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A microscopic description of the excitation of isoscalar giant monopole resoiii88#R) and quadrupole
resonanceélSGQR) in 28Si, “%Ca, *Ni, and 11%Sn by 240 MeV bombarding energy particles is provided
based on self-consistent Hartree-Fogki--) random-phase-approximatiéRPA) approach and the distorted-
wave Born approximatiofDWBA). The folding model is used to obtain optical potentials from the HF
ground-state density and a density dependent Gaussian nuelederaction ). The parameters of ,, are
determined by fitting experimentally measured angular distributions for the case of elastic scattering. Angular
distributions of inelastically scattered particles for ISGMR and ISGQR excitations of the target nucleus are
obtained using the folding model DWBA and both microscdii®A) and hydrodynamicaicollective model
transition densitiesfound from HF ground state densitje#\ possible overestimation of the energy weighted
sum rules and shifts of centroid energies due to the collective-model-based DWBA reaction description is
reported.

PACS numbgs): 24.30.Cz, 21.60.Jz, 25.55.Ci

[. INTRODUCTION weighted sum rule are imbedded into the very poorly known
continuum and subtracted as a result of the experimental pro-
The study of nuclear giant resonances has long been @edure.
subject of extensive theoretical and experimental research Recently, experimental studies of isoscalar giant reso-
[1]. Among the most extensively studied isoscalar resonance excitations in nuclei ranging froMC to 2°%Pb were
nances are isoscalar giant monopole resond%®MR) and  performed at Texas A&M University using 240 MeV bom-
isoscalar giant quadrupole resonaf&GQR). The determi-  barding energya particles [10-13. Excellent peak-to-
nation of parameters describing ISGMR excitation in bothcontinuum ratios in the observed inelastic scattering spectra
heavy and light nuclei is currently a topic of high interest. were obtained and the ambiguity associated with the con-
The interest is stimulated mainly by the possibility of ex-tinuum subtraction was notably reduced. New conclusions
tracting the value of the nuclear matter incompressibility co+egarding isoscalar monopole strength distributions in some
efficient (which is important for studies of the nuclear equa-A<90 nuclei have been drawri1,12. In particular, it has
tion of state, neutron stars, supernova explosions, and heaween reportedi11] that almost 100% of the ISGMR energy-
ion reactiong2]) from knowledge of ISGMR strength distri- weighted sum rule was exhausted iCa below 30 MeV
butions and centroid energies in nuclei throughout the periexcitation energy which almost triples previous experimental
odic table[3—6]. The isoscalar giant quadrupole resonanceresults[14,15. At the same time, ir?®Ni, only about 30% of
often needs to be studied simultaneously with the ISGMRhe ISGMR strength was located f&r<30 MeV [10].
due to the strong overlapping of their transition strengths.  The problem of missing monopole strength 3#Ni was
The main experimental tool for studying isoscalar giantaddressed by Satchler and KHd#®], who examined the the-
resonances in general and the ISGMR, in particular, is inoretical aspects of the analysis of inelastiparticle scatter-
elastic a-particle scattering. There are several reasons folng data. Based upon the most realistic folding models, the
this. First, @ particles are selective as to exciting isoscalarauthors came to the conclusion that up to 50% of the ISGMR
modes which either eliminates or greatly reduces the intersum rule limit has been observed #iNi. However, these
ference of other excitations. Second, angular distributions ofolding model calculations were done assuming that the col-
inelastically scattered particles at small angles are charac- lective model form is an adequate approximation for the
teristic for some of the multipolar modes which makes ittransition densities.
possible to identify contributions from these excited modes In this work we consider the excitation of the ISGMR and
in the experimentally measured angular distributions. ISGQR in several nuclei by inelastic scattering of 240 MeV
As a result of extensive experimental studies, significanty particles and carry out a realistic microscopic analysis of
amounts of the ISGQR and ISGMR strength was observethe reaction cross sections based on recent and highly accu-
below 40 MeV excitation energy in all studigd>90 nuclei  rate experimental data. On the one hand, it is interesting to
[7-9] and resonance energies as functions of nuclear mags®mpare the new experimental data with the theoretical pre-
number were found to be 60—85 > MeV for the ISGQR  dictions based on self-consistent Hartree-FockHF-)
and ~80 A~ Y3 MeV for the ISGMR. However, until re- random-phase-approximatigRPA) calculations with zero-
cently, not more than 30% of the ISGMR strength was foundange Skyrme-type interactions. On the other hand, it is im-
in practically all A<90 nuclei[9]. This, to a great extent, portant to investigate the consequences of some assumptions
could be attributed to the fragmentation of ISGMR strengthmade in the experimental analysis itself, in particular, the
in light nuclei so that large parts of the ISGMR energy-assumption of collective model radial shapes of transition
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densities. This assumption needs to be carefully examinedver p and h states is extended to the entire single-particle

especially for light nuclei since, as was reported 1], it ~ spectrum. In our calculations we include single-particle

may lead to an overestimation of the isoscalar monopoletates up to an excitation energy of 100 MéJiscretized

(EQOTO energy-weighted sum ruldEWSR) by up to 30%. continuun). For a spherically symmetric nucleus, the occu-
The purpose of this paper is twofold. First, we give a full pation numbers can be taken simply &s=N, /(2j,+1),

microscopic description of isoscalar monopole excitations invhereN, andj, are the number of nucleons on the single-

28gj, 40Ca, 5®Ni, and '%Sn based on self-consistent HF- particle orbital\ and their angular momentum, respectively.

RPA calculations. We use the SL1 parametrization of theThe expression fo¥,(r,,r,) in terms of Skyrme-force pa-

Skyrme interactiorj 18] which gives a value of the nuclear rameters can be found elsewh¢2®,22,19.

matter incompressibility of 230 MeV. The SL1 interaction, The quantities characterizing nuclear excitations can eas-

which is associated with an effective mass of 0.55, was fittedly be found using the RPA Green’s functigh). In particu-

to the available experimental data on the EOTO. However, théar, the transition strength distributicg®(E) and its energy

theoretical results for the E2TO obtained with this interactionrmoments M, for the one-body excitation operato®

[19] are somewhat higher than the corresponding experimen= ziAzlf(ri) are obtained from

tal data by 3-5 MeV. Second, we give a theoretical descrip-

tion of 240 MeV a-particle scattering reactions within the 1 s ex RP , ,

folding model distorted-wave Born approximati6BWBA) S(B)=- ;f drdr’ f*(N)Im[G*"Ar,r" E)1 ("),

and compare our HF-RPA results with the conclusions 3

drawn from the experimental-like analysis of cross sections.

We investigate how the approximate forms of the isoscalar o .
monopole(EOTO) and isoscalar quadrupolE2TO0) transition M= fo dEE'S(E)
densities deduced from the collective model may affect the

results regarding the strengths and excitation energies of 1 .
EOTO and E2TO resonances. =—— f dEE

II. HARTREE-FOCK —RANDOM-PHASE-
APPROXIMATION FORMALISM

X

fdrdr’f*(r)lm[GRPA(r,r’,E)]f(r’) . (4
The delta-functional coordinate dependence of thawhile the transition densitgp(r,E,) for the excited statgv)
Skyrme interaction makes it possible to give a simplifiedhaving the excitation energl, and the half-widthI'/2 is
coordinate space formulation of the RPA in terms of Green’sjiven by
functions[20]. The RPA Green’s functioGRPA(r,r’,E) is .
found from the equation r
) A &mnE»=r[—5mwG”WnnE»ﬂ B
GRPA(rr’ E)=Gr,r',E)

0 . “MICROSCOPIC” VS “MACROSCOPIC”
+f dr droGH(r,ry, E)Vpn(ry,ra) DESCRIPTION OF a SCATTERING WITHIN THE
FOLDING MODEL DWBA
X GRPA(r, 1’ E), (1)

The distorted-wave Born approximation has been widely
whereGO(r,r’,E) is the Green’s function of the free system used in experimental studies in order to give a theoretical
andVp(ry,ry) is the zero-range particle-hole interaction. description of low-energy scattering reactions and, thus, ana-

In order to be able to consider both closed-shell and operlyze measured cross sections of scattered probes. The folding

shell nuclei, we follow the ansatz proposed in Héfl] and ~model approacfi23,24 to the evaluation of optical poten-
evaluate the free-system Green’s function from tials appears to be quite successful and is extensively used at

present in theoretical descriptions afparticle scattering
[16,25-27. This approach provides a direct link to the de-

Go(r,r’,E)sz,] On(1—6p) scription of a-particle scattering reactions based on micro-
' scopic HF-RPA results.
dp(1)Ph (1) dp (r")n(r”) Within the folding model approach, the optical potential
E—eptentil/2 U(r) is given by
* * ! !
_HOBOGTISD] U= [ ar V= Lot Doolr), ®

E+e,—eptil’/2 ’

where ¢,(r) and ¢, are the Hartree-Fock single-particle WhereV([r—r'|,po(r")) is the nucleonw interaction, which
wave functions and energieB/2 is the smearing half-width is generally complex and density dependent, agtt’) is
(taken to be 1.0 MeY, 6, and 6, are the occupation numbers the ground-statéHartree-Fock density of a spherical target
of the Hartree-Fock single-particle states, and the summationucleus. It is customary to adopt a certain form for the
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nucleone interaction and obtain the interaction parameters 30 T T
from the fit to experimentally measured elastic angular dis- s ®6f EOTO *'si E0T0 Ca
tributions. In this work, both real and imaginary parts of the & aof
nucleone interaction are chosen to have the Gaussian shape B 1sf
with density dependence: E:\ 10F M
2] 5F
V(r=r',po(r)==V(L+ Bypfr"))e = ev S IR,
= EOTO **Ni EOTD ''*Sn
—iIW(L+ BypdS(r)ye I 1Few, H 1oy
(7) E', 100
% 50
The parameter¥, By, ay andW, By, ay in Eq. (7) are o , , N ,
determined by a fit of the elastic scattering data. A similar 10 20 30 40 20 30 40
form of the nucleonr interaction was used in Refl6] E (MeV) E (MeV)

where scattering of 129 and 240 MeY particles by *®Ni
was considered.
For a state with multipolarity- and excitation energi,

FIG. 1. Isoscalar monopole strength distributiong48i, 4°Ca,
58Nii, and 11%3Sn obtained from the self-consistent HF-RPA calcula-

the radial forméU, (r,E) of the transition potential can be oM
found from
hZ
a?(Ep)= ZWW' (11
r ! ! ! m r
5U(r,E)=j dr Sp (r ,E)| V(r—r |,po(r )) R
) 25 27h? (r?)
Ol —2(Er)= (12

L NV(r=r",po(r')) 8 MAE; (1)2’

+p0(r ) (9p (I’/)
0

8

with m, A, and(r®) being the nucleon mass, the number of
nucleons in the excited nucleus, and ## moment of the
wheredp, (r',E) is the transition density for the considered ground-state density, respectively.

state. It is not clear that the collective model resul®s and(10)

At this point, we can distinguish between the microscopicare good approximations for the EOTO and E2TO transition
and the macroscopic approaches to éhparticle scattering densities, especially in lighter nuclei. In the following, we
description based on the folding model. Within the “micro- test these approximations by performing a folding-model—
scopic” approach, both the ground-state density and the tratDWBA analysis of a-particle scattering by several nuclei
sition density which enter Eq$6) and(8) are obtained from  ranging from2%Sj to 1%sn.
the self-consistent Hartree-Fock—RPA calculations. Within
the “macroscopic” approach, the transition densities are as- IV. RESULTS AND DISCUSSION
sumed to have energy-independent radial shapes and are ob-
tained from the ground-state density using the collective The numerical solution of E¢(1) using Eq.(2) and the
model. In particular, the so-called Tassie and Bohr-SL1 parametrization of the Skyrme interactipt8] is the
Mottelson radial shapes of the transition densifi28] are  core of our microscopic calculations. A detailed description
used in experimental studies of ISGMR£0) and ISGQR  of analogous calculations can be found in the literatses,
(L=2) excitations: for example, Refg.20,22,19). We obtain the EQTO strength
distributions from Eq(3) using

dpq(r
pL_o(r)=—a(E) | 3po(r)+r p;i S Qoge — S 2
Jam =1
d
SpL-a(r) == 6L_5(E) Pgﬁ”, ag 2

z &, .
where the energy-dependent factar&E) and 5, —,(E) are QZM_Kezl [ Yam(),
determined by fitting measured inelastic cross sections. The
amounts of EOTO or E2TO strengths concentrated in a givewhich are the generally accepted forms for the EOTO and
resonance state can then be deduced from knowledge &2TO excitation operators.
a(E) and 6, —»(E) in a straightforward manner, bearing in ~ Our HF-RPA results for the EOTO and E2TO transition
mind that for the stat&g that exhausts 100% of EOTO or strength distributions irf8Si, 4°Ca, *®Ni, and **Sn nuclei
E2TO EWSR the corresponding coefficient is given[Bg] are shown in Figs. 1 and 2. Transition strengths for the E2TO
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TABLE Il. Resonance energies and percentages of the EWSR
exhausted within the energy region<18<40 MeV for ISGQR
excitation in 2Si, 4°Ca, 58Ni, and *%sn nuclei. Comparison with
experimental data is provided.

285i 40C3. 58Ni llGSn
Er (MeV) 23.4,32.6 194 19.6 15.2
Expt. 19+0.22  17.7+0.2° 16.4-0.3° 13.2+0.2°
% EWSR 89 93 95 97
aReferencd12].
bReferencd 14].
‘Referencd8].

optical potential and determine the parameters of the

ipucleona interaction ¥ ,,) of Eq. (7) by fitting experimen-

tally measured elastic scattering angular distributions. Nu-
merical DWBA calculations were performed with the com-
puter progranPTOLEMY [29]. Quite satisfactory fitg§shown
in Fig. 3) were obtained with the parametrizations \6f,,
given in Table III.

Having determined the parameters of the nuclednier-
action, we calculate the cross sections of inelastically scat-
tereda particles for the case of EOTO and E2TO excitations

The resonance energies and percentages of the total EOBftarget nuclei using the transition potentfé) and both the
and E2TO EWSR exhausted below 40 MeV excitation en.RPA transition densities, found from E), and the collec-
ergy are given in Table | and Il and compared with experi-tive model transition densities obtained using the Hartree-
mental data. A significant difference between the theoretical 0Ck ground state density and E¢8) and(10). These tran-

and experimental amounts of EOTO EWSR existsiNii.
Our microscopic results indicate that fiNi, as well as in

sition densities are calculated for each energy value on the
0.2 MeV grid. The radial shapes of the RPA and collective

other considered nuclei, nearly 100% of EOTO EWSR ismodel transition densities for some of the EOTO and E2TO
present below 40 MeV excitation energy in contrast with nofésonance states are compared in Figs. 4 and 5, respectively.

more than 50% reported in recent studjd®,16 of S&Ni
based on the cross section analysis.
At the next stage of our calculations, using E(, (7)

It can be seen that in some cases the differences in the radial
shapes are quite well pronounced which affects the calcu-
lated cross sections.

and the Hartree-Fock ground-state density, we construct the !N order to see more clearly the impact of radial shape

differences between the microscopic and the collective

TABLE I. Resonance, centroid energies, and percentages of the

EWSR exhausted within the energy region<i®<40 MeV for
ISGMR excitation in?8Si, 4°Ca, %8Ni, and 'Sn nuclei. Compari-
son with experimental data is provided.

288i AOCa 58Ni 1lGSn
Eg (MeV) 21.8,30.0 18.6,25.2 16.4,20.8 16.2
M
M—l (MeV) 24.0 21.1 21.2 17.2
0
Expt 21.8 18.9
M
L (Mev) 23.6 20.7 20.8 16.9
M_;
Expt 20.7 17.2
M, 25.4 22.6 22.6 18.6
— (MeV)
M,
Expt 23.7 21.2
% EWSR 91 94 % 95
8Referencd12).
PReference 11].
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FIG. 3. Elastic angular distributions for 240 Me¥ particles.
Solid squares represent the experimental data taken from[R6fs.
12] and[27]. Solid lines are our fit to the experimental data using
the folding model DWBA with nucleom interaction given in Eq.

(7). The parameters of the nucleaninteraction deduced from the
fit are given in Table IlI.
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TABLE Ill. Parametrizations of the nucleam-interaction, Eq. e Eoz04 Moy s Det04 ey

(7), obtained by fitting experimentally measured elastic scattering & st
angular distributions of 240 MeV bombarding energyparticles. g _
o 10f - / \\
\4 W Bv=PBw dy Ay o e /
(MeV)  (MeV) (fm?) (fm?) (fm?) E 0.5¢ . \
%8s 38.0 11.2 -19 3.7 5.1 0.0~ v
4ca 38.0 10.0 -1.9 3.7 5.1 E T
i 38.0 11.2 -1.9 3.7 5.1 £
1165 38.0 11.4 -1.9 3.7 5.1 o 10r
=
‘é 05
Q
model transition densities on the results of the cross section 0.0
analysis, we assumed that the cross sections calculated using 0
the RPA transition densities are the actual experimental data r (fm) r (fm)

to be analyzed by performing folding-model-DWBA calcu-  FIG. 5. Same as Fig. 4 for ISGQR states. The collective model
lations with the collective model shapes of transition densi{ransition densities calculated from Eq0) using the Hartree-Fock
ties. In this case the extracted transition strength distributionground-state densities.

and centroid energies can be directly compared to the corre- =~ )
sponding results of the RPA calculations and discrepancieg?!id line in the upper panel shows the actual fraction of the

may occur only as a result of the approximation of transitionEOTO EWSR per unit energy as calculated from the EOTO
densities by the collective model shapes. transition strength distribution of Fig. 1. The reconstructed
. 0, 58\[i 11
The procedure for extracting the EOTO strength from the2nd actual EOTO EWSRs fof°Ca, *Ni, and *'°Sn are
cross sections is presented in Fig. 6 fd6n. The middle

panel of the figure shows 0° double differential EOTO cross 0.30 ' ' ;,Si Em' '
sections obtained with the RPA transition densitg., our o O25F
“experimental” data. In the lower panel we show the 0° E 020
EOTO cross sections found using the transition poteri@gl fﬂ\\ 0.15¢
with the RPA transition densitysolid line) and with the % 010}
collective model EOTO transition densit®) (dashed ling ¥ 005}
normalized to 100% of the EOTO EWYRee Eq(11)]. The £ 0.00
dashed line in the upper panel of the figure is the ratio of the = 80f
curve in the middle panel and the one in the lower panel. It Q 6ot
represents the fraction of the EOTO EWSR per unit energy E
reconstructed from our “experimental” cross sections. The %’ 4or
S 20}
T ASaatassss N
_ 51 E=21.8 MeV “©Ca E=18.6 MeV T 1000 T T T T T
TE 051 = 800 s 0°, 100% EWSR *Si
ik <
5 e 600}
c:, g 400}
< 5 200}

o 10 15 2 25 30 35 40
g E (MeV)
;: FIG. 6. Reconstruction of the EOTO EWSR fiSi from the
o inelastic a-particle cross sections. The middle panel: 0° double
3 differential EOTO cross sections obtained with the RPA transition
< density(i.e., our “experimental” data The lower panel: 0° EQTO

0 2 4 8 B 2 4 6 8 cross sections found using the collective model EOTO transition

r (fm) r (tm) density (dashed ling and the RPA transition densitisolid line),

normalized to 100% of the EOTO EWSR. The upper panel: ratio of

FIG. 4. Microscopic(RPA) and collective model radial shapes the curve in the middle panel and the dashed curve in the lower
of transition densities for some of the ISGMR state<i8i, “°Ca, panel(dashed ling ratio of the curve in the middle panel and the
58i, and 11%Sn. The solid lines are the RPA transition densities andsolid curve in the lower pandkolid line). The dashed line in the
the dashed lines are the collective model transition densities calcuspper panel represents the fraction of the EOTO EWSR per unit
lated from Eq.(10) using the Hartree-Fock ground-state densities.energy reconstructed from our “experimental” cross sections while
Both transition densities are normalized to a 100% of the RPAthe solid line in the upper panel shows the actual fraction of the
EOTO EWSR. EOTO EWSR per unit energy as calculated using the RPA.
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FIG. 7. Same as the upper panel of Fig. 6 f6€a, *Ni, and FIG. 8. Reconstruction of the E2TO EWSR #iSi from the
1163, inelastica-particle cross sections. The middle panel: double differ-

ential E2TO cross sections at the first maximum obtained with the
shown in Fig. 7. Percentages of the EOTO EWSR reconRPA transition densityi.e., our “experimental” data The lower
structed following the above procedure are summarized ipanel: E2TO cross sections at the first maximum found using the
Table IV and compared to the actual percentages deducea®llective model E2TO transition densifstashed lingand the RPA
from the HF-RPA calculations. It can be seen that the cros§ansition density(solid ling), normalized to 100% of the E2TO
section analysis based on using the collective model shapé;éNSR- The upper panel: ratio of the curve in the middle panel and
for transition densities tends to overestimate the EQTdhe dashed curve in the lower pari¢ashed ling ratio of the curve
EWSR by up to 20%. The difference in shapes between thi the middie panel and the solid curve in the lower paiselid
collective model and the microscopic transition densities caﬂ:e)' The dashed line in the upper panel represents the fraction of
also lead to deviations of the ISGMR centroid energies del"® E2T0 EWSR per unit energy reconstructed from our “experi-
duced from the reconstructed strength distributions from th(%sental cross sections while the solid line in the upper panel shows
actual centroid energies obtained from microscopic calcula- © actual fraction of the E2T0 EWSR per unit energy as calculated
tions (see Table IV. These shifts, however, are of the order using the RPA.

of a few percent and not very significant for the consideredsition density. The cross sections are calculated at the first
nuclei. maxima of E2T0 angular distributions which are located at
A similar procedure was applied for the case of the E2T0an angle of approximately 4° and are a characteristic feature
excitation. In Fig. 8, taking as an example tfi$n nucleus, of angular distributions of inelastically particles corre-
we show the reconstruction of the E2TO EWSR from thesponding to the E2TO excitation of the target nucleus. The
E2TO inelastic cross sections generated using the RPA trapeconstructed and actual E2TO EWSRs f8€a, >8Ni, and
11851 are shown in Fig. 9. An interesting feature of the re-
TABLE IV. Percentages of the EOTO EWSR exhausted by theconstructed E2TO strength distributions, using the collective
RPA strength distribution and the ones reconstru¢iREC) from model transition density, is the appearance of the high-
0° cross sections, foIIowing the procedure described in the textenergy overtone statsee Fig. 9which leads to an enhance-
Also shown are the centroid energies of the ISGMRMeV) ob- ant'of the reconstructed E2TO EWSR at high energies. The
tained from the RPA strength distributions and_the centroid energies,ason for this enhancement is the difference between the
(REQ) reconstructed from 0° EOTO cross sections. microscopic(RPA) and the collective model transition den-
sity shapes. We demonstrate this point in Fig. 10 where we

Energy RPA REC m—; M—; Diff. compare the RPA and the collective model transition density
Nucleus  (MeV) (%) %) (RPA (REQ (%) radial _shapes at the energy of the_ overtone stat’éeﬁn. .

As in the case of the EOTO excitation, our results indicate
2g; 10-40 91 113 24.0 245 2.1 that the cross section analysis of E2TO excitation based on
40ca 10-40 94 114 21.1 21.3 0.9 using the collective model transition density tends to overes-
58N 10-40 96 113 21.2 20.8 1.4 timate the actualin our case, obtained from microscopic
1165 10-40 95 106 17.2 16.8 2.3 calculationg E2TO EWSR by up to 30%. These results for

all considered nuclei are summarized in Table V. In Table V
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0.5 T T T TABLE V. Percentages of the E2TO EWSR exhausted by the
o4l RPA strength distributions and the ones reconstru@®iC) from
g E2TO cross sections using collective model transition density. Also
g 03f shown are the centroid energies of the ISG@RMeV) obtained
% 0.2} from the RPA strength distributions and the centroid energies
m o4t (REQO) reconstructed from the first maxima of the E2TO angular
- distributions.
0.5
. o4l 8Ni ERTO m m
& os} Energy RPA REC M, M, Diff.
5\ ' Nucleus  (MeV) (%) %) (RPA (REQ (%)
B o2}
m oal 28gi 10-30 77 110 229 230 04
) 40ca 10-30 94 122 195 19.3 1.0
08 58N 10-30 82 107 188 187 05
I Sn E2TO 11
g 04 °Sn 10-30 83 114 152 151 07
B osf
N
Y o2 mental data which include the most recent measurements
= g with 240 MeV « particles. Overall, satisfactory agreement
Tl with the experiment was obtained. However, while recent

FIG. 9. Same as the upper panel of Fig. 10 {8€a, ®Ni, and

116gp,

0.0
10

20 25 30
E (MeV)

studies of the 240 MeVa+ °®Ni reaction were unable to
locate more than 50% of the EOTO EWSR i, our mi-
croscopic calculations showed that almost the entire EOTO
strength in this nucleus is located in the energy redion
<40 MeV.

Using the density-dependent Gaussian foff of the

we also show the E2TO centroid energies obtained from thg ,cjeone interaction and the folding model DWBA, we
reconstructeddashed lines in upper panel of Fig. 8 and in gaye 4 theoretical description of 240 MeMparticle scatter-
Fig. 9) and the actualsolid lines in upper panel of Fig. 8 and ing by 28Si, “°Ca, 58Ni, and 16Sn targets. Experimentally
in Fig. 9 E2TO strength distributions. As can be seen, themeasured elastic angular distributions were nicely repro-
differences between these centroid energies do not exceegfiiced by the parametrization of the nuclesinteraction(7)

1%.

By performing self-consistent Hartree-Fock—RPA calcu-

V. CONCLUSIONS

given in Table IIl.

We tested the approximation of the EOTO and E2TO tran-
sition densities by the collective model shapes from E@s.
and (10). Our results showed that the analysisasparticle

lations, we provided a microscopic description of isoscalaiygsg sections for the case of EOTO and E2TO excitations of

monopole and quadrupole excitations 8i, “°Ca, *Ni,

target nuclei based on the approximati¢@sand(10) tends

and 11%sn. Our results were compared with available experitg overestimate both the EOTO and E2TO EWSR in some

pur.(r) 12 (fm™")

T
M85n E=24.0 MeV

r (fm)

cases by 30%. This type of cross section analysis may also
shift the actual EOTO centroid energies by up to 1% and lead

to the appearance of overtone E2TO states at high energies
whose strength is enhanced compared to the actual E2TO
strength located at the same energy.

Our conclusions serve as an important guide to further
experimental studies of EOTO and E2TO excitations. Possible
overestimation of the EOTO EWSR in the experimental
analysis of cross sections due to the use of the collective
model shapes for EOTO transition densities makes the prob-
lem of missing monopole strength i¥Ni even worse. Fur-
ther theoretical and experimental efforts are, thus, necessary
to reconcile the results of the experimental analysis with the
theoretical predictions. As follows from our calculations, use
of microscopic instead of the collective model radial shapes
of E2TO transition densities may be necessary for experi-
mental studies of E2TO excitations in order to avoid a pos-

FIG. 10. Transition densities of E2TO overtone stateEat sible enhancement of E2TO EWSR at high energy due to the

=24.0 MeV in 1%n. Solid line: microscopidRPA) transition approximation(9).
density. Dashed line: collective model transition density calculated
from Eg. (10) using the Hartree-Fock ground-state density. Both
transition densities are normalized to 100% of the RPA E2TO This work was supported in part by the U.S. Department
EWSR. of Energy under Grant No. FG03-93ER40773.
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