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The decay out of the superdeformé8D) bands in the 190-mass region is studied on the basis of the
measured lifetimes and branching ratios of the low lying states in the SD barit®igfand **4Pb. The decay
of these bands is governed by very small admixtures of normal defofiiipstates to the decaying SD states
and by very large transition probabilities for statistigatiecay in the first potential minimum. The interaction
between SD and ND states, which is responsible for the depopulation of the SD bands, can be described
consistently by a simple mixing of the SD states with only the nearest neighboring ND states. Estimated values
for the maximum interaction strength between ND and SD states and lower limits for the height of the barrier
between first and second potential minimum are presef&h56-28136)05409-X

PACS numbsgps): 21.10.Tg, 21.10.Re, 27.86w

I. INTRODUCTION In this article we want to report how lifetimes and branch-
ing ratios of the low lying superdeformed states give essen-
Over 40 superdeforme@SD) bands have been investi- tial information on the decay process. It will be shown that
gated in the 190-mass region of the nuclear ciart3], but  the decay out of the SD bands in the 190-mass region can be
until very recently it had not been possible to link any of consistently described by a simple mixing model including
these bands to the rest of the level scheme. The search fite SD state and its nearest normal deforrtid) neighbors
linking transitions between the lowest SD states and the nofl» €nergy. The mixing can be associated with the height of
mal deformed states has been performed with great experii€ potential barrier that separates the first and second poten-
mental effort. Only very recently was a breakthrought'?‘l minima. Estmated values _for mixing ampl_ltuqles will be_
achieved in this search by the observatifdi of linking  9Ven on the basis of assumptions for the excitation energies

transitions between the yrast SD band'Hg and normal of the SD bands in'®Hg and **Pb, which have so far not

deformed states. This observation has for the first time det_)een firmly established. At these high excitation energies the

termined the excitation energy of a SD band in the 190-masdeCay out of the SD band is governed by very small mixing

) . . 4 . ~amplitudes between ND and SD states and is mainly due to
region. Before this exciting discovery some discrete transi-

. ; o . > statisticalE1 transitions.
tions were found in coincidence with the yrast SD bands in

192Hg [5] and *Pb [6] but could not be used to link the SD
bands. In another experimef¥] a spectrum in coincidence
with the SD band in'®Hg was obtained, containing a con-  Lifetimes 7 of SD states with sizable branchings to nor-
tinuous bump of transitions with a1 multipolarity pattern. mal deformed states have been measuretfdHg [10-12
From this experiment and feeding studies of the SD band imnd **4Pb [13]. The intraband SD transition quadrupole mo-
92Hg [8,9] estimates for the excitation energy of the yrastments Q, were calculated by using the relation
SD band in this nucleus were made. Thei18D state in  Njyra= 1.22(1+ @) Q7E(IK 20|(1 — 2)K)?. Here the partial
192Hg is assumed to be placed at about 4.3 MeV above thdecay probability Xy, for the intrabandy transition from
yrast line. This estimate of the excitation energy seems wek SD state with spin and projectionK (I,K) to the next
supported by the experimental excitation energy of the yradbwer SD state (—2,K) is given in ps'! (see beloy, the
SD band in***Hg, which was found to be 4.2 MeV at spin transition energy.) in MeV, and the transition quadrupole
10n [4]. moment Q) in e b. « is the total conversion coefficient for
The sudden disappearance of the SD bands at low spitme intraband transition. For the yrast SD bands of even-even
together with the unobserved decay path has raised mamuclei a value olK=0 is expected and has been applied in
guestions concerning the mechanism involved in the decaythe determination of);. The Q, values deduced from the
out process. Natural questions are the followif®. Is the lifetimes were found to be the same within the experimental
second potential minimum at the point of the decay out stillerrors as those measured via the Doppler-shift attenuation
separated from the first minimum by a sizable barri@? method (DSAM) technique in the high spin part of these
Does the second minimum survive down to the SD bandbands [12,14,15. This fact shows that the superdeformed
head?3) Is a population of the SD states near the bandheadonfiguration is still dominant for those band members that
possible? are involved in the first step of the depopulation of the SD
band.
In order to get a feeling for the validity of this statement
“Present address: Lawrence Berkeley National Laboratory, Berkexe want to investigate the decay out of the SD bands in more
ley, CA 94720. detail. The measured total transition probability=1/7 is

Il. REVIEW OF THE PRESENT DATA
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TABLE I. Review of the experimental information on the#l2and 1@ SD states in*®Hg and **Pb,
respectively.y-ray energie€, [6,16] and intraband transition intensiti¢.,, [6,16] are given. The life-
time for 1%Pb was taken from Ref{13] and the value given fot®Hg is the weighted average of the values
published in Refs[10-17 (see details in text The deduced transition quadrupole moments from the recoil
distance Doppler-shiffRDDS) experimentsQ; rpps are given as well as the mean quadrupole moments
Q. psam Obtained for the upper part of the two SD band<®,14,15.

Nucl. l Ey Nintra T Nintra Nout Qt,roDS Qt,0sAM
(]  [keV] [ps] [ps ] [ps™ 1] [eb] [eb]

92Hg 12 2578 0.885 4.9(0.7 0.18(3) 0.024(11) 183 (x1p 18.6(1.)
199pp 10 2141 0.8%) 86(22 0.10(3 0.017(8) 204 (x19H 20.6(1.3

sensitive to the mechanism that leads to the depopulation of For the electromagnetic transitions of the ND states at the
the SD band. It is composed of the intraband transition probexcitation energy of the SD states statistical transitions as
ability \i,wa and the probabilitya,,; for a transition that well as collectiveE2 andM1 transitions should be consid-
leaves the SD band: ered. We calculated the statistidall transition probability
using the Fermi-gas model for the nuclear level density. The
A= Nintrat Nout- (1) Fermi-gas model parametrization from Ref18] was
adopted where the level densipy=1/D,, at an excitation

For a certain stat&,; and\;; can be determined from the energyE, for states with spin and parityll is expressed as

lifetime 7= and the transition intensitie®N;,,, and Ny
(Nourt Ninga=1) by

21+1 E,—E,\ ¥
pn(Ex, 1 1T) .

1 " 86mY%E,—E
Nour= = (1= Ninya @ T BBy

X exp{2\a(Ex—Ey)}. )

HereE,, is the energy of the yrast state at spiandJ is the
moment of inertia obtained by fitting the high spin part of the
)‘intfa:;Nimfa' 3 yrast line with a second order expansion of the rotational
energy in terms of (I +1). Values ofJ=6042 MeV ~! and
Here it was used that the ratio of the partial decay probabilig=50%2 MeV ~! were used for!**Hg and '°Pb, respec-

and

ties is equal to the ratio of the intensities: tively. Level density parameters afi=22.3 MeV ! and
22.4 MeV~ ! were used fort®Hg and 1*Pb, calculated from

Nout _ 1-Nijnya 4) the parametrization of the nuclear level density in R€)].

Nintra Nintra To account for the pairing correlations at sgdina spin-

dependent pairing gafy, was introduced by which the exci-
In Table | the measured lifetimesand intraband inten- tation energy E, was renormalized toU=E,—2A,
sities Niy, are reviewed for those SD states #¥Hg and (Ag=12/J/A [20)). For the calculations we have used a 15—
*9%b, which are involved in the first step of the decay out 0f209 reduced pairing gap around spini10n the following

the yrast SD band of these nuclei. The adopted lifetimesghe discussion will be restricted to the renormalized energy
were taken from Ref[13] in the case of'*Pb and for the . TheE1 decay probability is then given by

12# SD state in!®Hg the weighted average of the values
published in Refs[10] (4.5+ 33 ps), [11] (4.4+1.5 p9, and U-Eyp(U—E.)
[12] (5.3+ 2 ps) was used. The intensities for the intraband >\51=§E1f (—U)nyDR(Ey)ES;d E,. (6
transitionsN; ., were taken from Ref.[16] for %Hg and 0 P

Ref. [6] for *¥Pb. They are given in Table | as well as the
calculated partial decay probabilities,,; and \i,,,. The
adopted spin values are those reported in Héf7]. The
obtained\ ,; values give qualitative information on the de-
tails of the depopulation of the SD bands.

Here g4 is theE1 strength fitted to neutron resonance data
from Ref. [21]. The neutron separation energy fdfHg and
194pp was estimated t8,=9.5 MeV from an extrapolation

of calculated separation energies of light lead and mercury
isotopes in Ref.[22]. The averagey strength in this mass
region is abouI",)=0.1eV [21]. The giant dipole reso-
nance(GDR) function

In order to understand theoretically the decay out of the
SD bands, more information about the decay of the normal fopr(E.)= I'rE,
states at high excitation ener¢g§—6 Me\) in the first(nor- COR=Y (Er—E,)?+TE,
mal deformed potential minimum is necessary. Their struc-
ture, the level density, and their decay properties will havewas used with parameters &z;=13.6 MeV andl'r=4.4
strong influence on the decay properties of the SD states ikleV estimated from the values for the natural lead and mer-
the second potential minimum. cury isotopes in Ref[23].

Ill. DECAY STRENGTH IN THE FIRST MINIMUM

)
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TABLE Il. Calculated average level spacif@,, calculated
E1 transition probability)\El, and deduced squared mixing ampli-
4 tude a2 at different excitation energies for spins#iland 1@ in
192Hg and 1°%Pb, respectively.

] | Energy above U D, AF a’
L [#] yrastiMeV] [MeV] [eV] [ps Y]

DR 3.0 41 928 49  0.005

0.01 - " ND-E2 g 35 4.6 262 7.4 0.003

0.001 A . . ) 192Hg 12 4.0 5.1 82 11.2 0.002

0 5 10 15 20 - » 4.5 5.6 27 168  0.001

3.0 4.2 776 5.1 0.0033

FIG. 1. Spin dependence of the statisti€l-transition prob- 35 4.7 219 7.7  0.0022
ability at an excitation energy &§ =5.5 MeV for Hg. Transition 1045 10 4.0 52 68 1.7 0.0015

probabilities for collectiveE2 transitions in a ND rotational band
with 3=60k% MeV ! and a SD rotational band witli=90%2
MeV ~1 are shown for comparison.

4.5 5.7 23 17.5 0.0010

Figure 1 shows the spin dependence of the transitiod em P&€tween pure SD and pure ND wave functions are van-
probability \E? for statisticalE1 transitions in'%Hg at an  ishing (s|Tem[n)=0). Therefore the decay out of the band
excitation energy of) =5.5 MeV. Also transition probabili- is governed only by matrix elements of the ty(&@Tgy|s)
ties are shown for collectivdE2 transitions in rotational and (n|Tgy|n). The results of the previous section have
bands with moments of inertia af=60%2 MeV ~! (ND) shown (see Fig. 6 that the decay out is dominated by the
and 3=90%2 MeV ! (SD) and quadrupole moments of matrix elements of the statistical decay of normal deformed
Qnp=5¢e b and Qgp=20e b, respectively. Around spin states. Under the assumption that statistieal transitions
127 the E1 transition probability is about 300 times larger are dominating, the only relevant transition probability is
than the strongest collectivE2 transition. Assuming that \E! [see Eq.(1)]. In this case the partial decay probability
collective M1 transition probabilities are of the order of the A\, for the decay out of the SD band is given by
E2 transition probabilities, the statistic&tl transitions

clearly dominate. The estimates above were previously used Aou=az(AEL. (8)
to discuss the decay of the SD band'itiHg [8,10,24,25.
One should keep in mind th&2 and M1 transitions This important relation expresses the fact that the decay

might also contribute to the statistical decay of the ND statesut of the SD band is forced by the interplay between the
under certain conditions. However, we have restricted oufarge statisticalE1 transition probability of the highly ex-
discussion tde1 transitions, which seems to be supported bycited normal deformed states and decreasing transition prob-
the observed&E1 character of the statistical spectrum follow- abilities in the SD band due to the decreasing transition en-
ing the decay of the SD band #¥Hg [7]. ergies (s scales withE>). This interplay enables SD states,
We want to stress that if the assumed high excitation enwhich are clearly dominated by a SD configuration, to decay
ergies of the SD states are correct, the decay of ND states & normal deformed states. The calculation\gf: with re-
these energies will be dominated by statistical transitionsspect to the excitation energy of the SD band, presented in
Therefore one should expect a highly fragmented decay corfaple II, allows an estimation of the mixing amplitudes

sistent with the experimental findings so far. a2(l). Table Il shows the resulting squared normal mixing
amplitudesa,z1 for different assumptions of the excitation en-

IV. DECAY OF THE SD STATES BY MIXING ergy of the SD states in®Hg and **4Pb. It is very remark-

WITH ND STATES able that these squared mixing amplitudésare extremely

In order to study the mechanism leading to the decay ougMall (a7=0.01).
of the SD band we applied the mixing model that was first
proposed by Vigezztt al. [26,27]. In this model the mixing V. NEAREST NEIGHBOR MIXING APPROACH
between SD and ND states implies that the real SD states at
spinl have besides a dominant superdeformed [sartalso
a small normal deformed admixtufe, ):

The mixing amplitudes in Table Il can be used for further
investigation of the decay mechanism. A very interesting
property in this context is the squared interaction strength

W y=aql)|s)y+an(l)|n), v? between SD and ND states, which is responsible for the
mixing. So far we have not discussed the mixing itself but
while the amplitudes fulfillag(l)+aﬁ(l)=1. The measured rather its consequences for the mixing amplitudes and the
lifetimes and intensities can be reproduced using this mixindevel lifetimes. One might expect that due to the high level
model and they give information about the mixing ampli- density of the ND states the mixing is rather complex and
tudes of the mixed state within the SD band. many ND states contribute to the admixture. We cannot ex-

For the decay out of the SD bands we assume that thelude that this is true; however, there are some arguments

matrix elements of the electromagnetic transition operatothat justify a very simple approach.
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TABLE lll. Maximum interaction strength ,,, for the mixing

@ (b) of ND states with the SD states at spiniland 16 in ®Hg and
ND 199pp, respectively, at an excitation energy of 4.5 MeV above the
i yrast line.
n :‘\
ND SD ‘ SD Nucl. I E Dn Umax  I'max Wiin  Amin
- P A [A] [MeV] [eV] [eV] [eV] [MeV] [#]
\% &
/ ¥Hg 12 45 27 027 0017 15 78
A Ypp 10 45 23 024 0016 15 7.8

FIG. 2. Schematic drawing of the situation in which the SD
level is situated in the middle between two ND states and interacts ) <Uz>n
only with the two nearest neighbofa) or with several ND states v, >_|SI> E |n(I )y~ — (12)
(b) with equidistant spacin®, .

Here(v?), is the average interaction of each ND level with
the SD level andx; is the separation between thth ND

fevel and the SD level. The mean squared interactioh)
of many states with different structurg28]. The resulting ¢, this case can be calculated in a similar way as for the

_;,tgtei ?” ha\tﬁ about tr(;e setlmet_ sltrugtgres in _T_?]mmon Wm:;%evious case by using E@L0). In the limit of n—« the
state in the second potential minimum. This means llowing expression f0l<v2>n is obtained:

for each ND state |[n)) the matrix element
v2=(n®|V|s)|2 with the SD statds) is very similar and

It can be assumed that at the high excitation energy of th

2 2
can be approximated by a mean interactjof). On average V)~ — (13
the ND states are well separated as can be seen from the
average level spacindg3, in Table Il, which are of the order From the two scenarios above we conclude that the aver-

of 30 eV. This value is large compared to the natural widthage interaction of the SD state with each ND level decreases

of the ND states, which is of the order of some meV. Thesewith an increasing number of ND levels involved in the mix-

facts make us believe that the actual mixing situation ising. In order to simplify the calculations it was assumed that

rather simple and only a few states are involved. the SD level is placed in the middle between the nearest ND
Let us discuss some simple situations in order to get agtates. If this restriction is not made, one can show that the

estimate for this average interacti¢w?). In Fig. 2a) the SD  mean interaction will be always smaller than that given in

state is placed in the middle between two ND states that arEq. (11).

separated by the average spacihg. In this case the wave The discussion above enables us to give a total upper limit

function of the stat¢¥,) with the dominant SD component for the mean interaction strength?) ., Which is given by

is given in first order perturbation by

()z

<U2>max: %Dﬁaﬁ- (14

(In{Yy+[n{2y). 9 Table Il shows the estimated maximum values for
U max= V(v max &t an assumed excitation energy of 4.5 MeV
above yrast for the #2 and 1G. SD states in'®Hg and
199pph, respectively. One can see from Tables Il and Il that
he maximum average interaction,,, is much smaller than

e average level spacify,. The small values o 5, With
respect to the average level spacing make us strongly believe
that only the mixing with the closest ND levels accounts for

Uy=ls)———

Here |n(V) and|n{?) denote the next ND level above and
below the SD level at spih, respectively, andv), denotes

the average interaction strength for the case of two ND level
mixing into the SD wave function. The squared normal de-
formed mixing amplitude is then given by

2 the admixture of ND wave functions to the real stgig).
[(si| W)l : i :
=l1- . (10) It is clear that the mixing amplitude depends strongly on
(%[ W) the relative position of the SD state with respect to the near-

) , ) o est ND states. This position might vary strongly in different
Using this expression and the wave function in E8).one  gp pands or even for different states within one SD band.
can easily obtain the mean squared interactiof), in the  Therefore a different intensity behavior or development of
case of two ND states mixing weaklha{<<1) to the SD  the ND admixture with spin in various SD bands in the 190-
state: mass region might find its explanation in different relative
positions of the SD and ND states involved.

(v?),~3Dray. (1D
VI. BARRIER BETWEEN THE FIRST AND SECOND

A more complicated situation is given if we take into MINIMA

account the interaction with different ND levels[see Fig.

2(b)]. It is still assumed that the ND levels have an average The mixing of ND and SD states can be associated with
spacing ofD,,. This situation can be described in first order the tunneling through the potential barrier that separates the
perturbation theory by the following wave functigw, ): first and second potential minima. For the purpose of con-
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necting these two descriptions it is useful to introduce a TABLE IV. Average level spacingd, andE1 transition prob-
width T' with the coupling matrix element? by using the ~ ability \i* for spins 1@ and 8 in **Hg and **Pb, respectively.

Fermi golden rulgmaximum values fol” are given in Ta- The estimated partial decay probability for the decay X and
ble I11): the squared mixing amplitudeg were calculated assuming an ex-

citation energy of 4.5 MeV above yrast for the next higher SD state
2102 and constant transition quadrupole mome@tstaken from Table
= Q5 (15 ) for the intraband transitions in both nuclei. The intensitigg,,
n for the intraband transitions were taken from Relf§,16].

This widthI" is a measure for the rae(T=1/%) of chang-
i out
Idng‘otrrrlr?egucfriér shape from a superdeformed to a normal (4] MeV] [eV] [ps-!] [ps- ']

The tunneling through the potential barrier is often treated'934g 10 0.082) 5.5 40 16 0.748 0.047
in a semiclassical approad8,24,25,29in which the second 1% 8  064(9) 5.4 36 15  0.014 0.0009
potential minimum is approximated by a harmonic oscillator
potential with frequencywg and the potential barrier is de-
scribed by an inverted parabola with frequenay. In this  170.7 keV transitions intHg and *%*Pb, respectively. Us-
standard parametrization the tunneling width,, is given  ing this assumption it is easy to obtain an estimated partial

I Nintra U D, AR A&t a2

by probability &3 for the decay out as well as the mixing am-
plitudes of these states. Table IV summarizes the intensities
r —hwsex B 2m W (16) N4 Of the intraband transitions, the calculatetl transition
w2 hop |’ probabilities\5*, and the estimated values fofS: anda?.

While the situation in both nuclei seems very similar in
whereW is the barrier height. In our discussion we used thethe first step of the decay process a remarkable difference in
estimates ofiw,=%ws=0.6 MeV as were used in Refs. the development of the mixing amplitudes can be observed
[9,8,24—217. Since the tunneling widtf'y,,, also describes in the second step of the decay out. The difference is already
the transition of the nuclear shape from SD to ND, it can beobvious from the development with spin of the branchings
identified with the widthI" of the mixing description N, in *#Hg and%Pb.

(I'wnn=T"). This leads to lower limits for the barrier height It is even more evident from the difference of the mixing
W, which are shown in Table lll. Instead of the barrier amplitudes for the two lowest states in the two nuclei:
heightsW and W,,;;, the related actiong and A, for the

tunneling can be used. The parametts,, andAy,, can be 1924g:a3(12)=0.001 anda3(10)=0.047,
calculated according to the above by the relation

Anmin _ TWhin __ l (277)2 <Uz>max
) h oy hws D, |

199pha2(10)=0.001 anda?(8)=0.0009.

17) In the picture developed above, the mixing amplitude of a

SD state at a given excitation energy depends only on the
The barrier heightV depends strongly on the assumed shapenteraction strengtv? and the relative position of the SD
of the barrier and on the chosen parameter for the barridevel with respect to the nearest neighboring ND levels. The
frequencyw,,. Therefore it is not a good measure for the estimated mixing amplitudes for the AGand & states in
barrier properties. However, the tunneling actidrdepends 192Hg and 19Pb, respectively, raise the question of whether
only on the oscillator frequency, of the second potential the main difference in the two SD band arises from a com-
minimum. Varying ws by a factor of 2 results only in a pletely different behavior of the interaction strength or, in
change of the actiolA by about 5% and shows that the other words, the barrier height, or if this difference is due to
action is mainly independent of the assumed shape of theery different placements of the SD levels with respect to the
potential. The lower limits for the tunneling action are pre-nearest ND states. Clearly in the latter case the branching
sented in Table Ill. We will compare these values with re-ratio N, and the mixing amplitudes? would display a
sults from other decay studies below. chaotic character.

VII. EXTRAPOLATIONS TO LOWER SPINS VIIl. DISCUSSION AND SUMMARY

The extremely small amount of mixing between SD and In the previous sections we have shown that the decay out
ND states in the first step of the decay out suggests investPf SD bands in the 190-mass region can be described by a
gating the situation for the next lower SD states. The intenvery small admixture of normal deformed states to the super-
sities of the next lower SD transitions are known in bothdeformed ones. This admixture is estimated to be less than
nuclei [6,16], but because of their low intensity, it has so far 1% (a3<0.01) for the first step of the decay process in
not been possible to determine the lifetimes of the SD state$®Hg and %Pb, where about 15% of the intensity leaves
which decay via those transitions. From the results at spin 1Roth SD bands.

# and 1@ in %Hg and 1%Pb, respectively, one can assume Calculations have shown that at the estimated excitation
that there is no dramatic change in the structure of the nex¢nergy of about 4.5 MeV above the yrast line for thé BD
lower SD states. Namely, we assume that the transition quadtate in 1°Hg statistical transitions of the ND states domi-
rupole moments remain constant for the 214.4 keV andates the decay out. For simplicity we have assumed the
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TABLE V. Lower limits for the tunneling actior for the low-  193Hg [24]. At that excitation energy of 3.2 MeV above
est two states with observed intraband transitions in the SD bands ¥rast we find a lower limit for the action o&.,,=5.74 for

***Hg and**Pb. For comparison values from Kheoal. [8]and  the 1% state in 1%2Hg. This value is still larger than that
Shimizuet al. [24] are also presented. given by Shimizuet al. The interaction between SD and ND
states is overestimated in these calculations and as a conse-
quence the transition quadrupole moments would change
dramatically, which is not in accordance with the experi-

Amin [h] A[h]
Nucl. State Present work Khaet al.[8] Shimizuet al.[24]

92Hg 12 7.8 8.1 4.5 ments.
104 5.5 5.4 3.7 Because of the agreement with the values from Khoo
¥pp 10 7.8 4.4 et al, one could assume that the situation is now well de-
8h 7.1 3.3 scribed. However, the results fo?*Pb do not fit into a con-

sistent picture. In order to describe the mixing amplitudes of
the 8 SD state in'%Pb following the arguments used by
Khoo et al, one would find the action to decrease much

excitation energy of the SD state atil® ¥Pb to be 4.5 slower with spin compared t8*’Hg. However, the calcula-

MeV even though no reliable estimate for this energy wadions of Shimizuetal. lsghow that the slope of the action
given before. In our present work we assumed the statisticd}ith spin is larger in flpb (dA/dI=0.54) compared to
transitions to show mainl\E1 characteristics. This is in g (dA/dI=0.38). This result of the microscopic calcu-
agreement with the measured multipolarity pattern of thdations is also in agreement with the approach that pairing
continuous spectrum of rays in coincidence with the SD correlations are the driving force for changing the nuclear
band in *®*Hg [7]. We have given arguments for a very shape and should be more important in Pb than in Hg iso-
simple mixing of the SD state with only the nearest neigh-topes. From these arguments one would expect a similar or
boring ND states in energy. The decay out could be considarger slope of the action if®Pb compared td*Hg.
tently described within this approach and upper limits for the In the approach of Vigezat al. [see Eq(18)] this obvi-
interaction strength between SD and ND states could beus discrepancy between proposed development of the ac-
given (v max=0.5 eV). In this picture it is not possible to give tion [8] and the expectations from theor24] is not ex-
exact values for the interaction strength, since this dependsiained.
strongly on the relative position of SD and ND states. At this point we want to remind the reader that the
Using the common tunneling approach we have calcuvalues given in our work are only lower limits. One can
lated lower limits for the heightV of the barrier that sepa- explain the tremendous difference of the intensities and mix-
rates first and second potential minima. Sikéelepends on ing amplitudes by a very different placement of the SD lev-
the shape of the barrier, we prefer to give lower limits for theels with respect to the nearest ND states at different stages of
tunneling actionA. the decay out. In this case one would not need a very differ-
With the assumption of a continuous constant quadrupolent behavior of the interaction strength or, in other words,
moment in the lower part of the SD bands we could estimat@f the barrier heighW or tunneling actiorA.

&Calculated from slope A/dI=0.38.
bCalculated from slopelA/d1=0.54.

mixing amplitudesa? and the related parameters?(,,, We want to explain this in more detail. The/l@D state
Woin, Amin) for the 16: and 8 SD states in’®Hg and  in %Hg might be rather close to a ND state, at least much
199, respectively. closer compared to the relative position of the: K2ate. The

We now want to discuss the resulting values for the actionarge increase of the mixing amplitude with decreasing spin
of the tunneling process in comparison with the results ofs then not due to a slight decrease in the action but mainly to
previous studies of the decay #?Hg and %Pb. the different relative position. If®4Pb the situation is the

Table V shows the lower limits oA from our studies opposite. Here the #0SD state is closer to the nearest ND
compared to values from Khoet al. [8] for %Hg and state compared to the relative position of the Sate. So
Shimizuet al. [24] for **Hg and *Pb. The agreement of even with a larger decrease of the action with decreasing spin
our lower limit with the values given by Khoet al. is re-  in this nucleus the mixing amplitudes remain rather constant
markable. These values have been obtained by simulating the both states.
measured feeding distribution of the SD band'#Hg with The picture of this nearest neighbor mixing could give a
Monte Carlo calculations and using these results to extrapmatural explanation of different decay points and different
late the barrier properties to the decay out spin region. Thelevelopments of the intraband intensities for different iden-
action A was obtained by fitting the intensity of the SD in- tical SD bands of even-even nuclei.
traband transitions using the approach proposed by Vigezzi Concerning the question of whether the SD minimum
et al. [26,27] in the weak coupling limitfor the definition of  might survive down to a SD bandhead our analysis does not

I's, see[26,27): provide a clear answer. Since the relative positions of SD
states with respect to the nearest ND states is random, it

— fm T Ty would depend on the very special case of how the amplitudes

Nour™ 2D, T (18) develop. An interesting suggestion from the discussion in the

present paper is the possibility that the mixing between the

The values by Shimizet al. are much lower than the SD and ND states has a random character. If this is indeed

other results. However, these calculations have been pethe case, then we need to study much more experimental
formed for a much lower excitation energy of the SD band incases in order to learn about the average mixing behavior.
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