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Monopole strength and decay out of superdeformed bands in th& =190 mass region
from theories beyond the mean field
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The decay out of superdeformed states thro@telectric monopole transition is investigated for even-even
nuclei in theA=190 mass region. Transition rates are evaluated within the generator coordinate method based
on Hartree-Fock plus BCS wave functions. For light isotopes of mercury andH@attansitions appear to be
strongly enhanced due to large monopole transition matrix elen&a556-28188)01610-0

PACS numbsds): 21.60.Ev, 21.60.Jz, 23.20g, 27.80+w

[. INTRODUCTION equivalent to the mixing of configurations labeled by a con-

tinuous index. We have already applied the GCM to the

The strength of electric monopole transitigpl{ E0) can  quadrupole and octupole modes in various studies of mer-
be used as a criterion for shape coexistence and mixing dfury [10,11] and lead[12] isotopes extending from normal

configurations with different deformations. For instance indeformation to superdeformation. We have also calculated

the neutron rich Sr, Zr, and Mo nuclei of mass closed to 100€lectric monopole transitions for the heavy Zr isotofE3),

large EO strengths have been found iff €0; transitions ~With @ good qualitative agreement with the experimental

suggesting that we interpret these states as due to a stroH t@a. In this paper, we exploit the matrix elements already

mixing of spherical and deformed configuratidis2]. The obtained for SD_I-_lg and I.Db to determine the |mportanc.e of

highly deformed bands in tha=130 mass region are also monopole transitions. Since we have used a restricted

; - HF+BCS set of wave functions, only collectiye, vibra-
candidates for such strorigp transitions. In the decay out of _. : 9

. _ tions are exploredand eventuall in the case of%Ph).

13%Ce highly deformed band, conversion-elect(@E) spec- plored ¥Bs )

Any other degrees of freedom, e.g., rotational effects, pairing

trqscopy measuremepts have shown an excess of elfaCtroOi%rations, single particle excitations, are not included in this
with respect to the yield expected from convertedransi- ok

tions[3]. On the contrary, if*™Nd no evidence for strongly
enhancedEOQ transitions depopulating the highly deformed
band has been detected by Koretral. [4]. In the superde- Il. CALCULATIONS

formed(SD) A=190 mass region Mooret al.[5] have mea- The diagonalization of the GCM equation leads to eigen-
sured thek x-ray yields in the SD band dPHg. Inthis case  gtates which are superpositions of HBCS states corre-
the possibility of stronge0 decay out has been ruled out; the g,5nding to different values of the collective coordinate.
experimental limit to arEQ branch is set to be only 10%.  post of them have a mean quadrupole moment correspond-

From a theoretical point of view, Wooelt al. [6] sUg-  ing to the first well and represent approximations of the
gested that the0 decay mode may domina2, M1, orEl  ground state and of-vibration band heads. One or two
decay out of SD bands while Keken and Le¢7] concluded G states have a large quadrupole moment corresponding
that, even if the electric monopole strengths are very larg&g the second well and are thus identified as SD states. From
the EO transitions cannot compete with thdransitions both  {he GcM wave functions, matrix elements(EQ) of the

in the A=190 andA=130 mass regions. In this paper, We monopole operator between two different states are calcu-
want to determine whether in th&=190 mass region, the |ated as

decay out of the lowest SD states to normally deformed

states has a significarEQ electric monopole contribu-

tion. For this purpose, the generator coordinate method m(EO)=<GCM2
(GCM) [8] provides a natural extension of static lattice

Hartree-Fock-BCS calculations [9] (HF+BCS). This

method permits us to take into account the quantal fluctuawhere the sum runs over protons only. TE6 strength is
tions associated with selected collective coordinates. It isisually measured by the dimensionless quanifEQ) re-

lated tom(EO) by

e rf
I

GCM1> , (2.1
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TABLE I. Transitions calculated between the SD and the ground states for méuppgr parnt and lead
(lower par} isotopes. For each nucleus thgEO) matrix element(iin e fm?), the strengthp?(EOQ), the
transition energyE (in MeV), and the decay rat€(EQ) (in s 1) are given. The quadrupole matrix element
m(E2) (in e fm?) and the correspondir(E2) decay ratdin s 1) are also given for comparison.

m(E0) p?(E0) E T(EO) m(E2) T(E2)
180Hg 2.97 3.%10°°3 3.11 9.4 10° 9.84 3.4 108
192Hg 0.195 1.%x10°° 3.92 7. 10 4.39 2.18 10"
1949 0.23 2.%x10°° 5.13 2.%10° 2.49 2.6 10"
196Hg 0.21 1.%10°° 6.70 4.8<10° 2.21 8.04 10"
1989 0.035 5.x10°7 8.70 3.7 10 0.075 3.4%x 10
19%pp 0.94 3.&104 3.46 1. 10° 14.44 1.2 10t
1%4pp 0.17 1.x10°° 4.99 1.%10° 7.66 2.2x 10
196pp 0.56 1.x10°4 6.46 3.1x10° 7.42 7.55¢ 101
198pp 0.04 6.6¢10° 7 8.05 3.5¢10° 0.12 0.5% 10'?
200pp 0.01 4.x10°8 10.2 5. %10 0.087 1.0% 102

whereR=r,AY is the nuclear radius with, equal to 1.2 whereT(E2) andT(E1) are expressed in'$ andE the y
fm. The absolute nuclear electric monopole decay ratéransition energy in MeV. The transition probabilitiB§E2)

T(EO) is a sum of two terms, (in €% fm?* andB(E1) (in e fm) are related to the square of
the transition matrix elementa(E2) andm(E1) defined as
T(EQ)=T(EO),c+T(EOQ)pg, (2.3 Eq. (2.2) with the usual quadrupole or dipole operators.

whereT(EO),¢ is the contribution involving internal conver-
sion fromK andL electron shells an@(EO)pg is due to the lll. RESULTS AND DISCUSSION

internal pair formation which is nonzero only for a transition | the present work, we calculaf0 transition rates for

energy larger than 1.022 MeV. _ the even-even isotopes of mercur= 190—198) and lead
T(EO)c is related to the strengip?(EO) by the relation  (A=192—200) for which Hartree-Fock energy maps, GCM
[14] states, andE2 decay out of SD bands were given in Refs.

[12] and[12], respectively. As in these earlier works, SkM
effective force[19] is used and only quadrupole axial defor-

T(EOQ),c=2.786x 10?°%?2(E0)

21+1 mations are taken into account. In the casel$Pb, the
influence of octupole deformations has also been investi-
X[A(E0)i+A(E0), +A(E0), +---], gated[12].
2.4 The monopole transitions are calculated between the SD

collective state and states in the first well. First we compare
electric EO andE2 rates for the transitions to the ground
state. Table | presentdower par} the values ofm(EOQ),
2(E0), E, T(E0), m(E2), andT(E2) obtained for mer-
cury (upper pant and lead isotopes. Though less unfavored
: e for lighter isotopes mainly in mercury, our calculations do
for a _flxed value off, equal to 1.2 fm and for transition not predict significanEOQ transitions. Note that these rates
energies up to 1.6 Mev. To extrapolat_e thﬁTse numbers t re determined for band heads and would be decreased by a
higher energies, we have used the recipe given by Kamel%ctor (2J+1) for higher spins.

[16,17. I
The monopole decay rate due to internal pair formation To study the dependence of decay rates on the excitation

: ? . energy of the state in the first well, we have chosen the two
T(EO)ypr is also proportional to the _str_eng;ﬁ(EO) with an Iight(gs%/t isotopes®®Hg and%%Pb. The results are reported in
ELeocvng';efgf;%rr ;Yﬂgséig)lag{E\(;\;lI;(tlpesr?ghtlr?].vv&\e/vrgvethcill Table II. The striking feature of our results is a gradual in-

’ - 2 . . .
culated these two contributions T{EO) decay rates. The crease of the“(EO) with the excitation energy of the states

T(EO),pe term becomes the leading contribution only for in the first well. This leads to huge values greater than 1.0
JIPF X : 20] for transitions to the fourth excited state. In that case,
transition energies above 5 MeV fdr=80—90 nuclei[17]. [20] . u Xt

: . ; the corresponding (EO) rate becomes of the same order of
In order to compare with electric quadrup@® and di- magnitude than th&(E2) one and th&E0 monopole decay

pole E1 ydecay rates, let us 'recall the expressions of th%ut appears to compete with t2 quadrupole decay. The
correspondingr (E2) andT(E1): E2 transition rate decreases with increasing excitation en-
ergy. This is mostly due to the variation of the transition
energy which enters into the transition rate with a power 5
[see Eq(2.5].

T(E1)=1.587x 10°E°B(E1), (2.5 In Ref.[12], we studied the coupled axial quadrupole and

whereT(EO),c is in s ! and the transition enerdy in MeV.
The electronic coefficient&(EQ);, wherei represents the
decay channel, i.e., one of the electronic shell
K,L;,Ly,...,have been tabulated by Hager and Sef2é&t

T(E2)=1.223x 10°E°B(E2),
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TABLE Il. Transitions between the SD state and other GCM state$®feig (upper part and for*Pb
(lower par}. The mixing angled is expressed in degrees; see Table | for other notations.

m(EO) p?(E0) 0 E T(EO) m(E2) T(E2)
4th 82.16 2.98 57 0.29 6110 649.0 1.05 10%
3th 16.46 0.12 85 1.02 621010 103.2 1.4%10%
2nd 5.49 1.%10°2 89 1.76 1.610° 8.76 1.58< 102
1st 4.68 9.%10° 3 88 2.69 1.%10° 24.69 1.05¢10*
g.s. 2.97 3.%10°3 90 3.11 9.4 10° 9.84 3.43% 108
4th 73.43 2.34 62 0.11 47101 718.3 1.18 109
3th 19.54 1.6610°1 86 0.99 1.x10% 72.82 6.15 10
2nd 5.84 1.4% 1072 89 1.94 2.%10° 11.84 4.70 10*?
1st 6.33 1.7410°2 89 2.48 7% 16 31.74 1.1510%
g.s. 0.94 3.8%10°4 89 3.46 1.%x 10 14.44 1.26< 10%

octupole dynamics ot*Pb. States of both parities were ob- cant differences between our model and the calculation of
tained. One of each parity was located in the second wellthis reference.
corresponding to positive and negative parity band heads. The transition matrix elements that we have determined
The negative parity intrinsic state is excited by about 2 MeVresult from a microscopic self-consistent calculation, with an
with respect to the positive parity state. Using transition ma£ffective nucleon-nucleon interaction as only phenomeno-
trix elements of the dipole operator, we have estimated thégical input. It gives us the opportunity to test the phenom-
T(E1) decay rate to compare it to tAgEO) rate. For the ~€nological two-level model used by Kekenet al. [7] and
SD" state, our present calculation 3{EO) confirms our by Wood et al. [6]. In this model, all the strength results
previous resu|[12]: its decay out is dominated @2 tran- from the miXing of two states with very different deforma-
sition. The EO transitions are found comparable with the tions. The amplitudes a and b of both components in the
E1’s but still two order of magnitude too low. For the SD Physical state are parametrized by an anglewith a
state, theEO transition rate is negligible and the decay out of =Sin ¢ and b=cosé. Assuming ¢ closed to 90° theEQ
the SD excited negative parity band remains dominated bgtrength can be expressed as
E1 transitions to yrast SD states.

In Table 11l are summarized the evolutionsrafEQ) and
p?(EO) for the transition between the SD state and the state p*(E0)= a2b2[<r2>1—<r2>2]zg. 3.
in the first well for which the matrix element is the largest. In

all cases, this state is the one the closest in energy to the SIPonIy depends on the mixing angle and on the square of the
state. The strongegt’(E0) values occur for the lightest Hg gifference between the rms radii of the states which are
and Pb isotopes. Th&(E2) decay rates between the samemixed. Using a second order expansion of the radii in the

states are also given in Table Ill. Both thés@ andE2 rates  deformation parametes, this expression can also take the
are significantly lower than thE2 rates to the ground states tgrm

given in Table I. This result agrees with the main conclu-
sions of Krickenet al.[7], although there are several signifi-

2

p?(E0)=a%b*(B7- B3)?

3z\?

4—) . 3.2
TABLE Ill. Monopole matrix elementsm(EO) (in e fm?), ™
strengthg?(EO), transition energieén MeV), T(EO), andT(E2) . . . . .
(in s7%) for mercury(upper parntand leadlower par} isotopes. For The o.nly mgre'd_lent that is not ObVIOI.'ISIy.glven by our
each nucleus these quantities are given for the transition betweéHthOd is the mixing angle. TO_ determine it, we have _to
the SD and the states in the first well where the matrix elemenfl€fin two decoupled states. A simple way to proceed which

takes the largest value. does not require any new calculation is to use the quadrupole
coupling between GCM states located in the two wells that
m(E0) p2(E0) E, T(EO) T(E2) we have discussgd in our previous pap@ee, for instance,.

" " . Ref. [21]). We dgfm_e decoupled states as the ;tates ol_Jtalned
*Hg 82.16 2.98 029 6410 1.1x10" by the diagonalization of the quadrupole coupling matrix be-
YHg  33.72 0.49 041 1210" 12x10%  tween the SD state and the states located in the first well. The
¥Hg  7.82 26X10% 094 1.3x10° 11x10"®  actual GCM states can be then mixtures between these de-

9%4g  27.62 0.32 0.08 4310 0.3x10° coupled states, with a mixing angle We use it together
1989 6.38 0.17 0.40 4210° 5.4x10° with the radii of the decoupled states to evaluate what would
¥%pp 7343 2.34 011 4810" 1.2x10Y be the monopole transition in a two-level model. The mixing
9%ph  16.24 0.11 0.35 3410° 6.4x10"  angles are given in Table Il fot®Hg and %Pb using a
¥%pp  17.13 0.12 2.30 2210"  3.2x10% diagonalization of the quadrupole matrix between the SD

19%8pp 0.91 34&10*% 1.84 4.6x10®  7.5x108 state and each of the first four eigenstates of the first well.
200ppy 838 29kK102 020 6.%10° 2.2x10° Table Il indicates that the SD state is fully decoupled with
the ground state but significantly coupled to the nearest state:




PRC 58 MONOPOLE STRENGTH AND DECAY OUT ®. .. 2071

TABLE IV. Comparison between monopole strengit§EO) to a few hundred keV, compared to a few keV in'kken’s
calculated within the two-level model and the full GCM calculation model. In our case, this energy difference is a result of the
for 19%1%g and ***2°Pb. For each nucleus are given root meancalculation and not an assumption of the model. Neverthe-

square radilin fm?) for the ground state, the SD state and the statgess, this larger energy difference is not sufficient to create
in the first well that is closest in energg(r2)? (in fm*), mixing significantEQ decay rates.

angle @ (in degrees The two last columns give, respectively, the
strengthsp?(E0) calculated in the two-level model and in the full

GCM calculation. IV. CONCLUSIONS
2 2 Within the framework of the generator coordinate
p“(E0) p“(EO) : . ;
(e (Pep (Phnear A(D2 6 two-level GCM method, we have investigated the electric monopole strength
g.s. SD near -

in the decay out of SD bands in the= 190 mass region. Our
¥0Hg 2879 31.44 29.09 5525 57 3.257 298 calculations show thaEQ transitions cannot compete with
9%4g 29.02 3256 29.62 8.620 88 0.028 0.017 E2 transitions to low-lying states even in the lightest iso-
19%pp 2878 31.86 2947 5759 62 3.716 2.34 topes!®Hg and%Pb, whereEOQ transitions are enhanced.
200py 2915 3298 30.12 8.203 89 0.028 0.029 Transitions to excited states in the first well are more favored
and if there is any chance f&O transitions to be detected
one should search foy rays of energy lower than 1 MeV.

0 varies from 90° to around 60° which explains the largeSeveral factors have not been taken into account in our cal-
differences between thg?(EQ) values. Similar results are culations. We have only introduced collective vibrational
obtained for all nuclei, although the couplings are signifi-modes and not individual excitations, such as two quasipar-
cantly smaller for the heavy isotopes reflecting the increasticle states. Thus our model does not allow us to reproduce
of the barrier height between the two wells as a function ofthe E1 transition rates, which up to now seem to correspond
the neutron number. to the dominant decay mode of SD ban@g,23. Further-

In Table IV we compare the monopole strengths calcuimore we have not taken into account the rotational degree of
lated within the two-level model to the full calculation GCM freedom. That we have only considered vibrational band
values for all the isotopes and only for the nearest state ilheads may affect partly our results but probably not the iso-
energy. The agreement between the two models is fairlyopic and the energy dependencesEdf transition rates.
good in all cases. Although the assumption of a mixing of
the SD state with a single state is valid, the value of the
mixing angle is strongly case dependent: the squared mixing
amplitudea? varies from 29.6% int°*Hg to 0.12% in**%Hg. We thank A. Astier, W. Korten, S. Perggand N. Redon
The largest values seem to be still compatible with the asfor fruitful discussions about the possible proposal for an
sumption of weak mixing made to derive E§.1). experimental evidence of these transitions. Thanks are also

The values of the monopole matrix element that we havelue to R. Beaud and |. Berke for discussions about the
found are in qualitative agreement with the estimates ofiefinition of the monopole transition decay rates. Part of the
Kricken et al. [7]. However, in our calculation, the differ- numerical calculations were carried out by the CRAY vector
ence in energy between the states in the two wells may be ucilities of the IDRIS-CNRS center.
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