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Multi- e shell model analyses of elastic and inelastic proton scattering frorfN and %0
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Elastic and inelastic scattering data from the scattering of 160 MeV protons ¥fimand of 200 MeV
protons from'®0 have been analyzed using a fully microscopic distorted wave approximation. The analyses
involve large spacémulti-zw) shell model wave functions, an effective nucleon-nucleon interaction that is
energy and medium dependent, and fully microscgpanloca) optical potentials built with that same effec-
tive interaction. The results fo¥*N and %0 correlate with analyses of elastic and inelastic electron scattering
form factors indicating that improvements are needed in the shell model interactions used to obtain the nuclear
wave functions.

PACS numbds): 21.60.Cs, 25.40.Cm, 25.40.Ep, 27.20.

I. INTRODUCTION tions of the analyzing powers.
The present paper reports analyses of data of elastic and
Recently[1], analyses of elastic and inelastic intermediateinelastic proton scattering exciting statesfiN and €0, at
energy proton scattering data frolC were presented in 160 and 200 MeV, respectively. FofO, the same DD inter-
which no core polarization corrections or renormalizationsaction used to analyze the 200 MeV proton scattering data on
were required to reproduce the magnitudes and shapes 6fC is used again, while at 160 MeV the same prescription
both the differential cross sections and analyzing powershas been used to give a tabulation of the appropfa®)
This was achieved by using a density dependédb) force. The DD force has now been defined, and values tabu-
nucleon-nucleon NN) effective interaction, not only to lated, for energies from 122 to 800 Md¥]. These effective
specify the interaction between the probe and each and evemteractions have been built from mappingsgtanatrix ele-
nucleon in the target, but also, when folded with the statements (solutions of the Brueckner-Bethe-Goldstone equa-
shell occupancies, to give the complex, nonlocal optical potions) [6,7] and are designed for use in the DWA program,
tentials that were used wittmicroscopi¢ shell model de- DwBA91, of Raynal[8]. The g matrix elements have been
scriptions of the nuclear states in distorted wave approximaevaluated with the Paris interactip@] as the starting poten-
tion (DWA) calculations. The results of these calculationstial.
were correlated with those of elastic and inelastic electron The premise on which this study is undertaken is twofold.
scattering form factors as both studies use the same one-bod&gsuming realistic wave functions describing the states in-
density matrix element€OBDME) obtained from multkw  volved in these scatterings, a further accurate evaluation of
shell model wave functions. Equally good fits were obtainedhe DD interaction with other nuclei would result. Con-
for those form factors, as for the proton scattering cross searersely, if the DD interaction is deemed appropriate, such
tions and analyzing powers. analyses would test quite sensitively the wave functions ob-
So far only proton scattering data frodfC have been tained from the structure model, especially when they can be
analyzed using thigsnew) DD interaction, given the exten- correlated with complementary analyses of electron scatter-
sive data sets of many incident energies of elastic and inelagag form factors. Both these points are addressed when
tic scattering of protons. These include transitions to manynalyses of both the differential cross sections and of the
positive and negative parity statesifC. There also exists a analyzing powers are made, as the cross sections are sensi-
complementary set of elastic and inelastic electron scatterintijve both to the details of the nuclear structure and to the
data exciting the same states. Also, the shell model that gawffective interaction, while analyzing powers are especially
the OBDME to be used in those analyses predicted partnegensitive to details of the effective interaction.
to every state in the experimental spectrum'e€ up to an
excitation energy of 20 MeY1] and to better than 2 MeV in
excitation for most states. The extensive data sets gave a
quite stringent test of the DD interaction for various higher The shell model interaction used to obtain the states in
incident proton energies to 800 MeM,2|, and favorable “N and %0 was that of Haxton and Johns(J) [10]. This
comparisons were found at various energies with fully mi-interaction consists of the Cohen and Kurath
croscopic DWA calculations made using the Love-Franey(8—16)2BME Op-shell interactiorj11], the Brown and Wil-
(LF) interaction[3,4]. From these comparisons, density ef- denthal 0d-shell interaction/12], the Millener-Kurath in-
fects were shown to be very important for both the elastideraction[13] for the cross-shell elements, and the bare Kuo
and inelastic scattering processes, especially for the descrig- matrix for the Ziw interaction. It was constructed for a
complete (0+2+4)Ahw shell model space by setting the
two-body matrix elements involving all the other major
*On leave from the Institut des Sciences Nailes, IN2P3 et  shells, from the 8 to the th1f2p shells to zero. Thereby
UniversiteJ. Fourier, 38026 Grenoble—Cedex, France. there is complete removal of spurious center-of-mass motion,

Il. CALCULATION DETAILS
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TABLE I. States in*“N and 0 considered in the present study. The energies obtained fronvithe 0
(0+2)iw, and (0+2+4)%w shell models are compared to those from experini&é117].

Nucleus State Excitation energyleV)
Experiment @ w (0+2)hw 0+2+4)how

N2 1*:0 0.00 0.00 0.00 0.00
(1%;0) (0.99
0*:1 2.31 2.47 1.51 2.17

1600 0*:0 0.00 0.00
0*:0 6.05 6.33
3750 6.13 8.38
2*:0 6.91 7.67
17:0 7.12 9.12

8Experimental values from Ref16].
PExperimental values from Ref17].

and, by not permitting radial one-particle—one-h@e-1h We have used the nuclear structure results in analyses of
2fw single-particle excitations, the Hartree-Fock conditionelastic and inelastic electron scattering form factors and in
is satisfied. The Hamiltonian then was diagonalized in aanalyses of proton elastic and inelastic scattering @atess
(0+2+4)hw space, for the positive parity states'dN and  sections and analyzing powgrsThe analyses of such
160, using the Dubach-Haxton version of theLAscow  complementary data, electron scattering form factors, and
shell model cod§14]. The negative parity states 4fO were  proton cross sections, etc., provide stringent tests of the spec-
obtained in a restricted (#3+5)%4w» space, where the re- troscopic model wave functions, but only when a fully mi-
striction was the exclusion of single-particle transitions fromcroscopic theory of proton scattering from nudiei a DWA
the Op up to the 01g2d3s shell. This restriction did not for inelastic scatteringis used. A fully microscopic prescrip-
create any serious problem with spurioditipie to center-of-  tion of elastic and inelastic proton scattering is implemented
mass motiohin the wave functions of the states of interestin coordinate space by the programwsA91, and the theo-
listed in Table I. All center-of-mass energy eigenvalues forretical development of that model, including discussion of
those(positive and negative paritstates in'°0O were 19.19 the effective interaction, is given in Refgl,6,7]. Sufficient
MeV, indicating that such spuriosity was completely re-details are given again herein to specify those elements
moved as well for the negative parity states in the calculategvhich are important in the description of the nucleon-
spectrum. In the case dfN, a complete (6-2)%w calcula- nucleus NA) scattering process. Specifically, the attributes
tion was also performed using the MK3W interactidn15]  of the many-fermion nuclear structure required in analyses
and theoxBAsH program[15]. As well, 0w shell model are the shell occupancies for each state as well as the
wave functions were calculated using the Cohen and Kurat®BDME for each inelastic transition. The single-particle
(8—16)2BME interactior{11]. (bound statpwave functions are also needed as is a density
While the results of the (8 2+ 4)%w shell model calcu-  profile of the nucleus to specify the DD interaction for each
lation accurately reproduce the low-lying states@f and  point in the nuclear medium.
180 (the HJ interaction was designed to do so @ [10]), The nuclear wave functions were obtained from the shell
a state is predicted if*N at 0.99 MeV excitation for which model calculations described previously, from which the
the corresponding observed state is at 6.20 M&§]. The = OBDME,
wave function for this state is fox
Siyin = (Jelllay, <y, 113:), Y
|0.99 MeV)=25.10%0% w)+64.77%2% o) _
are a result. The OBDME are the weights for each allowed
+10.13% 4% w). single-particle transition matrix element in which the particle
from orbital j, is excited to orbitalj,, with an angular mo-
Such a highly deformed state at this low excitation energymentum transfer of. Also, the nuclear wave functions pro-
cannot be considered realistic, and may be due to the choiagide the shell occupancies required to specify the complex,
of the Ziw interaction and/or to the fact that the specific fully nonlocal, microscopic optical potentials, involved in
(shell mode) interactions we have used in the extendedthese DWA calculations. For the elastic scattering process,
model space calculation were optimized for use in calculathe OBDME reduce to the shell occupancies. These shell
tions with much smaller bases. occupancies and OBDME for the inelastic transitions consid-
The isoscalar excitation of the;10 (7.12 Me\) state in  ered herein have been tabulafd®)].
180, from the ground state, is particularly interesting as it Often in DWA calculations, the single-particle bound state
relates to the expectation value for the position of the centewave functions are specified as harmonic oscillator wave
of mass, which must tend to zefd8]. The value of the functions. It is more appropriate, though, to use Woods-
constraint integral for such a transitipBgs.(15) and(16) of ~ Saxon bound state wave functions determined by analysis of
Ref. [1]], using the OBDME obtained from the the elastic electron scattering form facfdy. The latter are
(0+2+4)hw shell model calculation, was 0.058 fm. eigenfunctions of the single-particle Hamiltonian in which
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TABLE II. Density profile defining the DD KIN) effective interaction for*?C, “N (at 160 Me\j and
180 (at 200 MeVj [32]. The kinematic factor to convert to theA interaction is also given.

Nucleus po (nucleons/fn{) c (fm) z (fm) w Kinematic factor
2 0.182 2.355 0.522 —-0.149 0.94792
N 0.179 2.570 0.505 —-0.180 0.94536
%0 0.165 2.608 0.513 —0.051 0.89430
21 d electron scattering form factor for the*0-1; ;0 (7.12
V=V, 1+2\[l-s] T f(r,R,a), (20 MeV) transition in 10 was also studied as complementary
i to the inelastic proton scattering data. The other transition of
where, withR=r A3, special interest is the_ magnetic dipole excitatipn of the
07;1 (2.313 MeVj state in**N. The electron scattering form
r—R\]? factor for this magnetic dipole transition we expect to be
f(r,Ra)=1+exg —|| - (3 strongly affected by meson exchange currgiEC). The

associated amplitudes of those MEC involve the two-body

The values appropriate foC are listed in Table Il of Ref. density matrix elements of structure; values that are unavail-
[1]. Those we have used fo¥¥N are identical, except for able to us at present. Thus we report only the analyses of

simplicity we have sek =0. proton inelastic scattering to this state since hadronic excita-
The density profile assumed for the DD interaction is thelion is not so influenced by the MEC. _
three-parameter Fermi distributiff] The longitudinal elastic scattering form factor f&iN is
displayed in Fig. 1, wherein the data of Da#y al.[21] are
po(1+wr?/c?) compared to the results of the calculations of @@ longi-
p(r)y= Tlre o (4)  tudinal form factor. There is excellent agreement with the

data when using both the harmonic oscillatsolid curve

for which the parameter values appropriate 16€, “N, and and Woods-Saxofdashed curvesingle-particle wave func
16 . : . . . . tions, indicating that either of these sets are suitable for use
O are listed in Table II. The kinematic correction required. ? ; . : ;
. . . . in analyses of inelastic scattering data. The harmonic oscil-
to convert the effectivdNN interaction to an effectivéNA

. . . . ) lator length used was 1.64 fm.
interaction, as given by Eq19) of Ref. [3], is also listed The elastic scattering form factor fdfO is displayed in

therein. Fig. 2, wherein the data of Sick and McCar{l#2] are com-
pared to the results of the calculation made using the ground
IIl. ANALYSES OF ELECTRON SCATTERING FORM state shell occupancies from the@+4)%w shell model

FACTORS calculation. Harmonic oscillator single-particle wave func-

Herein we report on analyses of the elastic electron scatt-ions were used in this calculation and the oscillator length
tering form factors for'¥N and 0. The one-body charge WaS 1.7 fm. The calculated result reproduces the data reason-

: ; -1

operator of deForest and Waleck20] was used in calcula- ably well, except for the third maximung 3 fm 7). How--
tions of the electron scattering longitudinal form factors. The€Ver, in this region of high momentum transfer, a modifica-
calculated form factors also included corrections for recoiltion in the one-body charge density is required to fit the data

and the single-nucleon form factor. The inelastic longitudinall22: Construction of an orthogonal set of bound state

q(fm™) q (fm”)

FIG. 1. Longitudinal elastic electron scattering form factor for ~ FIG. 2. Elastic electron scattering form factor f§O. The data
YN. The data of Dallyet al.[21] are compared to the results of the of Sick and McCarthy22] are compared to the result found using
calculations of theCO form factor using harmonic oscillatésolid the (0+2+4)A w shell model structure and with harmonic oscilla-
line) and Woods-Saxofdashed lingsingle-particle wave functions. tor single-particle wave functions.
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o - FIG. 4. Differential cross sections and analyzing powers for the
FIG. 3. L(langltudlnal form factor for the0—1, ;0 (7.12MeV)  gastic scatteringlabeled g and inelastic scatterinlabeled 2),
transition in1%0. The data of Torizukat al. [23] are compared to exciting the 2:0 (4.44 Me\) state, of 160 MeV protons from
the results of the (+3+5)#w calculation. 12C. The elastic scattering data of Meyer al. [27] and inelastic

. - . . scattering data of Hugdt al.[29] are compared to the results of the
Woods-Saxon wave functions is difficult given the size of the.;i.yiations made using the D@olid line) and LF (dashed ling

zgsclg-pamcle basis spanned by the chosen shell modgl,ces.

The longitudinal electron scattering form factor for the the DWA with OBDME obtained from the (62)Aw and
0" —17;0 (7.12 Me\) transition in*°0 is displayed in Fig. (1+3)%w model spectroscopied9], for the positive and
3. Herein, the data of Torizulet al.[23] are compared to the negative parity states, respectively. For those inelastic scat-
result of the calculation we have made using thetering transitions, density effects were again important, and
(1+3+5)%w shell model wave functions. The result under- the techniques developed allowed conjecture aboutttitie-
estimates the data by a factor of 2.6, and places the peak @fto ambiguousspin-isospin assignments of several negative
1.4 fm~%; a value larger than that indicated by the data. Theparity stateg24].
disagreement could be due to the neglect of the 1p#ih 3 We stress that we analyse the scattering data using a fully
and 5w matrix elements in the shell model interaction andMicroscopic theory. Both the elastic scattering optical model
which may be necessary to describe this negative parity trarfRotentials and the inelastic scattering amplitudes the
sition. While there is evidence of weak isospin mixing DWA) are evaluated using an effectibéN interaction that
(~1%) in this 1;0 state, as evidenced by the observedhas been developed from an accurate mapping oftNeg
nonzeroB(E1) value for the ground state dechys], the = Mmatrices of the Paris potential for diverse infinite nuclear
dominantT=0 character of the state overwhelms fhe1  Mmatter densitie§7]. The optical model potentials that result
component in the electron scattering form factor with in-from folding the effective interaction with the target density
creasingq [18], suggesting that isospin mixing does not af- Matrix elements are nonlocal and the associated nonlocal
fect these form factors. In a previous calculation of the lon-Schralinger equations have been solved to give the scatter-
gitudinal electron scattering form factf8], using OBDME  ing phase shifts from which the elastic scattering cross sec-
satisfying the constraint associated with isoscalar electric dition and analyzing powers have been calculated. They have
pole transitionEq. (15) of Ref.[1]] and as obtained from been used also to specify the distorted waves required in
the 14w wave functions of Millener and Kuratfi3], core ~DWA calculations of the inelastic scattering quantities. The

polarization corrections were sufficieand necessayyto inela_stic scattering amplitudes arising from a fully _antisym—
obtain agreement with data. metrized theory predicated upon the same effechié g

matrices used to specify the nonlocal optical potentials.
IV. ANALYSES OF ELASTIC AND INELASTIC PROTON Ther_efore higher-ordgmany-body corrections to the\IA G _
SCATTERING DATA matrices, such as the Cheon rearrangement terms in the in-
elastic amplitude$25], are not included. Such terms have
The differential cross section and analyzing power datébeen applied in studies involving local density approxima-
for the elastic and inelastic scattering of 160 MeV protonstions leading to local interaction®5,26], but it is not clear
from 1N have been analyzed, as have the data for the elastighat form these many-body corrections would take in analy-
and inelastic scattering of 200 MeV protons froffD. But  ses that include both direct and exchange diagrams in both
we first report on an analysis of 160 MeV proton scatteringthe elastic and inelastic channels.
from '%C as a control upon the effectiu®D) interaction In our studies we have compared the results so found
required in the other analyses. using the new(DD) effective interaction with those obtained
The data for the differential cross sections and analyzingising the LF interactiong3,4] which are based upon a fit to
powers for elastic scattering of protons frotfC, for ener- the free NN scattering amplitudes by a sum of Yukawa
gies from 200 to 800 MeV have been analysed previouslyerms.
using the DD interactiofl,2], where the importance of den- In Fig. 4 the cross sections and analyzing powers from the
sity effects was demonstrated. The inelastic scattering of proscattering of 160 MeV protons frottC, both elastically and
tons in the same energy range was also stufile?] using inelastically to the 2;0 (4.44 Me\) state are displayed.
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FIG. 5. Differential cross section and analyzing power for the ~ FIG. 6. Differential cross section and analyzing power for the
elastic scattering of 160 MeV protons froiN. The results in the  inelastic scattering of 160 MeV protons frofN, exciting the
left-hand pane{HO) were obtained using harmonic oscillator wave 07;1 (2.313 Me\) state. The data of Taddeudti al.[30] are com-
functions, while those in the right-hand parf@¥S) were obtained pared to the results obtained using the+(®+4)%w, 0fw, and
using Woods-Saxon wave functions. The data of Taddeetei.  (0+2)%fio spectroscopies and given by the solid, dashed, and dot-
[30] are compared to the results obtained using the(Bdid line) dashed lines, respectively. The effective interactions used in the
and LF (dashed lingforces. calculations are as indicated.

Therein, the data of Meyest al.[27] to 80° in the center of density effects are dramatically illustrated in the results for
mass[28] are compared to the results of our fully micro- the analyzing power. The calculations made using the LF
scopic model calculations that were made using the DD inforce do not match the observed minimum in the data at
teraction (solid line) and the LF interactior{dashed ling 30°, but the DD result does so very well. All three models of
The elastic and inelastic data are displayed in the left-hangtructure give essentially the same results.
(g9 and right-hand (2) panels, respectively. The OBDME The differences between the three models of structure
were obtained from the (82)%w shell model calculation [0%iw, (0+2)hw, and (0+2+4)hw] are realized clearly in
described in Refd.1,19]. While both the DD and LF results the results for the cross section and analyzing power for the
for the elastic scattering cross section are in general agreéelastic scattering of 160 MeV protons to thé;a (2.313
ment with the chosen data, the result using the DD force ideV) state in*“N. The results of the three model calcula-
the better one. The density effects are illustrated far mor&ions are compared to the data of Taddewtal.[30] in Fig.
clearly in the results for the analyzing power, where the DD6. Therein, the results of the ¢(02+4)%» calculation are
result is a significant improvement over that obtained usinglisplayed by the solid line while those of thei® and
the LF force. This is typically the case when density effects(0+2)% w calculations are displayed by the dashed and dot-
are introduced. The same effects are demonstrated in the rdashed lines, respectively. Best agreement with the cross-
sults for the scattering to the'20 (4.44 Me\) state, where section data, and particularly above the minimum at 20°, is
the data of Huggt al.[29], again just to 80° in the center of achieved using the (62+ 4)% w spectroscopy. The effect of
mass[28], are compared to the results of our calculations.increasing the shell model space from#d to
The result obtained using the DD force agrees with the daté0+2+4)%w is to reduce the magnitude of the predicted
to 60°, while the LF result fails to reproduce the data beyondross section to be in better agreement with the data. The DD
30°. Again, the differences, due to the inclusion of densityresult obtained using the (©2+4)%w» spectroscopy does
effects, are more pronounced in the results for the analyzingest of all, giving a better representation of the shape of the
power, with the DD result being in far better agreement withcross section at large angles when compared to the equiva-
the data. Thus we are confident that the DD interactions dent LF result. The results using the {@)% » shell model
160 and 200 MeV are appropriate for use in analyses o©BDME are particularly poor. This cross section has a peak
scattering data fromt*N and 0. near 12°, which is not observed in the data, and the position
In Fig. 5 we compare the results of our calculations of theof the minimum is moved then beyond 20°. The analyzing
elastic scattering of 160 MeV protons frolfiN with the data  power data suggest that there is a peak at 20°. Such is only
of Taddeucciet al. [30]. Herein the ratio to the Rutherford reproduced by both (§2+4)%w calculations, as well the
cross section data are compared to the results of the calcul@f w calculation made using the DD force. This feature is
tions made using the DD forgsolid line) and the LF force more pronounced in the results using the DD force. The ana-
(dashed ling The results in the left-hand pan@fO) used lyzing power results for the other model spectroscopies are
harmonic oscillator wave functions, while those in the right-very small and unstructured. We surmise that the
hand panel(WS) used those of Woods-Saxon form. With (0+2)%w shell model calculation obtained using the
either choice of single-particle wave functions, the DD crossMK3W interaction[1,15] does not give realistic wave func-
section result better reproduces the shape of the data and ttiens for 14N, indicating the need for inclusion off4» com-
result found using the Woods-Saxon wave functions isponents in the wave functions fN.
slightly better so far as the magnitude is concerned, particu- The results of the elastic scatterifgbeled gs and of
larly at large scattering angles. As fdfC, the g matrix  select inelastic scatterings of 200 MeV protons fr&f® are
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FIG. 8. As for Fig. 7, but for the inelastic scattering to the
3,:;0(6.13 MeV) and 1; ;0 (7.12 MeV) states, labeled by 3and
17, respectively.
transition coming from interactions involving these other or-
bits.
This problem is reflected also in the results for the inelas-
0., (deg) tic scattering to the 2;0 (6.91 Me\) state that are displayed

in Fig. 7, but to a lesser extent. For this transition, both the
FIG. 7. Differential cross section and analyzing power for theDD and LF force calculations underestimate the magnitude
elastic scattering and inelastic scattering of 200 MeV protons fronof the cross section by a factor of 2.5. Allowing this scaling,
1%0. The elastic scattering results are displayed in the top panehe result of the DD calculation is better in reproducing the
(99, while the inelastic scattering results to thg ;0 (6.05 MeV)  shape of the data. This is also the case in the analyzing
and 2;0 (6.91 Me\) states are in the middle and bottom panels, power, in which the DD result alone reproduces the observed
respectively. The data of Seifeet al. [31] are compared to the large negative values at 30° and 60°.
results of_ the DD calculatiortsolid line) and the LF calculation In Fig. 8, the results of DWA calculations of the inelastic
(dashed ling scattering of 200 MeV protons to thg 30 (6.13 Me\) and
1,;0 (7.12 MeV) states in®0 are shown. These transitions
shown in Fig. 7. The excitations of thg 00 (6.05 MeV) and  are identified by the labels 3and 1, respectively. The
27;0 (6.91 Me\V) states(labeled by 0" and 2", respec- identification of the results of the calculations are as for Fig.
tively) are shown specifically. Herein, the data of Seifert?. The results for the scattering to the  state best repro-
et al. [31] are compared to the results of the calculationsduce the magnitude of any of the inelastic cross sections
made using the (®2+4)%w spectroscopy with the DD from 180 investigated in this study. An enhancement of 50%
force (solid lineg and with the LF forcedashed lines The ~ brings the calculations into excellent agreement with the
elastic scattering cross-section data are well reproduced Hata. Of the calculations, those made using the DD force
both the DD and LF calculations, with slightly better agree-9V€ results that better reproduce the shape of the cross-
ment between the DD results and the data, reflecting thg€ction and analyzing power data. However, neither calcula-
importance ofy matrix medium effects. That is more clearly tion (DD or LF) is able to match the cross-section data for
illustrated in the analyzing power results. The result of thethe scattering to the;1,0 (7.12 Me\) state. The differences
DD calculation shown therein reproduces all the features ofcompared with the datain shape and magnitude of the
the data and is in far better agreement with them than is theross sections found with both calculations are consistent
LE result. with the results found for the longitudinal inelastic electron
Both the DD and the LF calculations reproduce the shap&cattering form factotFig. 3.
of the inelastic scattering data to thg @ (6.05 Me\) state.
H_owever, both calculations underestimate the o_bserved mag- V. CONCLUSIONS
nitude by a factor of 10. As the cross section is weak, any
small changes in the OBDME for this weak transition may Analyses of elastic and inelastic proton scattering data
result in large changes to the calculated magnitudes. With thsom *%C, 2N, and *°0 have been made using two classes of
analyzing power, however, the result of the calculation madeffective NN interactions within a fully microscopic theory
using the DD force reproduces the shape and magnitude of elastic and(DWA) inelastic scattering. The first of these
the data, while the LF calculation does not match the data avas a set of energy and density-dependent forces based on
small scattering angles. There is clearly a deficiency in théhe ParisNN interaction and the second was the set of forces
specification of the spectroscopy. Specifically, the HJ interof Love and Franey. In the scattering analysesw0Oand
action, in setting to zero all the matrix elements involving themulti-2® shell model descriptions of the nuclei have been
orbits outside of the p1s0d shells, has lost strength in this used to obtain the relevant structure information
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(OBDME). The results obtained for the elastic scatteringhave the correct behavior at low momentum transfer. This is
cross sections and analyzing powers #8€, N, and 0  more evident for the inelastic scattering of 200 MeV protons
highlight the importance of density effects in the descriptionfrom °0. Therein, while the shapes of the cross sections for
of the NA scattering process. When considered with the reall but the 1";0 state are consistent with observations, all
sults previously published fot’C, the present ones confirm calculated DWA magnitudes must be enhanced to match
the applicability of the specified DD forc@t 160 and 200 data. Such core polarization reflects limitations with the cho-
MeV) for a number ofp-shell nuclei. In the case of the sen spectroscopy and in this case a first need is for a shell
inelastic scattering of protons froffN and 10, the results model interaction that accounts for all possible interactions
for the analyzing powers also confirm the importancegof between all of the particles in the active orbits.

matrix density effects in analyses of scattering data and dem-
onstrate further the applicability of the DD force in the de-
scription of inelastidN A scattering processes.

Given the propriety of the effectivBlN interactions our The authors wish to thank Professor Wick Haxton for his
other results indicate a problem with the nuclear structuressistance in running the Dubach-Haxton version of the
models. The results of the calculations are not perfectlcLascow shell model code. One of US.K.) would like to
matched with the cross-section data. Of the three models ahank the Institute for Nuclear Theory, University of Wash-
structure used, the (02+4)% » model is the best for use in ington for its support and hospitality. The financial support of
a description of the 160 MeV proton scattering to the D the Australian Research CoundifRC) is gratefully ac-
(2.313 MeVj state in¥N. Even so, the data suggest that aknowledged as is the hospitality of the staff and students of
more complete description of the nuclear states is requiredhe School of Physics in the University of Melbourne shown
as none of the model wave functions considered for thato R.deS. during a visit sponsored in part by the ARC and
process when used in DWA calculations give results thatluring which much of this work was done.
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