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Monte Carlo mixing simulation of the decay out of superdeformed bands in*®Hg
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A simple two level mixing model is employed to perform a Monte Carlo simulation for the decay out of the
superdeformed bands SD-1 and SD-3'¥Hg. An exponential spin dependence of the interaction between
superdeformed and normally deformed states is applied. Average intraband intensities and transition quadru-
pole moments are determined at each spin. The simple two level mixing approach is consistent with more
sophisticated theoretical models. The Monte Carlo approach allows one to determine probabilities for the
reproduction of the experimental intensity patterns and transition quadrupole moments. An interaction of
~0.5 eV was determined for spin ZL2n the yrast SD band. The results show that the decay out of the yrast
and excited SD bands it’*Hg can be described with the same spin dependent interaction.

PACS numbd(s): 21.60—n, 21.10.Re, 27.88.w

In recent years various theoretical models have been pudredicted intraband intensities depend explicitly on the rela-
forward to describe the mechanism that governs the decaye position of the SD and ND stat8,8], which leads to a
out of superdeformedSD) bands in the mass-190 region large variance of the result when the ensemble average is
[1-8]. The models are based either on the interaction of thealculated.
low-spin superdeformed states with the surrounding nor- Another recent approadi7] used retarded Green’s func-
mally deformedND) states or the tunneling of the SD wave tions to describe the decay out within a two-level model. In
function through the potential barrier separating the SD andhis model “the electromagnetic decay and the tunneling
ND wells in the deformation dependent nuclear energy. Rethrough the barrier separating SD and ND states were treated
cently the energies of SD bands t*Hg [band SD-1(3) is  on equal footing”[7]. For the range of parameters relevant
4.407(4.322 MeV above yrast at spin 1A3) #] and *Pb  for the mass-190 region the models of R¢&6,7] all lead
(band SD-1 is 2.889 MeV above yrast at spini)2vere  to similar resultd8].

experimentally establishe®—12]. Due to the high excita- Itis the purpose of this Rapid Communicatiohto show
tion energies of the SD bands the properties of the ND statehat a Monte CarlgMC) simulation based on the application
are determined by statistical model calculations. of a simple two-level mixing model provides a good descrip-

Experimentally the decay mechanism has been studied bjon of the decay out of SD bands arii) to extract the
the measurement of level lifetim¢$3—16, which are sen- probability distributions of the intraband intensities and tran-
sitive to the admixture of ND wave functions into the SD sition quadrupole moments using this approach. This allows
states, and the study of the quasicontinuumy @ys linking ~ us to deduce probabilities for reproducing the experimental
SD and ND state§17—-19. The experimental transition data in our simulation. We also show the equivalence be-
quadrupole moment§, for the intraband transitions at the tween our approach and the statistical mof&B] in the
bottom of the SD bands were found to be consistent with théimit of small I'y/D and the model of Ref.7].
average values foR, of the higher spin state®0], which The approach presented here is based on the mixing at
are not mixed with ND states. It was therefore concluded thagach spin between the SD state and its nearest neighbor ND
the interaction between the SD and ND states has to be weaate. At each spin the relative spacingetween the mixing
and the amount of the ND admixture was estimated to be lesSD and ND states is randomly varied. A spin dependent
than a few percenfl13,14,21. This weak mixing scenario interaction with an exponential spin dependence is used. The
allowed an estimate of the maximum interaction strength beinteraction matrix elements are not randomly varied but only
tween SD and ND states. Since the upper limit for the interthe average value is used. We recognize that this is a signifi-
action strength(typically on the order of a few eWVwas cant simplification compared to the full statistical model but
found to be significantly smaller than the average level spacwe believe that this simplicity is very instructive.
ing of the ND states it was also concluded that the decay out We use the case of*™Hg as a test ground for our simu-
is a result of the weak mixing between the SD states andation and below we will outline in detail the procedure for
their energetically nearest neighboring ND stdtE3. the yrast SD band ift®*Hg. The decay width"y, of the ND

Recently, a model of the decay out of the SD bands wastates in the direct vicinity of the SD states is calculated
presented based on the mixing of SD and ND states and @nder the assumption that at the high excitation energy of the
complete statistical treatment of the ND stafiés The ND  SD states statisticdt1 transitions will dominate the decay
states are described in terms of the Gaussian orthogonal eaf the ND statesI(y~1I"g;). We use the approach outlined
semble(GOE) of random matrices. This model considers aby Déssing and Vigezz[22] to calculate the level density
very broad range of parameters. However, for the descriptiop(U) and theE1 width I'g; at the excitation energy
of the decay out of SD bands in the mass-190 region only the= E,—2A. The excitation energ¥, is calculated with ref-
limit T"y<D is relevant. Herd  is the decay width of ND erence to a parabolic ND yrast line, which is obtained by a fit
states and is their average level spacing. In this limit the to the experimental yrast levels in the spin range frorh izt
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TABLE |. Experimental transition quadrupole momer@§*P 120 194y
(average of results from Ref§l5,16)) compared to the average g SD-1
transition quadrupole moments for all simulated bafsgsond col- 100+ ¥
umn) and those bands that are in agreement with the experimental /e
intensities and quadrupole momerithird column. An average 80
quadrupole moment of 18.8 b was assumed in the simulation for B = Experiment
the pure SD configuration. The uncertainties shown for the calcu- £600 A . Gu & Weidenmueller
lated quadrupole moments represent the variance of the calculated o) —0O—Monte Carlo
distributions. The last column shows the average ND squared mix- )
ing an_u_)lltudesan for those bands that reproduce the experimental 20- V(@) =50 exp(-J) keV
intensities and quadrupole moments
J exp Qcalc,all Qcalc,fit a2 0 1'4 1’6 1'8 2'0
t t t n
(7] [eb] [eb] [eb] [%] J [n]
14 17.2-1.1 17711 18.2:0.1 0.10(6) FIG. 1. Experimental intraband intensitfilled squares of the
12 18.7#1.7 16.2-1.4 17.2:1.3 1.2(2) band SD-1 in'®Hg compared to the average intraband intensity
10 13.6:1.0 14.3-0.7 11(5) calculated by using the Monte Carlo approach of this wansen

circles connected with solid lineand the model by Gu and Wei-
denmiller [6,8] (dashed ling The error bars for the Monte Carlo
26h. A band-head energy of 6.02 MeV is used for the yrastresults indicate the variance of the resulise text For both cal-

SD band and the energies of the SD states are calculated withilations an exponential parametrization of the interaction strength
respect to the band head by using a parabolic fit to the ex: was chosergsee text

perimental SD level energig®,10. The E1 width I'g; is

approximated by the analytical expressif22] I'e;=Ce1  model with the full statistical model of Ref6] gives us
-T®, with T~/a/U. The parameters in ReffL3] are used to  confidence to use the MC simulation for a more detailed
calculate the factocg, [22] and the level density parameter study of the decay out.
a=22.58 MeV''. A back-shift parameter of 2 Recently Stafford and Barref7] have presented a two-
=1.4 MeV is used. The decay widlhs of the SD states is |evel model for the decay out of SD bands using retarded
calculated by using the average experimental SD quadrupol@reen’s functions to describe the dynamics of the system.
moment 0fQgp=17.3+1.0 eb for *Hg [15,16,20Q. This approach differs from our ansatz mostly by explicitly
The final quantity needed for the simulations is the inter-taking into account the width of the levels involved. In order
actionv between the SD and ND states. We use the expoto determine the importance of the intrinsic width of SD and

nential parametrization ND levels we have also performed a MC simulation for the
B s yrast SD band in***Hg using the formalism of Ref7] with
v(J)=vo-& “, D) the same spin dependent interaction as above. Figure 2

shows the intensity distributions at spin 10, 12, andi1fér

both approaches. There is little difference between the ap-
proaches and we conclude that the intrinsic width of the lev-
els is for the most part not important since the level widths
I'y andI'g are small compared to the interactionand the
level spacingD in this spin range.

and we start with the parametarg=50 keV anda=1 [8]
in order to compare our simple model directly with the pre-
dictions of Refs[6,8]. Later on we are going to discuss other
possible values for the parametergand «.

After calculating values fof's, I'g;, v, andD at each

spin (values for the low-spin states can be found in R Figure 2 also shows that the intensity distributions are not

mixing calculations for 19 bands are performed where at : d h |

each spin the distancebetween the SD state and its nearestsymmemc and as a consequence the average value may not
X . X coincide with the most likely value. Thus, comparing the

ND neighbor is randomly varied betweex=0 and x

_ : e average intensities determined by a model to the experimen-
f; o%zt'h;—r:;i)asc%g,]\lzt Sa?ni/ugt%(e?ts%?r?r;nsgg]crzs t;gggp?rr;]%in\t/vtal data may not be the best choice. The MC approach offers
simulate the decay pattern of SLdands with the overal better way to compare the model results with the experi-

) Y mental data by enabling us to directly determine the percent-
properties of the kn_own SD yrast b:_:md Hg. _The r(_esults age of simulated bands that reproduce the experimental data.
are used to determine the average intraband intehgitsgnd

) . . Additionally, our approach will compare our model results
Its variances; as well as the average transition quadrupolenot only with experimental intensities but, for the first time,
momentsQ, and its variancaer. In Table | the average also with experimental quadrupole moments.
guadrupole moments from our simulation are compared to We have determined the probability to reproduce the ex-
the experimental values. perimental data as a function of the parameters ¢,) and
Figure 1 shows the average intraband intensity deterhave found a class of parameters which best agree with the
mined by the MC simulation in comparison to the experi-data. Figures @) and 3b) show the percentage of simulated
mental data for band SD-1 it®*Hg and the results of Ref. SD bands that reproduce the experimental transition quadru-
[8]. The two models agree well with each other and closelypole moments and experimental intensities, respectively, as a
follow the experimental data. The agreement of our simplgunction of the parameterns, and «. Figure 3c) shows the
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FIG. 2. Distribution of the intraband intensity at spins 10, 12,
and 14# from the Monte Carlo calculation using our simple two
level mixing ansatZsolid line) and the mixing of two resonances
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percentages of simulated bands that reproduce the intensities
and quadrupole moments simultaneously. A logarithmic
scale was used for the x axis. One finds very large probabili-
ties to reproduce the quadrupole moments for very small
interactions[upper left corner of Fig. @] where the ND
admixtures are so small that the quadrupole moments are
barely reduced compared to the value for the pure SD states.
However, such small interactions do not lead to sufficiently
large ND admixtures to produce a drop of the intraband in-
tensities, leading to zero probability to reproduce the experi-
mental intensitiegFig. 3(b)]. Intraband intensities and quad-
rupole moments are reproduced simultaneously within a
narrow range of the parameter space with the highest prob-
abilities around logy(vy/keV)~ — 0.5[see inset in Fig. @)].
We have used a quadrupole moment of 18.B for the pure
SD states, which is within one standard deviation of the av-
erage ofQsp=17.3+1.0 eb of the experimental data. This
larger value was used since the percentage of simulated
bands that agreed with the experimental data was about twice
as large as compared to the results@yp=17.3 eb. The
parameter range for which the experimental data is repro-
duced is the same for both values@§p. This larger quad-
rupole moment is in good agreement with the experimental
data, in particular in the light of the systematic uncertainties
of up to ~15% of the DSAM result$20], which were not
taken into account in the determination of the average ex-
perimental value oQgp.

The region of the maximum probabilities follows a line
described by the relation

a=0.63+0.2l0g o(vo/KeV), )

which is also shown in Fig.(8). At each value of; one can
define an uncertainty forr of +0.10 and—0.05. Outside
this range the probability to reproduce the experimental data
essentially drops to zero. For the parameters described by
Eq. (2) one obtains an interaction at spinflBetween 0.35

eV and 0.65 eV whem is varied over five orders of mag-
nitude. Using Eq(2) and the very conservative uncertainty
estimate fore we can determine the interaction strengtht

spin 12 to be 0.55-0.42 eV. The maximum probability to
reproduce the full experimental properties of the yrast SD
bands in'®Hg is about 7%.

Our MC simulation also allows us to determine the aver-
age squared ND mixing amplitudeﬁ in the SD wave func-
tion, which are presented in the last column of Table I. The
values foraﬁ increase by about one order of magnitude from
state to state. The value for spinfilds consistent with the
estimate of Refg.15,16].

We have performed the same procedure for the excited
band SD-3 in***Hg, for which the excitation energy is 7.716

FIG. 3. Percentage of MC simulated SD bands that reproducg/Iev at spin 13 [10]. We find that the interaction param-

the experimental transition quadrupole mome(@s experimental
intensities(b), and intensitiesand quadrupole moment¢c) as a
function of the parameters, and« in Eq. (1). Panel(c) also shows

eters determined by E@2) also reproduce the experimental
data for bands SD-3 with the largest probability. Thus, our
results confirm the result of Reff8] that the interaction in

the line along the maximum probability values, described by Eqthe region of the _d%cay out is the same for the yrast and
(2). A quadrupole moment d@sp=18.3 eb was assumed for the excited SD bands |ﬁ_4Hg- As already stated in Refi8] this
pure SD states. The inset in the bottom panel shows the percentag@sult seems inconsistent with the interpretation of Ref.

of matching bands along the line in parie).

that the enhancement of the decay out, or in other words the
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1500 j=14 ' ‘ ' have shown that the approach presented here leads to very
1000] similar results as compared to the statistical model u;e_d in
Ref. [8]. The comparison with the two resonance mixing
E 500 | model of Ref.[7] shows that both models are in almost per-
c fect agreement and we conclude that the intrinsic width of
S 0 12 - ' » the mixing states can be safely neglected. Our Monte Carlo
£ h simulation compares model results for the first time directly
l‘_“_' 500 with measured intensitiesnd transition quadrupole mo-
> ments. With Eq.(2) we have established a correlation be-
8 tween the parameters and v, of Eq. (1) for which the
g 0 =10 ; - experimental data is reproduced with the largest probability.
8 200 | This allowed us to establish an interaction strength of
= v(12)=0.55(42) eV at spin 12, where the intraband inten-
sity of the yrast SD band has dropped to almost 50%. We
0 have found that the observed intensity pattern for the yrast

0 20 0 &0 80 100 SD band is most sensitive to the SD-ND spacing at spii, 12
x/(D/2) 1% while the spacings at 10 and 4 are not as relevant. The

( ) [%] admixtures of ND components in the SD wave function
changed by one order of magnitude from state to state and
was on the order of about 1% at spinflZThe results also
show that the decay out of the yrast and excited SD bands in

19%g can be described with the same spin dependent inter-

FIG. 4. Distribution of the ND-SD distances (in percent of
D/2) at spins 10, 12, and 1# of those bands that match the ex-
perimental data.

exponential spin dependence of the interaction, is due to thgetion.

onset of chaos. For a chaos-enhanced decay out one would Weh concl_léde that tZedvery_ b_asic ]Ewr?-le(:jvel mixing fap-
expect that the interaction is a function of the excitation enroach provides a good description of the decay out of SD
ergy. This is not supported by our results. bands in the mass-190 region. The Monte Carlo simulation

Using the MC simulation we have also addressed th@rovides a powerful tool to gain further insight into the de-

question of which spacings between SD and ND states corfay out process. As further experimental excitation energies

tribute to the decay out of the band. Figure 4 shows théS well as _better_ measurements Of. guadrupole moments and
distribution of distances between the mixing SD and ND intraband intensities become available one can use these
states for spins 10, 12, and Z4of all bands that reproduce types of simulations to obtain a systematic picture of the

the experimental data. One can see that at spin dlldis- de%sty outin t.he maf?-ltao feg'g!"- ded that take int
tances abovex=0.25 D/2 contribute about equally. The € recognize that further studies aré needed that take into

middle of Fig. 4 shows that there is only a rather narroWaccount Gaussian distributed ND-SD interactions as well as
distribution of distances, centered aroure 0.6-D/2. At Wigner distributed neares_t n_eighbor spacings of the ND lev-
spin 10 the distribution is again flat and all spacings Con_els and Porter-Thomas distributed decay strength of the ND

tribute equally. Note that the number of counts in the middlelevels' This approach will introduce additional parameters,

and bottom panel are equal. Clearly, the exact decay patteﬁt'g:]1 mm(?rléeiotrzelesiu%eoéoth: tLZFt)r?r?:Ctlrgrs]eE{Ovt\)/gﬁllIg?sso
is most sensitive to the SD-ND spacing at spirk 12 will Piex. P P

be interesting to see if the spacing distributions in the deca ncourages furf[her theoretical studies that try to uncover the
out of other SD bands are similar or if there is no correlationg”gm of the spin dependence of the SD-ND interaction.

In summary, we have presented results of a Monte Carlo Important discussions with D. Kusnetzov, R. F. Casten,
simulation of the decay out of the SD bands SD-1 and SD-A. Dewald, and P. von Brentano are gratefully acknowl-
in 1%Hg based on a nearest neighbor mixing model withedged. This work was supported by the U.S. DOE under
random spacing between the mixing SD and ND states. W&rant No. DE-FG02-91ER-40609.
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