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Abstract. The β−-decay of 147Cs to 147Ba has been studied by means of γ- and X-ray spectroscopy. A new
level scheme of 147Ba is significantly modified and extended in comparison to the one previously reported.
The Advanced Time-Delayed βγγ(t) method has been applied to measure half-lives of the 46.2 and 85.4
keV levels in 147Ba yielding T1/2 of 510(80) ps and 370(100) ps, respectively. The lifetime results combined
with the deduced internal conversion coefficients allowed to assign M1 multipolarity to three γ transitions.
The B(M1) values obtained for the 39.2, 46.2 and 85.4 keV transitions range from 0.017 to 0.043 W.u. and
represent typical B(M1) strength in the Ba-Er region. Model calculations using a shell correction approach
with the axially deformed Woods-Saxon potential predict for 147Ba an octupole deformed ground state
with β3 = 0.11.

PACS. 27.60.+j 90 ≤ A ≤ 149 – 29.30.Kv X- and γ-ray spectroscopy – 21.10.Tg Lifetimes – 21.10.Ky
Electromagnetic moments

1 Introduction

The region of neutron-rich Ba nuclei is known to exhibit
strong octupole correlations. About 20 years ago, theoret-
ical calculations performed by Nazarewicz et al. [1] pre-
dicted a region of octupole deformation around 146Ba, at
Z ' 56, N ' 90. The neutron and proton orbitals involved
in this region which favor octupole collectivity are those
with stretched ∆l,∆j = 3 coupling, thus νi13/2-νf7/2 and
πh11/2-πd5/2. Following the model predictions, Phillips

et al. [2] reported that the level patterns of 144Ba and
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146Ba are similar to the rotational bands in reflection-
asymmetric molecules or to those observed in light ac-
tinides (see also [3]). Along with enhanced B(E1) rates
in 144Ba, these findings have suggested that octupole de-
formation exists in these nuclei at moderate spins. Fur-
ther experimental [4] and theoretical [5] studies in the
even-even Ba region have shown that octupole correla-
tions are more pronounced in 144Ba due to shell effects.
In odd-A bariums, the 145Ba isotope was predicted [6,
7] to be a good candidate to exhibit stable octupole de-
formation. However, no experimental evidence for strong
octupole collectivity has been reported for this nucleus. A
well-developed alternating-parity band, characteristic of
a reflection-asymmetric shape of a nucleus, was only ob-
served in 143Ba in the spontaneous-fission studies of 242Pu
and 252Cf [8] as well as 248Cm [9]. The most recent results
on 141Cs and 143Cs [10] indicate much weaker octupole
correlations in these nuclei than observed in the corre-
sponding even-even Ba isotones.

The aim of this work was to study the structure of the
neutron-rich 147Ba nucleus by means of γ- and X-ray spec-
troscopy and level lifetime measurements. The measure-
ments were performed at the OSIRIS facility in Studsvik,
Sweden. They were part of wider systematic studies of
octupole correlations in the Ba-Nd region carried out by
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Fig. 1. A portion of the γ-ray singles spectrum recorded in the
LOAX detector in the first time group of the MSS measurement
(see text for details). Besides γ-lines from 147Ba, the strongest
impurity transitions from 147La and 146Ba are also indicated.

the Warsaw-Uppsala-Świerk Collaboration and are com-
plementary to the studies of octupole collective nuclei in
the heavy actinide region performed at the ISOLDE facil-
ity at CERN (see ref. [11] and references quoted therein).

147Ba is the heaviest odd-A Ba nucleus for which
excited states are known empirically. The experimen-
tal information has been obtained from the β−-decay of
147Cs [12] (Qβ = 8.58(22) MeV [13]) and prompt-fission
studies performed at the GAMMASPHERE [14] and EU-
ROGAM II [9] arrays. No features related to strong oc-
tupole correlations were observed although a number of
E1 transitions were reported [12] among the low-lying
states.

No strong octupole correlations were reported for
149Ce, which represents the closest experimentally inves-
tigated N = 91 isotone of 147Ba. In recent studies of
149Ce from the β−-decay of 149La [15,16] we have ob-
served pronounced quadrupole deformation which domi-
nated octupole effects. Consequently, the nuclear structure
of 149Ce could be reproduced in the model calculations
assuming a reflection-symmetric shape. In comparison to
149Ce, however, one would expect 147Ba to exhibit higher
octupole and lower quadrupole collectivities.

2 Experimental procedure

The experiments were carried out at the fission product
mass separator OSIRIS at Studsvik, Sweden [17]. The
radioactive beam of mass 147 was produced via thermal
neutron-induced fission of 235U target integrated in an ion
source. The mass separated activity was deposited onto
an aluminized Mylar tape in the moving-tape collection
system.

The γ-ray singles and then γ-γ coincidences were mea-
sured using a three-detector system, which included a
low-energy photon and X-ray (LOAX) detector and two
high-purity germanium detectors with relative efficiencies
of 15% and 80%, respectively. The energy resolutions were
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Fig. 2. A low-energy portion of the γ-ray spectrum in coin-
cidence with the 109.8 keV transition selected in the LOAX
spectrometer. It represents a sum of the spectra recorded in
the 15% and 80% Ge detectors.

0.6 keV at 81 keV for the LOAX, and 1.8 keV and 2.9 keV
at 1.33 MeV for the 15% and 80% Ge detectors, respec-
tively. The detectors were placed in a close geometry at
the collection point. The gamma-ray singles spectra were
collected in a multispectrum scaling (MSS) mode, where
a measurement cycle of 4.8 s was divided into eight time
intervals of 0.6 s each. Due to a short half-life of 147Cs
(T1/2 = 0.225 s [18]) which decays to 147Ba, the activity
was collected during the first time group of the measure-
ment. The beam was then deflected and the source was let
decay out during the next seven consecutive time groups.
Finally, the tape moved the old activity away and a new
cycle was started.

The strongest γ-rays, which decayed out with the half-
life consistent with T1/2 = 0.225 s, were assigned to the

decay of 147Cs. Their intensities were determined from the
γ-ray singles spectra collected during the first time group
of 0.6 s to avoid possible mixing with long-lived impuri-
ties. In the case of a few strong γ-lines in 147Ba mixed
with impurity lines of known intensities, appropriate cor-
rections were made. An example of a γ-ray singles spec-
trum collected in the LOAX detector during the first 0.6 s
is showed in fig. 1. The γ-γ coincidences served to identify
weaker transitions and to construct the decay scheme of
147Cs to 147Ba. Since the coincidence measurement aimed
also to identify lines from the decays of 147Ba → 147La →
147Ce, which was very helpful in the analysis of the 147Ba
data, a separate measurement was performed with the
length of each group time being set to 3.0 s. The radioac-
tive sample was collected during the first, second and third
time groups. Then the beam was deflected and the activity
was let decay out for the remaining five time groups.

In the γ-γ analysis of 147Ba only data from the first
three time groups were considered. The assignment of
γ-lines to the 147Cs decay was based on their decay pat-
terns measured in the MSS spectra, on the γ-γ coinci-
dences and coincidences with the X-rays of Ba. An ex-
ample of a coincidence spectrum is presented in fig. 2.
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Table 1. Energies, intensities and placements in the level scheme of γ transitions belonging to the 147Cs → 147Ba decay.

Transition energy Iγrel Initial level Final level
(keV) (keV) (keV)

24.4(1)(?) 16(3)(a) 109.8 85.4

35.2(2) 12(4)(b) 327.4 292.1

39.2(1)(?) 37(4)(b) 85.4 46.2

46.2(1)(?) 317(50)(c) 46.2 0.0

76.0(1)(?) 121(17)(c) 185.8 109.8

85.4(1)(?) 1000(50)(c) 85.4 0.0

100.4(1)(?) 37(8)(b) 185.8 85.4

109.8(1)(?) 826(19)(c) 109.8 0.0

116.4(1) 20(4)(c) 513.8 397.5

123.9(1) 21(4)(c) 451.3 327.4

129.0(1) 34(9)(a) 238.8 109.8

134.6(1) 30(8)(b) 462.1 327.4

139.6(1)(?) 31(7)(b) 185.8 46.2

153.4(1) 26(4)(a) 238.8 85.4

169.4(1) 68(18)(a) 279.2 109.8

174.1(2)(?) 51(9)(b) 359.9 185.8

179.9(2) 29(8)(b) 365.6 185.8

180.1(2) 72(7)(c) 642.3 462.1

184.1(2) 7(2)(b) 544.1 359.9

185.8(1)(?) 367(12)(a) 185.8 0.0

186.4(1) 130(21)(c) 513.8 327.4

204.4(2) 10(2)(c) 564.4 359.9

216.8(1) 25(2)(a) 544.1 327.4

221.7(1)(?) 111(18)(c) 513.8 292.1

238.8(1) 39(6)(a) 238.8 0.0

241.9(2)(?) 123(12)(b) 327.4 85.4

245.9(1)(?) 865(59)(c) 292.1 46.2

250.1(3)(?) 77(20)(b) 359.9 109.8

255.8(1) 18(5)(a) 365.6 109.8

265.0(1) 87(17)(c) 544.1 279.2

265.6(2)(?) 70(14)(a) 451.3 185.8

280.2(2)(?) 65(8)(b) 365.6 85.4

281.2(1) 195(24)(a) 327.4 46.2

293.1(1) 17(8)(b) 744.4 451.3

294.7(3) 14(4)(a) 587.0 292.1

303.6(2) 13(4)(a) 595.6 292.1

305.4(2)(?) 168(9)(b) 491.1 185.8

312.2(1) 308(30)(c) 397.5 85.4

316.3(2) 65(21)(c) 426.1 109.8

319.4(1)(?) 259(15)(b) 365.6 46.2

325.6(3) 78(8)(c) 564.4 238.8

327.4(2)(?) 506(99)(b) 327.4 0.0

327.8(2)(?) 43(12)(b) 513.8 185.8

336.3(3) 7(5)(b) 628.3 292.1

340.7(1)(?) 81(3)(b) 426.1 85.4

341.5(2)(?) 51(10)(a) 451.3 109.8

350.3(2)(?) 73(8)(b) 642.3 292.1

351.2(1)(?) 639(33)(c) 397.5 46.2

352.3(1)(?) 43(11)(a) 462.1 109.8

365.9(1)(?) 212(15)(b) 451.3 85.4

378.2(1) 78(8)(b) 738.1 359.9

381.3(2)(?) 47(10)(a) 491.1 109.8

397.4(2)(?) 34(9)(c) 397.5 0.0

405.8(1)(?) 112(10)(b) 491.1 85.4

424.3(2) 14(3)(b) 716.3 292.1

Transition energy Iγrel Initial level Final level
(keV) (keV) (keV)

426.1(1) 73(12)(c) 426.1 0.0

434.3(1) 81(23)(b) 544.1 109.8

444.8(1) 182(36)(a) 491.1 46.2

452.4(1) 58(5)(b) 744.4 292.1

454.6(2) 19(4)(b) 564.4 109.8

459.7(1) 56(9)(a) 787.1 327.4

462.1(1)(?) 424(58)(c) 462.1 0.0

469.8(3) 54(5)(c) 655.6 185.8

479.0(1) 69(7)(a) 564.4 85.4

501.5(5) 49(8)(b) 587.0 85.4

519.9(2) 47(10)(a) 705.7 185.8

540.8(1) 211(31)(a) 587.0 46.2

545.8(3) 35(3)(b) 655.6 109.8

549.2(2) 72(18)(a) 595.6 46.2

557.0(3) 53(5)(b) 642.3 85.4

564.3(1) 54(4)(c) 564.4 0.0

570.3(3) 40(4)(b) 655.6 85.4

582.1(1) 193(31)(a) 628.3 46.2

587.0(1) 141(33)(c) 587.0 0.0

593.9(1) 40(4)(a) 921.2 327.4

595.8(1)(?) 136(17)(c) 595.6 0.0

601.3(5) 60(21)(b) 787.1 185.8

609.9(2) 16(4)(b) 719.8 109.8

620.3(2) 30(6)(a) 705.7 85.4

629.0(2) 47(15)(a) 921.2 292.1

630.9(1) 84(6)(a) 716.3 85.4

634.4(1) 55(9)(b) 719.8 85.4

663.8(2) 19(4)(b) 773.6 109.8

673.6(1) 33(6)(a) 719.8 46.2

691.9(4) 21(5)(b) 801.7 109.8

698.1(2) 112(11)(b) 744.4 46.2

701.8(5) 28(4)(b) 787.1 85.4

718.2(1) 51(10)(c) 1045.6 327.4

723.9(1) 21(4)(a) 1015.9 292.1

740.9(2) 66(5)(a) 787.1 46.2

770.8(4) 23(4)(c) 1262.0 491.1

773.6(2) 34(7)(c) 773.6 0.0

786.8(3) 25(12)(a) 1078.9 292.1

798.2(3) 31(10)(a) 1090.3 292.1

801.7(1) 79(17)(c) 801.7 0.0

820.7(2) 21(6)(b) 930.5 109.8

841.8(3) 50(5)(a) 1239.5 397.5

916.7(4) 23(4)(b) 1209.0 292.1

930.5(1) 56(17)(a) 1015.9 85.4

947.5(5) 25(5)(a) 1239.5 292.1

969.6(4) 27(6)(b) 1262.0 292.1

1015.9(3) 64(12)(c) 1015.9 0.0

1045.6(2) 47(11)(c) 1045.6 0.0

1140.4(2) 70(5)(a) 1326.2 185.8

1176.7(2) 69(13)(a) 1262.0 85.4

1193.4(2) 91(14)(a) 1239.5 46.2

1209.0(2) 29(8)(c) 1209.0 0.0

1415.1(3) 37(5)(a) 1707.2 292.1

2114.4(8) 79(17)(b) 2300.2 185.8

2279.8(10) 46(10)(b) 2365.2 85.4

(a) Average value of γ intensities taken from γ-ray singles and γ-γ data.

(b) γ intensity deduced from γ-γ data.

(c) γ intensity taken from γ-ray singles spectra.

(?) γ-line also observed in the previous β− study [12]; its new energy could be different from the old value by up to ∼ 1 keV.
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Fig. 4. Time-delayed βγγ(t) spectrum showing the decay of
the 46.2 keV level. It was obtained by gating on the 245.9
and 351.2 keV γ transitions in the Ge and on the 46.2 keV
transition in the BaF2 spectra.

The energies and relative intensities of γ transitions in
147Ba, which were corrected for detector efficiencies and
normalized to the γ intensity of 1000 for the strongest
85.4 keV γ-ray, are listed in table 1 together with their
placement in the level scheme illustrated in fig. 3.

The lifetimes of the excited states in 147Ba were mea-
sured using the Advanced Time-Delayed (ATD) βγγ(t)
method [19–21]. The triple-coincidence measurement in-
volved two fast-response scintillators, a small 2.5 cm long
BaF2 crystal for γ-ray and a thin 3 mm thick NE111A
plastic for β particle detection, respectively. A third co-
incidence with γ-rays recorded in a high-purity Ge de-
tector was used to select the desired γ-ray cascade. The
Ge detector had a relative efficiency of about 25% and
an energy resolution of 2.1 keV at 1.33 MeV. All detec-
tors were positioned close to the beam deposition point.
The thin ∆E β detector provided almost uniform time re-
sponse to β-rays of different energies. The information on
level lifetime was derived from the analysis of time-delayed
βγ(t) spectra recorded in the fast scintillators. A valid
βγγ(t) coincidence event started the data acquisition sys-
tem. The measurement cycle included eight time intervals,
each 0.2 s long. The radioactivity was deposited during all
eight time groups and then the sample was moved away
by the tape system. A standard calibration of the time
response of the BaF2 detector was made after the 147Ba
measurement using the mass-separated 140Ba source [19].
Two half-lives have been measured: T1/2 = 510(80) ps for
the 46 keV level and T1/2 = 370(100) ps for the 85 keV
state as illustrated in fig. 4 and fig. 5, respectively. Both
results were obtained in the χ2-minimization–based fitting
procedure of the whole spectrum to a response function
which was constructed by a convolution of the Gaussian
prompt and an exponential decay curve [19]. In the anal-
ysis care was taken to ensure that the γ-rays feeding the
levels from above do not de-excite states with long life-
times that would impact the shape fitting. For example,
fig. 4 illustrates the time-delayed βγγ(t) spectrum show-
ing the decay of the 46 keV level. It was obtained by gating
on the 246 and 351 keV γ transitions in the Ge and on the

-1500     0  1500  3000  4500  6000

Time  (ps)

10
    0

10
    1

10
    2

C
o

u
n

ts

                                        147Ba  85-keV level 

 T    =  370(100) ps 1/2

Fig. 5. Time-delayed βγγ(t) spectrum showing the decay of
the 85.4 keV level. It was obtained by gating on the 312.2
and 405.8 keV γ transitions in the Ge and on the 85.4 keV
transition in the BaF2 spectra.

Table 2. Internal conversion coefficients (ICC) for transitions
in 147Ba.

Energy Shell ICC Dominant

(keV) Exp. Theoretical(a) multi-

E1 E2 M1 polarity

46.2 K 7.2(8) 1.58 7.82 8.02 M1, E2,
M1 + E2

245.9 all 0.08(2) 0.02 0.09 0.08 M1, E2,
M1 + E2

(a) From ref. [22].

46 keV transition in the BaF2 spectra. By inverting the
gates, thus by selecting the 46 keV line in Ge and a com-
mon gate on the 246 and 351 keV transitions in BaF2,
we obtained a time-delayed spectrum which reveals the
time components of the feeding γ transitions. Since the
spectrum had no slope (below 100 ps), the slope fitting
of the time spectrum in fig. 4 is not affected by lifetimes
of higher-lying levels that are de-excited via the 246 and
351 keV transitions. A similar analysis was done for the
cascade feeding the 85 keV level. A more detailed discus-
sion of the fitting procedures can be found in [19].

3 Experimental results and discussion

3.1 Level scheme of 147Ba

The results of this work are summarized in tables 1, 2
and 3, and in fig. 3. A new level scheme for the decay of
147Cs to 147Ba is established on the basis of coincidence
results and is significantly different from the one previ-
ously reported [12]. Fifteen γ transitions and four excited
levels reported in [12] have not been observed in this work,
while 79 new γ lines and 29 new excited levels have been
found in our study. As an important difference, we note
that the γ-line of 35 keV, which was reported in [12] to
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Table 3. Level lifetimes and experimental transition probabilities for transitions in 147Ba.

Elevel T1/2 Eγ γ-branching Bexp(M1) Bexp(M1) Bexp(E2) Bexp(E2)

(keV) (ps) (keV) (%) (µ2
N ) (W.u.)(a) (e2fm4) (W.u.)(b)

46.2 510(80) 46.2 9.6 0.08(1) 0.04 1.5 · 105 3.2 · 103

85.4 370(100) 39.2 1.2(c) 0.03(1) 0.02 1.7 · 105 3.8 · 103

85.4 370(100) 85.4 31.4(d) 0.05(2) 0.03 6.7 · 104 1.4 · 103

(a) 1 W.u.= 1.790µ2
N for the M1 transition.

(b) 1 W.u.= 5.940 · 10−2A4/3 e2fm4 for the E2 transition.

(c) Assuming the 85.4 keV transition to be of M1 type.

(d) Assuming the 39.2 keV transition to be of M1 type.
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Fig. 6. Portion of a γ-ray spectrum, recorded in LOAX, in
coincidence with the 245.8 keV transition selected in the Ge
detectors.

de-excite the 110 keV state, was established in this work
to de-excite the 327 keV level (see fig. 6 and the decay
scheme in fig. 3).

Unfortunately, γ lines from the 147Cs → 147Ba decay
were masked by much stronger γ transitions from 147Ba→
147La, and the case was further complicated by multiple
placements of a number of γ-rays in both 147Ba and 147La.
The γ-ray intensities determined in this work are mostly
in agreement with those reported in [12]. There are a few
exceptions, however. For example, the intensity for the
46 keV transition is reported by us to be about two times
lower than in ref. [12]. As a possible source of error we
note that 46 keV transition was also observed in 147La as
a doublet [18].

The β−-decay studies are complementary to the high-
spin work and they often allow to correct the low-spin part
of a level scheme observed in the latter experiments (see,
e.g., [15]). Out of ten excited states in 147Ba identified
in the high-spin study by Jones et al. [9], four levels are
observed in this work. We note some differences in the rel-
ative intensities of γ-rays de-exciting the 186 and 360 keV
levels quoted here and in ref. [9]. For the 360 keV level,
which is moderately strongly populated in the β-decay
work, we do not observe the 81 keV line in coincidence
with the 169 keV transition in our γ-γ spectra although it

would be expected by the results reported in [9]. Moreover,
the relative ratio of intensities for the 250 and 174 keV
transitions de-exciting the 360 keV level is found in our
β-decay study as 1.5 while in the high-spin work it was
about 17. For the 186 and 76 keV transitions depopulat-
ing the 186 keV level we report the ratio of 3.0, which is
somewhat higher than 1.1 reported in ref. [9].

3.2 Multipolarities of low-energy transitions

In the previous β-decay study of 147Cs [12,18], most of the
reported multipolarities were of M1, E2 or M1+E2 char-
acter. In ref. [12] E1 multipolarity was proposed for the
46 and 199 keV transitions. In the Nuclear Data Sheets
for A = 147 [18] the compilers list E1 multipolarity also
for the 35, 39, 64, and 139 keV transitions. On the other
hand, in the high-spin work, no E1 transitions were identi-
fied [9] while the strong 110 keV transition was assigned to
be of mixed M1/E2 character on the basis of the internal
conversion coefficient measurements.

In our work two of the proposed E1 γ-rays, at 64 and
199 keV, have not been found, while the previous E1 as-
signment to the 46 keV line does not agree with our results
firmly indicating the M1 character of the transition. As a
consequence of the new assignment to the 46 keV γ-ray,
the previous results need to be re-evaluated. In particu-
lar, the very weak γ-ray at 39 keV cannot be E1 as the
multipolarity of the 27 times stronger transition of energy
85 keV measured in the same work [12] as M1, is cor-
rect. Moreover, the 140 keV transition, depopulating the
186 keV level to the one at 46 keV, cannot be E1 as the
competing 186 keV transition was measured as M1/E2
by Schussler et al. [3]. Both, the 140 and 186 keV tran-
sitions, feed levels of the same parity, namely the one at
46 keV and the ground state, respectively. We could not
confirm the E1 parity assignment to the very weak 35 keV
transition.

In the present study, multipolarities for the 46 and
246 keV transitions were deduced from the internal con-
version coefficients obtained either from eq. (1) or (2)
given below. The K-conversion coefficient can be deduced
from

αK =
IK
Iγ

1

ωK
, (1)
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where IK and Iγ are the Kα+β X-rays and γ-ray intensi-
ties, respectively, corrected for detector efficiency, and ωK
is the fluorescence yield (the fraction of K-shell vacancies
which decay with the production of X-rays). Alternatively,
one can use the intensity balance

I1γ(1 + α1tot) = I2γ(1 + α2tot), (2)

where Iγ are the γ intensities of two coincident γ transi-
tions numbered as 1 and 2 in a suitable γ-γ coincidence
spectrum, while αtot is the conversion coefficient summed
over all conversion components. Following eq. (1), the αK
conversion coefficient for the 46 keV line was deduced from
a sum of coincidence spectra gated by the 541, 582, 674,
741 and 1193 keV transitions. The summed LOAX spec-
trum shows coincident 46 keV γ-line and its associated
X-rays of Ba. The deduced αK = 7.2(8) allows only for
M1, E2 or M1+E2 multipolarity assignments and clearly
excludes the E1 character for the 46 keV transition (see
table 2). This result is in disagreement with the E1 mul-
tipolarity proposed in [12].

In the coincidence spectrum gated by the 222 keV tran-
sition (see the decay scheme in fig. 3) two γ transitions of
energies 246 and 46 keV have equal total intensities. Fol-
lowing eq. (2) we obtain αtot = 0.08(2) for the 246 keV
γ-ray by adopting pure M1 multipolarity for the 46 keV
transition (this is justified based on the lifetime result dis-
cussed in the next section). One can exclude E1 charac-
ter of the 246 keV transition as the deduced ICC value
is only consistent with M1, E2 or M1+E2 multipolarity
(see table 2) which does agree with the M1+E2 assign-
ment proposed in [12].

As discussed below, the lifetime measurements of ex-
cited states allowed to establish a dominant M1 character
for the 46, 39, and 85 keV transitions.

3.3 Lifetimes of the 46.2 and 85.4 keV levels

We have measured the half-lives of the 46 and 85 keV
states as T1/2 = 510(80) ps and 370(100) ps, respec-
tively. The data are presented in figs. 4 and 5. The time-
delayed spectrum in the first figure represents a sum of
β-gated spectra involving the 246-46 keV and 351-46 keV
γ-cascades registered in the Ge and BaF2 detectors, re-
spectively, while the spectrum in the second figure repre-
sents the sum involving the 312-85 and 406-85 keV cas-
cades. Each lifetime result is an averaged value obtained
over a few independent χ2-fits with different data com-
pressions and/or fitting ranges of the same spectrum.

It is difficult to compare our lifetime results with those
reported in ref. [12], since the latter have a preliminary
character and no uncertainties in those values have been
provided. Moreover, due to the use of the β-Ge time-
delayed coincidences in ref. [12], the gated time spectra
for A = 147 could represent a mixture of different time
components. For example, a time spectrum gated on the
46 keV full energy peak, would likely represent a mixture
of time components due to different overlapping 46 keV
transitions from 147Ba and 147La. In contrast, in our anal-
ysis we use triple coincidences and have a freedom to select

in the Ge detector those γ-rays which feed the state from
above and do not represent mixed transitions. In any case,
it is obvious from very large differences in the half-life val-
ues measured in ref. [12] and in this work, that the half-
lives of 1.4 ns and 2.1 ns reported in ref. [12] for the 46 and
85 keV states have been affected by significant impurities.

Using the newly measured level lifetimes, we examine
the B(M1) and B(E2) rates for the transitions de-exciting
the 46 and 85 keV states. The reduced transition proba-
bilities, B(M1) and B(E2), are expressed as functions of
the partial mean life τγ for a given γ transition and its
energy, Eγ , using the standard formulas:

B(M1) = 5.68 · 10−14 · E−3γ · τ−1γ (µ2N ), (3)

and

B(E2) = 8.20 · 10−10 · E−5γ · τ−1γ (e2 · fm4), (4)

where Eγ and τγ are in units of MeV and s, respectively.
The measured half-lives of the 46 and 85 keV levels

and the experimental transition probabilities B(XL) for
γ transitions de-exciting those levels are presented in ta-
ble 3. Assuming a 100% M1 or E2 character of the 46
keV transition, one obtains B(M1) = 0.08(1) µ2N (0.04

W.u.) and B(E2) ∼ 1.5 · 105 e2fm4 (∼ 3000 W.u.). Since
such a large B(E2) is not realistic, it certifies that any E2
admixture to this transition is very weak, thus it can be
assumed to have an almost pure M1 character.

As for the 85 keV level for which the half-life of
370 (100) ps was measured, two low-energy transitions
are competing in the de-excitation process, i.e. the 39 and
85 keV ones. Similarly to the case of the 46 keV γ-ray, ex-
traordinary large B(E2) rates (> 1000 W.u.) for these γ-
rays certify that the E2 character is not possible for either
39 or 85 keV transitions. Assuming that both transitions
are M1, the obtained M1 rates amount to 0.03(1) µ2N
(0.02 W.u.) and 0.05(2) µ2N (0.03 W.u.) for the 39 and
85 keV transitions, respectively. A very small admixture
of E2 cannot be excluded.

The B(M1) values deduced in this work, which are of
the order of 10−2 W.u., are of an average M1 strength for
the A = 91–150 nuclei as reported by Endt [23].

3.4 The ground state of 147Ba

As of now, the spin and parity of the ground state of 147Ba
remain unknown (a tentative assignment of 3/2− has been
proposed in ref. [12]). Below we examine predictions of
model calculations.

Recent study of 149Ce [15] shows that the 3/2− spin
and parity assignment to the ground state of this N = 91
Ce isotone is consistent with calculations of the Nils-
son model and a rotational model including Coriolis cou-
pling and pairing interaction (RQPC) [15] as well as with
calculations of pairing correlations in odd cerium iso-
topes performed by Duguet et al. [24] using the Skyrme
Hartree-Fock-Bogolubov method. In the adjacent N = 89
145Ba isotope strong octupole correlations pushed down
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Fig. 7. The deformation energy in the (β2, β3)-plane for the
Ω = 3/2 configuration. The distance between contour lines is
equal to 250 keV. Labels of the lines mean energies in MeV.

the I = 5/2 Ω = 5/2 orbital due to the interaction of
5/2[532] with 5/2[642] [6]. This parity-mixed orbital has a
somewhat larger component of negative parity than posi-
tive parity, so the 145Ba ground state was predicted to be
the negative-parity member of the 5/2± parity doublet. A
spin of I = 5/2 was assigned to the ground state of 145Ba
by collinear fast-beam laser spectroscopy at ISOLDE [25].

We have calculated the properties of the ground state
of 147Ba using a shell correction approach with an axially
deformed Woods-Saxon potential [26,27]. We found three
almost degenerated configurations: I = Ω = 1/2, 3/2 and
5/2 with deformation parameters β2 ' 0.18, β3 ' 0.11,
β4 ' 0.07. Due to octupole interaction between νi13/2
and νf7/2 orbitals, all calculated configurations are parity
mixed and the most dominant components are 1/2[660],
3/2[532], and 5/2[642] for Ω = 1/2, 3/2 and 5/2, respec-
tively. For the case of Ω = 3/2, the plot of deformation en-
ergy as a function of β2 and β3 is shown in fig. 7. The shal-
low minimum for Ω = 3/2 means that the 147Ba nucleus
is less stiff with respect to octupole deformation. More
stable reflection-asymmetric deformation is predicted for
the Ω = 1/2 and 5/2 configurations.

No firm assignment of spin and parity to the ground
state of 147Ba can be deduced either from our experimen-
tal results or theoretical calculations discussed above. We
propose a very tentative assignment of I = 3/2−, which
was also suggested in ref. [12].

4 Summary

The nucleus of 147Ba has been investigated by means of γ-
and X-ray spectroscopy and fast-timing βγγ(t) method.
It is the most exotic odd-A Ba nucleus for which ex-
cited states are known experimentally. The levels in 147Ba
were populated in the β−-decay of 147Cs produced at
the OSIRIS fission product mass separator at Studsvik.
A significantly modified level scheme of 147Ba has been
determined and extended up to an excitation energy of

2365 keV. On the basis of the internal conversion coeffi-
cient analysis, the E1 character of 46 keV transition has
been excluded, and the M1 multipolarity with a possible
E2 admixture was determined for the 46, 85 and 246 keV
transitions. The half-lives of the low-lying levels at 46 and
85 keV were measured as 510(80) and 370(100) ps, respec-
tively, using the Advanced Time-Delayed βγγ(t) method.
The B(M1) values obtained for the 39, 46 and 85 keV
transitions range from 0.017 to 0.043 W.u. and represent
typical B(M1) strengths in the Ba-Er region. Theoretical
calculations performed using the shell correction approach
with the axially deformed Woods-Saxon potential predict
for the ground state of 147Ba an octupole deformation with
deformation parameter β3 = 0.11. Three almost degener-
ated configurations Ω = 1/2, 3/2 and 5/2 correspond to
the minimum binding energy of the nucleus.
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