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The elastic scattering of nucleons by carbon, at incident energies of 142, 210, and 330
MeV, is calculated from an optical potential retaining all terms to second order in the N-N
amplitudes. The amplitudes are calculated using recent N-N phase-parameter sets obtained
by the Yale, Livermore, and Michigan State Groups. Nuclear correlation functions of both
the Fermi and Brueckner-Gammel types are used to represent nuclear structure. Compari-
son with experiment is made in order to distinguish among different N-N phase-parameter
sets, and among different types of nuclear correlation functions.

In earlier work, ' the elastic scattering of nucle-
ons by light nuclei, at energies of 140 to 310 MeV,
was calculated from an optical potential retaining
all terms to second order in the two-nucleon ampli-
tudes. The amplitudes were calculated using the
YLAN3M- YLAM and L-IV phase-parameter sets
of the Yale' and Livermore' groups, respectively.
Since that time, these phase-parameter sets have
been superseded by more recent searches. ' ' It is
the purpose of this work to determine the effect of
these new phase-parameter sets on the agreement
of the calculated nucleon-nuclear observables with
experiment and to investigate the degree to which
the calculated observables depend on the shape of
the nuclear correlation function.

The potential used in this calculation is derived
from the Watson formalism. The double-scatter-
ing term and an impulse-approximation correction
term, both of which are binary in the two-nucleon
amplitudes, are retained. The resulting optical
potential is used in the numerical solution of the
partial-wave integral-scattering equation in mo-
mentum space. Details of the calculation are given

in Ref. 1 and elsewhere. '
The two-nucleon amplitudes are calculated using

the recent Yale and Livermore" phase-parame-
ter sets at 142, 210, and 330 MeV, and the Michi-
gan State' phase-parameter set at 210 MeV.

In Ref. 1, nuclear structure was represented by
both Fermi (F} and Brneckner-Gammel (BG} type
correlations. For the Fermi type, correlation
functions were derived by assuming a Fermi gas
of nucleons. For the Brueckner-Gammel case,
however, only the correlation length was known,
and a form for the correlation function was chosen
for convenience. The BG-type function was taken
to be

(l g~2/g2)e rI&-
subject to the conditions

G dT=O

and

G dy'=R,
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with R, = -0.84 F as determined by Johnston and

Watson, ' from the work of Brueckner and Gam-
mel. " From (2), 5= a3 and from (3), b=1.42 F.
Since (2) is appropriate for nuclei in which the nu-

clear radius is much greater than the correlation
length, the form (1) subject to (2) and (3) is desig-
nated soft core infinite (S.C.I.).

In order to determine the effect of the infinite-
nucleus approximation, we used the exact expres-
sion for which (2) is an approximation;

fp, (r,)p,(r,)Gs (r, —r, )dv,dv, = 0.
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If a Gaussian density is used, this reduces to

(4)

where a is the Gaussian range parameter (1.96 F
for carbon). If form (1) is used subject to (3) and

(4), then 5=0.95 and b= 1.80 F. This case is des-
ignated soft core finite (S.C.F.).

To explore the effect of a hard core in the corre-
lation function, we used another BG-type function
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FIG. 2. Calculated differential cross section versus
data at incident lab energy of 142 MeV for (a) P-C, and

(b) n-C elastic scattering.
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FIG. 1. Differential cross section for P-C scattering
at incident lab energy of 142 MeV as calculated with the
L-X phase-parameter set, showing the effects of differ-
ent BG correlation functions.

with the core radius x, taken to be 0.5 F. For this
function, (2) and (3) yield 5 =0.45 and b =0.62.

Form (5) subject to conditions (2) and (3) is desig-
nated hard core infinite (H. C.I.).

Figure 1 shows the effect of the different BG cor-
relation forms on the differential cross section at
142 MeV as calculated with the L-X set. As can
be seen, the different BG correlation forms have
little effect on the differential cross section at 142
MeV, until the first diffraction minimum is
reached. At 330 MeV, the curves are virtually
indistinguishable and are not plotted. Since these
three forms are all required to satisfy (3), these
results would indicate that the correlation length
is the dominant feature of the nuclear correlation
function so far as these calculations are con-
cerned.

In the following calculations, BG refers to the
S.C.I. mode:

Differential cross section f42 MeV. Figure 2

shows the calculated differential cross section at
142 MeV together with the P-C data of Steinberg,
Palmieri, and Cormack" and the n-C data of
VanZyl, Voss, and Wilson. " The calculated
curves are little affected by the choice of phase-
parameter set, but are considerably affected by
the type of correlation function used, with the F
type giving much better results at this energy than
the BG type. As can be seen, the fit to the n-C
data is quite good, while the fit to the p-C data is
less impressive. The difficulty of fitting both p-C
and m-C differential cross-section data at this en-
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ergy, without renormalization of data, has been
discussed by Batty '

Z10 MeV. Figure 3 shows the calculated differ-
ential cross section at 210 MeV compared with the
data of Thwaites. " When used in conjunction with
the F-type correlation function, the Y-IV and L-X
sets fits the data very well, and the L-IX set, only
slightly less so. The MS-A set, however, shows
excessive Coulomb interference compared to the
data. All of tbe calculated curves with the BG-
type correlation function lie about 5(Pjg above the
data,

330 MeV. Figure 4 shows the calculated differ-
ential cross section at 330 MeV compared with the
310-MeV p-C data of Chamberlain et al "and the
350-MeV n-C data of Ashmore, Mather, and Sen."
In the p-C case, there is little splitting among
phase-parameter sets in the calculated curves.
The n-C curves, however, show very noticeable
splitting among the phase-parameter sets. In each
case the different correlation functions are readily
distinguishable, with the BG type fitting both data
sets very well, particularly when used with the
Y-IV phase-parameter set.

Polarization 14' MeV Figur. e 5(a) shows the cal-
culated polarization against the p-C data of Dick-
son and Baiter" adjusted according to Jarvis and

l9Rose. None of the phase-parameter sets fit the
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FIG. 4. Calculated differential cross section versus
data at incident lab energy of 330 Me V for (a) P-C, and

(b) n-C elastic scattering.
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FIG. 3. Calculated differential cross section versus
data for P-C elastic scattering at incident lab energy of
210 MeV.

data quantitatively with either the F- or BG-type
correlation functions. Also, as noted elsewhere, '
the BG-type correlation function does not give rise
to the characteristic polarization diffraction mini-
mum whereas the F-type function does.

210 MeV. Figure 5(b) shows the polarization
against the data of Hafner. ' Again, there is little
splitting among phase-parameter sets, except for
MS-A. The fits with the F-type correlation func-
tion are qualitatively good over the entire range of
the data, while the BG-type correlation gives a
polarization minimum which is too shallow.

F30 MeV. Figure 5(c) shows the calculated polar-
ization at 330 MeV against the data of Chamber-
lain et gl. ' There is again little splitting among
phase-parameter sets. The fits are qualitatively
poor beyond -10' with all of tbe calculated curves
overshooting the data in the range 10-20 . While
the F- and BG-type correlation functions are read-
ily distinguishable, one cannot choose between
them on the basis of these fits at this energy.

The preceding comparison of the calculation with
the data clearly shows that the F-type correlation
gives a better fit at 142 and 210 MeV than does the
BG type, while at 330 MeV it is the BG-type cor-
relation which gives the better fit, in agreement
with the conclusion reached in Ref. 1. In addition,
the present work has shown that variation of the
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vided the correlation length is held fixed. In com-
paring the calculated differential cross section
with experiment at the various energies, one can
see that the calculated curves are descending rela-
tive to the data with increasing energy. This
trend was not apparent in Ref. 1. Preliminary
work shows that the BG-type function gives an ex-
cellent fit to data at 425 MeV as well as at 330
MeV so that this trend might stabilize above 300
MeV. In any event, we do not have an explanation

'

for this trend.
The splitting among phase-parameter sets in the

present work is uniformly reduced from that ob-
served in Ref. 1. This is a consequence of the con-
vergence of the recent searches toward a common
phase-parameter set at each energy. It should be
noted that the nonnegligible splitting observed at
210 MeV cannot be correlated with any dramatic
differences among the phase-parameter sets at
this energy with the possible exception of the 6'y

coupling parameter which is a factor of 2 lower in
the Y-IV set than in the L and MS sets. The calcu-
lated curves at 330 MeV have the puzzling feature
that the n-C curves show noticeable splitting
among phase-parameter sets while the P-C curves
do not. Even in these cases, however, the split-
ting due to various phase-parameter sets is con-
siderably less than the splitting due to the differ-
ent types of correlation function. This observation
suggests that within the limitations of this ap-
proach, ' calculations of this type might be useful
in distinguishing among various types of nuclear
correlation functions.
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FIG. 5. Calculated polarization versus data for P-C
elastic scattering. (a) 142-MeV incident energy, (b)
210-MeV incident energy, and (c) 330-MeV incident en-
ergy. Scattering angle is lab angle for (a) and (c); c.m.
angle for (b).

shape of the BG-type correlation function has neg-
ligible effect on the calculated observables pro-
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Targets of Pr, Ce, Nd, Ir, Au, and Pb have been bombarded with heavy ions in order to
produce fission isomers with nanosecond lifetimes. In all cases, limits for detection were
set which were much lower than the cross sections previously reported for these systems.
It is concluded that fission isomerism was not observed in the previously reported experi-
ments.

Recently it was reported' that fission with nano-
second lifetimes had been observed in a number of
heavy-ion-induced reactions. The detection geom-
etry had been designed to observe, in the same ex-
periment, fission decay either from recoils in

flight or from recoils collected on catchers a few
cm from the target. The experiments that we now

report were initiated as a study of the formerly
reported fission isomers, but have led us instead
to reexamine their existence.

The experimental arrangement is shown in Fig.
1. The heavy-ion beam of the Yale University
heavy-ion linear accelerator was collimated to
4.8 mm before striking the target, which was
placed in a 8.0-mm aperture. Track detectors of
Lexan, mica, and Makrofol were placed on the tar-
get cover plate (1.6 mm thick). The Lexan and mi-
ca detectors were scanned for tracks with project-
ed length &3.5 p. . Therefore they were sensitive
mainly to fission from recoils in flight that de-
cayed at distances of between 5 and 20 mm down-
stream from the target. ' The Makrofol detectors
were scanned by a spark technique' that required
incident angles of greater than =45 to the detector
surface. Therefore, these detectors were sensi-
tive both to fission decay from recoils in flight and
also to decay from recoils collected on the catcher
placed 15.9 cm downstream.

The Makrofol detectors of 5-p, thickness were
etched for 6 h at 35'C in 6.2 N NaOH, and the
microscopic holes, produced by fission fragments

~TRACK
DETFCTORS

FARADAY CUP

TARGET
RECOIL
CATCHER

I5.9 cm

FIG. 1. Schematic diagram of the target and detector
holder. Reaction products that recoil into the region in
front of the target could undergo fission and yield tracks
in the detectors placed in the position shown. The re-
coil catcher was Lexan foil of 0.08-mm thickness.

impinging with angles greater than 45', were de-
veloped to a diameter of =50 p, by spark scanning. '
The resultant holes were observed with the aid of
a microfilm reader-copier.

In the present series of experiments we have
found disagreement with our previous results.
%'hen there were no catchers or baffles within
about 5 cm of the target, we found upper limits
for cross sections of delayed fission much lower
than those previously reported. ' A series of ex-
periments (Au'"+9-Mev(amu B")were per-
formed to determine the effect of the placement of
catchers at varying distances from the target. As


