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From (SS) and (56) we therefore have From (57) and (58)

P(.)&0, (61) A &~A+' if ( p —E—) is positive definite, (64)

A &~ A if (p+E) is positive definite, (62)
where

2 2
A =lim —F(C,O), A~=lim —F(4,1).

k-+0 $2 k~ P2

A '~&A &~A+' if ( p —E)—is strictly positive, (65)

where

Equation (61) thus provides upper and lower bounds for
the scattering length, subject to the condition p(r)) 0
(repulsive potentials). The lower bound in (62) may be
satisfied for p(r)&0 (attractive potentials) provided
that (P+E) is positive definite. The lower bound A is

equivalent to the Schwinger result, while the upper
bound A+ appears to be new.

2 —p) 2
A '=lim —F 4, ~, A~'=lim —F(C,O)=A . (66)

A 0 $2 Io j k~0/2

The bounds in (64) and (65) have possible applications
only for the p&0 (attractive potential) case. The lower
bound A ' appears to be new, while A+' leads to the
Schwinger upper bound in this case.
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The 0 is unusual in that it can only decay weakly, and in that, for purposes of measuring its parity, it
can only be produced in reactions with (at least) three-body 6nal states. These circumstances imply that,
with one possible exception, it may be so dificult to measure the parity of the 0 that such a measurement
is a practical impossibility for some time to come.

F it should turn out that the spin parity of the 0
~ ~ were not —', +, a good deal of our confidence in the
validity of SU(3) as a particle symmetry might evapo-
rate. At the very least, we would hope to be able to
measure these quantities soon. Unfortunately, the
following considerations appear to indicate that a mea-

surement of the parity of the 0 lies far in the future.
To see this, we first observe that all decays of the 0

are weak, parity-nonconserving ones. Thus, no experi-
mental' information about its parity can be obtained in

its decay.
One is thus led to ask whether information can be

obtained in experiments with more than two final

particles. The simplest such process with only two non-

zero-spin particles is K+E~E+E+0 . Any other
process will have additional particles in the final state,
and the following remarks will always be applicable. A

*Research sponsored in part by the U. S. Atomic Energy
Commission.

'It is conceivable that when we have a reliable theory of the
dynamics of parity violation in weak decays, the 0 parity can be
deduced from such information. We would like to thank Professor
Y. P. Yao for emphasizing this point.

process such as pp ~ 0+0 cannot be used to determine
the 0 parity, because of the simultaneous presence of
both 0 and 0+, while one such as AP ~ 0 ' has four
particles with spin, in addition to being rather
impractical.

We now apply the theorem2 that in the absence of
dynamical information it is (essentially') impossible to
measure the parity of a particle produced in a reaction
with more than two particles in the final state.

Crudely speaking, the argument is as follows. For a
reaction a+5 —+ c+d, the scattering amplitude can be
expanded into a set of invariant tensors, each multiplied
by an unknown function of the scalar variables which
one can form out of the momenta. The scalar variables,
written in terms of the initial (q) and final (q ) center-of-
mass three-momenta, ' are q', q", and q q'. They are all
quadratic, and are all scalars under parity. Conse-
quently, the unknown coefficients of the invariants are

~ P. S. Csonka, M. J. Moravcsik, and M. D. Scadron, Phys.
Rev. Letters 14, 86j. (1965).

3 Although we use a noncovariant language, all of the arguments
given are fully relativistic (see Ref. 1).
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even under parity. One can look experimentally to see
whether the invariants present are even or odd under

parity, thus determining the product of the intrinsic
parities of the particles involved. If three intrinsic
parities are, known, the fourth is determined.

To determine the parity of a particle by such a
process, it is necessary to measure some information
about the polarization state of all particles involved. For
instance, assuming that a and t, are spinless particles,
and that b and d have spin 2, it is sufFicient' erst to
measure the polarization of 8 in one experiment, then to
produce d from g, target of polarized b's and measure the
d asymmetry, and then to compare the polarization and

asymmetry at the same energy and angle. For reactions
with four nonzero-spin particles, in order to determine
the parity of one of the participating particles, one has
to measure something about the polarization of all the
particles.

For a reaction a+5 ~ c+d+e, we can again make a
decomposition into invariants multiplied by scalar
functions. The unknown coefBcient functions can de-

pend on all the rank-zero tensors we can construct. We
construct them, ' for example, out of the initial center-of-
rnass momentum q and two Anal relative momenta q&

and g&. Then the rank-zero tensors are all the bilinear

products of these, plus the pseudoscalar q (tliXq, ).
Since the unknown coeKcient functions can be even or
odd under parity now, because they can also depend on
the pseudoscalar q (qiXtl, ), all of the invariant tensors

will be present. There is thus no way, in general, to
determine the product of the parities of the particles
involved.

The simplest experiment that can, in general, be used

to determine the Q parity can be deduced from the
above discussion. One must 6rst choose a kinematical
situation such that q (qtXils) vanishes for all events;
e.g., only coplanar hnal states can be used. Then one

must, as in the four-particle process above, obtain
information about both the proton and Q polarizations.

Thus, even in the simplest case, one must obtain on a
polarized proton target sufhcient three-body coplanar
Anal states containing an Q to determine the polariza-

tion of the Q from its decays. Or, as above, two

experiments to determine the Q polarization and

asyrrimetry could be combined. It would appear that, at
best, such experiments will not be feasible for some time
to come, if ever.

There is, however, one possible situation which would

allow one to decrease the above difhculty. If the actual
Q production should be to a significant extent through

P. L. Csonka, M. J. Moravcsik, and M. D. Scadron, Physics
Letters 15, 353 (1965).

a channel where the 6nal state is electively a two-body
one, such asE +p~E+++0 orE +p~E++'

—+E Q, then conventional techniques could be
used in the foreseeable future to obtain the Q spin and
parity, although even in this case some polarization
information must be obtained about all nonzero-spin
particles in the reaction. 4 (E++ and ™*are used to
denote possible meson resonances of strangeness +2 and
baryon resonances of strangeness —2, respectively. ) It
is then particularly amusing to note that it has been
pointed out' by the authors of the Argonne National
Laboratory Q

—experiment that their three Q events,
and the first Brookhaven Q event, and the first
Birmingham-Glasgow-London (I.C.)-Munich-Oxford-
Rutherford Laboratory collaboration 0 event (five
events total), all have the property that the effective
mass of all final particles except one E+ is approxi-
rnately 2700 MeV. That is, if we lump events into the
description E +p —+ E++0 +MM, where MM stands
for the remaining missing mass, then the effective mass
of the Q=plus-MM combination is always about 2700
Mev. Thus, it may be that a signi6cant number of
0 's will be produced through the process E +p —+

E++ * (2700), * (2700) ~0 +Es. One quahf'ica-
tion is necessary: If the ™resonance should have spin —,', '
all of its decays would be isotropic and nothing would be
gained. Otherwise, it might eventually be possib1e to
obtain the spin parity of the ™resonance, and ulti-
mately that of the Q .

In summary, we have argued that, barring production
of an Q mainly through a ~ resonance, it will require
suKciently dificult experiments to measure the parity
of the Q that such a measurement verges on being a
practical impossibility for a long time to come. Such a
circumstance leads one to raise interesting questions
concerning the relationship between our beliefs in the
validity of a theory and experimental tests of that
theory.

One of us (M.J.M.) is grateful to the Michigan
Department of Physics for the opportunity to give a
lecture, which was followed by a discussion resulting in
this paper. We have pro6ted from discussion with Dr.
F. Henyey.

' P. F. Schnltz et a/. , Phys. Rev. 168, 1509 (1968). The masses
given were 2.73, 2.70, 2.76, 2.69, and 2.68 in GeV/c'. One of ns
(G.L.K.) is grateful to Professor D. Mortera for bringing this
information to his attention.

6 Such a resonance has been suggested, on the basis of dynamical
arguments that lead one to expect that a J~= —,

'+ baryon 10 SU(3)
multiplet might exist, with a mass formula that gave an isospin-~* at a mass of about 2.75 GeV. The isospin-$ requirement may
vitiate the relevance of this calculation. See J.J. Brehm and G. L.
Kane, Phys. Rev. Letters 17, 764 (1966);G. L. Kane, ibid. 17, 719
(1966).


