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Observation of octupole excitations in*#'Cs and *4Cs nuclei
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Excited states if*'Cs and*Cs, populated in spontaneous fission?#iCm, were studied by means of
prompt-y spectroscopy, using the EUROGAM2 multidetector array. This work reports the first observation of
octupole excitations in thé*'Cs and!*3Cs nuclei. The new data fol*14Cs do not support theoretical
predictions of octupole deformation in the neutron-rich Cs isotopes and indicates octupole correlations weaker
than observed in the corresponding Ba isotones.
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Studies of neutron-rich lanthanides have revealed a regioand parities of other levels itf'Cs were deduced from-y
of octupole instability aroundN=88 [1,2]. A key question angular correlation§d,10], obtained in this work and shown
concerns the extent of this region. Calculations of R8f. in Table | as well as from decay properties of the levels and
suggested that the neutron-rich Cs isotopes have an octupdi®m previous works[4,5]. Since no half-life longer than
deformation in their ground states. In our previous studies ofl0 ns was seen, the quadrupole transitions observ&tQs
these nuclei4], done using EUROGAM1, we have identi- and*3Cs areE2.
fied yrast excitations iA*'Cs, 1#Cs, and**Cs, interpreted as The total conversion coefficient for the 105.7 keV transi-
either decoupled**+'*Cy or strongly coupled'**Cs) con-  tion, found from the intensity balance, is;=1.52). This
figurations, due to valence protons in the,, and wds;,  value can be compared to the theoretical values of 0.2, 0.9,
orbitals. No octupole excitations were found and no concluand 1.7 for theE1l, M1, andE2 multipolarities, respectively,
sions could be drawn about the strength of octupole correlaconfirming theM1+E2 character of the 105.7 keV transi-
tions in these nuclei. Other studigs,6] also did not report tion.
any octupole effects there. Our next measurement of prompt Figure 3 shows the new level scheme 6fCs, as ob-

y rays from fission of 2*%Cm, performed using the tained in this work. To the scheme reported in Rgfs6] we
EUROGAMZ2 array, provided much higher statistiésr de- add 17 new, nonyrast levels, based on the observed coinci-
tails of the experiment see, e.g., Ref}). Using the new data dence relations, some of which are shown in Fig. 4. Figure
we uncovered many new transitions in'*'Cs and!*3Cs,  4(a) illustrates a new band based on the 1182.3 keV level.
extended their excitation schemes and identified levels cofFigure 4b) indicates the assignment of the 404.9 keV and
responding to octupole excitations, as discussed in detai§28.8 keV transition td*°Cs. Similarly, the spectra shown in
below. Partial results of these investigations were reported ifrigs. 4c) and 4d) support the introduction of other new
Ref. [8]. transitions in'*Cs.

Figure 1 shows some of the analyzed coincidence spectra, We adopt spin 3/2for the ground state from the literature
double gated on the known and the newly identified transi{4]. Spins and parities of other levels ¥Cs, shown in Fig.
tions in 4!Cs. Based on such spectra, 14 nglines, deex- 3 were deduced in this work from-y angular correlations
citing new nonyrast levels if*'Cs, were found in the present and directional-polarization correlations of the obseryed

work. transitions, shown in Table Il, and from decay properties of
Figure 2 shows the new level scheme '6iCs, as ob- the levels in'4Cs.
tained in this work. To the scheme reported in Héj. we An important result of this work is a1 multipolarity

add levels at 1549.7 1632.0, 1661.0, 1941.2, 2000.6, 2086.assignment to the 399.6 keV, 523.5 keV, and 628.8 keV
2465.2, 2648.1, 2675.0, and 2994.4 keV, based on the oltransitions, based on the angular correlation and linear polar-
served coincidence relations. We could not confirm thazation. This allows the negative-parity assignment to the
1577.2 keV level reported in Reff6] because our data sug- bands based on the 816.6 keV and 872.6 keV levels.
gest that the 726.7 keV line reported in RE#)] feeds the With a negative-parity assignment to the new bands in
1488.8 keV level, rather than the 850.7 keV level. 14%Cs, based on the 816.6 keV and 872.6 keV levels, a
Spin and parity 7/2for the ground state and 572or the  parity-doublet-like structure is found in this nucleus. It is
105.7 keV level were taken from the literatu45]. Spins expected that in nuclei with octupole deformation, one
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TABLE I. Angular correlation values for transitions in th&'Cs

10000 nucleus. “Sum” denotes the summed correlation with several yrast,
guadrupole transitions.
5000 . .
E,;n-Ey AlAy Ay Ay Multipolarity
1000 (keV—keV) of 1y, transition
©
b) § 2 Gate 481-781 105.2-283.2 -0.1@) 0.074) Al=2
1000 T 283.2-473.3 0.12) -0.086) Al=2
600 388.9-473.3 -0.02) 0.064) Al=<1
— 452.6-626.5 -0.0@) 0.044) Al<1
g2 481.0-369.7 0.02) -0.042) Al=2
g 492.8-369.7 -0.1(B) 0.095) Al<1
= ® 603.7-sum ~0.02)  0.013) Al<1
s 4 626.5—sum 0.02) -0.044) Al=2
=7 632.1-sum 0.1®@) -0.074) Al=2
*2 648.3-sum 0.1B) -0.033) Al=2
g 810.3-sum -0.18) 0.063) Al<1
2500
1500 should observe electric dipole momenrily, significantly
larger than in nuclei without octupole deformation. Neutron-
500 rich barium isotope$*?Ba and'**Ba are good examplg.1].
It is interesting to compar®, moments in Cs nuclei with
2500 Gate 511-626 values in their Ba isotones. ' '
In Table Il we showB(E1)/B(E2) branching ratios for
1500 2 143Cs and tentativéB(E1)/B(E2) branching ratios fot'Cs.
In 1#ICs the parity-doublet-like structure is hardly seen. We
500 took dipole/quadrupole branchings for the 2086.5 keV and
2465.2 keV levels, assuming that these levels have negative
200 400 600 800 1000 parity. From that, tentative values BfE1)/B(E2) branching
Channel ' ’

ratios in 4'Cs were obtained. Th8(E1)/B(E2) branching

FIG. 1. Coincidence spectra gated on lines corresponding to fatios can be used to estimate electric dipole moments in

transitions in thé“4ICs nucleus, as obtained in this work. Unlabeled both

nuclei using the rotational formula Dy

lines do not belong td4!Cs and are due to gate contaminations. =\5B(E1)/16B(E2) X Q,. The electric quadrupole moments

Label “c” denotes a complex line.
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FIG. 2. Partial level scheme 3fCs as obtained in the present work. In square brackets relativeensities are given. Transitions in

round brackets are placed tentatively.
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FIG. 3. Partial level scheme df°Cs as obtained in this work. In square brackets relagivetensities are given.

TABLE II. Angular correlations and linear polarization for tran-
sitions in thel*3Cs nucleus. “Sum” denotes the summed correlation

650 - w
a) X % 3 © Gate 282-809 with more than one yrast-band transition.
450 - & ”
E,i-E AolAg AAg P(E,))  Multipolarity of
250 (keV—keV) y, transition
S04 76.5-2725 -0.1B) 0.025) Al=1
90.4-282.0 -0.0B8) -0.014) Al=1
1800 2555-325.9 0.1@) -0.024) Al=2
= 1000 258.8-406.8 -0.0&2) 0.063) Al<1
g 272.5-406.8 0.02) -0.024) Al=2
%‘ w00 283.0-394.4 0.1@) 0.0Q5) Al=2
5 325.9-404.9 0.08) -0.044) Al=2
S 500 383.6-282.0 -0.0@) O0.064) -0.094) M1+E2
§ 396.6-282.0 0.08) -0.032) Al=2
3 1500 399.6-sum -0.1%) 0.036) +0.093) E1
500 404.9-628.8 -0.1@) 0.004) Al<1
484.8—sum 0.02) 0.011) +0.123) E2
498.9-sum  0.1@) 0.004) +0.114) E2
2500 523.3-272.5 -0.08) 0.021) +0.148) El
1500 551.2-sum  0.1@) -0.022) +0.073) E2
557.9-sum  0.1B) 0.025) Al=2
500 enhitedui 615.3-sum  0.1() 0.015) Al=2
200 400 600 800 1000 619.0-sum  0.1@) -0.043) Al=2
Channel 628.8—sum -0.082) 0.013) +0.2612) El
FIG. 4. Coincidence spectra gated on lines corresponding to 726.3-255.5 -0.1%) -0.045) Als1
transitions in the"*3Cs nucleus, as obtained in this work. Lines at 789.7-sum  -0.1B) 0.014) Al=<1
126 keV, 158 keV, 185 keV, and 218 keV belong to Nb isotopes,gpg.0-282.0 -0.08) -0.024) Al<1

the complementary fission fragments.
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TABLE lIl. The B(E1)/B(E2) branching ratios if**Cs and ten-
tative B(E1)/B(E2) branching ratios in*4!Cs, as obtained in this D, [efm]
work.

Eexc E/E1) E,(E2) B(E1)/B(E2) ' |
(keV) (keV) (keV) (10°% fm) ” 3 ;

0.1 ; ; — R

ICs-tentative values / ANV S
2086.5 603.7 454.7 (08)) ; b
2465.2 352.3 524.6 0.20) 0015
143cs 84

1072.0 699.8 255.5 0.01) Neutron  number
1155.5 399.6 283.0 0.0 FIG. 5. Values ofDy moment in the neutron-rich lanthanides.
1397.9 628.8 325.9 0.0D Lines are drawn to guide the eye. Data points for Cs isotopes are
1549.9 295.0 394.4 0.01) found in this work and for other nuclei are taken after R&g].
1803.0 549.3 404.9 0.0 - L .

imilar nario i for i n h
2293.9 489.0 490.9 0.02) similar scenario is suggested for the=86 isotones by the

present data ort*!Cs and our previous studies df%e

[13,16 and **®Te [17]. One concludes therefore, that up to
xléI:SG theZ=50 gap exists and the lower limit, in the proton
number, of the region of octupole deformation in the

14 _ T neutron-rich lanthanides is @=55. At higher neutron num-
“Xe Qp=2.55)b [13]. Electric dipole moments calculated, bers the situation may change, as has been suggested by

using the averagB(El)/B(Ei)1 branching ratios from Table calculations[18,19, where an increase of the, moment

Ill, are Do=0.052)e fm for 'Cs andDo=0.031)e fm for ity the increasing neutron number was predicted for Xe
Cs. o _ isotopes. We have found that #?Xe the D, moment has,

_ The newly foundD, value in**Cs and tentativ®, value  ingeed, a comparable value to thatfBa[13]. On the other

in 1*!Cs are significantly smaller than in their Ba iSOtoNes, nand, theD, moment found now it“Cs, is significantly

“Ba and“‘Ba, respectively. This can be seen in Fig. 5, ower. It remains an open question where is the border line

where we show a map d, moments in neutron-rich lan- o the octupole deformation and whether #e50 shell gap

thanides takingD, values for Cs isotopes from the present g persists at neutron numbers higher tHén 86.
work and for other nuclei from Ref13].

The decrease of octupole effects when approaching the This work was supported by the Polish Research Council
Z=50 line is expected as a consequence of the existence ofkBN under Grant No. 2P03B02622, by the SERC of the UK
shell gap atZ=50. We have shown that this is so, when under Grant No. GRH71161, and by the U.S. Department of
approaching th&=50 line along theN=85 line [14,15. A Energy under Contract No. W-31-109-ENG-38.

Qo have been taken the same as in the corresponding
cores. For*®e we have takerQ,=1.804)b [12] and for
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