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J. H. Hirata, S. Sala-Vasconcelos, M. J. Bechara, L. C. Gomes, and O. Dietzsch
Instituto de Fsica, Universidade de ®8aPaulo, Caixa Postal 66318, 8&aulo, SP 05315-970, Brazil
(Received 2 July 1997

Measurements of Coulomb excitation probabilities of the fifstsgate of 2019219y were carried out using
back-scattered ions dHe and'®0. The static quadrupole momer@§+ and the reduced transition probabili-
ties B(E2;0; —2;) have been determined using the reorlentatlon effect. The quadrupole mo@u@nts
deduced for the positive sign of thg 2nterference term are-0.54+ 0.07 eb, —0.64+ 0.05eb, —0.62+0. 08
eb for 1%Ru, °Ru, and 1%Ru, respectively. The reduced transition probabilitBeE2;0, —2;) are
0.493+0.003e%b?, 0.614+0.004e?h?, and 0.80% 0.006 e?b?, respectively. A compilation of the available
experimental results for the reduced eletric quadrupole transition proba(Rg;0; —27) and for the static
quadrupole momentsQ21+ for the even ruthenium stable isotopes £96<104) are presented.
[S0556-281®8)00201-5

PACS numbgs): 25.70.De, 27.60xj, 21.10.Ky

I. INTRODUCTION tool for the investigation of nuclear properties also makes the
availability of precise transition dat@ven for the low-lying
The phenomena of shape coexistence and shape transiates of the stable isotopes,<98<104) highly desirable
tions in transitional nuclei such as the ruthenium isotopedor such an analysis. We report here an experimental deter-
have been receiving considerable attention in the past twmination ofB(E2;0; —2;) andQ,; for 10010210Ry ysing
decades. Because of its symmetry structure, the “algebraicthe reorientation effedtl1]. Preliminary results of this study
interacting boson approximatidilBA) model is particularly  [12] have been reported previougly3], and an investigation
appropriate] 1] for treating transitional nuclei. The Ru iso- of the nuclear form factor in the scattering @fparticles on
topes, in particular, have recently been investigated withinl0.102.10&, at energies in the vicinity of the Coulomb barrier
the IBA1 model by FranK2,3] where an S@) dynamical is the subject of another studig4]. We also present here a
symmetry Hamiltonian with fixed parameters was used. Acompilation of the available experimental information on
geometrical interpretatiof#t] of those results revealed a tran- B(E2;0; —27) andQ2+ values[15-29 for the even ruthe-
sition from spherical shap@{°Ru) to ay-unstable structure jym stable isotopes (%A< 104). A comparison with the-

for the higher mass isotope8’t™ '%*Ru). oretical model predictions is also made.
The “geometrical” general collective modéGCM) has

also been recently applied to the Ru isotopes by Troltenier

et al.[5] and a spherical structure with a tendency to triaxi- Il. EXPERIMENTAL PROCEDURE
ality has been obtained. A spherical-triaxial transition for
9%-108, with a prolate onset fof®Ru is indicated, in con- The experimental method and procedures for data reduc-

tradiction to the results of the IBA calculatigd]. Common tion are similar to those used in previous wofB§—-32 and
features, e.g., the spherical shape $#Ru and theg defor-  will not be described in detail here. Targets'8fRu, 1%%Ru,
mation of 0.3-0.4 for the heavier isotopes, are neverthelesand 1%Ru were bombarded witfiHe and*°O ions from the
obtained in both studies. Phenomenological models such &¢andem” electrostatic accelerator at the University ofoSa
GCM, use experimental dat@xcitation energies, electro- Paulo. The targets consisted of thin layérs ug/cn? thick
magnetic matrix elementso generate an adjusted collective for °0 and ~15 ug/cn? thick for “He) of metallic ruthe-
Hamiltonian in a least-squares-fit procedure. If not enoughium enriched in isotopes of masses @@02%,
data are available, this procedure can lead to difficulties irl02(99.35%, or 10496.35% evaporated33] onto ~15 ug/
the theoretical interpretatidrd]. cn? thick carbon backings.

A wealth of new information now exists on the level The scattered ions were detected in cooled silicon surface
structure either of neutron-rich Ru isotopes=108—114)  barrier detectors of 10@m depletion depth placed at back-
obtained mainly with largey-detector arrays observing ward angles. At the most backward scattering angle
prompt y decay in spontaneous fission fragments?ACf  (6,.,~174°), an annular detector with an 8 mm diameter
[6,7] or 2*%Cm [8], and from radioactive decay of proton hole was used. Standard techniq(ig3,12 were applied to
induced fission productf9] or on the properties of high- achieve good energy resolution and to minimize the back-
lying states in the stable isotopes obtained from incompletground in the spectra.
fusion reaction$10]. Those data provide a large set for com-  Typical spectra are shown in Fig. 1 together with the fit
parison with model predictions and will most certainly used in the analysis of the data. Resolutions full width at half
prompt a reinvestigation of the phenomena presented by numaximum(FWHM) of ~30 keV for *He and~ 120 keV for
clei in this mass region. 180 were obtained. The elastic and inelastic peaks were well

The fact that transition probabilities are a very sensitiveresolved in all heavy-ion spectra, which usually displayed a
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10° - : : , : : . , : TABLE I. Summary of the experimental excitation probabilities
o (Rexp and associated errofi percent.
10° = *He + "Ru {\ Isotope Projectile E\ab (ST Rexp Error
F E,,=8732MeV (MeV) X103 %
s | <@g, =1744° Dot
10" & F 100 *He 7.987 1744 427 1.1
F 2 I 8.236  174.4 5.07 1.0
10° L ; 8.485 174.4 5.80 0.9
E ‘/ . 8.732 174.4 6.71 1.0
C i * %0 34.95  174.2 62.9 1.0
o 10" F : 1300  54.0 3.7
2 & i 1100  43.0 35
g 10" . . . A . . . ,.-' ) 35.45 174.2 68.1 0.9
o 400 500 600 700 800 110.0 48.0 3.1
Lo 35.93 1742 727 0.9
L 10 e ' ' ' ' 130.0  60.0 3.8
=2 o 1100 510 30
8 10° £ "0+"Ru 3 36.44 1742 765 0.9
E E,,=35.93 MeV , /‘\ 3 110.0 55.0 3.0
10° [ <@w=1742 2 v 36.93 1742 845 0.8
\ 1300 700 32
102 L 19 1100  57.0 3.0
2 2 4 L 102 *He 8.234 1734 7.43 1.0
o L eeta o b 150.0 6.9 1.4
RTINS g RN 8.484  173.4 8.51 1.0
R ARG 1500 77 15
9250 350 450 550 650 8733 1734 97 1.1
ENERGY ( CHANNEL NUMBER ) 150.0 8.4 21
o ' 8.982 173.4 11.0 1.0
100RFIG. 1. Spectra of°O ions anda particles backscattered from 150.0 10.2 1.4
u. The curves through th_e e_xpenmental po_lnts are fits to the 160 37.17 173.6 126.0 0.9
spectra from which the contributions of scattering from contami- 37.41 173.6 127.0 0.9

nants have been subtracted. 37.92 173.6 1320 0.9

38.16 173.6 142.0 0.8

high ratio (~20:1) between the inelastic peak height and the 38.90 173.6 1490 0.9

valley between peaks.

L - , . : 104 “He 7.736  150.0 8.7 1.3
The excitation probabilities defined as the ratio of the in-

) P ) _ oF 7.987 172.8 11.4 1.1
elastic to+ the elastic cross sect|orRexp=(dcr/dQ)la1b/ 150.0 10.3 1.3
(da/dQ)?alb were extracted from the spectra using the meth- 8.234 172.8 13.2 1.0
ods and line fitting programs described in RE34]. The 8.485 115702'% 1114;56 11'30
elastic and inelastic contributions of the other Ru isotopes : ' . :
were subtracted from the spectra using the shape of the elas- 150.0 13.2 13

%0 37.68 1734 2340 1.1

tic peak of the main isotope and the supplier asgagk

Ridge National Laboratory, Isotopes Divisjoaf the target 3792 1734 2390 12

material. Small contributions from Mo isotopes in natural 38.17 1734 2500 1.0
concentration(from impurities present in the W crucible 3842 1734 256.0 11
used in the target preparatiowere also subtracted. The 38.68 173.4 261.0 11
search for contaminants was made through a careful com- 38.93 173.4 263.0 1.2

parison of*He and°0 spectra taken with the same target.
Particle induced x-ray emissiofPIXE) methods were also
used with many of the targets in determining elemental im4n the data taken with the smaller solid angle detectors at the
purity concentratior{33]. As in other works of this group other backward angles. The results of this analysis for the
[35-38, observation of elastically scattered particles with aexperimental excitation probabilities are shown in Table |
position sensitive proportional detectf9] located at the (together with the corresponding uncertaintjesr the dif-
focal plane of a high-resolution magnetic spectrograph waferent projectiles, bombarding energies, and laboratory scat-
also employed in examining the purity of some of the targetstering angles that were employed.

Statistical plus fitting uncertainties in the evaluation of The validity of the analysis is based on the assumption
Rexp are of the order of 1% for most of the data taken withthat the contribution to the ;2 intensity from sources other
the annular detector. Larger uncertaintiei, are present than pure Coulomb excitation is negligible. The data used in
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TABLE Il. Level energy, spin and parity, and reduce@ ma- TABLE IV. Level energy, spin and parity, and reduded ma-
trix elements(in eb) used in the multiple Coulomb excitation cal- trix elements(in eb) used in the multiple Coulomb excitation cal-
culation for 1°Ru. culation for *%Ru.

Level |™ Energy 1 2 3 4 5 Level 1™ Energy 1 2 3 4 5
(MeV) (MeV)

0 00 00 My, 0.0 0.0 -0.143
2/ 05396 My, My -0.309 -1.140 -0.663
0, 1.1306 0.0 -0.309 0.0 0.0 0.0
47 12265 0.0 -1.140 0.0 0.0 0.0
2; 13621 -0.143 -0.663 0.0 0.0 0.0

0f 00 00 M;, 00 -0183 00
27 03579 M;, M, -1.468 -0.914 -0.269
47 0885 00 -1468 00 00 0.0
27 0.8930 -0.183 -0914 00 00 0.0
0; 09880 00 -0269 00 00 0.0

ga s~ wWN PP
a b~ ON PP

the present analysi§able ) were taken at bombarding en- has been investigated. This has been done by varying the
ergies below “safe values'(9.5 MeV for « particles and matrix elements listed in Tables II, lll, and IV by 50%. The
38.9 MeV for the®O beam obtained using the criterion that largest change iB(E2;0; —2;) was of 0.29% due to the
half the distance of closest approach in a headon collisiom,.,:* matrix element. All the others changes were
must be greater than or equal to the sum of the two nucleic 9.05%. The largest change sz due to the matrix ele-
radii [ 1.25(AY3+ A}?) ], plus 6.0 fm. It is estimate[B2] that  ments variations was 10%.
for energies below these values the nuclear contribution |t is a well-known fact that the computed excitation prob-
should be less than 2%. ability is sensitive to the sign of the second order interfer-
The determination of th&(E2;0; —2;) andQ,; val-  ence termM ;,M ;M arising from the direct excitation of
ues was accomplished by comparing the measured ratiake first 2 level and the excitation through a higher lying
(Rexp With the results of a semiclassical coupled channelsntermediate 2 states. For 1°%19210Ry there is one such
calculation_ Rco_m,) for mqltiple Coulomb excitatiofMCE) prominent 2 state, the 2 member of the (§, 25 , 4;)
[40]. The first five levels in'®Ru, **Ru, and'®Ru, respec-  triplet at about twice the energy of the firsf Ztate. There-
tively, were used in the calculation. Their excitation ener-fore the values oB(E2;OIH21+) anszf were computed

gies,J” values, and the associated electric quadrupole matrix,. qih signs of the matrix elements prodiids,M ;M
. S S
elementsM;; =(1;[M(E2)|l1;), obtained from the measured | hares=5 for 199Ry (see Table i, ands=4 for 10210y,

B(E2) values and branching rati¢Ref. [20]) are given in (see Tables Il and 1Y/

;ir\?ebll)?s Il, 1ll, and 1V, for *Ru, **Ru, and **Ru, respec- _ The B(EZ;OI—>2:) values obtained in the prc_esent work
. __+ include small corrections for the effects of atomic screening
TPe llzquadrup(ile matrix  elementM1,=[B(E2;01  41] and vacuum polarizatiof#2]. Corrections arising from
—21)]7 andMy=—1.310,: were treated as free param- he semiclassical approximation have also been taken into
eters in a least-squares analysis of the data, after expressiagcount, but no corrections have been made for effects of
Rcomp in @ functional form given by34,30: excitation modes other than=2. The Q21+ values are

strongly affected by the sign of the produit;,M Mg,
whereas that oB(E2;0; —2;) shows essentially no depen-
where the index refers to the experimental parameters ofdence on it. The quoted errors have been calculated from a
Rpr to which the computed ratio shall be compared. Thisduadratic combination of statistical uncertainties with errors
expression reproduces within less than 0.06% the MCE call SPectra fitting, incident energy, scattering angle, and in the

culations over our range d¥l;, and My, values. The coef- adopted values for the matrix elemends; (E2).
ficients a;, B;, andy, were determined fronR o, calcu- The results of the analysis are presented in Fig. 2, where

lated for given values oM, andM ;. the ratioReyy/Reomd @=0) (computed in this case for posi-
The dependence d(E2;0; —2}) and Q,; values on tive interference terms onlyhas been plotted against the

the matrix element$/;;(E2) used in the MCE calculation sensitivity parameteg defined[11] by

TABLE llI. Level energy, spin and parity, and reducé@ ma- Roomd Q) = Reomd Q=0)(1+2Q),
trix elements(in eb) used in the multiple Coulomb excitation cal- where R p(QZO) is the computed excitation probability
o 10 com
culation for Ru. for Q=0. In the MCE calculation 0ofRum{Q) and
Reomd Q@=0), the values oB(E2;0; —2;) determined in

Reomd M12,M20) = M+ BiMIM oot %M1,

Level | I(E'\:E(%y ! 2 3 4 > the present work were used.
1 07 0.0 0.0 M, 00 -0145 00 IIl. RESULTS AND DISCUSSION
2 27 04750 M;, M, -0315 -0.765 -0.138 _
3 0; 09435 00 -0315 00 0.0 0.0 In Tablef \ a+nd Vi exper|men€;t(§iésrf(iljl|£ lof other authors
4 2; 11031 -0145 -0765 00 00 00 ONB(E2;0{—27) andQp for #H0%Ry are also
5 47 11062 00 -1.380 0. 0.0 0.0 presented, together with the results of the present work. The

weighted average of all experimental results for
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FIG. 2. The ratioRe,p/Reomd @=0) as a function of the sensi-
tivity parameterp, calculated for the positive sign of the interfer-
ence termM 1,M 1M, (see text The lines are fits to the data using
the values oB(E2;0; —27) obtained in the present work.

B(E2;0; —2;) (present results and results from RéR0—
25]) and forQ21+ (present results and results from R¢R0—

22,26-29) are also presented. Only relative values @er

were determined in Ref26]. In Table VI the results of Ref.
[26] were normalized to the average valueQ: for 102Ru

[19] one should note that in their compilation the authors of

Ref. [19] used weighing values that are inversely propor-

tional to the quoted uncertainty rather than inversely propor-
tional to the square of the quoted uncertainty as adopted in
the present work. The reduced transition probabilities

[B(E2;0; —2;)] and the static quadrupole momen@,{)

values obtained in the present work are in good agreement

with the values of Refd.20] and[21] which were also de-

termined using the reorientation effect in Coulomb excitation

with uncertainities comparable to those of the present work.
Figure 3 displays the available information on

B(E2;0; —2;) (from the present work and Ref20-25)

for the even ruthenium isotopes with @& <104 together

with results of theoretical calculation®Refs. [43—45). In

Fig. 4, the experimente(DzI values determined for the con-

structive interference ternM ;M M, (from the present

work and Refs[20-22,26—-29 are compared with model
predictions(Refs.[5,43,44) for the even ruthenium isotopes
with mass numbers $6A<104.

The ruthenium isotopes have been subjected to a variety
of theoretical model analysis and in most of these studies
they have been examined within the framework of the inter-
acting boson mode{IBM) [47] and its extensions. In the
IBM, valence nucleon pairs are treated as bosons, and in the

"2 Ru (Z=44)
® PRESENT WORK
1.0 I | ] (a) I
o I
A :
v @ AT
o (e :
081 & @ il 2. .

—— EXP. MEAN VALUE
----1BM2

04

......

0.2 - .

0.0 | | | | |
96 98 100 102 104

A

obtained by combining the result of the present work with FIG. 3. B(E2;0; —2;) experimental values for the even mass

those of Refs[20,21,27,28 The renormalized values from
Ref. [26] for Q,: for 96.98,100.10% presented in column 10

of Table VI were included in the calculation of the average
Q21+ value for those four isotopes. The average values for al

ruthenium isotopes compared to model predictions. The experimen-

tal data are from the followinga) Ref.[23], (b) Ref.[20], (c) Ref.

[22], (d) Ref. [24], (e) Ref. [25], (f) Ref.[21]; the experimental

Everage valuegsee text are shown as a full line. The model pre-
ictions are from IBM2(dashed ling Ref. [43], CQF (dotted ling

isotopes are presented in column 11 of Table VI. In comparRef. [45] and VAP formalism(dashed-dotted lineRef. [44] (see
ing the average values of Tables V and VI with those of Reftext).
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TABLE V. B(E2;0; —27) values in units o?b? obtained in the present work and from other experiments.

Isotope Sigrt Present worP Ref.[20]® Ref.[20]¢ Ref.[21]P Ref.[22]® Ref.[23]° Ref.[24]¢ Ref.[25]¢ Average value

96 0.2367) 0.26626) 0.261) 0.26832) 0.25441) 0.2466)
98 + 0.3737)  0.38931) 0.41135 0.47539) 0.37811
- 0.3727) 0.3727)

100 + 0.4933) 0.4946) 0.48226) 0.52044) 0.57240) 0.306) 0.4935)
- 0.4933) 0.4926) 0.4933)

102 + 0.6144) 0.6406) 0.65135 0.61715) 0.65956) 0.73351) 0.6310) 0.6214)
- 0.6134) 0.6406) 0.621(12)

104 + 0.8096) 0.8347) 0.83444) 0.81957) 0.92865 1.0416) 0.82Q7)
- 0.8056) 0.8357) 0.81815)

asign of the interference terg0; [ME2|25 (25 |IME2||2] }(27 [IME2] 0 ).
byalues obtained from reorientation effect measurements in Coulomb excitation, with detection of inelastically scattered particles.
“Values obtained from Coulomb excitation measurements with detection of the emittad.

original version of IBM(IBM1) no distinction is made be- (HFB) calculations[44]. The Ru isotopes have also been
tween neutron and proton bosons. One of the extensions atudied within the framework of the general collective model
the IBM is the proton-neutron interacting boson model(GCM) [5] which describes the collective low-energies prop-
(IBM2) [48] which distinguishes proton and neutron degreesrties of even-even nuclei in terms of quadrupole surface
of freedom. Another development of the IBM1 is the vibrations[50]. The eletromagnetic properties of the even Ru
consisten® formalism(CQP [49] based in a simple Hamil- isotopes have also been analyzed in terms of the boson ex-
tonian with four parameters which can be determined fronpansion descriptiof46].

experimental data. In the CQF Hamiltonian, the quadrupole In Fig. 3, the experimentaB(E2) values (from the
operator is the same used for the eletromagnetic transitionpresent work and from Ref$20-25) are compared with
There are also theoretical investigations of the even-even ruBM2 predictions(dashed line in Fig. B[43], with the re-
thenium isotopes based on a microscopic study in which theults of CQF calculationgdotted line [45], and with the
B(E2) transition probabilities and th@, values are calcu- values obtained by carrying out VAP calculatioftashed-
lated by carrying out variation after projectig’ AP) for-  dotted ling [44]. Figure 3 shows that thB(E2) values ob-
malism in conjunction with the Hartree-Fock-Bogoliubov tained from IBM2[43] and from CQH45] calculations are

TABLE VI. Q,; values in units okb obtained in the present work and from other experiments.

Isotope  Sigrt Present work Refi20] Ref.[22] Ref.[21] Ref.[27] Ref.[28] Ref.[29] Ref.[26]P Average value

96 -0.139)  -0.1527) -0.2419) -0.158)
98 + -0.2009) -0.2314) -0.21(8)
- -0.0%(9) -0.01(9)
100 + -0.547) -0.437) -0.4012 -0.368) -0.44(4)
- -0.337) -0.20(7) -0.277)
102 + -0.645) -0.577) -0.688) -1.0640) -0.3724) -0.634) -0.634)
- -0.334) -0.357) -0.9940) -0.1924) -0.343)
104 + -0.6298) -0.708)  -0.7619 -0.8421) -0.6320) -0.997) -0.787)
- -0.057) -0.3598) -0.5321) -0.2012)

asign of the interference terg0; [ME2|[25 (25 |IME2||27 )(27[IME2]0;).
byalues from Ref[26] renormalized to the average val(+€0.63+0.04eb) of Q; for 102Ru calculated with data of present work and Refs.
[20], [21], [27], and[28].
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' ' ' ' ' 10.0x 102 e2pb?; 12.7x 1072 e2b? 15.7xX 10 ? €?b?, respec-
Ru (Z=44) tively] are in good agreement with the experimental results.
The tendency of increasing(E2) values with the neutron
number is reproduced by the various models.
In Fig. 4 the experimental quadrupole mome@{ ) val-
ues for the even Ru isotopes are compared with the IBM2
calculations(dashed line in Fig. ¥[43], with VAP formal-
ism (dotted-dashed line[44] and with GCM predictions
‘ ; cooH (dotted ling [5] and, in agreement with the experimental
--------- : T results, theQ,; values obtained from the various theoretical
: calculations are negative. Figure 4 shows that@¢ val-
ues obtained from the IBMP43] are smaller than the aver-
age of the experimental quadrupole momefitdl line in
Fig. 4) for 98100102108 isotopes. TheQ,; values deter-
mined in another calculatiofb1] in the framework of the
IBM2 model show a decrease in the absolute value in going
© from 1°Ru (Q,; = —0.46 eb) to °Ru (Q,; =—0.39 eb).
® This result is in disagreement with the experimental data that
@ ? shows an increase in the magnitude of @g values with
—— EXP. MEAN VALUE + .
- —.IBM2 the mass number. Th@,; values calculated by employing
————— VAP ] the VAP formalism increase with the neutron number
smoothly than the experimental results and than the other
theoretical model predictions. Ti@,; values obtained from
the GCM calculation show a large jump f8fRu which is
15k ! ' ! ' ! - not in agreement with the experimental results. g
96 98 100 102 104 values obtained from the boson expansion descripftés)
A are smaller than the average of the experimental results for
100,102,10f%, jsotopes and is higher than the experimental val-
FIG. 4. Q21+ experimental values for even mass ruthenium iso- a5 for 98Ru.
topes for cc_)ngtructive interfer_ence teligee text compared with_ The Q,; values calculated from the rigid axial rotor ex-
model predictions. The experimental data are from the fOIIOW'ng:pression|Q21+|=0.9068(E2;01+—>2f)|1’2, using the aver-
(&) Ref.[26], (b) Ref.[20], (c) Ref.[22], (d) Ref.[21], (¢) Ref.[28], 40 (f the experiment@(E2) values, are higher than the

(f) Ref. [27], (g) Ref.[29]; the experimental average valuésee . T .
text) are shown as a full line. The model predictions are from IBM2 experimental,y mean values, ranging from 0.45 eb for

(dashed ling Ref. [43], GCM (dotted ling Ref.[5] and VAP for- ~ A=96 t0 —0.82 eb for A=104. The discrepancy between
malism (dashed-dotted lineRef. [44] (see text the experlmental and the rigid rotor modgb, values de-
creases with the mass number.

. . . The comparison of the predictions of the various models
systematically higher than the experimental mean valuegm the experimental results presented in Figs. 3 and 4
(full line in Fig. 3) for **°01°21%Ry isotopes. However, geems to indicate that a better overall agreement is observed
B(E2) vaIue; ob'galned from another IBMZ Stughl] of the between the experimental values B{E2) andQ,; and the
even ruthenium isotopes are sylsgematlcally lower than the.g 15 obtained with the variation after projectioviAP)
experimental mean values fof "*Ru. An equally good ¢ aiism [44] in conjunction with the Hartree-Fock-

aglreemetr;t _bet\évefen thbe ixpl)slzl/ln;ent?l cljaFa an_dBt(‘:kZeZ) dBogoIiubov ansatz in the mass region investigated in the
values obtained from bot calculations IS ODSeIVed, oqqnt work A=96-104. An extension of such a compari-

when relative values only are considered. A visual inspectio@on to the neutron-rich isotopea € 108—114 where a large
of this figure also shows that the IBM@3ashed ling calcu- body of experimental data is now available would be useful

lations provide a better description of the experimental re- . C
. in explaining the phenomena presented by nuclei in this mass
sults when compared to the CQd#fotted ling approach. The regioFr)w 9 P P y

B(E2) values calculated in the framework of the IBM1
[52,53 are significantly lowen20—70 % than the experi-
mental mean values. Figure 3 also shows thatBGE2)
values calculated in the VAP formalism are in reasonably We would like to acknowledge the help of the members
good agreement with the experimental results, with valuesf LIP-IFUSP. This work was partially supported by Finan-
lower than that resulting from the IBM2 and from the CQF ciadora de Estudos e Projet@Snep, Conselho Nacional de
calculations. The reduced transition probabilities obtainedesenvolvimento Cierfico e Tecnolgico (CNPg, and
for 9810010210, jsotopes from the boson expansion Funda@ de Amparo aPesquisa do Estado dé@®aulo
description  [46] [B(E2;2; —0;)=8.1x10"2 e’b%  (Fapesp
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