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A possible explanation of the anomaly found in
meson production in proton-deuteron collisions'
has recently been put forward by Tubis and
Uretsky. ' They suggest that if a final state P-
wave pion-pion interaction, described in the
scattering length approximation, is added to the
statistical model of Abashian et al. ,' a P-wave
scattering length of magnitude 2.5 pion Compton
wavelengths explains the anomaly. We wish to
present evidence here that does not agree with
such a large value for this scattering length.
This evidence comes from equations relating the
three scattering lengths as derived from cross-
ing symmetry, and from the experimental evi-
dence on the asymmetry of the pion momentum
spectrum in v decay.

We will use the crossing symmetry equations'
for pion-pion scattering,

-', (A -A )(v, cos8) =-,'(A +A )(v, cos8 ), (1)

where A~ is the pion-pion scattering amplitude
with isotopic spin I, v is the squared momentum
in units of the pion mass, and 6 the scattering
angle, both in the center-of-mass system, while

vc, 8c are the crossed variables vc = —,'v(1+cos8)
- (v+1), vccos8c = —,'v(1+cos8)+(v+1). We will
approximate Af(v, cos8) by keeping only the S
and P waves, which should be a good approxima-
tion in the low-energy region. We take v, v~
near the symmetry point -2/3, and cos8, cos8c
near zero. We assume' that the partial-wave
amplitudes Af(v) are analytic in the cut v plane
with cuts from -~ to -1 and 0 to ~, so that with

vc = v+x, Eq. (1) becomes

—,'(x+ v) l [a,(v') —a,(v')](v'-v) 'dv'

- —,'g+ y)Pa, (v')(v'-v-x) 'dv'

= f(x+3v+2))"a,(v')(v'-v-x) 'dv'. (2)

In Eq. (2) the integrals are along the real axis
except for the interval (-1, 0), and the real
functions a&(v) are the absorptive parts of the
A&(v). Equation (2) is true for x in a small
neighborhood of 0 and for v near - ~ so we may
equate coefficients of powers of x in the power
series expansion inx on each side of Eq. (2) to

obtain

v 3a0 v' - ~a v' v'- v 'dv'

=~(2+Iv)fa, (v )(v -v') 'd'v'.

Each side of Eq. (3) is an analytic function of v

in the cut u plane and these functions are equal
in a real interval near v = -2/3, so they are
equal everywhere. In particular
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In the scattering length approximation Af(v) =ay,
af(v) =af v '(I=0, 2), A, (v) =a,v, a, (v) =a,'v ',
then in the limit of small v, Eqs. (4) become

(4)

5a0 — 2a2 = 9a

a =~a
0 2 2 (5)

We use also the result of the analysis of the
asymmetry of the pion momentum spectrum in
v decay'~' that'

a, —a0= 0.7. (6)

or (-0.4, -O. l, + 0.3). (7)

Both these solutions have ~a, [-O.l, which is two
orders of magnitude smaller than the value
[a, (-15 required by Tubis and Uretsky. In or-
der to obtain this larger value of )a, ) it is nec-
essary to choose (aa, a,) =a (-15, 50) or +(740, 240).
For such large values of the scattering lengths
the r-decay analysis leading to Eq. (6) is no
longer good, and it may be possible to explain
the existing asymmetry in the pion spectrum in
terms of such large scattering lengths. However,
the low-energy pion-pion scattering cross sec-
tion then comes to above 600 barns. This is in-
consistent with the values of ~0.5 barn found' in
the extrapolation procedure applied to the reac-
tion p +p- p +p'+p. Such a strong interaction

This gives two possible solutions to Eqs. (5) and
(6):

(ao, a„a~) =(-1.9, +0.1, - 1.2)
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should certainly have shown itself in the extra-
polation procedure. It also should give a very
pronounced peaking at low momentum in the nu-
cleon recoil momentum spectrum, which is de-
finitely not present. ' Thus we conclude that

~ a, l

-15 is inconsistent with present data and the
crossing equations (5).

We note that in the approximation of keeping
only S and P waves and applying the properties
of crossing, analyticity, and unitarity, it may
be showne that the inner regions of the I=0 and
I= 1 potentials are attractive and that of the I= 2

is repulsive. The scattering length solutions of
Eq. (7) will both give an I = 0 resonance, '0 the
second solution only will give both an I = 1 and
I=2 resonances, while the first solution will
give neither an I= 1 or an I= 2 resonance.

This is in agreement with the further results
obtained at Berkeley on P - d collisions, "where
a very low energy I= 0 pion-pion resonance
seems to be present. If the anomaly' in P+d
He'+ p + z' is interpreted in terms of a reso-
nance, then this will single out the second pion-
pion scattering length solution as the correct one.
This assignment is also supported by evidence
of strong I = 0 and I = 1 pion-pion interactions
from pion-nucleon scattering" and a strong I= 1
or I=2 pion-pion interaction in the final state of
the reaction n +P~p +w'+P. "~"

The data of Pickup et al. ' are not completely
in accord with the second solution, since peak-
ing in the Q value of two pions only appears for
backward nucleons for (p w') and not for forward
nucleons for this pair or forward or backward
nucleons for (~r v ). The absence of peaking for
forward nucleons is to be expected due to the
vanishing of the nucleon-pion vertex, but the
absence of peaking in (m z+) for backward nu-
cleons is disturbing, since I = 0, 1, and 2 reso-
nances should all contribute, if they exist.

The positions of the predicted resonances are
known only very approximately at present. ' For
the first scattering length solution the resonance
in I= 0 is at v& = 1.5, and for the second solution
inI=O is at v&=2.7 and inI=2 is at v&=5.0.
The I= 1' resonance position in the latter case
cannot be predicted even approximately, since
the value of b is not known. The resonance

values for the I= 0 state are not in agreement
with the value" v& = 0.2 found at Berkeley, but
we hope to obtain better agreement by machine
solution of the S- and P-wave pion-pion equa-
tions using the second scattering length solution.
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