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The elastic scattering cross sections for 7 7-'°0 and 7 -Ca have been measured at pion kinetic
energies 160, 170, 220, 230, and 240 MeV for '°O, and at 205 and 215 MeV for Ca. The results are
analyzed in terms of the Kisslinger and Laplacian optical model potentials and the obtained potential
parameters are compared with the impulse approximation result.

deduced optical-model parameters. Natural target, resolution 3 MeV; 6=15-70",
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L AO=2°,

I. INTRODUCTION tials,® the concept of the index of refraction in
nuclear matter,® the Glauber approximation,” and
Pion-nucleus scattering at energies near 190 multiple-scattering series.®
MeV has been drawing increasing attention. The Agreements between the data and theoretical re-
fact that the elementary process m-nucleon inter- sults on pion-nuclear scattering around the reso-
action, has a broad resonance in the production nance energy are, in general, good only in a qual-
of a nucleon isobar (J=3, I=3) at this energy, itative sense and some detailed studies® on energy
and that consequently the p-wave m-nucleon inter- dependence of the goodness of fit show that the low
action dominates the elementary scattering pro- energy optical model potential® must be modified
cess, gives a unique situation in nuclear physics. at the resonance energy in order to give a truly
For example, an optical model potential descrip- quantitative description of the process.
tion of the m-nucleus elastic scattering must re- The motivations of the work presented here are
flect the presence of the m-nucleon resonance and to add substantial amounts of data to the existing
is expected to be quite different in physical con- ones using typical light and medium heavy nuclei,
tent from optical potentials for other processes to compare our result with the '2C scattering data
such as proton-nucleus elastic scattering. Be- in order to test whether the conclusions thus far
sides, the effects of pion absorption in nuclear obtained are valid for other nuclei, and also to
matter must be incorporated in the inelastic con- learn whether pion elastic scattering can be used
tributions of the optical model potential. to determine the values of the parameters in a
In the past several years considerable experi- given optical model potential.
mental work on this subject has been done for This article describes details of measurements
limited kinds of target nuclei. Notable among this on 7~ elastic scattering differential cross sections
work are the experiments of Binon ef al.' and of from '°0 and natural Ca in the energy range of 160
Rohlin et al.? The main portion of the existing to 240 MeV, along with analyses of the data obtained.
data, consisting of elastic scattering of 7~ from On our result of 7-'%0, a brief letter has al-
2C, has been analyzed in terms of optical poten- ready been published.® Also a single energy mea-
tials by Krell and Bramo® and by Sternheim and surement of 77 -'%0 has been made by Rohlin et al.,?
Avuerbach.* and their elastic scattering angular distribution
Theoretical work on pion-nucleus scattering can has been analyzed in terms of optical model po-
be summarized in general by stating that various tential by Koch and Sternheim® as well as with
models have been developed using optical poten- the Glauber approximation.?
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II. EXPERIMENTAL PROCEDURE

The layout of the experiment is shown in Fig. 1.
Two identical magnetic spectrometers were used
to measure the momentum loss of the scattered
particles in the following way. The trajectories
of the particles were determined from the loca-
tion of sparks in eight sonic spark chambers,'°
four associated with each spectrometer. In order
to vary the scattering angle the second spectrom-
eter was mounted on a platform pivoted at the
target position. Using measured magnetic field
maps and the trajectory of a particle, its momen-
tum before and after scattering was calculated.
After plotting the number of events as a function
of energy loss, elastically scattered particles
were separated from the background.

Pion beams

Negative pions were produced internally in the
600 MeV Space Radiation Effects Laboratory syn-
chrocyclotron with a carbon harp target and de-
flected out of the cyclotron by the fringing field
of the cyclotron magnet. The quadrupole doublet,
Q1-Q2, focused the beam onto a uranium slit, S1,
in the main shielding wall. The bending magnet
M1 separated the charged particles from neutral
radiation and swept away low momentum charged
background particles. The quadrupole doublet
Q3-Q4 then focused the beam onto the target. The
beam was detected in counters SC1, SC2(17.5 cm
x22.5 cmx0.64 cm) at the beginning of the first
spectrometer and by SC3 (22.5 em X 17.5 cmx0.16
cm) located at the target. For the purpose of the
experiment the incident beam was then defined by
a triple coincidence (SC1, SC2, SC3). No effi-
ciency correction was needed for this coincidence
as any particles not counted made no contribution
to the experiment.

By adjusting the location of magnets Q1, Q2,
and M1 we could select a range of energies from
160 to 250 MeV.

Targets

The target was located at the pivot point of the
second spectrometer and was oriented for trans-
mission geometry. The various targets used were
of the order of 2 g/cm? thick and were 15 cmx15
cm in cross section. For scattering on '°0, we
used a water target with Mylar walls, 0.051 cm
thick. Background runs were made with an iden-
tical empty target.

Scattering logic

Two identical scintillation counters SC4 and
SC5, the dimensions of which were 30 cm high,

FIG. 1. Layout of the experiment: Q, quadrupole mag-
nets; M, blending magnets; SP, sonic spark chambers;
SC, scintillation counters.

45 cm wide and 0.64 cm thick, were used to de-
tect the scattered particles. A scattering event
was defined by the coincidence (SC1, SC2, SC3,
SC4, SC5). In separate measurements a precise
value for the ratio (SC1-5)/(SC1-3) was deter-
mined. Much longer measurements with the son-
ic chambers triggered by the coincidence (SC1-5)
determined what proportion of the scattered events
represented elastic pion-nucleus scattering.

Spectrometers

The two spectrometers were identical except
that the second was mounted on a movable plat-
form. The spectrometer consisted of a dipole
magnet with a useful gap of 50 cm x50 cmx22.5
cm high. Four sonic spark chambers of the type
described elsewhere'® were rigidly mounted to
a frame fastened to the yoke of the magnet. Two
chambers were used at the entrance to the mag-
net, and two at the exit. Since any three of these
were sufficient to determine the trajectory, we
accepted events in which any three of the four
worked satisfactorily. High voltage to the spark
chambers was supplied through a pulser triggered
by the (SC1-5) coincidence.

The chambers were aligned to an accuracy of
0.1 mm relative to the pole pieces of each magnet
and the magnets were placed on a nominal beam
line drawn on the floor. The accuracy of spark
reconstruction in the sonic chambers was approx-
imately + 0.5 mm. For final calibration, data
were taken without a target and with a scattering
angle of 0°. In this case the spark chambers were
triggered on particles passing directly through all
eight. Any relative misalignment of the two spec-
trometers could be determined from the require-
ments that the momentum obtained from each be
the same, and that the trajectory through SP3,
SP4, SP5, and SP6 should be a straight line, ex-
cept for multiple scattering.

To reduce the effects of multiple scattering in
the spectrometers, helium filled bags were used
between each pair of chambers. The spark cham-



bers SP2, SP3, SP6, and SPT7 also were con-
structed with thinner aluminum foils (0.008 mm)
than were the other four (0.025 mm).

In analyzing the data for each event, the scatter-
ing angle was determined from spark chambers
SP3 through SP6. Momenta were calculated for
each spectrometer and from this the energy loss
was obtained. Thus each event is classified by its
scattering angle, its incident momentum, and its
energy loss.

Magnetic field maps

The bending magnets M2 and M3 used in the
spectrometers were constructed identically. Their
fields were mapped on a grid of 3000 points and
stored on magnetic tape, using an automatic map-
ping device. For on-line computer analysis the
effective lengths of the magnets as a function of
the point of entry into the field were calculated.
For off-line computer analysis, initially a ray
tracing program'! obtained from CERN was used
to fit the spark coordinates to a momentum by
numerical ray tracing through the grid of field
points. Later a set of Tschebycheff polynomials
were constructed following the method of Lech-
anoine, ef al.'? to represent the momentum as a
function of the spark coordinates. With the second
method the computer time required to obtain the
momentum for a trajectory was reduced by a fac-
tor of 1000.

Electronic circuitry

The logic of the experiment was straightforward
and the electronic circuitry required was simple.
A scattering pion was defined as a coincidence be-
tween scintillation counters 1 through 5. Counters
1, 2, and 3 defined the incident beam on the tar-
get, while counters 4 and 5 defined a scattered
pion. When such a coincidence occurred, an elec-
trical signal was generated that was used to trig-
ger the high voltage to the spark chambers, using
spark gap triggers maaufactured by Science Ac-~
cessories Corporation. After a delay of 20 usec
a 2 MHz clock was started and its pulse train was
fed into a bank of scalers, one scaler for each
sonic chamber microphone. Receipt of a signal
from the microphone shut off the corresponding
scaler. After waiting 5 msec for digitization of
the microphone outputs, the event was read into
the computer.

Since four of the spark chambers were operating
in the incident beam, it was necessary to operate
the chambers with as short a sensitive time as
possible. The clearing field was adjusted for min-
imum sensitive time, ~500 nsec. To minimize the
delay between the passage of a particle and the ap-

10 ELASTIC SCATTERING OF NEGATIVE PIONS FROM 'f0O... 2249

plication of high voltage to the spark chambers,
the electronic circuits used in the trigger logic
were located inside the experimental cave. A
duplicate set of circuits was used outside the cave.

In addition to the event logic the electronic cir-
cuitry provided a number of gates. A “RF gate”
shut off the logic circuitry during the “prompt”
portion of the beam spill to avoid triggering the
chambers when the instantaneous intensity was
very high. A “computer busy gate” shut off the
circuits during periods when the computer was
unable to accept data. Following an event a 0.5
sec gate held the logic circuits off to allow time
to digest the data with the on-line program. This
did not affect the data-taking rate significantly at
the large angles where the rate was slow enough
to limit the statistical accuracy of the data.

Beam composition

The beam composition was determined in two
ways. One was a direct measurement using a
time-of-flight arrangement. The second method
was to measure the differential cross section for
2C at 6, =25° 27° and 29° and normalize it to
the data of Binon ef al.! This normalization was
cast in terms of the percentage of pions in the
beam.

The time-of-flight measurement was carried out
with two small scintillation detectors (5 cm x5 cm),
one at the position of the slit S1 and the other at
the target position. The delay time between two
nearly coincident signals was converted by a time
to amplitude converter to a pulse height that was
stored in a multichannel analyzer. The distribu-
tion of events vs pulse height was fitted to empiri-
cal line shapes based on the resolution of the sys-
tem in order to determine the pion content. Typ-
ical results are presented in Fig. 2, which also
shows a computed fit. The proportion of pions in
the beam could be determined to an accuracy of
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FIG. 2. Typical time of flight distribution.
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~2%. Typically, the fraction was about 85%. No
correction for pion decay between the two counters
was made. A computer calculation indicated that
the number of pions which decay but nevertheless
still appear in the pion peak was negligible.

For energies above 200 MeV, the time-of-flight
apparatus did not have sufficient resolution, and
we relied entirely on the carbon normalization.

6,+3y is calculated as

49 gy= Vel 0% 37, Eq%30) Ny |
0 s N(Bo) N

Aa

123

where y=2° 6=10 MeV, n is the number of tar-
get nuclei per unit area, 6, is the spectrometer
angle setting, and Z; and Z,; are the efficiencies
of the 7th scintillation counter and sonic chamber,
respectively.

The number of elastic events Ny was extracted
from the energy loss spectrum, obtained by the
sonic chamber spectrometer, containing the total
number of analyzed scattering events N(6,). A
typical energy loss spectrum is shown in Fig. 3.

The number of coincidences SC1 through SC5,
Ni,445, corresponded to the number of all types
of events detected through the spectrometer for
a given number of the incident particles, N ;.
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FIG. 3. Typical energy loss spectrum of pions scat-
tered from a water target.
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Where the time of flight technique was used, com-
parison between it and the carbon normalization
gave agreement to within the experimental errors.

II1. DATA ANALYSIS

The elastic scattering cross section for negative
pions of energies onéﬁ with scattering angles

-1

i=1

B(E,+ 1) is the fraction of the incident particles
with the momentum corresponding to the pion en-
ergy (Eoiéé). It was obtained by triggering the
chambers 1 through 4 on the (SC1, SC2, SC3) co-
incidences and examining the resulting energy
spectrum. The fraction f, of pions in B(Eoiéé)
was determined as described in Sec. II.

The solid angle A and decay correction factor
(8 ,, E,) were calculated via Monte Carlo tech-
niques. For the solid angle we considered the
distributions of the incident pion energy and di-
rection which were known from the sonic chamber
data used to obtain B(E,=30). A pion in these dis-
tributions was allowed to scatter elastically at
random angles—and the scattering angle bin in-
cremented. The pion was followed through the
magnetic field by the same program used to make
the momentum analysis. If it passed through the
spectrometer correctly the array corresponding
to the number of successes for a given scattering
angle bin was incremented. By repeating this pro-
cedure, the solid angle was obtained.

For the decay correction we started with pions
of energies < E,+30 moving in the direction de-
fined by 6,. The pion was allowed to decay at ran-
dom (weighted by the exponential decay factor) in
its rest frame, and the point of decay and momen-
tum and direction of the resulting muon in the lab-
oratory were obtained. This muon was traced
through the spectrometer, and if it could be de-
tected by SC4 and SC5, its energy was calculated
assuming the particle was a pion. Finally, this
energy was compared with the energies accepted
for elastic scattering events. In this way, for a
given number of elastically or inelastically scat-
tered pions, we found the fraction which survived
as only elastically scattered events.

IV. EXPERIMENTAL RESULTS AND ANALYSIS

The observed differential cross sections for 77~
160 and 7~-Ca elastic scattering are listed on Ta-
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TABLE 1. Differential elastic scattering cross sections for 77-'%0 in the laboratory system. The cross sections
are in mb/sr and the errors are standard deviations due to counting statistics and solid angle calculations. The absolute
error of +15% is not included.

Tr=160 MeV Tr=170 MeV Trm=220 MeV Tn=230 MeV Tm=240 MeV
0,, do/dQ A(do/dQ) 6y, do/dQ A(do/dQ) 0y, do/dQ A(de/dQ) 0y, d0/dQ A(do/dQ) 0y, do/dQ A(do/dQ)
13 988 117 13 667 80 15 297 46 15 383 39 15 396 44
15 667 78 15 500 60 17 317 45 17 253 33 17 268 38
17 533 63 17 388 35 19 268 81 19 270 30 19 218 65
19 380 35 19 320 26 21 219 27 21 192 19 21 214 26
21 276.3 23 21 260 21 23 138 21 23 135 16 23 125 20
23 230.5 20.8 23 179.6 13.5 25 85.4 11.8 25 93.4 8.5 25 86.0 10.6
25 168.4 13.1 25 139.3 10.7 27  85.7 9.3 27  175.2 7.9 27 58.4 9.0
27 119.9 10.0 27 116.9 8.8 29 54.3 10.0 29 47.8 5.6 29 33.0 4.1
29 84.3 6.8 29 85.4 6.1 31 35.7 3.5 31 16.8 1.7 31 12.50 2.0
31 69.1 5.4 31 49.8 4.1 33 8.78 1.73 33 6.88 1.05 33 4.18 1.26
33 57.5 5.6 33 43.2 3.5 35 6.04 1.15 35 6.42 0.96 35 4.20 1.01
35 27.3 2.6 35 24.1 2.2 37 4.82 0.97 37 2.60 0.56 37 2.43 0.67
37 17.6 2.0 37 14.4 14 39 2,75 0.85 39 2.17 0.31 39 2.45 0.41
39 12.4 1.3 39 7.73 0.88 41 0.928  0.348 41 1.44 0.27 41 2.48 0.43
41 8.14 0.93 41 6.23 0.79 43 2.53 0.45 43 1.90 0.29 43 2.58 0.51
43 2.17 0.36 43 1.64 0.22 45 2.63 0.65 45 2.96 0.51 45 6.38 0.88
45 1.71 0.23 45 1,31 0.18 47  3.26 0.64 47  3.32 0.54 47  5.52 0.92
47 1.98 0.25 47 0.173  0.092 49  3.03 0.53 49 4,51 0.47 49  6.14 0.70
49 0.824 0.19 49 0.415 0.126 51 5.25 0.88 51 4.27 0.58 51 4.67 0.81
51 1,19 0.21 51 1.77 0.27 53  5.87 0.93 53 4,05 0.57 53 3.07 0.73
53 1.53 0.30 53 2.48 0.30 55 1.96 0.46 55 2.81 0.37 55 3.72 0.58
55 3.50 0.39 55 2.471 0.30 57 2.24 0.44 57 2.70 0.36 57 3.36 0.54
57 3.53 0.40 57 4.48 0.46 59 1.70 0.28 59 1.44 0.19 59 1.48 0.26
59  3.70 0.40 59  2.55 0.29 61 1.75 0.33 61  1.10 0.18 61  1.07 0.18
61  2.37 0.29 63  2.48 0.26 63  1.30 0.24 63  0.523  0.133 63 0.995  0.222
63 2.63 0.34 65 1.93 0.23 69 0.438  0.163 69 0.231 0.102 69 0.152 0.078
65 2.71 0.29 67 1.03 0.18 71 0.135 0.083 71 0.160 0.063 71 0.023 0.034
67 1.63 0.21 67 1.50 0.18 76 0.162 0.115 76 0.019 0.030 76 0.057 0.085
69  2.04 0.21 69  1.42 0.16
71 1.22 0.15 73 0.178  0.022
73 0.293 0.038 75 0.089 0.017
75 0.150 0.022
77 0.157  0.022
bles I and II. The over-all energy resolution is tained by solving numerically the wave equation
3.0 to 3.5 MeV full width at half-maximum (FWHM)
as determined from the width of the elastic peak (V2+B)yE)=2m (Vo + Vu(T) . (1)

in the energy loss spectra. Thus, discrimination
against the contamination of inelastic scattering
events is complete for the '°0 case but is not so
for the Ca case. Calculations'® of inelastic scat-
tering leading to the low lying *°Ca excited states
indicate that in the present angular range the
amount of the total inelastic contamination is
quite negligible. The errors quoted in Tables

I and II are due to the counting statistics and the
statistical errors of 3—-4% from the Monte Carlo
calculations of the solid angle. The absolute scale
of the differential cross sections has an estimated
error of +15%.

To compare our observed data with models of
the pion-nuclear interaction we have calculated
the elastic scattering cross sections using some
potential models. The cross sections were ob-

In Eq. (1), V. is the Coulomb potential, V the as-

sumed pion-nucleus optical model potential, & the

barycentric momentum, and m =E E,(E, +E,)™" is

a relativistic reduced mass defined in terms of the
center-of-mass energies E, and E, of the pion and
target nucleus, respectively.

Two rather different forms of the coordinate
space optical potential have been used to study
pion-nuclear interactions in the resonance region.
The first form was originally introduced by Kiss-
linger'® to describe pion-nuclear elastic scattering
at energies well below the resonance energy. How-
ever, previous work has demonstrated that the
Kisslinger model interaction gives a reasonable
description of elastic scattering in the resonance
region as well. The Kisslinger potential is nonlo-
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TABLE II. Differential elastic scattering cross sec-
tions for 7”-Ca in the laboratory system. The cross
sections are in mb/sr, and the errors are standard
deviations due to counting statistics and solid angle cal-
culations. The absolute error of +15% is not included.

Tm=205MeV Tw=215 MeV
0,, do/dQ A(dd/dQ) 6,, do/dQ A(do/dQ)
15 861 118 15 919 103
17 1222 159 17 674 78
19 610 57 21 527 50
21 507.3 67.9 23 236 29
23 559.7 55.3 25 98,9 11.1
25  190.1 58.2 27 51.4 6.4
27 82.6 9.5 29 22,5 4.4
29 29.1 5.9 31 23.6 5.3
31 36.5 4.2 33  35.8 5.0
33 51.2 6.1 35 30.3 6.8
35 43.9 4.0 37 34,7 4.1
37 59.8 6.5 39 32.6 4.4
39 56.3 6.6 41 29.5 4.1
41 44.7 4.0 43 18.5 3.0
43 43.9 5.7 45  12.6 3.9
45 26.9 2.8 47 9.89 1.55
47 21.2 2.7 49 5.66 1.55
49 13.2 1.6 51 3.88 0.84
51 5.94 0.86 53 1.75 0.57
53 4.08 0.92 55 1.81 0.57
55 3.01 0.63 57 1.52 0.50
57 4.13 0.91 59 2.00 0.49
59 5.44 1.07 61 1.96 0.36
61 3.43 0.51 63 1.16 0.26
63 3.60 0.56 65 0.660 0.145
65 1.50 0.78 67 0.601 0.155
67 0.82 0.20 69 0.242 0.097
69 1.12 0.24
71 0.59 0.17

cal and has the structure
= 2mV(F) =b k% () - ¢,V * p(F)V , 2)

where b, and ¢, are complex parameters and p(T)
is the nuclear matter density. The gradient terms
in (2) originate from the strong momentum depen-
dence of the pion-nucleon p-wave interaction. In
the weak-binding impulse approximation the com-
plex parameters b, and c, can be expressed in
terms of the pion-nucleon s- and p-wave phase
shifts, respectively.

A second form of the pion-nucleus potential is
obtained with an extrapolation of the pion-nucleon
scattering amplitudes into off-the-energy shell as
discussed in detail by Fildt. In this treatment
the effective potential is local, but involves a
Laplacian operator acting on the nuclear density.
The Laplacian potential has the form

—2mV,(T) = (by+Co)k?p(T) + 3¢,V % (T) (3)

where in the weak-binding impulse approximation

the complex parameters b, and ¢, are the same
parameters that appear in Eq. (2). The Laplacian
or local potential has also been used to describe
elastic scattering in the resonance region and
both potentials give results in agreement with ex-
isting experimental data.

To calculate the cross sections in the weak-
binding impulse approximation, we have used both
the Kisslinger and Laplacian potentials with the
Fermi averaged parameters of Ref. 4 to fix the
potential strengths b, and ¢,. These numerical
values are given in Table III. To represent the
nuclear matter density of Ca we used a Fermi
three-parameter distribution

p(r)=p°{1+w<£>z} \:1+exp<y;c>}-1 (4)

normalized to the number of nucleons, where
c=3.67fm, a=0.58 fm and w =-0.08 as deter-
mined from electron scattering.'® The calculated
results for Ca involving no free parameters are
compared with the experimental cross sections

in Fig. 4. We note that both potential models give
similar predictions except at large angles. In par-
ticular, both models predict two diffraction min-
ima, but the predicted minima are much deeper
than those observed. There also exists a sizable
discrepancy in the magnitude of the cross section
and the calculated values do not have the energy
dependence of the data.

Similar calculations made for the 'O data, using
the Kisslinger potential and the Fermi-averaged*
b, and c,, are shown on Fig. 5. The parametriza-
tion of the nuclear shape is

p(r)=p, [1+W(§>2} exp<£—:—>

w=1.6, a=1.74 fm for the charge distribution,

and 1.67 fm for the nucleon distribution. The
cross sections at forward angles and the positions
of the minimum and the maximum agree well with
the calculated values, but the calculations do not
reproduce the depth and the height of the structure
around the minimum. The discrepancy at 240 MeV
between the data and our calculation is very sim-
ilar to that for 7*-'%0 at 270 MeV as seen by Koch
and Sternheim of Ref. 5. In general, however, the
agreement of the data with the calculated results
involving no free parameters is better for '°0O than
for Ca.

Best-fit potential parameters

The potential parameters for Ca were obtained
with a least-squares fit to the data using both the
Kisslinger and Laplacian potentials. The cross
section with the best-fit parameters for Ca is
shown on Fig. 4. The two different potentials give



calculated from the Kisslinger potential with the Fermi-averaged parameters.
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TABLE IIl. Parameters used in the optical model calculations. The Fermi-averaged
parameters (F) are the same for both the Kisslinger (K) and Laplacian (L) potential models.
The best-fit parameters are given together with their estimated uncertainties.
T Re(by) Im(by) Re(cy) Im(cg)
MeV) (fm®) (fm®) (fm®) (fm®)
r -Ca
205 F —0.54 0.33 —0.83 6.40
K -1.91+2.14 -1.76+1.83 -3.40+3.44 7.75+2.63
L 4.4 2.8 —-8.4 +8.8 -9.2 £3.0 11.1 +8.6
215 F -0.49 0.33 —1.41 5.53
K 0.03+1.77 —0.65+1.33 —4.63 +2.47 5.41+1.82
L 3.75+£2.57 —4,88+4.04 —7.60+2.46 7.34+4.21
=180
160 F -0.69 0.37 2.7 8.0
K -0.04+2.4 —-2.9 £2.0 0.5 4.6 17 =23
170 F -0.65 0.36 1.6 7.7
K -0.70+1.6 -2.0 £1.0 2.2 £2.9 13 =1
220 F —0.48 0.32 -1.6 5.3
K 5.80+2.5 2.1 0.9 -5.3 1.6 5.3 +1.0
230 F —0.44 0.32 -2.0 4.7
K 3.20+1.4 1.4 +0.9 -3.2 #1.1 5.9 0.9
240 F —0.41 0.32 -2.1 4.2
K 1.50+2.3 2.8 +1.4 -1.1 1.8 5.1 1.4
los T T T i T A'iT T
215 Mev 77-40cq 205 Mev m-4%Ca
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FIG. 4. Experimental differential cross section for 7~-Ca; —, best fit curve to the experimental data; —.—, the
cross section calculated from the Laplacian potential with the Fermi-averaged parameters; ----, the cross section
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nearly identical curves and the best-fit parame-
ters for both models agree within the rather large
error limits as listed in Table III. Similar fitting,
using the Kisslinger potential, has been made for
%0, the result of which was already reported in
Ref. 9. The best-fit parameters for ‘0 are also
included in Table III.

The best fit optical potential parameters of the
Kisslinger type potential for ®0 and Ca as func-
tions of the pion laboratory kinetic energy are
plotted in Fig. 6. The solid lines on the figures
are the Fermi-averaged parameters obtained
from the m-nucleon amplitudes. The '*C param-
eters of Ref. 4 are also shown for comparison and
were obtained for the best fit with the b,values fixed
atappropriate Fermi-averaged values. TheRe(b,)
and Im(d,) for both *®0 and Ca are very poorly de-
termined and at some energies Im(b,) is negative.
For Re(c,) qualitative agreement exists between
the Fermi-averaged and the experimentally deter-
mined values. The consistency among the poten-
tial parameters, particularly those of '2C and 'O,
may be seen by comparing the ¢, for *C of Ref. 4
with our values of the ¢, for '°0 with b, set to zero.

The same consistency exists for Im(c,). Here,
however, we can see that the energy dependence

is similar to that of the Fermi averaged parame-
ter, but the experimental values are consistently
higher than the Fermi-averaged values. This fea-
ture was first pointed out by Fildt® for the '2C
data, but we observe it to be the same for '°0,
thus supporting the view point of Fidldt that in the
standard Kisslinger model b, is enhanced by a fac-
tor which is the squared ratio of the laboratory to
the center of mass momenta of pions.

The present experimental results, however, are
not precise enough to make a direct comparison of
the Kisslinger and Laplacian potentials.
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