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Differential cross sectionsssud and analyzing powersAysud have been measured for neutron scattering from
27Al and 59Co at 15 MeV at the Triangle Universities Nuclear Laboratory using standard time-of-flight tech-
niques. In addition,ssud was measured for59Co at 10, 12, 14, 17, and 19 MeV. Two large databases covering
the energy range from 0.1 to 80 MeV were formed for these nuclei from this new data and previously
published data, including that for the total cross sectionsT. These sets of data were analyzed using spherical
dispersive optical-model(DOM) potentials, as well as coupled-channels model(CCM) potentials. The59Co
DOM gives good agreement with thessud data, except in the region of the first minimum. It also gives a
reasonable description of ourAysud measurement. The27Al DOM gives good agreement with the data, except
for ssud at backward angles below 9.4 MeV and forsT, for which there is up to 5% disagreement in the
10–50 MeV range. Compared to the DOM, the59Co CCM calculations give improved agreement with thessud
data, especially at the first minimum. ThesT calculations agree with the data to within about 3% above
1.0 MeV. The three-level CCM calculations for27Al give excellent agreement with the entire database.
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I. INTRODUCTION

The present measurements of differential cross sections
ssud and analyzing powersAysud for n+27Al and n+59Co
were motivated by three considerations: to provide more ex-
tensive databases for these reactions, to develop high-quality
optical potentials, and to enable a study of the nucleon-
nucleus spin-spin interaction. The present measurements
were conducted in energy ranges where data were nonexis-
tent. For27Al, we measuredssud and Aysud at 15.43 MeV.
For 59Co, we obtainedssud data at 9.95, 11.94, 13.93, 15.43,
16.88, and 18.86 MeV andAysud data at 15.27 MeV. Such
data were needed to confirm the smooth energy dependence
of these two scattering systems in these energy ranges.

We desired new optical-model potentials to provide reli-
able descriptions of neutron elastic scattering and total cross
sections at relatively low energies, from 0.1 to 80 MeV, in
keeping with earlier work of the Triangle Universities
Nuclear Laboratory(TUNL) [1,2]. For both nuclear systems,
we produced fits with the dispersive optical model(DOM)

that are just as good as those produced with a conventional
optical model. Our objective here is to extend the acceptance
of the DOM approach for interpreting scattering data, includ-
ing data for deformed nuclei. Then+27Al and n+59Co DOM
analyses at positive energies follow the approach of other
analyses conducted at TUNL[3,4]. Our style of DOM fol-
lows that of Mahaux and co-workers[5] except for a differ-
ent choice of energy dependence for the surface imaginary
term.

Because both27Al and 59Co are deformed nuclei, a com-
parison of the DOM predictions with those of a coupled-
channels model(CCM) is of interest. In the CCM analyses,
we used the rotational model. For both nuclei, we investigate
a simple one-level model that explicitly includes the reorien-
tation matrix element of the ground state. For then+27Al
system, we also consider a standard CCM in which the5

2
+,

7
2

+, and 9
2

+ members of the ground-state rotational band form
the coupling basis. Forn+59Co, we restrict our attention to a
one-level CCM, since a rotational model offers only a rough
approximation for this system.

The third motivation for the present study is that reliable,
energy-dependent models in the low-energy regime provide a
means to interpret spin-spin cross-section data. A large
amount of spin-spin total cross-section data has been ob-
tained in measurements of the transmission of polarized neu-
tron beams through polarized targets of27Al and 59Co. In a
separate paper, we report on new determinations of the
strength of the spin-spin potentialVss obtained with the
present optical-model potentials[6]. The work presented in
this paper is based in part on a doctorate dissertation Ref.[7].
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II. EXPERIMENTAL TECHNIQUE

The differential cross sectionssud and analyzing power
Aysud for 27Al and 59Co were measured using the time-of-
flight (TOF) facility at TUNL. Both Aysud andssud measure-
ments used the same apparatus except the ion source. Some
of the data acquisition techniques were also identical. Only
general descriptions of the equipment and the data collection
procedures are given below since they already have been
detailed in previous publications as indicated below.

The neutron beam was produced using the2Hsd, nd3He
source at a reaction angle of 0° with a neutron energy spread
of about 200 keV for thessud measurements and 400 keV
for the Aysud measurement. For theAysud measurements the
incident deuteron beam was polarized in the TUNL atomic-
beam polarized-ion source[8]. In this case, the average cur-
rent of the pulsed beam on the target was 0.4mA. Both scat-
tering samples were cylindrical in shape and had purity
greater than 99.9%.

The general layout of the neutron TOF system is de-
scribed by El-Kadi[9]. For the cross-section measurements
four liquid organic scintillators were used. Two of the detec-
tors, another with a maximum flight path of 4 m and one
with a maximum of 6 m, were the primary detectors and
were heavily shielded. A third detector viewed the neutron
production source from above and served as a monitor. A
fourth detector, located at 0°, monitored the time distribution
of the source neutrons. For the analyzing power measure-
ments only three detectors were used, the 4- and 6-m detec-
tors and the 0° detector. For thessud measurement, the time
resolution was adequate to distinguish the elastic scattering
peak from the inelastic contributions. For theAysud measure-
ment the resolution was poorer; however, this did not matter
because a narrow window could be used in selecting valid
elastic scattering counts since only a ratio of the yields for
the two spin orientations(spin up and spin down) is required.

The ssud data were collected at angles between 18° and
160° in 4° steps. Measurements with a polyethylene scatterer
were made to provide an absolute normalization through the
known n-p scattering cross sections. Corrections were ap-
plied to thessud data for finite geometry, flux attenuation,

and multiple scattering using the Monte-Carlo computer
code EFFIGY15 as revised by Pedroni[10]. Relative uncer-
tainties on the finalssud values varied between 2% and 8%,
and normalization uncertainties were about 4%. Thessud
values are listed in Ref.[7].

TheAysud data were recorded in larger angular increments
since the data accumulation period at a specific angle was
about five times greater with the polarized beam. The data
were corrected using a Monte Carlo iterative approach to
calculate the effective analyzing power for the experimental
conditions. For this calculation we used the computer code
JANE [11], which estimates the corrections for finite geom-
etry, neutron flux attenuation, and multiple scattering. The
sizes of these corrections are displayed in Ref.[7] and the
final corrected values forAysud are tabulated there. The rela-
tive uncertainties onAysud are about ±5%. There is a scale
uncertainty of about ±3% associated with the determination
of Pn. Figure 1 shows theAysud data alongside curves that
were obtained when an expansion in terms of Legendre poly-
nomials was fit to the product ofssud and the measured
Aysud.

To obtain the aboveAysud data the polarization of the
neutron beam had to be determined. Since the atomic-beam
polarized-deuteron ion source did not have a spin polarime-
ter at the time these data were obtained, it was decided to use
n+12C scattering as a polarimeter for the 15-MeV neutrons.
We chose the laboratory scattering angle of 50°, an angle
where the analyzing power is relatively large and was previ-
ously measured at TUNL[12]. [This measurement was re-
peated later at TUNL and the original value ofAys50°d was
authenticated.] The codeJANE was also used iteratively to
determine corrections to the12C data. The average neutron
beam polarizationPn was determined to be 0.54±0.02.

III. DATABASES AND COMPOUND NUCLEUS
CALCULATIONS

The databases used in the optical-model analyses pre-
sented below are listed in Tables I and II. The model calcu-
lations describessud and Aysud for direct elastic scattering
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FIG. 1. The analyzing power
data for 59Co at En=15.27 MeV
and for 27Al at En=15.43 MeV.
The curves are the associated Leg-
endre polynomial fits.
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processes, i.e., shape-elastic scattering(SE). At low energies
compound-nucleus elastic scattering(CE) processes contrib-
ute to the observed elastic cross section, givingsELsud
=sCEsud+sSEsud. At neutron energiesEn where the data of
the present measurement were obtainedsEn.9 MeVd, the
sCEsud was negligible; however, thessud databases used in
the optical-model analyses extended into regions wheresCE
was important. All theAysud data were forEn.10 MeV, so
the CE processes were of no concern for these data.

The sCEsud was calculated using the formalism of Hauser
and Feshbach and the constant-temperature formula to model
the continuum of excited states. At TUNL the computer code
OPSTAT, which was modified by Das[29] to include the
DOM formalism, was used in the early calculations of Ref.

[7]. For the more recent calculations presented here, the
DOM option of the computer code ECIS98 of Raynal[30]
was used. The CN components are calculated using the width
fluctuation factor due to Moldauer[31]. The DOM parameter
set used to predictsCE for the final analyses was a result of
several iterations of describing the CN(type designation for
van de Graaff electrostotic accelerator) correctedssud data at
low energies plus all the higher energyssud data.(The opti-
mum model was determined by viewing the qualitative
agreement of the calculations with the entire database.)

IV. THE DISPERSIVE OPTICAL-MODEL
ANALYSIS

The DOM provides a more realistic description of low-
energy elastic scattering than a conventional optical model.
An early study pointed out that the DOM supplies a small
“bump” in the central field strength at low energies that is
required by the elastic scattering data but is not attainable by
conventional spherical optical models[32]. The DOM also
allows extrapolation to the negative-energy regime and the
prediction of bound-state quantities. In the present study, we
have not attempted to extract the bound-state information,
since single-particle states are not well defined for27Al and
59Co.

In dispersive optical-model analyses, the real central po-
tential is defined through the superposition of two compo-
nents. The first one is called the Hartree-Fock(HF) term
which is given the phenomenological form

VHFsr, Ed = VHFsEdfsr, aHF, RHFd, s1d

where fsr, aHF, RHFd is a Woods-Saxon shape. TheVHFsEd
is the energy-dependent potential depth

VHFsEd = AHF expf− lsE − EFdg, s2d

in which EF is the Fermi energy. The second component is
the so-called dispersive term

DVsr, Ed =
1

p
PE

−`

+` Wsr, Ed
E8 − E

dE8, s3d

whereP stands for principal value andW is the absorptive
potentialsassumed symmetric aroundEFd which generally
includes both surfacesWsd and volumesWvd components.
These components are defined, respectively, as

Wssr, Ed = 4iasWssEd
d

dr
fsr, as, Rsd s4d

and

Wvsr, Ed = WvsEdfsr, aHF, RHFd. s5d

Finally, the neutron OMPUsr, Ed used for solving the
Schrödinger equation in the continuum is

TABLE I. The 59Co database used to develop the DOM and
CCM.

Energy(MeV) Reference

Differential cross section
18 energies between 1.4 and 9.5 MeV [13]
8.97 [14]
9.95, 11.94, 13.94, 15.43, 16.88, 18.86 Present work
11.00 [15]
21.6 [16]
23.0 [17]
Analyzing power
15.43 Present work
23.00 [17]
Total cross section
0.04–32.0 [18]
0.5–32.0 [19]
5.0–80.0 [35]

TABLE II. The 27Al database used to develop the DOM and
CCM.

Energy(MeV) Reference

Differential cross section
2.47, 3.0, 3.49, 4.0, 4.56, 6.09, 7.05, 8.05 [20]
7.62 [21]
9.0 [14]
10.16 [20]
11.0, 14.0, 17.0 [23]
15.43 Present work
18.0, 20.0, 22.0, 25.0, 26.0 [24]
21.6 [16]
Analyzing power
14.0, 17.0 [25]
15.43 Present work
Total cross section
0.2–49.0 [26]
2.0–81.0 [27]
0.5–32.0 [19]
5.0–80.0 [28]
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− Usr, Ed = VHFsr, Ed + DVsr, Ed + iWssr, Ed + iWvsr, Ed

+ 2Âp
2VsoslW · sW d

1

r

d

dr
fsr, aso, Rsod. s6d

The last term of Eq.s6d defines the nuclear spin-orbit
OMP component. Note that the spin-orbit interaction is
taken to be real in the present analysis. From other neu-
tron work it is known that the imaginary part of this OMP
term is small and might even be zero at the low neutron
energies where the analyzing power data exist. Unfortu-
nately, the available data for59Co and27Al are not accu-
rate enough to assign a strength to this imaginary term.

The imaginary potential strengths are given the forms

WssEd =
AssE − EFdm

sE − EFdm + sBsdmexps− CsuE − EFuqd s7d

and

WvsEd =
AvsE − EFdn

sE − EFdn + sBvdn . s8d

The Fermi energyEF is evaluated in terms of neutron
separation energiesSn asEF= 1

2fSnsNd+SnsN+1dg. For 27Al,
EF=−10.392 MeV and for 59Co, EF=−8.979 MeV. The
E-dependent potential strength in Eq.s7d is unique in its
use of the factorq. This is a phenomenological factor but,
as shown in the present study and an earlier TUNL study,
it achieves high-quality global agreement with the avail-
able ssud, Aysud, andsT up to 80 MeVf33g. Mahaux and
Sartorf5g have suggested two modifications to the imagi-
nary potential strengths: that the strengths be zero for a
small region near the Fermi energy and that the strengths
used in the dispersion relation take account of the nonlo-
cality of the imaginary potential. However, as a number of
studies showf3g, these modifications introduce insignifi-
cant changes to a DOM for 0,En,80 MeV and so are
not considered in the present study.

For 59Co the search was initiated with the SOM param-
eters of Pedroniet al. [1]. For 27Al the search was initiated
with the SOM parameters of Martin[34]. A grid search
method was used with the codeECIS98, which contains the
electromagnetic spin-orbit interaction, i.e., the Mott-
Schwinger interaction. Relativistic kinematics is used
throughout.

The final DOM potential parameters are listed in Table III
for 59Co and27Al. In Fig. 2 we present thessud results for
59Co. Our new data between 9.95 and 18.86 MeV are indi-
cated by solid squares. This figure also displays the DOM
calculations(dotted curves), with compound-nucleus contri-
butions included below 8.03 MeV. The overall agreement
between the predictions and measurements is quite satisfac-
tory except at the first minimum, where in three energy re-
gions the calculations fall below the data. Figure 3 shows the
DOM calculations compared to ourAysud data (stars) at
15.27 MeV and to other data at 23.00 MeV. At 15 MeV,
there are differences between the data and the calculations;
the phasing is correct but the calculations lay above theAysud
data around 60° and 100°.[The sharp negative excursion of

the calculation ofAysud near 1° is caused by the Mott-
Schwinger interaction.] At 23.00 MeV, the agreement is rea-
sonable, except for angles near 30°, where the DOM gives a
large negative excursion. The data of Ref.[17] probably are
not able to render a narrow feature in the analyzing power,
due both to limitations of angular resolution in the experi-
ment and details of the multiple-scattering calculations(par-
ticularly concerning the narrowness and depth of the first
minimum in the differential cross section). Figure 4 shows
the 59Co DOM calculation(dotted curve) for sT compared to
high-accuracy measurements performed at LANL from 5 to
80 MeV [35] and to earlier measurements below 5 MeV.
(Note the offset from zero for the ordinate.) The calculated
sT lies below the data by 2% to 5% in the region from 15 to
40 MeV and somewhat above the averages of the data in the
resonance region between 0.2 and 2.0 MeV.

Figure 5 shows that the DOM calculations(dotted curves)
for 27Al describe thessud data quite well above 8.05 MeV
except for discrepancies at the backward angles with our new
data at 15.43 MeV. The calculatedsCEsud has been added to
the DOM calculations below 9.4 MeV. For energies below
9.4 MeV the calculations in Fig. 5 underestimatessud at
angles from 90° to 140°. The newAysud data at 15.43 MeV
are shown in Fig. 5 along with other available measure-
ments; the data appear to be consistent with the earlier mea-
surements. All theAysud data agree with the DOM calcula-
tions (dotted curves) except in the region near 85°, where the
magnitudes of the DOM values are too small and the mini-
mum is shifted by about 7°. Figure 6 shows the27Al DOM
calculations(dotted curves) for sT along with the experimen-
tal data. The calculations and the measurements are in fair
agreement between 100 keV and 10 MeV, as well as be-
tween 50 and 80 MeV. In the range 10,E,50 MeV the
DOM predictions are low, having a maximum deviation of
5% near 30 MeV.

Since our analysis was completed, two optical models
have been reported in the literature that pertain to the present
study: a DOM analysis forn+27Al, Ref. [37], and a global
conventional optical model, Ref.[36]. These models use data
bases that include the high-energy regime, up to 250 MeV
and 200 MeV, respectively. In the present study, we focused
on relatively low energies and so did not wish to weight our
models with high-energy data. In part, this is due to the fact

TABLE III. Dispersive optical-model potential parameters. En-
ergy and depths are in MeV. Geometries and lengths are in fm.

n+27Al

AHF=51.163;l=0.606310−2; aHF=0.66; rHF=1.19
As=8.5; Bs=6.98;Cs=0.186310−3; m=6; as=0.50; rs=1.28
Av=13.0;Bv=80.0;n=4; EF=−10.392;q=2.0
Vso=5.7; aso=0.41; rso=1.00

n+59Co

AHF=52.50;l=0.8310−2; aHF=0.74; rHF=1.198
As=9.8; Bs=10.8;Cs=0.28310−3; m=6; as=0.48; rs=1.29
Av=11.1;Bv=105.0;n=2; EF=−8.979;q=2.0
Vso=5.0; aso=0.60; rso=1.017
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that our study is linked to a second study on spin-spin cross
sections, which requires a careful determination of the en-
ergy dependence of optical models in the low-energy regime.
Overall, neither Ref.[37] nor Ref. [36] yield improved fits
below 80 MeV.

A more detailed comparison between the27Al DOM of
the present study and that of Molinaet al. [37] is worthwhile.

The energy dependences of the two models differ: whereas
Ref. [37] chosen=m=4 andq=1, we favoredn=4, m=6, and
q=2. In comparing the calculations of the two models to the
ssud data, one notes that the DOM of Ref.[37] gives a better
representation in the valley around 120° for energies below
9 MeV. Their calculations fill in the valley and look similar
to the coupled-channel results introduced below. In regard to
the Aysud calculations, the present DOM gives better agree-
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ment with the data. The DOM of Ref.[37] produces anAysud
with a smaller amplitude and poorer phasing of the angles
whereAysud crosses through a value of zero. ConsideringsT,
the DOM calculations of Ref.[37] fall at least within 2% of
the data in the 15–40 MeV region where the calculations of
the present DOM disagree by up to 5%.

V. THE COUPLED-CHANNELS CALCULATION

For most deformed nuclei, an analysis of scattering and
reaction observables requires that the Schrödinger equation
be solved in the coupled-channels framework[38]. The

CCM is particularly important for achieving a successful de-
scription of neutron-nucleus interaction properties at low in-
cident energiessEn,10 MeVd, especially for the total cross
section and for average resonance parameters[39].

In the present analyses of then+27Al and n+59Co inter-
actions, we adopt a rotational model. A detailed discussion of
rotational nuclei is given in Ref.[40]. Although this is a
reasonable assumption for27Al, the level scheme of59Co
suggests a vibrational structure. However, a vibrational
scheme is difficult to analyze in a CCM approach, especially
in the absence of availablesn, n8d data. We use the rotational
model for 59Co as a rough approximation and consider cou-
pling only between the ground state and itself. In doing this,
we demonstrate an upper limit of the reorientation effect
(since the actual quadrupole moment would result in weaker
coupling). The CCM calculations are performed again using
ECIS98, a code which includes the full Thomas form of the
spin-orbit potential and the electromagnetic spin-orbit inter-
action, which may be treated either as a spherical or a de-
formed OMP component in the calculations.

We adopted a neutron potential of the form

− UsrW, Ed = VsEdfsr, av, Rvd + iWvsEdfsr, av, Rvd

− 4iasWssEd
d

dr
fsr, as, Rsd

+ 2iÂp
2Vso,

W fsr, aSO, RSOd 3 ,W ·sW, s9d

where f is a Woods-Saxon shape in which the radiusRi
depends upon deformation parametersbl according to

Ri = r iA
1/3F1 + o

l

blYlsV8dG . s10d

The VsEd, WssEd, and WvsEd energy dependencies follow
Eqs. s2d, s7d, and s8d, respectively. TheV8 refers to the
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to data and to DOM calculations.
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intrinsic coordinate system. In the present analyses, the
deformation lengthsdl=blRi take on values that are iden-
tical for each of the deformed OMP components. Thedl

factors were used withl=2 and 4 in the case of27Al and
l=2 in the case of59Co. Finally, the deformed OMP com-
ponents in Eq.s9d are expanded into spherical harmonics

Usr, V8d = o
L

ULsrdYL
0 sV8d, s11d

with L=0, 2, 4 for 27Al and L=0, 2 for 59Co.
For even-even nuclei, a one-level CCM calculation results

in no coupling at all. This is not true forI. 1
2 target nuclei

because the so-called reorientation matrix elements of the
collective transition operator(i.e., its diagonal components in
the target-spin space) used for solving the CCM equations
have nonzero values. For theL=2 transition, the reorienta-
tion matrix element is proportional to the mass quadrupole
moment of the target nucleus[41].

One-level studies are performed for neutrons incident on
both27Al and 59Co targets to explore the comparative figures
of merit of both dispersive(spherical) and nondispersive(de-
formed) optical-model potentials in this medium mass range.
Three-level CCM calculations are performed only for27Al,
mainly for achieving good fits tosTsEd at energies down to
100 keV. For that purpose, the coupling scheme adopted is
(5

2
+, 7

2
+, 9

2
+).

The final CCM potential parameters are listed in Table IV
for 59Co and27Al. We find that the CCM yields small im-
provements in comparison to the DOM. This is not surpris-
ing since the CCM contains one additional free parameter. In
Fig. 2 it can be seen that for59Co the CCM calculations
(solid curves) are in excellent agreement with thessud data
at all energies. Our newssud data are particularly well de-
scribed by the CCM. Figure 3 shows the DOM calculations

compared to ourAysud data(stars) at 15.27 MeV and to other
data at 23.00 MeV. At 15.27 MeV, the CCM calculation for
Aysud looks similar to the DOM calculation(dotted curve);
both yield a smaller magnitude than the data near 50° and
100°. The CCMsT calculations(solid curve) shown in Fig. 4
agree with the data to within about 3% above 1 MeV and
provide a fair representation of the energy averaged data
from 0.1 to 1 MeV.

The predictions ofAysud at 23.00 MeV require special dis-
cussion. The CCM prediction shows a sharp positive excur-
sion around 30°, in contrast to the DOM prediction which
shows a negative excursion. This is not a surprising contra-
diction, insofar as OM predictions ofAysud are particularly
sensitive to small changes in the model parameters in this
energy and angle regime. A TUNL study of28Si and32S, Ref.
[42], shows that in the region of the first diffraction mini-
mum of the differential cross section, the analyzing power
changes sign from a positive peak to a negative peak across
the energy rangeEn=10 MeV to En=20 MeV. In keeping
with the systematics of Ref.[42], we expectAysud for 59Co to
be positive around 15 MeV but negative above 20 MeV.
This is in agreement with the systematics of nuclei that
neighbor59Co, which are shown in Ref.[36].

The one-level CCM calculations for27Al lead to a good
representation of the differential scattering measurements;
however, they lead to a systematic overestimate forsT below
5 MeV, as can be seen from the long-dashed curve in Fig. 6.
The three-level CCM calculations forssud and Aysud for
27Al, shown in Fig. 5 as the solid curves, give improved
agreement with the entire database. The three-level CCM
calculations forsT (shown as a solid curve in Fig. 6) are an
improvement over the one-level CCM below 5 MeV.

VI. SUMMARY AND CONCLUSIONS

We have reported newssud and Aysud measurements for
27Al and 59Co at 15 MeV andssud measurements for59Co at
10, 12, 14, 17, and 19 MeV. The measurements were consis-
tent with the systematics(and the smooth energy depen-
dence) of previously published data for these and neighbor-
ing nuclei.

Large databases were compiled for neutron scattering
from 27Al and 59Co for sT, ssud, andAysud over the energy
range from 0.1 to 80 MeV. The databases were used to de-
velop dispersive optical models for27Al and 59Co. Although
27Al and 59Co are deformed nuclei and the DOM approach
has been tested mainly for spherical nuclei, we found that the
DOMs describe much of the data rather well. The CCM ap-
proach was also investigated and found to improve the de-
scription of the data for all the observables for both27Al and
59Co. Both the DOMs and CCMs offer excellent descriptions
of the low-energy regime. Such models can be used to inter-
pret the spin-spin cross section, a study that we present in a
forthcoming paper.

In an effort to achieve an even better description of the
low-energy regime(and thesT data), it would be interesting
to extend the CCM calculations to a model that includes the
dispersion relation, thus combining our two models. Such an
approach has been reported by Romain and Delaroche in a
study ofn+181Ta with excellent results[43].

TABLE IV. The deformed potential parameters. Energies and
depths are in MeV. Geometries and lengths are in fm.

n+27Al (one-level coupling)

AHF=55.61;l=0.541310−2; av=0.65; rv=1.15
As=10.413;Bs=12.98;Cs=1.86310−2; as=0.58; rs=1.25
m=6; EF=−10.392;q=1.0
Av=9.13;Bv=50.0;n=4
Vso=6.0; aso=0.50; rso=1.01
d2=−1.2075;d4= +0.6900

n+27Al (three-level coupling)

All parameters are the same as above except:
As=8.413;Bs=8.98;Av=8.23

n+59Co (one-level coupling)

AHF=58.83;l=0.78310−2; av=0.65; rv=1.165
As=8.53;Bs=10.231;Cs=1.08310−2; as=0.593;rs=1.261
m=4; EF=−8.979;q=1.0
Av=8.612;Bv=52.589;n=4
Vso=6.2; aso=0.60; rso=1.017
d2= +0.952;d4=0
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