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Cross sections for elastic and inelastic e scattering on 4 ~ '~4' Ca have been measured
to several excited states. The bombarding energy (lab) is 24 MeV for n+~ ' ' Ca and is
24 and 29 MeV for 0. +4 Ca. Particular emphasis is given to the back-angle data. In
addition to the anomaly of e +4 Ca elastic scattering at backward angles previously re-
ported by many workers anomalous features are also observed in inelastic scattering. It
is found that the backward anomaly of the ++ 4 Ca inelastic cross sections is strongest
for the 0+ states and gradually decreases with increasing spins of the final states
(1, 3, 5 ). The only exception is the scattering to the 2 state at 3.90 MeV, for which
the cross sections exhibit a regular decrease toward backward angles. The inelastic
cross sections for the '~~' Ca isotopes are generally smaller at backward angles as
compared to those for Ca. In general, the observed anomalies for inelastic scattering
at back angles are in close analogy to those known for elastic scattering. An interpreta-
tion of the data and of the anomalies in terms of coupled channels is given. Both a standard
optical potential and one with an angular-momentum-dependent absorption have been used
in the calculations. It is found that the large differences in the cross sections at back-
ward angles, depending on the isotope and on the spin of the residual state, can be repro-
duced by coupled-channel calculations when an angular-momentum-dependent absorption
in the optical potential is assumed.

NUCLEAR REACTIONS '4 ' '48Ca(e, n ) ' '4 '4 Ca(e, n'), E =24-29 MeV;
measured 0(E, 0); deduced coupled-channel parameters. Enriched targets; 0

=12.5-177.5', 40=2.5'; calculated 0(0).

I. INTRODUCTION

For many years the existing data on scattering
of n particles from nuclei could be satisfactorily
and easily parametrized by the concept of strong
absorption. Models used for these calculations
are the "strong absorption" models as, e.g. , the
Blair' and the Frahn-Venter model. ' In the nuclear
optical model the effect of strong absorption is
taken into account by a complex potential with a
rather deep imaginary potential well. The early
success of these models to describe n scattering
seems to be primarily due to the fact that those
scattering data were measured and fitted at for-
ward angles only.

During the last 10 years, however, an increas-
ing number of n-scattering angular distributions
were measured, which extended to the back-angle
hemisphere. For a great number of them a so-
called "anomalous" scattering behavior was ob-
served at backward angles: In contrast to the
"normal" angular distributions which exhibit a dif-
fractionlike pattern and an over-all decrease of
the cross section with scattering angle —as also
predicted by the optical model —angular distribu-
tions for the a scattering from some target nuclei

were obtained where the cross sections increased
strongly toward backward angles. This anomalous
large angle o. scattering ("ALAS" ) has been of in-
creasing interest in recent years and has been the
subject of symposiums at Marburg' and at Cracow. 4

Similar effects have also been observed in exci-
tation functions and angular distributions for heavy
ion scattering, "in particular for the scattering of
"0 on "0 (Ref. 5). For the 'He+4'Ca elastic scat-
tering and possibly for 'He+ "K only a slight in-
crease of the cross section toward backward angles
is observed, although it is much weaker than for
n scattering, "and no enhancement has been found
in any other 'He scattering data.

Whereas a rather comprehensive set of experi-
mental back-angle data exists for elastic a scat-
tering from various target nuclei, only a few ap-
propriate data for inelastic scattering are available.
A survey on these inelastic data is provided in Ta-
ble I. As indicated in Table I, a back-angle en-
hancement of the cross sections is observed for
some target nuclei between "C and 4 Ca; a be-
havior which is similar to that for elastic scatter-
ing. Most of these inelastic measurements, how-
ever, have been performed at energies where
strong compound contributions are likely to be

685



686 W. TROMBIK, K. A. EBERHARD, AND J. S. ECK

Target

Bombarding
energies
(lowest,
highest)

[Me V(lab) ]
Back-angle

enhancement References

12g
i6P
18p
2ONe

3Na

'4Mg
27A1

28Si

31p
32S

4'Ar
4'Ca
42Ca
44@a

48ca
"Fe
58Ze

58Ni

60N

6 Ni
64Ni

63Cu

"zn
"zn
"zn

6; 35.5
18; 22.5
21.4
16.8; 18.0
18.0
10.8; 80, 0
18.7
16.2; 28.0
18.2; 26.5
18; 26.5
18
24; 29
24
24
24; 29
22.2
21.0
13; 29
18; 27
18; 27
18; 27
19,5
21; 22, 2
19.5; 22.2

22.2' 23.3

yes
(yes)
no

(yes)
yes
(yes)
yes
yes
yes
yes
no
yes
(yes)
(yes)
(yes)
no
no
no
no
no
no
no
no
no
no

9-13
10, 14

15
16, 17, 18

18
19-27

28
14, 29, 30, 31

18, 31, 32
10, 31
17, 18

33, Present work
Present work
Present work
Present work

34
35

35-40
38

35, 38
35, 37, 38, 39

37
34, 35
34, 37
34, 39

TABLE I. Survey of experimental data for inelastic
e scattering at backward angles. In column 2 the lowest
and highest bombarding energies (lab) are listed at which
data were taken. A "yes" in column 3 indicates a back-
angle anomaly, a "no" means that no particular back-
angle enhancement is observed, a "(yes)" stands for a
behavior in between.

magnitude between n+ 'Ca and a+ 'Ca elastic
scattering cross sections at backward angles also
exist in inelastic scattering.

Theoretical investigations of the back-angle
anomalies have been confined almost entirely to
elastic scattering. The complete understanding of
the origin of the anomalies seems to remain to be
an open question at present, although several ap-
proaches have been suggested, which relate the
observed anomalies either to structure effects
(mainly "exchange") or to reaction mechanism ef-
fec ts (angular -momentum-dependent abs orption).
For a discussion of this interesting phenomenon
we refer to the proceedings of the recent confer-
ences on this subject at Marburg' and at Cracow4
and to the literature cited therein. The earliest
and apparently most successful of these ap-
proaches has been the extended optical model with
an angular-momentum-dependent absorption, as
suggested by Robson and first developed and ap-
plied to experimental data by the Florida State
group. '4' An outlj. ne of this m. odel is gjven jn
Sec. IV..

We would like to point out that the modified opti-
cal model with angular momentum dependent ab-
sorption is, at present, the only explanation of
back-angle anomalies which has been extended to
allow the calculation of inelastic cross sections.
An analysis of our data in terms of this model is
given in Sec. IV. The experiment is described in
Sec. II and the experimental results are summa-
rized in Sec. III.

II. EXPERIMENT

present. Thus, any backward increase of the cross
section could be caused by the compound part of

, the reaction. For target nuclei in Table I heavi. er
than calcium and at incident energies of 20 MeV or
more, where compound contributions should be
negligible, no back-angle increase is observed.
This is in agreement with the results for elastic
scattering. For the mass-energy region where
the strongest back-angle anomalies for elastic
scattering were obtained, i.e., around A=40 and
E = 20 through 30 MeV, no comparable data exist
for inelastic n scattering. The only observation
of a backward enhancement of inelastic e scatter-
ing in this region was reported by Schmeing and
Santo" who measured n+ "Ca scattering at 29
MeV. It is the aim of this paper to present angu-
lar distributions for the inelastic o. + '4' 'Qa
scattering for a detailed comparison with the elas-
tic data. In particular, the question is investigated
whether the large differences of two orders of

Angular distributions for elastic and inelastic a
scattering on ' ~ 'Ca were measured at 24 MeV
bombarding energy (lab) for the angular range
12.5 through 177.5' (lab) in 2.5' steps. For o. +"Ca
scattering, data were also taken at 29 MeV. An
intense o.'-particle beam (-500 nA) from the Munich
MP tandem was focused onto the target in the cen-
ter of the 80 cm scattering chamber. 4' The scat-
tered particles were detected in an array of up to
10 Si surface barrier detectors. The pulses from
the detectors were recorded in the standard way.
Each spectrum was analyzed with a separate ana-
log-to-digital converter (ADC) interfaced to the
Munich PDP-8/PDP-10 computer system. Dead
time corrections were made by measuring the
charge accumulated for each ADC only during the
time which that ADC was alive. The detectors
used were made by Kemmer and co-workers in our
laboratory. They are silicon surface barrier de-
tectors and are rectangular in size (22 mmx 9
mm); these detectors combine the advantage of a
large solid angle with a good angular resolution,
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which is of particular importance for measure-
ments of small cross sections such as at back-
ward angles.

Thin targets for the calcium isotopes (-50 to 100
pg/cm') were obtained by evaporating the calcium
onto thin carbon foils (-30 gg/cm'). They were
then transferred to the scattering chamber by an
air-lock system to avoid oxidation. A typical par-
ticle spectrum is shown in Fig. 1 for the n+ 'Ca
scattering at 24 MeV at 170' (lab). The "Ca tar-
get contained about 5/0 of "Ca and the 4'Ca lines
are clearly seen in the spectrum. As a by-prod-
uct, this spectrum may serve to demonstrate the
strong enhancement of the elastic and inelastic
a + Ca cross sections over those for a +~Ca at
backward angles.

The relative solid angle of each detector was de-
termined by measuring the n-particle cross sec-
tion from a thin gold foil at 12 MeV bombarding
energy. At this energy the forward-angle scatter-
ing is pure Rutherford scattering. The absolute
normalization of the various ++Ca cross sections
was obtained by comparing the forward-angle
scattering at Z „(lab) =12 MeV to calculations of
Rutherf ord scattering. The absolute normalization
is accurate to +8%%uq.

a + Ca Scattering
40

Ea( iob)=24 MeV

a+44Ca Scattering

Ea(lab j=24 MeV

IQ

I

b~
Ib

0', 000

COUPLED-CHANNEL CALCULATION

STANDARD INO J-DEP)
————WITH J - DEPENDENT ABSORPTION

I
p-I

0,0.00

ment of the cross sections is strongest for the 0'
states and gradually decreases with the spin of
these levels. A similar behavior had been ob-
served earlier at E „(lab) =29 MeV"'4 with the
only exception of the 2" (3.90 MeV) state which
shows a pronounced decrease of the cross section
with angle. The scattering to this state which is
separated by less than 150 keV from the strongly
excited 3 (3.73 MeV) state could not satisfactorily
be resolved in this work; in agreement with Ref.
33, however, an estimate of this state yielded a
strongly decreasing cross section toward backward
angles. An explanation for the exceptional behav-
ior of the scattering to this 2' state as compared

III. EXPERIMENTAL RESULTS

In Fig. 2 angular distributions for the elastic
and inelastic n scattering from "Ca and "Ca at
E „(lab) =24 MeV are compared. The increase of
the cross sections toward backward angles is
stronger for the n+ 'Ca and is less pronounced in
case of n+' Ca. For n+ 'Ca it is clearly seen
from Fig. 2 that the enhancement of the cross sec-
tion is closely related to the spins of the corre-
sponding excited states: The backward enhance-
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FIG. 1. Particle spectrum for G. +42Ca scattering at
170'gab) and at E„gab) =24 MeV.
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I IG. 2. Experimental and calculated angular distri-
butions for the elastic and inelastic scattering of 0.

particles from Ca geft-hand side) and from Ca (right-
hand side) at a bombarding energy of 24 MeV. The solid
curves represent coupled-channel calculations using a
standard four-parameter optical potential, the dashed
ones are calculations for a potential with angular-mo-
mentum-dependent absorption. The coupling parameters
are listed in Table II, those for the optical potential are
given in Table III.
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FIG. 3. Same as in Fig. 2, but for e+ Ca scattering.

to the others has not yet been found. For further
details we refer to Ref. 44.

A clear distinction has been made for the scat-
tering of n+ 'Ca as being "anomalous" and for
a+ Ca as being "normal" on the basis of the elas-
tic scattering data. The inclusion of the inelastic
data, as presented in Fig. 2, supports this dis-
tinction although it becomes less rigorous and a
certain increase of the inelastic cross section for
the two 2' states at 1.16 and 2.65 MeV is seen.

In Fig. 3 angular distributions for a+ 'Ca scat-
tering are depicted. Again an increase of the in-
elastic cross sections (as well as the elastic ones)
toward backward angles is observed. It is inter-
esting to note that the cross sections at backangles
are very similar for the 2' (1.52 MeV) state in
4'Ca and the 2' (1.16 MeV) state in ~4Ca on the one
hand, and for the 2' (2.42 MeV) state in "Ca and '

the 2'(2. 85 MeV) state in 44Ca on the other hand—
both in shape and in absolute magnitude. The scat-
tering to the 4'(2. 75 MeV) state in 'Ca also shows
an over-all increasing cross section toward back-
ward angles which is comparable to the behavior
of the 2' states. Consequently, in case of n+ 'Ca
the decreasing enhancement of the back-angle cross
sections with spin, as found for n+ 'Ca, does not
hold here —as far as the limited information of

only three excited states allows to make such a
statement.

For the n+ "Ca scattering only the elastic scat-
tering and the inelastic scattering to the first ex-
cited 2'(3.83 MeV) state could be measured with
sufficient accuracy. Figure 4 summarizes the re-
sults obtained at E„(lab) =24 and 29 MeV. The
0' (4.28 MeV) state, following the 2' (3.83 MeV)
state in the level scheme, is very weakly excited,
whereas the 3 (4.51 MeV) state —which would be
very interesting for a comparison with the other
isotopes —is strongly excited; however, it could
not be resolved from the state at 4.61 MeV, which
is also strongly excited. The angular distribution
for the scattering to the 2'(3.83 MeV) state again
is rather similar to the corresponding ones for
'Ca and '~Ca.

With regard to the anomalies observed for the
elastic scattering one may summarize the experi-
mental results for the inelastic scattering of n
particles from the Ca isotopes on the basis of the
data presented here in the following way: Only the
scattering to the low-spin states in 'Ca, i.e., the
0' and 1 states, exhibits an over-all increase of
the cross section between 90 and 180' comparable
to the strong enhancement as observed for the
elastic n+ "Ca scattering. For the other states
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FIG. 4. Same as in Fig. 2, but for e+ Ca scattering.

in Ca there is still some increase toward back-
ward angles; and even for the states in """Ca
this effect is observed although it is much weaker
there.

IV. ANALYSIS OF INELASTIC DATA

The inelastic cross sections as presented in the
previous section are analyzed in this section in
terms of coupled-channel calculations. The use
of the coupled-channel approach rather than a dis-
torted-wave Born-approximation approach is mo-
tivated by the fact that the 3 states around 3.5
MeV excitation energy in the calcium isotopes are
much more strongly excited in inelastic n scatter-
ing than any other state and thus should be included
when inelastic cross sections are computed. Com-
parative calculations with and without coupling
through the 3 state clearly indicated the necessity
of including the 3 state in the calculations. In
particular, a satisfactory agreement with the data
could only be achieved in this way and could not
be gained by coupling the state under considera-
tion solely to the ground state. For the calcula-
tions presented here we have assumed a vibration-
al form factor with complex coupling; i.e., the
imaginary as well as the real potential is deform-
able.

We would like to note at this point that one might
not a Priori expect strong collective excitations
for the doubly magic nucleus 'Ca. In recent
years, however, several authors have reported
evidence for a collective nature of some of the
low-lying states in "Ca. These results are sup-

ported by the data presented here, although this
point is beyond the scope of the present paper and
is not discussed here. The main purpose of the
present paper is an analysis of the back-angle data
in an attempt to describe the observed anomalies.

For elastic scattering it has been shown that the
orders-of-magnitude difference at back angles for,
e.g., o. + "Ca and a+"Ca scattering can be re-
produced by assuming an angular-momentum-de-
pendent absorption in the optical model potential. '
The imaginary potential W in the optical model
parametrizes the absorption of the incoming waves
into reaction and inelastic channels, and in the
standard optical model is the same for all incom-
ing partial waves. In case of heavy ion and n scat-
tering, however, the incoming partial waves may
bring into the reaction area larger orbital angular
momenta than can be carried away by most of the
reaction and/or inelastic channels. Consequently,
the absorption for those high partial waves is less
than it is for lower partial waves, so that the con-
tributions from the higher partial waves remain in
the elastic channel. The elastic cross section is
then dominated by these high partial waves, i.e.,
the strength of the backward enhancement depends
critically on the angular momentum mismatch be-
tween the elastic and the nonelastic channels. " To
account for this effect the absorption potential lV

in optical model calculations has been made angu-
lar-momentum-dependent by assuming the Woods-
Saxon form derived and discussed by Chatwin,
Eck, Robson, and Richter':

W(r, J') =W(rgl + exp[(J —J', )/g 3']j ',
where J =L+Iy+I2 is the angular momentum in the
nonelastic channels with L being the orbital angu-
lar momentum and I, and I, being the spins of the
particles in that channel. The quantity J, is an
average characteristic cutoff in angular momentum
for the nonelastic channels and ~g, is its diffuse-
ness. ' ' We would like to point out that in the case
of elastic scattering of a spin-zero target nucleus
J=L, and the absorptive potential reduces to an
L-dependent one. This simple form has been used
in analyses for a large number of elastic scatter-
ing data and has given considerable support to the
mode] 6 ~ 4& ~ 42 ~ 44~ 45 ~ 46

An extension of this model for inelastic scatter-
ing has recently been developed by Cramer etal. 4'

in terms of coupled channels and has been applied
successfully to n+ 'Ca inelastic scattering at 29
MeV. The computer code JUPITOH, by Tamura4'
(Karlsruhe version~') was changed to have an ab-
sorption of the form of Eq. (l).

In the following, coupled-channel calculations
with and without angular -momentum-dependent
(J-dependent) absorption are compared. To be as
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TABLE II. Coupling strength parameters as used in
the coupled-channel calculations with the modified code
JUP&ToR (Refs. 46 and 47), where p3 corresponds to the 3
state and Pl to the third state coupled.

TABLE III. Parameter values for the optical potential
used in the coupled-channel calculations (coupling
strength parameters see Table II); 8= roke&

Reaction Coupling scheme
z„v

Target (Me V) (Me V) (Me V)
ro a

(fm) (fm) J J

c +4'Ca

c +4'Ca

0+ (g.s.)-0+ (3.35)-3 (3.74)
0+ (g.s.)-2+ (3.90)-3 {3,74)
0+ (g.s.)-5-(4.49)-3-(3.74)
0+(g.s.)-1 (5.91)-3 (3.74)
0 (g.s.)-3 (6.29)-3 (3.74)
0+(g.s, )-1 (6.94)-3 {3.74)
0+ (g.s.}-0+(7.30)-3 (3.74)

0.035 0.25
0.12 0.25
0.15 0.25
0.05 0.25
0,15 0,25
0.18 0.25
0.10 0.25

0+ (g.s.)-2+ (1.52)-3 (3.44) 0.19 0.30
0+ (g.s.)-2+ (2.42)-3"(3.44) 0.092 0.30
0+ (g.s.)-4+(2.75)-3 (3.44) 0.107 0.30

4'Ca
"Ca
44Ca

48Ca a

48Ca a

24.0 183.7 23.6
24.0 183.7 23.6
24.0 183.7 23.6
24.0 183.7 26.0
29.0 183.7 26.0

1.392
l.392
1.392
1.40
1.40

0.564
0.564
0.564
0.564
0.564

2.5 11.4
2.5 13.0
2.5 15.0
2.5 12.9
2.5 17.5

Following Ref. 49 a slightly different form factor was
used for the imaginary potential by changing the diffuse-
ness parameter to a;=0.5116 fm.

e+ 44Ca 0+ {g.s.}-2+{1.16)-3 (3.30) 0.25
0+ (g.s.)-2+ (2.65)-3 (3.30) 0.10

0.20
0.20

m+ 4 Ca 0+ (g.s.}-2+(3.83} 0.13

consistent as possible concerning the optical po-
tential parameters we have used the same potential
for all nuclei of interest here, and have used the
parameter set of Gaul etg/. 4' found from elastic
scattering analyses for a large number of target
nuclei in this mass region. These parameter val-
ues are listed in Table II. The imaginary potential
depth of originally 26.6 MeV (Ref. 49) was reduced
to 23.6 MeV to compensate for the explicit coupling
to some excited states in the coupled-channel cal-
culations. Following Gaul et al. ' we have used a
slightly different potential for n+ "Ca scattering
(see Table II); here the absorption was reduced
from 29 to 26 MeV.

The parameters J', and ap in Eq. (1), describing
the angular momentum dependence of the absorp-
tion in the optical potential, have been obtained in
the following way: Following earlier investiga-
tions of elastic a scattering on calcium using the
angular-momentum-dependent absorption model" "
we have maintained a value of ~J=2.5 throughout
the calculations. It has been shown in Ref. 42 that
other values for ~J, ranging from about ~J =0.5
to 5.0, can be consistently compensated by a small
uniform change in the J, values. The only param-
eter which was varied in the coupled-channel cal-
culations is the angular momentum cutoff param-
eter J,. The values obtained are summarized in
Table III. It is gratifying to note that these values
are very close to those found in earlier investiga-
tions of elastic scattering. ~'" It is seen from Ta-
ble III that the value for the angular momentum
cutoff parameter 4, is smallest for "Ca, (g, =11.4)
and largest for 44Ca (J', =15) at a bombarding en-
ergy of 24 MeV. Since the values of J, represent
the average maximum angular momentum which

can be carried away in nonelastic channels this
difference reflects the fact that in case of n+"Ca
the absorption of high partial waves around l = 11
is much less than it is for n+ "Ca scattering,
where these partial waves are still strongly ab-
sorbed. This difference in the absorption, i.e.,
in the J, values, for different isotopes and nuclei
has been studied in detail in Refs. 42, 50, and 51.
It has been related to different reaction Q values
for these nuclei, which through different level den-
sities in the corresponding compound and residual
nuclei result in different maximum angular mo-
menta which can be carried in those channels. A

reasonable dependence of the J, values on the mass
and the structure of the target nuclei as well as
on the energy is a major test for the angular-mo-
mentum-dependent absorption model. This ques-
tion has been studied in detail for heavy ion scat-
tering'" and for n scattering"" ""and has giv-
en considerable support to the model.

To study the effect of an angular-momentum-de-
pendent absorption on the inelastic cross sections,
we have also calculated cross sections with a stan-
dard optical potential for comparison. The cou-
pling schemes and strengths used in the calcula-
tions are summarized in Table II; the potential
parameters are given in Table III. The results are
shown in Fig. 2 along with the experimental data.
The calculated cross sections for the 0' (g.s.) and
the 3 (3.74 MeV) state depend slightly on the choice
of the additional state to which they are coupled.
The calculated cross sections for the 0'(g.s.) and

3 (3.73 MeV) state presented in Fig. 2 were ob-
tained by coupling only these two states together.

The results for n 4+Csacattering (see Fig. 2)
were obtained also by a vibrational coupling of the
0'(g. s.)-I"-3 (3.30 MeV) states. In contrast to the
results for a+~ Ca, the elastic and inelastic
@+4'Ca scattering does not exhibit a strong back-
ward enhancement of the cross sections and hence
is in an-order-of-magnitude better agreement with
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standard optical model and "coupled-channel" cal-
culations than in the case of n+ "Ca. Whereas
the cross sections at forward and at backward an-
gles are approximately the same for u+40Ca (see
Fig. 2), they fall off for o. +44Ca by at least one
order of magnitude from forward to backward an-
gles. It is interesting to note that a relatively
weak angular momentum dependence of the absorp-
tion for n+44Ca (a J'=2.5, J, =15.0) has but:ittle
effect on the elastic cross sections; the inelastic
cross sections, however, are strongly influenced.
This leads to considerably better agreement with
the experimental data.

A clear improvement in the agreement between
data and calculations is also seen for the n+ 'Ca
scattering in Fig. 3 and for n+ 'Ca scattering in
Fig. 4; when an angular-momentum-dependent
absorption is used for the potential instead of the
standard one.

At the end of this section we mould like to discuss
the possibility of compound contributions in the
data presented here. Compound contributions in
elastic a+ "Ca scattering betmeen E =5 and 18
MeV have been studied in great detail by Bisson,
Eberhard, and Davis. " On the basis of Ericson-
type fluctuation analyses of the excitation functions,
Hauser-Feshbach analyses of the angular distri-
butions, and theoretical estimates from the Fermi-
gas model, a consistent and rapid decrease of the
compound contribution above E =10 MeV, where
it is largest, to less than a few percent atE =18
MeV was found. An extrapolation to energies of
E =24 and 29 MeV mhere our data were taken
leads to negligible compound contributions. This
result is confirmed by the work of Gaul et al. ' who
have measured excitation functions for n+ 'Ca
elastic scattering at several backward angles be-
tween E „=27 and 28 MeV and have obtained smooth
excitation functions without any indication of Eric-
son-type fluctuations. Compound contributions of
a fern percent would already result in pronounced
Ericson-type fluctuations for a "one-channel-re-

action" such as elastic n+ "Ca scattering (see,
e.g., Ericson and Mayer-Kuckuk").

V. CONCLUSIONS

As a main result of this paper back-angle anom-
alies for inelastic n scattering from the calcium
isotopes are reported. A strong backward en-
hancement of the cross sections is observed for
n +"Ca, whereas the cross sections for e + Ca
are at least one order of magnitude smaller. Qen-
erally, the inelastic data are in close relation to
the anomalies observed previously for elastic scat-
tering. Coupled-channel calculations using poten-
tials with angular-momentum-dependent (J'-de-
pendent) absorption reproduce the absolute mag-
nitude of the back-angle cross sections, whereas
calculations with standard potentials fail to do so
by, partly, orders of magnitude. The a+~ Ca
data show a decreasing enhancement of the cross
sections at backward angles with increasing spin
of the final state. This effect (with the excep-
tion" 44 of the 2' state at S.SO MeV) is well ac-
counted for by the coupled-channel calculations
with J-dependent absorption. The concept of using
an angular momentum dependent absorption in
optical potentials is therefore interpreted as a
useful procedure to parametrize the scattering re-
sults observed. It furthermore leads to a model—
being the only one at present —which can reproduce
the observed anomalies both for elastic and in-
elastic scattering.
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