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The decays of119mCs and119gCs to 119Xe have been studied on mass-separated samples, usingg-ray and
internal conversion electron measurements. Several new low-lying levels have been established in the119Xe
level scheme. Half-life evaluations for119mCs and119gCs have been revisited. The results are compared with
other experimental data known in light odd-mass xenon isotopes and with calculations performed in the frame
of the multishell interacting boson-fermion model.
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I. INTRODUCTION

The present study is part of a program developed at
ISOLDE facility to investigate theb-decay schemes of ligh
cesium isotopes@1,2#. The experiments have been focus
on the 119Xe low-lying level scheme populated in theb/EC
decays of119mCs and 119gCs for which a few results hav
been previously reported@3#. This approach is very similar to
the one already applied for the121m,gCs to 121Xe beta decays
@4#.

Spin and parity of the119Xe ground state are definitel
known to beI p55/21 @5#. A first partial level scheme for the
lowest excited states fed by beta decay in119Xe has been
reported to stand a comparison with the117Xe isotope@6#.
From in-beam studies of119Xe a wealth of data is availabl
at intermediate- and high-spin states@7–10#. Negative-parity
band structures having similar characteristics and based
nh11/2 quasineutron configuration have been reported by
works. The situation is significantly more complex for th
low-spin positive-parity states. A comparison of the ba
structures developed in119Xe with those recently establishe
in the neighboring isotope121Xe @11,12# shows clearly a
similar behavior for the D51 bands built on the
nd5/2@402#5/21 ground state of the two nuclei. Additiona
experiments are needed to firmly establish the spin, pa
assignments, and deexcitation modes of the other low-ly
states. Comparing the121Xe low-lying positive-parity states
fed in the 121m,gCs beta decays@4# and those with spin parity
I p<11/21 populated in the109Ag(16O, p3n) reaction~bands
9-10 and 11-12 in@12#! one observes an interesting agre
ment. Keeping these similarities in mind, a special effort h
been made in the present119m,gCs beta-decay study to esta
lish the spin and parity assignments of the low-lying sta
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fed in 119Xe and to combine them with those proposed fro
recent in-beamg-ray spectroscopy studies@9,10#.

In Sec. II the experimental procedures and the results
reported. The level scheme is established in Sec. III and
b feedings in Sec. IV. The discussion of the new results
presented in the last part, including comparisons with ot
experimental data and with calculations performed in
frame of the interacting boson-fermion model~IBFM!.

II. EXPERIMENTAL PROCEDURES AND RESULTS

The present study of theb/EC decay of119m,gCs to levels
in 119Xe was completed in part at the ISOLDE facility a
CERN and at the UNISOR isotope separator at Oak Ri
National Laboratory~ORNL!.

In the studies at ISOLDE, cesium isotopes were produ
in a thick molten lanthanum target bombarbed by the 6
MeV proton beam available at CERN. The experimen
setup was similar to the one described in a previous pape
the 121m,gCs decay@4#. Separated radioactive samples we
collected during various collecting times in the 1–30 s ran
and sequentially transported to the counting station by
automatic tape driver system. The counting times were ty
cally 30 s. Singlesg ray spectra and time-dependent mul
scaling spectra were recorded with an intrinsic Ge dete
having a resolution of 800 eV at 122 keV for the low-ener
g-rays and with several other Ge~Li ! coaxial detectors~15%
efficiency andR'2.5 keV at 1 MeV!. Conversion electron
spectra were detected with a movable 3-mm-thick Si~Li ! de-
tector having a resolution of 1.6 keV full width at half max
mum ~FWHM! at 624 keV and placed in the vacuum, ne
the collected samples. Three parameterg-g-t andg-e-t co-
incidence events have been recorded. Forb1-g coincidence
©2001 The American Physical Society21-1
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measurements, a typical arrangement including a 4pb plas-
tic scintillator and a Ge~Li ! detector has been used. Th
disposal is of the same type as the one used at the TRIST
mass separator@13#.

In the studies at UNISOR, samples of119Cs were pro-
duced in the heavy-ion reaction between a 6 mg/cm2 92Mo
target, which made the window of the FEBIAD-B2 io
source@14#, and a 175-MeV32S beam provided by the 2
MV Tandem accelerator at the Holifield Heavy Ion Resea
Facility at ORNL. The evaporation products from the heav
ion reaction recoiled in the center of the ion source, wh
they were ionized to a singly positive charge and extrac
towards the mass separator. The recoil ions were then m
separated, and the119Cs products were deposited into a mo
ing tape, which transported the activity to two counting s
tions with a cycle time of 40 s. The first counting statio
~G1! consisted of twog-ray detectors: a Ge detector with
full energy range set to 1.8 MeV at a distance of 4.4 cm fr
the source and a Ge~Li ! detector, which was placed 4.7 c
from the source position and had a full energy range of
MeV. A Si~Li ! electron detector was also placed at the fi
detection station~G1! at a distance of 12 cm from the sourc
The e2 detector was equipped with a miniorange filte
which was placed between the source and the detector, l
ing a distance of 4.5 cm between the detector and the fi
This placement of the miniorange filter allowed for a peak
the efficiency curve for the electron detector at an energy
750 keV. The positions of these three detectors at the

FIG. 1. Partial conversion electron~upper panel! and gamma-
ray ~lower panel! spectra observed in the119m,gCs decay at ISOLDE
~collecting time 30 s, counting time 30 s!.
02432
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counting station~G1! were such that the twog-ray detectors
were at 90° and the electron detector was at 180° relativ
one of the Ge detector. A Ge detector and a Si~Li ! electron
detector were placed at the second counting station~G3!.
The Ge detector was placed 4.6 cm from the source posi
and had a full energy acceptance of 6.0 MeV. The elect
detector was placed at 180° to the Ge detector at a dista
of 7.0 cm from the source position. Thise2 detector was
also served by a miniorange filter, which was placed 1.5
from the face of the detector and resulted in a peak efficie
curve for this detector at an energy of 250 keV. Sing
spectra were collected for each of the five detectors
scribed above. Twofold coincidences were collected betw
the twog-ray detectors and the electron and Ge detector
the first counting station~G1!, and between the electron an
Ge detectors at the second counting station~G3!.

Examples of low-energyg-ray and conversion electro
spectra recorded at ISOLDE are shown in Figs. 1 and 2.
energies and intensities of theg rays associated with the
119Cs decay are listed in Table I. For both experiments
ISOLDE and at UNISOR theg-ray intensities were deter
mined relative to the 176.5 keV gamma-ray transition.

Efficiency curves were derived for eachg-ray detector
using a standard reference source containing154,155Eu,
125Sb, and 125mTe. Energy calibrations were performed b
collecting g ray singles spectra for sources of152Eu and
228Th with the simultaneous collection of the119Cs activi-
ties. The experimental internal conversion coefficients

FIG. 2. Expanded partial low-energy spectra forg rays ~lower
panel! and electrons~upper panel!, recorded at ISOLDE in the
119m,gCs decay. They show the complexity of the spectra in
50–100 keV energy range as well as the differences in transi
multipolarities. Lines belonging to the decay of119Xe are labeled
with an asterisk. Collecting time 1 s, counting time 30 s.
1-2
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TABLE I. Energies in keV, relative intensities, and location ofg rays observed in the decay o
119m,gCs→119Xe. G1: first counting station. G3: second counting station~see Sec. II!. With the present
experimental conditions theg-g summings are negligible. Transitions not observed in coincidences or ha
gamma intensity smaller than 3 in the relative scale@ I g ~176.5 keV!51000# are not reported.

Work at ISOLDE Work at UNISOR Location
Eg ~keV! I g (DI g) Eg ~keV! I g (DI g) at G1 I g (DI g) at G3 From To

67.5 ~2! 10 ~4! 244.0 176.5
68.0 ~2! 20 ~5! 68.1b 42 ~1! 94 ~3! 314.4 246.2
70.3 ~3! 82 ~5! 70.9 95~2! 169 ~3! a 246.8 176.5
76.4 ~2! 18 ~2! 77.1 19~1! 246.2 169.8
85.5 ~2! 6 ~3! 476.1 390.4
88.3 ~3! 19 ~2! 88.0 17~1! 32 ~1! a 258.2 169.8
94.6 ~3! 13 ~3! 95.0 16.6~2! 14 ~1! 619.2 524.5
134.2~2! 15 ~2! 134.5 15.1~4! 12.2 ~8! 524.5 390.4
144.3~3! 8 ~2! 144.2b 8.5~6! 17.0~7! 390.4 246.2
144.7~3! 10 ~2! 145.1 10.1~6! 314.4 169.8
161.8~2! 22 ~2! 162.1 22.6~3! 15 ~6! 476.1 314.4
169.8~2! 520 ~20! 169.8 516~2! 520 ~8! 169.8 0
176.5~2! 1000 ~40! 176.6 1000 1000 176.5 0
193.4~3! 13 ~4! 193.5 10.2~6! 22 ~3!

197.4~2! 200 ~10! 197.4 199~1! 209 ~3! a 197.4 0
201.9~3! 14 ~2! 202.1 15.2~3! 16 ~3! 459.8 258.2
205.8~3! 11 ~2! 206.1 7.0~3!

208.2~2! 14 ~2! 208.5 23.8~4! 23 ~2! 667.7 459.8
220.8~2! 23 ~3! 221.3b 19 ~1! 35 ~4! 390.4 169.8
225.5~2! 920 ~30! 225.6 925~2! 932 ~7! 225.5 0
234.5~2! 47 ~5! 234.7 52.0~9! 45 ~4! 459.8 225.5
246.2~2! 240 ~15! 246.2 237~1! 226 ~3! 246.2 0
250.7~3! 54 ~5! 250.9 60.0~6! 52 ~2! 476.1 225.5
258.2~3! 440 ~30! 258.2 450~2! 493 ~4! 258.2 0
259.5~3! 150 ~20! 259.7 176~1! 129 ~3! 484.6 225.5
274.0~3! 26 ~3! 274.0 27.7~5! 21 ~2! 758.5 484.6
278.3~3! 15 ~2! 278.3 16.6~4! 14 ~2! 524.5 246.2
290.3~3! 22 ~2! 290.3 28.4~5! 22 ~2! 459.8 169.8
299.3~2! 40 ~4! 299.5 44.3~6! 40 ~2! 524.5 225.5
304.8~3! 50 ~4! 304.9 50.0~4! 51 ~2! 619.2 314.4
306.6~2! 8 ~2! 306.8 9.6~2! 476.1 169.8

310.5 3.6~3! 1068.8 758.5
314.3~2! 290 ~20! 314.4 303~2! 290 ~3! 314.4 0

332.9 5.0~4! 722.8 390.4
341.4 7.9~3! 731.5 390.4

343.4 3! <3 343.4 11.9~3! 935.9 592.4
348.3~3! 22 ~4! 348.3 29.9~4! 21.2 ~8! 524.5 176.5
354.7~3! 16 ~3! 355.1 17.1~4! 14.6 ~7! 524.5 169.8
367.1~3! 17 ~3! 367.6 21.6~3! 17.9 ~7! 592.4 225.5
376.2~3! 10 ~2! 376.3 14.4~2! 10.3 ~6! 860.7 484.6
384.7~3! 47 ~5! 385.0b 50.5 ~3! 47 ~1! 860.7 476.1
390.4~3! 120 ~10! 390.4 131.2~6! 121 ~1! 390.4 0
393.5~3! 40 ~4! 393.8 43.0~4! 39.2 ~9! 619.2 225.5
398.9~3! 15 ~3! 399.1 18.9~4! 14.8 ~8! 645.6 246.8
401.6~3! 23 ~3! 402.1b 28.2 ~4! 23.2 ~8! 645.6 244.0
401.6~3! 5 ~2! 1020.9 619.2
410.1~3! 10 ~ 2! 410.1 8~1! 9.8 ~8! 667.7 258.2
414.3~3! 50 ~10! 414.7b 97.1 ~6! 83.9 ~9! 672.5 258.2
414.7~4! 40 ~10! 661.5 246.8
024321-3
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TABLE I. ~Continued!.

Work at ISOLDE Work at UNISOR Location
Eg ~keV! I g (DI g) Eg ~keV! I g (DI g) at G1 I g (DI g) at G3 From To

417.5 8.3~3! 8.4 ~9! 661.5 244.0
440.5~3! 19~3!

442.3~3! 95~10! 442.8 96.3~9! 113 ~2! a 667.7 225.5
449.1 2.1~4! 619.2 169.8
451.5 6.7~9! 7 ~1!

459.8~2! 122~10! 459.8 134~1! 132 ~2! 459.8 0
464.5~3! 11 ~2! 464.5 10.9~8! 661.5 197.4
465.2~3! 13 ~3! 466.6 17~1! 17 ~1! a

470.1~2! 20 ~2! 470.4 22.8~5! 19 ~2! 929.9 459.8
476.1~2! 105 ~5! 476.1 134.4~7! 123 ~2! 476.1 0
484.6~2! 90 ~10! 484.9 125.0~4! 101 ~2! 484.6 0
498.1~3! 60 ~6! 498.6 83~1! 60 ~2! 667.7 169.8
518.6~3! 17 ~7! 519.0 25.3~7!

524.5~3! 16~3! 524.5 23.9~7! 16.4 ~8! 524.5 0
530.3 8.2~5! 9.1 ~7! 777.0 246.8

533.0~2! 54 ~3! 533.4 70.8~6! 57.0 ~7! 758.5 225.5
536.3~3! 24 ~3! 536.6 32.0~5! 26.7 ~7! 1020.9 484.6
546.6~3! 12 ~3! 547.1 18.2~8! 12.4 ~7! 860.7 314.4
553.3~3! 26 ~3! 553.7 33.6~4! 25.5 ~7! 722.8 169.8
561.7~3! 10 ~2! 561.0 8.5~5! 11.6 ~6! 731.5 169.8
580.7~3! 9 ~2! 581.4 13.2~3! 13.2 ~6!

584.3~3! 11 ~3! 584.6 14.9~4! 19.0 ~6! 1068.8 484.6
592.4~3! 55 ~8! 592.9 67.4~3! 55.5 ~7! 592.4 0
595.8~3! 12 ~2! 596 14.5~3! 12.9 ~6!

600.4~3! 8 ~3! 600.4 16.4~3! 12.6 ~7! 777.0 176.5
609.8~3! 13 ~2! 610.0 18.5~2! 16.8 ~9!

613.9 5.1~2! 6.1 ~8!

618.9~3! 36 ~3! 618.9 37.6~2! 38.8 ~9! 816.2 197.4
629.8~3! 25 ~3! 630.1 31.4~4! 25.4 ~8! 855.6 225.5
635.3~3! 11 ~2! 635.6 12.5~4! 14.6 ~9! 860.7 225.5
639.7~4! 13 ~3! 639.7 21.2~4! 18.0 ~9! 816.2 176.5
646.5~3! 30 ~3! 647.1 39.1~6! 26 ~1! 843.7 197.4

666.9 23.4~7! 843.7 176.5
667.4~3! 157 ~15! 668.1 178~1! 159 ~1! a 667.7 0
677.5~3! 9 ~2! 677.7 17.9~2! 13.2 ~9! 854.0 176.5
680.2~3! 13 ~3! 680.5 23.4~3! 16.7 ~9!

686.2 18.9~4! 855.6 169.8
696.5~3! 10 ~2! 697.9 14.4~2! 12 ~1!

710.4~3! 26 ~3! 710.8 27.6~6! 26 ~1! 935.9 225.5
715.7~4! 36 ~4! 716.4 42.1~6! 39 ~1! 941.2 225.5
718.7~4! 10 ~1! 719.2 11.6~5! 916.1 197.4
722.8~3! 15 ~4! 722.9b 65.1 ~7! 54 ~1! 722.8 0
722.8~3! 40 ~4! 892.1 169.8
731.5~3! 30 ~3! 731.8 32~3! 25 ~1! 731.5 0
757.2~3! b 15 ~3! 756.7 9~4! 1071.0 314.4

757.6 13~4! 15.7 ~6! 1004.2 246.8
759.9~3! 12 ~3! 759.9 16~3! 11.6 ~6! 1004.2 244.0
762.8~3! 31 ~3! 763.3 50~4! 47.4 ~6! 1020.9 258.2
767.3~3! 20 ~2! 767.5 14~3! 19.7~3! a

771.4~3! 16 ~2! 770.8 12~3! 18.6 ~6! 968.8 197.4
774.0~3! 18 ~2! 774.7 17~3! 16.2 ~6!

787.3 4.9~3! 4.8 ~5!
024321-4
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TABLE I. ~Continued!.

Work at ISOLDE Work at UNISOR Location
Eg ~keV! I g (DI g) Eg ~keV! I g (DI g) at G1 I g (DI g) at G3 From To

792.4~3! 16 ~2! 792.8 16.7~3! 16.2 ~5! 968.8 176.5
795.1~3! 16 ~2! 796.0 25.3~3! 20.5 ~5! 1020.9 225.5

801.6 7.7~2! 5.9 ~4!

811.7~3! 8 ~1! 811.6 21~3! 16.7 ~5! 1296.3 484.6
820.0~3! 16 ~2! 820.0 27~3! 20.3 ~6! 1017.3 197.4
825.0~3! 9 ~2! 825.5 19~3! 12.9 ~6! 1071.0 246.2
832.5~3! 10 ~3! 832.7 17.0~3! 13.3 ~9!

838.7~3! 30 ~3! 839.0 37.1~3! 37.5 ~9!

840.8 11.4~3! 1017.3. 176.5
844.3~3! 12 ~2! 845.1 18.5~3! 16.3 ~8! 1020.9 176.5

850.0 13.6~3! 1108.0 258.2
851.6~3! 15 ~3! 852.3 14.6~3! 21.3 ~7! 1020.9 169.8
854.3~3! 33 ~3! 855.6 33.8~3! 33.5 ~8! 1079.8 225.5

864.2 7.4~2! 6.1 ~7!

867.8~3! 3 ~1! 868.6 7.9~2! 8.2 ~8!

876.5~3! 8 ~1! 877.0 17.9~3! 14.4 ~9!

892.0~3! 13 ~2! 891.8 23.2~3! 16.9 ~6! 892.1 0
898.4~3! 4 ~1! 898.8 8.6~3! 5.7 ~6!

902.0~3! 10 ~2! 902.1 21.5~3! 13.8 ~6! 1071.0 169.8
931.2~3! w 930.9 8.6~3! 5.0 ~6!

935.9 9.6~3! 8.3 ~6!

941.3~3! 30 ~3! 941.6 36.7~4! 29.2 ~6! 941.2 0
949.2 8.5~2! 8.7 ~6!

959.7 4.0~2! 3.0 ~5!

961.8~3! 6 ~2! 962.8 8.4~2! 6.4 ~5!

988.6~3! 21 ~3! 988.6 27.2~3! 22.6 ~4! 1473.3 484.6
992.5~3! 25 ~3! 992.5 23.7~3! 23.7 ~4! 1218.0 225.5
996.9~3! 8 ~2! 997.0 8.3~2! 8.0 ~4!

1013.5~4! 17 ~3! 1013.6 24.0~3! 18.5 ~5! 1473.3 459.8
1016.6~4! 8 ~2! 1016.7 9.3~3! 5.7 ~5!

1021.0~4! 21 ~3! 1021.3 24.4~4! 20.5 ~5! 1020.9 0
1028.7~4! 9 ~1! 1029.2 16.4~4! 10.3 ~7! 1287.5 258.2

1043.6 5.1~3! 3.3 ~6!

1049.9~4! 6 ~1! 1050.2 10.8~3! 7.3 ~6!

1071.0~3! 18 ~3! 1071.0b 36.7 ~4! 28.7 ~6! 1296.3 225.5
1071.0~4! 9 ~2! 1071.0 0
1080.0~4! 4 ~1! 1080.1 7.9~3! 5.2 ~6! 1079.8 0
1097.0~4! 4 ~1! 1097.0 9.7~2! 7.3 ~5!

1111.1 5.9~2! 5.8 ~5!

1117.7 11.6~2! 10.9 ~5! 1287.5 169.8
1122.6 10.4~2! 12.0 ~5! 1369.4 246.8

1124.2~4! 5 ~1! 1125.3 5.5~3! 1369.4 244.0
1132.2 5.6~3! 5.7 ~5! 1379.6 246.8

1136.4~4! 4 ~1! 1135.9 9.2~2! 9.7 ~5! 1379.6 244.0
1157.0~5! 3 ~1! 1157.1 8.6~3! 5.9 ~6!

1172.9~4! 4 ~2! 1171.8 8.5~3! 6.7 ~6!

1193.4~4! 10 ~2! 1193.0 13.7~3! 12.8 ~6! 1369.4 176.5
1199.5~5! 3 ~2! 1199.5 10.1~3! 8.5 ~5! 1369.4 169.8
1208.2~5! 6 ~2! 1207.2 10.4~3! 13.3~5! a 1522.6 314.4
1218.2~5! 3 ~1! 1218.0 0

1220.0 5.4~5! 8.0 ~5!

1226.3~4! 11 ~2! 1226.3 12.8~3! 18.3 ~6! 1473.3 246.8
024321-5
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TABLE I. ~Continued!.

Work at ISOLDE Work at UNISOR Location
Eg ~keV! I g (DI g) Eg ~keV! I g (DI g) at G1 I g (DI g) at G3 From To

1236.4~4! 12 ~2! 1236.4 16.2~3! 14.4 ~6! 1461.9 225.5
1248.1~4! 21 ~3! 1248.1 27.8~3! 23.7 ~6! 1473.3 225.5
1275.7~4! 9 ~2! 1275.7 6.0~5! 4.9 ~5! 1473.3 197.4
1296.8~4! 31 ~3! 1297.0 42.6~6! 36.4 ~5! 1473.3 176.5
1306.1~5! 4 ~1! 1305.5 8.3~3! 6.1 ~5!

1309.7 8.6~3! 6.2 ~5!

1335.2~4! 16 ~3! 1335.2 18.9~3! 16.7 ~6! 1560.7 225.5
1353.3~5! 5 ~1! 1353.8 10.5~2! 8.5 ~5!

1359.1~4! w 1359.1 5.0~2! 5.5 ~5! 1584.1 225.5
1368.7~5! w 1368.7 10.4~2! 8.4 ~5! 1594.1 225.5

1379.6 9.4~3! 7.6 ~6! ~1379.6 0!
1389.4~5! 13 ~3! 1389.4 16.5~~4! 16.1 ~6! 1633.5 244.0

1396.8 5.7~3! 3.1 ~8!

1443.5 7.3~3! 4.9 ~7!

1452.4~5! 7 ~2! 1452.8 12.6~4! 11.0 ~8!

1473.3~4! 10 ~3! 1472.9 14.1~3! 11.7 ~6! 1473.3 0
1476.1 6.7~3! 4.9 ~5!

1497.5 4.8~3! 5.7 ~5!

1528.2~4! 9 ~3! 1528.2 13.2~3! 11.3 ~5!

1535.7 5.4~2! 2.9 ~6!

1540.5 7.3~3! 7.1 ~6!

1577.6 5.1~3! 6.2 ~6!

1589.8 4.7~3! 4.5 ~6!

1596.7 4.0~3! 6.2 ~6!

1610.1~5! 12~2! 1609.1 11.0~3! 19.5~6! a

1616.1 4.5~3! 5.1 ~6!

1625.6~6! 5 ~3! 1625.6 12.5~3! 10.4 ~7! 1823.0 197.4
1701.5 5.4~3! 3.3 ~7!

1712.3 4.1~3! 4.5 ~7!

1752.9 4.6~2! 4.8 ~6!

1767.2~5! w 1767.2 3.3~2! 6.4 ~2!

1773 3.3~2! 2.8 ~6!

1793.9 4.2~3! 4.9 ~6! 2019.4 225.5
1801.2~6! 10 ~2! 1801.2 13.7~4! 20.2 ~6! 2026.7 225.5
1808.7~7! w 1808.7 5.7~3! 11.7~6! a 2067.0 258.2

1814.0 4.0~3! 5.6 ~6!

1821.1 5.8~3! 6.1 ~6!

1833.3 3.5~3! 7.4 ~6! a

1850.9~5!# 8 ~2! 1850.3 10.0~3! 14.1~7!

1916.4 5.2~7!

1983.8~5! 6~2! 1983.8 11.8~8!

2001.9 7.4~8!

2019.4 2.8~8! 2019.4 0
2026.2 5.0~8! 2026.7 0
2067.4 8.6~8! 2067.0 0

2172.8~7! w 2172.8 10.0~9! 2349.0 176.5
2184.3 5.4~9!

2208.2 6.5~9!

2219.6 5~1!

2223 ~1! 11 ~2! 2223.5 27~1! 2400.0 176.5
2231 ~1! 5 ~1! 2232 11~1!

2250.4 8~1!
024321-6
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TABLE I. ~Continued!.

Work at ISOLDE Work at UNISOR Location
Eg ~keV! I g (DI g) Eg ~keV! I g (DI g) at G1 I g (DI g) at G3 From To

2260.0 6~1!

2280.9 6~1!

2303.8 8~1!

2317.9 11~1!

2461.1 10~1! 2686.0 225.5
2506.3 11~1!

2529.3 7~1!

2543.1 17~1!

2655.2 9~1!

2686.0 5.4~9! 2686.0 0
2718.3~5! w 2718.3 5~1!

2823.2 5~1!

2869.9 6~1!

2970.4 5~1!

3239.5 5~1!

aThe intensity reported may include the intensity of an adjacent transition.
bDouble line.
w: transitions observed in the measurement at ISOLDE but with intensities less than 4 in the relative
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listed independently for the two series of measureme
Table II concerns low-energyg-rays and a few intense tran
sitions at intermediate energy studied at ISOLDE. The co
ficients were estimated from singles spectra and normal
to the 176.5 keV,E1 transition, in agreement with itsK/L
experimental ratio. Table III concerns very low-energy tra
sitions for which onlyL conversion lines were observed. Th
conversion coefficients measured at UNISOR for the m
intense transitions in the decay of119Cs are listed in Table
IV. The electron intensities, for each transition, were det
mined using relative efficiency curves constructed us
sources of207Bi and 133Ba. The curves were normalized b
considering the 176.5 keV, which has anE1 multipolarity.
As mentioned above, the effect of the miniorange filter w
to peak the efficiency curve towards a specific electron w
dow; the efficiency was peaked at 750 and 250 keV for
electrons in the first and the second stations, respectivel

While the existence of two long-lived species in119Cs
was established and confirmed by many experiments, h
life evaluations are still scattered. The assignment of theI p

59/21 state to the ground state was based on systematic
spins and magnetic moments in the odd-A cesium isotopes
@3,5#. For this state, a half-lifeT1/2543.060.2 s is given in
the Nuclear Data Sheets@15#, in agreement with unpublishe
results@16#. Since the first evaluationT1/25(3368) s @17#,
other values have been successively reported: (37.760.2) s
@18#, (4462) s@3#, 36 s@5#, and (4463) s@6#. The situation
is somewhat similar for the isomericI p53/21 state. A very
precise half-lifeT1/25(30.460.1) s is reported in the las
compilations @15# while all the other experimental value
appear somewhat smaller: 28 s@19,5# and (2962) s @3,6#.
The time spectra established in the present study for a l
number ofg rays belonging to119Xe give a set of half-life
values from 29 s to 43 s, as shown in Fig. 3. After havi
02432
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established the119Xe level scheme fed simultaneously fro
the two long-lived119mCs and119gCs states~see Sec. III! this
special situation is clearly understood. Indeed, as will be p
sented later, a few high-spin (I>7/2) excited levels in119Xe
are populated by theI p59/21 119gCs @see part~a! of Fig. 3#
while the levels characterized by spin valueI 51/2, 3/2, or

FIG. 3. Examples of time spectra measured for several119Xe g
lines in the119m,gCs decays.~a! 119gCs decay,~b! 119mCs decay, and
~c! lines having a complex feeding.
1-7
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TABLE II. Internal conversion electron data for transitions observed at ISOLDE in the deca
119m,gCs→119Xe. This part of the table is for experimental and theoreticalaK coefficients andaK /aL ratios.

Eg ~keV! aK aK /aL Multipolarity
Expt. E1 E2 M1 Expt. E1 E2 M1

76.4 3.0~4! 0.38 2.73 1.55 1.7~2! 7.36 1.68 7.58 E2
85.5 1.1~3! 0.28 1.96 1.12 7.44 2.01 7.61 M1
88.3 1.2~2! 0.26 1.78 1.02 2.3~3! 7.47 2.12 7.62 (E2,M1)
134.2 0.38~8! 0.08 0.47 0.31 >7 7.7 3.5 7.6 (M1)
144.7 0.20~5! 0.065 0.37 0.25 >7 7.7 3.7 7.6 M1
161.8 0.17~4! 0.048 0.26 0.18 >7 7.8 4.1 7.7 M1
169.8 0.17~4! 0.042 0.22 0.16 6.9~7! 7.8 4.2 7.7 M11(E2)
176.5 @0.038# 0.038 0.19 0.15 7.2~8! 7.8 4.4 7.7 @E1#

197.4 0.030~3! 0.028 0.13 0.11 >7 7.8 4.7 7.7 E1
201.9 0.13~4! 0.026 0.12 0.10 >7 7.8 4.8 7.7 (M1)
225.5 0.079~5! 0.019 0.086 0.075 6.8~7! 7.9 5.1 7.7 M11(E2)
234.5 0.062~2! 0.017 0.076 0.068 >7 7.9 5.2 7.7 M1
246.2 0.067~9! 0.015 0.065 0.060 5.5~9! 7.9 5.3 7.7 E2
250.7 0.064~9! 0.014 0.061 0.057 >7 7.9 5.4 7.7 (M1)
258.2 0.055~8! 0.013 0.056 0.052 5.7~3! 7.9 5.5 7.8 M1,E2
259.5 0.071~9! 0.013 0.055 0.052 >7 7.9 5.5 7.8 M11(E2)
274.0 0.045~15! 0.011 0.046 0.045 M1,E2
299.3 0.025~8! 0.0091 0.034 0.036 M1,E2
304.8 0.030~7! 0.0086 0.033 0.034 (M1,E2)
314.3 0.037~5! 0.0080 0.030 0.031 M1,E2
390.2 0.021~4! 0.0046 0.015 0.018 M1,E2
414a 0.017~5! 0.0040 0.013 0.015 M1,E2
442.3 0.012~3! 0.0034 0.011 0.013 M1,E2
459.8 0.008~3! 0.0031 0.0096 0.012 M1,E2
476.1 0.009~3! 0.0029 0.0087 0.011 M1,E2
484.6 0.009~3! 0.0027 0.0083 0.010 M1,E2
667.4 0.005~2! 0.0013 0.0036 0.0048 (M1,E2)

aDouble line.
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5/2 are essentially fed by theI p53/21 119mCs isomer@see
part ~b! of Fig. 3#. Obviously, in between these two extrem
situations, as excited states which are not directly fed~or
partially fed! by beta decay exist, manyg rays in 119Xe will
exhibit intermediate half-lives. Two examples are shown
part ~c! of Fig. 3 for the intenseg rays at 169.8 keV and
197.4 keV which decay with aT1/25(3861) s half-life.
Taking into account the collecting and counting times us
in the present work and the complexity of the119Xe level
scheme~discussed later in Sec. III! we estimate that it is very
difficult to reach very precise half-life values. The followin
half-lives can be retained:T1/25(4361) s for theI p59/21

TABLE III. Same as for Table II but for experimental and th
oreticalaL internal conversion coefficients.

Eg ~keV! aL Multipolarity
Expt. E1 E2 M1

67.5 5~2! 0.075 2.92 0.29 E2
68.0 0.9~4! 0.073 2.78 0.29 M1
70.3 0.4~1! 0.066 2.38 0.26 M1
02432
n

d

119gCs ground state andT1/25(2961) s for the I p53/21

119mCs isomeric state. These results are in good agreem
with those reported in the Nuclear Data Sheets compilati
@15#, except for the error estimations.

Finally the situation in119Cs is definitively very similar to
the one already studied in121Cs@4#. The identification of two
long-lived statesI 59/2 andI 53/2 in both nuclei has been
firmly established from on-line atomic beam magnetic re
nance~ABMR! @19,20# and byb-radiation detected optica
pumping (b-RADOP) @21# experiments at ISOLDE. In both
nuclei, the observation, by in-beam gamma spectrosc
@22# of DI 51 band structures built on the 9/21 states, asso-
ciates a 9/21@404# pg9/2 Nilsson configuration for thes
states.

FromK andL conversion electron measurements, a dir
68.5 keV, 9/21→3/21 isomeric transition, with aM3 mul-
tipolarity has been identified in121Cs @4#. Obviously, a
highly converted isomeric transition could appear in119Cs.
However, no lines in coincidence with theKa Cs x rays, no
conversion-electron lines from about 8 keV~energy limit in
the spectra! to 50 keV and no very low-energyg rays were
observed. In conclusion, if a highly convertedM3 transition
1-8
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TABLE IV. Internal conversion electron data for transitions observed at UNISOR in the decay of119m,gCs→119Xe. This part of the table
is for experimental and theoreticalaK coefficients andaK /aL ratios. Eg ~keV! listed are those adopted in the119Xe level scheme.

Eg ~keV! aK aK /aL Multipolarity
Expt. ~P1! Expt. ~P2! E1 E2 M1 Expt. ~P1! Expt. ~P2! E1 E2 M1

169.8 0.15~1! 0.042 0.22 0.16 11~2! 7.8 4.2 7.7 M1
176.5 0.039~1! 0.038 0.19 0.15 7.1~4! 7.8 4.4 7.7 E1
208.2 0.12~2! 0.024 0.11 0.093 9~3! 7.9 4.9 7.7 M1
220.8 0.06~2! 0.020 0.092 0.079 7.9 5.0 7.7 (M1)
225.5 0.070~2! 0.063~9! 0.019 0.086 0.075 5.7~2! 5.3~3! 7.9 5.1 7.7 M11(E2)
234.5 0.067~10! 0.017 0.076 0.068 7.9 5.2 7.7 M11E2
246.2 0.060~3! 0.063~9! 0.015 0.065 0.060 5.0~7! 5.4~4! 7.9 5.3 7.7 E2
250.7 0.068~10! 0.11~2! 0.014 0.061 0.057 7.9 5.4 7.7 (M1,E2)
258.2 0.059~4! 0.052~! 0.013 0.056 0.052 8~2! 7~1! 7.9 5.5 7.8 M1
259.5 0.059~9! 0.013 0.055 0.052 7.9 5.5 7.8 M1,E2
274.0 0.031~3! 0.011 0.046 0.045 8.0 5.6 7.8 M1,E2
278.3 0.045~5! 0.011 0.044 0.043 3~2! 8.0 5.6 7.8 E2
290.3 0.080~7! 0.0098 0.038 0.039 10~4! 8.0 5.8 7.8 (M1,E2)
299.3 0.027~8! 0.025~2! 0.0091 0.035 0.036 6~3! 8.0 5.8 7.8 M1,E2
304.8 0.029~5! 0.027~2! 0.0086 0.033 0.034 5.6~13! 8.0 5.9 7.8 E21(M1)
314.3 0.029~1! 0.027~! 0.0080 0.030 0.031 9~3! 6.1~5! 8.0 6.0 7.8 M11E2
348.3 0.0086~13! 0.0061 0.022 0.024 8.0 6.2 7.8 E1
367.1 0.015~2! 0.0054 0.019 0.021 8.0 6.3 7.8 E2,M1
384.7 0.020~3! 0.011~1! 0.0048 0.016 0.019 8.0 6.4 7.8 M1,E2
390.4 0.017~2! 0.012~1! 0.0046 0.015 0.018 10~3! 8.0 6.4 7.8 M1,E2
393.7 0.019~4! 0.012~1! 0.0045 0.015 0.018 8.0 6.4 7.8 M1,E2
414a 0.012~1! 0.011~1! 0.0040 0.013 0.015 5.4~17! 8.1 6.5 7.9 E2,(M1)
442.3 0.012~1! 0.0034 0.011 0.013 8.1 6.6 7.9 E2,M1
459.8 0.00092~6! 0.0058~3! 0.0031 0.0096 0.012 5.4~16! 8.1 6.7 7.9 E2,M1
470.1 0.0087~17! 0.0029 0.0090 0.011 8.1 6.8 7.9 M1,E2
476.1 0.0087~11! 0.0067~4! 0.0029 0.0087 0.011 5~2! 5.1~13! 8.1 6.8 7.9 E2,M1
484.6 0.0064~5! 0.0062~4! 0.0027 0.0083 0.010 3~2! 3~1! 8.1 6.8 7.9 E2
498.1 0.0078~6! 0.0078~6! 0.0026 0.0077 0.0098 E21(M1)
533.2 0.0075~5! 0.0087~8! 0.0022 0.0064 0.0083 E2,M1
553.3 0.0056~8! 0.0047~14! 0.0020 0.0058 0.0076 E2,M1
592.4 0.0044~3! 0.0061~10! 0.0017 0.0048 0.0064 E2,M1
618.9 0.0037~3! 0.0043~9! 0.0016 0.0043 0.0058 E2,M1
667.4 0.0044~16! 0.0041~3! 0.0013 0.0036 0.0048 M1,E2
710.4 0.0034~4! 0.0012 0.0031 0.0041 E2,M1
715.7 0.0034~3! 0.0012 0.0030 0.0041 E2,M1
722.8a 0.0029~2! 0.0029~8! 0.0011 0.0029 0.0040 E2,M1
731.5 0.0022~4! 0.0011 0.0029 0.0039 E2,M1
762.8 0.0042~4! 0.0042~9! 0.0010 0.0026 0.0035 M1,E2
820.0 0.0017~5! 0.0059~21! 0.0009 0.0022 0.0030 (M1,E2)
854.3 0.0013~3! 0.0008 0.0020 0.0027 (E2,M1)
902.0 0.0015~4! 0.0007 0.0018 0.0024 E2,M1
1071.0 0.0013~4! 0.0005 0.0012 0.0016 E2,M1
1335.2 0.0024~8! 0.0004 0.008 0.0010 (M1)

aDouble line.
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exists in 119Cs with a branching of a few percent, its ener
would very likely be less than 10–15 keV.

III. 119Xe LEVEL SCHEME

The 119Xe level scheme obtained in the present work
shown in Figs. 4~part I!, 5 ~part II!, and 6~part III!. It is
based upon aI p55/21 ground state, previously identified a
02432
a 5/21@402# Nilsson neutron configuration@5#. The strongest
g rays populated in119Xe have been used to establish t
lowest excited states. The placement of the transitions
been determined by their coincidence relationships, their
tensities~Table I! and multipolarities~Table II, III, and IV!.
The (b1EC) feedings have also added arguments for s
and parity assignments of several levels in119Xe ~see Table
V and next section!. Figure 7, which contains only part of th
1-9
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FIG. 4. Partial level scheme in119Xe ~part I! showing the decay modes of excited states having energies up to 672.5 keV. Total tra
intensities are given.

FIG. 5. Same as Fig. 4 but for part II of the119Xe level scheme showing the decay modes of excited states in the 700–1070 keV e
range. At low-energy excitations only states which are populated in the various decays are represented.
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FIG. 6. Same as Figs. 4 and
but for part III of the 119Xe level
scheme showing the decay mod
of excited states having energie
larger than 1070 keV. At low-
energy excitation only state
which are populated in the variou
decays are represented.
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119Xe level scheme extracted from our works, will be used
the following, instead of Figs. 4, 5, and 6, to discuss
results and assign the first members of several band s
tures, some of them being well observed and extended
in-beam spectroscopy studies.

The negative-parity group of levels 7/22, 11/22, 9/22,
and 13/22, displayed on the right-hand side of Fig. 7,
strongly fed from 119gCs. It deexcites to the 5/21 ground
state via the strongest 176.5 keV, 7/22→5/21, g ray which
has anE1 multipolarity and is fed by theT1/2543 s long
half-life component of the119Cs b decay ~Fig. 3!. These
levels are similar to those previously identified as thenh11/2
yrast band from in-beam measurements@7–10#. In the
presentb-decay study ag-ray at 68 keV was observed as
doublet which exhibits an intermediate half-lifeT1/2539 s.
However, fromL-conversion electron spectra, it is possib
to confirm theE2 multipolarity of a 11/22→7/22, 67.5 keV
transition~see Table III! previously proposed in the first in
beam studies@7,8#. An M1 multipolarity is also confirmed
for the 9/22→7/2270.3 keV transition~Table III! placed be-
low the 9/22 excited state at 246.8 keV. TheT1/25(2364)
ns determined fromg-g-t time spectra for this 11/22 excited
state at 246.8 keV is in perfect agreement with the previ
value of T1/25(2765) ns from in-beam data@8#. Several
other new excited states are shown on the right-hand sid
Fig. 7, all of them being established fromg-g coincidences.
02432
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The level proposed at 197.4 keV deexcites to the 51

ground state via a strongg transition observed with an inter
mediate half-lifeT1/25(3861) s and which has anE1 mul-
tipole character~Table II!. We propose to assignI p55/22 to
this state. It would correspond very likely to the 5/22@532#
Nilsson neutron configuration expected for119Xe (N565)
which has a Fermi level located in the middle of thenh11/2
shell. A similar 5/22 state was identified in the121Cs to
121Xe decay@4# at 355.9 keV excitation energy, allowing th
observation of both the 5/22→5/21, E1 transition and the
5/22→7/22, M1 transition at 159.7 keV. In the prese
work on 119Xe, a 5/22 to 7/22 M1 transition of 21 keV has
not been detected~see Fig. 7!. However, theE1 multipolar-
ity of the 197.4 keV transition is strongly in favor of aI p

55/22 assignment at 197.4 keV and rejects theI p5(7/21,
9/21) excited state previously reported@15#. Because of their
decay modes going essentially to the 5/22, 7/22, 9/22, and
11/22 states, a negative parity is proposed for several ot
excited states at 645.6 keV, 661.5 keV, 816.2 keV, 843
1017.3 keV, or 1369.4 keV~see Figs. 7, 4, and 5!. Among
them, only theI p513/22 level at 645.6 keV has been con
firmed by in-beam studies@8–10#. It corresponds to the low-
est part of band 2 in Ref.@9# or band 6 in Ref.@10#. If one
includes theI p55/22 excited state observed in the prese
work, the two signature partners of thenh11/2 5/22@532#
configuration are identified. The favored one~band 5 in Ref.
1-11
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TABLE V. (EC1b1) feedings and apparent logf t values for
selected levels in the119gCs decay.

Level ~keV! I (EC1b1)% log ft

2686 0.4 6.3
2400 0.3 6.5
2349 0.1 7.0
2067 0.3 6.7
2026.7 0.5 6.5
2019.4 0.2 6.9
1823 0.2 7.0
1633.5 0.4 6.8
1594.1 0.1 7.4
1584.1 0.1 7.4
1560.7 0.5 6.8
1522.6 0.2 7.2
1473.3 3.5 5.9
1461.9 0.3 7.0
1379.6 0.3 7.1
1369.4 0.8 6.6
1296.3 0.8 6.7
1287.5 0.6 6.8
1218.0 0.4 7.0
1108.2 0.4 7.1
1079.8 1.1 6.6
1068.8 0.4 7.1
1020.9 3.6 6.1
1017.3 0.9 6.7
1004.2 0.7 6.9
968.8 0.9 6.8
941.2 1.9 6.5
935.9 0.8 6.8
929.9 0.6 7.0
916.1 0.3 7.3
892.1 1.6 6.5
860.7 2.4 6.4
855.6 1.3 6.7
854.0 0.3 7.3
843.7 1.6 6.6
816.2 1.6 6.6
777.0 0.5 7.1
758.5 2.3 6.4
731.5 0.7 7.0
722.8 0.7 7.0
672.5 1.5 6.7
667.7 9.9 5.8
661.5 1.7 6.6
645.6 1.1 6.8
619.2 3.4 6.3
592.4 1.0 6.9
484.6 4.4 6.3
459.8 4.6 6.3
258.2 11.1 6.0
246.8 4.8 6.3
244.0 0.8 7.1
225.5 6.1 6.2
176.5 15.0 5.9
02432
@10#! is based on theI p5V1157/22 state at 176.5 keV
while the unfavored one~band 6 in Ref.@10#! starts on the
I p5V55/22 bandhead at 197.4 keV.

In the central part of Fig. 7 one easily sees the beginn
of a band structure built upon theI p55/21 ground state and
starting with the 7/21 to 5/21 transition at 225.5 keV. In the
present work, this band is strongly fed from the119gCs (I p

59/21) and observed up to the stateI p513/21 at 1068.8
keV. The cascade ofM1 g rays at 225.5, 259.5, 274.0, an
310.5 keV is established as well as theE2 crossover transi-
tions at 484.6, 533.0, and 584.3 keV. This band structure
complete agreement with in-beam data@8–10#, is based on
thend5/2 5/21@402# Nilsson orbital previously established b
laser spectroscopy measurements@5#.

From the data presented on the left-hand side of Fig.
appears that the level structure is relatively complex w
many connections between the various states. First, one
distinguish, at the extreme left, two sets of states which
essentially fed by the119mCs isomeric state (I p53/21, T1/2

529 s!. The most strongly populated band of this group
based upon the 246.2 keV state which mainly deexcites
the 5/21 ground state via a strongE2 transition@see Fig. 3,
part ~b!, and Table II#. From g-g-t coincidences a half-life
of approximately 70 ns has been established for this 246
level in 119Xe. In the 119Cs decay, Westgaardet al. @23#
observed a 246 keV transition which was considered late
Chowdhury et al. @7# as the connexion between the 9/22

state at 246.5 keV and the119Xe ground state. This sugges
tion is completely rejected byg and conversion-electron
spectra measured in the present experiment, and also b
tentative assignments proposed in Ref.@15# for the 246 and
314 keV excited states. The new positive-parity band sho
in Fig. 7 which contains the states at 246.2, 314.4, 524.5,
619.2 keV with a probable extension up to the state at 102
keV ~see Fig. 5! can be based upon a 1/21 state at 246.2 keV
and is very likely dominated by thes1/2 and d3/2 neutron
configurations. This band corresponds to the 1/21 band re-
cently identified in121Xe @4#, starting at 153.9 keV and wel
populated in the121Cs beta decay. The second set of ne
excited states built upon a probable (3/21) level at 390.4
keV exhibits a slightly collective character. It has relative
strong connections and mixings with the sequence base
the 1/21 state at 246.2 keV, the 5/21@402# ground-state ro-
tational band, and the 5/21 state at 169.8 keV~discussed
below!.

It is more difficult to analyze the other positive-pari
states shown in Fig. 7 at 169.8, 258.2, 459.8, and 672.5
and also reported by in-beam data@7–10#. The pureM1
character of the strong 169.8 keV transition supports s
and parity assignmentsI p55/21 for the 169.8 keV excited
state, in agreement with in-beam angular distribution stud
@7,9,10#. The 76.4 keV,E2 line ~Table II! which connects
the 246.2 keV,I p51/21 state and the 169 keV state suppo
also the sameI p55/21 assignment~see Fig. 7!. As thend5/2
5/21@402# Nilsson configuration can be retained for th
119Xe ground state in agreement with its magnetic mome
this excited state at 169.8 keV corresponds very likely to
ng7/2 5/21@413# configuration expected close to the Ferm
1-12



s

n

LOW-LYING LEVELS IN 119Xe PHYSICAL REVIEW C 63 024321
FIG. 7. Low-energy part of the
119Xe level scheme obtained in
the 119m,gCs decay, showing the
first members of band structure
and their connexions. Transition
and level energies are given i
keV.
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FIG. 8. Comparison of positive-parity low-lying states
119,121Xe ~from present work and Ref.@4#!.
02432
surface for a neutron numberN565 at a deformationb2
'0.2. In the present work, the quality of conversion electr
measurements is not good enough to reach very preciseaK
values andK/L ratios for the transitions at 88.3, 201.
258.2, and 290.3 keV transitions~Table II! and deduce firm
I p assignments. However, the pureM1 character observed
for the 234.5 keV transition between states at 459.8 keV

FIG. 9. Comparison of negative-parity low-lying states iden
fied in light xenon isotopes. Experimental data are from@6,27,28#
for 117Xe, @7–10# and the present work for119Xe, and@4,11,12# for
121Xe.
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225.5 keV as well as the existence of crossover transiti
like those at 290.3 keV~201.9 1 88.6! or at 459.8 keV
~234.5 1 225.5! can be considered in agreement with t
in-beam data@10#. The states at 169.8, 258.2, 459.8, a
672.5 keV in Fig. 7 correspond to the first members of ba
1 and 2 in Ref.@10# which are given as two signature par
ners of theng7/2 5/21@413# Nilsson configuration. Neverthe
less, the strongg-decay modes observed from the 459.8 k
state to the 225.5 keV (7/21) and to the 5/21 ground state
show that it has a mixed nature. A similar conclusion co
cerns the excited state at 667.7 keV which deexcites stro
to the 5/21 ground-state band but also to the members of
other positive-parity band built upon the 169.8 keV excit
state. A configuration mixing is also reflected for the 147
keV excited state which decays to the positive parity grou
state band, to the state at 459.8 keV, but also to theI p

57/22 excited state at 176.5 keV.

FIG. 10. Comparison of negative-parity low-lying states iden
fied in theN565 isotones of xenon and barium. Experimental d
are from the present work and@7–10# for 119Xe and @29,30# for
121Ba.
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IV. b FEEDINGS

From K x-ray intensities corrected forK-conversion rates
andK-fluorescence yield@24#, the electron capture intensitie
in 119m,gCs decays have been evaluated. Taking into acco
theg-ray intensities given in Table I, relative toI g(176 keV!
51000, the total electron capture intensity is 12606300. Us-
ing the capture to positon ratio values for allowed branc
tabulated by Gove and Martin@25# and the recent evaluate
b-decay energyQ(EC)56349 keV for 119gCs to 119Xe @26#,
we have calculated the totalI (EC)1I (b) feedings for the
known excited levels in119Xe from 119mCs and119gCs to be
9311227 and 29813122, respectively. From the total ann
hilation quantum intensity we have estimated the totalb in-
tensity for the 119m,gCs decays. Ourb-g coincidence mea-
surement givesI (b)5830062000, relative toI g(176 keV!
51000. Under the experimental condition@13# the solid
angle subtended by a centered source was 99.4% of 4p. In
addition the collection times are short enough to neglect
long-lived components. This value is consistent with the p
vious resultI (b)5630061050 obtained by the coincidenc
method@23#. Because of the closeness of119mCs and119gCs
half-lives, a complete separation of the two correspondinb
decays is excluded from the present work. Nevertheless
have evaluated the119gCs(9/21) b-decay branches and ap
parent logft values considering negligible feedings of th
119Xe levels above 2.6 MeV and nob-decay branch to the
119Xe ground state~Table V!. Consequently only a rough
estimate of the119mCs (3/21) to 119Xe ground-state decay
feeding has been made from totalI (EC) andI (b) results. If
we suppose theb feeding to all the119Xe levels above 2.6
MeV as negligible, the EC1b branch from the119mCs to
the 119Xe ground state would be of about 76%. On the oth
hand, if we suppose that all119Xe levels above 2.6 MeV
have a capture to positon ratio greater than 0.5, the EC1b
branch to the119Xe ground state would be about 43%. Th
leads to a logf t value from 5.0 to 5.3 for the EC1b1 decay

-
a

n
l

y

FIG. 11. Comparison betwee
the experimental and theoretica
~IBFM! positive-parity level
schemes. Gamma-ray deca
branching ratios are given in
Table VI. Spin values are multi-
plied by 2.
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FIG. 12. Composition of the IBFM wave
functions of some positive-parity states for th
bands A, B, C, and D. Only the squared amp
tudes larger than 5% are shown.J-core specifies
the basis core states.
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branch between the119mCs(3/21) and the119Xe ground state
(5/21). This result supports aDI 51 transition without par-
ity change.

V. DISCUSSION OF THE RESULTS

The nuclei 119,121Xe provide a suitable case for a fruitfu
comparison because a rich experimental data set is avai
for low-spin states viab-decay studies in addition to in-bea
results.

A. Comparison of experimental results

As 119Xe and 121Xe have, respectively, 65 and 67 ne
trons, the location of the Fermi energy is approximatively
the middle of theh11/2 shell, in the upper part of theg7/2 shell
and near thes1/2, d3/2, and d5/2 ones. According to this
situation the ground states of these two light odd-A xenon
isotopes have been identified asnd5/2, 5/21@402# configura-
tions, on the basis of spin and parity and magnetic mom
measurements@5#. Similarities exist also for energies an
g-decay modes of several low-lying positive-parity excit
states. The situation is shown in Fig. 8 which contains
basic states of collective bands. The two firstI p59/21 states
with their own g-decay modes are also included. The ex
tence of large configuration mixings in both the 9/21 at
459.8 keV in 119Xe and the 9/21 at 706.2 keV in121Xe is
clearly seen.

The lower negative-parity states observed in the xe
isotopes withA5117, 119, and 121 are theI p57/22 states
02432
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which decay viaE1 transitions to the 5/21 ground states.
The systematics presented in Fig. 9 illustrate thenh11/2 level
patterns and their connections to the 5/21 ground states. The
spacings 15/22-11/22 appear very stable in theseN563, 65,
and 67 isotopes, from 400 keV in117Xe to 424 keV in121Xe,
similarly to the 21-01 spacings known in the neighborin
cores~472 keV in 118Xe, 473 keV in 120Xe and 497 keV in
122Xe). The 5/22 state appears at very low energy in119Xe
but still 20.9 keV above the 7/22 state contrary to the situa
tion known in theN565 isotone121Ba where the 5/22 state
is 37 keV below the 7/22 state@29# ~see Fig. 10!.

The comparison of the low-lying negative-parity stat
identified in theN565, 119Xe and 121Ba isotones illustrates
also the different (b2 ,g) equilibrium deformations of the
one-quasiparticulenh11/2 near the ground state of the ligh
xenon and barium isotopes. Likewise somewhat differ
shapes for the favored and unfavored signatures of thisnh11/2
orbital have been discussed as function ofN for xenon,
barium, and cerium@31#.

B. IBFM calculations for 119Xe

A description of the odd-mass xenon isotopes withA
5131 to 119 has been recently performed by multish
IBFM-1 calculations@32# similar to that reported for the
barium isotopes@33#. Here we give only details concernin
the 119Xe nucleus. The procedure was to determine the v
ues of the model parameters first for the heavier isoto
(125– 129Xe) where there are more experimental data, a
keep these values or extrapolate them smoothly for
1-15
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lighter isotopes. The quasiparticle energies and shell oc
pancies for119Xe were determined from a BCS calculatio
performed on a single-particle level scheme used also
121Xe @32#. The single-particule energies~in MeV! were
E(g7/2)50.0, E(d5/2)50.7, E(h11/2)51.1, E(s1/2)51.55,
andE(d3/2)51.85. In addition thef 7/2 andh9/2 orbitals were
set at about 3.2 MeV above theh11/2 orbital. For the
negative-parity states the boson-fermion interaction par

TABLE VI. Experimental and calculated branching ratios f
some low-lying positive-parity states in119Xe. Calculated branch-
ings below 1 are given only if observed experimentally. Uno
served branchings are marked with ‘‘u.’’

Branching ratios
Ji Ei ~keV! Jf Ef ~keV! Expt. Calc.

1/21 246.2 5/21 0 100~6! 100
5/22 169.8 7~1! 0.2

3/21 314.4 5/21 0 100~7! 100
1/21 246.2 7~2! ,0.1

3/22 390.4 5/21 0 100~8! 100
5/22 169.8 19~3! 9
1/21 246.2 7~2! 0.2

5/23 476.1 5/21 0 194~9! 85
5/22 169.8 15~4! 127
3/21 314.4 41~4! 2
7/21 225.5 100~10! 100
7/22 258.2 u 8

5/24 524.5 5/21 0 100~19! 100
5/22 169.8 100~19! 73
1/21 246.2 94~13! 11
3/22 390.4 94~13! 1
7/21 225.5 250~25! 4

7/21 225.5 5/21 0 100~3! 100
5/22 169.8 u 3

7/22 258.2 5/21 0 100~7! 100
5/22 169.8 4~1! 9

7/23 619.2 5/21 0 u 11
5/22 169.8 4~1! 5
5/23 476.1 u 3
5/24 524.5 26~11! ,0.1
3/21 314.4 100~8! 100
7/21 225.5 80~8! 87
7/22 258.2 u 5
9/21 459.8 u 17
9/22 484.6 u 27

9/21 459.8 5/21 0 100~9! 100
5/22 169.8 18~2! 2
7/21 225.5 38~4! 17
7/22 258.2 11~2! 10

9/22 484.6 7/21 225.5 100~13! 100
5/21 0 60~6! 600

11/21 672.5 7/22 258.2 100~20! 100
9/22 484.6 u 2

11/22 758.5 7/21 225.5 100~6! 100
9/22 484.6 48~6! 4
02432
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eters areA0520.21 MeV, G050.56 MeV, andL051.87
MeV whereas for the positive-parity states they areA05
20.12 MeV, G050.21 MeV, andL050.46 MeV. For the
positive-parity states these values were also used for
heavier isotopes@32#. Since the assignment of some positiv
parity states is somewhat uncertain, we have not tried
optimization of these parameters, but only verified th
changes of up to650% in their values do not induce qual
tative changes in the structure of the calculated bands. Fig
11 shows the experimental and calculated level schemes
positive-parity states. In comparing the results of the cal
lations with the experimental ones, one may count on sev
well-established experimental facts: the single-quasipartic
d5/2 character of the ground state, the fourDJ52 bands la-
beled A, B, C, and D with A and B being almost uncouple
as well as the structure E which resembles the ‘‘s1/21d3/2’’
band in the heavier isotopes@32#.

From Fig. 11 one can see that the calculations pre
band structures which are rather similar to the experime
ones. The band structure labeled E is indeed found with c
figurations dominated by thes1/2 and thed3/2 orbitals. The
state at 390 keV, 3/21, is identified with a calculated one
which is mainly a mixture betweend3/2 ~21%! and g7/2
~72%!, whereas the 476 keV , 5/21 level is ad5/2-g7/2 mix-
ture with almost equal weights. For the structures A–D
find configurations dominated by thed5/2 and theg7/2 orbit-
als, in most cases rather mixed, as can be seen from Fig
which shows the main composition of their wave functio
in terms of the basis core states and quasiparticule orbi
Thus, the configuration appears to be different from
heavier isotopes where one observes purerd5/2 and g7/2
bands, respectively. In Ref.@8# it was emphasized that th

FIG. 13. Comparison between the experimental and theore
~IBFM! negative-parity level schemes.
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recognition of thed5/2 and g7/2 orbitals is difficult as their
closeness in energy may cause them to mix strongly. Ba
labelled 3 and 4 in Ref.@9# and in Ref.@10# which corre-
spond to bands C and D in Fig. 11 were interpreted as ba
on the 5/21 @402# configuration ~originating in the d5/2
spherical orbital!, whereas bands A and B~assumed asDJ
52 structures based on the state at 258.2 keV assigne
7/21 and 169.8 keV assigned as 5/21, respectively! were
labelled as bands 5 and 6 in Ref.@9# or bands 1 and 2 in Ref
@10# and considered as the two signature partners of the 51

@413# configuration~originating in theg7/2 spherical orbital!.
The calculations provide four such bands~Fig. 11! with a
rather complex structure. The 5/21 ground state is predicte
as a rather pured5/2 state, and its electric quadrupole mome
of 1.31~5! b and magnetic dipole moment of20.6542~15!
nm @34# are reasonably well predicted as10.572 b and
20.64 nm, respectively. The 5/22

1 state is still dominated by
thed5/2(69%) mixed withg7/2(22%). As can be observed i
Fig. 12, bands A and B start as rather pureg7/2 bands, and C
and D as rather pured5/2 bands, respectively. Howeve
around spin 13/2, all these bands have a rather mi
d5/2-g7/2 character, after which the dominant orbitals chan
At about this spin, the bands A and C, B and D, respectiv
exchange their main configuration. The mixing that we
for the two orbitals (d5/2 and g7/2) may be somewhat too
strong in certain states since we find some transitions
tween the bands that are not observed experimentally. T
VI gives both the experimental and calculated branching
tios for some low-lying levels. The theoretical values we
calculated using the same effective charge and gyromagn
factor parameters as in the case of barium isotopes@33# and
the experimental transition energies. Assuming a corresp
dence between experimental and calculated levels as sh
by Fig. 11, the important decay branches are well accoun
for. It is, nevertheless, impossible to draw strong conclusi
on the assignment of all the experimental levels since th
still remain discrepancies concerning the mixing ratios
some transitions. Thus, the 258.2 keV transition from
7/21 state in band A to the 5/21 ground state is calculated a
41%E2, which compares reasonably well with a value of
least 80%E2 ~compatible with the measured internal co
version coefficients, Table II!. On the other hand, the 88.
keV transition from the same level to the 169.8 keV 5/1

one is predicted as 97%M1 which does not fit with theE2,
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M1 mixed character found experimentally. Such discrep
cies would appear to question the structure of the wave fu
tions. On the other hand, it is known@33,35# that the stan-
dardM1 transition operator, which we have also used, m
lead to difficulties in predictingM1 transitions quantita-
tively. Hence, one can only draw the conclusion that in t
midshell nucleus, a strong mixing appears to take place
tweend5/2 and g7/2 orbitals in the structure of the observe
bands, even at relatively low energies.

The results of the calculations for the negative-par
states are shown in Fig. 13. They are comparable with th
of Ref. @8#, the difference being that we use quasiparticu
energies and shell occupancies which result from one B
calculation performed for both the positive and negat
states. All the calculated levels are dominated by theh11/2
orbital. The strong staggering of the yrast band is well d
scribed; only the low-lying 5/21

2 level is predicted to be
somewhat higher.

VI. SUMMARY

In the present work we have identified several new lo
lying low-spin states in119Xe from 119m,gCsb decays. From
multiscaling time spectra, half-lives ofT1/25(4361) s for
119gCs (I p59/21) and T1/25(2961) s for 119mCs (I p

53/21) have been revaluated with more realistic uncerta
ties than those obtained earlier. The basis of rotational st
tures have been observed up toI p513/22 in the 5/22 @532#
band, toI p513/21 in the 5/21 @402# ground-state band, to
I p511/21 in the 5/21 @413# band, and toI p57/21 in the
‘‘ s1/21d3/2’’ mixed structures. A comparison of the exper
mental negative-parity states is shown for the light xen
isotopes (A5117, 119, 121! and for theN565 isotones
119Xe and 121Ba. Calculations performed in the boso
fermion interacting model for both parities describe reas
ably well experimental features such as level energies
gamma-decay branching ratios.
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