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Abstract

Evidence for a low-lying octupole vibrational excitation in the superdeformed energy minimur#teb is presented.
High-spin states in this nucleus have been populated if #P#r(39Si, 4n)96Pb reaction. The in-beam-ray decay has been
investigated using the EUROBALL IV Ge-detector array. The linear polarization-@fy transitions connecting an excited
superdeformed band with the yrast superdeformed band has been measured from which E1 multipolarity is determined.
These E1 transitions, which compete with the highly collective in-band E2 transitions, are strongly enhanced. This is an
important step towards establishing that low-lying octupole vibrations are a wide spread phenomenan=nitée region of
superdeformatiorid 2001 Elsevier Science B.V. All rights reserved.
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In the region around mass numhér= 190 about discovered in 25 different nuclei [1]. In many of
70 superdeformed (SD) rotational bands have beenthese nuclei several bands have been found, which
are built on excited states in the SD potential energy
S _ _ ) minimum. The oddA nucleus!®3Pb is a prominent
 Exmail address: hubel@iskp.uni-bonn.de (H. Hubel). example where nine SD bands have been associated
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94720, USA. with neutron excitations [2]. The nature of the excited
2 present address: Department of Nuclear Physics, RSPhS, bands in even—even SD nuclei in this mass region is
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difficult to estimate since the pairing gap energy is not band 3
precisely known in the second well. Superdeformation band 2

is observed to persist to rather low spih~ 6-8).
Therefore, it may be expected that pairing is still large
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One signature for octupole vibrations is the pres- 13 3% sA\\v__y a8y
ence of anomalously large electric transition dipole %Y 7;87 """" 387
moments associated with the charge asymmetry of the a0 248 “%‘7— 933 —1 s
vibration, which would result in enhanced E1 transi- (5 205 o 3
tions. Recently, experimental evidence has been pre- a0
sented for dipole transitions between SD bands, which o {4z
are not signature partners, competing with the highly —y ao,m
collective E2 in-band transitions if®Hg [8-10], —21375142—;

1949 [11] and'®®Pb [12-14]. However, it is only in
the case of®°Hg that the electric dipole nature of the Fig. 1. Partial level scheme d®8Pb showing the decay of the
inter-band transitions has been determined experimen-second excited SD band (band 3) to the yrast SD band (band 1).
tally through a linear polarization measurement [10] Bands 2 and 3 are thought to be signature partners with signature
and that their enhancement has been deduced from &= 0 and 1, respectively, [12—14]. The transition energies are given
lifetime measurement [9]. These results confirm the In kev.
octupole vibrational nature of the excited SD bands in
this nucleus. A similar confirmation of the enhanced reaction at a beam energy of 144 MeV. The beam, pro-
E1 character of the inter-band transitions in the other vided by the Vivitron Tandem accelerator, was inci-
nuclei is required to confirm that low-lying octupole dent upon a Au-backetf°Er target of 1.65 mgen?
vibrations occur as a general phenomenon in this massthickness.
region. The 30 coaxial, 26 four-element Clover [16] and 15
In 19pPph one of the excited SD bands (band 3) seven-element Cluster [17] Ge detectors of the EU-
is connected to the yrast SD band (band 1) by ROBALL array are mounted in rings at forward, per-
several dipole transitions of similar energy [12-14], pendicular and backward angles with respect to the
see Fig. 1. If these linking transitions are shown to beam direction, respectively. An Inner Ball consist-
be of E1 multipolarity, band 3 is also a candidate for ing of 210 BGO detectors for measuring sum energy
an octupole vibration. In this work, we report on a and multiplicity of they-rays emitted in each reac-
measurement of the linear polarization of the inter- tion was mounted inside the Ge-detector array. An
band transitions which shows that they are indeed E1 eventwas written to tape when more than three escape-
transitions. An estimate of thR(E1) values (extracted  suppressed Ge detectors and more than four BGO de-
from branching ratios) confirms that they are strongly tectors of the Inner Ball recorded-rays in coinci-
enhanced as expected for an octupole vibration. dence. In the off-line data analysis Compton suppres-
The experiment was performed at the Institut de sion, pile-up rejection, gain matching and add-back for
Recherches Subatomiques (IReS), Strasbourg, usingthe Ge detectors were performed and a prompt time
the EUROBALL IV y-ray detector array [15]. High-  gate was set. A total of.1 x 10° three- and higher-
spin states were populated in tH@®Er(3°Si, 4n)-%%pb fold events remained for subsequent analysis.
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Fig. 2. Projection spectra created from matrices with vertically (upper part) and horizontally (lower part) sgattaysd See text for details.
The group of transitions around 945 keV connecting band 3 to band 1 is marked by the arrow.

In a previous study of SB3%Pb [12-14]y-rays 387 keV transitions) and on transitions of band 3 (349,
were observed to connect states of the second excited389, 427, 465, 503 keV transitions). Two coincident
band (band 3) to states of the yrast band (band 1), y-rays were incremented in these matrices, if they
see Fig. 1. A directional correlation (DCO) analysis were detected in prompt coincidence with one of these
indicated that these transitions are dipoles. However, gates and if one of the twg-rays was scattered
the measurement of their linear polarization was not either vertically or horizontally in two Clover-detector
successful due to the lack of statistics [12]. It was crystals. Thus, each matrix contains on one axis the
the aim of the present experiment to measure the energies of scattergerays (vertically or horizontally
linear polarization of the linking transitions using for the two matrices, respectively) and on the other
the Clover detectors of the EUROBALL array as axis the energies of the secopetay. In both matrices
Compton polarimeters [18]. The high efficiency of gates were set on clean transitions in both bands
the array and the reaction chosen in our experiment, to create spectra projected onto the axes with the
which results in less background from other reaction scatteredy-ray energies. In this way, spectra were
channels compared to the previously u$é¥v(0, created which contain only-rays that were scattered
6n)Y1%Pb reaction, were necessary to measure the either vertically or horizontally between two Clover
linear polarization of the weak linking transitions. segments and that were in coincidence with at least
Their intensity is of the order of 1@ of the intensity two y-rays from SD band 1 and/or SD band 3.
of the 4n reaction channel. Two such spectra are shown in Fig. 2; the lower part

The y-ray coincidence data were sorted into two of the figure shows the spectrum of horizontally scat-
asymmetric matrices, which were gated on transitions teredy-rays while the upper part shows the spectrum
from the lower part of band 1 (215, 260, 303, 345 and containing only vertically scatteregd-rays, both cre-
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ated under the same gating conditions. In-band tran-
sitions are marked by an asterisk, transitions which
belong to the normal-deformed (ND) level scheme of
196ph are labelled. The high-energy region of each
spectrum together with the results of a fit to the peaks
is expanded in the insets. The background contribu-
tion has been removed by subtracting a normalized <
spectrum created under the same gating conditions butg
with only one gate (rather than two) required. The en- -
ergies of the inter-band transitions lie between 935
and 946 keV (see Fig. 1). The three transitions around
945 keV cannot be resolved in theray spectra and
appear as one broadened peak marked by the arrow in
Fig. 2. As the multipolarities of these transitions are
necessar“y the same, we have been able to use theFig. 3. Polarization of the SD inter-band transitions (full circle),
summed peak to make a combined measurement ofSD in-band transitions (full triapgles} and transitions from the ND
the polarization. This increases the statistical accuracy decay scheme of known mulipolarity (open symbols). For pure
. - h stretched electric transitionB is positive, for magnetic transitions
of the measurement. In the following discussion and itjs negative.
analysis this peak has therefore been treated as one.
The spectrum shown in Fig. 2 contains only a frac-
tion of the total statistics used to determine the linear in the ND level scheme 0f%%Pb, and the asymmetry
polarization. Several spectra were created with differ- ratio for these transitions was determined. By calcu-
ent gating conditions. In the least squares fits to the lating the linear polarization of the E2 transitions, the
945 keV peaks different backgrounds were subtracted polarization sensitivity is deduced. From the fit to the
in order to estimate this source of uncertainty. Aver- experimental sensitivity we obtain the scaling factor
age counts in the peaks are 743(63) and 561(50) in thea = 0.2740.03, which is in good agreement with pre-
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spectra of vertically and horizontally scattenedays,
respectively.

The asymmetry ratiel (E, ) = (I,(E,) — In(E,))/
(I, (E)+ I4(E,)), which depends on the electromag-
netic character of the radiation, can be deduced from

vious measurements for the Clover detectors [16,18,
20] of the EUROBALL array.

Using the sensitivity derived in this work, the
polarization P has been calculated for the group of
inter-band transitions (the sum peak at 945 keV),

these peak intensities. For the peak around 945 keV for in-band E2 transitions between the SD states and

we obtain a value oA = 0.144 0.06. In order to cal-
culate the linear polarizatioR = A(E, )/ Q(E,), the
polarization sensitivityD (E, ) of the polarimeter [16,
18-20] has to be known. For an ideal polarimeter (i.e.,
pointlike detectors) this quantity can be calculated
from the Klein—Nishina formula [21], which gives
Qideal = (1 + @)/(1 + a + &?) with & = E, /moc?,
wheremy is the electron rest mass. The energy depen-
dent polarization sensitivity of a finite crystal-size de-
tector setupQ (E, ) is obtained by introducing a scal-
ing factora, Q(E,) =a - Qideal(Ey).

The polarization sensitivity has been determined ex-
perimentally by sorting ungated matrices for both, hor-
izontally and vertically scatteregd-rays as described

several ND transitions of known multipolarity. The
results are shown in Fig. 3. Although the uncertainty
in the value for the linking transitions} (945 ke\) =
1.144+ 0.51, is quite large due to their low intensity,
we can strongly assert that they are electric transitions.
This result for'%Ph represents only the second case
in the A =190 region in which the E1 character of the
transitions connecting an excited SD band to the yrast
SD band has been determined experimentally.
Although no lifetime measurementis available from
which the E1 transition probability could be obtained,
the existence of E1 transitions competing with the
highly collective in-band E2 transitions is, in itself, an
indication that they are significantly enhanced. An es-

above. From these matrices spectra were created bytimate of theB(E1) values may be obtained from the

setting gates on known pure stretched E2 transitions

inter-band (E1) to the in-band (E2) branching ratios,
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B(E1)/B(E2). We have assumed the same quadru-
pole moment as has been deduced for the yrast SD
band Q; = (19.5+ 0.4) b) from a lifetime measure- i
ment [22] and obtaiB(E1) = (1.0+£0.2) x 10~% Wu. 1207
This value is much larger than E1-transition strengths
normally found between excited quasiparticle states ook
[23,24]. i
It is extremely unlikely that the above results can
be satisfactorily explained, if band 3 and its signature
partner, band 2, are assumed to be quasiparticle exci-
tations. First of all, the strength of the E1 transitions
is much larger than what would be expected for transi-
tions between different quasiparticle excitations. Sec- i 1
ondly, a consequence of the E1 character of the link- 100 (Ko)=(21) ]
ing transitions is that, under the reasonable assump- Band 34
tion that the yrast SD band is of positive parity, band 3 8ol K . ]
must be of negative parity. Various calculations have o gf) [ Me\o/‘j] o
been performed including Woods—Saxon cranking and rot
Hartree—Fock calculations (e.qg., [25]), all of which in- Fig. 4. Dynamical moments of inertia of SD bands 2 and 3 in
dicate that the lowest available two-quasiparticle exci- 1°Pb; comparison between theory (curves) [26] and experiment
tations are of positive parity. The only relatively low- _(fuII ‘points). The dashed curves show the dynamical moment of
lying negative parity states would involve the coupling ""ia of the yrast SD band.
of the positive parity [624] @2 orbital to the favoured
signature of one of the negative parity orbitals close to 850 keV above the SD vacuum at sgin= 0. This is
the Fermi surface. However, such an excitation should remarkably close to the extrapolated excitation energy
result in a pair of signature partners exhibiting strong of band 3 relative to band 1. The calculations also
M1 cross-talk transitions. Although bands 2 and 3 ap- predict that only the: = 1 signature of this mode will
pear to be signature partners, no such cross-talk hasexhibit a strong decay branch to the yrast SD band,
been observed. In addition, as has been stated aboveas is observed experimentally for band 3. Such decay
such a configuration would give no explanation for the becomes possible only through mixing with low&r-
enhanced E1 decay out of band 3. A third reason is wave functions. The degree of mixing for tlie= 2
the relatively low excitation energy of 815 keV above signaturew = 1 is predicted to be much greater than
the yrast SD band at spih= 10#. Extrapolating to for the « = O state. Band 2, whose energies lie at the
I =0 gives a relative excitation of only 845 keV. This midpoints of band 3, thus seems a likely candidate for
would be remarkably small for a two-quasiparticle ex- the K =2, « = 0 octupole state.
citation in the region where pairing should still be im- Fig. 4 shows a comparison between the experimen-
portant [3]; indeed, large energy gaps which appear in tal dynamic moments of inertia® of bands 2 and 3
guasiparticle Routhians at superdeformation persist to and the results of the RPA calculations [26] for these
high spins. lowest predicted octupole states; it is clear that the
In contrast, all of the above points support the behaviour of the bands is quite well reproduced. The
interpretation of band 3 as an octupole vibrational only discrepancy between the calculations for the low-
state. The most natural explanation of the enhancedest octupole mode and the results for band 3 is that the
E1 transitions is the presence of octupole correlations. measured3(E1) values are larger than the values pre-
Recent RPA calculations by Nakatsukasa et al. [26] dicted by the RPA calculations. The situation is simi-
suggest that the lowest excitations'ffPb will be the  lar to 19%Hg, where SD band 2 is also explained as the
K = 2 octupole states. The signature partners basedK = 2, « = 1 octupole vibration [7,10,26,27]. Experi-
on this state (which are calculated to be degenerate mental and calculateB(E1) values for these states are
over a large frequency range) are predicted to lie about compared in Table 1. The same quantities are included
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Table 1 nomenon is wide spread in the= 190 region of su-
Experimental and calculateB(E1) values (in Wu) for transitions perdeformation.

between excitedK = 2,« = 1) and yrast K = 0, @ = 0) SD bands

in the A = 190 region
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