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Abstract. A fast-timing setup has been developed to measure the nuclear-state half-lives of neutron-rich
nuclei. The first on-line measurements were performed on 137,139Cs obtained from the β− decay of 137,139Xe.
These neutron-rich Xe nuclei were produced by the 238U photofission induced by the 50MeV electron beam
delivered by the ALTO facility. The half-lives of the first excited state in 137Cs and of six excited states
in 139Cs were measured for the first time. Taking into account new information given by the deduced
transition probabilities, we discuss the structure of the first excited states in 137,139Cs: it is shown that, in
both nuclei, the first excited 5
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+
level corresponds mainly to the one-proton state issued from the π2d5/2

orbital and that the most probable spin values for the states located at 289.8, 393.5, and 393.8 keV in 139Cs
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1 Introduction

Half-lives of excited nuclear states, giving access to tran-
sition probabilities, provide direct insight into the struc-
ture of the nucleus and offer one of the most stringent
tests of the nuclear models. The fast-timing technique is
well adapted to measure half-lives in the subnanosecond
range. Developed first with BaF2 crystals [1], this method
experiences a revival of interest due to the advent of LaBr3
scintillators [2] that have good properties for nuclear spec-
troscopy [3,4]: high scintillation light yield, fast emission
and the best energy resolution among all scintillators.

We have developed a fast-timing setup including vari-
ous scintillators. For the present study of nuclei fed by β−

decay, it consists in a plastic for β detection, BaF2 and
LaBr3 detectors for γ detection. At first, we performed off-
line tests with standard radioactive sources (60Co, 133Ba
and 152Eu) in order to optimize the performances of our
fast-timing setup. Then we needed on-line measurements
to fully characterize our experimental setup and demon-
strate its ability to measure half-lives in the range from
some ten picoseconds to some nanoseconds. Since the linac
at the ALTO facility in Orsay, dedicated to the produc-
tion of neutron-rich nuclei from photofission induced by
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a 50MeV electron beam [5], had not yet received the au-
thorization to run with full electron-beam intensity, it was
only possible to carry out tests with a low-intensity elec-
tron beam. Therefore, for the first fast-timing on-line ex-
periment, we measured the half-life of the first excited
states of 137,139Cs obtained by the β− decay of 137,139Xe
that are well produced at ALTO in spite of these restric-
tive working conditions. The knowledge of the excited-
nuclear-state half-lives and of the deduced transition prob-
abilities in the odd-Z 137,139

55Cs82,84 nuclei gives precious
information on the proton states near the neutron closed
shell N = 82. In particular, it is shown that, in both nu-
clei, the first excited 5

2

+ level corresponds mainly to the
one-proton state issued from the π2d5/2 orbital. The most
probable spin values for the states located at 289.8, 393.5,
and 393.8 keV in 139Cs appear to be 5

2

+, 3
2

+, and 1
2

+, re-
spectively, indicating that the π2d5/2, π2d3/2, and π3s1/2

orbitals play a major role at low energy in these nuclei.

2 Experimental procedure

The experiment was carried out at the ALTO facility in
Orsay [5]. The 50MeV electron beam delivered by the
linac impinged on a thick uranium-carbide (UCx) target
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Fig. 1. The experimental setup used at ALTO for the fast-
timing measurements.

producing bremsstrahlung radiations that induce the fis-
sion of 238U. The target, weighing 65.37 g, was composed
of 122 UCx disks, 14mm in diameter and 1mm thick,
separated by graphite fibers. It was associated with a
MK5 ISOLDE-type hot plasma ion source [6]. The ra-
dioactive atoms released from the target effused into the
ion source via the transfer line. The temperature of the
target and of the transfer line was 2000 ◦C, that of the ion
source 1800 ◦C. The produced ions were extracted under
30 kV then mass-separated by the PARRNe uniform-field
H-shaped magnet with a 65◦ deflecting angle and a mass
resolving power of 1300. The radioactive ions of the chosen
mass were guided towards the measurement station where
they were collected on a Mylar-aluminium tape. The col-
lected radioactive sources were then transported in front
of the detection setup (see fig. 1).

As previously mentioned, the fast-timing setup was
composed of three scintillators: one Pilot U plastic for
β detection, one BaF2 and one LaBr3 crystals for γ de-
tection. All three have 25.4mm diameters and 3, 30,
and 10mm lengths, respectively, and they are coupled to
XP2020, XP2020Q, and XP20D0 photomultipliers. The
thin β detector offers a great advantage: high-energy β-
rays emitted by neutron-rich nuclei with high Qβ val-
ues deposit similar energy (around 600 keV for a 3mm
thick plastic scintillator) when passing through the de-

tector, which provides a uniform timing response as em-
phasized in ref. [1]. A Ge(HP) detector was added to the
setup. Its excellent energy resolution allowed the accurate
selection of a decay branch by performing β-γ(BaF2 or
LaBr3)-γ(Ge(HP)) triple coincidences. The four detectors
were placed around a Plexiglass tube 4 cm in diameter
and 2mm thick. Their front faces were at 2.5 cm from the
radioactive source. Under these conditions, the efficiency
of the β detector was around 7% and its typical count-
ing rate around 5000 c/s. The counting rates were around
7600, 8500 and 10500 c/s for the BaF2, LaBr3 and Ge(HP)
detectors, respectively. With such counting rates, no prob-
lem of dead time and pile-up in the detectors is encoun-
tered. It is worth noting that electrons with energy less
than 600 keV are absorbed by the Plexiglass tube, which
means that most of the internal conversion electrons can-
not reach the β detector.

In order to obtain accurate and reliable results, the
fast-timing method requires great care in the implementa-
tion of the experimental setup as well as in the data anal-
ysis. In the present experiment, no collimator was set at
the collection point. In this case, the reproducibility of the
radioactive source position depends directly on the stabil-
ity of the radioactive beam. For the production of xenon
nuclei, the MK5 source was used in steady conditions, ap-
plying moderate values to its parameters. The operating
conditions of the ion source were very stable, and only very
small fluctuations in the intensity, size and geometry of the
beam could occur. On the other hand, the accuracy on the
displacements performed by the tape transport system is
better than 1mm. The radioactive-beam stability was con-
tinuously checked by measuring the counting rate. When
the counting-rate variations were observed to be above
15%, the measurements were stopped and the cause of
these variations investigated: every time, they were found
to be due to changes in intensity of the primary electron
beam, and thus (since the electron-beam intensity used,
∼ 500 nA, was low) without any impact on the running
conditions of the ion source. Therefore the variations in
the radioactive-source position are expected to be slow
and mainly of the order of fluctuations; they will affect the
time spectra mainly by increasing their widths. Moreover,
the timing electronics and the photomultiplier gains are
sensitive to temperature changes. The experimental hall
is well insulated from the outside by thick concrete walls
and is equipped with a forced air circulation which keeps
the temperature constant within ±1 ◦C. Under these con-
ditions, a drift of the centroid, that could reach 5 ps per
hour, was observed in the time spectra; these drifts were
corrected during the off-line data treatment.

The data acquisition was completed with two
COMET-6X modules associated with the NARVAL sys-
tem [7]. One COMET-6X module accepts up to six chan-
nels, it encodes amplitude signals and associates them
with an absolute time information. However, the step
of this time information is 400 ps, which is not short
enough for fast-timing purpose. Therefore we have used
three high-precision time-to-amplitude converters (TAC)
to measure the time differences between the signals issued
from the three fast detectors. If the β detector is involved
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Fig. 2. On-line screen capture of the NARVAL acquisition spectrum window. The energy (or ΔE for β detector) singles spectra
are shown on the first row. The first three spectra displayed on the second row are the TAC singles spectra, they are marked
by the name of the detectors used as start and stop signals. The other spectra are double-gated TAC spectra, they are labeled
by the energy conditions required to accept the start and stop signals.

in the time measurement, it is used as the start signal for
the TAC module, otherwise the start signal is provided
by the BaF2 detector. The full scale of the TAC modules
was 50 ns. A new user C program [8] based on concepts
elaborated in FANTASTIC [9] has been developed and
associated with NARVAL to obtain on-line double-gated
coincidence spectra from n-tuple (triple or more) coinci-
dent events. Figure 2 shows an on-line screen capture of
the NARVAL acquisition spectrum window obtained dur-
ing the A = 139 measurement. On the first row the three
γ-energy spectra as well as the ΔE spectrum obtained
with the β detector are displayed. On the three γ spec-
tra, the 175, 218 and 296 keV transitions assigned to the
139Xe

β−

−−→ 139Cs decay are indicated. In the BaF2 spec-
trum, the 175 keV γ line appears only as an outgrowth
on the left side of the 218 keV γ line and the 296 keV
line overlaps with the tail of the 218 keV γ-ray. The much

better energy resolution of the LaBr3 scintillator allows
a complete separation of these three peaks. With the Ge
detector, not only these three peaks are well separated,
but two other less intense γ-rays become visible: the first
one at 225 keV on the right side of the 218 keV line and
the second one at 289 keV on the left side of the 296 keV
transition. The background observed in the γ-ray singles
spectra arises principally from the Compton continuum.
In most cases, its influence on time spectra can be ne-
glected, in particular when the background can be elimi-
nated by setting gates on coincident γ-ray energy in the
γ detectors. This point will be exemplified in the next
section. The first three spectra shown in the second row
of fig. 2 are the total TAC spectra. The last five spec-
tra shown in fig. 2 are double-gated TAC spectra. For
the β detector, five thin slices have been defined in the
ΔE spectrum: the third one, labeled β3, corresponds to a
gate centered on the maximum of the ΔE peak and was
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used to build the Tβγ(β3-218LaBr3), Tβγ(β3-393LaBr3), and
Tβγ(β3-296LaBr3) spectra shown in fig. 2. For the BaF2

and LaBr3 detectors, the selected energy windows cor-
respond to the most intense transitions (175, 218, 296,
393, and 613 keV) of the 139Xe → 139Cs decay. From these
double-gated spectra, we could see on-line that the level in
139Cs de-exciting by the 218 keV transition has a long half-
life (see the Tγγ(175BaF2-218LaBr3), Tβγ(β3-218LaBr3), and
Tγγ(218BaF2-175LaBr3) spectra in fig. 2); on the contrary,
the Tβγ(β3-393LaBr3) spectrum exhibits a narrow time dis-
tribution, which indicates a short half-life for the level de-
caying by the 393 keV transition.

In addition to building the control spectra, the NAR-
VAL software sends all the events —constituted by an
amplitude (energy signal from a detector or analog out-
put from a TAC) associated with its absolute time—
to be recorded on disk. Off-line, the data were sorted
into several tri-dimensional coincidence matrices labeled
M(EX-EY-TX-Y)1 having on the first axis the energy
detected by one of the fast detectors, X, on the sec-
ond axis the energy detected by another fast detector,
Y, and on the third axis the signal of the TAC with X
and Y detectors as start and stop. Other matrices labeled
M(EX-EGe-Tβ-X), where X stands for BaF2 or LaBr3,
were built; they allow us to take advantage of the excellent
energy resolution of the Ge(HP) detector to accurately se-
lect, if necessary, a decay branch. They were obtained by
keeping, among the four-dimensional coincidence events
ΔEβ-EX-EGe-Tβ-X, only those with ΔEβ lying within two
limits ΔEβmin and ΔEβmax indicated by markers in fig. 2.
Then the time spectra were extracted from all these matri-
ces by setting gates on the energy axes. If the time spectra
were obtained from a M(Eβ-EX-Tβ-X) matrix, the above
window, defined by ΔEβmin and ΔEβmax, was used for
the gate set on the β detector in order to ensure the same
timing response of the β detector for all the time spec-
tra. Finally the time spectra were analyzed either by the
shape deconvolution method when the half-life of the nu-
clear state is long enough to show up as a slope on the
delayed part of the time spectrum and/or by the centroid-
shift method in the other cases. The latter method allowed
the measurement of half-lives as short as 10 ps [1,10].

3 Experimental results

During the experiment, the 139Xe yield was used to op-
timize and monitor the linac: at 500 nA of incident elec-
tron beam, 2× 105 ions per second were measured on-line
using the Ge(HP) detector. The calibration of the fast-
timing setup and, to some extent, the check of the mea-
surement and analysis procedures were performed using
the 138Cs → 138Ba decay. The 137 and 139 mass studies
allowed us to measure, for the first time, the half-lives of
the first excited states of 137,139Cs. The measurement cy-
cles were chosen in order to optimize the counting rates:

1 Strictly speaking ΔEβ should be used for the β detector
as the scintillator used is thin, but for simplification’s sake Eβ

will be used in the following.

the collection (tc) and measuring (tm) times were equal to
tc = 7.5min and tm = 30min for the A = 138 mass study,
to tc = tm = 4min and tc = tm = 40 s for the A = 137
and 139 mass studies, respectively.

3.1 A = 138 results

With the collection and measuring times chosen for the
A = 138 measurements, the γ lines signing the 138Cs →
138Ba β− decay are present in the spectra.

The 138Ba level scheme is well known and the half-lives
of the states populated by the 138Cs β− decay had been
measured [11]. The half-lives of the levels located at 1899,
2091, 2203, and 2415 keV were determined to be: T1/2 =
2.164 (11) ns, 0.8 (1)μs, 55 (17) ps, and 16 (8) ps, respec-
tively. The other levels have shorter half-lives. Therefore,
in view of the timing properties of the detectors used in
our experiment, the transitions de-exciting these latter
levels can be considered as prompt transitions and used
for time calibration. The time spectra obtained by setting
gates on the most intense γ-rays (i.e. on the 138, 409,
463, 547, 872, 1010 and 1436 keV γ lines) were extracted
from the M(Eβ-EBaF2-Tβ-BaF2), M(Eβ-ELaBr3-Tβ-LaBr3),
and M(EBaF2 -ELaBr3 -TBaF2-LaBr3) matrices. In the latter
case, the time spectra were built for gates set on transi-
tions coincident in the level scheme, namely the 138-409,
138-872, 463-1436, 1010-1436, 409-463, and 547-463 keV
cascades and the inverted pairs.

The analysis of most of the time spectra has allowed us
to determine the prompt-curve properties. The full width
at half maximum (FWHM) was determined by fitting the
time spectra considered as prompt curves using a Gaussian
function. Then applying the method described in ref. [12],
the intrinsic time resolution of the BaF2 and LaBr3 de-
tectors was determined, as a function of the γ-ray energy,
from the FWHM of the time spectra (see fig. 3). The en-
ergy dependence is found to be quite similar to that ob-
tained off-line while investigating the time response from
prompt coincidence events using the Compton and full-
energy γ-rays emitted by a 60Co source. However, it was
found, as in ref. [1], that the prompt time spectra are not
true Gaussian, they are narrower at the top and wider
at the bottom and can exhibit some asymmetries aris-
ing from electronic adjustments (e.g., the constant frac-
tion discriminator adjustments, the high voltage setting
on the phototubes), electronic time drifts and counting
rates. In order to quantify these asymmetries, the prompt
time spectra were fitted with the function resulting from
the convolution of a Gaussian function and an exponen-
tial function e−λat (with λa = ln(2)/T1/2,a). The T1/2,a

parameter is not a real half-life but an apparent half-life
used to describe the deviation of the experimental prompt
curve from a Gaussian approximation. We found that all
the prompt experimental time spectra exhibit a very sim-
ilar apparent half-life, T1/2,a ∼ 20 ps. It was shown in
ref. [1] that the parameter T1/2,a can be used to determine
the lower limit for which the deconvolution method can
be reliably used. Applying the criterion given in ref. [1],
the following limit is obtained for the present experiment:
T1/2 = 60ps.
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Fig. 3. Intrinsic time resolution of the BaF2 and LaBr3 detec-
tors.

We have also compared the position of the prompt-
curve centroid as a function of the γ-ray energy for time
measurements performed between the β and BaF2 or
LaBr3 detectors or between the BaF2 and LaBr3 detec-
tors. Figure 4 shows the result obtained in the latter case:
one can note the excellent agreement between the val-
ues observed experimentally (dots) and those calculated
from β-BaF2 and β-LaBr3 time measurements (grid). This
points out the consistency of our measurement and analy-
sis procedures. It is worth noting that the centroid of the
β-γ time spectra depends slightly on the average β en-
ergy detected and can therefore vary slightly with the ra-
dioactive decay or mass studied. This dependence has been
checked for A = 139 by analyzing the β-γ time spectra ob-
tained from gates set on the γ-Compton continuum (after
being sure that no transition associated with a “long” half-
life contributes to this Compton background) or prompt
γ-rays. The resulting prompt position curve is not very
accurate, however the accuracy, at worst ∼ ±10 ps be-
low 400 keV, is sufficient to obtain by the centroid-shift
method an estimate of the half-lives in the range of tens
of picoseconds. For A = 137 this energy dependence of
the centroid could not be studied because the γ spec-
trum exhibits only the most intense transition from the
137Xe decay (see sect. 3.2). On the other hand, we did not
find that the width of the β-γ prompt curves was affected
by these small changes in the detected β energy between
neighboring isotopes.

In the following, the experimental time spectra are fit-
ted with the function resulting from the convolution of a
prompt response (approximated by a Gaussian function)
and an exponential function e−λt (with λ = ln(2)/T1/2 the
decay constant characterizing the studied excited state),
the three parameters (the FWHM and centroid of the
Gaussian and the T1/2 value) are first left free to vary.
To be considered as correct, the fit should give values of
FWHM close to the one extrapolated from fig. 3 and a cen-
troid value close to the expected one. If this is not the case,

Fig. 4. Centroids of the prompt curve for time measurements
performed between the BaF2 and LaBr3 detectors. The dots
represent the measured values and the grid the values deter-
mined from the β-BaF2 and β-LaBr3 time measurements on
the A = 138 mass.

another fit is performed by constraining the Gaussian rep-
resenting the prompt curve to have a FWHM and/or cen-
troid value close to the expected ones. The measurement
of the half-life of an excited state is obtained by analyzing
several time spectra corresponding to delayed coincidences
between the β-BaF2, β-LaBr3, and BaF2-LaBr3 detectors.
Several fits of each time spectrum were performed by vary-
ing the number of spectrum channels used in order to test
the influence of the background on the result. The dis-
persion observed on the results is taken into account to
determine the error. The value we adopt for the half-life
of the excited nuclear state studied is the mean (where
each data is weighted inversely by its squared error) of
the results obtained from the analysis of these various time
spectra. If the half-life is found to be greater than or equal
to 60 ps, the deconvolution method is applied. Otherwise,
the centroid-shift method is used. In that case, the cen-
troid of each time spectrum was calculated. The sensitivity
of the result was studied as a function of the number of
channels taken for the centroid determination and used to
define the error on the centroid.

The analysis of theTβγ(β-463BaF2), Tβγ(β-463LaBr3), Tγγ

(409BaF2 -463LaBr3), Tγγ(463BaF2 -409LaBr3), Tγγ(547BaF2-
463LaBr3), and Tγγ(463BaF2 -547LaBr3) spectra has allowed
us to determine the half-life of the 1899 keV level. Figure 5
shows three of these six time spectra. One can notice
that the Tβγ(β-463BaF2) and Tβγ(β-463LaBr3) spectra do
not yield the pure half-life of the 1899 keV level. Indeed,
for these spectra, the β branch is not uniquely defined,
the half-lives of the levels located at higher energies and
linked by γ-rays to the 1899 keV state can contribute to
the measured slope. In the 138Ba level scheme, fourteen
transitions feed the 1899 keV level; the sum of their
total intensities represents 17.38% of the decay intensity,
i.e. more than the direct feeding of the 1899 keV level
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Fig. 5. Partial level scheme of 138Ba obtained from the decay of 138Cs; the arrow widths are proportional to the γ intensity
of the transitions; more than 90% of the decay intensity is displayed; data are taken from ref. [11]. Three time spectra for the
half-life determination of the 1899 keV level of 138Ba; the solid line represents the best fit of the data, the half-life arising from
the best fit is indicated.

(13.7%, see fig. 5). However, most of them have a very low
intensity (≤ 0.1%) and will not contribute significantly
to the Tβγ(β-463BaF2) and Tβγ(β-463LaBr3) spectra. Only
the four remaining transitions, namely the 192, 409, 517
and 547 keV transitions with total intensities equal to
0.60, 4.76, 0.43 and 10.87% respectively, could affect
the β-γ time spectra. The 409 and 547 keV transitions
de-excite the 2308 and 2446 keV levels with very short
half-lives (see fig. 5) that can be considered as negligible
compared to the half-life of the 1899 keV level. The
192 keV transition de-excites the 2091 keV level that
has a long half-life, 0.8μs. But, taking into account
the intensity of the 192 keV transition, we calculated
that this third contribution will not change the T1/2

value measured from the β-γ time spectra by more than
0.1%, which is again negligible. The last contribution
comes from the 2415 keV level with T1/2 = 16ps through
the 517 keV transition. Here again, it is not significant
because of the low intensity of the 517 keV transition.
The T1/2 values obtained from the analysis of the β-γ
time spectra, 2.14 (3) and 2.15 (3) ns, are fully compatible
within error bars with those obtained from the analysis

of the γ-γ time spectra: 2.12 (6), 2.08 (6), 2.08 (6) and
2.06 (6) ns. Therefore, we adopted as the final result for
the half-life of the 1899 keV level the mean of these six
values: T1/2 = 2.13 (3) ns, in excellent agreement with
the value reported in the literature [11].

The total check of our measurement and analysis pro-
cedures would require the measurement of a half-life al-
ready known in the range of a few tens of ps. In the 138Ba
level scheme, two excited nuclear states meet this require-
ment: the 2203 keV level with T1/2 = 55 (17) ps and the
2415 keV level with T1/2 = 16 (8) ps (see fig. 5). Both lev-
els are very weakly fed by the 138Cs β− decay and the
γ-rays involved in their de-excitation have very low inten-
sities, more than ten times lower than the γ lines for which
we got results. Thus, unfortunately, we could not perform
these measurements due to a lack of statistics.

3.2 A = 137 results

The 137Cs level scheme populated by the 137Xe β− decay
is well known [13], but only an upper limit is reported for
the half-life of the first excited state: T1/2 ≤ 0.1 ns [14]. In
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Fig. 6. Partial level scheme of 137Cs obtained from the decay
of 137Xe; the arrow width is proportional to the γ intensity of
the transitions; data are taken from ref. [13], except the half-life
(this work).

Fig. 7. BaF2 and LaBr3 projection spectra extracted from the
M(Eβ-EBaF2 -Tβ-BaF2) and M(Eβ-ELaBr3 -Tβ-LaBr3) matrices
by setting a gate defined by ΔEβmin and ΔEβmax (see sect. 2)
on the β detector.

137Cs, the ground state and the first excited state located
at 455.5 keV are fed, respectively, by 67 and 31% of the
137Xe β− decay (see fig. 6). The γ spectrum exhibits al-
most exclusively the very strong 455.5 keV γ line. Indeed,
the absolute intensity of the 455.5 keV transition is equal
to 31% against 0.6% for the second most intense γ line
(the 848.9 keV transition). Therefore, the half-life of the
137Cs first excited state can be measured by β-γ delayed
coincidences only: time spectra were extracted from the
M(Eβ-EBaF2-Tβ-BaF2) and M(Eβ-ELaBr3 -Tβ-LaBr3) ma-
trices by selecting, in the β detector, the gate defined by
ΔEβmin and ΔEβmax (see sect. 2) and in the fast γ de-
tector the 455.5 keV γ transition. The γ spectra extracted
from these matrices by using the same β gate are dis-
played on fig. 7. The background under the 455 keV peaks
appears to be very low. Thus it will not affect significantly
the time spectra. We have verified this point by analyzing
the time spectra obtained by setting gates on the full en-
ergy peak only, or subtracting also the contribution due

Fig. 8. Time spectra for the determination of the half-life of
the 455.5 keV state in 137Cs; the solid line represents the best
fit of the data, the half-life arising from the best fit is indicated.

the background located before and after the peak. The
various time spectra exhibit only slight differences in the
left tail of the peak and the intensity of these differences
do not exceed some 10−3 of the peak maximum. Figure 8
shows typical time spectra obtained as well as the results
of the deconvolution analysis. The analysis of all the time
spectra has given consistent results: the widths of the
Gaussians is found in excellent agreement with the val-
ues expected from the A = 138 results, and the dispersion
observed on the T1/2 results has been used to define the
error bar. The value finally adopted for the half-life of the
455.5 keV level of 137Cs is: T1/2(455.5 keV) = 59 (4) ps.
And therefore the use of the deconvolution method is still
justified.

3.3 A = 139 results

The 139Xe decay scheme to levels of 139Cs is well known
[15], but up to now no half-life measurement has been
reported for the 139Cs excited nuclear states. Figure 9
shows a partial low-lying level scheme of 139Cs as well
as the half-life results obtained in this work. The half-life
of the level located at 218 keV was determined from the
analysis of four time spectra corresponding to γ-γ delayed
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Fig. 9. Partial level scheme of 139Cs obtained from the decay
of 139Xe; the arrow width is proportional to the γ intensity of
the transitions; data are taken from ref. [15], except the half-
lives (this work).

coincidences. These four time spectra were obtained by se-
lecting the 175-218 and 296-218 keV cascades (see fig. 9)
on the energy axes of the M(EBaF2-ELaBr3-TBaF2-LaBr3)
matrix. The time spectra corresponding to the 296-
218 keV coincidence are not pure. Indeed two cascades
involving γ-rays of very close energy, 225-289 keV and
296-218 keV, occur in the 139Cs level scheme (see fig. 9).
With scintillators, despite the good energy resolution of
LaBr3, the 218-225 and 289-296 keV doublets cannot be
separated (see fig. 2). Then the contributions arising from
the 218 and 289 keV levels are mixed in the spectra la-
belled Tγγ(296BaF2 -218LaBr3) and Tγγ(218BaF2-296LaBr3),
and actually these spectra exhibit a very strong compo-
nent due to a “long” half-life and a weak fast compo-
nent. The comparison of the latter time spectra with the
Tγγ(175BaF2-218LaBr3) and Tγγ(218BaF2-175LaBr3) ones
shows that the “long” half-life has to be attributed to the
218 keV level. This attribution is corroborated by the rel-
ative γ intensities of the 218, 225, 289, and 296 keV transi-
tions (see fig. 9). The mean value obtained from the anal-
ysis of the four time spectra by the deconvolution method
is: T1/2(218 keV) = 2.23 (5) ns.

The 289 and 515 keV levels involve in their decay the
289, 225, and 296 keV transitions. As explained above,
these γ lines cannot be uniquely selected with the BaF2

and LaBr3 detectors. It was therefore necessary to use
the β-γ-γ triple-coincidence technique where the timing
information is obtained from the β-γ delayed coincidence
between fast-timing detectors while the desired decay cas-
cade is selected by a coincident γ-ray in the Ge(HP) de-
tector.

Figure 10 shows the LaBr3 coincidence spectra ex-
tracted from the M(ELaBr3-EGe-Tβ-LaBr3) matrix by gat-
ing the Ge(HP) detector on the 218 and 225 keV γ-rays.
As expected from the level scheme (see fig. 9), the 289 keV
γ-ray is observed in coincidence with the 225 keV transi-

Fig. 10. LaBr3 projection spectra extracted from the
M(ELaBr3 -EGe-Tβ-LaBr3) matrix by gating the Ge(HP) detec-
tor on the 218 and 225 keV γ-rays.

tion and the 175 and 296 keV lines with the 218 keV tran-
sition. We can note that the 289 and 296 keV peaks are
superimposed on an almost zero background that will not
affect the corresponding time spectra.

By setting on the Ge(HP) detector a gate on the
225 keV γ line and on the fast detector a gate on the
289 keV γ-ray, the β-225-289 keV cascade is selected (see
fig. 9). Such time spectra have been extracted from
the M(EX-EGe-Tβ-X) matrices (X standing for BaF2 or
LaBr3). The sum of the half-lives of the 515 and 289 keV
levels can be obtained from the analysis of these time spec-
tra, if we neglect the effect induced by the transitions feed-
ing the level at 515 keV (this point will be discussed in
the next paragraph). These multi-gated spectra have low
statistics (see as an example the Tβγ(β-289LaBr3 -225Ge)
spectrum in fig. 11), but they exhibit clearly a slope. And
so by fitting these time spectra by the function resulting
from the convolution of a Gaussian function and an expo-
nential function, we can determine, with a large error bar,
the sum of the half-lives of the 515 and 289 keV levels:
T1/2(515 keV) + T1/2(289 keV) = 105 (30) ps. For such a
value, the analysis by the deconvolution method is fully
justified. To check our ability to determine half-lives by
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Fig. 11. Time spectra for the half-life determination of levels
in 139Cs. The upper spectrum gives access to T1/2(515 keV) +
T1/2(289 keV), the lower spectrum to T1/2(515 keV).

the centroid-shift method, we have analyzed, using this
method, the Tβγ (β-289LaBr3-225Ge) and Tβγ (β-289BaF2-
225Ge) spectra. The mean of the results obtained is T1/2

(515 keV) + T1/2(289 keV) = 102 (15) ps, the error taking
into account the accuracy on the centroid expected for
the prompt curve and the sensitivity of the result to the
number of spectrum channels used in the centroid determi-
nation (in other word, the sensitivity to the background).
The results obtained by both methods are in quite good
agreement.

In the 139Cs level scheme, the 218 keV transition is in
coincidence not only with the 296 keV γ-ray but also with
the 175 keV γ lines (see figs. 9 and 10). Therefore, in or-
der to select uniquely the β-296-218 keV decay path and
measure the half-life of the 515 keV level, it is necessary
to define two energy gates: the first one, on the Ge(HP)
detector, set on the 218 keV γ line and the second one,
on the fast detector, set on the 296 keV γ-ray; such time
spectra were extracted from the M(EBaF2 -EGe-Tβ-BaF2)
and M(ELaBr3 -EGe-Tβ-LaBr3) matrices. Strictly speaking
these spectra will contain contributions due to the half-
lives of the states located at higher energies and connected
by transitions to the 515 keV level. But, in the present

case, these contributions can be neglected. The feeding
of the 515 keV level by γ transitions represents 4.94% of
the total decay intensity, so it is well below the direct
feeding of this level (see fig. 9). Most of the eighteen tran-
sitions feeding the 515 keV level have a very low intensity
(≤ 0.36%), except for two transitions: the 491 keV one,
with a 1.4% intensity, which depopulates the 1006 keV
level (see fig. 9) and a 1670 keV transition, with a 1.1%
intensity, that depopulates a 2185 keV level not reported
in fig. 9. We calculated that the half-lives of the 1006 and
2185 keV levels should be more than a few hundred pi-
coseconds to have a detectable effect on the considered
time spectra, which is not the case for the 1006 keV level
(see fig. 9) and highly unlikely for the 2185 keV state that
decays mostly by high-energy (∼ 1500 keV) γ-rays. The
Tβγ(β-296LaBr3-218Ge) time spectrum, shown in fig. 11,
does not exhibit a significant slope. The analysis of this
experimental spectrum by the deconvolution method leads
to T1/2 = 7+15

−7 ps for the half-life of the 515 keV level.
This value is below the lower limit adopted for a re-
liable use of the deconvolution method (see sect. 3.1).
Therefore we analyzed the Tβγ(β-296LaBr3-218Ge) and
Tβγ(β-296BaF2-218Ge) time spectra using the centroid-
shift method, and obtained T1/2 = 6 (10) ps for the half-
life of the 515 keV level. This very short value can be below
the limit that can be expected in our experiment using
the centroid-shift method and must be considered only
as a rough measurement of the half-life of the 515 keV
level. Using this estimate, the half-life of the level located
at 289 keV is deduced to be: T1/2(289 keV) = 96 (25) ps.
It is worth noting that, in order to measure the sum of
the half-lives of the levels located at 289 and 515 keV on
the one hand and the half-life of the 515 keV level on the
other hand, the signals used as stop for the TAC have
very similar energies, 289 and 296 keV, respectively. In this
case, the centroids of the corresponding prompt curves
differ by around 3 ps. Neglecting this small difference,
we can measure the half-life of the 289 keV level directly
from the centroid shift between the Tβγ(β-289LaBr3 -225Ge)
and Tβγ(β-296LaBr3 -218Ge) time spectra or between the
Tβγ(β-289BaF2-225Ge) and Tβγ(β-296BaF2 -218Ge) ones,
which leads to T1/2(289 keV) = 99 (15) ps, a value quite
consistent with that reported above from the centroid
shift between the prompt curves and the experimental
spectra. The result found for the half-life of the 289 keV
level does not depend on the absolute positions of the
prompt curves at 289 and 296 keV, but only on the differ-
ence between their positions; thus the determined value,
T1/2(289 keV) = 96 (25) ps, is quite accurate.

The 139Cs level scheme exhibits a close-lying doublet
at 393 and 394 keV [15], both levels decaying by a 175 keV
transition. Ten excited states of higher energies de-excite
to them, in particular the previously discussed 1006 keV
level that is connected to the doublet via 612 keV tran-
sitions (see fig. 9). However the 393 keV level decays also
via a second strong transition, the 393 keV one. Therefore,
the time spectra corresponding to delayed coincidences
involving the 175 keV γ line will show two contributions
due to the half-lives of the 393 and 394 keV levels whereas
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Fig. 12. a) LaBr3 projection spectrum extracted from the
M(EBaF2 -ELaBr3 -TBaF2-LaBr3) matrix by gating the BaF2 de-
tector on the 612 keV γ line. b) Partial LaBr3 projection spec-
trum extracted from the M(Eβ-ELaBr3 -Tβ-LaBr3) matrix by
setting on the β detector the gate defined by ΔEβmin and
ΔEβmax.

the time spectra involving the 393 keV line will exhibit
only one contribution due to the half-life of the 393 keV
level. Figure 12a) shows the LaBr3 coincidence spectrum
extracted from the M(EBaF2-ELaBr3 -TBaF2-LaBr3) matrix
by gating the BaF2 detector on the 612 keV γ-ray. The 175
and 218 keV γ lines appear clearly on the spectrum which
exhibits a rather low background. In order to check the
influence of this background on the results, in addition to
the time spectra obtained by selecting the 612-175 keV
cascade in the fast detectors, we extracted from the
M(EBaF2 -ELaBr3 -TBaF2-LaBr3) matrix the time spectrum
corresponding to gates set on 612 keV in the BaF2 detec-
tor and on the background above the 175 keV γ line in
the LaBr3 detector. In this spectrum a small tail appears
on the right side of the peak, it is due to the Compton
from the 218 keV transition that de-excites the long-lived
(T1/2 = 2.23 ns) level located at 218 keV. Such a Comp-
ton contribution was eliminated by subtracting this time
spectrum obtained by gating on the Compton continuum
from the one obtained by gating on the full-energy 175 keV
peak. The analysis of the time spectra obtained with or
without subtraction of the Compton background leads to
the same T1/2 value, which shows that the Compton back-
ground below the 175 keV peak does not affect the half-
life determination and then cannot be responsible for the
“long” half-life observed in fig. 13. In order to determine
whether the 1.7 ns half-life has to be associated with the
level located at 393 keV or to the one at 394 keV, the time
spectra corresponding to the delayed coincidences involv-
ing the 393 keV transition were analyzed. In fig. 12a), the
393 keV γ line appears as a very weak peak. Therefore time
spectra extracted from the M(EBaF2-ELaBr3-TBaF2-LaBr3)
matrix by selecting the 612-393 keV cascade in the fast
detectors are not relevant. By setting on the β detector
the ΔEmin-ΔEmax gate (see sect. 2), we obtained from
another matrix, the M(β-ELaBr3 -Tβ-LaBr3) one, the coin-
cident γ-energy spectrum partially displayed in fig. 12b).
In this latter spectrum, the 393 keV γ line is strong but

Fig. 13. Time spectra for the half-life determination of excited
levels in 139Cs. The upper spectrum shows two components
due to the half-lives of the 393 and 394 keV levels, the lower
spectrum gives access to T1/2(393 keV).

it is superimposed to a rather large background. How-
ever, the time spectrum extracted from this matrix and
corresponding to a gate set on the background above the
393 keV line shows that the Compton background con-
tains no long-lived component. The analysis of the time
spectra, extracted from the M(β-ELaBr3-Tβ-LaBr3) and
M(β-EBaF2-Tβ-BaF2) matrices, for the 393 keV transition
with subtraction of the Compton background was per-
formed at first by the deconvolution method but the re-
sult obtained, T1/2 = 43 (17) ps, shown in fig. 13, is lower
than the limit adopted in sect. 3.1 for a reliable use of the
deconvolution method. Then the time spectra were ana-
lyzed with the centroid-shift method, the result obtained,
T1/2 = 24 (15) ps, is slightly lower (but consistent within
the errors bars) than the value found by the deconvolu-
tion method. A contribution of higher-energy levels to the
half-life measured with these β-γ delayed-coincidence time
spectra could occur. Indeed the level located at 393 keV
is fed by many transitions (some of them belong to dou-
blets with partners which feed also the 394 keV state),
but most of these transitions have a very low intensity
and cannot affect the result obtained. As an example, the
most intense one, the 612 keV transition, represents less
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than 10% of the direct feeding of the 393 keV level, thus
the contribution of the half-life of the 1006 keV level can
be neglected. Therefore we adopt the following half-life for
the 393 keV level: T1/2(393 keV) = 24 (15) ps. In any case,
we have demonstrated that the half-life of the level that
decays by the 393 keV transition is short and therefore
we can attribute the “long” half-life value to the 394 keV
level: T1/2(394 keV) = 1.71 (2) ns.

The time spectra extracted from the M(Eβ-EBaF2-
Tβ-BaF2) and M(Eβ-ELaBr3 -Tβ-LaBr3) matrices by select-
ing in the fast γ detector the 612 or 788 keV γ transi-
tions have allowed us to determine the half-life of the
level located at 1006 keV. The analysis by the deconvo-
lution method leads to a half-life lower than 60 ps, thus
we applied the centroid-shift method and obtained: T1/2

(1006 keV) = 15 (10) ps. Here again we have assumed that
the contributions of the higher-energy states linked by
γ-rays to the 1006 keV level can be neglected, which seems
justified since the seven transitions feeding the 1006 keV
level represent 1.64% of the total decay intensity while the
direct feeding of the 1006 keV level is equal to 8.8%.

Finally, from the half-lives measured in this work, we
calculated the M1 and E2 reduced transition probabilities
for the transitions de-exciting the first excited levels in
137,139Cs. These values are reported in table 1.

4 Discussion

The 137Cs nucleus has 7
2

+ and 5
2

+ as spin and parity val-
ues for its ground and first excited states, respectively [13].
Such 7

2

+ and 5
2

+ states are present at low energy in all
the N = 82 isotones from 133Sb to 145Eu and the results
from stripping and pickup reactions have shown that these
states correspond to π1g7/2 and π2d5/2 configurations [17].
Moreover, with the exception of the 136Xe(d, 3He) 135I re-
action where two lp = 2 transitions corresponding to the
pickup of a 2d5/2 proton were observed, the single-particle
(hole) strengths for the π1g7/2 and π2d5/2 orbitals are
concentrated into single levels. The transition linking the
5
2

+ and 7
2

+ states in the N = 82 isotones is then the
π2d5/2 → π1g7/2 l-forbidden M1 transition.

In 139Cs, the spin and parity values have been deter-
mined without ambiguity only for the ground state: Iπ =
7
2

+ [15]. The levels at 218.6, 289.8, 393.5, and 393.8 keV
are given in ref. [15] as 5

2 or 7
2

+, 3
2 or 5

2 or 7
2

+, 5
2 (+) or 7

2

+,
and 3

2 or 5
2 or 7

2

+, respectively. However, from systematic
behaviour through the Cs isotopes [18] and angular corre-
lation measurement results [19], Iπ = 5

2

+ seems to be the
most probable spin and parity value for the first excited
level located at 218.6 keV. The 7

2

+ and 5
2

+

1
in the N = 84

isotones have also been interpreted as originating from the
π1g7/2 and π2d5/2 orbitals. Thus the 5

2

+

1
→ 7

2

+ transition
in 139Cs could be the π2d5/2 → π1g7/2 l-forbidden M1
transition.

Figure 14 shows the M1 hindrance factors relative
to the Weisskopf estimate for the 5

2

+

1
→ 7

2

+ transitions

known in the Sb (Z = 51) to Eu (Z = 63) isotopes. The
FW (M1) behaviour is very similar through the N = 82
and 84 isotones; in both cases, FW (M1) decreases rather
regularly when the proton number increases. In the Sb
(Z = 51) and I (Z = 53) isotope series, the FW (M1)
values are all the higher as the neutron number comes
closer to the N = 82 magic number. In the Cs (Z = 55),
La (Z = 57) and Pr (Z = 59) isotopes, the change in
the FW (M1) values as a function of the neutron num-
ber is less regular. However, in these nuclei, except for
N = 82, two 5

2

+ states lie at low energy; one corresponds
mainly to the one-proton state issued from the π2d5/2 or-
bital and the other one either to the

(
1g 7

2

)−3
5
2

three-hole

state or to the 5
2

+ member of the 2+
1 ⊗ 7

2

+ multiplet orig-
inating from the coupling of the 2+

1 state of the core with
the 7

2

+ single quasi-particle state. And it is worth noting
that, when both the M1 hindrance factors corresponding
to the 5

2

+

1
→ 7

2

+ and 5
2

+

2
→ 7

2

+ transitions are known, the

higher value is sometimes found for the 5
2

+

2
state, as in

133Cs and 133La [27]. Moreover, in calculations performed
in the frame of the intermediate-coupling unified nuclear
model for 133Cs [36], the 5

2

+

2
state has been interpreted as

arising from the coupling of the single odd proton in the
2d5/2 orbital to the 132Xe core. Finally it appears clearly
in fig. 14 that the closer to the Z = 50, N = 82 closed
shells the nucleus is, the more appropriate the description
in terms of single-particle states is, the larger the contri-
bution of the 2d5/2 orbital to the 5

2

+

1
state is, and then the

higher the FW

(
M1; 5

2

+

1
→ 7

2

+)
value is. This statement is

fully supported by the M1 hindrance factors obtained for
the 455.5 and 218.6 keV transitions in 137Cs82 and 139Cs84,
respectively.

It follows from the foregoing that the first excited state
in 139Cs is undoubtedly the 5

2

+ state corresponding to the
π2d5/2 configuration. Let us now consider the states lo-
cated at higher energy. The similarity between the prop-
erties of the low-lying states in 133Cs, 139Cs and 141La
has already been emphasized in ref. [19]. The 2+ states in
the respective cores lie at approximately the same energy:
667.7 keV in 132Xe with four neutron holes in the N = 82
closed shell and 588.8 and 602.3 keV in 138Xe and 140Ba
with two neutrons beyond the closed shell. And in the odd-
A nuclei 133Cs and 141La, the first excited states are a pair
of 5

2

+ levels and then two states with spin and parity val-
ues 3

2

+ and 1
2

+. One can see, in fig. 15, that in 139Cs the
first four excited states exhibit decay modes quite similar
to those observed in 141La. A one-by-one level identifica-
tion is straightforward for the first three excited states
and leads us to propose the spin and parity values 5

2

+ and
3
2

+ for the 289.8 and 393.5 keV levels, respectively. In this
case, the 393.5 keV transition has to be an E2 transition,
which is consistent with the conversion coefficient mea-
surements [16] that yield E2 as the most probable mul-
tipolarity. Therefore, the 393.8 keV level could have 1

2

+
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Table 1. M1 and E2 reduced transition probabilities, in Weisskopf units, for the transitions de-exciting the first excited levels
in 137,139Cs. The multipolarity of the transitions is taken from ref. [16]. The 175.0 keV transition, not known as a doublet in
ref. [16], was reported as a M1(E2) transition; here, one of the 175.0 keV transitions is assumed to have the E2 multipolarity
and the other one the M1 multipolarity.

Nucleus Elevel (keV) T1/2 Eγ (keV) Multipolarity B(M1) B(E2)

137Cs 455.5 59(4) ps 455.5 E2 (≤ 10% M1) ≤ 0.00041 11.0(13)

139Cs 218.6 2.23(5) ns 218.6 M1 + E2 (41 ± 2%) 0.00035(3) 6.3(4)

139Cs 289.8 96(25) ps 71.0 M1, E2 ≤ 0.012 ≤ 1384

289.8 M1, E2 ≤ 0.0083 ≤ 59

139Cs 393.5 24(15) ps 103.7 M1 (≤ 45%E2) 0.011(7) < 818

175.0 M1 0.09+0.15
−0.04

393.5 E2 (≤ 70% M1) ≤ 0.009 26(23)

139Cs 393.8 1.71(2) ns 175.0 E2 37(1)

Fig. 14. Weisskopf M1 hindrance factors for the 5
2

+

1
→ 7

2

+

transitions known in the Sb to Eu isotopes. Data are taken from
refs. [13,15,20–35]. When the 5

2

+

1
state is the ground state, the

experimental B(M1) used to calculate the hindrance factor was
modified by the 8

6
factor corresponding to (2Ii + 1)/(2If + 1).

as spin and parity value. This suggestion already made in
ref. [19] was dismissed by the evaluator for lack of con-
sistency with the probable dipole nature of the 175.0 keV
transition [15]. This argument is rather weak. Indeed, it
is worth reminding that, when the 139Cs transition mul-
tipolarities were measured, the existence of the 175.0 keV
γ-ray doublet had not yet been demonstrated. Moreover,
in Cs the conversion coefficients for the M1 or E2 mul-
tipolarity differ from one another by less than 20%; be-
sides, in ref. [16] the E2 multipolarity was not ruled out
for the 175.0 keV transition. In the following, we assume,
for that matter, the E2 multipolarity for the 175.0 keV
transition de-exciting the 393.8 keV level. Table 2 presents

the reduced transition probabilities for the transitions de-
exciting the first four excited levels in 133Cs and 139Cs.
The 141La nucleus is not listed in this table, only the half-
life of its 190.3 keV level being measured. The B(M1)
value calculated in ref. [29] for the 190.3 keV transition,
0.00213 (11) W.u., is similar to that obtained for the
81.0 keV transition in 133Cs, which is expected consid-
ering the equal distance in number of nucleons, 9, from
the closed shells: five protons and four neutron holes for
133Cs and seven protons and two neutrons for 141La. The
difference between the B(M1) values for the transitions
de-exciting the second excited state in 133Cs and 139Cs
(see table 2) probably results, as indicated above for the
first excited state, from changes in the nature and purity
of the two 5

2

+ states with the distance to the N = 82
magic shell (4 neutron holes compared to 2 neutrons).
The reduced transition probabilities for the transitions de-
exciting the 383.8 and 393.5 keV levels in 133Cs and 139Cs
(see table 2) are rather similar, which strengthens the 3

2

+

assignment to the spin and parity value of the 393.5 keV
level in 139Cs. With regard to the fourth excited state, in
139Cs it decays only to the 5

2

+

1
level. In 133Cs and 141La

(see fig. 15), another strong-decay path leads to the 3
2

+

state. The corresponding transition cannot exist in 139Cs
because of the quasi-degeneracy of the 393.5 and 393.8 keV
levels. In 133Cs only a lower limit is known for the B(E2)
value of the 1

2

+ → 5
2

+

1
transition. However this transition

has been observed in 121Sb and 121,123,125,127I and the cor-
responding reduced E2 transition probabilities are equal
to 25, 78, 63, 34 and 24 W.u. [21–24]. The B(E2) value
obtained for the 175.0 keV transition in 139Cs fits in well
with this set. So we propose to consider the 393.8 keV level
as the 1

2

+ state in 139Cs.
The spin values suggested above for the excited states

of 139Cs could be supported by half-life measurements for
the excited states of 141La, isotone of 139Cs. Moreover, it



B. Roussière et al.: Half-life measurements of 137,139Cs excited nuclear states Page 13 of 14

Fig. 15. Comparison between the first four excited levels in 133,139Cs and 141La. The experimental data were taken from this
work and refs. [15,27,29]. The transition energies are indicated in keV. The arrow width is proportional to the total intensity
of the transitions. For each level, the sum of the total intensities of the transitions has been normalized to 100.

Table 2. Reduced transition probabilities, in Weisskopf units, for the transitions de-exciting the first excited levels in 133,139Cs.
The initial-level and transition energies are indicated in keV in the first and second columns of each block; the spin and parity
values of the levels linked by the transition are indicated in the third column of each block.

133Cs [27] 139Cs (this work)

Ei Eγ Iπ
i → Iπ

f B(M1) B(E2) Ei Eγ Iπ
i → Iπ

f B(M1) B(E2)

81.0 81.0 5/2+ → 7/2+ 0.00237(5) 5.25(17) 218.6 218.6 5/2+ → 7/2+ 0.00035(3) 6.3(4)

160.6 79.6 5/2+ → 5/2+ 0.077(8) 120(30) 289.8 71.0 5/2+ → 5/2+ ≤ 0.012 ≤ 1384

160.6 5/2+ → 7/2+ 0.00117 (12) 27(3) 289.8 5/2+ → 7/2+ ≤ 0.0083 ≤ 59

383.8 223.2 3/2+ → 5/2+ 0.00145(22) 0.24(7) 393.5 103.7 3/2+ → 5/2+ 0.011(7) < 818

302.8 3/2+ → 5/2+ 0.024(4) < 190 175.0 3/2+ → 5/2+ 0.09+0.15
−0.04

383.8 3/2+ → 7/2+ 25 393.5 3/2+ → 7/2+ ≤ 0.009 26(23)

437.0 53.2 1/2+ → 3/2+ > 0.023 > 25 393.8

276.4 1/2+ → 5/2+ > 4.8

356.0 1/2+ → 5/2+ > 12 175.0 1/2+ → 5/2+ 37(1)

would be interesting to compare the 137,139Cs experimen-
tal transition probabilities to results of shell-model calcu-
lations. Indeed such a comparison would be a good test of
the shell-model interactions close to N = 82. Shell-model
calculations have been reported for the high-spin states of
139Cs by Liu et al. [37]: the 218 keV state was assigned to
have a spin 5

2

+, its energy is rather well reproduced by
the calculations but no theoretical transition probabilities
are reported for 139Cs.

5 Conclusions
A fast-timing setup has been developed to measure the
half-life of excited states in neutron-rich nuclei. The first
on-line experiment has been achieved successfully on the
137,139Cs levels populated by the β− decay of the 137,139Xe
nuclei produced with the ALTO facility. In 137Cs, the
half-life of the first excited state was measured to be

T1/2 = 59 (4) ps. For the half-life determination in 139Cs, it
was essential to use the β-γ-γ technique where the β-γ de-
layed coincidence spectra are obtained with an additional
energy condition set on the Ge(HP) detector in order to
select specifically the decay path. In this way, we could
determine the half-lives of the levels located at 218.6,
289.8, 393.5 and 393.8 keV in 139Cs: T1/2 = 2.23 (5) ns,
96 (25) ps, 24 (15) ps and 1.71 (2) ns, respectively. In
137,139Cs, the high value found for the hindrance factor of
the 5

2

+

1
→ 7

2

+ transition confirms that the first excited 5
2

+

state corresponds mainly to the one-proton state issued
from the π2d5/2 orbital. The B(M1) and B(E2) analy-
sis for the transitions de-exciting the first excited levels
in 139Cs as well as the comparison with the neighboring
nuclei, in particular 133Cs and 141La, lead us to suggest
the spin and parity assignments 5

2

+, 3
2

+, and 1
2

+ for the
levels located at 289.8, 393.5, and 393.8 keV.
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