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Elastic and inelastic proton scattering to the States of the neutron-rich argon isotof@ar and **Ar have
been measured in inverse kinematics with a beam energy of 33 MeV/nucleon. Phenomenological distorted
wave Born approximation calculations are compared with the data and quadrupole deformation parameters of
|B,]=0.32£0.05 and|B,|=0.310.05 are extracted for the;2states in*?Ar and **Ar, respectively. A
consistent microscopic proton scattering analysis has been applied to all even-even argon isotopges from
=36 to A=44. This analysis used microscopic collective model densities and a modified Jeukenne-Lejeune-
Mahaux nucleon-nucleon effective interaction. The predicted cross sections agree very well with the experi-
mental data, suggesting this microscopic analysis as a tool to test the structure of nuclei far from stability.
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[. INTRODUCTION interaction are fixed, the analysis is then sensitive to the
nuclear density distributions. Very recently, such a micro-
Excitation energies andB(E2) values of the first 2  scopic scattering-model study of elastic and inelastic proton
states in neutron-rich even-even Si, S, and Ar isotopes in thecattering from even-even sulfur isotopes has been reported
mass A=40 region have been recently measured byfor beam energies around 30 MeV/nucld@h In the sulfur
intermediate-energy Coulomb excitatiph—3]. These mea- case, the results suggest the presence of a neutron skin in the
surements revealed a rapid weakening of Mwe 28 shell most neutron-rich isotopes. In other studies, neutron densi-
closure below*®Ca and a region of moderate deformation ties and radial shapes of transition densities to several levels,
around“*°S and*?S, confirming the deformation effects cal- including the first and second’2states, have been experi-
culated for theN~28 isotones in this mass region and the mentally unfolded for nuclei such a¥sS [15], 3*S[16], and
erosion of theN=28 shell gap due to the large neutron ex- “*Ca[17], using the proton densities determined from elec-
cess[4—6]. Proton scattering experiments ofiS and 4°S  tron scattering.
added further evidence of this deformation region between The present work reports the results of a study of the
the majorN =20 andN = 28 shell closure§7,8]. Proton scat- neutron-rich argon isotopes through proton scattering in in-
tering results are complementary to those obtained by Cowerse kinematics. Excitation energy spectra and angular dis-
lomb excitation because the electromagnetic excitatioriributions were obtained fot?Ar and *‘Ar through the mea-
probes the protons in the nucleus, while proton scattering s&&urement of the energies and angles of recoiling protons over
energies around 30 MeV is mainly sensitive to the neutron@ broad angular range with a silicon-strip detector array.
[9]. Numerous proton inelastic scattering experiments usinguadrupole deformation parameters were extracted for the
unstable beams have been reporf@®,10-14, providing 2; states in these two nuclei using distorted wave Born ap-
information on nuclear structure and interaction potentialgproximation calculations and standard Woods-Saxon phe-
outside the valley of stability, where isospin effects are exiomenological optical potentials. A complete analysis using
pected to be important. microscopic collective model densities folded with a modi-
The question arises as to how the nuclear structure and teed Jeukenne-Lejeune-Maha@3LM) nucleon-nucleon ef-
neutron and proton matter distributions of these exotic nucleiective interaction is also presented for all even-even argon
evolve far from stability. Extracting nuclear properties, suchisotopes fromA=236 to A=44.
as density distributions, from proton scattering relies on in- The paper is organized as follows. Section Il is devoted to
teraction models, the parameters of which are adjusted tthe experimental procedure and results. Section Il presents
reproduce the experimental results. Microscopic approachetje phenomenological analysis of the data as well as the
where nuclear densities are folded with an effective nucleondescription and discussion of the microscopic analysis per-
nucleon interaction to produce the optical model potentialsformed for the argon isotopic chain. Finally, the findings are
are commonly used to study the nuclear structure of stableummarized and conclusions are drawn in Sec. IV.
and unstable nuclei. Once the parameters of the effective

Il. EXPERIMENT
*Present address: Max Planck Institlit Kernphysik, D-69029 The secondary?*/Ar beams were produced via fragmen-
Heidelberg, Germany. tation of a 70 MeV/nucleorf®Ca primary beam, provided by
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FIG. 1. Schematic diagram of the experimental setup. Four xcitation Energy (MeV)

silicon-strip telescopes that detected recoiling protons from @ CH  F|G. 2. Excitation energy spectrum féPAr scattering on pro-
target were placed on each side of the beam direction. A cylindricajons at 33.6 MeV/nucleon integrated over the center-of-mass angu-
plastic phoswich detector was placed at 0° and measured both ifgr range 30% 6., ,,<34°. The solid line is the sum of Gaussian fits
cident beam and scattered fragments. Two parallel plate avalanchg the elastic and inelastic peaks.

counters placed before the target were used to track the beam event

by event. : . .
y resolution was about 0.5 mm, corresponding to a resolution

the K1200 cyclotron at the National Superconducting Cyclo-of @bout 0.13° for the in-plane scattering angle. The 3 mm
tron Laboratory, in a®Be production target. The fragments Vertical strip pitch corresponds to an angular resolution of
were analyzed using the A1200 fragment separf8}, and ~ about 0.75° for the out-of-plane scattering angle. It should be
the resulting beam was purified by using an aluminum wedg80ted that the larger uncertainty on the vertical position has
placed in the second dispersive image point of the A12009Nly & minor affect on the total angular resolution because
The momentum acceptanda/p of the A1200 was 1%. The the detectors are placed rather close to 90° in the laboratory
“2Ar and “Ar beams were more than 98% pure with final frame. , N _
intensities of about Toparticles per second at the secondary Protons that stopped in the silicon strip detector were
target and energies of 33.0 and 33.2 MeV/nucleon, respeddentified by energy measurements and identification of the
tively. scattered projectile, _vvhlle higher energy protons that
Two parallel plate avalanche count¢is], placed 82 cm punched through the first Qetector were identifiedAdy- E
and 183 cm upstream from the secondary target, were uségéasurements. Protons with energies of up to 14 MeV were
to measure, event by event, the incident beam angle argfopped in the teles_copes. For protons that did not stop in the
beam position on the target to correct for the secondary beafgescopes, the residual energy was deduced from the energy
emittance. Beam particles were stopped and identified in ¥SSes in all three detectors. The final laboratory energy
fast/slow phoswich telescope consisting of thin and thick@nge was 1-30 MeV, sufficient to detect protons which
plastic scintillators. This\E-E telescope was placed behind Were elastically scattered and inelastically scattered to Ihe 2
the secondary target at 0° so that its opening angle was largéate in the covered angular range. Proton events in the
enough to detect scattered projectiles with unit efficiencysilicon-strip telescopes were taken in coincidence with the
(see Fig. 1 It also yielded a start signal for the proton time- zero degreeAE-E phoswich detector which identified the
of-flight measurement. outgoing fragments and allowed the scattering channels to be
The argon projectiles were scattered by a thin ggH Separated from other channels due to reactions with the car-
target rotated such that the angle between the beam axis aR@n in the CH target.
the normal to the target is 30°, providing an effective in- Before measuring the***Ar scattering, a test case
beam target thickness of 3.12 mgfnwhile reducing the Was run with a *°Ar primary beam degraded to 33.6
energy loss and angular straggling even for low-energy reMeV/nucleon. Figure 2 shows the excitation spectrum ob-
coiling protons. A group of four telescopesx5 cn? active tained for *®Ar, integrated over the center-of-mass angular
area each, was used to measure the energies and angles of f#@ge 30% 6, ,<34°. The first 2 excited state of*°Ar
recoiling protons. Each telescope was composed of a 30|@cated at 1.980.06 MeV is clearly identified and its de-
um thick silicon strip detector with 16 horizontal resistive duced mean energy is in excellent agreement with the
strips (3 mm wide backed by two 500um thick silicon — adopted value of 1.97 Me[20]. The excitation energy reso-
detectors. The silicon-strip array was positioned 23 cm fronfution (FWHM), largely due to the laboratory angle resolu-
the target and covered the laboratory angles between 67° a#i@n, is of the order of 800 keV.
82°. A schematic diagram of the experimental setup is _Figure 3 shows the excitation energy spectra measured for
shown in Fig. 1. “2Ar and “*Ar. The excitation energy resolution in both cases
The telescopes were mounted such that the Si strips weig Similar to that obtained in thé®Ar test case, and the
nearly perpendicular to circles of constant scattering angl@round state and first’2 excited state are clearly identified.
with respect to the beam axis. The vertical position waslhe excitation energy of 1.1220.043 MeV measured for
given by the strip which triggered, while the horizontal po-the 2{ state in*?Ar, though slightly smaller, is consistent
sition was obtained from the charge division signals read outvith the adopted value of 1.208 Mef20]. The excitation
on both ends of the resistive strips. The horizontal positiorenergy of the 2 state in **Ar (1.167+0.040 Me\} is in
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FIG. 3. Excitation energy spectra f8fAr and *“Ar integrated

over the 29°-37° and 27°—33° center-of-mass angular bins, re- O _ (deg)

spectively. The dark and light grey areas are Gaussian fits to the cm.

elasti'c ahd inelastic peaks. The solid line is the sum of the two g5 4. Angular distributions for the elastic scattering

contributions. The center-of-mass angular range and measured ey;pen circles and inelastic scattering to the first Zexcited state

citation energy of the first 2 excited state are listed for both nuclei. (filled circles measured for(@ the °Ar(p,p’) reaction at 33.6
MeV/nucleon, (b) the *?Ar(p,p’) reaction at 33.0 MeV/nucleon,

good agreement with the value of 1.14@.077 MeV ob- and(c) the “*Ar(p,p’) reaction at 33.2 MeV/nucleon. DWBA cal-

tained in a previous Coulomb excitation measurenftht culations using the Becchetti-Greenlees optical potential are shown

Figure 4 displays the angular distributions for elastic andor the ground statésolid line) and for the 2 state(dashed ling
inelastic scattering to the first"2excited states measured for (see text The shaded bands indicate the experimental uncertainty
the 3%Ar(p,p’) reaction(a), the “?Ar(p,p’) reaction(b), and  for the deformation parametg,.

the *Ar(p,p’) reaction (c). These distributions were ob- _ _ .
(p.p") © rparametet,82| was obtained by scaling the calculated inelas-

tained by fitting the elastic and inelastic peaks, for 1° center®, . . . .
y 9 P dic cross section to the data. Similar calculations yielded a

of-mass angular bins, with two Gaussian distributions an S . ) ; .
then integrating the number of counts. A simulation Wasgood description of the elastic and inelastic proton scattering

used to obtain the efficiency of the experimental setup and aqa_taséor tzif\:leon-gven sulfur isotopes with masses between
absolute normalization was obtained by using the targe@‘_ andA=40[8].

thickness and the incident beam intensity given by the 0° The present analysis yields a value|@h| =0.36 for the

36A i : ;
phoswich detector. The error bars in Fig. 4 are purely statis?UC/€Us ~Ar with an experimental uncertainty al|B,|

=0.04. The range of differential cross sections given by this

tical. experimental uncertainty is indicated by the shaded band in
Fig. 4. This value of 8,|=0.36+0.04 is in excellent agree-
I1l. ANALYSES ment with the value obtained from a previous inelastic pro-
_ ) ton scattering experiment otfAr [23]. The same procedure
A. Phenomenological analysis yields values of|3,]=0.32+0.05 and 0.3%0.05 for “?Ar
Distorted wave Born approximatiofDWBA) calcula-  and **Ar, respectively.
tions were performed using the coBeis[21] and the results It is known that combinations of Coulomb excitation and

are compared to the data in Fig. 4. The optical potentiaproton scattering measurements allows one to assess the
parameters were taken form the Becchetti-Greenlees pararisoscalar or isovector collective properties of low lying 2
etrization[22], which was developed for elastic proton scat-and 3~ stateg7,24]. The|B,| deformation values extracted
tering on A=40 nuclei. No arbitrary normalization of the here for “?Ar and “*Ar are very close to those measured by
data was required and the calculated elastic cross sectionSpulomb excitatiorf1,25], and no clear evidence of isovec-
shown by the solid lines in Fig. 4, are directly compared totor dependent deformations in these neutron-rich argon nu-
the absolute experimental cross sections. For the calculatiariei is seen, contrary to what is observed in the case of the
of the inelastic cross sections, a standard vibrational fornrmeutron-rich sulfur isotopef3]. This difference can be ex-
factor was used, and in each case the quadrupole deformatiphained by the strongly closed=16 subshell in sulfur
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— i; E % E 0. E . m TABLE I. Proton and neutron root mean squénes) radii cal-

£ X Ar £ Ar £ Ar £ Ar culated using the microscopic collective model described in the
oA 5 text.

= rP o (fm) rh.e (fm) A(r?)Y2 (fm)

& ear 3.331 3.285 —0.045

£ “OAr 3.377 3.441 0.064

e “2Ar 3.400 3.508 0.108

g A4Ar 3.419 3.566 0.147

[~%

radius (fm)

microscopic collective model are displayed in Fig. 5. The
FIG. 5. Microscopic collective model predictions for the ground N=Z_ '_"UC|9U336AF prgsents very similar proton anq neutron
state(top row) and transition densities to the Ztate(bottom row densities as found i?S, and as expected for light self-
for even-even argon isotopes ranging frdfar to *‘Ar. The solid ~ conjugate nuclei. For*®Ar, the calculation predicts pro-
lines represent the proton densities whereas the dashed lines d@n/neutron differences due to the additional neutrons that
the neutron densities. Th&Ar densities are calculated using the show up mainly in the interior of the nucleus. Furthermore,
ATDHFB collective mass parametefsee text both transition densities peak sensibly at the same radius.

. . . Moving to the more neutron-rich isotope®Ar and “Ar, a
which does not exist for the argon isotopes. In the latter CaS&ear indication of a neutron skin is observed in the ground

the two valence protons can participate to the excitation %Zate densities. A guantitative estimate of this skin can be

much as the neutrons. . !
obtained by comparing the neutron and proton root mean

square(rms) radii listed in Table I. Assuming the thickness
of the skin is directly given by the differenak(r?)¥? be-

In a microscopic model approach to scattering processesween the neutron and proton rms radii, we find tftér and
one can view the nucleon-nucleus optical model potentiab*Ar exhibit neutron skins 0.108 fm and 0.147 fm thick,
(OMP) as the result of the folding of a complex, energy-, andrespectively. One should also note that the neutron transition
density-dependent effective interaction with the nuclear dengensities for*2ar and %4Ar are peaked at larger radii than for
sity. This approach allows for differences in matter dens_itie.sprotons, where the scattering process is most sensitive.
to be probed because the same nucleon-nucleon effective in- o girect comparison between experimental and calculated

teraction is used throughout an entire mass chain. 'n_thiﬁharge densities for the ground state'®4r is shown on Fig.

section, a description of_the model and the approximationg rpq experimental charge density was obtained from elastic
upon which the calculations are based are presented. Ti}3

calculations follow the spherical OMP work published in fectron scattering29]. Although the microscopic calcula-

Ref. [26] which was extended to proton inelastic scatteringtlon does not reproduce the density in the interior of the

from deformed nuclei in Ref8], so only the main features nucleus, it closely matches the distribution for radii greater
of our approach will be discﬁséed here than 2.8 fm, where the proton scattering process is most sen-

The (p,p') scattering analysis shown below uses de-Sitive. This result along with similar ones obtained for the

formed OMPs in which point proton and neutron radial den_sulfur isotopes[8] sets our optical model calculations on

sities are calculated through a microscopic collective mode?OIId _grour_1d when using MICTOSCOpIC nuclear. densities as
for quadrupole motion, as described in Re®,27], using described in Refd.8,27]. Table Il lists the experimental;2

Gogny's Force[28] as an effective interaction. The calcu-

B. Microscopic analysis

lated nuclear densities were then folded with a nucleon- to -

nucleon effective interactiotr’*™, which we refer to as the o8 L

JLM interaction, in order to get the deformed OMPgth O F

deformedV, W, Vg, and ). Once the diagonal and tran- & 06

sition potentials were obtained, they were inserted into the P C

ECIS98 code[21] to solve the coupled equations for proton < o4 [

elastic and inelastic scattering to the first xcited state of = C

the even-even argon isotopes. Details on the nucleon- 02 |

nucleon effective interaction as well as on the folding calcu-

lations can be found in Ref8]. In these calculations, no 00 Lnluvbinlnlinls Lo
effective charges and free parameters are introduced. Only 01 23 45 6 78
small phenomenological renormalizations, @nd\,,) of the radius (fm)

real and imaginary potential depths are allowed. FIG. 6. Comparison between experimensdlid line) and pre-

dicted (dashed linemonopole charge density fdPAr. Experimen-

tal data are extracted from RéR9]. The predicted charge density
The point neutron and proton ground state densities ai obtained by convoluting the calculated proton density with the

well as the q <—2, transition densities calculated with the proton charge smearing form factor.

1. Nuclear densities
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TABLE Il. Energies of the T{ state,B(E2) values, and rms TABLE I1ll. Matter, proton, and neutron deformations and
charge radii. Experimental excitation energy &(&2) values are M ,/M, ratios from the microscopic collective model calculations.
from Ref.[25] (3 “?Ar) and from Ref.[1] (**Ar). Experimental

rms charge radii are from Ref33] (**°Ar). Theoretical values B85 B85 B85 (M, /M)/(N/Z)
are from the microscopic collective model calculations using the *
ATDHFB (%°Ar) and Inglis ¢°"**Ar) collective masses. Ar —-0203 -0.205 —0.200 0.976
“OAr 0.233 0.225 0.240 1.064
EX (MeV)  B(E2) (€% fm?) re.e (fm) ﬁAr 0.263 0.244 0.278 1.137
Expt. Theory Expt. Theory Expt. Theory Ar 0.271 0.247 0.288 1.169

36Ar 1.970 1.297 34840 191.67 3.3270.015 3.393

jgﬁr i';g; ;g;i 323@?13:0 éii'gé 3.3930.015 239’523 In Table Il, the excitation energies of the first 2tates of
alie : : : the 404244 isotopes are consistently overestimated by the

Ar 1144 1.603 34341 37581 3.469 microscopic collective Hamiltonian calculatiofissing Inglis
collective massgs The above discussion on the effect in-
duced by collective mass parameters suggests that a better
excitation energies anB(EZ,O;ﬁSaZf) values, along with treat_ment of collective masses might improve the agreement.
the rms charge radii, and compares them with the theoretical Finally, the structure calculations fofAr are not shown
values given by collective Hamiltonian calculations. Except!er€ Since they present the same difficulties as those shown
for 36Ar, which will be discussed later, the agreement be-N Ref. [8] for °°S, i.e., the CO”eCthlty of thes =20 nuclei

tween the measured and predictBGE2) values is very is st_rong_ly overe_st_imated by the microscopic coI_Iective
good, showing that the collectivity of these nuclei is well Hamiltonian predictions. One can nevertheless notice that

— 2¢14 ; 8
understood. Similar to what was seen in R] for the the B(E2)=129=10 e’fm" experimental value for*®Ar

. . o . 25] is the lowest one among the argon isotopes, which is
sulfur isotopes, the predicted rms charge radii overestimat . . ;
. consistent with the presence of tNe= 20 shell closure. This
the experimental values by 1.5 to 2.5 %.

The 3Ar isotope is a special case since the “Standard”!ow B(E2) va_llue is due to the vanishing of the neutron pair-
i ; . ~ ~_ing for spherical shapes.

collective model calculation that uses the Inglis approxima- Model-dependent quadrupole deformation parameters

tion [30] for the collective mass parameter in the kinetic termyere calculated from microscopic predictions using

of the collective Hamiltonian, predicts prolatg Oand 2

states for®Ar whereas the 2 state is well known to be

oblate [31]. A more complete treatment of the collective n(p)_\/an(”)

mass parameter, using the more self-consistent adiabatic 2 _W' @)

time dependent Hartree-Fock-Bogoliub@TDHFB) col-

lective inertia parameterg32], produces an®Ar nucleus

with the expected oblate shape, which manifests itself as th@herng(P) is the neutron(proton quadrupole momenRR
negative sign in thé®Ar transition densitieg¢see Fig. 5. The  the nucleus radius defined BsAY2 (rp=1.2 fm), andN(2)
ATDHFB masses used in this calculation exhibit very sharps the neutror(proton number. The deformation parameters
peaks in the oblate region of thgy) collective coordinate for the neutron, proton, and matter distributions are listed in
plane, thus drawing the wave functions towards an oblat@able Ill. The isotopes®424Ar all exhibit neutron quadru-
deformation. Besides changing the nuclear shape, the collepole deformations that are significantly larger than the ones
tive mass treatment also strongly affects the calculated excfor protons, which is consistent with the observation that the
tation energy of the first 2 state of*°Ar. The energy of this neutron transition densities peak at larger radii than the pro-
level is predicted to be 2.524 MeV and 1.297 MeV using theton densitiegsee Fig. % This difference is also reflected in
Ingliss and ATDHFB collective mass parameters, respecthe M,,/M,, ratios which increase with the neutron richness
tively. The measured excitation energy is 1.970 MeV, be-as in Ref[8] in the case of sulfur isotopes. Predicted values
tween the two collective model predictions, suggesting thafor the matter deformation can also be compared with the
the “correct” treatment of the collective masses shouldphenomenological values extracted from the DWBA analy-
produce intermediate results. The calculation using thesis. Both values are very close and exhibit the same increas-
ATDHFB collective masses strongly underestimates the exing trend with heavier masses. In the casé%fr, the proton
perimental B(E2) value and thus the collectivity of®Ar and neutron deformations are nearly identical as expected for
(see Table ). Moreover, the calculateB(E2) values using a light N=2Z nucleus. Also the underestimation of tB€E2)

the Inglis or ATDHFB mass parameters are nearly identicalyalue for this nucleus translates into an underestimation of
showing that the collective mass parameters have only the 8, deformation parameter, which is predicted to be of the
weak influence on the predicted collectivity $#Ar. Finally,  order of 8,=—0.20 whereas the DWBA analysis finds
we wish to stress that the ATDHFB approach is not free|8,|=0.36+0.04. In summary, moving along the argon iso-
from approximations, and an even more self-consistent treatopic chain, the matter deformation changes from strongly
ment of the collective mass parametg8&] should be per- oblate for 3Ar to more prolate for*®*?4Ar, with a nearly
formed, presumably with better results. spherical shape fofAr.
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ferences between the phenomenological quadrupole defor-

/\:z\ 10°3F ®Ar mations and those obtained from the microscopic collective

-g 1025_ model are not evident from the inspection of the calculated

~ 5, .. inelastic scattering cross sections shown in Fig. 7.

g 1w SRR " ;’:'_-’_-5;-r;--!;’;+;f;’-;?;gtf,::h_ In the case of*Ar, the calculation that uses the densities

® 1L o calculated with the microscopic collective Hamiltonian and

=oaE il the ATDHFB mass parameters, underpredicts the inelastic
10 15 20 25 30 135 40 45 scattering cross section by about a factor ¢fi@shed line in

Fig. 7). This underestimation of the collectivity 6fAr (by

W03k 40Ar the collective Hamiltonian calculationsan be expected

3 o from the comparison between the predicted and measured

E 10 3 B(E2,0;s—2;) values(see Sec. Ill B L A calculation per-

% 10 & formed using axial Hartree-Fock-Bogoliubov densities con-

E 1 T strained atB=—0.30 (dotted line in Fig. 7 yields much

.
S [rrmm

L TN DT better results and agrees with th@,| value extracted from
20 40 60 80 100 120 140 t_heI DWBA analysis using phenomenological optical poten-
tials.

Overall, the good agreement between the calculated and
experimental cross section angular distributions shows that
the JLM interaction, folded with our microscopic densities to
produce a microscopic OMP, is a reliable tool for analyzing

—_
o]

T

£ E proton scattering data for stable and unstable nuclei in the

S E argon region, which is consistent with the conclusions of

E | TS RS ER RS SR PR Ref.[8]. The case of®Ar shows that p,p’) scattering cal-

% 103_ culations using our folding OMP are very sensitive to the

—\8 collectivity of the folded nuclear density, and thus can be
102 used as tests for different descriptions of nuclear structure.
10

‘ttt#j IV. SUMMARY AND CONCLUSIONS

e RWEEE FNNES TREE In summary, we have measured the cross section angular
15 20 25 30 35 40 4 distributions for elastic and inelastic scattering of protons on
0., (deg) the unstable neutron-rich nucléfAr and *“Ar. The experi-
ment was performed in inverse kinematics using secondary
FIG. 7. Microscopic coupled channel calculations using micro-rgdioactive beams and detection of the recoiling protons.
scopic_: collective model densitie_s a_nd the JLM nucleon-nucleon in-This measurement extends the systematics of proton scatter-
teraction for the ground s_ta'(eolld ling) and the Z state(dashed ing from the even-even argon isotopes. These results com-
"?f}sze te’% ]:I'he ﬁpfensrzeng\ datagarf ,I;om tze plresle”,t Workpined with those already obtained for the sulfur isotopic
l(JSin a;?aF:FBrc:jn;nsi(taié[s c]or(nstrerli:;dgk—oegd is ;?szus?:)c\)/;}n chain provide a unique opportunity to study the collective
for 3%Ar (dotted ling ' properties of nuclei in theA=40 mass region moving
' through theN=20 shell closure towards the neutron-rich
) ] ) ) side of the valley of stability.
2. Microscopic optical model calculations The data were first analyzed in the framework of a phe-
The microscopic calculations are compared in Fig. 7 withnomenological optical model using the Becchetti-Greenlees
experimental elastic and inelastic scattering angular distribuparametrization and standard collective transition form fac-
tions for several argon isotopes, with the exceptior®fr  tors. The calculations were in excellent agreement with the
for which no experimental proton scattering data are availexperimental angular distributions, afd,| values of 0.32
able. For all argon isotopes studied here Xheand\,, po-  +0.05 and 0.3+ 0.05 were extracted fof?Ar and *“Ar,
tential depth normalization factors where taken to be 0.94espectively. These deformation values are very close to
and 0.92, respectively. As in Rd#], the isovector parts of those measured by Coulomb excitation, and no clear evi-
the nuclear central potential were multiplied by 2.0 in orderdence of isovector behavior in the neutron-rich nuéfr
to be able to use the sarkeparameters throughout the argon and **Ar is observed.
isotopic chain. A remarkable agreement is observed both in Microscopic OMP calculations were also performed for
shape and magnitude for all argon isotopes but®fér. The  the argon isotopes. These calculations consisted of folding a
first diffraction minima and maxima for the elastic and in- modified JLM effective interaction with nuclear densities ob-
elastic scattering are well reproduced. Note that the smaliained after solving the collective Hamiltonian for quadru-
overestimation of the charge rms radii discussed above dogwle motion. The deformed microscopic OMPs were then
not seem to adversely affect either the position or the depthised to solve the coupled equations for elastic and inelastic
of the predicted diffraction minima. Similarly, the small dif- proton scattering by the ‘0 ground states and;2 excited
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states of the even-even argon isotopes. For the isotopésctive models. Yet, given a more deformed nuclear density,
404249, this microscopic approach produces predictionsthe microscopic OMP predictions agree with both experi-
that agree very well with the experimentql,p') data. This mental (,p’) data and their phenomenological interpreta-
can be interpreted as the fact tigtthe reaction modelji)  tion. This shows that our microscopic OMP can be viewed as
the folding modelJiii) the modified JLM effective interac- a link between experimental proton scattering data and
tion (including a sizable renormalization of the isovector nyclear structure calculations, and constitutes a tool to test

pard, and(iv) the description of nuclear structure in terms of gensities obtained from various descriptions of nuclear struc-
the collective model, are providing adequate representationg e

of the physics involved inff,p’) scattering from these iso-
topes. Moreover, the deformation parameters deduced from
the microscopic structure calculations confirm those inferred
from our phenomenological analysis. However, the above
calculation scheme does not account foyd’) scattering on This work was partly supported by the National Science
36Ar. The obvious cause of this disagreement is the underFoundation under Contract Nos. PHY-9528844, PHY-
prediction of the collectivity of*®Ar by the microscopic col- 9602927, PHY-9523974, and PHY-9605207.
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