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Decay out of superdeformed bands in the mass regioA=190 within a cluster approach

G. G. Adamian;® N. V. Antonenko® R. V. Jolos! Yu. V. Palchikov? W. Scheid® and T. M. Shneidman
LJoint Institute for Nuclear Research, 141980 Dubna, Russia
?Institute of Nuclear Physics, Tashkent 702132, Uzbekistan
3Institut fur Theoretische Physik der Justus—Liebig—Universitat, D-35392 Giessen, Germany
(Received 19 December 2003; published 19 May 3004

A cluster model is applied to the description of the decay out phenomenon of the yrast superdeformed states
in the nuclei 190192194 and 19219419 The model is based on the assumption that highly deformed
cluster-type shapes are produced by a collective motion of the nuclear system in the charge asymmetry
coordinate. As follows from our analysis, the sudden transition from the superdeformed minimum to the
normal deformed minimum occurs because of the crossing of superdeformed band with the nearest neighboring
excited normal deformed band and spreading of collective states among the compound states.
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I. INTRODUCTION sudden decay out. However, some numerical calculations

Over 200 superdeforme@SD) bands have been investi- have been rather schematic. For example, the coupling ma-
gated in different mass regior&=60, 80, 130, 150, and triX element between pure SD and ND states was used as
190) of the nuclide charf1]. While the rotational transitions Parameter and the assumption of an exponential angular mo-
between the SD states are easy to detect with modern @gentum dependence of this matrix element was made. The
arrays, it is hard to localize the SD bands in excitation enmicroscopical modefl17] describes well the sharpness of the
ergy, spin, and parity and to link them to the normal de-observed decay out iA=150 region. However, this model
formed(ND) bands[2—6]. This is because of the remarkable has difficulties inA=190 region that is considered in the
feature of the SD states: the intrabaBE#@ rotational transi- present paper. Therefore, the question what does trigger the
tions follow the band down with practically constant inten- sudden shape change at relatively low spin still needs to be
sity and drop sharply at some spin. The whole population ofliscussed.
the SD band goes practically to zero within two transitions. Strong collective dipole transitions between the excited
This phenomenon is referred to as the decay out of the SISD band and the lowest-energy SD band™ifGd, >y,
band. For example, the intraband intensities show that 449%°°1°Hg, 1°¢-1%Pp and between the SD band and the ND
and 49% of the decay out of the band of nucléd¥dg band in*Hg and***Pb have been observed in recent ex-
occurs from the SD levels with spin§=12" and 10, re-  periments[3,4,6,8,10,22—-24 This indicates the possibility
spectively[4]. The spectrum of transitions following decay that the decay out is affected by the existence of a pro-
out is dominated by unresolved, overlappipgays, which  nounced octupole deformation in the SD states. The experi-
form a statistical spectrum of the dipole charagte]. The  mentally measured properties of the excited SD bands in
one-step discrete collectivg rays to the yrast states also nuclei®Dy and!91921%4g have been interpreted in terms
originate from these levels, but they carry only a small frac-of a rotational band built on a collective octupole vibration
tion of the decay out of the SD states: for example, 1.99%425]. It is worth to note that octupole vibrational states built
from each of the level$"=12" and 10 of 1%4Hg [4]. Only  on the fission SD isomer iff®Pu have recently been reported
few discrete collective transitions between the SD and NDas well[26,27. Moreover, very large quadrupole deforma-
states have been also found in the nudi&iNd, 13%Pm, tions(B,) of the SD states can lead to octupole deformations
137Sm, 13%Gd, 5Dy, and°%1%b[1,3,5,4. because of the appearance of both positive and negative par-

The sudden disappearance of the SD bands at lowlspinity single-particle states near the Fermi surface at la#ge
~6-12 in theA=190 region[1,4—-6,8—10 and | =24-30 Among the microscopical approaches one can distinguish
in the A= 150 region[1,3] together with unobserved decay the cranked shell models using a few deformation parameters
path has raised many questions concerning the mechanism afid cluster models where the cluster degrees of freedom,
the decay out process. It has been suggested that the dedayen properly, allow us to simplify the treatment of nuclear
out is probably due to the mixing with ND states in the system in the space of collective coordinates. The coexist-
ordered or chaotic regimé¢$1-21. The models of Ref§11] ence of the clustering and of mean field aspects is a unique
attribute the suddenness of the decay out to the spin depefeature of nuclear many body systems. The calculations for
dence of the barrier separating the SD and ND wells. Thdight [28,29 and heavy nuclej30-34 have shown that the
sharp decay out is explained in R§L7] by the increase of configurations with large quadrupole and octupole deforma-
the tunneling probability from the SD minimum with de- tion parameters and the low-lying collective negative parity
creasing angular momenta which occurs due to the onset states are strongly related to clustering. The formation and
pairing. It is shown in Ref[12] that the onset of chaos in the dissolution of clusters in light nuclei have been described
ND states may also imply an enhancement of the tunnelingvithin antisymmetrized molecular dynamics appro42f].
probability and provide an alternative explanation for theThe a-cluster model has been used to describe the properties
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of the Iow-lying. alternating parity ND states in ac.tinides. U(72,1) =V(R=Ry, 72,1) +B1(7,) + By(7,) —B.  (3)
[34]. The experimental and theoretical results provide evi- _ _ )
dence for existence of fission modes by the clustering ofi€re, the internuclear distanB&Ry,=R,+R,+0.5 fm is the
fissioning nuclei[35]. The energy, multipole moments, and fouching distance between the clusters. Since the
moments of inertia of the cluster states have been found to J&/Z-€quilibrium mode is the fast one, the potential energy
close to those of the SD and HD staf&s]. Uis m_|n|m|zed with respect to the mass ggymme;prjor
Using the ideas mentioned above and the fact that th€ach fixed charge asymmetry. The quantitied, andB,
dynamics of a mirror asymmetric deformation can be treatedWhich are negativeare the experimental binding ener-
as a collective motion of nucleons between the two clustersJies of the clusters forming the DNS at a given mass
we apply the cluster approach for the description of SDASymmetryy andB is the binding energy of the nucleus.
bands and for the decay out phenomenon in the present pRUe to the normalization b, E(1=0)=0 for the ground
per. Such type of collective motion creates simultaneously &tate. The quantitW(R, 7z,1) in Eq. (3) is the nucleus-
deformation with even(for example, quadrupojeand odd  nucleus interaction potentiB8],
(dipole, octupolg multipolarities. The single particle degrees _
of freedom are not taken explicitly into considerationg. One V(R, 72,1) = V(R 72) + V(R 112) + Vi (R, 772,1)  (4)
should note that within the cluster approach we have dewith the Coulomb V., the centrifugal V,q=#%2(l

scribed recently the decay out of the SD band®%n by  +1)/[23(,)], and the nuclear interactiov, potentials. The

discrete transitions to the ND barfge6]. potential energy(|7;|/=1,1) for mononucleus is calculated
as
!l MODEL U7z = 1) =U(lmz] = 1, = 0) + £21(1 + DI[23(| 7 = D)].
The important modes of nuclear excitations are related to (5

a motion in chargey,=(Z,-2,)/(Z;+2Z,) and masspy=(A;

. . -
_ A/ (Ay+A,) asymmetry coordinates, wheZg (A,) andZ, Calculating the potential energy for mononucleus, ‘Li,

; 8Be, 1B, '2C, N, and®O-cluster configurations by for-
(AZ)l greftrrze charg(lémass numbers of the heavy and light mulas(3) and (5), we interpolate the potential at discrete
nuclei of the dinuclear systedDNS) [34,36,37 formed by points by the stepwise potential.

two touching nuclei or clusters. These relevant collective’ 14 jlculate the potential energy for0, we need the
variables describe the partition of nucleons between the ny;, o ant of inertiad(17,)=3(7,,R,) [34]. As 'Was shown in
clei forming the DNS. The potential energy as a function OfRef. [33], the highly deformed states are well described as

7z () has a few minima corresponding to different CIUSter'cluster systems and their moments of inertia are about 0.85

|z|atr|]ons o;ethe s%lzséenI]. The cha}racterlsn(l:s of thehstatesfw;]thgf the rigid-body limit of the respective cluster configuration.
alpha- and'Be-, *“C-cluster minima are close to those of the g 5ying this, we assume that the moment of inertia of the
ND and SD bands, respectively. The wave functiomjrcan | ster configurations can be expressed as

be thought as a superposition of the mononucleus configura-

tion with |5,|=1 and different cluster-type configurations in- N P AA,

cluding the a-cluster (*He-clustey configuration with |z, I(mz) =cq| T3+ T3+ Mo~ Rr2n> : (6)

:|77g|:1—4/2, the ®Be-cluster configuration with|;]|

=|7;ée|1—8/Z, the '2C-cluster configuration with|z,]  Here,J{(i=1,2) are rigid-body moments of inertia for the

=|75|1-12/Z and other clustefZ=Z,+Z,) configurations. clusters in the DNS¢;=0.85 for allconsidered nuclei, and

The energies and moments of inertia of the symmetric threey is the nucleon mass. The rigid-body moments of inertia

cluster configuration with tway particles on both sides of are calculated with deformation parameters from Ref.

the heavy core antBe-cluster asymmetric configuration are [39]. For|#,| =1, the value of the moment of inertia is not

almost the same. known from data because the experimental moment of in-
The relative contribution of each cluster component to theertia is a mean value between the moments of inertia of

total wave function is determined by solving the stationarythe mononucleug|»,/=1) and of the contributing inertia

Schrédinger equation of the cluster configurations. We assume that
~ —_ — ~r _
H\I,(UZaI):E(I)qr(WZaI)- (1) J(|7]Z|_:I-)_C2J (|7]Z|_1)v (7)
whereJ" is the rigid-body moment of the inertia of mono-
where the collective Hamiltonian is nucleus and; is a scaling parameter. We sgt=0.07 for all
nuclei under consideration in order to have a better de-
#2d 1 d scription of the ND states with=6 which are assumed to
== ————+U(nl), (2 be rotational ones.

2 d7,B,,dn; The method of the calculation of the inertia coefficient

B,,Z:(dn/dnz)zB,] (whereB,, is the mass parameter in the
with the inertia coefficienB,,, and the potential(7;,1). For  mass asymmetry coordinatesed for the cluster configura-
cluster configurations, the potentiél(7;,1) in Eq. (2) is  tions is given in Ref[40]. Since the scale of variation of,
taken as a dinuclear potential energy ffeg| <1 [33,38, is large, then dependence of the inertia coefficient is taken
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FIG. 1. Potential energy of*Hg as a function ofZ, at spins
I=0 and 10. Squares of the wave functions of the gro(salid
curve) and first excited(dashed curveND bands, and ground
(dash-dotted curyeand first excited SOdotted curvg bands are
shown.

into consideration. Our calculations show trﬁgz is a
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A. Potential energy

FIG. 2. The same as in Fig. 1, but for nuclet?Pb at spins
I=0 and 6.

IlI. RESULTS OF CALCULATIONS AND DISCUSSION

The important minima corresponding to the mononucleus

smooth function weakly dependent on the total charge numand®Be and“C cluster configurations are shown in Figs. 1

ber Z for Z=80 and 82. For all considered nuclei, we setand 2 for the nuclet®*Hg and'®Pb. The DNS with thex
B,,=19.2x10'm, fm? for ®Be cluster configuration and cluster has a potential energy=0) which is a little larger

B,,=12.8X 10*my fm? for 2C cluster configuration. The than the energy of the mononucleus}ﬁg| 1. At the values

mass parametes,,
point vibration in the SD well. For the ND wellémono-
nucleus andr-cluster configurationof all nuclei considered
we setB, =7.5X 10°mg fm2. With this B,, the value of
U(|n,/=1,I=0) was chosen so that we obtain the correct
value of the energ¥e(I=0)=0 of the ground statef84].

The electric dipole and quadrupole operators for the DNS
can be obtained from the expressidg,36,4]

Qu0=€""Z(7,~ DRy,

Z
Qo= ei(l + 177 = 2)Re, + Qao(1) + Quo(2),

where the charge quadrupole momeQig(i) of the clusters
i=1,2 arecalculated with respect to their centers of mass.
The effective charge foEl transitions has been set to be
equal toef""=e(1+y) with y=-0.7[42]. In the case of the

E (MeV)

influences the absolute value of a zero-of |7,|=|75| and |7,/=|%5| corresponding to théLi- and

[ 194Hg
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FIG. 3. Experimenta{expt) and calculatedtheor) energies of
the states of the ground ND and first $BD-1) bands in1%Hg.
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FIG. 4. The same as in Fig. 3, but for nucleti&Hg. Experi- FIG. 6. The same as in Fig. 3, but for nucletf§Pb. Experi-

mental data for the energies of transitions are taken from RBf. 005 data for the energies of transitions are taken from [R6F.
ngorexperlmigtal energies of the SD states are adjusted {0 havyge eyperimental energies of the SD states are adjusted to have
ESS2(1=8)=ESSN1=8). Ele0) = 6)=ESP{(1 =6).

HB-cluster configurations the potential energy has maxim
The states of the ND bands have a significant contribution o
the a-cluster component. The states of the ground and ex;
cited SD bands are described mainly®8® and’C cluster
configurations, respectivelj4l]. The SD bands lie at high
energy and are isolated in a well-defined minimum from

where they decay out to the ND states. The barrier separatin
the SD and ND minima in thé*Hg nucleus smoothly de- parated. Only a very small tail of the wave functions of the
lowest SD state in the ND minimum supplies the small cou-

creases with spin but it remains relatively sizable for the ling of the SD state with th molex trum of com
spins corresponding to the rapid escape from the SD mini'NY Of the SL state € complex spectrum ot com-
pound states in the ND well.

mum to the ND minimum. This indicates rather pure SD Since different cluster configurations have different mo-

states until the lowest observed member of each SD band,
ments of inertia, the potential energy depends on the angular

momentum of the system. This is the origin of the spin de-

he probability of quantum mechanical tunneling from a lo-
cal minimum to an absolute minimum is a very sensitive
function of the shape of the potential. The squares of the
wave functions of the lowest ND and SD states taken at
different spins as functions of th&, (7,) are presented in
Figs. 1 and 2. It is seen that these wave functions are well
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mental data for the energies of transitions are taken from [Rgf.
The experimental energies of the SD states are adjusted to have FIG. 7. The same as in Fig. 3, but for nuclet¥éPb. Experi-
Eleo(1=12)=EZP(1=12). mental data are taken from R¢6].
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pendence of the mixing between the pure SD and ND state§es of a heavy core, e.gi#+ 18%0s +a instead of the asym-

discussed in Ref§20,21. metric configuration®®0s+8Be. We checked that the ener-
gies and moments of inertia of these symmetric and asym-
metric cluster configurations are almost the same. Thus, it is
very interesting to look in more details in the experiment
Spectra of the yrast ND and SD bands for the nucleiwhether the lowest SD states with negative parity exist or not
194.192.1991g and?9¢194.19ph are shown in Figs. 3-8. One can [36].
see in the ND band that there is an appreciable shift of the The description of the experimental data is pretty good in
negative parity states with respect to the positive parity stateghe cluster approach. Since the calculated spectra of the
that is parity splitting. In the SD bands the parity splitting bands are purely rotational, the deviation from the experi-
almost disappears. The negative parity states in the lowestent seems to be caused by the influence of other degrees of
SD band were not found in the experiments. As it was alfreedom(other vibrations, the coupling with internal degrees
ready mentioned in Sec. II, our investigation provides theof freedom). If there is doubt in the prescription of spin and
possibility to consider the lowest SD band as a mirror sym-parity of the measured level, its notation is given in paren-
metric cluster configuration with twar particles on both theses in Figs. 3-5 fd®*1921%g. Some of these levels are
in good correspondence with the calculated ones. The yrast
SD bands are well defined as rotational bands and, thus, bet-
ter described than the ND bands in our approach. Further
9 ] experimental and theoretical investigations of the predicted
61 — ] 1" parity partners are necessary. The lack ofsfate in the
experimental rotational ND band is probably explained by
[ 7 ] the difficulties to detect this state due to the strongly en-
51 —7 ] hancedB(E1)/B(E2) ratio in the rotational band. If there are
[ T 3,5,7,9, 11, 13,..., states, there should be dtate as
I ) ) well in the theoretical treatment. For example, the nuclei
- R . —5 T 21%Ra, 1%8Ba, and'*®Nd have well measured alternative par-
[ — —6 ] ity structure in the ND well but their 1land/or 3 states are
- —73 B not experimentally observed until noj84].
3_‘ —r —3 ] The calculated excitation energies of the SD bands in
— s 0] 1921949 and**Pb at zero angular momentum are in good
S| 2 - ] agreement with those deduced from the experimental data
I - ] [4,6,9. In the case ot°®?Pb(Fig. 8), we cannot reproduce the
— 0 1 energy of the SD bandhead derived from the recent experi-
ND-2,theor. ~ ND-2, theor.  ND-2, theor.  ND-2, theor. | ment [5]. The calculated SD state df%Pb with =10 is
3.844 MeV above the ND yrast line and the experimental
FIG. 9. Calculated energies of the states of the first excited NDone is 2.717 MeV[5]. Decay out happens at highérin
band in1%%Pb and®Hg. nucleust®?Pb than in nucleu$®*Pb because the energy of the

B. Energy spectra

7 B 10+ 196Pb 194Hg .

E (MeV)
N
L

) I
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FIG. 11. The calculate¢squaresand experimentaicircles [1] FIG. 12. The same as in Fig. 11, but for nucté419419pp,

transition quadrupole momentg; in the ground(solid symbol3
and first excitedopen symbolsSD bands of nucle}®®192.19¢qg as

. . collective ND levels at large spins. With decreasing spin the
a function of spinl.

energy interval between these states decreases and at some
spinl between 6 and 14 the ND states becomes energetically
SD bandhead if9?Pb is larger than one i*#Pb. This dif-  Jower than the SD state. In all nuclei under consideration this
ference between the energies of the SD bandheads ipin is close to the experimental spjj, where the decay out
19219Pp is mainly due to the difference between the valuesappens.

of nucleus-nucleus interaction in the corresponding Be- Figures 15 and 16 show that the significant increase of the
cluster configurations. Figure 9 shows the predicted energiesomponent

of the states of the first excited ND bands'#Pb and*®**Hg. .

For the nucleug®Hg, the calculated levels of the first ex- 2= Ay WSO )2 8

cited SD band are in agreement with the experimental levels ) 1z

of SD-2 andSD-3 bands(Fig. 10). )

With the obtained wave functions we have calculated thef the SD state in the ND well takes place around the cross-
reduced matrix elements of the electric dip@lg, and quad- ing point of the SD band with the nearest neighboring ND
rupole Q,, moments. In Figs. 11 and 12 the calculated tranPand. The increase af® with decreasing spir is mainly
sition quadrupole moment§, in the first and second SD caused by the decreasing distance between the SD state and

bands are in satisfactory agreement with the experimentdhe nearest neighboring collective state in the ND well at the
data. same spin.

|7lz‘

D. Probability of decay out

C. Crossing of SD and ND bands In spite of relatively small ND admixture, which is the

In Figs. 13 and 14 the energies of the ground and excitedoorway state in our approach, in the SD s{@oe example,
rotational ND states in tha-cluster well and of the yrast SD the maximalc? near the band crossing point is X402 for
states in théBe well are shown as a function of even spin 1%Hg), the decay out can occur only through this component
for the isotopes of mercury and lead. The energies of the SI¥ the decay widthl'y of this doorway state is much larger
levels are lower than the energies of the nearest neighboringan the decay widtl'sp in the SD well.
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The experimental decay out spins arg.=10, 6, and 8 for
FIG. 14. The same as in Fig. 13, but for the isotopes of lead. 19219419pp respectively6,5,10.
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TABLE I. The calculated Theor) and experimentgExpt.) branching ratios of the decay intensities of the
one-step discretEl andE2 transitions. The calculations are performed near the band crossings. Experimen-
tal data are taken from Reff4].

194y 190Hg 194ppy
Ratio Expt. Theor. Expt. Theor. Expt. Theor.
T(EL;65p— Tnp)/ T(E2; 655 45p) 0.12
T(EL;65p— 5np)/ T(E2; 655 45p) 0.11
T(E1;855— 9p)/ T(E2; 85— 65p) 0.028
T(EL;85p— 7np)/ T(E2;855— 65p) 0.031
T(EL; 105p— 110/ T(E2; 10 p— 85p) 0.13 0.034 0.007
T(EL; 1055— 9yp) / T(E2; 105 — 85p) 0.73 0.037 0.009

T(E1;12,—13p)/T(E2;12,—105)  0.020  0.022
T(E1;1Zp—1150)/T(E2;12,—105)  0.022  0.019

T(EL; 145p— 15yp)/ T(E2; 1455 — 125p) 0.006 0.007
T(EL; 14p— 13yp)/ T(E2; 1455 — 125) 0.007 0.008
T(E1;165p— 17yp)/ T(E2; 1655 — 145p) 0.001
T(E1;165p— 15yp)/ T(E2; 1655 — 145p) 0.001
T(EL; 18— 19p)/ T(E2; 18— 16p) 0.0004
T(EL; 18— 17yp)/ T(E2; 18— 165p) 0.0006
1. One-step transitions backshift parameter 2=24/AY? and cg=4!(€?/fC)

The calculated transition strengths for the one-step*(1/Moc’)('r/ERI(NZ/A). The E1 giant resonance param-
branches in nuclel®Hg and%Pb are about T8 W.u. for  eter are chosen a&g=78/A"MeV and I'r=4.4 MeV
the E1 multipolarity that is in correspondence with the ex- [20,21. _ . _
perimental datd4,6]. The branching ratios of the decay in- ~ The decay widtl'sp=#B(E2)E in the SD well is deter-
tensities of the one-step discrefid andE2 transitions are Mined by collective rotational electromagnetitonstatisti-
listed in Table I. The calculated results in Table | are com-cal) quadrupole transitions. The in-ba® transition rate
pared with the available experimental data. Due to the smaﬂapid%’ falls because of the growing fractional decrease,jn
values of ratiosT[EL;15y— (I - Dypl/ TIE2; 15— (1-2)55],  andEj dependence. The increaselqf, with decreasing is
the decay out through the one-step discrete transitions frof@vident. In Figs. 17 and 18 the ratigp/I'sp strongly grows
the SD well to the ND well is strongly suppressed. We can-2S Spin decreases. Near th_e ban_d crossing point the statistical
not explain the sharp decay out of the SD band by one-stepl decay to the ND configurations competes successfully
E1 transitions. The one-step discreteays to the ND states With the collectiveE2 decay along the SD band.
carry only a small fraction of the decay out of the SD states. The total probabilityP,, that the state in the SD well
After the decay out the spectrum has predominantly a statigdecays into the state in the ND well is calculated as follows:
tical dipole charactef3—6]. Let us consider below statistical
transitions. ¢ T'yp

Pou= ,
out lyp+ (1-c)Tlsp

9

2. Statistical transitions

In order to determind’yp, only statisticalE1 transitions  wherec? is the fraction of wave function with the dominant
are considered for the decay between the ND states, singD component in the ND well. Here, the SD state has the
they are expected to dominateith respect to the collective partial width(1—-c?)I'sp to decay in the next SD state and the
E2 and statisticaM1 transitions[20,21)) due to the high partial widthc?I'yp to decay in the lower-energy ND states.
excitation energy of the SD states above yrast line One can see in Figs. 19 and 20 that the calculated total
(=3-4 MeV). The latter comes from the fact that the mo- probabilitiesP,,, are in good agreement with the experimen-
ment of inertia for the SD shape is larger than the one for theal ones. This is an indication of validity of the cluster ap-
ND states and the SD states become more excited with rgsroach. The main reasons for the decay out near the band
spect to the ND yrast line with decreasing shifThe statis-  crossing point are(1) the perceptible square of the ampli-
tical E1 decay is governed by the level densities and theude of the SD wave function component in the ND we;
giant dipole resonance strength function based on the energshe reduction of the in-band SD collecti& decay rate. The
weighted sum rule. Th&l width is approximated by the relative role of these two factors depends on the concrete
analytical expressioi'yp=3cg;, T° [43], whereT=(U/a)*2,  nucleus(on the excitation energy of the SD state at the point
an excitation energyU=E(I)-%21(1+1)/[23"(|5=1)]-2A  of the decay oyt The increase oP,, is mainly due to the
[44], a level density parametar22.58 MeV'*[20,21,44, a  increase ofc? for the nucleil®®1921%¢g and 1°21%¢p, and
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FIG. 17. The ratiqsolid squaresbetween the decay widthyp
in the ND well and the decay widthspin the SD well as a function
of spin| for nuclei 19:192.1%4q._ The solid line is to guide the eye.

ok
*x

FIG. 18. The same as in Fig. 17, but for the isotopes of lead.

IV. SUMMARY

We conclude that the cluster approach provides a good
10 ) description of the spectra and decay out of the lowest SD
due to the decrease d%p/I'yp for “Pb where the excita- hands in the mass-190 region. The yrast SD band and ND
tion energy of the SD state at the decay out is the lowespand are related t8Be-cluster configuratiorior two alphas
(Iou=6) among the nuclei considered. on opposite sides of the heavy clugtand to thea-particle
The origin of the decay out from the excited SD band isclusterization, respectively. We postulated, as in many mod-
expected to be the same as for the decay out from the yrasis in literature, that the decay out occurs through the ND
SD band. The naturéa-cluster or two-quasiparticle-like doorway state. In our case the ND doorway state is the tail of
structure$ of the excited ND band which is crossed with the the wave function of the zero-point vibration in the SD mini-
excited SD band is still unclear for us. Another open questioomum which is calculated by solving the Schrodinger equa-
is whether the mechanism underlying the transition from theion in charge asymmetry coordinate. At high excitation en-
ground and excited SD bands to the ND states in the massgy in the ND well, the ND doorway state is spread among
regions withA=130, 140, and 150 is the same as in thethe sea of dense compound states. This spreading leads to the
mass-190 region. With the cluster approach we reproduceldrge width of doorway state. So, the statistical mixing with
recently the experimental data for the SD band of nucleugighly excited ND states is one of the reasons for the decay
607n [36]. In this case the one-step discrete collec&y  out of the SD band. Our analysis indicates that the sudden
rays to the ND yrast states explain the decay out of the Secay out of the SD band takes place near the crossing of the
band[2] since the width of collectivée2 transitions in the SD band with the nearest neighboring excited ND band
ND well is much larger than the statistical one because of thevhere the weight of the ND doorway state increases. Even at
small level density. the near band crossing point the ND admixtafén the SD
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1.0

0.8

0.6

out

0.0k, .

FIG. 19. The calculateésolid circleg probability P, that the 10 12 14
SD state decays into the ND states as a function of $piar I
different isotopes of mercury. Experimental dédalid squaresare
taken from Refs[4,8,9. The solid and dashed lines are to guide the  F|G. 20. The same as in Fig. 19, but for the isotopes of lead.
eye. Experimental datgsolid squaresare taken from Refd6,5,1Q.

state is relatively small but the decay out occurs due to the ) . o .
large width of doorway state with respect to width of the SDthe rotationaly quanta in coincidence with the decay frag-
state. ments of the DNS. If the SD state is a cluster state, we
The maximal ND admixture of the SD states were foundshould observe relatively pronounced yields of the light clus-
to be in the range of a few percent, thus revealing that the Siters like & particles,®Be (two correlatede particleg, and
structure is essentially maintained down to the lowest ob*°C. This investigation of the SD states turns out to be not
served SD states in the ground SD bands of the isotopes Heasy because of small penetrability of the Coulomb barrier
and Pb. The SD minimum survives down to the SD bandfor the clusters.
head.
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