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Lifetimes in the yrast and an octupole-vibrational superdeformed band in°Pb
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Lifetimes have been measured for states in the \tzmtd 2 and an excited superdeformed babdnd 2
in 19Pb. The excited band is thought to be built on an octupole vibration, rather than a quasiparticle excitation.
Centroid shifts and line shapes of transitionsyimay coincidence spectra measured with the EUROBALL
spectrometer have been analyzed. The transition quadrupole moments deduced from these data for the yrast
and the excited superdeformed band are identical within the experimental uncertainties. This result shows that
the excited band is not built on different deformation-driving orbitals compared to band 1. It is compatible with
the previous suggestion of an octupole-vibrational excitation for the signature partner bands 2 and 3.
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I. INTRODUCTION [8—12. Such measurements provide invaluable information
on the orbitals forming the nucleonic configurations of the
In recent years, a large number of superdeforrf®d)  SD states. Recent work has also indicated that several of the
rotational bands has been observed in nuclei in the massxcited bands in even-even nuclei are based on octupole vi-
~190 region[1]. In order to make reliable assignments of brations, rather than quasiparticle excitatiofi§12—-13.
nucleonic configurations to these bands, it is essential thdtlere, we present results on lifetime measurements of SD
spectroscopic information beyond transition energies bestates in'®Pb which support this interpretation.
comes available. The largey-ray spectrometer arrays In 1%Ppb four SD bands are knowi6,17. One of the
EUROBALL [2] and GAMMASPHERE[3] have allowed excited band$SD band 3 decays into the yrast SD band via
great progress to be made in this respect, e.g., it has beaeveral very enhanced electric dipole transitiph3] with
possible to establish the linking transitions to normal-B(E1) values of~10~ 4 W.u. Together with theoretical cal-
deformed(ND) states in'%Hg [4,5] and 1°¥Pb [6,7], thus  culations[14,18, these results strongly suggest that band 3
determining spins and transition energies. Furthermore, trarand its signature partner band 2 are built on an octupole
sitions between SD bands in several nuclei were observedbration in the SD potential energy minimum &%Pb.
In this work, we report on a measurement of lifetimes of
states within the yrast SD band 1 and the excited SD band 2.
*Present address: Nuclear Science Division, Lawrence Berkelelifetimes of states in the yrast band have been measured
Nat. Lab., Berkeley, CA 94720. previously[19], but for the excited bands no lifetime infor-
TPresent address: CSNSM Orsay, IN2P3/CNRS, F-91405 Orsagnation exists. As the analysis of Doppler shifts of transitions
Campus, France. in the two bands was performed onray spectra obtained
*Present address: Department of Nuclear Physics, RSPhS, Austrander identical conditions, the relative quadrupole moments
lian Nat. University, Canberra ACT 0200, Australia. deduced from the lifetimes are very reliable. We find that the
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guadrupole moments for the yrast SD band 1 and for SD
band 2 are identical within the experimental uncertainties.
This result is compatible with the assignment of band 2 as an _ 60 |
octupole vibration. Such an excitation should have no large
effect on the deformation, as it involves many different com-

Y
ponents in the wave function. If band 2 would instead be 207 ] ﬁﬂwm _ HHWW JL 1
based on an excitation involving strongly deformation- omﬂfl“ﬂw “UW\WW il J UW“., N W’Uﬁ:ﬂfun‘ﬂf‘
driving quasiparticle orbitals, like theN=61i,3, or N 0 = 156.15° ﬁ ﬁ HJ HJ FH
3 . -

1
=7 j1gp intruder orbitals, a deviation in the deformation 150 §
8
In the following section the experimental methods and § 100y
results are described. In the last section the results are dis g L y
cussed, followed by a brief summary. W wa “J‘]WAMMJ\L
' : 600

from the yrast SD band would be expected.
0 400 500 700

80 | 6=346

Counts

4t

469.0
508.3

46.7
620.1
654.9]

5.

E, [keV]
II. EXPERIMENTAL METHODS AND RESULTS

. . . . . FIG. 1. Triple-gated background-subtracted spectra of the yrast
9
High-spin states in*®Pb were populated in the reaction SD band 1 from the ring of forward detectors at 34@3per panel

170z (30c; i
OEr( 8'14_n) at a beam energy of 144 MeV, tf#Si beam and the ring of backward detectors at 156(Rfwer panel. The
being provided by the VIVITRON Tandem accelerator at thepeays are marked with their unshifteray energy. A transition

Institute de Recherches Subatomiques, Strasbourg. The t8fsm the ND level scheme is markad
get consisted of an enrichédr foil of 1.65 mg/cnd thick-

ness on a 6.64-mg/cathick Au backing. Gamma-ray coin- . .
cidences were measured with the EUROBALL-lIv c@ accuracy, but here we could use the side-feeding model

spectrometef2]. It comprises 30 Compton-suppressed Con_test_eq for the yrast SD band. For that band the intensity was
ufficient to analyze spectra with both, gates above and be-

ventional Ge detectors and 26 clover and 15 cluster compo i !

ite Ge detectors. At the time of the experiment 230 individual ow the transmons_of Interest. . .
Ge detector crystals were operational. An inner ball of 210 The centroid-shift analysis was carried OUt. n th_e follow-
BGO scintillators was used as a multiplicity filter. Coinci- ing manner. From the centroids of th)era_ly lines in the .
dence events were recorded when four or more Ge detectof@&ctra of both bands measured at the different angles with
before Compton suppression and five or more BGO detectof$SPECt 10 the beam direction, the fractional Doppler shifts
of the inner ball gave coincident signals. After the presorting” (7) = ((E(©)) —Eo)/EoBmaxc0s® are determined. Here,

of the data, in which gain matching, pile-up suppression, and

add back for the composite detectors was carried out and a 1
window was set on the prompt time peak, a total of 1.1
x 10° events with coincidence folg:3 remained. These data

were stored in @LUE databas¢20] which was used for the £ 05
further analysis.

For the Doppler-shift analysis the Ge crystals of the 0
EUROBALL spectrometer can be grouped into eight rings at
the following average angles with respect to the beam direc- b}

tion: 15.5°, 34.6°, 52.3°, 76.6°, 103.3°, 129.7°, 137.1°, and &,

156.2°. Spectra were created for each of these angles for

both bands from th&LUE database. Combinations of three

energy gates on transitions of the respective bands were re- 0 ‘

quired. As an example, Fig. 1 shows two such spectra from

forward and backward detectors for the yrast SD band 1.

Spectra from the near-90° detectors were used to locate pos- go.s .

sible contaminations at the position of the shifted peaks in

the spectra from the forward and backward detectors. 0
Two Doppler-shift attenuation method®SAM'’s), the o 460 560 po 0

analysis of centroid shifts and of line shapes, were used to E [keV]

determine lifetimes in the SD bands. It is well known that !

lifetime measurements by Doppler-shift methods suffer from £ 5 Fractional Doppler shifts(7) for the yrast SD band

the problem of unknown side-feeding lifetimes. In high- [panels(a) and(b)] and SD band fpanel(c)] in 1Pb. For the yrast
statistics coincidence measurements this problem can b€p pand spectra created with gates belpanel ()] and above
solved by setting gates on transitions above the states f@panel (b)] the transitions of interest were analyzed. The curves
which the lifetimes are to be determined, thus eliminating th&epresent calculated shifts assuming constant quadrupole moments
side feeding into these states. For band 2 only spectra witfor each bandsee text for details The dashed curve corresponds to
gates below the transitions of interest had sufficient statistia fit with slightly different quadrupole moments.
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TABLE I. Results of the centroid-shift analysis for the yrast SD spectra with gates below and above the transitions of inter-
band 1 and the excited SD band 2'ftiPb. est, for SD band 2 only spectra gated below the transitions of
interest had sufficient statistics.

Band Gating Q [b] Qst [b] To fit calculated line shapes to the measured spectra a
Yrast SD 1 below 17.813 16.0'11 program described by Gascenal. [24] was used_. In a first
above 18.9'9/ step of the calculation,_g Monte Carlo simulation of 6000
Excited SD 2 below 19.8'9/ 17.8°97 histories of nuclei recoiling through the target and stopper

foils is performed. Starting with the initial recoil velocity,
Umax/C=1.53%, this results in statistical velocity distribu-
E, is the energy of the unshifted line, angl,..=una/C  tions at about 850 different times with time intervals of 1 fs.
=1.53% was calculated from the reaction parameters for thé the second step, the details of the detector geometry are
center of the targef(7) is determined by a linear fit to the taken into account and a line shape for each decay time is
experimental values ofE,(®)) plotted as a function of calculated, using the velocity distributions obtained in the
cos®. TheseF(7) values are displayed as a function of first step and the stopping powers. The side-feeding and stop-
y-ray energy in Fig. 2. ping powers were treated in a similar way as in thgr)

F(7) curves were calculated using a program developednalysis described above. Finally, the theoretical line shapes
by Moore et al. [21]. In the program a rotational cascade are fitted to the experimental ones with the quadrupole mo-
with a constant transition quadrupole mome€nts assumed. ments as free parameters. Figure 3 shows examples of the
Where spectra with coincidence gates below the transition oéxperimental line shapes of transitions in SD band 2 together
interest were used, the side feeding was modeled by a cag/th results of the fits. These examples demonstrate the low
cade of five transitions with a constant quadrupole momenstatistics in the individual spectra, particularly for band 2.
Qg and with a constant dynamic moment of inertiaJ6f) However, final values for the quadrupole moments are aver-
=11012/MeV. This corresponds to the average moments ofiges of the ones determined from many such spectra.
inertia of the known SD bands in the range of rotational In the fitting procedure, starting values for the quadrupole
frequencies where the lifetimes are determined. The sidemoments were taken from the results of fhér) analysis,
feeding intensities are obtained from the measuredy in-  and each line shape was first fitted individually in the spectra
tensities within the bands. The electronic stopping powersrom the forward, near-90° and backward detectors. The line
were calculated using the tables of Ziegi¢ral.[22] and the  shapes of three consecutive transitions in each band were
nuclear component was treated according to the theory dhen fitted simultaneously. In this way, several values for the
Lindhardet al. [23]. The calculated=(7) curves were fitted in-band transition quadrupole momen@ and the side-
to the data with the quadrupole momefisandQg; as free  feeding quadrupole momen® were obtained for each
parameters. The results are summarized in Table |. Thetate which agreed within the limits of error. The adopted
quoted errors include the statistical uncertainties and the coralues, which are averages of these quadrupole moments, are
variance between the fit parameters. The systematic uncesummarized in Table Il and compared graphically in Fig. 4.
tainties associated with the stopping powers are not included’he uncertainties of the values given in the table were ob-

In addition to the fractional shifts, line shapes of a numbertained by taking the statistical and systematic errors into ac-
of transitions in both bands were analyzed. For the yrast SI8ount, the latter being estimated by varying fitting param-
band the line shapes of the nine transitions between 387 araters, starting values and assumptions on the side feeding.
688 keV could be analyzed and for the SD band 2 the shapéekhe uncertainties introduced by the stopping powers are not
of the five transitions between 447 and 594 kEM,17] included.
could be fitted. For the yrast SD band we used coincidence Inspection of Table Il shows that the side-feeding quadru-
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TABLE II. Results of the Doppler-shift line shape analysis of transitions in the ybasid 2 and excited
SD band(band 2 in 1%Pb.

Band TransitiorTkeV] Q; [b] B(E2) [W.u.] 7[ps| Q: [b]
Yrast SD 1 387 204817 209Gt 350 0.66-0.11 13.3:2.0
Gating below 429 21918 252(3-410 0.33-0.06 18.%+1.7
469 21.2:1.7 237G-380 0.22-0.04 17.21.5
508 21.91.5 2540t 350 0.14-0.02 17.7x1.4
547 20.2:1.8 2170390 0.110.02 14.6:1.7
584 20.4-1.6 221G+ 350 0.08@-0.013 18.81.6
620 18.2:1.6 1770G: 310 0.0750.013 16.6:1.6
655 22.5-1.8 2710-430 0.0370.006 19.51.7
688 17.8:2.0 1700t 380 0.046-0.010 14.2-1.9
Yrast SD 1 387 1861.6 1800t 310 0.770.13
Gating above 429 20#41.8 212G+ 380 0.39-0.07
469 19.2:1.8 1940 360 0.270.05
508 20.2-1.8 2160390 0.170.03
547 19.2£1.6 1960t 330 0.13-0.02
584 21.0:1.8 2350400 0.076-0.013
620 15.7#2.5 1320+ 420 0.10@-0.032
655 21.2-1.8 2400-400 0.042-0.007
Excited SD 2 447 16%2.0 1470t 350 0.46-0.11 16.241.9
Gating below 485 1982.2 2070460 0.22-0.05 18.4-1.6
522 19.3r1.9 1980+ 390 0.16-0.03 17.1%1.4
558 20.6-1.7 226G-370 0.098-0.016 18.6:1.5
594 19.6:2.1 2050t 440 0.08(:0.017 19.31.8

pole moment®) are generally similar or somewhat smaller

" ‘ than the transition quadrupole mome@ts Furthermore, for
%t ' ] SD band 1 the transition quadrupole moments obtained from
:20 :::::%::::gi::::;{%:::E::::%:::::::::::::i:::::::: ] spectra gated above and below the transitions of interest
Te % agree within the limits of error. This consistency gives con-
15¢ ] fidence in the treatment of the side feeding.
10 + } } }
sl ] IIl. DISCUSSION
Eopf S SO S S SR WU SN Combining all the experimental results, the weighted av-
ot gL % erage values for the transition quadrupole moments of the
15y ] yrast SD band 1 and the excited SD band 2 &g
10 : : ! i =19.7(3) b andQ;=19.5(5) b, respectively. Within the ex-
- 0 ] perimental uncertainties the quadrupole moments and thus
z the deformations in the two bands are identical. Our value
5.20 g ;;;:;:-:;::%::::JIE:::%::::%::::::: ; for the yrast SD band is in agreement with previous results
51 § [19] with an average 0€Q;=19.5(4) b.
In SD °%Pb the excited bands 2 and 3 have been inter-
10300 4(']0 560 6[‘]0 ' 760 preted as signature partner bands based on an octupole vibra-
E, lkeV] tion [13]. This interpretation is supported by the unusually

large transition rates~10 * W.u.) of the E1 interband

FIG. 4. Transition quadrupole moments as a function of transi-tranSitions between band 3 and the yrast SD band. Further-

tion energy for the yrasipanels(a) and (b)] and excited SD band More, band 3 'SleXC'tEd by apprOXImater 845 keV relative to
[panel (c)] derived from the line shape analysis. For the yrast Spthe yrast band, if extrapolated to spin 0, which is less than
band spectra created with both, gating be[panel(a)] and above  Would be expected if it were to correspond to a quasiparticle
[panel (b)] the transitions of interest were analyzed. The averageeXcitation.

values of 20.%5), 19.46), and 19.27) b are indicated by the solid The properties of the excited SD bands of even-even nu-
and dashed lines in pandla), (b), and(c), respectively. clei in the A=190 region have been well reproduced in
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random-phase approximatigRPA) calculationd15,18 and  of 19.55) b. Thus the strong enhancement of the interband
in calculations using the generator-coordinate mettet. E1 transitions B(E1)~10 4 W.u., that was derived in the
These calculations suggest that most, if not all, of the exciteghrevious work is confirmed.
bands are based on collective octupole vibrations. The pres- Finally, we want to comment on the behavior of the quad-
ently available experimental informatid6,12,13 seems to  rupole moments within the bands. The values given in Table
support this conjecture. FoP®Pb the lowest excitation is Il and Fig. 4 show tha®, remains fairly constant over the
predicted to be th& =2 octupole state and bands 2 and 3measured range for both bands, although there seems to be a
should be thea=0 and 1 signature partners, respectively,small decrease at the lowest spin in band 2. This indicates
built on that excitation. The calculations also show that onlythat the deformations of the bands do not change with in-
the =1 band 3 will exhibit a strong decay to the yrast SD creasing spin. On the other hand, the dynamic moments of
band, as is observed in experiméh8]. Such decay becomes inertia 3 of the yrast and excited SD bands'i#fPb show
possible through mixing with lowelk- components in the an increase with increasing rotational frequency. Similar ob-
wave function, which is much larger for the=1 band 3 servations have been made for other SD bands in this mass
than for thea=0 band 2[15,18|. region and it has been argu¢d5-27 that the observed
For an octupole vibration it may be assumed that the deehanges irf®) are not due to deformation changes, but re-
formation and hence the quadrupole moment is similar tesult from a gradual alignment of quasiparticles combined
that of the yrast band. An octupole vibration may be de-with a pairing reduction. Furthermore, the moments of iner-
scribed by superpositions of a large number of two-tia of the excited bands itP®b are somewhat larger at low
quasiparticle states, each of which comprises only a smalind medium frequency than those of the yrast band but the
fraction of the total amplitude of the wave function. As transition quadrupole moments for the individual states are
pointed out by Nakatsukass al. [18], for the lowesta=1 identical within the limits of error; see Fig. 4.
octupole state in'%Pb the largest component of the total
wave function, which is a two-quasineutron excitation occu- IV. SUMMARY
pying N=5 andN=6 orbitals, has an amplitude aft,=0

L . In summary, lifetime measurements have been performed
which is less than 10% of the total amplitude. The largest . ’ 1
component associated with intruder orbitals from Mwe 7 using the DSAM for the SD bands 1 and 21iPb. For both

shell has an amplitude df/{2=0.04 atw,q=0. This ampli- bands fractional Doppler shifts as well as line shapes have
tude still decreases towards higher rotational frequencie:%).een analyzed. For the yrast SD band 1 the rgs_,ults ob?amed
Thus the blocking ofN=7 intruder orbitals is extremely fom spectra gated above and below the traf.‘?'“ons of inter-
weak in the octupole vibrational excitation, which results inest could be compared. The average transition quadrupole

a similar deformation of SD bands 2 and 3 and the yrast S oments,Qy=19.7(3) b andQ;=19.5(5) b for the two
band. Indeed, our average experimental quadrupole mome gnds agree'wm'un the e_xp_erlmental error. This shows that
are the same for the yrast and excited SD band. On the oth € deformatlon IS very similar in the wo baf?ds as can b_e
hand, if the excited band would correspond to a quasiparticl f;PoenCt?rig baggrz '§|garﬁsdmgstsgfotcﬁgpgﬁ'\-’ébr;“;g?é?; '(;
excitation, rather than an octupole vibration, the deformatio lon. _guadrup individual

constant within the bands. They do not reflect the increase of

of bands 1 and 2 could be rather different. In particular, if thethe dynamical moments of inertia as a function of rotational
content of highrN=6 andN=7 intruder orbitals involved y

in the configuration of band 2 was significantly different, frequency which is caused by alignment effects and not by a

their strong deformation-driving effects could lead to a Siz_deformatlon change.
able difference in the quadrupole moments. For instance, a
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