytic functions
which are regular in the complex p' plane except
for the branch lines' -p') (3m')' and, in the case
of b(-p'), the pion pole at -p'=m„'. We assume
that in the neighborhood of the interval 0 & -pz

«(mZ -mA)' the function (mZ - mA)a(-p') -p'b(-p')
is dominated by this pion pole. By well-known
methods we find the relation'
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we can write

G~'/G~ =( /v2 )[2 /( - ) j.

According to our zero-range calculation we may
take gZA '/g&& '=1/10 and find G&'/G& =6. We
assume that in the region of interest the function
a(-p') is slowly varying so that a(-p') = G&', then
we obtain

5(-p') =G~'(m -m )/(m '+p').

In the computation of the decay rate for Z ~A
+e +v, we can neglect the b term in Eg. (5) be-
cause its contribution becomes proportional to the
electron mass. The c term in Eq. (5) is difficult
to estimate; it is unlikely to make a very large
contribution, and we neglect it. With these as-
sumptions, the rate is given in terms of our con-
stant G&' by the "allowed" P-decay formula,I', =(G "/60m')(m -m )'.

Vfe compare this decay rate with the experimental
rate for the strangeness-changing process Z n

+e + v, which is taken to be about 1/10 of the rate
obtained from a straightforward calculation using
the universal constant. With our value G~'~ 6G~
we find I'Z- A, - /I"Z- „--=1/10, a
number which is about 30 to 40 times larger than
one would predict on the basis of phasewpace con-
siderations. This larger rate is a reflection of
the renormalization effects due to the rather large
scalar ZAg coupling. We believe that, as far as
our approximations are concerned, we have con-
sistently underestimated this effect. We note that
the states [Z A') and IZ+A') are related by G con-
jugation. If the current P is such that it trans-
forms like ny~yp under G conjugation, then we
have G~'(Z A'+e +P) =-G&'(Z A'+e +v).
Consequently, within our approximations, the rate
for the decay Z+ A'+e++ v should be the same as
that for the Z decay.

We hope that there will soon be enough data on

p decays of Z hyperons to make possible a serious
test of our considerations. '

It has been mentioned by Okun and Rudik that
for odd ZA parity an intermediate z' state may
play an important role in the calculation of the
process Z' A +y+y. Since we propose a rather
large value for the scalar ZAg coupling, it seems
reasonable to estimate the rate on the basis of this
contribution, We have

r, , = (4/945)(1/m)(GAZA '/4w) I',Z'- A'+ r+ y ZAp 7'-2r
+ magnetic terms,

and with a 7t'-decay rate"of 0.3 x10" sec ' we see
that, even for g /4m =10, the rate for the decay

ZA7t'
Z'~A'+y+y is negligible compared to that for the
decay Z ~A'+y, which may be of the order of 10"
sec '. The "magnetic terms" have been discussed
in reference 9; they do not change the situation.

A strong, scalar ZAm coupling gives rise to a
corresponding spin-independent two-pion exchange

force between A and N. Spin-dependent forces
must have a somewhat shorter range because they
require the exchange of three pions or a K meson.

Finally we would like to remark that a large
value of gZA may well give rise to a J =1/2
resonance in the gA system. "
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~For a discussion of arguments in favor of odd ZA

parity, as well as for references to the relevant papers,
see Y. Nambu and J. J. Sakurai, Phys. Rev. Letters
6, 377 and 506(E) {1/61). See also S. Barshay and
M. Schwartz, Phys. Rev. Letters 4, 618 (1960).

2S. Barshay and M. Schwartz (reference 1).
3M. L. Goldberger, Y. Nambu, and R. Oehme, Ann.

Phys. 2, 226 (1957); this paper contains an analogous
determination of the residue of the deuteron pole in
np scattering.

A similar determination of g~p~ has been made by
Nambu and Sakurai, reference 1. Essentially, these
authors evaluate the pole term in Eq. (1) at threshold
and equate it to -K ~. It is easily seen from Eq. (2) that
the extrapolation to q = 0 gives rise to a factor -,'- in the
expression for g&&+2/4 ~.

~It should be noted that the branch line (4) corresponds
to a force with maximal range so=(2m~) . This is
because, for systems of two particles with unequal mass,
the force range should be determined from the position
of the left-hand singularities in the q2 plane. The branch
line (4) lies inside the circle (s (

= mA2 —m~2; it is mapped
into the second sheet of the q2 plane and determines the
weight function along the cut -m~ -q ~-m~2 [see R.
Oehme, Phys. Rev. Letters 4, 246 (1960)]. The upper
limit of this branch line corresponds to a range r&
=(2 m, )-'.

6We have (0~8+ ~2 w) =0 if we assume that 8~~
transforms like the pion field under 6 conjugation.
Note that this requires that P~ contains the ZA terms
in the combination Ay+Z - Z y+A.

~Equation (6) and related relations have been written
down by many authors. See, for instance, L. Okun,
J. Exptl. Theoret. Phys. (U. S.S.R. ) 39, 214 (1960)
ftranslation: Soviet Phys. —JETP 12, 154 (1961)]&

640



VOLUME 6, +UMBER I I PHYSICAL REVIEW LETTERS JUNz 1, 1961

J. Bernstein, S. Fubini, M. Gell-Mann, and W. Thir-
ring, Nuovo cimento 17, 757 (1960); Chou Kuang-Chao,
Dubna Report D514, 1960 (unpublished); these papers
contain further references. It is the purpose of this
note to use Eq. {6) in order to produce a number for
the decay rate.

It may be that some of the observed ZP events are
due to Z A+e+ v; it will be difficult to separate ZA

events from Zn events unless the A decay is seen.
.SL. Okun and A. Rudik, J. Exptl. Theoret. Phys.

(U. S.S.R. ) 39, 378 (1960) ttranslation: Soviet Phys. —
JETP 12, 268 {1961)].

'OR. F. Blackie et al. , Phys. Rev. Letters 5, 384
(1960).
"F. Duimio and G. Wolters, Nuovo cimento (to be

published) and CERN preprint.
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Several phenomenological models' have been
proposed to discuss pion-nucleon interactions
near the higher resonances. There seems to be
considerable evidence from these analyses that
final states described by the 33 isobar model'
play an important role, but so far there has been
little quantitative discussion or explanation of the
resonant peaks. In the present note it is shown
that a simple model can give a good quantitative
description of the second resonance, a rough
description of the third, and a plausible explana-
tion of the peak above 1.0 Bev. The model con-
sists in taking seriously the concept of the 33
isobar as an unstable particle (N") of spin and
isospin —,

' and having a complex mass. This means
that we assume the low-energy pion-nucleon scat-
tering to be dominated by the one N* direct pole.
The position and width of the 33 resonance then
enable us to find the mass of the isobar M(N*):

angle q, 8:
s = (8+(u)'+is(l+(u jE),
s = (F. +(o)' 2q'(1+ -cose) +is(1 -(u/&),

t = -2 q'(1 - cos8),

s+s+t=211f +2 P, +2gk.
7T

(4)

[M(N )]'=M2+ib, ,

M =8.94 p, lh I =8.05 p7F' r'
where p, is the pion mass.

7T .We consider next the reaction

7T +N -7T +N*.

This is strongly coupled to the process

p+N -p+N*.

(2)

(3)

Let us try to apply the usual formalism to reac-
tion (3), pion-isobar scattering. For the moment
we ignore the spin and isospin and assume that the
reaction is described by some amplitude A(s, s, t)
where s, s, t are defined in terms of the pion
energy e, the real part F. of the isobar energy,
and the center-of-mass momentum and scattering

(c)

FIG. 1. (a) Crossed one-nucleon diagram for xN*
scattering. (b) Schematic coupling between nN ~ scat-
tering and nN~ production in ~N collisions. (c) Sche-
matic coupling between nN~ production and ~N scattering.
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