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Lifetimes of low-lying states in?>1?La nuclei were measured using the recoil distance method. The nuclei
were produced by th&Mo(%°Cl,2p2n) and *2Cd(*°F,4n) reactions, respectively. Experimental results were
described in the framework of the core quasiparticle coupling model. It was found that the observed bands can
be reasonably well described a%,,, 7gq,, and why,,, quasiparticle configurations coupled to elongated
(B,~0.28) triaxial cores. No evidence for a rapid change of the nuclear shape irhthg band in*?La is
seen in our datd.S0556-28187)02506-5

PACS numbeps): 21.10.Tg, 23.20.Lv, 23.20.Js, 27.64.

I. INTRODUCTION in Ref.[4]. While our previous experiment was focused on
level structure, here we concentrate on electromagnetic prop-
It is known that electromagnetic properties of atomic nu-erties of low-lying, one-quasiparticle states. The recoil dis-
clei are sensitive to even tiny details of nuclear wave functance methodRDM) for measuring lifetimes is outlined in
tions. The empirical data on transition probabilities, branch-Ref. [5]. The low-energy collective states and their electro-
ing ratios, etc., in atomic nuclei provide, therefore, valuablemagnetic properties, such as transition probabilities and
information, which improves our knowledge on various as-branching ratiogcombined from the plunger ang-y coin-
pects of the complex nuclear many-body problem and allowsidence experimentsire interpreted using the core quasipar-
for stringent tests of existing nuclear models. Deviations ofticle coupling modeCQPQ [6]. The shape parameters of
nuclear properties from a smooth, systematic behavior arthe cores(CQPC involves bottA+1 andA—1 even-even
always of particular interest because they may indicate theores were deduced from thé&(2;)/E(2;) ratios and
possibility of new, unexplored phenomena. According to theB(E2,2; —0;) values in neighboring even-evérd®Ba and
measurement of Ref1], the nucleus'?’La shows such un-  128Ce nuclei[3,7]. The deduced cores appear to be triaxial,
expected behavior when comparing systematically the rewhich is in qualitative agreement with total Routhian surface
duced matrix elements of electric quadrupole transitiongalculationsTRS’s) performed in Ref[4], where a substan-
B(E2;15/2 —11/2") in oddA La nuclei with the tial softness against nonaxial shape distortions was found at
B(E2;2"—0") values in the corresponding even-even Balow rotational frequencies. The results of the CQPC calcula-
and Ce isotones. For example, in'*La, the tions are in reasonably good agreement with the experimen-
B(E2;15/2 —11/27)=0.42(2) e’ b? [2] is comparable tal data. The comparisons do not support any rapid change of
with the B(E2,2"—0") values of 0.3488) e?b? and the nuclear shape occurring #i’La or **%La.
0.332)e?b? in ¥%Ce and ?3Ba, respectively[3]. In
1271 a, the B(E2;15/2-—11/2") value jumps suddenly to
0.879) > b? while no increase was found for the
B(E2;2*—0") values in %Ce and %Ba, where the The lifetime measurements using the recoil distance
B(E2) are 0.4%4) e? b? and 0.384) e b?, respectively{3].  method[5] were performed at the Stony Brook Nuclear
The implied enhancement of collectivity 3’La as com-  Structure Laboratory using the tandem injected supercon-
pared with its neighbors suggests a significant polarizatiomlucting LINAC facility. An array consisting of five BGO-
effect related to the odd proton outside the core. This obsuppressed Ge detectors in conjunction with the Notre Dame
served behavior could suggest a substantial change in th@unger was used. The Ge detectors were placdd cm
nuclear quadrupole deformation either throu@h an in- away from the target at 30°, 90°, 125°, and 150° relative
crease of nuclear elongatioi, and/or (i) a substantial to the beam direction. A 14-element BGO multiplicity filter
change in the triaxialityy toward prolate shape. surrounding the target was used to reduce background from
This unforeseen effect was one of the motivations toCoulex and radioactivity.
study *?®a and '*"La in greater detail. The present work is  The '?’La nucleus was populated following th&2Cd
complementary to ouy-vy coincidence experiment published (°F,4n) reaction at a beam energy of 84.5 MeV. The opti-

Il. EXPERIMENTAL METHOD AND RESULTS
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FIG. 1. Examples of the experimental spectra
showing shifted and unshifted peaks measured at
different target-stopper distances for the 240 keV
15/2" —11/2" transition in **®L.a (upper part
and 252 keV 15/2—11/2" transition in **La
(lower parj. The presented spectra were mea-
sured at an anglé=125° for the case of*%La
and §=30° for the case of?"La.
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mal bombarding energy was determined in our previoustrongy transitions initiated by the reaction and measured at
study [4]. A 0.58 mg/cnt thick target of enriched 98.7% 6=125°. The decay curves were fitted using the program
112cd was evaporated onto-al.3 mg/cnt thick gold back-  LIFETIME [8]. The relative intensity of the transitions mea-
ing. A gold stopper,~ 5.0 mg/cn? thick, allowed beam sured at 125° allowed an estimate of the feeding intensity
particles to pass through but stopped the reaction products. éhich constrained the fitted parameters. The lifetime of the
208 foil ~50 mg/cnt thick stopped the beam. Theray  side feeding was treated as a free parameter intheini-
spectra were measured for 15 target-stopper distances: 1®jzation. Figure 1 presents examples of spectra showing
15, 20, 25, 30, 40, 50, 70, 90, 130, 200, 500, 1000, 4000shifted and unshifted peaks measured in both experiments.
8000 um. The engineering guaranteed the measurement dxamples of fitted decay curves are presented in Figs. 2
the relative plunger-stopper separation to be accurate tand 3.

within ~1um. In addition, the target-stopper distance was The main corrections considered during the data analysis
controlled by a capacity measurement. The plunger “zerowere due toa) nuclear deorientatior(p) change in detector
point” position was determined from fits to transitions with solid angles because of the target movemejtrelativistic
short lifetimes <20 p9 and was fixed for the rest of data effects, andd) different detector efficiencies for shifted and
analysis. The average velocity of tHé’La recoils was de- unshifted peak components.

termined to beB=0.944)% from the best linear fit to the Nuclear deorientation can lead to gradual changes in an-
AE,=E,Bcost Doppler-shift relation, wher# is the ob-  gular distributions ofy rays as a function of timg9]. Be-
servation angle andE, is the separation between shifted cause of this effect, total intensitys¢ F) of the y radiation

and unshifted peaks corresponding to theransition with  measured at certain angtevaries with target-stopper dis-
energyE,, . tance. If strong, the deorientation effect may disturb signifi-

The %*Mo(®°Cl,2p2n) reaction at a beam energy of
155 MeV was used to populate the excited states of the
129 a nucleus. A rolled self-supporting target, 0.55 mgfcm
thick, of 94% enriched®Mo was used together with a
~9.0 mg/cnt thick gold stopper to stop the reaction prod-
ucts. The spectra were measured for 16 target stopper pos
tions: 19, 25, 50, 75, 100, 150, 200, 250, 350, 450, 650, 850,
1050, 1650, 3050, 705Qm. The plunger “zero point” and
average recoil velocityp=2.458)%, were determined us-
ing the same methods as in the casedEa.

The decay curves for the transitions were constructed
using two methods of normalization. When the shift&g (
and unshifted $) peaks were not contaminated, then the
ratio of the stopped intensity to the total intensity
R=S/(S+F) was formed at each target-stopper distance.
When one of the peaks was contaminated then the intensity Z 10 100 1000
of the clean peak normalized to the monitor was used to D[um]
extract the lifetime. To obtain a good statistics, the monitor
was constructed as a sum gfray intensities coming from FIG. 2. Decay curve of the 240 keV transition between
short lived 8 decays and the total intensitieS{F) of  15/2°—11/2" yrast states in?La measured af=125°.
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150°. For each transition, the results of measurements per-
formed at different angles were averaged to obtained the life-
time, while the difference between these results influenced
the experimental error.

The situation is somewhat different in tHé%La experi-
ment. Lifetimes of the 15/2—11/2" transition measured at
+30° and 150° are equalithin the error limij, but~ 10%
shorter than the lifetime measured at 125°. It is believed that
this small difference occurs because of deorientation effects,
where the recoil velocity is larger than fdf'La. The life-
time measured at 125° is taken as the correct value. The
lifetimes of the 19/2 level measured at different angles are
equal within errors, as is expected for lifetimes shorter than
3 the deorientation time scale.

The solid angle changes calculated for the shifted peaks
100 1000 were smaller than 6% for target-stopper distances between

D[um] 1 um and 400Qum. The y-ray intensity changes due to the
relativistic abberations were on the order of 2% in case of

FIG. 3. Decay curve of the 252 keV transition between ?’La and 4% in case of?®La at §=30°. The change of
15/2" —11/2" yrast stategstates in band 1 in Fig.)din *La  detector efficiency for the shifted and unshifted peaks was
measured af=30°. found to be smaller than 1% for th&La experiment and
smaller than 1.5% for thé”®®™a experiment. All of these

cantly the decay curve measured with the RDM techniquet_:orrections were taken into account in the lifetime evalua-

The second Legendre polynom}(cosf)~0 at §=55° and ';;)ig';[ig;ey were usually comparable with the statistical uncer-

0:1.25 ; therefore, lifetimes _meas_ured at these angles are The mean lifetimes and transition probabilities evaluated
considered free from the deorientation effects. In the present . ihe excited states in th#3.a and 2’La nuclei are sum-
experiment, lifetimes measured at .qiffer'enIzr;mgles WEre COMyarized in Table I. As it is shown below, the values reported
pared. For the 15’2H}1/Z transition In La, the life- i, the present paper are consistent with odd-even La system-
times measured at 30°, 125°, and 150 are equal within atics. The lifetime of the 15/2level in *¥La disagrees with
error limits. This proves that in case of th&La experiment  the result obtained in RefL]. As a byproduct of the present
the deorientation effects do not play any significant role.siudy, the lifetimes of states it?®8a were extracted; these
This conclusion is confirmed by the agreement between liferesults are in good agreement with values reportdd n11]
times of the other transitions measured at 125° and 30° ofsee Table)l
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TABLE I. Results of the recoil distance method mean-lifetimg¢ (neasurements and transition prob-
abilities derived for excited states in tHé%La, *?"La nuclei. Energies ofy transitions, spins and parities,
band labeling of thé”®™La, *?"La excited states are taken frddi] and Fig. 4. Fort?®a nucleus these data
are taken from Refl11]. The B(E2) andB(M1) values are based on our results.

Nucleus E, Transition Band Lifetimgps) Previous B(E2) B(M1)
(keV) I, — I4 results(ps (e2b?) (ud)
29 a 240 15/2 — 11/2 1tol 1452 0.65'5:29
436 19/ — 15/ 1lto1l 7.779% 0.67° 032
604 23/2 — 19/ 1tol <3 =0.34
127 a 252 15/2 — 11/2 1to1l 14@15) 85(9) [1] 0.536)
458 19/ — 15/27 1tol  8.07%% 13.51.3 [1] 0.50"%3
631 23/2 — 19/2 1to1l <4 2<71<6 [1] =0.20
991 19/2 — 19/ 4to1l <95
177° 72 - 512t 2103 14@40) 0.4216) 0.062)
236 7/2° — 3/2" 2to2 0.134)
403 11/2 — 7/2" 2to2 <21 =0.36
12884 284 2 — 0" yrast 14@30)  140(30) [10]
17012) [11]
479 4 — 2% yrast 3619) 2 21(1) [11]
644 6" — 47 yrast g3)2 13.97) [11]

&The effective lifetimes only. No corrections for the deorientation effect and the sidefeeding.
bMixing ratio §=0.38(5) was extracted from the DCO rafpco=0.866) reported in[4].
°1(177)/1(236)=6.3(6) branching ratio was reported [i].
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FIG. 4. *?"La level scheme proposed in R4].

lll. DISCUSSION OF LOW-LYING STATES IN  '?1.a parametersg,, vo, and energy of the first 2 stateE(2;),
A. Core quasiparticle coupling model were adjusted to the experimental data for t##8a and
128Ce [3,7] cores separately, see Table Il. It is worth noting
The data are interpreted in the framework of the coreat this point that the core properties are fixed independently
quasiparticle coupling modéCQPQ developed in Ref[6], on the odd quasiparticle. The collective core model space,
which has been used in previous investigatifts 13. This ~ consisting of the 33 lowest states for each core, was used in
model treats an od&- nucleus as an odd quasipartide the calculations. When available, the theoretical excitation
coupled to the neighboring even-evar- 1 andA+ 1 cores; energies were replaced by the experim_ental vaIL_Jes to make
therefore, its applicability is limited to one quasiparticle the calculations more reliable. The single-particle model
states. In the case dffLa, the odd proton is coupled to the SPace of the odd proton was generated by a spherically sym-
12683 and 12%Ce cores, respectively. The interpretation pre-T€C Woods-Saxon potential and the states retained in
sented below is limited td?La since 12%.a nuclei exhibits ¢, calculations: are shown in Fig. 5. Pairing effects
imil " To facilitate the di ion the | IWere simulated by a constant gap approximation with
stmrar prolpzt;:-r 'es. 10 lachiate dne discussion Ihe 1eVely — 135/ (Mev). The Fermi level positionsee Fig. 5,
scheme of*“La nuclei proposed in Ref4] is shown on

\ —&(ds;) = — 0.4 MeV, was taken to reproduce the number
Fig. 4. The level scheme 0f*La may be found in Ref4]. #(ds2) p

e A : of protons in the La isotopes. ThHguas)jparticle-core cou-
The spectroscopic information for even-even cdsgsns,  jjing was described by a quadrupole-quadrupole interaction

excitation energies, quadrupole matrix elements).ethich  of the same strength as that used before in mas<30
is needed as input for the CQPC model, was calculated usingg|culation? of Refs.[15], [16].

the triaxial rotor model of Davydov and Flllpp([\14] This The e|ectric-quadrup0|d_,:_2, and magnetic-dipo|e|y| 1,
model was chosen to describe the collective cores because gihgle-particle matrix elements were calculated using bare
its simplicity (only three adjustable parameteiand, also, proton chargee®=e, and standard effective orbital and spin
because it reproduces properties of low-lying states in oddg factors equal tcgp(')zl andggs):O.G (), respectively.

A nuclei almost as reliably as the more sophisticated models,

see, e.g.[15]. The three free parameters of the Davydov- B. Positive parity bands

Filippov model usually employed, namely the deformation . . .
PP y ploy y The positive parity bands are treated as collective core

states coupled to the quasiparticle states involvisg,3
TABLE II. Parameters of the even-even cores used in the

Davydov-Filippov model.

The Bohr convention foB and y parameters is used throughout

Core nuclei Bo Yo (E2{) (keV) the paper.
12685 0.275 219(16°) @ 256 2To avoid confusion, it should be noticed that the quoted papers
128ce 0.280 2016°) @ 207 have dealt with only one single-particle orbital and therefore the

single-particle radial matrix element was incorporated into the cou-
4y,=16° does not follow the experimental data dfBa and pling strength. Here we deal with a few single-particle orbitals and
12&Ce. It is used in part of our calculation concerning the negativeuse one coupling strength for all of them, multiplying it by the
parity states, according to the suggestion given in Rf]. corresponding single-particle radial matrix elements.
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7184 @ ——0 2f/ TABLE lIl. Experimental and theoretical values of the energy
difference of states belonging to the bands 2 and 3. All energies are
in keV units.

Band Energy differences Experiment  Calculation
_ +

2,608 1dys 2 E(11/2%) E(7/2%) 403 300
2282\ /381y 2 E(15/2°) - E(11/2%) 549 471
U 2 E(19/2") - E(15/2%) 681 628
2.177 hup 3 E(9/2") - E(5/2") 352 269
0.268 \ /Lo 3 E(13/2") - E(9/2") 540 492
P ——— .1 3 E(17/2Y) - E(13/2") 663 641

branching ratios, see Table IV. For bands 2 and 3, the wave

functions include a few components with different core
4179 1o states, even if one single-particle state dominates. Such com-
-4. _— — — 9/2

plicated wave functions are sensitive to the model param-
5.012 ————  lgp eters. This may be one of the reasons that the electromag-
netic properties, which are very sensitive to the details of the
FIG. 5. Single-proton states taken into account in the presenfvave function, are not well reproduced. Note that the com-
calculations\ denotes the Fermi level position. The broken line is plexity of the structure of bands 2 and 3 shows up also in the
explained in the text. All state energies are given in MeV units. TRS calculations as discussed in Rdfl and in the IBFM-2
approacH17].
2dss,, 2ds,, 197, 1gg., Orbitals, see Fig. 5. According to The best interpretation for bands 10 and 11 involves the
the calculation, the lowest positive parity states,”3&hd  Jg; quasiparticle coupled to the successive yrast core states.
5/2*, have a dominantls,, component with a smatj;, ad- A similar interpretation was reached in Rp4] based on the
mixture. Higher members of bands 2 andsge Fig. 6 here signature splitting properties of the deformed Nilsson
and Fig. 4 are essentially the core yrast states coupled to ah404]9/2 state extruding from the sphericg), subshell. The
almost pureg,, quasiparticle state. This assignment ac-CQPC model reproduces satisfactorily the relative excitation
counts for the ground state spin and gives the proper ordeenergies within both bands, see Table V. However, to obtain
ing of the excited levels of bands 2 and 3 as shown in Fig. 6the correct relative position of bands 10 and 11 with respect
Note, however, that the excited states of bands 2 and 3 ate the 3/2° bandhead of band 2, the single-partiglg, level
systematically lower than experimental data by aboutvas shifted up by 840 keV as marked by a broken line in
200 keV. Although it appeared to be impossible to reproducéig. 5. The interpretation given above is supported addition-
absolute excitation energies, the relative excitation energglly by good agreement between the theoretical and the ex-
pattern[except forAE=E(7/2*)—E(3/2")] is fairly well perimental branching ratios as shown in Table VI and more-
reproduced as shown in Table III. over by the magnetic moment of the 9/2state. The
The results for reduced transition probabilites andmagnetic moment fot?’La has not been measured yet, but
branching ratios are collected in Table IV. The experimentathe experimental result for the analogous ley&B] in
B(E2) values are systematically larger than the calculated?'Cs isu="5.4uy [19]. The CQPC calculation for both po-
ones. Also, only a qualitative agreement was achieved fositions of thegg, orbital gives the valugu=>5.1uy very

TABLE IV. Experimental and calculated reduced transition
3r BAND 11 BAND 10 BAND 3 BAND 2 probabilities and branching ratios for bands 2 and 3.

th th th th o .
P P P P Transition probability

19 — Transition Experiment  Calculation
= 2r 19
e - 1 B(E27/20 — 3/2) (2b?)  0.134) 0.05
& 15— B(E2,7/28  — 5/2%) (e?b?)  0.4216) 0.12
g 15 B(M1,7/2" —  5/2) (ud) 0.062) 0.006
€3]

Branching ratio
Experiment  Calculation

11

|
"
s
P

._.
=
v
@D
o
Q

<

s — 3/2* 100 100

0 3 M — 5/2* 630(60) 190

11/2¢ — 7/2¢ 100 100
FIG. 6. Low-spin positive parity states ff’La. The experimen- — 9/2* 17(2) 6

tal data[4] are compared with the results of the theoretical calcu-13/2" — 9/2* 100 100
lations. The band numeration is taken from Fig. 4. The spins are — 11/2° 12(3) 2

multiplied by the factor 2.
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TABLE V. Energy of levels belonging to bands 10 and 11. The 4
energy of the 9/2 bandhead is assumed to be 0. BAND6 BAND1
exp th exp th
Experimental Calculated
Level energy(keV) energy(keV) 5 95
9/2" 0 0
11/2* 252 295 =
13/24 529 590 = A 5
15/2° 841 914 B2
17/2* 1174 1258 & 1w
19/2¢ 1551 1645 13 3,
L=
similar to the experimental one. It supports our interpretation D —
of bands 10 and 11 as thyg,, hole coupled to the collective 5
core. _ _ 1
We also considered a hypothesis where bands 10 and 11 0- E—

were interpreted as the quagicore band(spin sequence
P duas (Sp d FIG. 7. Low-spin negative parity states 1#’La. For band 6 the

25,37, 4,,5;],...) coupled to either thels;, or the _ : ! _

g1, quasiparticle state. In these cases the results are mu iheoretlcal data are given according to hypothésisSee also cap-
712 . : . jon to Fig. 6.

worse, especially for the decay properties. Moreover, the cal-

culated magnetic moments of the 9/3tate in these cases o ) o )
equal 3.4y and 2.6uy for the dgj, and theg,,, quasiparti- ~ Sible scenarios in which the band originates from different
cles, respectively, differ significantly from the value of core couplings for thé,,, quasiparticlefa) the core quasi-

5.1uy discussed above. y states 2, 3, 4,, 5/,... forming spin sequence
As was mentioned above, the lowest 3/@nd 5/2 states 13/27, 17/2°, 21/2", .. .; (b) the core quasi states 2,

have mainly theds, configuration. The other states belong-3;, 4,, 5;,... but forming spin sequence 15/2

ing to theds;, band were not observed in our experiment.19/2", 21/2°, ... (these spin values are in disagreement

Also, thes,;, and theds, bands were not observed, which with our assignment for band 6 but were suggested in Ref.

have an excitation energy above 1 MeV, according to ouf20]); (c) the core yrast states 2 4, , 6, , ... and forming

calculations. a spin sequence as in cdsg i.e., the band is assumed to be
signature partner of band 1. Note, that this scenario was not

C. Negative parity bands supported by our TRS calculatiof4].

. : . The comparison of the theoretical spectra and branching
The negative parity bands_ are tre_ated as_coll_ectwe COTE tios with the experimental data gives a preference for hy-
states coupled to the negative parity quasiparticle States’othes's(a) BUt even in this case. satisfactory aareement
lhyypand & The interpretation of the yrast bafisand 1 P Ista. But even | : ' ’ y ag
onlll:/iz 4is waite clear Itpis 2 decou Iedyband based on th between theory and experiment was achieved only for the
h gLIJaSi aqrticle Godd a reement%etween theorv and ej_evel energies, see Fig. 7; the branching ratios are not well
11/2 quasip ; 9 g : y reproduced, see Table VIII. Similar difficulties are reported
periment concerning both level energisge Fig. 7 and the

H 12
intraband reduced transition probabilitiéssee Table Vi) in Ref. [21] for **1.a.

) X L S The authors of Ref[21], dealing with the structure of
supports this scenario. This interpretation is also reasonablyzgl_a araue that this nucleus becomes more axial than the
consistent with the results of the TRS calculations of » arg

Ref. [4]. Although the TRS calculations predicted the shapene.'ghborlng even-even nuclei, becayse of Hhg, proton
driving force. Following that suggestion we performed the

of this nuclear state to be prolate, they also indicated a pro- : 197 X
alculations for-<‘La assuming smaller asymmetry param-

nounced softness toward triaxial distortions at low rotational )
frequencies eter, yo=16°, for both cores. The valug,=16° is on the

The most difficult structure to interpret uniquely is border of the limit discussed below. No substantial improve-

band 6. We performed calculations considering three pos':ner.]t in the electromagnetic properties _for band 6 was
achieved and the calculated level energies showed worse

TABLE VI. Branching ratios in bands 10 and 11. agreement.
E_’:ranching ratio _ TABLE VII. Intraband reduced transition probabilities in
Decay Experiment Calculation band 1. All values are given ife? b?) units.
+
13/2* - 912 100 100 Transition probability
— 11/2* 18020 227 o . .
Transition Experiment  Calculation
15/2¢ — 11/2* 100 100
— 13/2* 16030 138 B(E2;15/2 — 11/27) 0.536) 0.54
1712 — 13/2" 100 100 B(E2;19/2 — 15/27) 0503 0.59
— 15/2* 200(80) 99 B(E2;23/2 — 19/27) >0.20 0.63
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TABLE VIII. Branching ratios for the decay of levels from A
band 6. — 125 127 129 131 133
& . : . :
0
Branching ratio N% 0.8;
Decay Experiment  Calculatich So6l }__ ;
T e
13/2 —~  15/2 100 100 & 04 S
-~ 12 <10 27 0.2 e
48 B
17/2° - 19/ 100 100 = . . . ‘ ‘
—~ 15/ 121(17) 44 68 70 72 74 76
— 13/2° 10514) 3
212 - 23/2° 100 100 FIG. 9. Comparison between experimerifall circles) and the-
- 19/ 270090) 105 oretical(open squargsvalues ofB(E2,15/2 —11/2,) for the odd-
— 17127 500(150 14 A lanthanum nuclei wittN=68—76. The experimental data were
25/2° — 23/2° 100 100 taken for?>12{ a from the present paper, fdf%La and**'La from
— 21/ 10020 30 [2] and[25].
3 .
'‘According to hypothese@). V. SUMMARY

It is worth noting, that they-decay properties of the The paper summarizes the results of mean lifetime mea-
13/2" level in ?La differ from neighboring oddx lantha- ~ surements in'?>'?La performed using the recoil distance
num nuclei[4,21]. In ¥La, the 13/2 level decays strongly mMethod. The lifetimesp(E2) andB(M1) values are col-
(with intensity =90%) to the 15/2 state whereas, for ex- lected in Table I. The results were analyzed in the framework
ample, in ®%La the decay goes with comparable intensities®f the core quasiparticle coupling model using the standard

to the 11/2 and the 15/2 states. This may indicate that the values' of model parameters, see Sec. Il A for details. The
properties of the 13/2level vary from nucleus to nucleus. It collective core subspace was calculated using the Davydov-

: ; ; -~ ; ilippov triaxial rigid rotor with inertia parameters deduced
is also possible that in these nuclei, different reactions popul-:I
late states with different configurations. from B(E2,2/ —07), E(2;)/E(2y), ?;d E(27) values of

A comparison of our experimental data with results ofth® even-everA=1 neighbors. For*“’La this procedure

these calculations allows one to estimate, in a model deperf€ds to well-deformed4,~0.28) triaxial cores.

dent way, the asymmetry parametersee Fig. 8. The value According to the calculations, bands 1,2-3 and 10-11 are
B(E2 15/2_)11/217) gives an upper limit,y<25°: a cir- interpreted as mainly collective core states coupled to the

cumspect lower limit,y>15°, is obtained considering the 7Divz: 7972, and mgg, quasiparticle states, respectively.
1312, level energy ' ' Certain difficulties were encountered in the description of the

We calculated th&(E2, 15/2 —11/2) values also for electromagnetic properties of bands 2 and 3. However,

. . band 6 was the most difficult to interpret uniquely. Among
125-13
oddA ‘La using the same method as applied for gitterent scenarios considered, the most probable configura-

127 : ;
theL?D.aT/hzof/o:lielftlvc?vC?nrg dglrov'?/ﬁﬁ'esag%gtgg)cu'ategngs'nQion seems to involve ah,y,, quasiparticle coupled to the
E(27) >:)btainedpp from the experimental ’vztljues of quasiy core states: 2 31,4, 51+ .- - Such a configu-

1 v + P s _ ) ration was postulated for a similar band in neighboring
B(E2,2; —01), E(2;)/E(2;), and E(%zl) n ne|ghtzor|ng 125Cs [23]. Our calculations suggest that electromagnetic
even-even Ba and Ce nucfet,22). For **Ce, ,=19° was properties of levels belonging to band 6 could be helpful to
adopted from systematics. The single-particle subspace wafstinguish between different hypotheses. Thus, to a unique

kept fixed for all nuclei but the Fermi level was readjustedinterpretation one needs more experimental data on the de-
accordingly. Itis seen from Fig. 9 that the CQPC model wellcay properties.

reproduces the experimena(E2,15/2 —11/2) values. Structures similar to bands 10 and 11 have been observed

in this mass regioSh, I, C3 and are commonly interpreted

o 4 as involving amgg, quasiparticle. Becausegg, extrudes

‘*%0-6 - s - from a shell below the =50 gap, these structures have al-

Y oa s i i ways enhance@, deformation. Moreover, one expects the

E =2 deformation to increase witd. Indeed, recently thergg,

D02 W 132exp band was identified in th&=59 nucleus'®*Pr [24] and its

i) I TR deformation was estimated g%,=0.32. Our calculations

2 20 dog 50 O 0 og %0 suggest a smaller value @,~0.28 inZ=57 '?/La.

Our measurements do not support the earlier scepafio

FIG. 8. Reduced transition probabiliti®E2,15/2 —11/2) ?£7a rapid change in the ,deformation of the,;; band in
f'lla. The controversial B(E2) value for the

and the energies of selected negative parity states as a function o Ve ] ]
asymmetry parametey. It is worth noting that the energies of the 15/2 —11/2 transition is estimated as 0.53(63 b* which
13/2, and the 15/2 levels increase rapidly when the nuclear shapenicely follows the systematic trends; a good agreement be-
becomes more axial; this reflects the behavior of the quasind  tween theory and experiment was obtained not only for
when they parameter tends toward 0° or 60°. 121 a but systematically for odd 2> 34 a nuclei, see
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Fig. 9. Our calculations reveal a gradual increas@-pfvith v-soft region, and (ii) an oversimplification of the
decreasing neutron numbel. In *?%a, a deformation as quasiparticle-core interaction.

large asB~0.29 is achieved. Our data do not exclude some

changes in nonaxialy deformation since the calculated

B(E2; 15/ —11/2) values are rather insensitive jode- ACKNOWLEDGMENTS
formation for y,=<20° as shown in Fig. 8. . ) ) )

the interpretation of bands 1, 2, 3, and 6 in ﬁﬁé_a nucleus FOUndatior(U.S.) and the Polish State Committee for Scien-
(see Figs. 2 and 6 i]) is the same as that given above for tific ResearcHKBN) under Contract Nos. 2 P302 151 06 and
the ?"La nucleus. One should also point out that the inter2 PO3B 034 08. The authors would like to thank SviGk
pretation is reasonably consistent with the results of the TR$0r providing them with Woods-Saxon single-particle spec-
model[4]. tra, A. Lipski for the preparation of the targets, R. Lefferts

In spite of its simplicity, the CQPC model gives relatively and the accelerator crew at the Stony Brook Nuclear Struc-
reliable descriptions of low-lying bands for these nuclei. Theture Laboratory for providing the beams, and D. C. Radford
discrepancies between experiment and theory might be dder providing the RADWARE software package which was
to, e.g., (i) assumption of rigid triaxial rotor cores in a used in the data analysis.
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