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to the nucleon mass for zero-energy incident
pions. Nucleon exchange at low energies, there-
fore, appears as a special case of a more gener-
al scheme.

The proposed model, therefore, appears to be
consistent with a number of other experiments
which have been examined, as well as with our
results for production of the b, (1920) isobar. It
would seem worth while to look for its effects in

other reactions. Furthermore, it should be use-
ful to consider the interference effects of possible
baryon-exchange poles in experiments designed
to isolate vector-meson exchange mechanisms.
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Some time ago Bertanza et al. ' observed an
anomalous behavior of the polarization of the A

particles in the reaction m +P-A+K' at an in-
cident pion kinetic energy of 829 MeV. From a
polynomial analysis they found that this feature
was related to the presence of partial waves high-
er than I', and since this effect died very fast both
below and above this energy the authors suggested
that the explanation could be the existence of a AK
resonance (Z, *) at about a center-of-mass energy
of 1650 MeV. It is the purpose of this Letter to
present some rather strong evidence to the fact
that there is indeed such a resonance and that its
spin-parity assignment should be -,

' . It is then
natural to try to identify it with the +», resonance
in pion-nucleon scattering, which has been as-

sumed up to now to be located at 1688 MeV, ' and
we speculate on this possibility. If this turns out
to be correct, our estimated value for the con-
tribution of the E», resonance to the AK produc-
tion cross section is in agreement with the pre-
diction of Carruthers's model for the higher me-
son-baryon resonances based on SU(3),' if we as-
sume for the radius of interaction the value esti-
mated by Glashow and Rosenfeld. '

A while ago we proposed a model for low-energy
Ai~ production' which gave either excellent or
reasonably good fits to the angular distributions,
polarizations, and cross sections up to a center-
of-mass energy of about 1700 MeV except at the
energy of the Bertanza et al. anomaly. In this
model it was assumed that the E* exchange term
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Table I. Low-energy approximations of the contributions to the angular distribution and to the polarization
times the angular distribution from the interference of the g* exchange term {gp) with different partial waves

(I gpss
is a monotonically increasing function of cos& at each particular energy).

Partial wave do'/d 0 P(d o'/d 0)

S~/

Pi /2

P3/2

d3/2

d5 /2

f5/2

f7/2

2gp Re( f0+)

2' Re( f& ) cos 0

4' Re( f&+) cos0

2' Re(f2-) (3 cos'0 —1)
3gp Re{f2+){3cos 0 —1)
3gp Re( f3 ){5cos 0 -3 cos0)
4gp Re( f3+)(5 cos 0 —3 cos0)

0
-2gplm{ f& ) sin0

2' Im( f&+) sin0
-6gp Im(f2 ) cos0 sin0

6gp Im{f2+) cos0 sin0
-3gp Im(f3 )(5 cos 0 —1) sin0

3gp Im( f3+){5cos 0 —1) sin0

and a resonance in our channel dominate at the
energy of the peak of the cross section (at about
1690 MeV), and it was found unambiguously that
the dominant resonance (if any) should be P,~, .

'
The main clue was given by the polarization curve,
which has different characteristic shapes accord-
ing to the orbital angular momentum of the domi-
nant partial wave.

We apply here the same kind of analysis to the
polarization data at 829 MeV. As we are more
than 50 MeV below the position of the I'», reso-
nance (=1704 MeV), we ignore for the moment its
contribution to the polarization and assume that
this is given mainly by the (K* exchange term)—
(unknown resonance) interference. In our previ-
ous work, we found the approximate expressions
valid at low energy for the contribution from dif-
ferent angular momentum states given in Table I.
(The notation is the same as in reference 5.) It
is then seen that a I' wave gives a polarization
that does not change sign in the physical region;
a D wave gives a polarization that changes sign
once near cose=0; and an F wave gives a polari-
zation that changes sign twice, which is precisely
our case [see Fig. 1(b)].

Moreover, it has been observed persistently
that the angular distribution has an upward (down-
ward) concavity for positive (negative) values of
the cosine of the scattering angle 0 in the center-
of-mass energy range 1648 to 1688 MeV. [See
Figs. 1(b), 2(c), and 8 as examples. ] This is
connected to the presence of a cubic term in the
polynomial fits. '& In Table I we also give the in-
terference of different partial waves with the K*
exchange term. It is seen (by making a Taylor
expansion of the lt* exchange amplitude g~) that
an I' wave is precisely what is needed to obtain
such a cubic term if we assume that it does not
come from the interference with the I'», reso-
nance.
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Both of these effects can be reproduced fairly
well (see Figs. 1, 2, and 3), and the over-all fit
improved considerably, by adding to our previous
model an I'», resonance located near an incident
pion kinetic energy of 829 MeV (=1647 MeV) and
adjusting its parameters properly (total width
F~ 10 MeV and product of partial widths l, I',
= F'/750). s The contribution to the integrated
cross section, although small (0. 065 mb), im-
proves our previous fit."
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FIG. 1. (a) Polarization (P) times asymmetry param-
eter (e) times angular distribution (do/dQ); (b) angular
distribution at an incident pion kinetic energy of 829
MeV (center-of-mass energy of 1648 MeV). The con-
tinuous lines represent the fits obtained in the present
model and the dashed lines those obtained in our pre-
vious model. We have used in the present calculations
a value for the asymmetry parameter 0. =-0.67 which
falls within the uncertainties of the most recent experi-
mentally determined value (-0.62 + 0.07). [(In refer-
ence 5, a larger value (-0.85) more consistent with
the polarization data in our reaction was assumed. ]
Data from reference 1. tThe fits (b) have been im-
proved recently by taking into account the threshold
dependence of the P&/2 amplitude. ]
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FIG. 2. Fits to (a)(b) cd, (c)(d&jd 0) in the interval
l. 01 to 1.05 BeV/c of incident pion momentum. It
should be noticed that if the value n =-0.62+ 0. 07 is
correct, nP should satisfy the inequality I oPI -0.62
+ 0.07. The fits to the polarization were calculated
at an incident pion momentum of 1.03 BeV/c (center-
of-mass energy of 1688 MeV}. The angular distribu-
tion was best fitted using an incident pion momentum
of 1.015 BeV/c. Data from reference 8.

It should be mentioned that an F„2 resonance
fails to give an improved over-all fit because of
the different sign in the expression for the con-
tribution of an I' „,amplitude to the polarization.

lf we neglect other possible partial widths (such
as I'&„) and take as the momentum dependence for
I, and I, the one given by Glashow and Rosenfeld'
with l = 3, we obtain y(sN)/y = 0 or y(wN)/y = 0. 805,
where the y's are the reduced widths (momentum
dependence factored out). The first corresponds
to a practically pure AK resonance and the sec-
ond to a resonance that is mostly ~¹In the sec-
ond case, its contributions to the T = 2 elastic and
total pion-nucleon cross sections are, respectively,
32 and 40 mb. These values are very close to the
estimates of the contributions from the +„,reso-
nance to those cross sections. " However, what
should be observed is a narrow spike at 1647 MeV
and not a broad peak near 1688 MeV. As there is
some evidence for a wide I'», resonance slightly
above 1688 MeV" and there might even exist a D
resonance, " it is possible that the peak near 1688
Me V is due to these contributions" and not to the
F,/„' but the problem still remains that the sharp
peak has not been observed. (The region where
this spike should appear is, to our knowledge, the
least explored part of the elastic third peak. ")

However, Cocconi et al."have obtained a shift
in the position of the peak corresponding to the
third resonance (from 1.65 BeV at Pv = 4. 74 BeV/
c to 1.70 BeV at Pv = 8. 94 BeV/c) on inelastic
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FIG. 3. Fits to the angular distribution at an inci-

dent pion momentum of 1.02 BeV/c. Data from refer-
ence 7.

proton-proton scattering. This is analogous to
although not as striking as the shift in the posi-
tion of the second resonance (from 1.40 to 1.51
BeV/c), which has been tentatively explained as
due to the existence of a I'„, resonance at 1.40
BeV besides the &», resonance at l. 51 BeV."
Two resonances (at least) located near 1650 and
1700 MeV provide a similar explanation for the
shift on the third peak. If favorable kinematical
conditions are chosen and our ideas are correct,
more than one peak should be observed in some
reactions where the "third resonance" appears as
final-state interaction. Maybe the reaction m +P
—~++m +~ +p where the I'„, resonance near the
second peak was observed, "is a good process if
the experiments are performed at a higher inci-
dent momentum.

Measurement of the polarization of the A par-
ticles at various angles in associated photopro-
duction at a photon energy of 1056 MeV should
also throw some light on the matter. (This ener-
gy corresponds to the generally assumed position
of the I'„, resonance and is near the approximate
location of the P» resonance. ) The polarization
has been measured already at two angles at a
photon energy of 1000 MeV (center-of-mass ener-
gy of 1660 MeV), and it seems to show a contri-
bution from an F„,resonance. "

The confirmation of our conjecture by these or
other experiments is of interest in connection
with the model for the higher meson-baryon reso-
nances based on SU(3) proposed by Carruthers'
in particular and unitary symmetry in general. '
A value for symmetry-mixing parameter of 0. 674
(Carruthers's value which is very close to the val-
ue determined empirically by Glashow and Rosen-
feld) and the Rosenfeld-Glashow radius of inter-
action (1/350 MeV ') give for the contribution of



Vox.UME 12, NUMaza 23 P H Y S I C A I. R E V I E %' I.E T T E R S 8 JUNE 1964

an F„,resonance located at 1647 MeV to the AE'
production cross section the value 0. 078 mb.
This should be contrasted with a previous esti-
mate' of 0. 36 mb (using the same values for the
parameters) for the contribution from an F»,
resonance at 1688 MeV, which seems to be def-
initely ruled out from the AK production polar-
ization data in the interval 1.01-1.05 BeV/c of
incident pion momentum if our assumption about
a predominantly K~ exchange background is cor-
rect." [See Figs. 2(a) and 2(b) and Table 1.j

Low-energy AE production seems to be an
ideal reaction to throw some light on the region
of the third resonance in pion-nucleon scattering
because of the apparent dominance of the E* ex-
change term which simplifies the analysis con-
siderably. Unfortunately, the data in the inter-
val 1.05-1.20 BeV/c of incident pion momentum
are (to our knowledge) old and scarce. This is a
very interesting energy region where a fast change
takes place in the polarization, the polarization at
1.12 BeV/c ' being suggestive of the existence of
an important contribution from the imaginary part
of a D partial wave. " It will be very helpful if the
experimentalists provide some accurate measure-
ments in this region, particularly at about 1.08
BeV/c.

A more complete and accurate account of the
subject and fits to all the very low-energy AE~

production data available at the present time will
be given elsewhere.
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