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Lifetimes of low-lying states in 125,127La measured by the recoil distance method
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Lifetimes of low-lying states in125,127La nuclei were measured using the recoil distance method. The nuclei
were produced by the94Mo(35Cl,2p2n) and 112Cd(19F,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 aspg7/2, pg9/2, andph11/2 quasiparticle configurations coupled to elongated
(b2'0.28) triaxial cores. No evidence for a rapid change of the nuclear shape in theph11/2 band in 127La is
seen in our data.@S0556-2813~97!02506-5#

PACS number~s!: 21.10.Tg, 23.20.Lv, 23.20.Js, 27.60.1j
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I. INTRODUCTION

It is known that electromagnetic properties of atomic n
clei are sensitive to even tiny details of nuclear wave fu
tions. The empirical data on transition probabilities, bran
ing ratios, etc., in atomic nuclei provide, therefore, valua
information, which improves our knowledge on various a
pects of the complex nuclear many-body problem and allo
for stringent tests of existing nuclear models. Deviations
nuclear properties from a smooth, systematic behavior
always of particular interest because they may indicate
possibility of new, unexplored phenomena. According to
measurement of Ref.@1#, the nucleus127La shows such un-
expected behavior when comparing systematically the
duced matrix elements of electric quadrupole transitio
B(E2;15/22→11/22) in odd-A La nuclei with the
B(E2;21→01) values in the corresponding even-even
and Ce isotones. For example, in129La, the
B(E2;15/22→11/22)50.42(2) e2 b2 @2# is comparable
with the B(E2,21→01) values of 0.348~18! e2 b2 and
0.33~2! e2 b2 in 130Ce and 128Ba, respectively @3#. In
127La, theB(E2;15/22→11/22) value jumps suddenly to
0.87~9! e2 b2 while no increase was found for th
B(E2;21→01) values in 128Ce and 126Ba, where the
B(E2) are 0.43~4! e2 b2 and 0.38~4! e2 b2, respectively@3#.
The implied enhancement of collectivity of127La as com-
pared with its neighbors suggests a significant polariza
effect related to the odd proton outside the core. This
served behavior could suggest a substantial change in
nuclear quadrupole deformation either through~i! an in-
crease of nuclear elongationb2 and/or ~ii ! a substantial
change in the triaxialityg toward prolate shape.

This unforeseen effect was one of the motivations
study 125La and 127La in greater detail. The present work
complementary to ourg-g coincidence experiment publishe
550556-2813/97/55~6!/2794~8!/$10.00
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in Ref. @4#. While our previous experiment was focused
level structure, here we concentrate on electromagnetic p
erties of low-lying, one-quasiparticle states. The recoil d
tance method~RDM! for measuring lifetimes is outlined in
Ref. @5#. The low-energy collective states and their elect
magnetic properties, such as transition probabilities a
branching ratios~combined from the plunger andg-g coin-
cidence experiments! are interpreted using the core quasipa
ticle coupling model~CQPC! @6#. The shape parameters o
the cores~CQPC involves bothA11 andA21 even-even
cores! were deduced from theE(22

1)/E(21
1) ratios and

B(E2,21
1→01

1) values in neighboring even-even126Ba and
128Ce nuclei@3,7#. The deduced cores appear to be triaxi
which is in qualitative agreement with total Routhian surfa
calculations~TRS’s! performed in Ref.@4#, where a substan
tial softness against nonaxial shape distortions was foun
low rotational frequencies. The results of the CQPC calcu
tions are in reasonably good agreement with the experim
tal data. The comparisons do not support any rapid chang
the nuclear shape occurring in127La or 125La.

II. EXPERIMENTAL METHOD AND RESULTS

The lifetime measurements using the recoil distan
method @5# were performed at the Stony Brook Nucle
Structure Laboratory using the tandem injected superc
ducting LINAC facility. An array consisting of five BGO-
suppressed Ge detectors in conjunction with the Notre Da
plunger was used. The Ge detectors were placed;14 cm
away from the target at630°, 90°, 125°, and 150° relative
to the beam direction. A 14-element BGO multiplicity filte
surrounding the target was used to reduce background f
Coulex and radioactivity.

The 127La nucleus was populated following the112Cd
(19F,4n) reaction at a beam energy of 84.5 MeV. The op
2794 © 1997 The American Physical Society
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55 2795LIFETIMES OF LOW-LYING STATES IN 125,127La . . .
FIG. 1. Examples of the experimental spect
showing shifted and unshifted peaks measured
different target-stopper distances for the 240 ke
15/22→11/22 transition in 125La ~upper part!
and 252 keV 15/22→11/22 transition in 127La
~lower part!. The presented spectra were me
sured at an angleu5125° for the case of125La
andu530° for the case of127La.
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mal bombarding energy was determined in our previo
study @4#. A 0.58 mg/cm2 thick target of enriched 98.7%
112Cd was evaporated onto a;1.3 mg/cm2 thick gold back-
ing. A gold stopper,; 5.0 mg/cm2 thick, allowed beam
particles to pass through but stopped the reaction produc
208Pb foil ;50 mg/cm2 thick stopped the beam. Theg-ray
spectra were measured for 15 target-stopper distances
15, 20, 25, 30, 40, 50, 70, 90, 130, 200, 500, 1000, 40
8000mm. The engineering guaranteed the measuremen
the relative plunger-stopper separation to be accurate
within ;1mm. In addition, the target-stopper distance w
controlled by a capacity measurement. The plunger ‘‘ze
point’’ position was determined from fits to transitions wi
short lifetimes (t<20 ps! and was fixed for the rest of dat
analysis. The average velocity of the127La recoils was de-
termined to beb50.94(4)% from the best linear fit to the
DEg5Egb cosu Doppler-shift relation, whereu is the ob-
servation angle andDEg is the separation between shifte
and unshifted peaks corresponding to theg transition with
energyEg .

The 94Mo(35Cl,2p2n) reaction at a beam energy o
155 MeV was used to populate the excited states of
125La nucleus. A rolled self-supporting target, 0.55 mg/cm2

thick, of 94% enriched94Mo was used together with
;9.0 mg/cm2 thick gold stopper to stop the reaction pro
ucts. The spectra were measured for 16 target stopper p
tions: 19, 25, 50, 75, 100, 150, 200, 250, 350, 450, 650, 8
1050, 1650, 3050, 7050mm. The plunger ‘‘zero point’’ and
average recoil velocity,b52.45(8)%, were determined us
ing the same methods as in the case of127La.

The decay curves for theg transitions were constructe
using two methods of normalization. When the shifted (F)
and unshifted (S) peaks were not contaminated, then t
ratio of the stopped intensity to the total intens
R5S/(S1F) was formed at each target-stopper distan
When one of the peaks was contaminated then the inten
of the clean peak normalized to the monitor was used
extract the lifetime. To obtain a good statistics, the mon
was constructed as a sum ofg-ray intensities coming from
short lived b decays and the total intensities (S1F) of
s
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strongg transitions initiated by the reaction and measured
u5125°. The decay curves were fitted using the progr
LIFETIME @8#. The relative intensity of theg transitions mea-
sured at 125° allowed an estimate of the feeding inten
which constrained the fitted parameters. The lifetime of
side feeding was treated as a free parameter in thex2 mini-
mization. Figure 1 presents examples of spectra show
shifted and unshifted peaks measured in both experime
Examples of fitted decay curves are presented in Figs
and 3.

The main corrections considered during the data anal
were due to~a! nuclear deorientation,~b! change in detector
solid angles because of the target movement,~c! relativistic
effects, and~d! different detector efficiencies for shifted an
unshifted peak components.

Nuclear deorientation can lead to gradual changes in
gular distributions ofg rays as a function of time@9#. Be-
cause of this effect, total intensity (S1F) of theg radiation
measured at certain angleu varies with target-stopper dis
tance. If strong, the deorientation effect may disturb sign

FIG. 2. Decay curve of the 240 keV transition betwe
15/22→11/22 yrast states in125La measured atu5125°.
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2796 55K. STAROSTAet al.
cantly the decay curve measured with the RDM techniq
The second Legendre polynomialP2(cosu);0 atu555° and
u5125°; therefore, lifetimes measured at these angles
considered free from the deorientation effects. In the pres
experiment, lifetimes measured at different angles were co
pared. For the 15/22→11/22 transition in 127La, the life-
times measured at630°, 125°, and 150° are equal within
error limits. This proves that in case of the127La experiment
the deorientation effects do not play any significant ro
This conclusion is confirmed by the agreement between l
times of the other transitions measured at 125° and 30°

FIG. 3. Decay curve of the 252 keV transition betwee
15/22→11/22 yrast states~states in band 1 in Fig. 4! in 127La
measured atu530°.
e.

re
nt
-

.
-
or

150°. For each transition, the results of measurements
formed at different angles were averaged to obtained the
time, while the difference between these results influen
the experimental error.

The situation is somewhat different in the125La experi-
ment. Lifetimes of the 15/22→11/22 transition measured a
630° and 150° are equal~within the error limit!, but' 10%
shorter than the lifetime measured at 125°. It is believed t
this small difference occurs because of deorientation effe
where the recoil velocity is larger than for127La. The life-
time measured at 125° is taken as the correct value.
lifetimes of the 19/22 level measured at different angles a
equal within errors, as is expected for lifetimes shorter th
the deorientation time scale.

The solid angle changes calculated for the shifted pe
were smaller than 6% for target-stopper distances betw
1 mm and 4000mm. Theg-ray intensity changes due to th
relativistic abberations were on the order of 2% in case
127La and 4% in case of125La at u530°. The change of
detector efficiency for the shifted and unshifted peaks w
found to be smaller than 1% for the127La experiment and
smaller than 1.5% for the125La experiment. All of these
corrections were taken into account in the lifetime evalu
tion; they were usually comparable with the statistical unc
tainties.

The mean lifetimes and transition probabilities evalua
for the excited states in the125La and 127La nuclei are sum-
marized in Table I. As it is shown below, the values repor
in the present paper are consistent with odd-even La sys
atics. The lifetime of the 15/22 level in 127La disagrees with
the result obtained in Ref.@1#. As a byproduct of the presen
study, the lifetimes of states in128Ba were extracted; thes
results are in good agreement with values reported in@10,11#
~see Table I!.
b-
,
a

TABLE I. Results of the recoil distance method mean-lifetime (t) measurements and transition pro
abilities derived for excited states in the125La, 127La nuclei. Energies ofg transitions, spins and parities
band labeling of the125La, 127La excited states are taken from@4# and Fig. 4. For128Ba nucleus these dat
are taken from Ref.@11#. TheB(E2) andB(M1) values are based on our results.

Nucleus Eg Transition Band Lifetime~ps! Previous B(E2) B(M1)
~keV! I i → I f results~ps! (e2 b2) (mN

2 )

125La 240 15/22 → 11/22 1 to 1 145235
120 0.6520.08

10.20

436 19/22 → 15/22 1 to 1 7.722.4
10.6 0.6720.05

10.30

604 23/22 → 19/22 1 to 1 <3 >0.34

127La 252 15/22 → 11/22 1 to 1 140~15! 85~9! @1# 0.53~6!

458 19/22 → 15/22 1 to 1 8.023.0
11.5 13.5~1.3! @1# 0.5020.08

10.30

631 23/22 → 19/22 1 to 1 <4 2<t<6 @1# >0.20
991 19/21 → 19/22 4 to 1 <9.5
177b 7/21 → 5/21 2 to 3 140~40! 0.42~16! 0.06~2!

236c 7/21 → 3/21 2 to 2 0.13~4!

403 11/21 → 7/21 2 to 2 <21 >0.36

128Ba 284 21 → 01 yrast 140~30! a 140~30! @10#
170~12! @11#

479 41 → 21 yrast 36~19! a 21~1! @11#
644 61 → 41 yrast 8~3! a 13.3~7! @11#

aThe effective lifetimes only. No corrections for the deorientation effect and the sidefeeding.
bMixing ratio d50.38(5) was extracted from the DCO ratioRDCO50.86~6! reported in@4#.
cI (177)/I (236)56.3(6) branching ratio was reported in@4#.
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FIG. 4. 127La level scheme proposed in Ref.@4#.
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III. DISCUSSION OF LOW-LYING STATES IN 127La

A. Core quasiparticle coupling model

The data are interpreted in the framework of the c
quasiparticle coupling model~CQPC! developed in Ref.@6#,
which has been used in previous investigations@12,13#. This
model treats an odd-A nucleus as an odd quasipartic
coupled to the neighboring even-evenA21 andA11 cores;
therefore, its applicability is limited to one quasipartic
states. In the case of57

127La, the odd proton is coupled to th

56
126Ba and 58

128Ce cores, respectively. The interpretation p
sented below is limited to127La since 125La nuclei exhibits
similar properties. To facilitate the discussion the lev
scheme of127La nuclei proposed in Ref.@4# is shown on
Fig. 4. The level scheme of125La may be found in Ref.@4#.

The spectroscopic information for even-even cores~spins,
excitation energies, quadrupole matrix elements, etc.!, which
is needed as input for the CQPC model, was calculated u
the triaxial rotor model of Davydov and Filippov@14#. This
model was chosen to describe the collective cores becau
its simplicity ~only three adjustable parameters! and, also,
because it reproduces properties of low-lying states in o
A nuclei almost as reliably as the more sophisticated mod
see, e.g.,@15#. The three free parameters of the Davydo
Filippov model usually employed, namely the deformati

TABLE II. Parameters of the even-even cores used in
Davydov-Filippov model.

Core nuclei b0 g0 (E21
1) ~keV!

126Ba 0.275 21°~16°) a 256
128Ce 0.280 20°~16°) a 207

ag0516° does not follow the experimental data on126Ba and
128Ce. It is used in part of our calculation concerning the nega
parity states, according to the suggestion given in Ref.@21#.
e

-

l

ng

of

d-
ls,
-

parameters1 b0, g0, and energy of the first 21
1 stateE(21

1),
were adjusted to the experimental data for the126Ba and
128Ce @3,7# cores separately, see Table II. It is worth noti
at this point that the core properties are fixed independe
on the odd quasiparticle. The collective core model spa
consisting of the 33 lowest states for each core, was use
the calculations. When available, the theoretical excitat
energies were replaced by the experimental values to m
the calculations more reliable. The single-particle mo
space of the odd proton was generated by a spherically s
metric Woods-Saxon potential and the states retained
the calculations are shown in Fig. 5. Pairing effec
were simulated by a constant gap approximation w
D5135/A ~MeV!. The Fermi level position~see Fig. 5!,
l2«(d5/2)520.4 MeV, was taken to reproduce the numb
of protons in the La isotopes. The~quasi!particle-core cou-
pling was described by a quadrupole-quadrupole interac
of the same strength as that used before in massA;130
calculations2 of Refs.@15#, @16#.

The electric-quadrupole,E2, and magnetic-dipole,M1,
single-particle matrix elements were calculated using b
proton charge,eeff5e, and standard effective orbital and sp
g factors equal togp

~l!51 andgp
(s)50.6gfree

(s) , respectively.

B. Positive parity bands

The positive parity bands are treated as collective c
states coupled to the quasiparticle states involving 3s1/2,

1The Bohr convention forb andg parameters is used througho
the paper.
2To avoid confusion, it should be noticed that the quoted pap

have dealt with only one single-particle orbital and therefore
single-particle radial matrix element was incorporated into the c
pling strength. Here we deal with a few single-particle orbitals a
use one coupling strength for all of them, multiplying it by th
corresponding single-particle radial matrix elements.

e

e
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2798 55K. STAROSTAet al.
2d3/2, 2d5/2, 1g7/2, 1g9/2 orbitals, see Fig. 5. According to
the calculation, the lowest positive parity states, 3/21 and
5/21, have a dominantd5/2 component with a smallg7/2 ad-
mixture. Higher members of bands 2 and 3~see Fig. 6 here
and Fig. 4! are essentially the core yrast states coupled to
almost pureg7/2 quasiparticle state. This assignment a
counts for the ground state spin and gives the proper or
ing of the excited levels of bands 2 and 3 as shown in Fig
Note, however, that the excited states of bands 2 and 3
systematically lower than experimental data by ab
200 keV. Although it appeared to be impossible to reprod
absolute excitation energies, the relative excitation ene
pattern @except forDE5E(7/21)2E(3/21)# is fairly well
reproduced as shown in Table III.

The results for reduced transition probabilities a
branching ratios are collected in Table IV. The experimen
B(E2) values are systematically larger than the calcula
ones. Also, only a qualitative agreement was achieved

FIG. 5. Single-proton states taken into account in the pres
calculations.l denotes the Fermi level position. The broken line
explained in the text. All state energies are given in MeV units

FIG. 6. Low-spin positive parity states in127La. The experimen-
tal data@4# are compared with the results of the theoretical cal
lations. The band numeration is taken from Fig. 4. The spins
multiplied by the factor 2.
n
-
r-
.
re
t
e
y

l
d
r

branching ratios, see Table IV. For bands 2 and 3, the w
functions include a few components with different co
states, even if one single-particle state dominates. Such c
plicated wave functions are sensitive to the model para
eters. This may be one of the reasons that the electrom
netic properties, which are very sensitive to the details of
wave function, are not well reproduced. Note that the co
plexity of the structure of bands 2 and 3 shows up also in
TRS calculations as discussed in Ref.@4# and in the IBFM-2
approach@17#.

The best interpretation for bands 10 and 11 involves
g9/2 quasiparticle coupled to the successive yrast core sta
A similar interpretation was reached in Ref.@4# based on the
signature splitting properties of the deformed Nilss
@404#9/2 state extruding from the sphericalg9/2 subshell. The
CQPC model reproduces satisfactorily the relative excitat
energies within both bands, see Table V. However, to ob
the correct relative position of bands 10 and 11 with resp
to the 3/21 bandhead of band 2, the single-particleg9/2 level
was shifted up by 840 keV as marked by a broken line
Fig. 5. The interpretation given above is supported additi
ally by good agreement between the theoretical and the
perimental branching ratios as shown in Table VI and mo
over by the magnetic moment of the 9/21 state. The
magnetic moment for127La has not been measured yet, b
the experimental result for the analogous level@18# in
121Cs ism55.4mN @19#. The CQPC calculation for both po
sitions of theg9/2 orbital gives the valuem55.1mN very

TABLE III. Experimental and theoretical values of the ener
difference of states belonging to the bands 2 and 3. All energies
in keV units.

Band Energy differences Experiment Calculatio

2 E(11/21) - E(7/21) 403 300
2 E(15/21) - E(11/21) 549 471
2 E(19/21) - E(15/21) 681 628
3 E(9/21) - E(5/21) 352 269
3 E(13/21) - E(9/21) 540 492
3 E(17/21) - E(13/21) 663 641

TABLE IV. Experimental and calculated reduced transitio
probabilities and branching ratios for bands 2 and 3.

Transition probability
Transition Experiment Calculation

B(E2,7/21 → 3/21) ~e2 b2) 0.13~4! 0.05
B(E2,7/21 → 5/21) ~e2 b2) 0.42~16! 0.12
B(M1,7/21 → 5/21) (mN

2 ) 0.06~2! 0.006
Branching ratio

Decay Experiment Calculation

7/21 → 3/21 100 100
→ 5/21 630~60! 190

11/21 → 7/21 100 100
→ 9/21 17~1! 6

13/21 → 9/21 100 100
→ 11/21 12~3! 2
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similar to the experimental one. It supports our interpretat
of bands 10 and 11 as theg9/2 hole coupled to the collective
core.

We also considered a hypothesis where bands 10 an
were interpreted as the quasi-g core band~spin sequence
22

1 , 31
1 , 42

1 , 51
1, . . . ! coupled to either thed5/2 or the

g7/2 quasiparticle state. In these cases the results are m
worse, especially for the decay properties. Moreover, the
culated magnetic moments of the 9/21 state in these case
equal 3.4mN and 2.6mN for the d5/2 and theg7/2 quasiparti-
cles, respectively, differ significantly from the value
5.1mN discussed above.

As was mentioned above, the lowest 3/21 and 5/21 states
have mainly thed5/2 configuration. The other states belon
ing to thed5/2 band were not observed in our experime
Also, thes1/2 and thed3/2 bands were not observed, whic
have an excitation energy above 1 MeV, according to
calculations.

C. Negative parity bands

The negative parity bands are treated as collective c
states coupled to the negative parity quasiparticle sta
1h11/2 and 2f 7/2. The interpretation of the yrast band~band 1
on Fig. 4! is quite clear. It is a decoupled band based on
h11/2 quasiparticle. Good agreement between theory and
periment concerning both level energies~see Fig. 7! and the
intraband reduced transition probabilities~see Table VII!
supports this scenario. This interpretation is also reason
consistent with the results of the TRS calculations
Ref. @4#. Although the TRS calculations predicted the sha
of this nuclear state to be prolate, they also indicated a
nounced softness toward triaxial distortions at low rotatio
frequencies.

The most difficult structure to interpret uniquely
band 6. We performed calculations considering three p

TABLE V. Energy of levels belonging to bands 10 and 11. T
energy of the 9/21 bandhead is assumed to be 0.

Experimental Calculated
Level energy~keV! energy~keV!

9/21 0 0
11/21 252 295
13/21 529 590
15/21 841 914
17/21 1174 1258
19/21 1551 1645

TABLE VI. Branching ratios in bands 10 and 11.

Branching ratio
Decay Experiment Calculation

13/21 → 9/21 100 100
→ 11/21 180~20! 227

15/21 → 11/21 100 100
→ 13/21 160~30! 138

17/21 → 13/21 100 100
→ 15/21 200~80! 99
n
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sible scenarios in which the band originates from differe
core couplings for theh11/2 quasiparticle:~a! the core quasi-
g states 22

1 , 31
1 , 42

1 , 51
1 , . . . forming spin sequence

13/22, 17/22, 21/22, . . . ; ~b! the core quasi-g states 22
1 ,

31
1 , 42

1 , 51
1 , . . . but forming spin sequence 15/22,

19/22, 21/22, . . . ~these spin values are in disagreeme
with our assignment for band 6 but were suggested in R
@20#!; ~c! the core yrast states 21

1 , 41
1 , 61

1 , . . . and forming
a spin sequence as in case~a!, i.e., the band is assumed to b
signature partner of band 1. Note, that this scenario was
supported by our TRS calculations@4#.

The comparison of the theoretical spectra and branch
ratios with the experimental data gives a preference for
pothesis~a!. But even in this case, satisfactory agreem
between theory and experiment was achieved only for
level energies, see Fig. 7; the branching ratios are not w
reproduced, see Table VIII. Similar difficulties are report
in Ref. @21# for 129La.

The authors of Ref.@21#, dealing with the structure o
129La, argue that this nucleus becomes more axial than
neighboring even-even nuclei, because of theh11/2 proton
driving force. Following that suggestion we performed t
calculations for127La assuming smaller asymmetry param
eter,g0516°, for both cores. The valueg0516° is on the
border of the limit discussed below. No substantial improv
ment in the electromagnetic properties for band 6 w
achieved and the calculated level energies showed w
agreement.

TABLE VII. Intraband reduced transition probabilities i
band 1. All values are given in~e2 b2) units.

Transition probability
Transition Experiment Calculation

B(E2;15/22 → 11/22) 0.53~6! 0.54
B(E2;19/22 → 15/22) 0.5020.08

10.30 0.59
B(E2;23/22 → 19/22) .0.20 0.63

FIG. 7. Low-spin negative parity states in127La. For band 6 the
theoretical data are given according to hypothesis~a!. See also cap-
tion to Fig. 6.
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2800 55K. STAROSTAet al.
It is worth noting, that theg-decay properties of the
13/22 level in 127La differ from neighboring odd-A lantha-
num nuclei@4,21#. In 127La, the 13/22 level decays strongly
~with intensity>90%) to the 15/21

2 state whereas, for ex
ample, in 125La the decay goes with comparable intensit
to the 11/21

2 and the 15/21
2 states. This may indicate that th

properties of the 13/22 level vary from nucleus to nucleus.
is also possible that in these nuclei, different reactions po
late states with different configurations.

A comparison of our experimental data with results
these calculations allows one to estimate, in a model dep
dent way, the asymmetry parameterg, see Fig. 8. The value
B(E2,15/21

2→11/21
2) gives an upper limit,g<25°; a cir-

cumspect lower limit,g.15°, is obtained considering th
13/2g

2 level energy.
We calculated theB(E2, 15/21

2→11/21
2) values also for

odd-A 1252131La using the same method as applied
127La. The collective core properties were calculated us
the Davydov-Filippov model with parametersb0, g0 and
E(21

1) obtained from the experimental values
B(E2,21

1→01
1), E(22

1)/E(21
1), andE(21

1) in neighboring
even-even Ba and Ce nuclei@7,22#. For 126Ce,g0519° was
adopted from systematics. The single-particle subspace
kept fixed for all nuclei but the Fermi level was readjust
accordingly. It is seen from Fig. 9 that the CQPC model w
reproduces the experimentalB(E2,15/21

2→11/21
2) values.

TABLE VIII. Branching ratios for the decay of levels from
band 6.

Branching ratio
Decay Experiment Calculationa

13/22 → 15/22 100 100
→ 11/22 ,10 27

17/22 → 19/22 100 100
→ 15/22 121~17! 44
→ 13/22 105~14! 3

21/22 → 23/22 100 100
→ 19/22 270~90! 105
→ 17/22 500~150! 14

25/22 → 23/22 100 100
→ 21/22 100~20! 30

aAccording to hypotheses~a!.

FIG. 8. Reduced transition probabilitiesB(E2,15/21
2→11/21

2)
and the energies of selected negative parity states as a functi
asymmetry parameterg. It is worth noting that the energies of th
13/2g

2 and the 15/2g
2 levels increase rapidly when the nuclear sha

becomes more axial; this reflects the behavior of the quasi-g band
when theg parameter tends toward 0° or 60°.
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IV. SUMMARY

The paper summarizes the results of mean lifetime m
surements in125,127La performed using the recoil distanc
method. The lifetimes,B(E2) andB(M1) values are col-
lected in Table I. The results were analyzed in the framew
of the core quasiparticle coupling model using the stand
values of model parameters, see Sec. III A for details. T
collective core subspace was calculated using the Davyd
Filippov triaxial rigid rotor with inertia parameters deduce
from B(E2,21

1→01
1), E(22

1)/E(21
1), andE(21

1) values of
the even-evenA61 neighbors. For127La this procedure
leads to well-deformed (b2'0.28) triaxial cores.

According to the calculations, bands 1,2-3 and 10-11
interpreted as mainly collective core states coupled to
ph11/2, pg7/2, andpg9/2 quasiparticle states, respectivel
Certain difficulties were encountered in the description of
electromagnetic properties of bands 2 and 3. Howev
band 6 was the most difficult to interpret uniquely. Amon
different scenarios considered, the most probable config
tion seems to involve anh11/2 quasiparticle coupled to the
quasi-g core states: 22

1 , 31
1 , 42

1 , 51
1 , . . . . Such a configu-

ration was postulated for a similar band in neighbori
125Cs @23#. Our calculations suggest that electromagne
properties of levels belonging to band 6 could be helpful
distinguish between different hypotheses. Thus, to a uni
interpretation one needs more experimental data on the
cay properties.

Structures similar to bands 10 and 11 have been obse
in this mass region~Sb, I, Cs! and are commonly interprete
as involving apg9/2 quasiparticle. Becausepg9/2 extrudes
from a shell below theZ550 gap, these structures have a
ways enhancedb2 deformation. Moreover, one expects th
deformation to increase withZ. Indeed, recently thepg9/2
band was identified in theZ559 nucleus131Pr @24# and its
deformation was estimated asb250.32. Our calculations
suggest a smaller value ofb2'0.28 inZ557 127La.

Our measurements do not support the earlier scenario@1#
of a rapid change in the deformation of theh11/2 band in
127La. The controversial B(E2) value for the
15/21

2→11/21
2 transition is estimated as 0.53(6)e2 b2 which

nicely follows the systematic trends; a good agreement
tween theory and experiment was obtained not only
127La but systematically for odd-A 1252131La nuclei, see

of

e

FIG. 9. Comparison between experimental~full circles! and the-
oretical~open squares! values ofB(E2,15/21

2→11/21
2) for the odd-

A lanthanum nuclei withN568–76. The experimental data wer
taken for125,127La from the present paper, for129La and131La from
@2# and @25#.
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Fig. 9. Our calculations reveal a gradual increase ofb2 with
decreasing neutron numberN. In 125La, a deformation as
large asb'0.29 is achieved. Our data do not exclude so
changes in nonaxialg deformation since the calculate
B(E2; 15/21

2→11/21
2) values are rather insensitive tog de-

formation forg0<20° as shown in Fig. 8.
The properties of125La and 127La are similar. Therefore

the interpretation of bands 1, 2, 3, and 6 in the125La nucleus
~see Figs. 2 and 6 in@4#! is the same as that given above f
the 127La nucleus. One should also point out that the int
pretation is reasonably consistent with the results of the T
model @4#.

In spite of its simplicity, the CQPC model gives relative
reliable descriptions of low-lying bands for these nuclei. T
discrepancies between experiment and theory might be
to, e.g., ~i! assumption of rigid triaxial rotor cores in
.
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g-soft region, and ~ii ! an oversimplification of the
quasiparticle-core interaction.
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