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Recoil distance lifetime measurements in118Xe
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Lifetimes of the excited states of the ground state band in118Xe are newly measured using the recoil-
distance Doppler-shift technique. The reaction93Nb(29Si,p3n)118Xe at a beam energy of 135 MeV was used
for this experiment. The lifetimes of the 21, 41, 61, 81, and 101 states of the ground state band were
extracted using the computer codeLIFETIME which includes the corrections due to the side feeding and the
nuclear deorientation effects. The presentB(E2) values are in good agreement with the extractedB(E2)
values from the Hartee-Fock-Bogoliubov calculations. The measuredB(E2) values are also compared with the
standard algebraic and the geometrical models. TheB(E2) values for the 21 state for this nucleus and the
other Xe nuclei as a function of the neutron number are well reproduced in the framework of the algebraic
model IBA-1 with O~6! symmetry and the geometrical finite range droplet model.
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I. INTRODUCTION

The xenon nuclei have four protons out side theZ550
shell closure. Their low lying levels include a series of c
lective even parity states. Various algebraic and the g
metrical models have been used to reproduce the ene
and theB(E2) values for these states. TheB(E2) transitions
provide a valuable information about their intrinsic quad
pole moment and hence the deformation of the nucleus.
cording to the standard models, a small but gradual incre
in the xenonB(E2) values is expected as the neutron nu
ber is decreased fromN582 to the midshellN566, a flat-
tening at the midshell, and finally a gradual decrease be
N566. Instead, the recent experimental values for the m
shell xenon isotopes constitute a small peak@1,2#. To repro-
duce these newly measuredB(E2) values several model
have been predicted. In the framework of the IBM-2, t
experimental values are reproduced without the Pau
blocking effects @3#. In the fermion dynamic symmetry
model ~FDSM! @4#, the group structure has to be chang
from O~5! to O~6! while going from the heavier124Xe (N
>70) isotopes to the lighter120Xe (N<66) isotopes. The
nucleus118Xe with N564 lie below the midshellN566 and
according to the exisitng theoretical models a downw
slope of theB(E2) value for the 21 state is expected for thi
nucleus. We have therefore measured the lifetimes of
excited states of the ground state band of118Xe nucleus to
examine critically the existing models. Our measured va
for the 21 state is in close agreement with the value m
sured by Katouet al. @5# while the value of the 41 state
differs significantly. We have compared our results with t
theoretical predictions based on the Hartee-Fock-Bogoliu
~HFB! calculations alongwith the standard algebraic a
geometrical models.

II. EXPERIMENT

Lifetimes were measured in118Xe nucleus via recoil
distance method ~RDM!, using the reaction
0556-2813/2002/66~6!/064318~5!/$20.00 66 0643
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93Nb(29Si,p3n)118Xe. The 135-MeV29Si beam was deliv-
ered by the 15UD pelletron accelerator at Nuclear Scie
Centre~NSC!, New Delhi. The experiment was performe
using the NSC recoil distance plunger device and
Gamma Detector Array~GDA!. A 1-mg/cm2-thick target of
93Nb was stretched and mounted on the RDM device. T
stopper was 7-mg/cm2 gold foil stretched in the similar way
and mounted opposite to the target. The distance betwee
target and the stopper~d! was calibrated using capacitanc
measurement method. A graph between 1/C and the distance
~d! was plotted to get the minimum distance between
target and stopper which was found to be 10mm. The data
were acquired at target-stopper distances ranging from 1
10 000mm. The larger distance~10 000mm) was selected to
see the effect of any long lived lifetime present in the dec
of this nucleus which sometime affects the measuremen
not properly taken care of. The gamma rays were detec
with 12 Compton suppressed HPGe detectors of the Gam
Detector Array~GDA! of the NSC, New Delhi arranged in
three different rings of four detectors each, and making
angle of 144°, 98°, and 50° with respect to the beam dir
tion. A 14-element BGO multiplicity filter was used wit
seven detectors each at the top and the bottom of the sca
ing chamber. The data from any of the HPGe detectors
acquired in coincidence with the multiplicity of two from th
BGO detectors. This reduces the background due to the C
lomb excitation and other unwantedg rays due to radiactiv-
ity, etc. The HPGe detectors at a particular angle were g
matched in the software and the data were added.

III. RESULTS AND DATA ANALYSIS

Figure 1 shows the typical shifted and the unshifted pe
of 21 –01 ~337.5 keV!, 41 –21 ~472.8 keV!, 61 –41 ~586.4
keV!, 81 –61(676.4 keV) and 101 –81 ~743.0 keV! transi-
tions at the forward angle of 45° for three target to stop
distances. The programLIFETIME @6# was used for the presen
analysis to fit the experimental decay curves to extract
lifetimes of the various transitions. All such curves were fi
©2002 The American Physical Society18-1
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FIG. 1. Typical spectra at
150° with respect to beam line
for different target to stopper dis
tances.
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ted with a combination of exponential functions and the li
time for each level was extracted from these fits. The p
gram LIFETIME includes the corrections due to the changi
position of the recoiling nucleus along the flight path and
velocity-dependent solid angle. The solid angle for t
shifted component is averaged along the flight path. The
rections are also made for the changes in the angular d
bution due to the attenuation from the nuclear alignme
Although the hyperfine interactions occur during flight, t
effect on the Doppler-shifted peak is reduced by integrat
over the fight time. The alignment attenuation is assume
stop when the recoil enters the stopper. Inside the stop
large charge-exchange phenomena cause the ions to ch
the charge states rapidly, decoupling the hyperfine fi
thereby freezing the perturbed alignment of the ions u
they decay. The angular distribution of radiation fro
aligned nucleus can be written as

W~ t !511A2~ t !P2~cosu!1A4~ t !P4~cosu!, ~1!

where A2 and A4 are the angular distribution coefficient
According to Abragam and Pound@7#, the attenuation can b
described

A2~ t !5A20e
t/t2, A4~ t !5A40e

t/t4, ~2!

wheret2 ~30.0 ps! andt4 ~10.0 ps! are the electronic relax
ation times andA2050.368 andA40520.112 for a com-
pletely aligned nucleus calculated atJ0550. It is well
known that only states of low spin are significantly perturb
by the atomic interactions. A correction is also made to
clude the gamma-ray intensity emitted while the recoils
slowing down in stopper. This intensity would lie betwe
the shifted and the unshifted peaks. Since the flight dista
and therefore the flight time is measured to the front surf
of the stopper, the intensity lying bewtween shifted and
unshifted peaks are added to the unshifted intensity.

This program also includes the corrections due to the
fect of the unknown side feedings. The side feedings to
the levels were modeled to have a one step feeding an
06431
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was ensured in analyzing the data for eachg transition that
the intensities are properly balanced due to the variation
the population from the side feedings. The transition pro
abilities from the sidebands were adjusted to have the be
to the experimental data. In the present analysis the top m
level of the band being analyzed, was assumed to be fed
a rotational cascade comprising of five transitions of
known energies. The side feeding was found to be very sm
in most of the transitions therefore any systematic error
to this reason would be negligible. The quadrupole mom
of this rotational band was a parameter of variation wh
was adjusted to have the best fit to the transition from
observed highest level. The errors were calculated by
subroutineMINUIT of theLIFETIME program which calculates
the errors due to the variations of the parameters for the
change of the chi square. Figure 2 shows the fitted de
curves for the various transitions in this nucleus. A summ
of the lifetimes measured in the present work for differe
transitions along with the earlier results@5# are given in
Table I.

In order to investigate the shape of the nucleus we h
performed the total Routhian surface~TRS! calculations. The
routhians were calculated using the cranked Hartree-Fo
Bogoliubov~HFB! procedure@8,9#. A rotating Woods-Saxon
mean field potential along with the monopole pairing inte
action was used for these calculations. The values of
pairing termD and the chemical potentiall were determined
by solving the BCS self-consistent equations@10#. The total
Routhian calculated were used for determining the mic
scopic corrections to the macroscopic energy using
Strutinsky procedure. Figure 3 shows the plots for t
equienergy contours for the ground state band at\v
50.0 keV which predicts the minima atb250.25. A com-
parison has been made in Table I between the experime
and the theoreticalB(E2) values extracted from the HFB
calculations for different excited states. The experimen
values have been calculated using the following relations

B~E2;I→I 22!5~0.0815!/@Eg
5t~11at!#e

2b2. ~3!
8-2
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FIG. 2. Decay curves of the
normalized unshifted intensitie
for various transitions of the
ground state band in118Xe.
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The theoreticalQt andB(E2) values are deduced from theb
andg values obtained from the HFB calculations and us
the following relations:

Qt5A~12/5p!ZeR0
2b cos~301g!eb, ~4!

B~E2;I→I 22!5~5.Qt
2^I200uI 220&2!/16pe2b2, ~5!

whereEg is the energy in MeV,t is the lifetime in ps,at is
the total conversion coefficient, andR0 is the radius
(1.2 A1/3). The deformation parameterb and the triaxiallity
parameterg are predicted by HFB calculations at certa
06431
g
value of\v. Z andA represent the atomic number and t
atomic mass, respectively. Our measured values are in c
agreement with HFB calculations up to 61 state of the
ground state band.

The excitaion energies and theB(E2) values in the
ground state band are calculated using the algebraic m
IBA-1 @11# with the Hamiltonian

H5«•nd1kQ•Q1k8L•L1k9P•P, ~6!

where
TABLE I. Comparison of measured lifetimes andB(E2) values for118Xe.

Transition E ~keV! t ~ps! t ~ps! \v B(E2) B(E2)
~Present! ~Ref. @5#! ~keV! ~Present! ~HFB!

21 –01 337.5 65~4! 65~3! 150 0.28~2! 0.26
41 –21 472.8 7.8~3! 10.8~2! 250 0.44~2! 0.42
61 –41 586.4 4.0~4! 4.6~9! 300 0.29~3! 0.32
81 –61 676.4 3.7~5! 4.0~14! 350 0.16~2! 0.40
101 –81 742.2 <3.0 <1.7 400 >0.12 0.41
8-3
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Q5~d1s1s1d!1x~d1d!. ~7!

In case of SU~5! symmetry,k50 and for O~6! symmetry,
x50. Figure 4~a! shows the comparison of the experimen
excitation energies of the excited states in the ground s
band with the calculated energies from IBA-1 assum
SU~5! and O~6! symmetries. The experimental energies a
well reproduced in both SU~5! and O~6! symmetries.

FIG. 3. Plots of the equienergy contours for the ground s
band in 118Xe at \v50.0 keV.

FIG. 4. A comparison of~a! the experimentalEJ
1/E2

1 ratio in
118Xe isotopes with the predictions of IBA-1 with O~6! and SU~5!
symmetries.~b! the experimentalB(E2) values for the excited
states of the ground state band with IBA-1 model using O~6! and
SU~5! symmetries.
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The B(E2) values for the excited states in the grou
state band are calculated in the IBA-1 model with O~6! sym-
metry using the relation

B~E2:L12→L !5eB
2~L12!~2NB2L !

3~2NB1L18!/8~L15! ~8!

and with SU~5! symmtery using the relation

B~E2;L12→L !5eB
2~L12!~2NB2L !/4, ~9!

whereeB is the effective boson charge andNB59 are total
number ofs andd bosons. The effective boson chargeeB is
calculated using the experimentalB(E2; 21→01) value
and the relations for the O~6! and SU~5! symmetries as fol-
lows:

O~6!:eB
255B~E2;21→01!/NB~NB14!, ~10!

SU~5!:eB
25B~E2;21→01!/NB . ~11!

The experimental and theoreticalB(E2) values for 118Xe
from the IBA-1 normalized toB(E2;21 –01) for the ground
state band up to 101 state assuming SU~5! and O~6! symme-
tries are compared in Fig. 4~b!. The experimentalB(E2)
values forI>6 are found to be lower in the118Xe as com-
pared to the theoretical predictions which is in agreem
with the observations by Degraffet al. @12# in case of
114,116Xe nuclei.

The experimentalB(E2) values for lowest 21→01 state
for this nucleus along with theB(E2) values for other nucle
are compared with the algebraic models in Fig. 5. The IBA
model with O~6! symmetry reproduces very well the expe
mental B(E2) values of the broad range of Xe isotope
However, the experimental values do not support the SU~5!
symmtery. In both the calculations, effective chargeeB

50.108 is used. The ratioE4
1/E2

1 for Xe isotopes, which
peaks at a value of 2.5 in the midshell region correspond
to theg-soft O~6! limit and decreases towards 2.0 at neutr
number approachingN582 corresponding to the vibrationa

e

FIG. 5. A comparison of the experimentalB(E2) values for the
lowest 21 –01 state in Xe isotopes with the theoretical predictio
from the different algebraic models.
8-4
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SU~5! limit, suggests a gradual change in the structure.
cording to D. Fenget al. @13#, in Xe isotopes switching from
the vibrational SU~5! symmetry forN>72 to theg-soft O~6!
symmetry forN<70 produces a sharp discontinuity. Cast
et al. @14# have also argued that the O~6! character is valid in
the xenon-barium-cerium region forN<76. The other indi-
cators such as the energy of the 2g

1 state also support thi
g-soft rotor model for the xenon isotopes.

In the framework of IBA-2, Otsukaet al. @3# have at-
tempted to describe the systematic behavior of theB(E2)
values for the even-even Xe, Ba, and Ce nuclei assuming
SU~5! symmetry. They were particularly interested with a
parent saturation of theB(E2) strength as the midshell i
approached. They reproduced the experimentalB(E2) val-
ues very well forN>70 xenon isotopes with Pauli blockin
effect, however, for the more deformed midshell xenon i
topes (N<70), where the dominant symmetry is O~6!, there
is a marked underprediction. They have shown that add
the Pauli blocking toE2 transition opertaor in IBA-2 doe
provide saturation for the ytterbium isotopes and some s
ration nearN566 in the xenon isotopes. On the other han
the calculations with IBA-2 without Pauli blocking effec
are in agreement with the results of the recent experime
The fermion dynamical symmetry model~FDSM! predicts
the saturation for the yetterbium isotopes but no satura
for the xenon isotopes. In the FDSM calculations@4# the
experimentalB(E2) values for the midshell isotopes are
good agreement with the O~6! symmtery. Our presentB(E2)
value (21→01) for 118Xe isotope is in good agreement wit
the FDSM, IBA-1 with O~6! symmetry, and IBA-2 without
Pauli blocking effects as shown in Fig. 5.

Raman et al. @15,16# have extensively compared th
B(E2) values for the Xe isotopes with different geometric
U

,
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models, e.g., single-shell asymptotic Nilsson mod
~SSANM! @16#, finite range droplet model~FRDM! @17#,
Hartree-Fock calculations@18#. The FRDM and Hartree-
Fock calculations give a better agreement with our meas
ment as compared to the single shell Nilsson asympt
model @19,20#.

IV. SUMMARY

Lifetimes of the ground state band up to 101 state in
118Xe nucleus have been measured with the recoil-dista
technique. Our measured value of the lifetime for the1

state differs from the earlier measurement of T. Katouet al.
while for other states our values are in agreement with th
values within experimental errors. The presentB(E2) values
for the I ,6 excited states are consistent with the theoret
B(E2) values extracted from the Hartree-Fock-Bogoliub
~HFB! calculations and IBA-1 calculations. A band crossi
is therefore expected atI>61. The B(E2) values for the
lowest 21 –01 transition in 118Xe nucleus alongwith the
other Xe nuclei agree very well with the FDSM and th
IBA-1 calculations with O~6! symmetry. In the geometrica
models, the FRDM and multishell Hartree-Fock calculatio
give a better agreement as compared to the single shell N
son asymptotic model.
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