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ABSTRACT

Differential cross sections for various reactions in the 6-, 7-, 8- and 10-nucleon
systems, obtained by using multiconfiguration resonating-group calculations, are
compared with experimental results. These comparisons show that the calculation
can explain quite well the general features of the measured angular distributions,
such as the cross-section rise at backward angles, the angular positions of cross-
section maxima and minima, and so on. Discrepancies with experiment, none
serious, can all be readily and satisfactorily expia‘med. These findings, together
with previous discussions on level spectra and scatiering cross sections, indicate
that there is now enough evidence to confidently support the assertion that the
resonating-group method is a sound microscopic method built on firm physical
foundation, and can be successfully used to treat nuclear bound-state, scattering,

and reaction problems from a unified and consistent viewpoint.

CERN LIBRARIES, GENEVA

LT —

SCAN-9503029

S0 3540

The resonating-group method ) (RGM) is a microscopic method which has
the important feature of treating nuclear bound-state, scattering, and reaction
problems in a unified manner. In the application of this method to a particular
nuclear system, one chooses a model space that is spanned by a number of cluster
configurations selected appropriately by physical intuition, energetical arguments,
and relative ease in analytical derivation, and adopts a nucleon-nucleon potential
that explains satisfactorily the two-nucleon low-energy scattering data. The reli-
ability of the results obtained can be gauged by comparing the calculated total
reaction cross sections with measured values. For instance, in the 6-nucleon case
performed in a model space consisting of d+a, p+°He, n+°Li and pseudo-inelastic
configurations involving deuteron pseudo-excited states, the calculated d+ « total
reaction cross section at a c.m. energy of 22 MeV is equal to 294 mb,3 which com-
pares very well with the measured value of 309 mb.?) This favorable comparison
suggests that, with these chosen cluster configurations, the 6-nucleon calculation is
performed in a large enough model space, and can be considered to be essentially
complete. Thus, one can confidently make use of the calculated results for energy
spectra, scattering and reaction cross sections to achieve a basic understanding of
the important properties of this light nuclear system. Similarly, we have studied
recently the 7-, 8- and 10-nucleon systems with the multiconfiguration RGM. ® -7
There we found that the calculated total reaction cross sections turn out to be in
excess of 70% of the measured values. Therefore, these calculations can also be used
to demonstrate the RGM feature of a unified description of nuclear bound-state,

scattering, and reaction phenomena.

The theoretical energy spectra of bound and resonance states obtained in the
6, 7, 8 and 10-nucleon systems %839 agree well with experimental observation.
As an example, we mention the situation in 3Li where it was found that the cal-
culated and empirical level spectra have a good correspondence for all low-lying

states. 6 This suggests rather convincingly that the multiconfiguration RGM cal-



culation performed in this system contains most of the essential ingredicuts. In
the case of scattering, we have also obtained quite reasonabie results. It is shown
in Refs. 3), 5), 6) and 9) that the calculation yields all the oscillatory features of
the measured angular distributions. In particular, the large cross-section rise at
backward directions, occurring especially in systems such as d + «, “He + a and
a + SLi where the nucleon-number difference of the interacting nuclei is small, 18
nicely explained. This latter feature occurs, of course, mainly as a consequence of
the fact that totally antisymmetric wave functions are used in RGM calculations

and. hence, core-exchange effects are fully taken into account.

Differential reaction cross sections calculated in the 6-, 7-, 8- and 10-nucleon
systems will be discussed in this paper. We decide to show the results from these
different systems collectively, hecause it is our opinion that such a joint presenta-
tion will demounstrate in a more convincing manner the unifying nature of RGM
calculations. In addition, it should be mentioned that some of the results published
previously were obtained with a phase error in the computation, which is related to
the time-reversal property of the chosen angular-momentum function. Fortunately,
in three-cluster problems of s-shell clusters without noncentral forces, it turns out
that the calculated partial and total reaction cross sections are not at all affected
by this error, and only differential scattering and reaction cross sections involv-
ing incoming and outgoing channels with two-cluster subsystems having non-zero
relative orbital angular momentum (ie., I # 0) need to be modified. Thus, the re-
sults requiring modifications are those for 4He(d, p)®He reaction shown in Fig. 6 of
Ref. 3), those for *He(*He, p)°Li", 4He(*He, d)°Li, ®Li(n,n")?Li". and 8Li(n,d)°He
reactions shown in Figs. 11 and 15 of Ref. 5), and those for n + T1Li elastic scat-

tering shown in Fig. 18 of Ref. 6). In this paper; the corrected results will also be
presented.

1t is interesting to mention that, aside from our results to be discussed here, the
pumber of microscopic reaction caleulations performed in large model spaces is, in
fact, fairly small. Beyond the 3-nucleon system, there seem t0o exist only this type

of calculations in 4- and 5-nucleon systems, 1011) and some brief discussion in the
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7-nucleon case. 12) Therefore, our series of systematic reaction calculations in the
6-, 7-, 8- and l0-nucleon systems is important, and should serve to substantially
promote the case for the use of microscopic considerations in studying the essential

properties of nuclear reactions.

Since the 3-cluster coupled—rearra.ngement-cha.nnel formalism used in the 6-,
7-, 8- and 10-nucleon calculations has already been described in our previous publi-
cations, 2 we shall mention in §2 only some points concerning the model spaces and
the nucleon-nucleon potential that are essential to our discussion. In §3, we will
present the results obtained for the differential cross sections of various reactions
occurring in these four systems. Comparison with experiment will also be made
here in order to demonstrate the usefulness of the microscopic approach. Finally,
in §4, we make some concluding remarks and discuss the improvements that seem
to be still necessary, particularly with regard to the extension of the chosen model

space.

9. Brief review of the formulation

Cluster configurations used in the calculations are listed in Table I, where
PIC denotes pseudo-inelastic configurations involving pseudo-excited states of the
deuteron. From this table, one sees that the number of 2-cluster configurations
in each of the considered systems is rather large. As an inevitable consequence of
this, the computational requirements become quite severe. To partially overcome
this difficulty, we have chosen to simplify the calculation by using a purely central
nucleon-nucleon potential without Coulomb and noncentral components. In fact,
this is a rather practical simplification to make in a systematic investigation of a
number of nuclear systems, because this simplification does not generally affect
in any serious manner the essential characteristics of the calculated differential
scattering and reaction Cross sections, but has the added advantage that the in-

terpretation of the calculated results becores sufficiently simple to enable one to



extract useful information about the important mechanisms which take place in

nuclear reactions. 2

The nucleon-nucleon potential used is the Minnesota or MN potential given
by Egs. (4) - (6) of Ref. 2) (see also Ref. 13)). It contains a soft repulsive core,
and was designed to fit the two-nucleon effective-range parameters and to yield
reasonsable values for the binding energies and rms radii of the 2-, 3- and 4-nucleon
clusters which are the essential building blocks in a microscopic cluster theory. The
exchange-mixture parameter u contained in this potential is an adjustable quantity
and is chosen by using the bound-state information in the muclear system under
consideration. The resultant values are also given in Table I. Here one notes that
the values of u in the 6-, 7- and 8-nucleon systems are nearly the same,* but that
in the 10-nucleon system is significantly lower. The fact that the u-values in the
three lower- A systems turn out to be similar is likely coincidental and should not
be taken too seriously. At present, there exist indications that the model space
employed in the 6-nucleon calculation is very probably large enough, but the model
spaces adopted in the 7-, 8- and 10-nucleon calculations may not be sufficiently
extensive. This means that, if we further expand the model spaces in these three
latter systems, the u-values would turn out to be somewhat smaller. Thus, what
we really find here is that there is a general tendency for the value of u to decrease
as the nucleon number of the system increases. This is actually not unexpected,
but is a reflection of the fact that our chosen nucleon-nucleon petential has only
a weakly repulsive core and, hence, is not sufficiently saturating. Indeed, in the
investigations of the N 4+ a, N 4 190, and N + *0Ca systems, ¥ a similar trend
has also been observed.

Since the adequacy of the chosen model space is gauged by the calculated total

* The u-values given in Table I for the 7- and 8-nucleon systems are slightly too large. To
obtain correctly the 3H+ o separation energy in the lowest (L, S) = (1,1/2) state of "Li and
the n+7Li separation energy in the (L, S) = (1, 0) first-excited state of 3Li, one should use a
u-value very close to 0.98 in both of these systems. It should be emphasized, however, that
such a small reduction in u-value will not change the main characteristics of the scattering
and reaction angular-distributior curves, and will affect only in a rather minor manner the
quality of comparison between calculation and experiment.

reaction cross section o g, we review in Table II the results for o g obtained in the 6-,
7-, 8- and 10-nucleon cases. In this table, comparisons with experimental values are
also shown, except in the 10-nucleon case where the calculated value is compared
with an empirical value obtained from a single-configuration o + ®Li resonating-
group study in which reaction effects are taken into account by the inclusion of a
phencmenological imaginary potential in the formulation. '® Because this latter
comparison 18 obviously rather indirect, we are inclined to believe that the ratio p
of calculated to experimental values of o in the 10-nucleon system is likely to be

not as reliable as those in the other lower-A systems.

In the 6-nucleon system, the calculated d+ a total reaction cross sections at 10
and 22 MeV exceed 90% of the experimental values. Thus, as is mentioned in §1,
the model space used in this system is large enough, and the calculated differen-
tial scattering and reaction cross sections should turn out to be satisfactory. The
situations in the 7-, 8- and 10-nucleon systems are somewhat different. Here the
calculated total reaction cross sections are equal to 70 - 80 % of the experimen-
tal values. This indicates that a further improvement in the formulation of these
systems will still be desirable. On the other hand, the comparison between cal-
culated and experimental gp is already reasonably favorable, suggesting that the
calculated differential scattering and reaction cross sections should explain most of

the important features of the measured results.

3. Differential reaction cross-section results

3.1. GENERAL DISCUSSION

Before we describe the features of the calculated differential reaction cross
sections, we wish to discuss the following factors which influence the quality of

comparison between calculation and experiment:

(a) When the chosen model space is not sufficiently extensive, the calculated
total reaction cross section will be too small, but the calculated differential scatter-

ing and reaction cross sections will generally be overestimated. The reason for this



is quite simple, and is related to the fact that not enough flux is drained off from
+he incident channel in such a situation. On the other hand, one does expect that
the diffraction and interference features exhibited in cross-section angular distribu-
tions will essentially be maintained, especially in light nuclear systetns. In making
this assertion, we are relying noi only on experience that was obtained in calcu-
lations with phenomenological imaginary potentials (see, e.g.. Fig. 1 of Ref. 20)),
but also on experience that we acquired from multiconfiguration resonating-group
studies themselves. To illustrate this latter point, we show in Figs. 1 and 2 the
cross-section angular distributions of n +7Li scattering and "Li(n, n’ Y7Li* reaction
at 12.2 MeV in various model spaces. In these figures, the symbol SC denotes
results obtained with the n + 7Li cluster configurations only, while the symbols
DC2, TC, and QC represent results obtained by successively adding the cluster
configurations n + Li*, t + °He, and *H + ¢. By studying these figures, one can
conclude with reasonable confidence that the above-mentioned assertion is indeed
rather well supported. Even in the “Li{n, n’)"Li" reaction case, it is noted that the
differences between the TC and QC results occur mainly in the magnitude of the

cross section, but not in the oscillatory feature of the angular distribution.

{b) In a reaction A(a,b)B, the cluster B is usually specified by non-zero val-
ues for the internal orbital angular momentum I and the spin angular momentum
S. Because the nucleon-riucleon potential contains non-central components, this
(I,S) state will split into a number of energetically separated levels with different
values for the total angular momentum Jp. Experimentally, the measured differen-
tial reaction cross section refers frequently only to that leading to one of these Jp
levels ( usually, the sharpest level with Jg =1+ S ). In our investigation where a
purely central nucleon-nucleon potential is assumed, the results obtained represent,
however, the totality of differential reaction cross sections for the excitation of all
possible Jp levels. Therefore, a direct comparison between calculation and exper-
iment will necessarily show that our calculated differential reaction cross sections
are too large. To remedy this defect, one obviously needs to introduce into the

resonating-group formulation a nucleon-nucleon potential with non-central compo-

nents, a project which we are in fact contemplating to carry out in the future. At
the present moment, however, we can still proceed to examine the quality of the
calculated results by comparing directly with experimental data. The reason for
this is that, because all the Jp levels have a common value of I, it is not unrea-
sonable to expect that differential reaction cross sections leading to different Jp

levels will differ mainly in magnitude, but not in their oscillatory behavior.

These two factors indicate that we should genefa.lly expect our calculated dif-
ferential reaction cross-section curve to lie above the data points, but to have a
reasonably correct oscillatory shape. As will be seen below, this expectation does

turn out to be generally the case.

3.2. 6-NUCLEON SYSTEM

The reaction of interest in the 6-nucleon system is the a(d, p)°He reaction. In
Fig. 3, we show, together with the experimental data, 2!) the differential reaction
cross sections at a c.m. energy of Ey = 16.2 MeV in the d + « incident channel.
For this reaction, the over-estimation effect of factor (a) discussed in the preceding
subsection is not significant, since the model space used in this system is already
large enough. On the other hand, it is necessary to recognize that the measured
differential reaction cross section represents the contribution only from the Jp =
3/2, negative-parity ground state of “He with (,S5) = (1,1/2). From a purely
statistical viewpoint, one will come to the conclusion that the contribution from
its partner state with Jp = 1/2 should add 50 % to the measured value. However,
we do not think that this latter contribution can be so large, simply because the
1/2~ state of °He is a broad state with a very short lifetime. Thus, the over-
estimation effect due to factor (b) of §3.1 is likly to be not too important, and a
direct comparison between calculation and experiment should lead to a resonably

favorable outcome.

The quality of the comparison shown in Fig. 3 is indeed quite satisfactory. It

is not possible to assess the degree of over-estimation caused by factor {b) for the



obvious reason that the uncertainties associated with the data points are too large.
The only conclusion that one can make is that the a(d,p)°He (1/27) differential
reaction cross section is most likely to be appreciably smaller than 50% of the

corresponding cross section for the reaction a(d, p)*He (3/27).

3.3. 7-NUCLEON SYSTEM

There is a number of interesting reactions in this system. Some of these are
initiated from the 3He + o channel, while the others are from the n + SLi channel.

In the following, we shall discuss these reactions individually.

3.3.1. Reactions initiated from the *He + o channel

In Fig. 4, we show the a(*He,p)PLi differential reaction cross sections at a
c.m. energy of Ey = 15.95 MeV in the 3He + a incident channel. Experimental
data shown are those of Ref. 14). Since in this case the partial reaction cross
section at this energy is equal to only a small part (ie., 14%) of the *He + o
total reaction cross section, we expect that to achieve a detailed explanation of the
experimental data will not be a simple task. In fact, one sees from this figure that
the comparison between calculation and experiment is only fair. The calculation
yields a reasonable oscillatory pattern and rather satisfactory general magnitudes,
but there is no detailed agreement. The most obvious discrepancy seems to be
that the oscillation amplitudes of the calculated curve are too large. However, this
should not be considered as a serious defect, since it can be easily remedied by
including noncentral forces in the calculation. On the other hand, this discrepancy
does have the unfortunate consequence of making it difficult to discern the over-
estimation effect caused by factor (a). The only reasonable conclusion that could
be made from the comparison shown in Fig. 4 is that this effect is not likely to
be very large, which is consistent with the fact that the calculated 3He + « total
reaction cross section is only about 30 % smaller than the measured value {see
Table IT).

The of%He, p)®Li* partial reaction cross section constitutes also only a rather
minor part, equal to about 26 %, of the *He + a total reaction cross section at
E; = 15.95 MeV. As a consequence, the quality of comparison between calculated
and experimental 14) differential cross sections for this reaction, shown in Fig. 3,
is similar to that in the of*He, p)®Li case. There is one point that we should
mention, however; that is, the over-estimation effect caused by factor (b) must
also be considered, since the measured result represents only the contribution from
the 2.18-MeV, 3% excited state of ®Li with (I, S) = (2,1). Unfortunately, we find
that, here again, the large oscillation amplitudes of the calculated curve preclude
a clear assessment of the significance of this effect. Therfore, we are compelled to
conclude that even though the present large-model-space calculation is extensive
enough to achieve a general understanding of the essential features in the 7-nucleon
system, a detailed comparison with experiment can be made only after we make

the generalization to include noncentral and Coulomb forces in the formulation.

Calculated differential cross sections for the reaction o(°He,d)°Li at Ey =
15.95 MeV are shown in Fig. 6. No data points are shown, since we are not
aware of the existence of any such data at this time. We choose to show the
calculated results here, simply because this reaction is the dominant one among
reactions initiated from the *He + « incident channel, and contributes to around
60 % of the 3He + a total reaction cross section at 15.95 MeV. It proceeds by a
one-nucleon transfer process, with the consequence of producing large differential
reaction cross sections in the forward angular region (see the discussion given in
Ref. 2)). Clearly, an experimental determination of these cross sections would
undoubtedly be desirable, since it can certainly yield information that adds further
to our present understanding about the basic mechanisms occurring in nuclear

reactions.

3.3.2. Reactions initiated from the n + SLi channel

We consider first the inelastic-scattering reaction SLi(n,n)SLi*. In this case,

there is a favorable factor which tends to lessen the undesirable feature of excessive
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oscillation amplitudes in the cross sections caused by the omission of noncentral
forces in the calculation. This factor is that the calculated differential reaction
cross section consists of incoherent contributions from both the § = 3/2 and the
S = 1/2 channels. Such an incoherent addition will usually have the net effect of
smoothing out the peaks and valleys in the cross-section curve (see Fig. 3 of Ref. 22)
for an explicit demonstration of this smoothing effect), and thereby facilitates the

comparison between calculation and experiment.

A comparison between calculated and experimental 1) differential cross sec-
tions for the SLi(n,n)PLi* reaction at c.m. energies of E2 = 8.57 and 12 MeV in
the n 4+ SLi channel is shown in Fig. 7. Here one sees that the calculation repro-
duces nicely the rather structureless behavior of the data points. The calculated
magnitudes are too large by a factor of about 2, which is a discrepancy arising
from the over-estimation effect caused by factors (a) and (b) discussed in §3.1.
To gain some idea about the effect of factor (a), we can make an examination of
the n + SLi elastic-scattering case, because its differential cross section is similarly
affected by this particular factor. From the comparison shown in Fig. 14 of Ref. 5),
we note that the over-estimate is in fact rather modest, being only around 20 %.
This is, of course, a reflection of the finding, shown in Table lI, that the calculated
n+SLi total reaction cross sections at these energies are already equal to about 30
% of the measured values. In contrast to this, the over-estimation effect caused by
factor (b), relating to the fact that the experimental cross section represents only
the contribution from the 2.18-MeV, 3% excited state of ®Li, is likely to be consid-
erably more important. From purely statistical viewpoints, one expects that the
differential cross sections for the reactions SLi(n, n')SLi*(2%) and ®Li(n, n)°Li*(1¥)
should be equal to 5/7 and 3/7 of the ®Li(n, n')®Li*(3*) cross section, respectively.
In practice, because of the short lifetimes of the 2t and 1% states, their contri-
butions would probably be appreciably smaller. Even so, one can still reasonably
conclude by using these qualitative arguments that the combined effect of factors
~(a) and (b) may very conceivably explain the discrepancy observed here for the

comparison between calculated and experimental results.
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Next, we show in Fig. 8 the calculated differential cross sections for the reaction
8Li(n,d)°He at E5 = 12 MeV. Experimental data shown are those of Higuchi et
al.23) ( see also Table 1 of Ref. 24)) and Volkovié et al.2) for contributions leading
to the 3/2~ ground state of *He. As is seen from this figure, the calculated curve
does exhibit a correct behavior, with a significant rise in the backward angular
region. The calculated magnitudes are again somewhat too large, although the
cross-section over-estimate is not as substantial as that in the ®Li(n,n’)°Li" case
described in the preceding paragraph. This latter observation can be qualitatively
understood by invoking the statistical arguments that have been discussed above
for the situations where ®He and ®Li* are the nuclear entities in the exit channels.
The major discrepancy seems to occur at extreme forward angles where the cal-
culated curve shows a prominent dip, while the data points show a flat behavior.
We believe that this is an undesirable feature which arises again from the omission
of noncentral and Coulomb forces in the formulation and should certainly be care-
fully looked into in the future when more powerful computational facilities become

readily available.

A comparison between calculated and experimental differential cross sections
for the reaction SLi(n, t)e at E2 = 12 MeV is depicted in Fig. 9. The experimental
data shown are those of Higuchi et al.?% (see also Table 1 of Ref. 24)), Volkovi¢ et
al., 28 and Rendi¢ and Pai¢. 27) Since this reaction is just the inverse of the reaction
a(t,n)PLi, all the discussion given in §3.3.1 for the a(*He, p)°Li reaction is also
applicable here. The smoothing effect described above is no longer in operation,
because the reaction proceeds only through a single S = 1/2 channel. As a result
of this, the overestimation effect, caused by factor {a) which is not expected to
be very large in any case, cannot be discerned from the comparison shown in this

figure.
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3.4. 8-NUCLEON SYSTEM

The cases to be discussed are the éla.stic—scattering process n+7Li, the inelastic-
scattering reaction TLi(n, n')7Li*, and the rearrangement reaction "Li(n, ¢)*He. We
discuss n + "Li scattering here, simply because our results described previously in
Ref. 6) contains a phase error in the computation, and it is necessary to present

the corrected results.

In Fig. 10, we compare the calculated and experimental '3 differential cross
sections for n + 7Li scattering at c.m. energies of E1 = 9.58 and 12.2 MeV. Here
one sees that the quality of fit is similar to that in the n +5Li case shown in Fig. 14
of Ref. 5). The calculation reproduces quite well the oscillatory features of the
measured results. The only notable discrepancy seems to occur at backward angles
beyond 140°, which is most likely due to the fact that certain cluster configurations
may still need to be incinded in the calculation. The over-estimate caused by factor
(a), as determined by comparing the calculated and experimental cross sections at
the peaks near 110°, is around 15 %. This is consistent with the finding that the
calculated n + "Li total reaction cross sections are already fairly reasonable, being

equal to about 75 % of the experimental values (see Table II).

For the next case, we consider the inelastic-scattering reaction "Li(n,n' YTLi* at
Ey =10.54 and 12.2 MeV. In Fig. 11, calculated differential reaction cross sections
are shown, together with the experimental data. 15) Here it is seen that the rather
structureless behavior of the angular distributions is very well reproduced. For this
reaction, there exist over-estimation effects arising from both factors (a) and (b),
because the experimental values represent only the inelastic contributions from the
4.63 - MeV, 7/2™ excited state of “Li with (I, S) = (3,1/2). As has been discussed
above, the over-estimate in the calculated cross section due to factor (a) is only
of moderate importance. Regarding factor (b), we note that, based on purely
statistical arguments, the 7Li(n,n’)"Li*(5/2) cross section is equal to 3/4 of the
"Li(n,n')"Li*(7/27) cross section. However, because of the short lifetime of the

5/2~ excited state, the actual contribution from this state may not be nearly so
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significant. Therefore, with both of these two factors taken into account, one can
reasonably make the statement that the over-estimate of about 30 - 40 % in the

calculated differential reaction cross section at 12.2 MeV is not at all surprising.

What is not expected is that there is a good agreement between calculated and
experimental "Li(n,n")7Li* differential reaction cross sections at 10.54 MeV. The
over-estimation effects, shown above to be moderately significant, do not seem to
be present at this lower energy. We think, howevér, that this surprisingly good
result is somewhat fortuitous, and the reason for its occurrence may be as follows.
Because of the complicated nature of a many-nucleon system. one expects that
even a rather extensive multiconfiguration RGM study will not be able to precisely
vield the positions of compound-nucleus resonances and energy thresholds. As a
consequence, it would generally be prudent to avoid the low-energy region and
examine the results only in a higher-energy region which is not too close to sharp
resonances and the thresholds of the various cluster configurations. In the present
case, it is unfortunate that, for £y = 10.54 MeV, this precautionary criterion is not
too well satisfied (see Figs. 3 and 15 of Ref. 6)). Thus, the calculated magnitudes of
the differential reaction cross section at this energy may be somewhat less reliable

than those at higher energies, and an accidental agreement with experiment ensues.

Calculated and experimental differential cross sections for the reaction
"Li{n,t)®He at Ey = 12.2 MeV are compared in Fig. 12. In this case, there is the
unfortunaie situation that the data of Shirato et al?® and Volkovi¢ et al?6:2%)
do not seem to be consistent with each other. As a result, the only statement
that can be made is that there is no obvious discrepancy between calculated and
experimental results. At the present moment, it is not even possible to estimate
the significance of the over-estimation effects, because of the poor quality of the
existing data. Quite clearly, more accurate experimental measurements should be

made in order to enable us to come up with more definitive conclusions.
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3.5. 10-NUCLEON SYSTEM

Iu the 10-nucleon system, we have studied the o+ 5Li eiastic-scattering process,
the 8Li(a, d)®Be rearrangement process, and the 5Li(a, o/)®Li" inelastic-scattering
process. For the former two processes, the results have already been presented in a
previous publication, ® but will be further discussed here for additional information
regarding the adequacy of the chosen model space which is specified in the last row
of Table L.

Comparisons of calculated and experimental differential cross sections for a +
6Li scattering at E; = 27 MeV and %Li(a,d)®Be reaction at E; = 12 MeV are
shown in Figs. 3 and 4 of Ref. 9), respectively. From these figures, one finds that
the calculation again reproduces rather well the general features of the measured
angular distributions, such as the cross-section rise at backward angles and the
angular positions of peaks and valleys. However, the calculated magnitudes of the
differential cross sections are too large by a factor of about 2 in both cases. This
indicates that the over-estimation effect, caused by factor (a), is appreciably more
important in the 10-nucleon calculation than in the 6-, 7- and S-nucleon calcula-
tions. In turn, this would suggest that the value of 0.71 for the ratio p, given in
Table 11, is quite likely an over-estimate. We think that this is a reasonable sug-
gestion, because the calculated o + SLi total reaction cross section is not directly
compared with the measured value, which is not available at the present moment,
but is compared with an empirical value 19) obtained from a single-configuration
o + SLi resonating-group study supplemented by a phenomenological imaginary
potential to approximately account for reaction effects. Apparently, such an indi-
rect way to estimate the a + SLi total reaction cross section is simply toc crude
to yield a result which is sufficiently reliable. Based on cur observation here, it is
quite clear that, to gauge the adequacy of the 10-nucleon model space used in our
present calculation, one will need to have experimental values for the total reaction
cross section, which are as accurate as those available in the 6-, 7- and 8-nucleon

systems.
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For the ®Li(a, o’)®Li* reaction, the over-estimation effect caused by factor {b)
must also be considered, since the experimental results represent only contributions
from the 3%, first excited state of ®Li. To estimate the importance of this effect, we
make use of the experience learned from the SLi(n,n')8Li* calculation (see §3.3.2)
where it is found that the over-estimate in the differential reaction cross section
due to factor (b) is around 80 % or so. Thus, with both factors (a) and (b) taken
into account, we expect that the calculated SLi(a, o/ }SLi* differential reaction cross
section can be as large as about 4 times the measured value. That this turns out
to be indeed the case can be seen from Fig. 13, where the calculated cross sections
are compared with the experimental resuits obtained by Bernas et al. at 20.85
and 27 MeV. 29 Here it is seen that, inspite of the large difference in magnitudes,
the calculated curve do exhibit the general behavior of the data points. This is
clearly an encouraging finding, and suggests that it will certainly be worthwhile to
improve the calculation by enlarging the model space and by inciuding noncentral

and Coulomb forces in the formulation.

4. Conclusion

Differential cross sections for various reactions in the 6-, 7-, 8- and 10-nucleon
systems, obtained by using multiconfiguration RGM calculations, are compared
with experimental results. These comparisons show that the calculation can sat-
isfactorily explain the general features of the measured angular distributions, such
as the cross-section rise at backward angles, the angular positions of cross-section
maxima and minima, and so on. The only undesirable finding is that the calcu-
lated magnitudes are somewhat too large, but this can be qualitatively understood
as resulting from the various simplifications adopted in the calculation. These
simplifications must of course be relinquished if one desires to obtain a detailed
and quantitative agreement with experiment. This can be accomplished by fur-
ther expanding the model space and by adopting a more realistic nucleon-nucleon

potential. For example, in the 10-nucleon case, it will be desirable to introduce
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noncentral and Coulomb forces, and use a 4-cluster « + a +n + p formulation such
that the SHe + 5Li, n + 9B and p + °Be cluster configurations can also be taken
into consideration. Quite clearly, these improvements can be straightforwardly -
corporated but, unfortunately, will require a great deal of computational effort.
At the present moment, we have already completed all the necessary analytical
work, 30) and are prepared to start the numerical phase as soon as more advanced

computational facilities become readily accessible.

Together with our previous discussions on level spectra and scattering cross
sections,*® “9 this investigation shows quite convincingly that the RGM, being
a sound microscopic method built on firm physical foundation, can be used to
treat nuclear bound-state, scattering, and reation problems in a unified and con-
sistent manner. At present, this method has mainly been applied to relatively
light systems, because of complexities in analytical derivations and iimnitations
in computational capabilities. However, with reasonable simplifications achieved
through understanding in reaction mechanisms and nucleon-exchange contribu-
tions, 2} there is no doubt in our mind that this method can eventually be used to
achieve a unified and fundamental understanding of all the interesting and intricate

phenomena exhibited by even medium- and heavy-weight nuclear systems.
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Figure captions
Differential cross sections for n + ' Li scattering at 12.2 MeV, obtained with
SC, DC2, TC and QC calculations.

Differential cross sections for the reaction 7Li(n,n’)"Li* at 12.2 MeV. ob-
tained with DC2, TC and QC calculations.

: Comparison of calculated and experimental differential cross sections for the

reaction ‘He(d, p)°He at 16.2 MeV. Experimental data shown are those of
Ref. 21).

Comparison of calculated and experimental differential cross sectious for the
reaction *He(*He, p)®Li at 15.95 MeV. Experimental data shown are those of
Ref. 14).

Comparison of calculated and experimental differential cross sections for the
reaction *He(*He, p)6Li* at 15.95 MeV. Experimental data shown are those
of Ref. 14).

Calculated differential cross sections for the reaction *He(*He, d)°Li at 15.95
MeV.

: Comparison of calculated and experimental differential cross sections for the

reaction SLi(n,n’)®Li* at 8.57 and 12 MeV. Experimental data shown are
those of Ref. 15).

Comparison of calculated and experimental differential cross sections for
the reaction ®Li(n,d)He at 12 MeV. Experimental data shown are those
of Refs. 23 - 25).

. Comparison of calculated and experimental differential cross sections for

the reaction SLi(n,t)*He at 12 MeV. Experimental data shown are those
of Refs. 23), 24), 26) and 27).

Fig. 10:

Fig. 11

Fig. 12

Fig. 13:

Comparison of caleulated and experimental differential cross sections for n +
TLi scattering at 9.5% and 12.2 MeV. Experimental data shown are those of
Ref. 15).

Comparison of calculated and experimental differential cross sections for the
reaction "Li(n,n')7Li* at 12.2 MeV. Experimental data shown are those of
Ref. 15).

Comparison of calculated and experimental differential cross sections for the
reaction "Li(n,t)*He at 12.2 MeV. Experimental data shown are those of
Refs. 24}, 26) and 28).

Comparison of calcuiated and experimental differential cross sections for the
reaction SLi(a, ¢/)0Li* at 20.85 and 27 MeV. Experimental data shown are
those of Ref. 29).
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