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Superdeformed quasicontinuum feeding of the superdeformed yrast band it*’Ce
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A superdeformedSD) quasicontinuum in3*Ce is experimentally characterized from rotational ridgeg-in
v correlation matrices. Evidence for a partial feeding of the SD yrast rotational band through highly deformed
states is given. The evolution of the rotational transition strength as a function of the angular frequency is
shown. A weak rotational damping is inferrd0556-28138)02207-9

PACS numbe(s): 21.10.Re, 21.10.Ma, 21.60.Ev, 23.20.Lv

The superdeformedSD) bands observed in nuclei &  in the contribution to the alignment of single particlés,)
~130 mass region present particular features, as they aibe residual interaction) between single particle states, of
associated with a less deformed shape of the nuclgus (Which the strength depends on the mean separation of states
~0.4) and they are populated over a larger spin range lead4]- One defines, as a collective yield, the rotational damping

ing to a higher total intensity than observed in the other masdth [T'wo{1)] @s the dispersion of the rotational strength at
regions. In this region of mass, tHé“Ce plays an important the angular momenturi { over dlffgrent rotafuonal partners
! qat angular momentuml ¢ 2). A review of this problem in

role as a reference for the other nuclei in the neighborhood; hich the quasicontinuum’ spectrum has been analyzed by

;n??ﬁd’ﬁ': Its tlirr]nthls péa[;tfulr?@rl?ucrléursntr;atrhas rt])ttlee?hobﬁrertve atistical fluctuation methods for normally deformed and SD
or the 1irs ea a a ore recently tn€ 1irst - clei can be found in Ref5]. Specifically in the second

excited SD bands in this mass regiff]. Furthermore the inimum of the potential well, important contributions to the
SD cerium nuclei seem to have a different behavior than th%uasicontinuum features have been made inAthel50[6—
SD neodinium nuclei concerning the deexcitation of the SD8] and in theA~ 190[9] mass regions. In this paper we try to

band, being closer to that found in tie-150 andA~190  jjystrate the main trends of this complex phenomenon, by a
mass regions, showing a huge fragmentation in the decay odfmple treatment of the data, showing the effect of a strong
process. deformation at very high angular momentum on thdecay

Although the observation of a rotational SD quasicon-flow process of the SD rotational quasicontinuum*iiCe
tinuum in theA~150 mass region has preceded the obserand its linking with the discrete superdeformed yrast band, in
vation of the discrete SD rotational banf®, most of the a region of mass still unexplored on this point. The experi-
experimental results concern the discrete SD bands. Thaents were performed with the gamma array of second gen-
study of the nondiscrete SD excited states allows us to leararation EUROGAM in its two versions, phase (42
about the highly collective excitations of a fermionic systemCompton-suppressed large volume Ge detertansl phase
at nonzero temperature, where rotational transition strength (30 phase | type detectors plus 24 Compton-suppressed
becomes fragmented due to the residual interaction whichlover Ge detectoyg10], at the Nuclear Structure Facility at
mixes close-lying states, leading to a damping of the rotaDaresbury and at the Centre de Recherches direle at
tional motion. The rotational dynamics of a warm nucleusStrasbourg, respectively. In both experiments, the nucleus
with a high density of states may be described by three dif*3Ce was produced in th&* Mo(3°S, 4n) reaction, with a
ferent contributions, all of them depending on the excitation155 MeV S beam impinging on a self-supportind®™o
energy U): (i) the damping width of the excited statds,),  thin target of 615ug/cnt. The qualitative difference be-
related to their half-lives £=#/I",,), (ii) the dispersion in tween the first and second generatiomoérrays resides in
the angular frequenci (% ), mainly due to the dispersion the possibility to get high fold f(=3) Compton-suppressed

y coincidences. In the first experiment, a total ok T0P
events with suppressed fold3 were collected, while in the
*Present address: GSlI, PlanckstralBe 1, D-64291 Darmstadt, Ggshase |l experiment 10events with a suppressed fofdl5
many. were obtained for the same time of measurement.
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FIG. 1. Projection from 100 to 2000 keV of the matrix twofold conditioned by the yrast SD bariéf®@é (a) compared tab) the
projection of the same matrix with the background removed by the local métieadtext In inset is compared parts of these projections
around a SD photopeak energy 1125 keV. It is shown that the method proposed in this work improves the peak/background ratio from 0.22
to 0.41 at thisy energy.

To determine the rotational character of the quasiconfidges as a function of the angular frequency may be ana-
tinuum transitions coming from the deexcitation of thelyzed.
evaporation residue, thgy correlation matrices and the an-  In this purpose, the projections perpendicular to the main
gular distribution have been analyzed. Indeed, in two-diagonal of a matrix twofold conditioned by the SD-yrast
dimensional matrices, discrete transitions between rotationddand for an average rotational frequenty=0.65, 0.75,
states give rise to a regular grid of photopeaks, whereas quand 0.85 MeV have been built and are shown in Fig. 2.
sicontinuum transitions form ridges parallel to the main di-These projections correspond to different but overlapping
agonal[11], of which the valley in between is characteristic energy slices of 400 keV width, ranging from 1.1 to 1.9
of the effective moment of inertia of the nucleus. A methodMeV. The ridges shown in Fig.(B) are the result of a sum
[12] was developed to enhance the rotational ridges in thef slices set on the SD discrete transitions observed in the
-y correlation matrices, which allows to see the structure ofespective 400 keV energy intervals. The ridges shown in
ridges up to high ordeffourth and fifth in the projection on  Fig. 2@ are the sum of the slices set in between all the ND
the perpendicular to the main diagonal of the matrix. Thisand SD known discrete transitions. To be certain that no
method is a generalization of the widely used “Copenhagercontribution to the ridges arises from any unknown discrete
method” [13], treating the matrix in a local way by defining transition, the matrix was sliced perpendicularly to the main
for each of its points a square neighborhood sufficiently largaliagonal from 1.1 to 1.9 MeV, into cuts of 20 keV width.
to have a good reference of the local background but smakny cut that showed a photopeak was rejected from the sum.
enough to avoid in the same square the presence of the other The fifth order ridge observed in Fig(8 for the lower
photopeak coincidences coming from the same rotationalotational frequencies, reflects the large numid&) of tran-
band. The side length of the neighborhood is chosen by ogsitions constituting the yrast SD band, and thus the high
timizing the peak-to-background ratio in the total projection.probability to observe coincidences between nonconsecutive
In the particular case described here, the side of the neighransitions. In Table | the intensity ratios between the high
borhood was 50 channe( keV/channel The projection on  order ridges and the first order ridge are shown, for both
the resulting matrix is compared to the projection of the rawtypes of ridgeqdiscrete and quasicontinuynThe intensity
matrix on Fig. 1. The peak to background ratio is improvedratio of 0.9 between the second and the first ridge of discrete
by a factor of 2, and a clearer ridge structure appears. As thgansitions is correlated to the high intraband multiplicity of
method is not well adapted to preserve all the quasiconthe events associated with the SD yrast band. The ridge pat-
tinuum spectrum, it is not possible to compare quantitativelytern formed by the quasicontinuum transitions is shown in
total intensities between discrete and quasicontinuum contriFig. 2(@). Ridges are observed up to the third order for the
butions in one matrix, but the qualitative evolution of the average rotational frequendyw= 0.65 MeV. This shows
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FIG. 2. Evolution of rotational ridges of the matrix twofold conditioned by the yrast SD barld®6g as a function of the rotational
frequency.(a) Projections of slices perpendicular to the main diagonal set in between all SD transitions and normal transitiongbknown.
Projections of slices perpendicular to the main diagonal set on discrete SD transitions. The average rotational energy is taken to be half of
the averagey energy corresponding to each slice, following the cranking approximation.

that the associated quasicontinuum rotational bands presenffable ) is important compared to other observed values
smaller number of transitions, but sufficiently high to show a[14]. However, this ratio is lower than the value observed for
third order ridge. This is consistent with the wide range ofthe SD yrast band. This relative change in the intensity ratio
spin over which the SD yrast band is fed 264) [2] as is  between the first and the second order ridge is related to the
shown in inset of Fig. 3. The rotational quasicontinuum pro-higher excitation energy of the quasicontinuum states.
vides thus a longy cascade and therefore the observation of The presence of quasicontinuum SD ridges in the
high multiplicity events. Indeed, the intensity ratio of 0.6 of matrix strongly correlated to the SD yrast band provides the
the second order ridge relative to the first order ¢see  gyidence of a partial feeding of the discrete SD states by a
rotational quasicontinuum. These transitions are shown in
TABLE I. n is the order of the ridgeAE is the position of the  Fig, 3. This spectrum was obtained with the unfolded sub-
nth ridge in keV, FWHM its full width at half maximum, arld, is  straction[15] taking into account the response function of
the rgtio of intensity between theth rid_ge a_nd the first one. They EUROGAM | to substract the Compton background.
are displayed for both types of transitiofdiscrete and quasicon- e otational character of these quasicontinuum transi-

tinuum) as well as the associated average of the effective momer{tIons may be stressed by the analysis of angular distribution

of inertia. 4 ;
of yrays. As the EUROGAM | multidetector is composed of
11<E,<15 13%E,<17 15E,<19 six rings of det'ectors placed at angles 72, 94, 108, 126, and
n 1 2 3 4 1 2 3 1 2 13 158 degrees with respect to the beam direction, spectra three-
: fold and twofold conditioned by the superdeformed yrast
Discrete , , , band of *3Ce have been built for each ring. The resulting
(Jer) 57.1:* MeV~! 54.1* MeV™! 47.1% MeV™'  twofold conditioned spectra have been substracted to the cor-
AE (keV) 70 136 202 267 74 145 212 85 165 236 responding threefold conditioned ones. The substraction fac-

FWHM (kev) 10 10 10 11 12 14 13 15 17 15 tor was determined according to the ratio between statistical
R, 1009 09 08 1.0 09 08 1.0 09 0.6 tails of both type of spectra in the ring placed at the angle

Continuum 94°. As a result, for each angle a spectrum similar to the one
(Jer) 50.11% MeV™! 48.21%2 MeV™! 42.6:%2 MeV? of Fig. 3 is observed, showing a bump of quasicontinuum
AE (keV) 79 151 215 83 160 227 94 transitions in coincidence with the SD band. The intensity of
FWHM (keV) 26 30 35 30 34 35 40 this continuum was then measured for each angle. The re-
R, 1.0 06 04 1.0 06 05 1.0 sulting angular distribution is shown on Fig. 4, in compari-

son with the angular distribution resulting from the same
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FIG. 3. Spectrum threefold conditioned by the yrast superdeformed baiti@d. The substracted background was a twofold condi-
tioned spectrum by the same transitions. Both spectra were normalized with respect to their statistical tkils; 2€2,MeV. The inset
shows the intensity of the superdeformed continui@pen circleg in the 4n channel, as a percentage of the total yield intensity. It is
compared to the intensity of the yrast superdeformed Hatatg. Error bars take into account statistical and background substraction
fluctuations.

spectra, for the 2—0" stretched quadrupolar transition. SD yrast band in the inset of Fig. 3. After normalization of
The asymmetry parameters resulting of the fit from the datahe total statistics in both matrices relative to the intensity of
show that the main component of these transitions is ofhe 2" —0™ transition observed in each matrix, the intensity
stretched quadrupolar character. ratio between the two ridges far energies ranging from 1.1
To estimate the percentage of this particular feeding wittto 1.9 MeV is estimated to be 30%. This result indicates that
respect to the entire SD quasicontinuum in threeéhannel, a minimum value of at least 30% of the total rotational qua-
the intensities of the quasicontinuum first order ridges desicontinuum is decaying toward the SD yrast band in this
fined by 70 ke\W<AE,<90 keV in two different matrices range ofy energies.
have been compared: one of them conditioned by the 4 This particular feeding by a SD quasicontinuum reveals
channel and requiring at least two transitions deexciting théhe existence of links between the quasicontinuum structure
normally deformedND) yrast states and the other strongly and the SD yrast one. These linking transitions may be pro-
correlated to the SD yrast transitions as explained above. Thduced by a gradual approach of both structures. This gradual
intensity of the quasicontinuum in then&hannel picked up approach would trigger at an angular momentwtlJ), a
in this way is displayed and compared to the intensity of thdunction of the intrinsic excitation energy)(, the transitions
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FIG. 4. Angular distribution in polar coordi-
Asin® 6 - nates of the quasicontinuum in coincidence with
the superdeformed yrast band BfCe (crosses
5 - The given asymmetry parameters are extracted
al from the fit of experimental point&iamonds.
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FIG. 5. Evolution of the first order ridge coming frof@) the discrete angb) the quasicontinuum bands as a function of the rotational
frequency. Centroids and FWHM of ridges are indicated on the figure in keV units.

linking the highly deformed quasicontinuum to the discretetive excitation energy of the quasicontinuum bands with re-
SD states via a selective mechanism in which the similaspect to the discrete SD states decreases with decreasing an-
deformed wave functions interact in a region of high densitygular momentum. This experimental observation could

states. explain the less extended plateau in the intensity pattern with
The position of the first order ridgeSE,, is related to the ~ respect to the nuclei in the mass regin-150, where a
effective moment of inertia by the relatiodey=4/AE., . quasicontinuum associated with a more deformed shape of

This effective moment of inertia is an average of the dynami-the nucleus has been reported, which inhibits this gradual
cal moment of inertia]® that gives a local information appl'rr?aCh'dth fth conti s | lated t
about the changes in the nuclear structure due to the evoll,[lr-1 e wi of the quasicontinuum ridges 1S correlated to

tion of the alignmentsmooth changgsand eventually the e spread out of the moment of inertia of the ro_tatlonal
crossing between the single particle staaisrupt chang@s band_s at nonzero temperatures anq the probable existence of
rotational damping. The widtffull width at half maximum

The values of the effective moment of inertia associated wit FWHM)] of the first discrete ridge is 10 keV while the
the discrete and quasicontinuum rotational motion are giveR, .- «icontinuum ridge is 26 keV width at the 0.65 MeV ro-
in Table I. The rotational quasicontinuum presents a sligh{stional frequency. The higher order ridges show a similar

but systematic deformation difference with respect to the disgatio of broadening, between discrete and quasicontinuum
crete SD bands, whereas the discrete excited SD bands shq

oughly the same deformation as he SD yrast (AR ooes (1 038,11~ 0.40, andiy 20,37 see Table . Tuo |
The effective moment of inertia associated with these non of broadening of the rotational ridgés: the variation

guasicontinuum rotational bands is estimated for a rotationag]c the dynamical moment of inertia, ar{d) the rotational
frequency of 0.65 MeV to be G MeV ™. Itis interesting amping associated with the spreading in the rotational fre-
to note that assuming the nucleus as a rigid prolate e”'pso'cguencies coming from the single-particle alignments and the
the moment of inertia associated with the yrast SD Stateéorresponding widths of these statdd,]. In order to study
would correspond to a slightly more deformed ellipsoid asthese two contributions from the experimental data, two
for the quasicontinuum bands. However, to give a precisgjices of the matrix lying between 1100 to 1300 keV and
value of the deformation of the nucleus associated with thg 300 to 1500 keV have been projected selecting the discrete
quasicontinuum transitions, it would be interesting to per-and the quasicontinuum bands reported(@sand (b), re-
form lifetime measurements with a thick target, as it wasspectively, in Fig. 5. From this figure it may be inferred that
done in Ref[17]. The slightly less deformed shape associ-the relative shifts in the average effective moment of inertia
ated with quasicontinuum bands would imply a larger curva-AJ.;/J due to the variation of the average rotational fre-
ture of the corresponding parabolas representating the rotauuency in the discrete band and in the quasicontinuum rota-
tional state€€=(%2/2J)1(1 + 1) in the E*,1) plane than the tional bands are quite similakJqg/J.=6/68 and 7/74, re-
curvature associated to the SD yrast line. Therefore the relaspectively, for aAZw=(0.7—-0.6) MeV=0.1 MeV. However,
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it is possible to appreciate the more important effect of the Our observations suggest that only at the highest average
damping width on the broadening of the quasicontinuunyotational frequency reported here does the rotational con-
ridge. Indeed, from Fig. 5, a difference in the discrete ridge;n,m lie at an excitation energy where the rotational damp-
width of 37% is observed for d4w=0.1 MeV. This in- o4 starts 1o wash out the rotational features. From this ob-

crease in the width of the ridge may be correlated to th . . . o .
associated change in the morr?ent ofyinertia. An increase grervation, following the model cited aboi4], it is possible

53% in the ridge width is observed for the quasicontinuumt© estimate the excitation energy of this rotational continuum
transitions. This increase is related to a weak rotationaét high angular momentuith ~ 50 %) to be about 1.7 MeV.
damping that starts to wash out the rotational correlation, as In conclusion, the superdeformed rotational quasicon-
th(&ltrqtat|onalb1‘lre(%|uec?cyd andﬁhe e?C'tﬁ‘“Ot?] enetrg%_/ '”Clrec?seiinuum features in the region of mag#s~130 have been

IS possible 1o divide schematically the rotational dy- explored by the study of different-y correlation matrices. It
namics of a warm nucleus in three main reginiépto un- . .
derstand where the rotational damping.), suggested has been shown experimentally that the SD yrast band in

o 13%Ce is fed by a highly deformed quasicontinuum of transi-

above, starts to influence the deexcitation of the nucleus. | ; .
the first regime, near the SD yrast line, the average levefONS W'th a quadrup_olar _Ch?‘r?‘Cter- From an analysis of th_e
spacing betwee’n the states which could ,be mixed by a tWo(gffectlve moment of inertia, it is suggested that these transi-
body residual interaction is larger than the damping widthtlons correspond 1o a slightly less deformed _shape of t_he
I' , of the rotational states. As a consequence near the S ucleus than for the SD yrast b?‘”d- A possible scenario,
yr/ést line and up to an excitation enertly, only discrete .ased on th.e' deformation 'assouat_ed to thg SD quasicon-
bands are found. At higher excitation energy, two additionafuum transitions, to explam_ the difference in the pla}teau
regimes may be considered: one regime in which the disperl[]tenslty pattern of SD bands m_tlﬁe: 130 mass region with
espect to the other mass regions has been presented. We

sion of frequency dominates, and the other one, at eve : N
higher temperature, where both the increment of the residu ave also analyzed the effect c.’f the rotational _damplng in the
’ D well of 13Ce. From experimental results it was shown

interaction with the angular momentum and the increasin hat the rotational d . lated to SD states | K and
damping width contribute together to the rotational dampin at the rotational damping refated to S stales Is weak, an
appears to be relevant only for the highest rotational fre-

(T'yop), producing a mixing of the different rotational states
with the consequent dispersion of the rotational intensity. Iuency-
the specific case of thA~130 mass region, following the Two of us(F.F. and D.S.are grateful to B. Haas and J.P.
general expressions to estimate these regimes presented\iivien for enlightening discussions. This work was sup-
Ref.[4], a value ofUy= 0.8 MeV is estimated for this de- ported in part by the exchange program between CNRS and
limiting value of excitation energy, taking the level density the Hungarian Academy of Science by the Hungarian scien-
parameter aa=A/10 for the SD well. tific Research Fund, OTKA under Contract No. 20655. The
At highest rotational frequencyiw~0.75 MeV) the first EUROGAM project was supported by grants from the
as well as the second order quasicontinuum ridge are stiEPSRC(U.K.) and IN2P3(France. Five of us(C.F., A.G.,
well defined showing that the rotational damping is not yet].G., J.A.P., D.S.acknowledge support from the exchange
important for these SD excited rotational bands. Only for theprogram between CNRS and the Royal Society. Two of us
highest rotational frequencyi~0.85 MeV) does the ridge (A.T.S. and J.N.W. acknowledge financial support from
structure start to be washed out in the background. This weakPSRC during the course of this work, and K.H. acknowl-
damping of rotational states confirms a strong matrix eleedges support from the University of York. One of(@5S)
ment connecting rotational states associated with a strontpanks the Institute for Nuclear Theory at the University of
deformation, preventing them from mixing with single par- Washington for its hospitality and the Department of Energy
ticle excited states. for partial support during the completion of this work.
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