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Pion-Pion Interaction in ~+-Meson Decay
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(Received April 6, 1959)

The deviations of the ~ spectrum in r+-meson decay from the Dalitz-Fabri distribution in the 0 state
are analyzed on the assumption of a m+ —m+ short-range interaction. Agreement with experiment is found
if the absolute value of the s.+—7r+ scattering length to~ is 1.4X10 "cm. The 2+ spectrum is also calculated
on the basis of this scattering length and is found to agree with the experimental results.

'N the most recent analysis, ' by the Dalitz-Fabri'
~ - method, of v-+-meson decay data, it is concluded
that the v-+ decays into a state of zero angular mo-
mentum and odd parity. However, as in previous
analyses, the probability of 2r emission (after extrac-
tion of the relativistic density of states factor) is seen
to be an increasing function of x energy, while the
Dalitz-Fabri theory predicts that this probability is a
constant function of 7t. energy for a spin-parity assign-
ment of 0 . Such a x spectrum would be under-
standable if the two m+ mesons scatter from each other
through an attractive interaction, which presumably
would have a short range characterized by the exchange
of baryon-antibaryon pairs. The purpose of this note
is to show that not only the x spectrum, but the m+

spectrum as well can be explained by the assumption
of a short-range attractive m+ —x+ interaction with the
omission altogether of a m+ —m interaction.

Extending the Dalitz-Fabri analysis by using
Watson's final-state interaction theory' and con-
sidering only the s wave, we may take the two-pion
part of the final-state wave function to be

g (Pl2) (~ /P12pl ) sin(pl2P12+~),

where Pls is the relative coordinate of the two 2r+'s, pl2
is the conjugate momentum, and 8 is the phase shift.
Ke now expand the sine function in terms of the
parameters of the effective-range theory, obtaining

»n(P12P12+&) =»»L&+P12/lr+2P12 (Po—P12)Pl2$,

where a is the scattering length, and po is the effective
range. The third term in the bracket is small compared
to the first two in the region where the interaction is
effective, so we neglect it. The matrix element for the
decay transition may now be written in the form

Ts, Ce" sinb/Pls, ——

where C is independent of.energy. Since the transition
rate W' is proportional to

~

Ts ~2, we may write

W(e) =Cas/ (Plssas+1)

* Now at Argonne National Laboratory, Lemont, Illinois.
' McKenna, Natali, O' Connell, Tietge, and Varshneya, Nuovo

cimento 10, 763 (1958). We are indebted to Professor N. Dalla-
porta for sending us these data prior to publication.

'R. H. Dalitz, Phys. Rev. 94, 1046 (1954); E. Fabri, Nuovo
cimento 11, 479 (1954).' K. M, Watson, Phys. Rev. 88, 1163 (1952).

y23=~2 —r3,

pl= rl —2 (r2+rs),

which are, respectively, the relative coordinate of m2

and 2rs (2rs is the 2r ), and the coordinate of 2rl with
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FIG. 1. The m. energy distribution in 7 decay, The experi-
mental points are from reference 1. The curve is Eq. (1) with

~
a~ =1.4X10 "cm. The least-squares fit to the data as given in

reference 1 is almost coincident with this curve. The area under
both the data and the curve is normalized to 1.0,

where the relation Plscotb=a ' has been used. The
constant a may now be evaluated by 6ttiDg the ex-
pression for W to the experimental energy distribution.
The momentum P» is related to the 2r energy, e (in
units of the maximum 2r energy), by

p, 2 Its(1—e) E2 222+/$2

where nz is the pion mass and 8=75 Mev. A good fit
to the m energy distribution is obtained by setting
~a~ =X, the Compton wavelength of the pion. This
value corresponds to a zero-energy x+—m+ cross section
of 0.25 barn. W'(e) is shown for this value of a in Fig. 1.

%e may also inquire whether this value of u produces
a ~+ energy spectrum which is in agreement with the
experimental x+ spectrum. This spectrum is obtained
by utilizing the coordinates
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