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Excited states in?*Xe were populated in the fusion-evaporation reactidPd*0,4n)*?*xe at a beam
energy of 80 MeV. A recoil distance measurement using the Euroball spectrometer in Strasbourg and the
Cologne plunger was performed. Altogether 19 lifetimes of excited states in six different bands were deter-
mined using gated spectra only, in order to avoid problems related to feeding. The méx&Redalues were
used to derive the nuclear deformation'®®e and the interaction of the ground state band with sAxands.

Two sd-IBM-1 calculations with two Hamiltonians of different complexities were performed, which show a
good agreement with the measu®@2) values in the ground state band and the quasand. The deduced
B(M1) values for the regulaM1 band show the behavior expected for magnetic rotation. However, it is also
shown that these experimen®&(M1) values can be described on the basis of a rotational band as well.

DOI: 10.1103/PhysRevC.70.034313 PACS nunm$er21.10.Tg, 21.60.Ev, 23.20.Lv, 27.66).

I. INTRODUCTION plunger device at the Vivitron accelerator of the IReS in
Strasbourg. Excited states #3*Xe were populated by the
1% ¢80, 4n) reaction at a beam energy of 80 MeV. The
target consisted of a 1.1 mg/@érthick self-supporting%Pb

foil. The recoils, leaving the target with a velocity of 0.98%
of the velocity of light,c, were stopped in a 6.0 mg/ému

foil. During the experiment, data were taken at 21 different
target-to-stopper distances ranging from electrical contact to
2000 um. Figure 2 shows examples of gated spectra for dif-
ferent target-to-stopper distances.

The used plunger apparatus is designed especiallyfor
incidence recoil distance measurements. It is equipped
with a feedback system in order to compensate for slow

in the.Xe-Ba-_Ce region was inyestigatgd in REE56]. An- variations of the target-to-stopper distance, caused, e.g., by
other interesting feature df*Xe is the existence of a regular the heating of the system by the beam

M1 band([7], which has been considered to be a promising 1o accuracy of the relative distances is better than
candidate for magnetic rotatiqsee Fig. ]. The theoretical 1, in the range from electrical contact of the target and
description of magnetic rotation is given in the framework Ofstopper foils to 2Qum and better than Lm in the range
the tilted axis crankingTAC) model developed by Frauen- 20—2000um. Further details are given in RefL2].

dorf [8]. Experimentally it was first established in the neu-  £o; the data analysis the differential decay curve method

tron deficient Pb isotopef®,10]. In several nuclei of th& (DDCM) [13] was used. Accordin ;
— . . . . g to this method for each
~130 mass regiom1 bands like those observed in the  int time t a lifetime valuer for the level of interest is

“209 mass region are knpwn, but he4re the “rl‘g'e”ying StiUCsalculated from guantities which are obtained directly from
ture is still under discussion, e.g., #h*Xe and'?®Ba. One

. i T the measured data. The DDCM can be applied for singles as
signature of magnetic rotation is the decrease ofBtMd1) | o) as for yy coincidence data. In the case wherg coin-

valugg with incregs'ing spin. Co'nsequen'“yv absolute reducedyences are measured in a RDM experiment, the lifetime
transition probabilities are crucial experimental observableg s pe determined from the following equation:

for testing the structure of magnetic rotation as well as other

The nucleus?*Xe is known to bey soft, with a moderate
B deformation. The picture oy softness and triaxiality has
been studied in details in Refl]. In a recent work by
Werneret al.[2] calculations performed in the framework of
the sd version of the interacting boson mod@&l4] revealed
typical features of thé(6) dynamical limit, as well as sig-
natures showing contributions of th€(5) symmetry in
124¢e. At higher excitation energies of about 3.5 MeV
v(hy19)? and m(hyy0)? quasiparticle excitations occur and
two s bands built on these states can be followed up to spinéO
I™=24" and 18, respectively. A systematics of sustbands

nuclear excitations, which have been observed?fixe. In _{CAUHX) — @ - {CBUHX) 1
this work we will present the results of a recoil distance x) = d/dX{CAG(X) ; 1)
measuremenRDM) performed to determine lifetimes of ex-
cited states ift?*Xe. where
II. EXPERIMENTAL DETAILS AND DATA ANALYSIS — {CAU} +{CAS

a = ,
A CBy}+{CB
The experiment for**Xe was performed with the Eu- {CsBu} +{CsBs!
roball IV [11] spectrometer using the Cologne coincidenceandu is the recoil velocity. The quantities in braces are the
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FIG. 1. Partial level scheme 6f*Xe (see Ref[7]).

numbers of events corresponding to the detection of théetermined and which is directly fed by the transit®nThe
Doppler-shifted (S) or unshifted (U) components of the gate is set on th& component of transitio that lies higher
y-ray transitions involved in the analysis. Transitidnde- in a cascade above the level of interest. In the case of a gate
populates the level of interest, whose lifetime has to beset on a direct feeder, E@l) reduces to
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FIG. 2. Gated spectra for
12%¢e taken at the indicated target-
to-stopper distances from an angle
#=156.1° with respect to the
beam axis. The vertical lines show
the positions of the unshifted
peaks.
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FIG. 3. 7 curves7(x) given for the 354, 525 keV ground state band transitions and for the 326 keV transition Mfltland(upper
panels. Also given are the quantiti8gA}(x) andd/dx{BsAg}(x) (middle and lower panels, respectivelysed to determine th&x) values
(see text

{BAUIX) 1 below”) the deorientation effect has to be considered, but is
X) = m; ) of importance only for sping<6# [15,16.

Furthermore, the effects of the velocity distribution of the
recoiling nuclei and the Doppler-shift attenuation occurring
during the slowing down in the stopper were taken into ac-
count. For this purpose gated spectra were simulated using
gll known parameters of the kinematics of the recoiling nu-
r%Iei, material properties of the target and stopper foils and
geometrical and spectroscopic features of the Euroball spec-
trometer[16,17. The simulated spectra for a hypothetical
band chosen such, to describe in a realistic way the experi-
mental case, were analyzed in the same way as the experi-
ing 7(x) values. Further details of the DDCM can be found in wvzr:r?l 8.p3ezf tr;.] dFozr. ége pgyg(xgeg;il sti)tiinnd fr:/:rl gl;;estlrggtswl;z n
Refs.[13,14. . . ., 600 and 1100 keV were chosen. Gated spectra were simu-

For the data analysis, detectors positioned at almost 'derféted for different rings in backward and forward directions

fucal ?‘”9'359 with respect to the beam axis were grOUpE}dand for longer and shorter feeding times. By comparing the
Into fings. Conseq_uently the spectra measured W'th deteCtOHSerived lifetime values with the values used for the simula-
belonging to one ring show the same Doppler shifts. In Table

I, the assignments of the detectors to eight rings are given.

For each target-to-stopper distance the data were sorted "ABLE |- Angles of the 239 detectors of the Euroball spectrom-
into yy matrices corresponding to all possible ring combina-Eter with respect to the beam axis and their assignment into rings.
tions. Lifetimes 7, determined using different matrices are
statistically independent and allow for consistency checks.
The mean value of the corresponding independent lifetime&ing angled (°) detectors Type
7, was finally taken as the adopted level lifetimeéDue to the

Since the lifetimesr are calculated for every flight time
=x/v one obtains a functior(t) or 7(x), i.e., the so-called
curve which is expected to be a constant. Deviations from
constant behavior indicate the presence of systematic erro
Examples forr curves for the 2 and 4 states of the ground
state band and for the spin 16 state of ih& band are given
in Fig. 3 together with the quantitiegBA }(x) and
d/dx{BgAgH(x) which were used to calculate the correspond-

Mean Number of

. . 156.1+5.4 35 Cluster

occurrence of doublets even in gated spectra, not all possibl
. . . - 137.1+5.4 35 Cluster

gates and matrices generated from the different ring combi-
nations were used for the lifetime analysis. Table Il gives the? 129.7+5.4 35 Cluster
employed gates and rings for all determined lifetimes. 3 103.3+4.2 52 Clover
Effects due to the deorientation of the recoiling nuclei in4 76.5t4.4 52 Clover
vacuum do not enter the DDCM analysis when gates are sét 52.23+0 15 Tapered
on the S componentgsee Table I of feeding transitions ¢ 34.6+0 10 Tapered
[15], so-called “gates from above.” In the case of a gate sey 15.45+0 5 Tapered

on theU component of a depopulating transiti¢igate from
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TABLE II. Rings used for gating and rings, from which the Ten lifetimes below 3 ps were corrected for this effect as
gated spectra were takégated ringsto detemine the intensities of indicated in Table Ill.
interest according to Eq1). In column S the transition energy on  QOverall 19 lifetimes were determined, six in the ground
which the gate was set is present8@ndU indicate if the gate was  stgte band up to the 12tate, five in the yrast negative parity
set on the shifted or unshifted component of the transitionygng up to the 17state, three of they-band, one of the

respectively. “negative parity” band, and four in thil1 band for states
S with spins from 15 to 18:. Table Il shows all adopted life-
) E, time valuesr and the corresponding transition probabilities.
Erev Rings for , (keV) Mixing ratios & used for the calculation of the transition
(keV) " gating Gatedrings  of the gate jpapilities in theM1 band were taken from Ref7] and
354 o> 0,1,2.5.6,7 0,1,2,5.6.7 555 for the quasiy band from Ref[2]. In columns 6 and 7 of
879 & 012 0.1.2.6,7 670 Tgble :(Il the Ilfet|mes frgm rt]wo plr(ewoust\)/vork([jﬂ8,1qhare
given for comparison. Both works are based on the same
1549 g 01,2567 0.1,256,7 87513723303‘ singles data set, but use different analyzing techniques and
feeding assumptions. The deorientation effect for thetate
2331 8 012567 012567 718235379?;2 was onl_y taken into account in RgfL9], which explains the
’ large difference ofr(2])=483) and 6@5) ps from Refs.
3172 10 01.2,5,6,7 0.1.2,5,6,7 853 [18,19, respectively. The transition probabilities within the
3883 12 012567 0,1,5,6,7 780 ground state band and tié1 band will be discussed in the
4299 12 0,1,2 0 815 following sections.
5552.7 (15 0,1,2,5,6,7 0,1 276
5828.3 (16 01,2567 0,17 3% Ill. B(E2;0*—2*) SYSTEMATICS AND GROUND
6154.8 17 012567 0.16,7 460 STATE DEFORMATIONS
6554.6 (18  0,1,2,56,7 0,1,2,5 431 . .
846.6 > 012567 01256 562 Much work ha§ been devotgd to describe the behawor of
T e nuclear deformation over a wide mass range. For instance,
1247.7 3 012567 0125 738 Casten successfully parameterized B{g2 ;0" — 2*) values
1836.9 § 01256,7 01,25 738 in the A=150 andA=100 mass region using the product of
3147.8 9 56,7 01,25 675 the proton and neutron boson numb&f-N® [20]. In the
3822.6 11 0,1,2 0,1,2 679 A=130 mass region the picture presented by the experimen-
4598.8 13 5,6,7 0,1,2 776 tal values was not clear since contradictory lifetimes of the
5434.1 15 56,7 0,1,2 834 2* level were published for several nuclei. The improved
6134.9 17 012567 012,567 887 technlqugs of lifetime measurements, in particular thg use of
2625.7 7 0.1,2,5.6.7 01256 1097 vy coincidence data and the DDCM analy$is3], which

became available in the last years, helped a lot to improve
the quality of the experimental data and correct wrong re-
. . , sults. Now the resultin@3(E2) systematicgFig. 5 shows a
tions, correction factors were extracted. The correction factO{'/ery regular behavior, which allows a quantitative descrip-
as .g Lunc_ttir(:nthof ]Ehe forr?s)pogding Ii&etit;rb?(ca)r} be _de- tion of the observedB('EZ;O’fHZ*) values for many nuclei
scribed wi e functionc(r)=1+a-exg—-b-(ps)], using . . . : .

the parametera=0.90116) andb=2.0129)ps* (see Fig. 4 of this region by the following relatiof21]:

B(E2;0" - 2" =a- N, -N,+ B(E2;0" — 2+)124Sn, (3

where N, and N, are the number of proton particles and
neutron holes counted from the nearest closed shellpdrd
a free parameter. The value=0.0215 éb? was obtained by
fitting the experimental data. This systematicsBiE2 ;0"
—2%) values reveals a linear dependence on the product
N,.-N, for N.<8 and forN,=10, N,<10 of the nuclear
deformation in theA=130 mass region. Beyond these values
enhanced deformation driving forces become apparent, e.g.,
in the case of the occupation of the 1521] Nilsson orbital
by two neutrons.

FIG. 4. Correction factoc(7) as a function of the corresponding ;I'zhe mgasured “fe_tlTe_ 6;7'517) ps of the fII’St22 'eYe'
lifetime to correct the effects of the velocity distribution of the Of “Xe gives aB(E2;0"—2") value of 1.076) ’b? which
recoiling nuclei and the Doppler-shift attenuation occurring during!S close to the value given by E).

05 1 15 2 25 3
T [ps]

the slowing down in the stopper and target. Herare the lifetime The 2 Iifeti_me from this yvork i_5 a bit longer tha_n-
values obtained in the analysis without considering the slowing=60(3)ps obtained in a previous singles RDM experiment
down time of the recoils. [19]. Comparing the deformatiofi=0.218 of'?*Xe, deduced
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TABLE IIl. Lifetime results for*?*Xe. The lifetime values- along with the energies of the levels, deexcitipgay energies, and initial
and final spins are given. Futhermore the reduced transition probatiiids are given ine-fm?- for electric transitions and ipgfm?-~2
for magnetic ones. In columns 6 and 7 lifetimes from previous wesks Refs[18,19) are presented.

Eev (keV) E, (keV) I K oL 72 (p9 P (ps 7 (p9 7 adopted(ps) B(ol)
354 354 2 0* E2 483) 60(5) 67.517) 67.517) 2121.8338
879 525 4 2t E2 5.1(6) 5.6(6) 8.1923) 8.1923) 2487.0533
1549 670 6 4+ E2 1.45) 1.1(4) 1.8217) 1.8616)° 3251 3%
2331 783 8 6" E2 1.56) 0.512) 1.0339) 1.1535)° 24151280
3172 840 10 8" E2 2.25) <14 2.4933) 2.5132)° 778.55*
3883 712 12 10t E2 <4 2.1337) 2.1636) 2024933
381 12 10t E2 926337
4299 1128 12 10 E2 >25 >2.5 <102
5552.7 261.6 (15) (14 M1 0.898) 1.028)° 1.44328
261.6 (15) (14 E2 5908 353°
501 (15) (13 E2 1018233
5828.3 275.9 (16) (15) M1 1.8413) 1.8912)° 1.02318
275.9 (16) (15) E2 3738833
537 (16) (14 E2 586123
6154.8 326.5 17 (16) M1 1.758) 1.808)° 07551
326.5 an (16  E2 20033%
602 an (@15 E2 708153
6554.6 400 (18) 17 M1 0.4Q8) 0.569)° 1.33042
400 (18 @an E2 2360537
726 (18 (16 E2 89335¢
846.6 493.0 2 2* M1 1002) 17.830) 17.830) 313 Ix10
493.0 2 2* E2 114321
846.6 2 o E2 28.1%7
1247.7 401.1 3 2* M1 9(2) 9.0(10) 9.0(10) 1.4%7x 10
401.1 3 2t E2 302423
893 3 2* M1 4.073x10*
893 3 2t E2 83.6152
368.8 3 4* M1 5.928x 10
368.8 3 4" E2 925750
1836.9 589.2 5 3* E2 4.56) 5.7525) 5.7525) 137918
399 5 4* M1 5.435x 107
399 5 4+ E2 130§251)
958.1 5 4* M1 6.122x 10
958.1 5 4* E2 26.725
3147.8 816.7 9 8* El 51) 5.2371) 5.2371) 17.058x 10
3822.6 674.8 11 9 E2 1.28) 3.199) 3.199) 1689227
4598.8 775.9 13 11 E2 2.515) 1.568) 1.628)° 1776513
5434.1 835.3 15 13 E2 4.212) 1.9911) 2.0211)° 957128
6134.9 701.0 17 15 E2 4.2521) 4.2521) 1085719
2625.7 1077 7 6 El 14§15) 98.796) 98.796) 4.953x 1070
3See Ref[18].

bSee Ref[19].
“Lifetimes corrected due to the slowing down of the recoils in the target and stopper foils.

with the newB(E2) value, with its Xe neighbors it stays !2*Xe are shown together with those 5f''*%e. The experi-
close to the value of°e (8=0.216 whereas the deforma- mental values are compared with theoretical values of the ion
tion of 8=0.252 determined foF*?Xe is considerably larger. bombardment and annealing limity(5) and O(6) and the
In Fig. 6 theQ, values of the ground state ba@SB) in  rotor model. The best agreement is obtained for @(6)
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FIG. 5. B(E2;0"— 2*) values plotted vs the neutron numbeér FIG. 7. Comparison of the level energies'i?1221241%Re for

The value of*?*Xe for N=70 is taken from this work. Other data the GSB,m(h;y/,) band, and thes(hy1,,) band.
shown are taken from Ref12] and references given therein.
indicates the crossing of the ground state band with the first
limit although the experimentaD,(4* —2*) values deviate Sband. This is a particularly beautiful case of band crossing,
from the Ca'cu'ated ones. Th|s iS especia”y appareﬂﬁ% Wh|Ch W|” be discussed in more deta” in the fOIIOWing sec-
where the deviation fror®(6) is 8%. From the reliable value ton.
of the 4" level it follows that the deviation is a real effect.
Although we deal with a dominant collective structure, shell "
effects might possibly underlie this reductionkE strength. IV. GSB COLLECTIVITY AND BAND MIXING IN xe
The strong reduction of th&,(10"—8") value by 42% The crossing of the ground state band with tesbands
has been observed in many nuclei in &e130 mass region

5.5 ‘ ‘ ; ‘ at spin 10[5,6]. In cases where sufficient spectroscopic data
5 | 122Xe UGS for the crossing region are available, a level mixing calcula-
tion can deliver interesting information on the interaction
45 strength of the different nuclear structures which are repre-
4 sented by the observed bands.
35 Such calculations had been performed, e.g., féBa
5 | [12,22, 1¥Ba[12], and'?*Xe [23]. In the case ot*Ba, also
absolute transition probabilities were considered in the cal-
25—, 1 6 g 10 culations. Since for**Xe lifetimes of states in the crossing
region were measured, we performed a three band mixing
45 calculation. The strongly reduced transition probability for
'4 | the (10" — 8") transition(see Fig. § already indicates a con-
25 | siderable structural change of the ground state band at the
— 10" state and weak mixing. Unfortunately only two *10
ORI states at 3172 and 3503 keV are known. A third &@ite has
g 25 not been identified so far. The relatively largg (12"
2t 1 —10%) value indicates that the structure of the* Klate is
L5 ¢ similar to that of the 12state, which is assumed to belong to
1 ; : : : : ‘ the »(h,1)? s band[5,6]. As a consequence, the second 10
2 4 6 8 0 12
state appears to be the perturbed state of the ground state
band heritage. It is amazing that the relative energies of the
43 v(hy1»)? s band are constant within a few kilo-electron-volts
4l in the nuclei*?%1241221%a a5 shown in Fig. 7.
This indicates that the energy of the unperturléa;,,)?
331 10" state in*?*Xe can reliably be estimated. Using the life-
3 times,E2 branching ratios, and level energies, a mixing cal-
culation was performed, which reproduces the experimental
25 information very well. In Fig. 8 the relevant part of the level
2 ‘ ‘ ‘ ; ‘ scheme is presented together with the experimental and cal-
2 4 6 8 10 culated absolute transition probabilities. For the" Hfates
1[h] interaction strengths oW,,=160 keV, V,,=10 keV, and

V,.=50 keV were derived. The latter two values were ob-
FIG. 6. Q, values of'**Xe and its neighbord?Xe and*?*xe  tained on the basis of estimated level energies. Table IV
compared to théJ(5) and O(6) symmetries of the IBM. shows the mixing amplitudeg«|n) and the unperturbed and
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the A=110 andA~140 regions. The properties of these
bands have been successfully described by the TAC model
developed by FrauendoiB] as well as the semiclassical
model introduced by Macchiavell26,27. In these models
the band-head configuration in the Pb isotopes arises from a
perpendicular coupling of the angular momenta of High-

T(h
4+

2
1)

protons and high- neutron holes. Angular momentum in
26 Lo @ these bands is gained by simultaneous step-by-step reorien-
- 7 tation of the proton-particle and the neutron-hole angular
251 \ ' ) _‘“‘ momenta into the direction of the total angular momentum
/ Lot - One can picture this as the closing of the blades of shear,
~70 % gsb 1172 leading to the name “shears band&5]. The characteristic

feature of the shears mechanism is a decrea8%Mdfl) val-
)z ues for the dipole transitions with increasing angular mo-
---------- 1172 mentum, since thB(M1) values are proportional to the com-

R
| BED[meb?] | ponents of the magnetic moments perpendicular to the total
! ! = angular momentum. Recent lifetime measurements in the
: exp. : e light Pb isotopeg9,10 had confirmed this behavior experi-

[ ——— 2 mentally.

gsb In many nuclei of theA=130 mass region, bands with

FIG. 8. Comparison of absolutB(E2) values (black boxe$ strong M1 transitions and weak crossove? trar_wsition; .
with corresponding values from the three level mixing (:alculationhaVe also been observed.' Therefore, the question arlges if
(white boxes. The values are given in rfig. these bands can be considered as shears bands. This was

discussed in several papgis28. Whereas the nuclei in the

perturbed level energies of the*l@tatesE?L andE,, respec- P_b region are almost spherical, the nuclei in th:el_SO re-
tively. Although the agreement between experiment and ca/dion are deformeds~0.2), e.g., Ba and Xe nuclei. There-
culation is good an open question remains: Whytie, /) for'e, thg collective rotation perpend!cular to thg Symmetry
10* state has not been observed? The level energy of thidXiS, which can almost be neglected in Pb nuclei, is expected
state in'?*Xe was extrapolated from higher spin states of the!® have a larger influence in nuclei of te=130 mass re-
corresponding band to He=3800 keV. It has not been ob- gion. Especially in the case df*Ba intense experimental
served in one of the neighboring Xe nuclef. Fig. 7). This ~ and theoretical studies had been devoted to Ntte band
holds for ?%Ke as well, where many states of the ground[28,29. On the basis of branching ratios, mixing ratiés
state band and botk bands were observed, but not the and lifetimes it had been revealed, that this band can be
m(hy12)? 10" state. A possible explanation might be that thedescribed as a rotational band, built on the four quasiparticle
excitation energy of this state is quite high and that a smalexcitation m(hyy,.0s/,) ® v(hy1/2072) with an effective K
(12" — 10 transition energy leads to a weak transition. value of about i [28]. The most important signature for
excluding a shears band structure in the case ofthéband
V. M1 BAND IN 2%e in 1?8a areB(M1) values which increase with the spins.

| ‘ q f enh q " ol This increase is most pronounced for the low spin part of the
n recent years cascades of enhanced magnetic dipble band. The investigation of thil1 band in12*Xe, which is
transitions have been observed in the neutron-deficient P

nuclei[24,25. A number of similar bands were also found in very S|m|I§1r tp the one .”Jr Ba, was a major subject of the
Euroball lifetime experiment performed at Strasbourg and

described in this work. The band #*e also shows strong
M1 transitions and weak crossoveéR transitions, but also
differences have been observed. The signs obthalues are
negative in'?*Xe and positive in*?®8a. Unfortunately the
parity of theM1 band in'?*Xe is not fully established. So far
we determined the lifetimes of the four lowest lying states in

TABLE IV. Mixing amplitudes (u|n) and their squaregin
brackets for the 10 state, whereu=m,GSB v denotes the unper-
turbed states and=1,2,3 theperturbed ones. Further the corre-
sponding level energieEfL and E,, are presented. The interaction
strengths ar¢/,,=160 keV,V,,=10 keV, andV,,,=50 keV.

n 1 5 3 £0 the M1 band.
“ The deducedE2 and M1 transition probabilities are

K (keV) shown in Fig. 9. It is evident that tH&M1) transition prob-
- -0.0560.003 0.1270.01§ 0.99q0.98) 3793 abilities are decreasing with increasing spin, which is the
GSB -0.5780.339 -0.8130.660 0.0720.005 3395  €xpected behavior for a shears band and is in contrast to the
, 0.8140.662 -05640323 0.1190.014 3288 corresponding values itt®Ba. In order to check whether a
E. (keV) 3171 3505 2800 rota_ltlonal_ band built on a four quas_lpartlcle state is also com-

n patible with the observed decreasiBgM 1) values we used
*Extrapolated datésee text the relation[30]

034313-7



SAHA et al. PHYSICAL REVIEW C 70, 034313(2004)

18000 ' . ; - described according to E¢4) unless one assumes decreas-
= iiggg ' ing K values with increasing spins.
= Lao0ok ] In order to give a final answer to the question on the
= o000l ] underlying structure of th&11 band in*?*Xe, the parity of
= 80000 | the band is needed and a comparison to TAC calculations
= 6000} 1 should be performed. Considering the presently available ex-
g 4000t } 1 perimental data the proposed rotational structure seems to be
2000r } } y reasonable.
0 15 16 17 18 Although theM1 bands in‘**xe and'?®Ba are different,
Spin1 most probably we do not deal with shears bands in both
2000 ; ' ; cases, but with rotational bands built on four quasiparticle
_ 18oor 1 states, where the spin is gained by increasing collective ro-
E 1600 1 1 tation and not by a successive alignment of the involved
o 1400 1 l quasiparticle spins along a total spin akislt can not be
& 1200 l excluded, that the involved quasiparticles change their align-
7 10007 %} l ments with increasing spins leading to decreasingalues
g 800 {) l and consequently to decreasiBgM1) values with increas-
@ 600 ¢ ing spin.
400 : ' : :
15 16 17 18
Spinl

VI. sd-IBM-1 CALCULATIONS

As already indicated by the GSB(E2) values shown in
Fig. 6, 12*Xe seems to be soft. To describe thig softness
we used thesd version of the interacting boson mod&M)
[3,4]. A previoussd-IBM-1 calculation for'?*Xe was done in
Ref. [2]. We want to test thedIBM-1 calculation with the
new B(E2) values. The IBM-1 has three dynamical limits,
, , ‘ ‘ the U(5), the SU(3), and theO(6) limit, which can be com-

12 4 16 18 pared to the geometrical limits of a vibrator, a rigid symmet-

Spin| ric rotor, and ay-soft nucleus, respectively. The Hamiltonian
FIG. 9. E2 andM1 transition probabilities of thé11 band of of the extended consiste formalism (ECQB [32,33 of
124%e. The solid line in the bottom part of the figure represents athe 1BM covers the whole range of structure between these
semiclassical calculation using Ee). three dynamical symmetry limits by just varying the two
structure parametelg’/ k, x):

2 2 : 2 ’
o STl 0 finee] s

for the four quasiparticle structure(h;;.)?® v(hyy007).  The factorx only sets the absolute energy scale. In terms of
The proton partm(hy;,)? as well as the neurtT:i)E%( part Sandd bosons the quadrupole operaf@f is given by
v(hy1/297/2) were observed in the low spin spectru e, IBM — W = [t <1 tq12
and theM1 band decays to both structures. It was assumed QT =Qr=[sd+dis]T+ did]”. ©
that the two protons and the two neutrons align pairwise to & he quadrupole operat@®" is proportional to the2 tran-
common proton and neutron sgirF 104 andj,=8%, respec- ~ sition operatorT(E2)=ezQ"®™ by including the effective
tively, which couple with the collective spiR to the total quadrupole boson chargg. Figure 10 shows a fit with this
spin I. The quantities; ~10 andi,~0 used in Eq(4) are  Hamiltonian, using the paramete¢s/ k=—-21.6, x=-0.677,
the alignments of, andj,, respectively. The factors of the «=-31.6 keV andz=1.9 W.u. In this fit the main focus was
proton and neutron contributioty andg, were calculated set on the reproduction of the level energies of the ground
using theg factors of the involved single particle orbitals state band and the staggering of the quaband. Compared
given in Ref.[31]. The value ofK was varied to obtain the to theO(6) limit, the experimentally observed staggering of
best agreement with the experimental data. The result of théhe quasiy band in'?*Xe is strongly weakened and cannot
calculation is shown as a solid line in the lower part of Fig.be reproduced by the calculation using the Hamiltonian
9. given by Eq.(5). Furthermore the calculation overestimates
Although the agreement is not perfect, the result showshe level energies of the quagiband. To improve the de-
that decreasing(M1) values can also be obtained by assum-scription of the data, we added to the Hamiltonian two new
ing a rotational structure with an appropriate coupling of theterms, namely the terri® pair @S given in Ref[34] which
involved quasiparticle states. The assumed structure woulhkes into account a pairing interaction in order to compress
have negative parity. There is no obvious structure with posithe multiplets according to the quantum numbefr com-
tive parity by which the observeB(M1) values could be pressionand a(L-L) term, as previously used in R¢2], to

034313-8
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Ground State Band vy — Band (K=0) Band (K=4) Band E [keV] FIG. 10. L ing | | q
. 10. Low-lying levels an
T 4500 B(E2) values of the ground state
4000 band, the quasj band, the(K
g+ 5 =0) band and(K=4) band of
pr— si—— 33500 124¢e. For a better comparison the
Tt 3000 experimentally known data for
&+, 6+ 44 each band are displayed left to the
8+ 8+ s 5500 27,7 g: 4 2500 rgsults .of thesd-IBM-1 ca!culg-
65.7 1010 6+ “ 4t 2000 tion, using the ECQF Hamiltonian
I ! 5; — S » 2+ 4+ in Eq. (5). The number above the
6t s 6+1004 oyl 50 27 543 o 1500 arrow is theB(E2) value for the
1 3+23 0 42+_ ! 0+ corresponding  transition  in
4+_'_(77 4+J_891 + @ |1p34 1000 Weiskopf units. The parameters
v B o B 08 3'1 ! 500 for this calculation aree’/k=
or 5;3 o 5L8 0 -21.6, x=-0.677, k=-31.6 keV,
Exp. IBM  Exp. IBM  Exp. IBM  Exp. IBM andeg=1.9 W.u.

account for the weakened staggering. The pairing interactiorlamiltonian, using the structure parametefg=-25.5 and

termHE . is defined ag34]:

pair

Hpgir= as's+ B(s's)(s's),

)

where « and 8 are parameters. Using the relatisfs=N

H B
—(d'd) one can writeH_,;, as

HB

whereE, is a function of the boson numbarand’e is again

bair = Ep +€(d"d) + B(dd)(d"d) = E, +ng + gng, (8)

a parameter. The complenﬁ—ECQF Hamiltonian used for

our calculation is

Huz-ecor= Hecor+ Hpairt ALL

€ A
= K(—nd+ Q¥QX+ —LL +
K K

Bng) |

K

9

wheree=¢€' +€ from Eqgs.(8) and(5) and the constart, for
N=8 is omitted. The parametersand ez were fixed to re-
produce the energy and the ground state transition strength wfhen using thenﬁ-ECQF Hamiltonian.

x=-0.436, while 8/ k=2.519 and\/x=-0.649 adjust the
level spacing. Furthe=-26.2 keV andeg=1.865 W.u.
were used in this calculation. With these additional terms the
weakened staggering in the quasband is reproduced. The
added(L-L) term does not change the wave functions and
thus does not influence the transiton strengths. The added
pairing interactior1-|§air only slightly changes th8(E2) val-

ues, which leads to a good agreement of both calculations
with the experimental transition strengths. The disagreement
in the energy spacing between the levels of ke 0) band

is a well known problem o$d-IBM-1 calculations as well as

of other collective models, e.g., the general collective model
[36]. Though ther compression reduces the level spacing in
the (K=0) band it also reduces the level energies, so that the
0, and the 2 are reproduced worse than in the calculation
using the simple ECQF Hamiltonian. Another noticeable dif-
ference of bottsd-IBM-1 calculations is the far better repro-
duction of the level energies belonging to tti€=4) band,

the 2 state. The diagonalization of the Hamiltonian has been
done using the codeHINT by Scholten35].

In Fig. 11 the low-lying energy spectrum t¥Xe is com-
pared to thesdIBM-1 calculation with the n3-ECQF

VIl. SUMMARY AND CONCLUSIONS

A recoil distance measurement was performed using the
Cologne plunger in combination with the Euroball spectrom-

Ground State Band v — Band (K=0) Band (K=4) Band E [keV]
. 8+ L 7+ 13000
T+ T+ E
o 84 I o o 12500
=T s 5+ ] FIG. 11. See the caption of
o+ 4 3o000 Fig. 10. Unlike Fig. 10, then
5+ 5+ 4+ 4+ “ 1 ECQF Hamiltonian from Eq(9)
64 6+ 336 375 235 48T 9y ] was used for this calculation. The
385 100.1 4+H 4+ . 11500 parameters aree/ k=-25.5, y=
T x 24 ] -0.436, pIx=2.519, M «k=
i g 11000 ~0.649, k=-26.2 keV, and e
44 44 2 !2 ! 1 0%, K=720. '
67.7 90.3 7 0.8 31.1 i 3.0 35.0 o+ ] =1.865 W.u.
2 ! 24 3500
578 578 1
0+ ' 0+ 1o
Exp. IBM Exp. IBM Exp. IBM Exp. IBM
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eter. Nineteen lifetimes of excited states'fiiXe were de-
rived by means of the DDCM applied opy coincidence

PHYSICAL REVIEW C 70, 034313(2004)

a final answer to the question of the underlying structure of
the M1 band the parity of the band is required. Two

data. The deduced transition probabilities were used to tesid-IBM-1 calculations with two different Hamiltonians were

different theoretical predictions. TH¥E2 ;0" — 2") value of
124¢e fits well into the B(E2;0*—2*) systematics of the
neighboring nuclei and a ground state deformatiBn

performed, both showing a good agreement with the experi-
mental B(E2) values and the low energy spectrum. The
weakened staggering of the quasband indeed can only be

=0.218 was deduced. A three band mixing calculation for thelescribed by using thaﬁ—ECQF Hamiltonian with a pairing

crossing region of the ground state band with sueands at

interaction term.

spins 10—14, shows a good agreement with the experimental

data and reveals 70% admixture ofh,;,)> quasiparticle
structure to the lowest IGstate at 3172 keV, previously as-
signed to the ground state band. Consequently tHesfidle
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