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Predictions of the Kisslinger and “local” optical models are compared to m*-160 elastic dif-
ferential cross sections at 270-MeV lab kinetic energy. With no adjusted parameters, the lo-
cal potential gives a remarkably good fit to the data.

Rohlin et al.! have recently measured 7*-1¢0
elastic scattering at a laboratory kinetic energy of
270 MeV. The oxygen ground-state wave function
is simpler than that of carbon. Thus it offers a
better test of various models of 7-nucleus inter-
actions in the N* region than does the 7~-12C data
reported earlier.? We present here 7*-%0 calcu-
lations based on the Kisslinger and “local” optical
models, and discuss briefly the implications of
the remarkable agreement obtained with the local
model.

The Kisslinger model® assumes an s plus p
wave 7-N amplitude

<a'|t|a>=ao+aﬁ' a’- (1)

This leads with suitable approximations to*

Vi(r) = =Albope2p(r) +b,5- p(r)B]/2E. (2

Here p=-iV; p, and E=T +m, are the pion lab
momentum and energy, respectively; p(r)is the
nuclear density. With free 7-N amplitudes and
electron scattering densities, Eq. (2) predicts the
qualitative features of m-nucleus scattering at low
energies (T< 90 MeV) for various nuclei* and also
for '2C from 120 to 280 MeV, the resonance re-
gion.5

With a different off-shell extrapolation,

<a’|t|a> = ao + éal(qz +q’2) - %01(?{ - a,)z
~ag-za,(d-q'), ®3)

one obtains a local potential

V. (r)= -A[(b, + b +3 b,V?p]/2E. (4)
At low energies, i.e., T~80 MeV, V, gives some-
what poorer predictions® of the '*C and !0 data
than does the Kisslinger model, V,. The small-
angle differential cross sections given by V, are

close to the experimental values, while those pre-
dicted by V, are roughly 50% greater.

|o»

Lee and McManus’ have recently applied WKB
local potential calculations to the 7~ -!2C resonance
region elastic and inelastic data. Solving the
Klein-Gordon equation exactly, we have found that
the difference between the small-angle 7~ -'2C
cross sections of the two models diminishes as T
increases, and is small for T2 200 MeV. At
angles beyond the first diffraction minimum, the
predictions of V, are about twice those of V,
while the experimental points generally fall be-
tween the two curves.

In Fig. 1 we present results for n*-1%0 obtained
with the two optical potentials, Eqgs. (2) and (4).
Coulomb forces are included in all cases. We
assumed a density®

p(¥) =py[1+(Z - 2)r?/3a)exp(-r?/a?), (5)

with a =1.7 F; this is the electron scattering val-
ue corrected for the finite proton-charge radius.
A Coulomb potential corresponding to (5) was also
included.

The scattering parameters, b, and b,, were in-
ferred from the known free 270-MeV 7-N ampli-
tudes. Neglecting the mixing of partial waves
when transforming to the laboratory frame*'® and
correcting for Fermi motion, one obtains!°

b,=-0.30+0.46¢, b,=-2.23+2.89:. (6)
Using these parameters, both models predict the
general features quite well. But it is remarkable
how well the local model fits the data. For this
curve, the mean square error, x?/N, is about 1.2
or just over one standard deviation per point.
Dedonder,'* Fildt,'? and Wilkin'® suggest a more
exact way of transforming from the center of
mass to the laboratory frame. Assuming again
recoiless nucleons, they use the relation

k
S @) =32+ ) f(a®) )
cm
Here q is the 4-momentum transfer and k is the
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momentum of the incident pion. Using (7), one ob-
tains

b, =1.68—2.11i, b,=—4.21+5.46i. ®)

Curves corresponding to these scattering pa-
rameters, Eq. (8), for both the local and Kissling-
er model, are also shown in Fig. 1. There again
the local model gives a good fit to the data with
x?/N=1.8. The Kisslinger model with bg, b]
yields a poor fit with x2/N =14 and is much below
the corresponding curve using b,, b,. For com-
parison, a Glauber model calculation'* with simi-
lar inputs is also given. (Note that for all curves
there are no adjusted or fitted parameters.)

It is surprising that the parameters obtained
from a more careful transformation, Eq. (8),
yield a somewhat poorer fit when used in the opti-
cal model. Perhaps it will turn out that correla-
tion and local-field corrections!® to the optical
potential will lead to a set of parameters closer
to Eq. (6). The fact that both curves for the local
potential turn out to be very similar for the two
sets of scattering parameters is consistent with
Wilkin’s observation that the local model is less
sensitive to the choice of parameters than the
Kisslinger model.®

A tentative conclusion one might draw is that
the local model provides a good description of 7-
nucleus scattering above the resonance (T2 200
MeV). This can only be tested when there are data
at more energies and for other nuclei. We look
forward to obtaining such data from the meson
factories scheduled to soon begin operations.

If its validity is confirmed by further experi-
ments, the local potential can be used to study
differences in the distributions of neutrons and
protons,'® and in the analysis of complex reaction
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FIG. 1. Kisslinger optical model (—), local optical
model (— —), and Glauber model (----) (Wilkin, Ref. 9)
predictions. Two sets of averaged free 7-N parameters
and the electron scattering density are used, with Cou-
lomb effects included. Data are from Ref. 1.

processes. The differences between the 7~-2C
data and the V, predictions are, in this view, a
possible source of information about the deformed
12C nucleus.

*Research supported by the National Science Founda-
tion and the United States Atomic Energy Commission.

t Address after July 1, 1972: Department of Physics,
Stanford University, Stanford, California 94305.

{ Permanent address: Department of Physics and
Astronomy, University of Massachusetts, Amherst,
Massachusetts 01002,

3. Rohlin et al., Nucl. Phys. B37, 461 (1972).

2F, Binon e al., Nucl, Phys. B17, 168 (1970).

3L. S. Kisslinger, Phys. Rev. 98, 761 (1955).

‘E. H. Auerbach, D. M. Fleming, and M. M, Stern-
heim, Phys. Rev. 162, 1683 (1967); 171, 1781 (1968).

5M. M. Sternheim and E. H. Auerbach, Phys. Rev.
Letters 25, 1500 (1970); M. Krell and S, Barmo, Nucl,
Phys. B20, 461 (1970); J. P. Maillet, C. Schmit, and
J. P. Dedonder, Lettere Nuovo Cimento 1, 191 (1970);
J. P. Dedonder, Nucl. Phys. A174, 251 (1971); A180,
472 (1972). Glauber model calculations also fit the data

about as well. See M. M. Sternheim, Phys. Rev. 135,
1364 (1964); K. Bjornenak et al., Nucl. Phys. B22, 179
(1970); T. Kohmura, Nucl, Phys. B36, 228 (1972);
C. Schmit, Lettere Nuovo Cimento 1, 454 (1970);
C. Wilkin, Lettere Nuovo Cimento 1, 499 (1970).

8M. M. Sternheim, 1967 (unpublished). See also E. H.
Auerbach and M. M. Sternheim, Brookhaven National
Laboratory Report No. BNL-12696, 1968 (unpublished).

"H. K. Lee and H. McManus, Nucl, Phys. A167, 257
(1971). The local model has also been discussed by
G. Fildt, Phys. Rev, C 5, 400 (1972); C. Wilkin, CERN
Report No. CERN 71-14, 1971, (unpublished) p. 289.

8H. R. Collard, L. R. B. Elton, and R. Hofstadter, in
Landolt-Bornstein: Numerical Data and Functional
Relationships; Nuclear Radii, edited by H. Schopper
(Springer-Verlag, Berlin, Germany, 1967), New Series,
Group I, Vol, 2,

*W. F. Baker, J. Rainwater, and R. E. Williams, Phys.



1120 J. H. KOCH AND M. M. STERNHEIM

Rev, 112, 1763 (1958); M. Ericson and T. E. O. Ericson, 151,0cal field corrections are important unless A > 7,
Ann, Phys, (N.Y.) 36, 323 (1966). the average number of scatterings (see, for example,
10M, M. Sternheim and E. H. Auerbach, Phys. Rev. L. L, Foldy and J. D, Walecka, Ann. Phys. (N.Y.) 54,

Letters 25, 1500 (1970). 447 (1969). Such corrections are expected to be large
15, P, Dedonder, Nucl. Phys. A174, 251 (1971). for the system under consideration (see H. M. Qureshi
12G, Fildt, Phys., Rev, C 5, 400 (1972). and M. M. Sternheim, to be published).
13c, wilkin, in Proceedings of the International Seminar 16M, M. Sternheim and E. H. Auerbach, Phys. Rev. C

on Pion-Nucleus Interactions, Strassbourg, September 4, 1805 (1971); L. S. Kisslinger, R. L. Burman, J, H,

1971 (to be published). Koch, and M, M. Sternheim, ibid. 6, 469 (1972).
4c, Wilkin, private communication quoted in Ref. 1,

|



