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By a systematic on-line cesium mass separation from A = 122 to A--132 and subsequent 
gamma and electron decay spectroscopy at very low energy, new isomers have been 
precisely identified: 122mCS (T1/2=O.36+_O.O2s), 124mCs (T1/2=6.3++_0.2 s) and 130meN 
(T1/2=3.46_+0.06min). Detailed level schemes are given for both 124"Cs and xa~ 
Comparison of excited levels known in the odd-odd nuclei of the same region shows 
that more experimental informations are needed to propose a clear and realistic picture 
of the nuclear states structure. 

Radioactivity: 122m, 124m, 13OmCs [from La or Ce, 3He xn]-measured rl/2, E~, Is, 
EcE, IcE, y--y--t, 7--ce coinc.; deduced ICC, 124, 130Cs deduced levels, J, m On- 
line mass separated sources, Ge(Li), intrinsic Ge, Si(Li), magnetic electron selec- 
tor. 

1. Introduction 

The large availability of rich high-spin spectra ex- 
cited in odd-mass nuclei has revealed collective prop- 
erties in the 50<Z, N<82 transitional region. Ex- 
tensive systematic studies of long chains of isotones 
and isotopes have established clearly the evolution 
of nuclear level structure from spherical to deformed 
nuclei. 
Comparatively, experimental information on odd- 
odd nuclei of the same transitional region is poor. 
For example, in the case of neutron-deficient cesium 
isotopes, odd-mass nuclei have been systematically 
well studied from A= 119 to A=133 El] while only 
few states have been precisely identified in doubly- 
odd nuclei [2]. Nevertheless, for several cases, spins 
of both ground-state and long-lived isomeric state 
have been measured [3] by the on-line Atomic- 
Beam Magnetic Resonance technique [4]. In ad- 
dition, from recent measurements, experimental di- 

pole and quadrupole moments of the spin I = 1  
doubly-odd cesium isotopes, 120-130Cs, are avail- 
able [5, 6]. From these measurements three different 
aspects of nuclear structure can be distinguished for 
these spin I = 1 cesium isotopes. In the frame of par- 
ticle-rotor calculations within the Nilsson model E7] 
applied to neighbouring odd-A nuclei, experimental 
dipole and quadrupole moments can be well account- 
ed for by the different following configurations: 

i) a combination of the configurations 

1 + {x  [422 3/21 v [-402 5/2]}  

and 

1 + {x [420 1/2] v[411 1/2]} 

in about equal amplitudes for 122Cs, 
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ii) a predominantly configuration 

1 + {rc[420 1/2] rE411 1/2]} 

for 124, 126,128Cs and 

iii) a main ground state configuration 

1 + (xd5/2 vd3/2) 

for the weakly deformed 13~ nucleus [8]. Due to 
the fact that the relative energy positions of neutron 
and proton intrinsic states are already well known in 
odd-mass Xe, Cs and Ba nuclei, more experimental 
informations in the odd-odd cesium nuclei, as low- 
energy intrinsic states and collective bands based 
upon it, could be able to give a new insight on the 
neutron-proton coupling in transitional nuclei. In 
addition, as few states are known in several doubly- 
odd s31 [2], [9] and ~TLa [2], [10] neutron-de- 
ficient isotopes, the new results could be used to ex- 
tract some systematics in the region. 
As a first step of such a study, using the in-beam 
ISOCELE 2 facility at the Orsay Synchro-cyclotron 
Ell],  we have searched carefully the presence of iso- 
meric states in doubly-odd cesium isotopes from A 
= 122 to A =  132. Then, for the new ones or for the 
already known, we have observed their decay. In 
this paper, results of investigations on high activity 
sources of cesium isotopes produced and isotopically 
separated at ISOCELE 2 are presented only for 
122rnCs, 124mCs and t3~ because no long-lived 
isomeric states have been observed for ~26'118Cs 
and 1 a2cs" 

2. Experimental Techniques 

been mecanically arranged that allowed Ge(Li), 
intrinsic Ge or X-ray detectors to be placed within a 
few milimeters of the tape. For  low-energy photon 
measurements, thin beryllium windows had been 
sealed on faces of the boxes. With such devices, sing- 
les spectra and gamma-gamma or gamma-X-ray co- 
incidence measurements have been performed with 
high geometrical efficiency. 
For  collection of electro n spectra the tape pro- 
gressed inside a magnetic selector previously de- 
scribed [14]. Inside the spectrometer, the cooled elec- 
tron silicon detector was shielded from X-rays, 7- 
rays and p+ issued from the source spot, with a 
35 mm gold block. In addition, it was possible to 
place at 4 cm of the radioactive tape, behind a thin 
Be window, an external 7-ray or X-ray Ge detector, in 
order to allow not only collection of singles electron 
and 7-ray or X-ray spectra but also of electron-gam- 
ma or electron-X-ray coincidence data. Obviously, 
the efficiency of the system was experimentally mea- 
sured with standard radioactive samples placed at 
identical geometry, for a given magnetic field. As it 
will be mentioned later in this paper, the measure- 
ments realized with this magnetic electron selector 
were decisive for the establishment of the decay 
schemes presented. 
For  each mass-separated cesium sample collected, 
conventional y-ray and conversion electron multi- 
scaling analysis (generally eight time groups per spec- 
trum) had been performed to deduce half-lives. 
The coincidence data were recorded event by event 
on a magnetic tape together with the time delay be- 
tween the two energy pulses and the tapes were sub- 
sequently scanned for selected energy and time gates. 

Mass-separated cesium samples have been investi- 
gated at the ISOCELE 2 separator [11] on line with 
the ORSAY synchrocyclotron. The activities were 
produced by bombardment of thick molten cerium 
or lanthanum metallic targets with a 280 MeV 3He 
beam or a 200 MeV proton beam. Details of the 
target holder and ion source of the mass-separator 
were described previously [12]. The beam delivered 
by the synchrocyclotron had intensities in the range 
of 1 to 2 gA. The measurements on cesium samples 
were performed during 24 h or more without ion 
source change on the isotopic separator. 
The mass separated cesium nuclei were carried out 
on a modular tape transport system able to permit 
easy installation of several different detection sta- 
tions. The tape was moved by a step-motor control- 
led by an electronic circuit. The tape was running at 
a maximum speed of 2m/s and was positioned with 
1 or 2 mm resolution [133. Special cubic boxes had 

3. Isomeric States in Odd-Odd Cesium 

In agreement with the cesium production rates at 
ISOCELE 2 [12], the first experiments were devoted 
to a systematic search of eventual new isomers in 
doubly-odd cesium nuclei from A = 122 to A--132. 

3.1. The Previous Results 

From prior investigations, isomeric states have been 
already observed in both 122 and 130 odd-odd ce- 
sium isotopes. 
Two different half-lives have been established at 
CERN [15] in 122Cs. The 122raGs (T1/2=4.2min) 
and the 122gCs (T1/z=21 s) reported appear respec- 
tively in agreement with the I = 8 and the I = 1 nu- 
clear spins measured by Ekstr6m and collaborators 
[16]. Using several heavy-ion induced reactions, 
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Droste et al. [17] had previously identified both 21 s 
122talCs and 4.2 min tZZm2Cs activities. In addition, a 
third half-life has been observed at DUBNA in 
122Cs by Alexander, Neubert and coworkers. Two 
values have been successively determined, (0.50 
_+0.05) s in 1967 and (0.35+_0.07) s in 1969, by this 
group [18]. 
The 12~Cs isotope has been identified in several ex- 
periments. A precise (26.5 ___ 1.5)s activity has been 
already reported in 1969 by Chaumont et al. [19] 
using an on-line mass spectrometer operating with 
Ta, Th or U targets bombarded by 24 GeV protons 
at the PS at CERN. Then at the DUBNA U-300 
heavy-ion cyclotron, Droste and coworkers have ob- 
served a (34+_6) s half-life produced in the 
115In(lZC, 3n)lZ4Cs reaction at 60 MeV [17]. 
In a more recent measurement also performed at 
CERN on pure isotopically separated samples of 
~24Cs produced in lanthanum targets bombarded 
with 600 MeV protons, only one half-life of 31 s has 
been found [20]. The authors have underlined that 
no other ~24Cs activity with half-life greater than 5 s 
has been observed. 
The situation is similar for both 126Cs and 128Cs. 
For the first one, half-life of (98.6_+1.0)s has also 
been obtained at CERN by Chaumont et al. [19]. A 
comparable result T1/2=(100+_2)s, has been mea- 
sured by Pathak etal. in 1976 [21]. The 
l~SIn(160, 5n), 12aSb(llB, 6n) reactions at the 
YALE accelerator laboratory or the 133Cs (p, 8n) re- 
action induced with 100 MeV protons at the McGill 
synchrocyclotron have been used as production 
modes in these experiments. 
For the second one, m8Cs, a precise half-life 
measurement of (3.62+_0.02) rain has been made by 
Droste et al. [22] on the Swierk linear accelerator 
with the 128Xe(p, n)lZaCs reaction at 10 MeV. This 
determination is in agreement with the value report- 
ed by Ekstr6m et al. [16] and observed on isotopi- 
cally separated samples at ISOLDE. 
The ~3~ isotope has been specially well studied. 
Extensive 7-ray measurements have been performed 
by Watson and Silvester [23] on the a27I(0~, n)13~ 
reaction and a period of (29.11 +_0.12) rain has been 
established. One year later, in 1968, a slightly dif- 
ferent value of (29.9+_0.1) min was reported [24]. 
During a systematic determination of nuclear spins 
by the atomic beam magnetic resonance method, 
Ekstr6m etal. [5] have observed at CERN, a 
3.7 rain a3~ component. Very recently, in order 
to estimate the P~/P~ ratio for the ~3~ B+(~c) 
~3~ decay, Hagberg and coworkers have estab- 
lished a more precise half-life of (29.21_+0.04) rain 
for 13~ [25]. However, the existence of the 3.7 min 
isomer previously reported was not observed in this 

experiment, although a special effort was developped 
to identify eventual activities present in the isotopi- 
cally separated samples used. 

3.2. The Present Measurements 

As mentioned above, a systematic search for short 
isomeric states in odd-odd cesium isotopes has been 
undertaken at ISOCELE 2. During a first run, using 
?-ray singles spectra and a rapid multispectrum 
analysis, the long-lived species have been identified 
from t22Cs to 13~ and found in agreement with 
the previous reported half-lives. Then, as the collec- 
tion times of the separated samples were pro- 
gressively lowered, a careful multispectrum analysis 
was made on both 7-ray and conversion electron 
singles spectra. 
As more or less suspected, three different half-lives 
are present in the t22Cs isotope. Besides the 4.2 min 
and the 21 s activities, the decay curves, reported in 
Fig. 1, unambiguously establish the presence of a 
(0.36_+0.02) s isomeric state. It corresponds likely to 
the previous one given twice by the DUBNA group 
with somewhat different half-lives [18]. The present 
result is mainly based upon low-energy conversion 
electron lines, well observed at ISOCELE 2 with the 
magnetic selector on pure samples collected during 
2 s each. A typical multiscaling singles electron spec- 
trum is reproduced in Fig. 2. The 81.20 keV tran- 
sition is observed by its L and M conversion lines 
and the 45.85 keV one by its L group. Moreover, the 
wide line, at approximately 45.2 keV, corresponds to 
a mixture of K8~.2 with M45.8 and presents the same 
decay curve than the separated electron groups, as 
illustrated in Fig. 1. In conclusion the 0.36 s isomeric 
level in 122Cs is well confirmed in the present study 
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Fig. 1. Decay curves of conversion electrons of low energy tran- 
sitions associated to a 0.36 s isomeric level in ~22Cs 
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Fig. 2. Part of a multispectrum analysis on the conversion elec- 
trons of the 0.36 s isomeric level in 122Cs. The collection time was 
2 s. Each spectrum was recorded during 0.5 s. Lower energy parts 
of the spectra correspond to Auger electrons 

by the decay of two new transitions at 45.8 and 
81.2 keV respectively. 
As the lZ4Cs production rate is very high at ISO- 
CELE 2, it was easy to get both low-energy ?-ray 
and electron singles spectra with small collection ti- 
mes of the samples. In our first investigation, in ad- 
dition to the 31 s activity, five new low-energy tran- 
sitions have been rapidly identified and assigned to 
an isomeric state in 124Cs. A (6.3-t-0.3) s half-life had 
been deduced and already reported [26]. As several 
experiments have been undertaken to establish en- 
ergy measurements and multipolarities of the tran- 
sitions, the half-life estimation has been refined. 
With samples collected during one or two seconds, 
the decay curves obtained for the stronger ?-lines at 
58.2, 89.5, 96.5, 189.0, 211.6 and 270.3 keV are re- 
ported in Fig. 3. The mean value deduced for the 
half-life of this new longlived isomer is (6.3 _+ 0.2) s. 
As the 13~ case was ambiguous in spite of the nu- 
merous and recent studies developped for it, a spe- 
cial effort has been made to detect an eventual short 
half-life isomeric state. Different samples collected 
during 20 to 200 s have been measured with low- 
energy ?-ray detectors or with the electron selector 
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Fig. 4. Decay curves of low-energy transitions observed in 13~ 
The full circles show measurements taken with a Ge(Li) detector 
while the open circles show measurements with the electron selec- 
tor 

operating at various magnetic fields. All these low- 
energy singles spectra exhibit new transitions as- 
signed to the A =  130 mass isotope. Using a multi- 
spectrum analysis, the decay curves displayed in the 
Fig. 4 have been obtained for the K s and Kp X-ray 
characteristic of a cesium isotope, for the 7-rays at 
51.2, 80.4, 82.9, 131.5 and 148.3 keV and for con- 
version electron lines as  L31.5 and M14.9  +K51.2 , re- 
spectively. Obviously, the existence of an isomeric 
state in 13~ is well established by several low-en- 
ergy transitions and a relatively precise half-life of 
(3.46 +0.06) min has been measured. 
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4. Results and Decay Schemes 

4.1. Decay of the (0.36 +0.02) seconds Isomeric State 
in 122Cs 

After identification of this short half-life isomer, 
singles 7 and conversion-electron spectra have been 
used to investigate energies, intensities and multipo- 
larities of the low energy transitions involved in its 
decay. The results are summarized in Table 1. Only 
two strongly converted transitions (Fig. 2) have been 
completely- identified and as no low energy tran- 
sition in t]~e daughter 122Xe was  available, it was 
difficult to normalize the experimental values and to 
extract multipolarities. In practice, we have exten- 
sively used the comparison of the K/L experimental 
ratio with 1Lhe theoretical ones. The K/L = 2.20 +0.18 
estimated lbr the 81.2 keV transition can be repro- 
duced with an admixture of E 2 + ( 9 + 4 ) %  M1. For  a 
pure E2 multipole at 81.2 keV, eK=2.26 while it re- 
aches 2.19 by inclusion of 9% M1. In such a situa- 
tion, a normalization of the results with e~: 81.2 
=[2.19]  seems correct (see Table 1). The e L value 
deduced for the 45.8 keV transition gives a predo- 
minant  M1 character with ( 9 + 5 ) %  of E2. 
From the present experiment, the placement of the 
well defined 45.85 and 81.20 keV transitions in the 
lZZCs level scheme is not established. Indeed, from 
low-energy y - 7  coincidence data, recorded suc- 
cessively with 1 s and 2 s collection times of the 
samples, these two transitions are not in cascade and 
there is no evidence of any complementary very low- 
energy transition. Nevertheless, an at tempt has been 
done to examine if it exists connexions of the short 
isomeric state with the previous observations on the 

22m+gCs decays. From studies undertaken at 
C E R N  [1-';3, the relative position of 122"Cs (I 
=8T1 /2=4 .2min  ) and 122gCs ( I = 1  + T1/2=21 s ) re- 
mains unknown but y-rays observed in their decay 
have different relative intensities. 

In the 122mCs case (7"1/2=4.2 min) 

122Xe) 
1497(4 + --*2 + in ~Xe)e) =0"85' 
1331(2 + :~0 + in 

I37a(3 + --+2 '+ in aZ2Xe) 
= 0.037 

1331(2 + -+0 + in 122Xe) 

and transitions at 278.l, 208.4 and 307.6 keV are 
well detected. 
In the 122gCS decay (Ta/2=21 s) 14_97/1331=0.021, 
1371/1331 =0.006 and the lower energy lines are not 
found. 
In the singles y-ray spectrum of the 0.36 s 122Cs iso- 
meric state the transitions at 331, 371 and 497 keV 
were observed with the following ratios 
1371/1331 ~0.007, 1497/1331 ~,~,0.05 ; these values are in 
quite good agreement with the ones reported for the 
21 s activity. Clearly, the 0.36 s isomeric state con- 
firmed in 122Cs by the present work feeds the 
1 + lzZgCs. From these data, there is no way to es- 
tablish its decay scheme; the 81.2 keV (E2) and 45.8 
keV (M1) transitions are certainely placed just 
above the l + ground-state of aZ2Cs but they cannot 
explain the half-life observed nor give energies of the 
first excited levels in this isotope. 

4.2. Decay of the (6.3 ___ 0.2) seconds Isomeric State 
in 124Cs 

This half-life has been easily identified on samples 
collected during one or two seconds at the ISO- 
CELE 2 separator. As several low-energy transitions 
have been observed, a more detailed study has been 
undertaken. Low-energy y-rays and X-rays singles 
spectra have been carried out with a 50 gm thick en- 
trance Be window, intrinsic Ge detector of 1 cm 3 
(528 eV F W H M  at 122 keV). Medium-energy y-rays 
have been observed with a coaxial, intrinsic Ge de- 
tector of 70 cm 3 (1.78 keV F W H M  at 1.33 MeV). 

Table 1. Energies, relative intensities, internal conversion electrons data and multipolarities of y-rays observed in the decay of the 0.36 s 
isomeric level in x22Cs 

E~(AEr) Iv(Air) Elec- Ie-(AIe- ) Exp. 
keV tron ~ ... .  /%(8~); K/L 

line 

Theory Multipolarity 

E1 E2 E3 M1 M2 M3 

81.20 (10) 1.20 (25) K 573 (18) ~K =[2.19] 0.335 2.26 12.1 1.41 15.6 114 E2+(9• M1 
L 260 (13) K/L= 2.20 (18) 7.32 1.70 0.29 7.5 4.4 1.7 
M 61 (11) ~ = 0.28 0.0092 0.286 9.47 0.038 0.76 15.5 

3.5 45.85 (15) 0.60 (15) L 330 (15) ~L = 2.5 1.9 
M 72 (5) 

0.235 19.5 1,100 1.0 39 1,150 Ml+(9_4)% E2 
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Precise energy and efficiency calibrations have been 
performed with different radioactive samples, as 
t33Ba, 152Eu, displayed in the same geometrical 
conditions as the collected isotopes. The y-rays ob- 
served in the decay of ~Z4Cs samples isotopically 
separated at ISOCELE (collecting time =10s - 
counting time =10s) are reported in Table 2 and 
compared with the previous measurements perform- 
ed at CERN on the same A=124 isotope [20-]. It 
appears that the low-energy domain is completely 
new; moreover, with a normalization on the 354 
keV (2 + ~ 0  +) transition fed in 124Xe by the 31s 
~24Cs activity, the present comparison reveals a per- 
fect agreement in both experiments for energies and 
intensities, above 300keV. This situation indicates 
that the new identified 6.3 s isomeric level decays es- 
sentially to the ~Z~Cs ground-state. 
As the transitions associated with the a 2r isomer 
have low energies, a special effort has been develop- 
ped to measure conversion electron. The singles 
spectra have been carried out at different set-up 
of the magnetic field in the electron selector by 
applying various courant intensities (I=3; 2 or 
1.5 amperes). An example is displayed in Fig. 5. 
The efficiency calibration curve of the magnetic 
selector has been carefully controlled at low energy 
with stantard radioactive samples [241Am,  
212pb(Th  B)]. 

Complete results concerning ~24"Cs decay tran- 
sitions are reported in Table 3. From both gamma- 
rays and conversion electron intensity measure- 
ments, multipolarifies of the transitions have been 
deduced. The presence of the pure E2 (2 + ~ 0  +) 
354keV transition in ~24Xe suggested an obvious 
normalization of the conversion coefficients. Unfor- 
tunately, to favour the 6.3 s isomer, few seconds col- 
lecting times have been used in several experiments, 
giving weak 354 keV transition intensity. In practice, 
we have done a two-steps analysis; first, with spectra 
taken with 10s collection time, a preliminary c~ 
coefficient estimation has been made; secondly, as 
the 89.5 keV transition had typical characteristics of 
an electric dipole, it has been used as reference to 
estimate all the other experimental conversion coef- 
ficients, as reported in column 5 of the table. For 
several transitions, total intensities are very weak; 
nevertheless their multipolarities have been given in 
the table because they have been confirmed with a 
better precision in the 124Ba---~lz'~Cs decay [-27; 
work in progress-]. When large uncertainties are 
present on conversion coefficients, the ratio K/L is 
specially usefull to establish the assignment. 
The 7-Y coincidence measurements have been 
undertaken with two different sets of detectors: set 1 
consisted of two 70 cm 3 intrinsic Ge detectors for 

Table 2. Energies and relative intensities of gamma transitions ob- 
served in the decay of isotopicaUy separated 124Cs samples. The 
results (collection time = 10 s - counting time = 10 s) are in good 
agreement with the previous ones found at CERN [20], for en- 
ergies greater than 350 keV 

Present work CERN results [20] 

E~ (keV) Ir E r (keV) I~ 

29.62 K~I Xe 
30.80 K~I Cs 
33.56 K~, Xe 

[Kt~ 2 Xe 
34.74 /Kol Cs 
35.81 Ka2Cs 
53.85 • 0.05 0.42 • 0.04 
58.20 • 0.05 1.23 • 0.06 
64.90• 0.15• 

(74.8 _+0.1) <0.15 
89.50• 3.10• 
96.55• 3.05• 

111.8 • ~0.05 
169.5 • 0.34+0.05 
188.98• 1.6 +_0.1 
211.64• 3.3 • 
270.30• 0.62+0.05 
353.99+0.07 [100] 
355.6 • - 

381.0 • 0.10• 

401.2 • 0.30_+0.03 
422.5 • 1.07• 
~2.55• 9.10• 
524.8 _+0.1 0.88• 
749.5 • 0.47• 
781.9 • 0.49• 
846.5 • 3.00• 
863.7 • 0.80• 
865.3 • 1.60• 
866.7 • 0.40• 

893.6 • 0.42• 
914.8 • 10.0 • 

(1,003 • ~0.1 
(1,020 • 0.2 • 

1,100 • 0.20• 
1,132 • 0.33• 

(1,143 • ~0.10 
(1,217 • ~0.10 
1,268.9 • 0.30• 
1,274.4 • 1.16• 

1,335.9 • 1.25• 
1,358.8 • 0.42• 

(1,425 • 0.2 • 

1,628.5 • 2.3 • 
(1,639 • 1) - 
(1,655 • 1) ~0.1 
1,665.6 • 0.4 • 

(1,673 • 0.2 • 
1,689.4 • 1.4 • 

1,851.2 • 0.7 • 
(1,979 • 0.2 • 
2,020.1 • 1.6 • 

2,165.9 • 2.3 • 

353.9_+0.2 [100] 

359.9• 
368.5• 
380.7• 
388.1• 
~1.1• 
422.2• 
492.5• 
524.8• 
749.6• 
781.9• 
846.6• 
864.8• 

866.4 • 0.8 
879.8 • 0.5 
893.6 • 0.3 
914.8• 

1,002.9• 
1,020.0• 
1,073.6• 
1,099.7• 
1,132.0• 

1,268.4• 
1,274.0• 
1,291.5• 
1,335.7• 
1,358.9• 
1,425.3• 
1,528.0• 
1,544.5• 
1,628.5• 

1,673.4• 
1,689.6+0.8 
1,759.3• 
1,851.6• 
1,979.5• 
2,020.5• 
2,126.0• 

2,382.0• 

0.6 • 
0.2 _+0.1 
0.10• 
1.80• 
0.22• 
0.92• 
9.1 • 
1.0 • 
0.50• 
0.50• 
3.0 • 
1.0 • 

0.57+0.3 
0.17_+0.10 
0.40 + 0.06 

10.0 • 1.0 
0.08 • 0.02 
0.10• 
0.07 • 0.02 
0.24 • 0.04 
0.36 • 0.06 

0.23 • 0.06 
1.10• 
0.08 • 0.04 
1.2 • 
0.40• 
0.06 • 0.02 
0.08 • 0.02 
0.09 + 0.03 
2.4 • 

0.08• 
1.4 • 
0.08• 
0.70• 
0.25• 
1.60• 
2.0 • 

0.4 • 
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Fig. 5. Conversion electron spectrum recorded with the magnetic selector for 124mCS samples collected during 10 s 

Table 3. Internal conversion electron data and deduced multipolarities of the gamma transitions observed in the decay of 124mCs 

Er Ir(Aly) Elec- I e (Ale_) Exp. Theory 
(KEY) (rel.) tron (relative) c~K . . . .  /~K(89.5) 

line K/L, ere ,.. E1 E2 E3 M1 M2 M3 

Multipolarity 

53.85 0.42 (4) K 1,450 (300) 

L 243 (9) 

58.20 1.23 (6) K 1,530 (220) 

L 168 (15) 

64.90 0.15 (3) K 4,350 (150) 

L 1,030 (52) 
M 266 (27) 

89.50 3.10 (10) K 874 (75) 
L 126 (13) 
M 56 (14) 

96.55 3.05 (10) K 3,320 (150) 
L 454 (14) 
M 140 (6) 

161.0 K 44 (4) 
L 44 (6) 

169.5 0.34 (5) K 53 (4) 

188.98 1.6 (1) K 245 (11) 
L 40 (1) 
M 36 (5) 

211.64 3.3 (1) K 429 (12) 
L 91 (5) 
M 23 (5) 

270.30 0.62 (5) K 15 (3) 

~K = 3.2 (10) 1.05 6,50 28.3 4.70 74,5 530 M1 (E2) 

K/L = 6.0 [ 9.3 3.8 6.85 0,70 0.06 7.49 3.64 0.79 

c~ K = 1.15 (22) 0.835 5,45 25.5 3.65 53.0 394 E1 

K/L= 9.1 [12.8 [6.5 7.00 0.84 0.09 7.47 3.79 0.97 

[34 
a r =26.7 21 0.620 4.23 21.3 2.70 36.0 268 M2 

K/L= 4.2 (4) 7.10 1.12 0.135 7.46 4.01 1.19 

[~r = 0.260] 0.260 1.72 9.13 1.08 11.1 78.3 
K/L= 6.9 (14) 7.40 1.98 0.37 7.53 4.60 1.92 

cqc = 1.03 (8) 0.21 1.36 7.17 0.87 8.35 57.5 
K/L= 7.68 (50) 7.48 2.22 0.46 7,53 4.74 2.11 

K/L= 1.0 (3) 7.70 3.78 1.35 7.35 5.55 3.45 

c~x = 0.144 (35) 0,044 0.225 0.984 0.179 1.11 5.76 

~K = 0.141 (15) 0.033 0.158 0,660 0.132 0.764 3.71 
K/L= 6.1 (5) 7.78 4.38 1.71 7.58 5.84 3.84 

~ = 0.120 (7) 0.024 0.109 0.432 0,097 0.519 2.35 
K/L= 4.7 (4) 7.81 4.73 2.03 7.60 6,02 4.13 

c~ K _~ 0.025 0.012 0.049 0.18 0.049 0.23 0.95 

[ E l ]  

M1 (E2) a 

E3 

M1 (E2) ~ 

M1 +(45+15)~o E2 

E2 

(M1 +E2)  

The mixing ratio can be deduced in the 124Ba---~ 124Cs decay [27] 
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classical gamma-gamma coincidences while set 2 
consisted of one 1 cm 3 and one 70cm 3 Ge detectors 
for X-rays - gamma coincidences. The last arrange- 
ment was very useful to extract coincidence events 
between low-energy transitions but also to assign 
correctly the v-lines to the cesium isotope from X~: 
Cs- v coincidence events. The resolution times were of 
the order of 30 ns. The three parameters (E~,-E~2 
- t ~ l  ~,2) coincidence events were recorded on a mag- 
netic tape and sorted afterwards. The main results 
are summarized in Table 4. 
The conversion electron - low-energy gamma coin- 
cidences have been carried out with the magnetic 
electron selector operating at I=2 .5  A and a 3 cm 3 
(830 eV FWHM at 122 keV) planar Ge(Li) detector. 
The information derived from these e - -  
coincidence data is reported in Table 5. 

Table 4. Prompt and delayed gamma-gamma coincidences ob- 
served in the decay of 124"Cs 

Gate energy Coincident y-rays energies 
(keY) (keV) 

A) Prompt events 

53.8 58.2, 96.5, 
58.2 53.8, 96,5, 
89.5 96.5, 211 
96.5 53.8, 58.2, 

188.9 53.8, 58.2, 
211.6 89.5, 96.5 

B) Delayed events 

58.2 96.5, (189) 
89.5 96.5, 211 
96.5 58.2, 96.5 

211.6 89.5, 96.5 
270.3 96.5 

188 
188 

64.9, 89.5, 189, 211 
64.9, 96.5 

Brackets denote weak coincidences 

Table 5. Gamma-electron coincidences observed in the decay of 
124raCs 

Gate 
energy 
(keV) 

Conversion electron lines in coincidence 

53.8 
58.2 
89.5 
96.5 

169.5 
188.9 
211.6 
270.3 

(K64.9) -- K96.5 -L96,5 -- Kt 89 
K53.8-  K64.9-  L53.8 - K96.5 + L64.9 - L96.5 - K189 
K64.9-K96.5-L96.5 -K211 -L211 -M211 
K64.9 - -  L53.8 -- K89.5 - K96.5 + L64.9 - -  M64.9 - -  L89, 5 

--(K189)-K211 
K96.5 
K53.s-K59.2-K64.9-L53.s-L58.2-K96.  5-L96. 5 
K64.9 - -  K89.5 - -  K96.5 - -  L89.5 - -  L96.5 
(L~ 31)a-(K64.9)- K96.5 

Brackets denote weak coincidences 

a The 31 keV transition is only tentative (Sect. 4.2) 

The E 1 multipolarity assignments for both the 58.20 
and 89.50 keV transitions and the delayed events ob- 
served in the V-V coincidence data have suggested a 
precise time measurement experiment. This very short 
half-life search has been undertaken with two planar 
Ge(Li) gamma detectors and a special adjustment of 
electronics. Indeed, even with small detectors, timing 
properties are not perfect so a pulse shape selection 
method has been used. In this technique, the signal 
detector feeds two different CFPHT units (Constant 
Fraction of Pulse Height Trigger). On one path, the 
signal is attenuated by a fraction f l ,  inverted and 
delayed; on the other path, the signal is attenuated 
by a fraction ft.  The new pulses are added again to 
deliver an adjustable timing output pulse. As check- 
ed in details on large Ge(Li) detectors by Engel and 
coworkers [28], this method improves considerably 
the time resolution. In the present experiment, a ca- 
refull preliminary adjustment has been done with 
133Ba sample providing a 6.3 ns isomeric level at 
81.0 keV. 
The measurement has been performed on 124Cs iso- 
topic separated samples collected during three sec- 
onds. The V - v - t  coincidence counting rate was 
very low; the experiment was running during five 
hours to get significant time spectra. An example is 
reproduced in Fig. 6, indicating clearly the presence 
of a short half-life isomeric level [T~/2=(69+_3 ) ns] 
in the decay scheme of the 6.3 s tZ4mCs. 
The level scheme of 124"Cs was mainly built from 
coincidence data. Examples of typical coincidence 
spectra are reproduced in Figs. 7 and 8. Taking into 
account sum energies, multipolarities, intensity bal- 

10 4 ~7//~ , 
' I ' I 

u3 
i--- 
Z 

O 
c.) 

r I I 

_ r I 

f ! 

I ; 

t i~ 
_7//__ I , I , �9 I 

I00 200 300 
C H A N N E L  N U M B E R  

Fig. 6. Example of timing distribution observed in 12~mCs and 
associated to the 301 keV short half-live isomeric state. The com- 
parison is made between the delayed coincidence curve of the 89.5 
keV v-ray and the prompt line measured between the 89,5 and the 
211.6 keV ?-rays 
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Fig. 7. Examples of gamma-gamma coincidence spectra which 
show two different parallel cascades of transitions in the 124mCs 
decay 

ances and including the presence of the 69 ns short 
half-life, the level scheme proposed in Fig. 9 has 
been retained for the decay of the 6.3 s isomeric level 
in the ~24Cs. Obviously, spin and parity assignments 
are based upon the 1 § ~24Cs ground-state [5] and 

the multipolarities involved in the cascades. The 
69 ns isomeric level included at 301 keV is well es- 
tablished by both the two parallel decaying paths, 
the 89.50 keV (E1)-211.64 keV (E2) transitions on 
one side and the 58.20 keV (E1)-53.85 keV (M1)- 
188.98 keV (MI +E2) transitions on the other side. 
The relative position of the 58.2 and 53.8 keV lines 
has been mainly based upon the E1 character of the 
first one and the strong prompt 7 - 7  coincidence ob- 
served between them. The existence of the 161 keV 
transition has been found in electron singles spectra 
and its E3 multipolarity is clearly established from 
its K/L ratio. 
This 161 keV transition appears very likely as cross- 
over of the 64.90 keV (M2) and the 96.55 keV (M1) 
transitions. On the 301 keV state, the intensity bal- 
ance is quite correct; its feeding is of 6.8_+0.3 in the 
arbitrary units of the Table 3 and the sum of its two 
deexciting paths reaches (4.1+2.8)=6.9+0.4 in the 
same scale. 
The 169.5 and the 270.3 keV 7-rays have not been 
placed in the level scheme displayed in Fig. 9 though 
they roughly represent 4 ~o and 2 ~ of the total gam- 
ma intensity, respectively. Nevertheless these lines 
have been observed in our coincidence data. The 
270.3 keV has been detected in delayed coincidence 
gated on the 96.5 keV line suggesting that its place 
in the level scheme is probably below the short half- 
life isomeric level located at 301 keV. In the gamma- 
electron coincidence measurement, the 270 keV 7- 
ray has been found in coincidence whith a line at 
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Fig. 8. Electron-gamma and gamma- 
gamma coincidence spectra gated 
respectively on the K64.9 line and on 
the 96.5 keV y-ray, transitions which are 
both above the 301 keV (T1/2=69ns) 
isomeric level 
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Fig. 9. Partial level scheme of 124Cs fed by the 124mCs decay (T1/2 
= 6.3 s) 

in the same nucleus. In the ~24Cs, t h e l  + ground- 
state feeds alone low-spin levels in t24Xe. 
With the partial decay scheme presently established, 
the new 6.3 s isomeric level in ~24Cs supports a 7% 
I x assignment. In atomic beam measurements of nu- 
clear spins performed at Uppsala or at CERN on 
cesium isotopes, such characteristics have not been 
observed [5]. As the main configurations involved in 
the lower excited levels of 124Cs are not completely 
defined, it is difficult to assign a correct structure to 
the 7 + isomeric state from its decay. Due to the re- 
lative position of the different configurations avail- 
able in this region for both odd-neutron and odd- 
proton a 7~g7/z vgv/2 coupling could explain such U 
characteristics. Nevertheless, 9/2 + proton-hole states 
have been observed at very low energy in odd-A Cs 
isotopes [1] and odd-A I isotopes [29] so a 7 + state 
in odd-odd Cs could present a mixing of different 
proton-neutron configurations involving d5/2, g7/2 
and g9/2 shells and up to now, the exact situation 
cannot be extracted from the present study alone. 

approximately 26 keV and with both the K64.9 and 
the K96.s electron lines. All these results suggest the 
existence of a 270.3 keV excited level, fed from the 
301 keV state by a transition of approximately 31 
keV (the electron group observed at 26 keV in the 7 
- e -  coincidence measurement could be the L con- 
version lines of this transition). This proposition is 
only a tentative. It is in desagreement with the first 
partial level scheme given by Droste et al. [-17] in 
the 124Ba-*124Cs decay where a 271 -169  cascade 
was placed above the 1 § a Z4Cs ground-state. In the 
6.3 s 124mCs decay, the 169 keV is very weak and 
any 7 - 7  coincidence has been observed with it. 
Nevertheless, in e - -  7 coincidence data, the I(96 
electron conversion line presents a weak coincidence 
with the 169 KeV 7 line. In conclusion, from the 
present study of the ~24~Cs decay, both the 169 and 
270 keV transitions appear in connection with the 
69 ns 301 keV state by very weak converted tran- 
sitions and could feed directly the 1 + ground-state 
from two different excited levels at 169 and 270 keV 
respectively; this proposition is in agreement with 
our measurements in progress on the 124Ba---~ 124Cs 
decay [27]. 
Moreover, we have searched for a direct deexcitation 
of excited states in t24Cs to ~24Xe levels. Such a sit- 
uation have been observed at CERN [15] for the 
t22Cs isotope, the 4rain activity decaying to high- 
spin high-energy levels in 122Xe while the 21 s ac- 
tivity populates mainly low-spin lower-energy levels 

4.3. Decay of the (3.46 + 0.06)min Isomeric State 
in 13~ 

As already mentioned, the t3~ isotope has been 
intensively studied. Its 1 + ground state and a J = 5  
isomer are known [5] but their relative positions 
and their connexion are undetermined. Hardy and 
coworkers E30] have measured the mass of ta~ 
with a good precision and deduced that an isomeric 
level could be 121_+ 15 keV above the ground-state; 
nevertheless, from angular distribution data for the 
t29Xe(3He, d)13~ reaction used, a L = 2  character 
has been obtained for this 121 keV excited state, 
leading to a spin assignment I < 3 with positive par- 
ity, result which cannot explain the I = 5 isomer. 
As the production rate of the Tt/2=3.46 min 13~ 
was very large at the ISOCELE 2 separator, a ten- 
tative to establish its decay scheme has been under- 
taken and the results are reported in the present pa- 
per. 
Singles gamma-ray and conversion electron spectra 
(Figs. 10 and 11) have been recorded with collection 
times of 200s and 150s respectively. Combining 
these data, energies, intensities and multipolarities of 
the transitions involved were deduced (Table 6). As 
the transitions are mainly concentrated at very low 
energy, in some cases, difficulties occured to separate 
completely the K, L, M conversion lines in the elec- 
tron spectra. 
For example, for both the 131.5 and the 80.45 keV 
transitions which have pure lines only for K con- 
version electrons, it was necessary to use the fact 
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Fig. 10. Singles gamma-rays spectrum 
measured with 13~ samples 
collected during 200 s 

that the L/M ratios are quite stable, independently 
of the transition multipolarities, to roughly estimate 
the L and M components. 
For  the 51.2 keV transition, the extraction of its K 
conversion line has been difficult due to the presence 
of the M~.9 group at the same energy (Fig. 11) and 
to the absence of a correct experimental line shape 
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Fig. 11. Single conversion electron spectrum recorded with the 
magnetic selector for 13~ samples collected during 150 s. The 
broad lines marked by a star have been identified as summing 
events 

in this energy range; indeed, the K131 line used all 
over the electron spectrum as a standard to analyse 
the data, was too narrow and unable to give a re- 
asonable K51.2 electron intensity. Nevertheless, from 
the singles spectra an high multipolarity character 
was rejected. The intensity estimation has been 
mainly deduced from electron intensities in the elec- 
tron-gamma coincidence spectra (Fig. 12 - gate on 
the 80.45 keV transition). Moreover, to remove the 
ambiguity between an E1 or M1 character for the 
51.2 keV transition the argument of the intensity 
balance at the 80.45 keV level (Fig. 14) has also been 
used, taking into account that this state is clearly 
established from the coincidence data. Indeed, this 
first excited level observed is completely deexcited 
by the 80.45 keV M1 ( E 2 < 5 % )  transition, the in- 
tensity of which reaches 1,840_+100 in the relative 
scale reported in Table 6. From the experimental 
data, the same level is fed by two transitions of 51.18 
and 82.9 keV. For the last one, its total intensity 
equals 795_+15, giving a rest of 1,045_+105. From 
the intensity balance, the total electron conversion 
coefficient of the 51.18 keV transition deduced is c( r 
=6.6_+0.3. By comparison with the theoretical val- 
ues ~ r (E1)~ l .37  and c~r(M1)~6.5 an M1 multipo- 
larity is retained for this transition. The K51.~ s elec- 
tron intensity reported in Table 6 has been estimated 
with these previous assumptions. 
The 31.5 keV transition corresponds to a special 
case because its 7-line is mixed with the Cs X~:-rays 
in both singles and coincidence spectra. Nevertheless 
electron intensities estimations for the 31.5 keV tran- 
sition have been made in both singles and 
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Table 6. Energies, relative intensities, internal conversion electrons data and multipolarities of gamma transitions observed in the decay of 
the 7"1/z =3.46 rain isomeric level in 13~ 

Er(AEr) I~(AIr) Elec- Ie-(AIe- ) Exp. Theory Multipolarity 
(KeV) (relative) tron (relative) aK . . . .  /aK(148) 

line K/L, etc. . .  E1 E2 E3 M1 M2 M3 

14.9 (3) a - M < 150 

31.5 (3) ~ - L ~1,030 
M ~ 340 

51.18 (5) 138 (6) K ~570" (M1)* 
L 95 (24) 
M 31 (2) a M = 0.165 (18) 0.035 2.55 142 0.148 5.70 210 

80.45 (10) 680 (30) K 1,274 (34) c~ = 1.38 (10) 0.342 2.32 12.1 1.45 16.0 119 Ml (E2<5~o)  
L <250 
M 38 (9) 

82.9 (1) 13.0 (7) K 208 (12) eK = 11.8 (11) 0.309 2.12 8.1 1.33 14.2 106 E3 
L 722 (13) K/L= 0.288 (22) 7.38 1.75 0.3 7.50 4.47 1.75 
M 190 (5) 

131.50 (7) 25.4 (20) K 13.0 (1) eK = 0.377 (30) 0.088 0.50 2.50 0.355 2.63 16.2 MI(E2)  
L <4.0 
M <1.1 

148.35 (7) 100 (3) K 8.70 (14) a K = 0.064 0.064 0.340 1.66 0.251 1.75 10.2 E1 
L 1.04 (13) K/L= 8.36 (12) 7.72 4.17 1.13 7.55 5.15 3.18 
M O.4O (6) 

206.5 (2) 0.58 (16) K 0.14 (4) eK = 0.18 (10) 0.0242 0.113 0.47 0.098 0.517 2.47 ~ M I + E 2  b 

470.8 (3) 3.0 (3) dE 1 b 

536.2 (3) 34.7 (7) JE2 b 

Comments: Conversion electron intensities in column 4 have been estimated from singles electron spectra, except for the very low energy 
transitions. 
�9 This Kst.z line h a s  been deduced from electron-gamma coincidence spectra (see Sect. 4.3) and confirmed by intensity balance 
arguments on the 80.45 keV level in 13~ 
a Transitions observed by conversion electron lines only; corresponding mean energies have been estimated from electron-gamma 
coincidence spectra 
a Transitions belonging to 13~ as the conversion coefficients mentioned in the table 
u Multipolarities established from in-beam measurements performed by Goettig et al. [31] on the 13~ 3ny) reaction 
* Multipolarity discussed in the text (Sect. 4.3) 

coincidence spectra gated on the 51 and 131 keV ),- 
rays. Moreover, two different attempts have been re- 
alized, using successively the standard K 131 electron 
line as reference and then a larger and more realistic 
electron line shape at very low energies. In such a 
way, one gets 680<Ie-  ( L a l + M a l ) < l , 4 4 0 ,  in the 
arbitraty units of Table 6. From the coincidence 
data (Table7) the 31.5 keV transition feeds the 
131 keV level which is deexcited by the 131.5 and 
the 51.18 keV transitions. The total intensity of these 
two transitions reaches approximatively 1,090_+ 100, 
value in good agreement with the electron intensity 
of the 31.5 keV transition reported above. 
The level scheme proposed in the Fig. 14 is mainly 
based upon coincidence data, multipolarities and en- 
ergy relationships. In the first experiments, the place- 
ment of a 14.9 keV transition was a puzzling prob- 
lem. Obviously, it is impossible to identify such a 

low-energy transition and to estimate correctly its 
intensity in the singles spectra; nevertheless, its exis- 
tence was revealed from an electron spectrum gated 
on the 148 keV 7-ray in electron-gamma coincidence 
measurements. With the magnetic selector operating 
at very low energy (I = 1.5 amperes) and an electron 

- low-energy gamma ray coincidences set-up spe- 
cially adjusted, a new experiment has been perform- 
ed, on-line, during five hours. The clean results ob- 
tained are displayed in Fig. 13; they show the L and 
M conversion electrons of the 14.9 keV transition in 
strong coincidence with the 148.3 keV y-ray and in- 
dicate its place in the level scheme. From all the 
measurements and taking into account the energy 
sums 80.45 + 82.9 = 163.35 +_0.20, 80.45 + 51.18 + 31.5 
=163.1+_0.4 and 148.35+14.9=163.2_+0.4, a level 
has been proposed at 163.2 keV. Spin and parity as- 
signments, 5- ,  for this 3.46min la~ isomeric 
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Fig. 12. Examples of electron coincidence spectra gated on 7-rays 
in the decay of the T~/2=3.46 rain ~3~ 

Table 7. Electron-gamma and gamma-gamma coincidences ob- 
served in the decay of ~3~ (T~j2=3.46 rain) 

A) Electron- ?-Rays 

Gate Conversion electron lines in coincidence 
(E~ KeY) 

51.2 L31.s - M3a.5 - K80.5 - L80.5 - M80.5 
80.5 K 5 1 . g - L 3 1 . 5 - M 3 a . 5 - L s l . z - K 8 2 . 9  

- M s l . z -  L s2 .9 -  M82.9 
82.9 K8o.5 - L8o.5 - Mso.~ 

131.5 L31.5 -M31.5  
148.4 MI,,. 9 

B) Low-Energy y-Rays-7-Rays 

Gate Low-energy 7-ray lines in coincidence (KeV) 
(Er keV) 

51.2 K, Cs-K~ Cs- 80.5 
80.5 K= Cs - Kp Cs - 51.2- 82.9 
82.9 K, Cs - Kp Cs - 80.5 

state are mainly based upon the E3 character of the 
82.9 keV transition. The existence of the weak 
branching ratio ( ~  10 -4) observed from this level to 
the 5-  state at 2,310.2 keV in the ~3~ is well es- 
tablished in our gamma - X rays coincidence data 
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O 
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I00 I / ~  _ 

! 
0 ~ k., . , . , ,  ...... :.',. ................ .'.',.. ..................... 

I t I I I 
100 200 
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Fig. 13. Electron coincidence spectrum gated on  the 148 keV ~/- 
ray in the decay of z3~ (T~/z = 3.46 min). The magnetic selector 
was operating at very low energy (I= 1.5 amp.). The spectrum in 
coincidence with the background has been substracted 

since the 206.5 and the 470.9 keV gamma lines 
found are in coincidence with the xenon X-rays. 
These two transitions have been already observed by 
Goettig et al. in 13~ [31] with in-beam measure- 
ments performed on the 12aTe (c~, 2n) and the 13~ 
(3He, 3n) reactions. This observation constitues a 
supplementary argument for the spin and parity, 5- ,  
assigned to 13~ 
This result appears in agreement with the I = 5 ,  
3.7 min 13~ observed by Ekstr6m and coworkers 
[-5] while it seems, very likely, that the (2+), 131.5 
keV level observed in the present experiment could 
be compared to the I < 3 ,  121+15 keV level found 
by Hardy etal .  [-30-] in the ~29Xe(3He, d)13~ re- 
action. 
The present data cannot confirm the zc[420 1/2], 
v[514 9/2] configuration suggested before [-5] for the 
5-  isomeric level in ~3~ Indeed, in the partial 
level scheme proposed in Fig. 14, it decays by three 
different paths as follow: approximately 77 ~o to the 
(2 +) level at 131.5 keV, 16~o to the 2 + level at 80.45 
keV and 7 ~  to a (2-) level at 148.3 keV. If the mul- 
tipolarities of the highly converted low-energy tran- 
sitions placed at the top of the scheme are relatively 
well defined, the mixed nature of the excited levels 
fed is unknown. In such a situation it appears unre- 
alistic to discuss in details the different transitions 
probabilities. Additional experiments, as for example 
in-beam measurements, would be helpful to clarify 
the nature of the low energy excited levels in 
13OCs" 

In conclusion, if at the first glance, from systematics 
and recent spins and magnetic moment  performed at 
C E R N  [-8], the situation of doubly-odd cesium iso- 
topes appeared very simple, the detailed description 
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related to the protons and neutrons orbitals Sl/2, 
d3/2, d5/2, g7/2, h11/2 and g9/2 and giving rise to a 
large number of different [~z, v] two quasiparticle 
configurations. 
The present experiments alone constitue a first step 
in the knowledge of doubly-odd cesium and several 
further experimental investigations are needed to get 
more details. In the 124Cs case we have undertaken 
at ISOCELE 2 a study on the 12*Ba~ 12"Cs decay. 
The corresponding analysis is now in progress and 
several low-spin levels strongly populated by this 
mode in 12"Cs have been easily identified. A more 
constructive comparison will be possible with similar 
states already observed in 12o, 122, 1241 [9, 32] and 
120,122Sb [33-36]. Heavy ion in beam spectroscopy 
measurements would be useful to excite selectively 
collective band structures involving high-spin com- 
ponents and to help in the comparison with 
theoretical calculations. 

The authors are grateful to the ISOCELE 2 and the ORSAY 
SYNCHROCYCLOTRON crews for their cooperation during 
the course of the present investigation. 

130Xe 

Fig. 14. Partial level scheme of 13~ fed by the T~/z=3.46 rain 
isomeric level. A weak branching to the 5- level at 2,310 keV in 
~3~ has been also observed. The percentage feedings from 1 +, 
13~ to states in 13~ are those recalculated by E. Hagberg 
et al. [Ref. 25]. The detailed feeding of states between 1,794 and 
2,630 keV in 13~ is known but has been labelled "1.4%" on the 
smaller arrow of the figure for clarity 

of these nuclei is, in general, a difficult problem. For 
example, the same spin and parity assignments, 1 +, 
describe the ground state of these odd-odd cesium 
from A=122 to A=130 and experimental dipole 
and quadrupole moments exhibit similar structures 
for 124, 126, 128Cs but from the present investigation 
on isomeric states and their decays the situation ap- 
pears quite complex. New half-lives have been well 
identified and partial level schemes established in 
13~ 124Cs and even in 122Cs but, up to now, it is 
impossible to extract systematics among energies or 
characteristics of low-energy excited states in these 
cesium isotopes. In fact it is not so surprising be- 
cause it exists a large number of coupling between 
the quasiparticle configurations identified at low-en- 
ergy in the odd-A neighbouring Cs and Xe isotopes, 
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