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We analyze ther decay between ground states aldigZ chains in deformed heavy and superheavy nuclei,
by using the pairing approach. We show that the derivative of the preformation amplitude is practically a
constant along ang chain, while that of the outgoing wave function changes exponentially upon the Coulomb
parameter. This leads to the breakdown of the continuity equation and therefore to wrong decay widths. The
behavior cannot be explained within the standard shell model. We significantly correct this deficiency by
considering ana-cluster factor in the preformation amplitude, depending exponentially upon the Coulomb
parameter. Thus, four-body correlations, connected with the radial shape of the preformation factor, are directly
evidenced by the-decay systematics. Moreover, this procedure, in principle, fully determing3 iadue and
is an important development in the-decay theory. It also allows us to analyze the relativelustering
structure of the emitter. It turns out that the isotopes close to the régioh26 and superheavy nuclei have a
stronger clustering behavior. For superheavy region an additional dependence upon the number of interacting
«a particles is necessary.
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[. INTRODUCTION the decaying state, understood as a narrow resongdjce
Due to the large repulsive barrier the WKB approximation of
The investigation of thex clustering is mainly connected the Coulomb function is a very good approximati@j.
with the binding energy systematics aloadines, i.e., nuclei In the last years the investigation of superheavy nuclei by
with the same isospin projectid¥i—Z [1]. The even-odd pair using a-decay chains became a very active field of the
staggering found along these lines can be nicely explained inuclear physics. The synthesis of elements ¥ith104 was
terms of a “pairing” in the isospin space between proton ancgsuggested by Flerofd0]. It was predicted by using the cold
neutron pairs, considered as bos®is It turns out that such valleys in the potential energy surface for reactions between
a “condensate” is more bound when the number of protori’Ca and different heavy targef41,12. The existence of
and neutron pairs above a double magic nucleus is even, #1ch nuclei is strongly connected with the shell closure prop-
agreement with the experimental situation. erty of the mean field in this regidd 3]. Several papers were
On the other hand the-particle energyQ value, com-  devoted to the calculation af-decay half-lives in this re-
puted as the difference between the binding energies of in@ion. They used different methods, such as the Viola and
tial and final systems, is directly connected with the decay>¢aPorg formulg13], the WKB method describing transi-
width. Therefore the decay width should bring an informa-tions to rotational state¢ld], the generalized liquid drop
tion on the a-clustering. First of all we mention that the MOd€l [1|5i316’ th? pref?rTéad cIu§ter deca;I/ l:noqejV], thhe g
linear dependence between the logarithm of the decay widt r’g]p '%? of rt%\grr% Ocr;?]uti c]ér?sriéle?elgtzgsraph:rzgfnggﬁogical
and the square root of tl@_value was explained i_n the early app.roaches, based essentially on the Gamow phenomeno-
days of the nuclear physics by Gamow by using a S'mplqogical picture.
picture: a preformedr particle moves in some attractive po-

; : The R-matrix th 20,2 k tep f d and
tential and penetrates the surrounding Coulomb baf8gr e Rimatrix theory| § makes a step forward an

S I . lculati h 3 that the half-I xpresses the decay width as a product between the particle
everal extensive calculations showed that the halt-lives o atormation probability and the penetration through the bar-
a-particle emitters are well described, by using an equivalen

: ; . ) ; ier. The a-particle preformation probability can be esti-
local potential[4—7]. This feature is connected with the im- L P P y

portant role played by the tail of the wave function inside themated in terms of single-particle states using the Talmi-
. . . Moshinski techniqug¢22—24. Due to the antisymmetrization
Coulomb barrier. The attractive depth and the radius of th qué 4 y

Isi d | h d ‘ ; ffects between the-particle and daughter wave functions
repulsive core determines the energy and wave function G jnteraction becomes nonlocal in the internal reqem.

The important role played by pairing residual correlations on
the preformation factor was evidenced in Re6].
*Corresponding author. Fax: 0040-21-4574440. Email address: In spite of these theoretical achievements it was shown
delion@theorl.theory.nipne.ro that the usual shell-model space usig6—8 major shells
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underestimates the experimental decay width by several othe a-decay width within the deformed WKB approach and
ders of magnitud¢27,28. This is connected with the expo- to estimate the microscopic preformation amplitude was de-
nential decrease of bound single particle wave functionscribed in several papers, like for instari@1—37. In this
[29]. The inclusion of narrow single particle resonances issection we will summarize the necessary details.
not able to cure this deficienci80-33. Only the back-
ground components in continuum can describe the right or-
der of magnitude of experimental decay wid{84—-37. . N ) ]
Anyway, the shell-model estimate of theparticle prefor- Let us cor_15|der a transition connecting two axially de-
mation factor is not consistent with the decreasing behavioformed nuclei
of Q values along any neutron chdi®8,39. In our previous
paper [40] we analyzed this feature by treating the B(1i.Ki) — All.Kp) + a(l), (2.
a-decaying state as a resonance built in a standard wayhere(l,K) denotes the total nuclear spin and its projection
namely, by using the matching between logarithmic derivay the intrinsic axis and the angular momentum of the
tives of the preformation amplitude and Coulomb function.gmjtted « particle.
This is equivalent to the so-called “plateau condition,” i.e., |y general the interaction between theparticle and the
the independence of the decay width upon the matching ragaygnter nucleus is given by a nonlocal potential. Beyond
dius. It turns out that this condition is not satisfied along anyhe touching radiusR.=1.2AY3+413) Pauli exchange ef-
neutron chain if one uses the standard shell-model estimaig s giminish, the nuclear potential becomes very small, and
for the preformation factor. This happens because the derivggq Schradinger equation governing the cluster motion con-
tive of the penetration factor changes much faster upothe (ains mainly a local component. Due to the fact that only the
values than the internal preformation amplitude. We €Ory,j of the preformation factor is important for the decay
rected the slope of the preformation amplitude by Chang'”%rocess inphenomenological approachesne defines an

the harmonic. oscilla}tor(ho) parame_ter of single _particle equivalent local potential for any distance, i.e.,
components in continuum. They give the most important

contribution in the preformation amplitude. These compo- K2
nents are connected with ancluster term, not predicted by - ZA +V(r) |W(r) =E¥(r), (2.2)
the standard shell mod@41]. Recently a similar idea was
used in Ref[42]. Here the ho parameter, associated with thewhere r=(r,f) denotes the relative distance and
center of masgc.m,) a-particle wave function, was used as a =M _M,/(M_,+M,) the reduced mass of thedaughter sys-
variational parameter, describing excitetsiates in'’C and  tem. The equivalent potential is written as follows:
1%0.

The aim of this paper is to extend our analysis of the V(r)=Vy(r), reintR], Vc(r), reex{R],
decay widths, by connecting the heavy with superheavy re- (2.3
gions alonga-like chains. Our purpose is not only to give a
correct description of absolute decay widths. We will showwhereV, simulates the internal cluster preformation process,
that in order to fulfil the plateau condition it is necessary towhile V. denotes the Coulomb potential. Hefg] is the
use an additionat-cluster component, depending upon thesurface between internal and external regions. Thus, we sup-
Q value. In this way we are able to connect the microscopigose that at a certain surface thgarticle is already formed
clustering properties ofr emitters with their binding ener- and moves in the Coulomb field of the daughter nucleus. Of
gies. course beyond some vallR, the final decay width should

The paper is organized according to the following plan. Innot depend on this surface. In Fig. 3 of RE$3] by using a
Sec. Il we give all necessary details concerning the penetranicroscopic approach we estimated such an equivalent
tion of the « particle through a deformed Coulomb barrier spherical local potential. In the internal region it has a pock-
and the microscopic calculation of the preformation factor. Inetlike shape, but beyond the touching radRisR;~9 fm it
Sec. Il we first analyze the influence of the relevant paramis indeed very close to the Coulomb interaction. This fea-
eters upon the decay width. We investigate even-even angire is already a signature that the decay width will not
favored even-oddr emitters within the standard pairing ap- depend uporR beyond the touching configuration, as can
proach. We then introduce a correcting factor for thebe seen in Fig. 4 of the same reference.
a-particle preformation amplitude, in order to achieve self- In a phenomenological approach the decaying state is de-
consistency with the useQ value. We analyze the relative scribed as a resonance inside this potential. By expanding the
behavior of the additional factor upon the neutron numbersolution in spherical waves
giving an important information on the clustering. Finally
we predict half-lives for even-even and even-odd superheavy _ M A

V(1) = 2= = Yin(P), (2.4
|

A. WKB approach for the deformed Coulomb barrier

emitters. In the last section we draw conclusions.

one finds a resonant state with a given projection by

matching the internagl“m)(r) and external outgoing compo-

We will investigate thea-clusterization process by ana- nentsg,(EXt)(r) at some radius=R. Thus one determines an

lyzing the decay widths. The standard procedure to computeigenstate with complex energy, i.e.,

Il. THEORETICAL BACKGROUND
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| Moreover, our previous calculatioi85] showed that 90%
E=E7-JT. (2.9 of the contribution is given by the monopole component
of the internal wave functioggm)(R). Therefore the decay

The real part of the energy is adjusted to the experimédtal width can be estimated by using the following ansatz:
value by using the depth of the potential as a parameter. For

all known « decays the Coulomb barrier is very large and the i )
width T" is by many orders of magnitude less than the real _ g (R) 2 -
part. Therefore it is practically impossible to find the imagi- I'= {ﬁy{ Go(x,kR) ; Dio(R) ¢ = I'o(RID(R),
nary part from the matching condition. But on the other hand
the decay width can be derived from the continuity equation (2.13
as follows:

where the functiorD(R) is given by the sum over angular

momentum|. Thus, a very good approximation for the

a-decay width from axially deformed nuclei is given by the

wherev is the c.m. velocity at infinity. product between the standasgherical width given by the
The external components in a Coulomb field were derivedrhomas formulal'o(R) [20], and the deformation factor

by Froman within the deformed WKB approaf®. By in-  D(R). It contains a ratio between the internal and external

I'=4vY lim,_.|g (N, (2.6)
|

troducing them in the above relation one obtains solutions. The decay width does not depend upon the match-
1 _ ing radiusR within the local potential approach, because the

r=>T=hr——-5>|> D[RR 2 internal and external wave functions satisfy the same equa-

i Go(x. kKR | tion and therefore are proportional. This is the so-called pla-

2.7 teau condition. The approximation given by E8.13 sat-
' isfy this requirement with a good accuracy.
where Gy(x,kR) denotes the monopole irregular Coulomb
function[43], depending upon the product between the mo-
mentumk and matching radiuR. Here y is the Coulomb
parameter, defined as twice the Somerfeld parameter

B. Microscopic a-particle preformation amplitude

The situation becomes different when the value of the
2,7,62 internal wave functiorggm)(R) is given by an independent
“hy (2.9 microscopic approachin this case the internal potentid),

in Eq. (2.3 is replaced by the so-called preformation ampli-

By considering that the intrinsic spin projection is conservedude. The two-body interaction is defined only in the external

X=2

K;=K; the deformation matrix has the following form: region. As we already pointed out in the region beydtd
0+ 1) the two-body residual interaction, generating the preforma-
_ +1 X ) tion amplitude, is so small that the equivalent local potential
Du(R) = exp[ kR 1}<IiKi’|o“fKi>K”" practically coincides with/c. In this case the preformation

2.9 amplitude and Coulomb wave function do reopriori have
the same derivatives.
where by bracket we denoted the Clebsch-Gordan coeffi- The preformation factor is defined as the amplitude to find
cient. It turns out that the major effect is given by the quad-a-daughter configuratiod W, in initial mother wave func-
rupole deformatior{35]. In this case the so-called Fréman tion g, i.e.,
matrix can be written as follows:

w _ (it (R . .
I R A L R UM L Ay
Here ©,,(0) are the normalized azimuthal harmonics given (2.14
by the definition of spherical harmonics, i.e.,
gmé where the integration is performed over internal coordinates.
Yim(6,®) = O1n(0) =, (2.1 As the final results below E2.23 shows it depends only
N2m upon R. We neglected the antisymmetrization between the
and cluster and daughter wave functions, because we will esti-

mate this integral for distancd® where the Pauli principle
2 kR 5 kR kR can be neglected.
B= g)(ﬁz(z - ;) __( ) (2.12 The structure of a freer particle is very simple. It con-
tains one pair of protons in a singlet state and a similar pair
wherep, is the quadrupole deformation. This result is a veryof neutrons. Each particle lies in the ground sta®fan ho
good approximation with respect to the exact coupled chanwell. By recoupling the product of radial wave functions to
nels solution, for quadrupole deformatiof8,|<0.3 [44].  the relative and c.m. components one obtains

41 x
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6B 2B 52 B §2a Bl 2 = @ Ball 341542, )12645 RI2 ~ Mo g
BO_fOBN_fOT"’Fy (2.22
-~ \Ifa(rmrwrﬁ,v)q,c.m.(R) .
(2.15 whereA is the mass number. By performing the recoupling
of proton and neutron pairs in E¢R.18 to relative and c.m.
Here we introduced Moshinsky relative and c.m. coordi-coordinates the preformation amplitude becomes

nates, respectively,
fO(IBOv Nmax F)mina R)
I’l—l’z r3_r4 _rl+r2_r3_r4

_ 2
M= E r=—705" 5 Vo = -, = & YoR72 T W(Bo, N Prmin) Nno(4B0) L 2(4B0R?).
v v N

(2.23

(2.16  We stress on the fact that the exponential term is similar to
the c.m.a-particle wave functior§2.15), but it depends upon
the single particle ho parametgg. We will show that this
The size parameter of the intrinsigparticle potential, de- term s dlrec_tly conngcted with the plateau condition and
gives the main clustering feature of thedecay process. The

termined by - electron-scattering - experiments, - |8, expansion coefficients are given in terms of recouplin
~0.5 fmi? [24]. The relative wave function used in Eq. pa ) 9 ) piing
Talmi-Moshinsky brackets as follows:

(2.14) contains also proton and neutron singlet spin-wave

Iyt trgtr,
4 1

wherer,r, denote proton andj,r, neutron coordinates.

functions, i.e., Wy (Bos Mmaxe Prmin)
V(£ = VoMl m)xo(Saxo(s,). (2,17 =8 >, (nONO;0IN,ON,0;0Z(%" Gy Gy .
nN_N,,

The most important ground state correlations are given by
the pairing interaction. We use the Bardeen-Cooper- (2.24
Schrieffer (BCS) approach for mother and daughter wave the quantitie'?#« are overlap integrals between radial ho
functions. In order to estimate the overlap integ@ally we  fynctions. i.e., |
expand the mother wave function in terms of sp states, mul-

tiplied by the daughter wave function, as follows: *
Preey ’ TP = f ReoBor)RooBurIr2dr.  (2.29
0

1 1 1
Vg= 52 Jnt Epiﬂ[‘/’jﬂ ® '/’JWJO_2 It EPJ’VW], The proton coefficient&y,, are given by the following rela-
Im Iy tion:
® lﬁjV]Oq,A' (218) Nmax
We use the short-hand index notatippe (7elj), where 7 Cn, = > 2 B(nylinalj)

i X Ijin . nyny=0
=1, v denotes isospirg sp energyl angular momentum, and "

j total spin. Otherwisg, has the usual meaning of the single y (II)0<}}>O'O|<I})j(I1>j 0
particle spin. The expansion coefficients are given in terms 22) "\ 2 2)"

f B i li foll :
of BCS occupation amplitudes as follows % (NON_0: 0jny : ;0}1%"3%/3&). (2.26

_ (A (B)
Pj,= UJ'T)UJ'T : (2.19 The first bracket denotg$—LSrecoupling coefficient, while
This expansion contains a pair of proton and one of neuth® second one Talmi-Moshinsky symbBl coefficient is a
tron states, similar to the structure of a fre@article(2.17. ~ Sum over all sp states with given spherical quantum num-
In order to perform the integral.14) analytically we ex-  Ders, i-e.,
pand sp wave functions in the ho basis, i.e., 1
Minax B(ndljn,lj) = ] ;P Jm+ 5Py Cnyj Cryi,- (2.27)
Y19 = 2 Coj Rui(BorILYI(D) ® xaoS)]j e 7= 7,0 S , ,
n=0 Therefore we consider in our sp basis only those states with
(2.20 P, larger than the minimal value,;,, taken as a parameter.
One obtains a similar relation f@sy .
The radial ho wave function ’
Ru(Bor?) = Noy(B)e P 2L 252 (2.20) ll. ANALYSIS OF a-DECAY CHAINS
The natural way to analyze decays is along the so-called
is defined in terms of the Laguerre polynomial. The sp pa-« chains, connecting nuclei with the same isospin projection
rameterp, is connected with the standard ho parameter byl =N-Z. A systematics ofr-decayQ values along these lines
using a scaling factof, as follows: was for the first time performed in Refl]. Here it was
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FIG. 1. (a) The dependence of the deformation fadidiR) de- FIG. 2. (a) The preformation amplitudBFy(R) vs the matching

fined by Eq.(2.13 upon the matching radius, for different quadru- radius for the decay proce$¥Rn— 19Po+a. (b) The natural loga-

pole deformations. The decay proces§¥Rn— 1%Po+a. (b) The rithm of the modulus of the preformation amplituglid line), the

same as ina) but for the decay proces88114— 28412 +a. natural logarithm of the irregular Coulomb functioBg(y,kR)
(dashed ling and the linear fit of the solid curvelot-dashed ling

evidenced a dependence upbrand 12 and also upon the VS the matching radius.

number ofa-clustersN,=(N-No)/2 andN2, whereNj is the
magic neutron number. 2y kR_ R B Z2,2,€°
The superheavy nuclei are detected usindecays along cosa= ; - EO T E
these paths. One of our goals is to give reliable predictions
for half-lives a|0ng Superheavy chains with> 102, by con- giveS an error less than 1% with reSpeCt to the exact func-
necting them with similar chains in heavy nuclei with tion. It explains the linear dependence between the logarithm
82<Z<100. At the same time we are interested in obtainingf the decay widths andE.
the best possible consistengtateau conditionbetween the The decay width has also an exponential dependence
microscopic preformation amplitude and the penetratiorHpon the quadrupole deformation, given by E¢s10 and
through the barrier, i.e., th® value. This will allow us to  (2.12. In order to clarify the role of the barrier deformation
analyze the relative clustering behavior @fmitters. we plotted in Fig. 1 the functio®(R) in Eq. (2.13 versus
the c.m. radiuR. We analyzed nuclei at the extremes of the
considered interval, namely®Rn, (a) and 288114 (b). We
A. The parameters of the model considered a typical range of quadrupole deformations for

N i.e., —0s38,<0.3.
In order to understand the structure of the decay width |tthe mother nucleus, i.., $,<0.3. In a_II caseD(R)
ractically does not depend upon the radius. On the other

is necessary a careful analysis of all significant paramete_r%.and the largest correction gives a factor of 3 for heavy
Let us first analyze the relevant parameters for the barrier

penetration. They concern the irregular Coulomb functionn.uc.lei and a factor of 5 in superhea\{y Oones. Erom this analy—
Go(x.kR) aﬁd the deformation fact®(R) in Eq. (2.13. It is sis it becomes clear that the small difference in deformations
0LX . g.(.29. ... for mother and daughter nuclei gives practically no correc-
already well known that the barrier penetration is sensmvetion_
Wlt?l)resptehcet gotglirlotl)lovglrg?nz\tlgrpdae:failr?:jtet‘)rs.lia 8 Let us now analyze the important parameters for the pre-
®) 2 the QUadrupoFI)e deformation in thg Froman matrix formation factorgy™ (R)=RFo(R) in E. (2.13. The micro-
(2.10). 2 scopic struct_ure of the pre_formation amplitude is giv_e.n by
The most mportant ingredient, governing the penetrabiy & (CZ: | B 1 B 2 1E BN e e e
lty of the a particle through the bavrier, is the Coulomb pa- arametergs Thus, in our analysis we used the universal pa-
rametery. The i.rregular. Coulomb functiorGo(X,kR) de- Eametrizatidn of tHe Woods-Saion potentfidb]. We solved P
gggr?wsatee)((gzrrfg\}ﬁmgt?o; For all known decays its WKB the BCS equations for the mother and daughter nuclei, but
the product af amplitudes®v® in Eq. (2.19 differ by 2%
from u®u®. Thus, we considered the gap parameter esti-

Go(x.kR) = (ctg a)¥/? exlasina cosa) mated byA,=12/JAg [46], whereAg is the mass number of

(3.2
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FIG. 3. The parametd?,,, multiplied by 10(solid line) and the
slope coefficienty; (dashed lingfor y,=0 in Eq.(3.3) vs the ho

size parameterfy defined by Eq.(2.22. The decay process is
200Rn— 190 +a.

the mother nucleus, because again the preformation ampli-

tude is not sensitive upon its local fluctuation.

PHYSICAL REVIEW @9, 044318(2004)

2 4F
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FIG. 5. (a) The ratio parametey,, defined by Eq(3.3), vs the
neutron number forfy=0.8,P,;;;=0.025 and different even-even
a-chains in Table I.(b) The slope parametey;, defined by Eq.
(3.3), vs the neutron number and different even-eveohains in
Table I.(c) The Coulomb parametey, defined by Eq(2.8), vs the
neutron number and different even-eveithains in Table I.

(2) By: the sp ho parameter, depending uggdefined by

It turns out that the approach is very sensitive with respecgq. (2.22.
to the following three parameters, entering the preformation (3) The amount of spherical configurations taken in the

amplitude.

BCS calculation, given by,,, in Eq. (2.27), defined as the

(1) Npax the maximal sp radial quantum number definedminimal considered, (2.19).

by Eq.(2.20.
6

by by b b b by b b
-6
6 6.2 6.4 6.6 6.8 7 7.2 74 7.6 78 ]

E (MeV)

FIG. 4. The slope parameter 190(solid line) and the ratio
parametery, (dashed ling in (3.3) vs the a-particle energy for
20030, 9P +q.

Let us first analyze the influence of the maximal radial
quantum numben,,,,, defining the radial extension of the
wave function. For bound states one mgg,<4. For states
in continuum it increases with the sp energyrhis is a very
important parameter because the preformation factor should
be properly described at large distances, where the states in
continuum play an important role. The ideal procedure is to
discretize the positive sp spectrum and to find the wave func-
tions by a direct numerical integration. Then the expansion
coefficientsc, in Eq. (2.20 can be found by a fitting proce-
dure. In this way the amount of states for each combination
I,j will be very large.

Anyway, we are interested in the effective description of
the decay width. Namely, if we are able to obtain the value of
the decay width for a given nucleus, the other transitions are
described by using the same parametrization of the sp spec-
trum. Thus, we preferred an effective description of the con-
tinuum, by using the direct diagonalization method to find
the expansion coefficients, in the ho basis. It turns out that
beyondn,,,,=9 the results saturate if one considers in the
BCS basis sp states with=P,;,=0.02. Therefore we con-
sidered in our further calculations the valng,,=9.

We improved the description of the continuum by choos-
ing a sp scale paramet&<<1 in Eq.(2.22. This is similar
to our previous procedure of R&f37]), where we used two
ho parameters, one connected with the bound sp spectrum
and another onésmalley with the continuum. A smaller ho
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TABLE 1. Even-even (left side and even-odd(right side a-decay chains in the regiod>82,
82<N<126. In the first column of each table is given the isospin projedtidd—Z. In the next columns are
given the initial neutron and proton numbers, the number of states/chain and the reference.

| N1 Z, No Ref. | N1 Z; No Ref.
28 114 86 1 [7] 27 113 86 1 [7]
30 116 86 2 [7] 29 115 86 2 [7]
32 118 86 3 [7] 31 117 86 3 [7]
34 120 86 3 [7] 33 119 86 3 [7]
36 122 86 2 [7] 35 121 86 2 [7]
38 124 86 1 [7] 37 123 86 1 [7]

parameter corresponds to a larger density of the sp spectrum. I'(R)

We simplified this approach by using only one parameter, logso T =%+ 7R (3.3
because practically only sp states above the Fermi level con- &P

tribute in the decay width. Actually we found out that the SPshould vanish, i.e50=7,=0, in order to have a proper de-

states belpw the Fermi sqrface give a contr'ibution about fe"%cription of the decay width. It turns out that they are very
percents in the decay width. Thus, by using a smaller h%ensitive to the size parametéy and P, In Fig. 3 we
parameter the sp wave function, and therefore the preformeb-lotted by a solid line the value of 19,

in versusf,, for
tion amplitude, becomes flatter and it is better described &f;,ich we obtainedy,=0. By a dashed rITi"r?e it is gi\(;en the
large distances. o

. . . value of the slopey, for the same condition. One can see
This parameter is not independent frétg;,. It turns out 4t one obtaing,=7,=0 for f,=0.8 andP,,;,=0.025.This

that the common choice df and Py, ensures not only the ., eqhonds to about 50 spherical configurations in Eq.
right order of magnitude for the decay width, but also the(2'24), and sp spectra are bound by the following limits
above mentioned continuity of the derivative. As we aIreadymaAe |~15 MeV, maxe,|~5 MeV.

pointed out in the preceding section the continuity of deriva- |, Ciher words we can. in principle, find the Coulomb
tives between the internal preformation factgf™(R) parametery by solving the equation

=RFy(R) and the external Coulomb functiddy(y,R) is not

a trivial condition. This is a necessary condition, because if yi(x) =0, (3.4)
their slopes are equal the two functions are proportional and

according to Eq(2.13 the decay width does not depend for given parameters,y, Bo, Pmin and in this wayto pre-
upon R [D(R) is practically a constaiht Obviously this re-

quirement is equivalent to the standard logarithmic deriva-= 4
tive condition in finding a resonant state. 2 | even—odd (@)
In Fig. 2@ we plotted the preformation amplitude L e e e i
ggm)(R):R}'O(R) as a function of the radiur for the decay 2
process P T I NS SO RS R BRI NS
112 114 116 118 120 122 124 126
N
200Rn — 9P +a. (32 <M
02 [ (b)
0F —e-——2—-—- —— - — — -
It is peaked in the internal region. As it was shown in Ref. 4, E
[33] a wave function of such a shape is generated by ar ,, E. . v v 100
equivalent pocketlike local potential in the internal region. 1z 4 116 us 120 122 124 126
Its tail in the external region, beyori., corresponds prac- N
tically to a Coulomb interaction, as in Fig. 3 of R¢83]. < 60
The asymptotic behavior in this region is exponential, similar 3 ()
to the Coulomb functiori3.1), and this feature can be better E
analyzed in the logarithmic scale. In Figh2 by a solid line WP m e/ - - - - -
we plotted IMRF,(R)| and by a dashed line 164(x,kR) g0 Eo e L
-10. By a dot-dashed line we also give the linear fit of the nzooou4 o ne oms 10 12z 14 126

preformation amplitude in the interval over 5 fm beyond
the touching radius. One sees that it is parallel with the FIG. 6. (a) The same as in Fig.(8), but for different even-odd
logarithm of the Coulomb function, their difference is a a-chains in Table I(b) The same as in Fig.(5), but for different
constant, and indeed the plateau condition is fulfilled.even-odda-chains in Table I(c) The same as in Fig.(6), but for
Therefore the coefficients of the linear fit different even-oddr-chains in Table |.
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TABLE Il. Even-even(left side) and even-oddright side «-decay chains in the regiah> 82, N> 126.
The quantities are the same as in Table I.

| N1 Z; No Ref. | N1 Z; No Ref.
38 130 92 1 [7] 39 131 92 1 [7]
40 130 90 2 7] 41 131 90 2 [7]
42 130 88 3 [7] 43 131 88 5 [7]
44 130 86 6 7] 45 131 86 7 (7]
46 132 86 8 [7] 47 133 86 8 [7]
48 134 86 12 [7] 49 139 90 11 [7,49
50 136 86 9 [7] 51 143 92 8 [7]
52 142 90 7 (7] 53 147 94 10 [7,50
54 146 92 5 [7] 55 151 96 4 (7]
56 150 94 4 [7] 57 155 98 2 (7]
58 154 94 2 [7] 59 173 114 1 (7]
60 172 112 3 [48] 61 175 114 3 [51]
dict Q value independently, based only on the microscopic C. a chains for Z>82,N>126

factor. This equation involves onIy the theoretical estimate The situation completely changes in the region above the
of the decay width, because it is independent on the constafiagic neutron numbeN>126. We investigated 12 even-
[exp In order to analyze the sensitivity of the slope pa-even a-chains. They are described in the left side of the
rametery; upon theQ value we plotted in Fig. 4 their Table Il.

dependence. One can see that it is necessary to solve theln Fig. 7(a) we plotted the parametey, versus the neu-
above Eq.(3.4) with an error|y,|<0.02, toachieve a pre- tron number along these chains. From this figure it is rather

cision of 500keV. difficult to follow each chain from the lowest neutron num-
berN;. Anyway our purpose is not to identify “who is who,”
B. a chains for Z>82, 82<N<126 but to show that the general behavior of this parameter is

very similar for any considered chain. One can see that the
Vgxperimental decay widths are reproduced worse than in the
revious interval, namely, the quantify=~log;o(I'/T'¢,) has

We used the values of the parameters determined abo
Nmax=9, fo=0.8 andP,,,;,=0.025, in order to analyze other
decays. A correct theoretical description should give small, | 5riation of one order of magnitude aroung=0. This
fluctuations fory, and y,, if the a clustering is entirely de- herformance can be considered satisfactory for a microscopic
scribed within this approach. Indeed, this is the case for the,ggel. But at the same time the description of the slgpe
regionZ>82, 82<N<126. The above analyzed deo@?2)  given in Fig. Tb), is by far not satisfactory.
belongs to this region, containing six even-ewerchains, The situation is similar for favored decays from even-
described in the left side of the Table I. Here we give theodd nuclei. These chains are described in the right side of the
values ofI=N-Z, the starting valuedN, and Z; and the Table Il for 12 even-oddr-chains.
number of states/chain. In the last column we give the refer- In Figs. §a) and §b) we give the values of the parameters
ence for the experimental decay widths @dalues. In all  y, andy;, respectively, depending upon the neutron number.
cased;=I=0 in Eq.(2.9). The quadrupole deformation pa- Again the ratio parametey, has a variation of one order of
rameters are taken from Rg#7]. magnitude around,=0 and the variation of the slopg is

In Figs. §a) and %b) we plotted the parameterg,,y,  very strong. As expectegy has a stronger variation around
depending upon the neutron number. One can see that indedfte semimagic neutron numbé¥s- 152 andN=162. We par-
their values are very close to zero. The decay widths aréally explain large fluctuations of the ratio parametgrin
reproduced within a factor of 2. We point out in advance thatthe superheavy region by relative large experimental errors.

the small decrease of parameters along considereldains The reason for the variation of the slope parameteis
is correlated with a similar behavior of the Coulomb param-the relative strong dependence of the Coulomb parameter
eter y in Fig. Xc). upon the neutron number along chains. In Fig. 8a) we

The situation is similar for the favored decays from give the values of this parameter for the even-even chains
even-odd nuclei. We analyzed six even-oddchains with  and in Fig. 9b) for even-odd chains. The variation of the
I;=1;, described in right side of the Table I. In Figgap-6(c)  slope parametey, for even-even nuclei in Fig.(B) is in an
we can see the same behavior as in Figa)-%(c). obvious correlation with the Coulomb paramejeiin Fig.

In conclusion the pairing description of decays in this 9(a). The same happens for even-odd emitters, namely, the
region seems to be successful concerning both the ratio tslope parameter in Fig.(B) is similar to the Coulomb pa-
the experimental width and the continuity of derivatives.rameter in Fig. &).

Moreover, we conclude that the clustering is constant for It is well known that the derivative of the irregular Cou-
all considered emitters. lomb function strongly changes with respect to the parameter
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= 2 E 2 2 E
15 even—even (a) 15 E even—odd (o).
1 E 1 E
05 £ 05 | L.
°oF 0o F X NfF---=-F-
05 05
1 F 1 F .
5 f=0.80 s | f;=0.80
2B e b 1 S TR W NS RN R RN RN
130 135 140 145 150 155 160 165 170 175 130 135 140 145 150 155 160 165 170 175
N N
< 03¢ < 03
0.2 (&) 02 | (0)
o1 | \ o1 |
5 7&\ N g
0 F 0 F -\— —_—— = __ _ = = =
01 \\ 01 F
02 F LN 02 | \ /x
w3 Bt b b 1 w3 Bt b bt b b b o 1
130 135 140 145 150 155 160 165 170 175 130 135 140 145 150 155 160 165 170 175
N N

FIG. 7. (a) The parametefy vs the neutron number for different FIG. 8. (a) The parametet, vs the neutron number for different
even-evena-chains in Table Il. The preformation parameters areeven-odda-chains in Table Il. The preformation parameters are
fp=0.8, Pin=0.025.(b) The same as iida), but for the slope pa- f;,=0.8, P,;,=0.025.(b) The same as iiia), but for the slope pa-
rametery;. rametery;.

x- Therefore the derivative of the microscopic preformation __
amplitude changes along chains much slower in compari-  Fo(8, Bm Nmax Pmini R)
son with that of the Coulomb function. Thus, the micro-

scopic description within the pairing model is not consistent = € X723 Wy(Bm Nmase Ponin) Vo8B LE2 (48,82

in this region. The discontinuity of the derivative has a pro- N

found consequence, namely the continuity equation is not (3.6)
anymore satisfied, because the probability current has a

jump. Therefore we decouple the ho parameter, entering the clus-

terlike exponential factor, from the fixed parameter sp ho

parameterB,,. We suppose a linear dependence of the size
In spite of the fact that this method is used for many yeargarameterf upon the Coulomb parameter

the obvious inconsistency of the shell model, in particular, of

the pairinga-decay approach, was only recently stressed in B~ Bm=(f=f)88=f1(x = Xm) Bn- (3.7

Ref. [40].
At the first sight it seems that this effect could be a con-The above relatiori3.6) can be written as follows:

sequence of the fact that we considered only the Coulomb

D. Corrected preformation amplitude

interaction in the external region and neglected the equiva- J_-‘O(B, B Nmase Pmin; R)

lent local potential produced by the microscopic preforma- 2

tion factor. Anyway a simple estimate, similar to that in Ref. = & PR L B Ninass Prnini R)

[33] shows that first of all this correction is very small. On _ B ) )

the second hand from our analysis alanghains it turns out =F0(B= B 0,0:R) Fo(Bm N Pmini R), (3.8)

that this effect is proportional to the Coulomb parameger i.e., the usual preformation amplitude is multiplied by a clus-

The variation due to the potential generated by the microier reformation amplitude with....=0. Thus. one has to
scopic part along any isotope chain is by far not able to P P max— '

follow the trend given by the Coulomb parameter. mgltiply the right-hand side of the expansi¢@.23 by

Our estimate shows that the linear correlation coefficienfiS factor. . o
betweeny; andy is larger than 0.7. This allows us to intro- _ Our calculations showed that indeed, this is the best
duce a supplementary, but universal, correcting procedure f&hoice for the slope correction of the preformation ampli-
the preformation factor. Thus, let us define a variable sizdude. If one uses a variable ho parameter for the second

parameterf by a similar to Eq(2.22) relation, namely, factor in the above relation one always obtains a linear de-
_ creasing trend of the slope paramejgralong any«a chain.
B=1Bn- 3.9 This is a strong argument in favor of tleclustering nature

The parametey enters in the exponent of the Coulomb func- of this correction. _ _ o
tion (3.1). This fact suggests a similar correction of the pre- The energy of the emitted particle can be splitted into two
formation factor, i.e., components, a pure shell model plus a cluster part, i.e.,
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s 60 e 2
555 even—even 15 B even—odd (a)
2 ~ 1 E .
o F \\\\Q 05 £
s | \ ~— 0 F = Ly e f — — - — 92—
w £ I~ - 05
g 1 F e
35 = () 15 B f.=0.84, f,=8.0x107
30 Bl lovn b ben b b e e e e 2B b b1
130 135 140 145 150 155 160 165 170 175 130 135 140 145 150 155 160 165 170 175
N N
< 60 - 03
E even—odd = E
55 [ 02 & (b)
E N F
50 x\z\ 01
45 ;— \\ ‘/:\ 0 ;——2‘;—@\-‘3&%; ———————
“ ; \2’*:‘ o1 :_ \ \ v
35 [ (b) 02
30 Bl bbb bbb b b o3 Bl et b b b b bl 1 1
130 135 140 145 150 155 160 165 170 175 130 135 140 145 150 155 160 165 170 175
N N
FIG. 9. (a) The Coulomb parametarvs the neutron number for FIG. 11. (a) The parametety, vs the neutron number for differ-

different even-evem-chains in Table I1(b) The Coulomb param- €nt even-oddr-chains in Table Il. The preformation parameters are

eter y vs the neutron number for different even-odechains in ~ fm=0.84,f;=8.0 10, Pp;,=0.025.(b) The same as ifa), but for
Table 1. the slope parametey;.

(3.9 a smooth liquid drop term plus a shell-model fluctuation
' [52], but of course the two terms in our case have different
meanings.
Therefore theQ-value contains a smooth part and a fluctua-  First of all we tried to maintain our previous parametriza-
tion, given by four-body correlations not included in the tion for N< 126, i.e.,f,,=0.8, x,,=0.40, by looking for the
pairing model. This representation is somehow similar to theyest slopef, in Eq. (3.7). In this way the first region would
standard Strutinsky procedure to split the binding energy intge described with the same set of parameters, because the

E=Ep +Epp .

= 2 E = 2 F
15 even—even (o) s E even—even (a)
1| 1 F
05 | o5 2
OF P oemeK e  e — - - - - - - — - 0F -~ = = cey I /k
05 / 05 /
a5 | fo=0.83 fi=8.0x107" 15 | fn=0.83 f,=8.0x10" f,=1.28x10
oo bl b 1 R T T W WATE WIS WU WA Nl N RE TS T R e
130 135 140 145 150 155 160 165 170 175 130 135 140 145 150 155 160 165 170 175
N N
L S 03
02 (®) 02 [ (b)
01 o1 [
F r -
0 F o 3 i S —
E E ™
1 | - o1 F
02 02
o3 Bl et b b b 1 o3 Bl e bbb b e b e e 10
130 135 140 145 150 155 160 165 170 175 130 135 140 145 150 155 160 165 170 175
N N
FIG. 10. (a) The parametety, vs the neutron number for differ- FIG. 12. (a) The parametety, vs the neutron number for differ-

ent even-everw-chains in Table Il. The preformation parameters ent even-eveny-chains in Table Il. The preformation parameters
aref,,=0.83,f,=8.0 104 P,;,=0.025.(b) The same as ifa), but  aref,=0.83,f;=8.0 104 f,=1.28 10%, P,;,=0.025.(b) The same
for the slope parametey;. as in(a), but for the slope parametes.
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S roughly corresponds to the maximal value of the Coulomb
15 even—oad () parameter, namely,,=55. In this way for other decays the
1 a clustering process increases by decreasing the Coulomb
05 Lo \/ parameter, because the ho paramgtar Eq. (3.7) is smaller

0 Y and therefore the tail of the preformation factor increases.
05 This is consistent with the physical meaning of the
1 a-clustering process, because a smaller Coulomb parameter
LS AT T correspond to a larger alue and consequently to a larger
2 TH s w0 15 0 15 160 165 1 17 emission probability
N From Figs. 9a) and 9b) we can see that the clustering
is enhanced in the region abos=126 and in superheavy
nuclei. This is agreement with several calculations pointing
out on a very strong clustering process in Po, Rn, and Ra
isotopes. Our calculations predict a similar feature for super-

o A S heavy nuclei.
-\/ Therefore in our calculations we used the parametgrs
=0.83, x,=55. For the proportionality coefficient in Eq.

-0.2 (3.7) the regression analysis gives the vafye8.0 104, In
w3 bl bbb b bl i1 Figs. 1@a) and 1@b) we plotted the dependence of the pa-
130 135 10 W5 IS0 1S5 160 165 170 175 N rametersy,,y; upon the neutron number along the even-
evena-chains in Table Il. The improvement, especially for
FIG. 13. (a) The parametety, vs the neutron number for differ- the slopey, is obvious. Now the ratio to the experimental
ent even-oddy-chains in Table Il. The preformation parameters arewidth is described within a factor of 3 for most of decays.
f,=0.84,f,=8.0 10% f,=1.28 10°, P,,,=0.025.(b) The same as A similar improvemeniexcept the vicinity of semimagic
in (a), but for the slope paramete. neutron numbepds shown in Figs. 1¢a) and 11b) for even-
odd favoredx chains in Table Il. Here we used a larger value
Coulomb parametex = 0.40 for aII.decay.s, as can be seenf_=0.84, corresponding to the maximumy(max =0, but
from Figs. %c) and Q.c) and we will obtain practlcally_ the  the same values o, X
same values as in Figs(ep, 5(b), @), and §b). By using From the analysis of Figs. 10 and 11 one remarks that in
this parametrization the ratio parameter indeed improves, bgpe superheavy region we still underestimated the slope pa-
coming closer to a vanishing value for all decays in the reygmeter for both cases. The situation here can be improved
gion N> 126, but the description of the slope parameter isoy assuming a quadratic dependence of the coeffidignt

still unsatisfactory. , _upon the number of clustefd,=(N—Ng)/2 with Ny=126,
Therefore we chose a different strategy connected Wlt|’hame|y

the maximal value of the ratio parametgr As we will show

later this choice has a physical meaning connected with the fi— f1+ FN2. (3.10
a-clustering picture. In this way the parametrization in the

region 82<N<126 becomes different with respect to the We remind here that a quadratic M), dependence of th®
other one, but at the same time it is common for allvalue was empirically found in Reff1]. We stress on the fact
a-decaying nuclei withN> 126, including the superheavy that this kind of dependence affects only the superheavy re-
ones. This choice is not a drawback, but it fits the spirit ofgion, with large values oN,. The results are given in Figs.
the Nilsson shell-model parametrization. We remark from12(a) and 12b) for even-even chains and in Figs.(&Band
Figs. 1a) and Qa) that the maximal value of the ratio pa- 13(b) for even-odd chains. We considered a correcting term
rametery, corresponds to a maximal value of the Coulombwith f,=1.28 10°. The improvement of the slope param-
parameter. Let us point out that by using a constant ho paeter in the superheavy region is obvious. The mean value
rameter with the size parametg,=0.83 for all analyzed of this parameter and its standard deviation for even-even
even-even emitters the Figs@y and {b) are pushed down chains isy;=-0.001+£0.034, wile for even-odd chains we
and one obtains for the maximal value of the ratio parameteobtainedy; =—0.012+0.033.

vo(max)=0. At this point thea clustering is described en- The quadratic dependence in £§.10) can be also inter-
tirely by the pairing correlations. As we pointed out it preted in terms of the total number of interacting clustering

f,=0.84, f,=8.0x10™* f,=1.28x107°

03 r

g

02 F

0.1

-0.1

§

TABLE lll. Parameters of the preformation amplitude according to E83) and(3.10).

Interval Nucleus fm fq f, Xm Prnin

N<126 Even-even 0.80 80104 0 40 0.025
Even-odd 0.80 8.810* 0 40 0.025

N>126 Even-even 0.83 80104 1.28x 1076 55 0.025
Even-odd 0.84 8.810 1.28x 1076 55 0.025
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TABLE IV. Even-evena-decay chains in heavy and superheavy nuclei. The quadrupole deformajiamsl FRLDM Q-valueskE are
taken from Ref[47].

z N A | B2 E (MeV) X f N logoT () 10g10Texp () Sa

92 130 222 38 0.048 9.436 36.587 0.815 0.043 -5.076 -6.000 0.0086
90 130 220 40 0.030 8.988 36.652 0.815 -0.016 -4.459 -5.013 0.0085
92 132 224 40 0.146 8.660 38.195 0.816 0.059 -3.217 -3.155 0.0073
102 142 244 40 0.224 9.606 40.325 0.817 0.078 -2.759 0.0070
104 144 248 40 0.225 10.246 39.831 0.816 0.043 -3.702 0.0074
106 146 252 40 0.236 10.406 40.304 0.816 0.102 -3.575 0.0072
108 148 256 40 0.237 10.966 40.022 0.816 0.135 -4.310 0.0075
110 150 260 40 0.228 11.846 39.238 0.814 0.119 -5.554 0.0084
112 152 264 40 0.228 12.826 38.412 0.813 0.145 -6.929 0.0101
88 130 218 42 0.020 8.581 36.655 0.815 0.018 -4.124 -4.585 0.0086
90 132 222 42 0.111 8.164 38.460 0.817 -0.003 -2.358 -2.553 0.0070
92 134 226 42 0.172 7.600 40.775 0.818 0.022 0.005 -0.301 0.0062
102 144 246 42 0.224 9.476 40.603 0.817 0.056 -2.407 0.0071
104 146 250 42 0.235 9.746 40.843 0.817 0.069 -2.521 0.0070
106 148 254 42 0.237 10.116 40.880 0.817 0.095 -2.865 0.0071
108 150 258 42 0.238 10.586 40.736 0.816 0.101 -3.446 0.0075
110 152 262 42 0.228 11.896 39.158 0.814 0.104 -5.688 0.0091
112 154 266 42 0.219 12.976 38.191 0.812 0.095 -7.196 0.0112
114 156 270 42 0.200 13.416 38.247 0.812 0.106 -7.489 0.0145
86 130 216 44 0.008 8.235 36.544 0.815 -0.035 -3.673 -4.347 0.0092
88 132 220 44 0.103 7.627 38.884 0.817 -0.018 -1.331 -1.638 0.0068
90 134 224 44 0.164 7.355 40.524 0.818 -0.026 0.229 0.114 0.0062
92 136 228 44 0.191 6.836 42.996 0.820 -0.014 2.922 2.903 0.0055
94 138 232 44 0.208 6.753 44.228 0.821 0.005 3.995 4.000 0.0052
98 142 240 44 0.215 7.758 43.070 0.819 0.007 1.539 1.806 0.0058
102 146 248 44 0.235 8.966 41.745 0.818 0.017 -1.033 0.0067
104 148 252 44 0.236 9.546 41.271 0.817 0.028 -2.020 0.0070
106 150 256 44 0.247 9.526 42.130 0.817 0.049 -1.351 0.0066
108 152 260 44 0.239 10.646 40.624 0.815 0.033 -3.579 0.0080
110 154 264 44 0.229 12.096 38.835 0.813 0.005 -6.047 0.0104
112 156 268 44 0.220 12.686 38.628 0.812 -0.001 -6.629 0.0117
114 158 272 44 0.201 12.926 38.967 0.812 0.087 -6.699 0.0149
116 160 276 44 0.192 13.286 39.126 0.811 0.121 -6.986 0.0225
86 132 218 46 0.040 7.299 38.820 0.817 0.014 -0.917 -1.456 0.0072
88 134 222 46 0.130 6.710 41.459 0.819 0.012 1.923 1.591 0.0057
90 136 226 46 0.173 6.487 43.153 0.820 -0.045 3.706 3.398 0.0053
92 138 230 46 0.199 6.029 45.787 0.822 -0.041 6.617 6.431 0.0047
94 140 234 46 0.216 6.345 45.631 0.822 -0.010 5.852 5.903 0.0047
96 142 238 46 0.215 6.670 45.480 0.822 0.000 5.155 4.954 0.0047
98 144 242 46 0.224 7.549 43.666 0.820 -0.017 2.342 2.477 0.0056
100 146 246 46 0.234 8.417 42.220 0.818 -0.016 0.070 0.079 0.0065
102 148 250 46 0.235 8.383 43.175 0.819 -0.067 0.891 0.0061
104 150 254 46 0.237 9.036 42.423 0.818 -0.037 -0.501 0.0067
106 152 258 46 0.248 9.456 42.288 0.817 -0.039 -1.049 0.0069
108 154 262 46 0.239 10.866 40.213 0.814 -0.082 -3.924 0.0089
110 156 266 46 0.220 11.786 39.344 0.813 -0.089 -5.265 0.0107
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TABLE IV. (Continued)
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z N A [ B2 E (MeV) X f " logseT (s) 10910Texp (9) Se
112 158 270 46  0.220 12.096 39561  0.813  -0.038 -5.476 0.0118
114 160 274 46  0.201 12.486 39.650  0.812 0.026 -5.906 0.0157
116 162 278 46  0.193 13.036 39502  0.811 0.007 -6.521 0.0260
118 164 282 46  0.062 12.916 40.385  0.812 0.144 -5.811 0.0397
86 134 220 48  0.111 6.438 41.338  0.819 0.011 2.237 1.748 0.0060
88 136 224 48  0.164 5.823 44509  0.821 0.035 5.824 5.519 0.0049
90 138 228 48  0.182 5.555 46.637  0.823 0.045 8.147 7.919 0.0044
92 140 232 48  0.207 5.450 48.161  0.824 0.000 9.765 9.505 0.0040
94 142 236 48 0215 5.904 47308  0.823  -0.022 8.131 8.114 0.0041
96 144 240 48  0.224 6.436 46.302  0.822  -0.045 6.318 6.519 0.0044
98 146 244 48  0.234 7.370 44196  0.820  -0.021 3.078 3.204 0.0054
100 148 248 48  0.235 8.040 43202  0.819  -0.041 1.298 1.653 0.0061
102 150 252 48  0.236 8.593 42647  0.818  -0.048 0.197 0.602 0.0067
104 152 256 48  0.247 8.995 42522  0.817  -0.031 -0.434 -0.444 0.0071
106 154 260 48  0.239 9.967 41192  0.815  -0.064 -2.424 -2.060 0.0083
108 156 264 48  0.229 11.042 39.893  0.814  -0.093 -4.331 -4.000 0.0102
110 158 268 48  0.221 10.062 42584  0.816  -0.029 -1.379 0.0081
112 160 272 48  0.221 11.606 40.389  0.813  -0.099 -4.463 0.0123
114 162 276 48  0.212 12.336 39.893  0.812  -0.103 -5.506 0.0186
116 164 280 48  0.062 12.426 40462  0.812  -0.006 -5.259 0.0307
118 166 284 48  0.062 13.096 40.109  0.810  -0.011 -6.141 0.0585
86 136 222 50  0.137 5.623 44236  0.821 0.071 5.913 5.519 0.0051
88 138 226 50 0172 4.904 48504  0.825 0.053 11.190 10.724 0.0039
90 140 230 50  0.198 4.806 50.143  0.826 0.044 12.879 12.491 0.0036
92 142 234 50 0215 4.895 50.822  0.826 0.016 13.317 13.041 0.0034
94 144 238 50 0215 5.631 48.445  0.824 0.001 9.598 9.591 0.0037
96 146 242 50  0.224 6.254 46.974  0.823  -0.018 7.151 7.279 0.0041
98 148 246 50  0.234 6.901 45676  0.821  -0.018 4.947 5.204 0.0048
100 150 250 50  0.235 7.592 44461  0.820  -0.027 2.959 3.301 0.0056
102 152 254 50  0.246 8.264 43490 0.818  -0.027 1.317 1.857 0.0065
104 154 258 50  0.238 8.656 43349  0.818  -0.120 0.800 0.0069
106 156 262 50  0.229 9.606 41.962  0.816  -0.060 -1.380 0.0084
108 158 266 50  0.230 9.686 42597  0.816  -0.029 -0.972 0.0082
110 160 270 50  0.221 10.316 42059  0.815 0.004 -1.918 0.0097
112 162 274 50  0.222 11.396 40.762  0.813  -0.083 -3.996 0.0138
114 164 278 50  0.193 12.646 39.403  0.810  -0.131 -6.117 0.0260
116 166 282 50  0.062 11.646 41.797  0.813  -0.098 -3.564 0.0357
118 168 286 50  0.080 13.046 40.188  0.810  -0.114 -6.027 0.0762
90 142 232 52  0.207 4.115 54.194  0.829 0.062 18.243 17.756 0.0029
92 144 236 52 0215 4.608 52.385  0.828 0.064 15.295 15.000 0.0030
94 146 240 52  0.223 5.293 49.971  0.825 0.015 11.610 11.447 0.0033
96 148 244 52 0.234 5.940 48.203  0.824 0.000 8.720 8.875 0.0037
98 150 248 52  0.235 6.404 47.418  0.823  -0.007 7.226 7.544 0.0042
100 152 252 52  0.245 7.194 45677 0.821  -0.030 4.501 5.041 0.0052
102 154 256 52  0.237 8.606 42620 0.817  -0.021 0.176 0.613 0.0076
104 156 260 52  0.228 8.569 43571  0.818  -0.020 0.970 0.0073
106 158 264 52  0.229 8.706 44,080 0.818  -0.015 1.187 0.0074
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z N A [ B2 E (MeV) X f " logseT (s) 10910Texp (9) Se
108 160 268 52  0.230 8.996 44203  0.817  -0.017 0.957 0.0080
110 162 272 52  0.222 10.026 42665 0.815  -0.024 -1.346 0.0111
112 164 276 52  0.212 11.846 39.982 0.811 -0.078 -5.016 0.0207
114 166 280 52  0.053 11.606 41.133  0.812  -0.081 -3.903 0.0284
116 168 284 52  0.071 11.606 41871  0.812  -0.095 -3.590 0.0465
118 170 288 52  0.080 12.876 40454  0.809  -0.137 -5.779 0.0909
92 146 238 54 0215 4.304 54.207  0.829 0.041 17.762 17.255 0.0025
94 148 242 54  0.224 5.020 51.315  0.826  -0.003 13.430 13.176 0.0028
96 150 246 54  0.234 5.513 50.039  0.825  -0.006 11.171 11.279 0.0032
98 152 250 54  0.245 6.169 48316  0.823  -0.022 8.381 8.690 0.0040
100 154 254 54  0.237 7.345 45208 0.820  -0.015 3.856 4.146 0.0059
102 156 258 54  0.228 8.120 43.879  0.818 0.033 1.752 0.0073
104 158 262 54  0.229 7.916 45336  0.819 0.005 3.141 0.0066
106 160 266 54  0.230 8.026 45912  0.819  -0.001 3.456 0.0068
108 162 270 54  0.231 8.696 44961  0.818  -0.024 1.842 0.0087
110 164 274 54  0.222 10.506 41682  0.813  -0.067 -2.674 0.0165
112 166 278 54  0.164 12.296 39.246  0.809  -0.150 -5.909 0.0315
114 168 282 54  0.053 10.006 44302  0.815  -0.100 0.003 0.0243
116 170 286 54  0.080 11.416 42220 0.812  -0.102 -3.197 0.0539
118 172 290 54 -0.112 12.806 40567  0.809  -0.085 -5.797 0.1056
94 150 244 56  0.224 4.703 53.020  0.828 0.049 15.598 15.505 0.0024
96 152 248 56  0.235 5.200 51.526  0.826 0.028 13.163 13.146 0.0028
98 154 252 56  0.236 6.257 47978  0.823 0.009 7.904 8.000 0.0043
100 156 256 56  0.227 7.065 46.098  0.820 0.019 4.993 5.079 0.0058
102 158 260 56  0.228 7.412 45930  0.820 0.034 4.303 0.0064
104 160 264 56  0.220 7.326 47129  0.821 0.010 5.447 0.0061
106 162 268 56  0.231 7.596 47.196  0.821 0.001 5.080 0.0069
108 164 272 56  0.222 9.206 43700 0.816  -0.034 0.183 0.0130
110 166 276 56  0.212 10.726 41254  0.812  -0.033 -3.255 0.0238
112 168 280 56  0.080 11.126 41260 0.811  -0.017 -3.450 0.0316
114 170 284 56  0.062 9.436 45622  0.817  -0.056 1.588 0.0242
116 172 288 56 -0.104 11.316 42409  0.811  -0.086 -3.084 0.0604
118 174 292 56  0.081 12.366 41.284  0.809  -0.078 -4.925 0.1056
96 154 250 58  0.225 5.208 51.490  0.826 0.045 13.105 12.477 0.0029
98 156 254 58  0.226 5.967 49.134  0.824 0.052 9.437 9.301 0.0041
100 158 258 58  0.228 6.749 47.168  0.821 0.032 6.237 0.0056
102 160 262 58  0.219 6.586 48.728  0.823 0.051 7.968 0.0052
104 162 266 58  0.230 6.736 49.152  0.823  -0.045 8.124 0.0056
106 164 270 58  0.221 8.156 45550  0.818 0.018 2.897 0.0106
108 166 274 58  0.212 9.466 43.098 0.814  -0.015 -0.666 0.0189
110 168 278 58  0.155 10.406 41.886  0.812  -0.041 -2.505 0.0284
112 170 282 58  0.089 9.416 44853  0.816  -0.014 0.987 0.0230
114 172 286 58 -0.096 9.386 45.746  0.816  -0.041 1.638 0.0269
116 174 290 58  0.072 11.116 42,791  0.811  -0.039 -2.672 0.0640
102 162 264 60  0.220 6.006 51.030 0.825  -0.012 10.920 0.0046
104 164 268 60  0.221 7.156 47691  0.821 0.019 6.018 0.0083
106 166 272 60  0.201 8.386 44923  0.817 0.001 1.991 0.0151
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TABLE IV. (Continued)

yA N A I B2 E (MeV) X f 71 logiol (s)  10g10Texp (9) S,

108 168 276 60 0.164 9.316 43.446 0.814 -0.025 -0.256 0.0230

110 170 280 60 0.108 9.046 44.927 0.816 -0.019 1.384 0.0221

112 172 284 60 0.081 9.130 45.555 0.816 -0.026 1.859 1.255 0.0236

114 174 288 60 0.053 9.800 44,774 0.814 -0.032 0.340 0.661 0.0346

116 176 292 60 -0.070 10.540 43.949 0.812 -0.017 -1.293 -1.260 0.0596
pairs, namelyNizZNa(Na—l)lz. Thus, our analysis based IV. CONCLUSIONS

on the logarithmic derivative continuity, shows very clearly e analyzed in this paper the clustering, using the de-
that the effect of thex-clusterizations becomes much stron- cay widths for deformed even-even and favored even-odd
ger for superheavy nuclei. Their half-lives are practically notemitters withZ >82. Thea-particle preformation amplitude
influenced, but their radial tails should be significantly largerwas estimated within the pairing approach. We used the uni-
than those predicted by standard shell-model calculations. versal parametrization of the mean field and the empirical

We stress on the fact that this correction procedure has @le for the gap parameteér=12/JA. Due to a coherent su-
relative character, depending upon the valtigsy,,. We re-  perposition of many spherical configuration the preformation
mind thatf,, f,, f,, are the only free parameters of this model factor is not sensitive to the local fluctuation of these param-
and y,, is dependent upofi,. They are directly connected eters.
with the radial shape of the-particle preformation ampli- The penetration part was computed within the deformed
tude. Any other parameters are taken from independent cawKB approach. We showed that the decay width increases
culations. We also remind that a similar technique, i.e., theyy a factor between three and five for the largest deformation
use of a variable cluster ho parameter, was used in[R2f.  3,=0.3, depending on the mass number.

It turns out that the decay width is very sensitive to the sp
ho parameter and the number of considered spherical con-
figurations. They simultaneously determine the order of mag-

We summarize in Table Il the parameters we used tmitude and the slope of the decay width with respect to the
correct the shell-model estimate of thepreformation am- matching radius, giving the plateau condition. It is possible
plitude. We used these values to compute the measured hatt describe alb-decay widths within a factor of 2 fof > 82,
lives of even-even and even-odd emitters in the region 82<N< 126, by using a constant, but smaller ho parameter
Z>82. At the same time we predicted the half-life and the3=0.803\ andP,,;,=0.025. This behavior is related with the
slope parameter for all possible superheavy nuclei withalmost constant value of the Coulomb parameter in this re-
Z>102. The results are given in Table IV for even-evengion.
nuclei and Table V for even-odd nuclei. Here we give the It turns out that the slope of the decay width versus the
computed logarithm of the half-life and also its slope with matching radius has a strong variation fd>126, in an
respect to the matching radi&s according to Eq(3.3). The  obvious correlation with the Coulomb parameter. Thus, the
Q values were estimated using experimental binding energiaglative amount of ther clustering here cannot be described
or FRLDM estimates of Ref47]. The quadrupole deforma- only within the pairing approach and an additional mecha-
tion parameters are taken from the same reference. nism is necessary. In order to restore the plateau condition

A very important accuracy test of our calculations is thewe proposed a simple procedure. We supposed a cluster fac-
value of the slope parameteg, which should vanish. As we tor, multiplying the preformation amplitude. It contains ex-
showed in the preceding section this gives the measure gfonentially an ho parameter, proportional to the Coulomb
selfconsistency between the internal preformation factor angarameter. This ansatz is suggested by a similar exponential
the usede-decayQ value. One can see that for most of the dependence of the Coulomb function upon this parameter.
predicted values the slope parameter is rather small. In othérherefore the energy of the emitted particle contains two
words we can obtai® values in Tables IV and V within the terms, namely, a smooth part and a cluster correction. This
precision of 500 keV, i.e.y;|<0.02, for many of the ana- procedure, applied for the interval 82N < 126, reproduces
lyzed decays by solving Eq3.4). For the remaining cases practically the previous results.

E. Systematics in the region 82 Z2<118

our parametrization is not consistent with Qevalues taken The method improves simultaneously the ratio to the ex-
from Ref.[47]. The conclusion is that these values should beperimental width and the slope with respect to the matching
more carefully analyzed. radius. The relative increase of theclustering is related to

In the last column we give the spectroscopic factors dethe decrease of the Coulomb parameter. It is stronger for two
fined as the integral over the preformation factor squarediegions, namely, abovid=126 and in superheavy nuclei. It
The values are in agreement with those predicted in Rethas a minimum arountl=152.

[53], i.e.,S,~ 1072 for Z< 110 and increase for heavier nu-  An additional dependence upon the number of interacting
clei. This feature is obviously connected with their larger« particles improves the plateau condition for superheavy
radial tails. nuclei. This additional clustering, which seems to be very
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TABLE V. Even-odda-decay chains in heavy and superheavy nuclei.

z N A I B> E (MeV) X f " logyoT (s) 10g10Texp () Sa
92 131 223 39 0.110 8.977 37.513 0.826 0.022 -3.736 -4.699 0.0074
90 131 221 41 0.102 7.911 39.069 0.827 0.018 -1.300 -1.553 0.0067
92 133 225 41 0.165 8.054 39.607 0.827 -0.009 -1.163 -1.301 0.0065
94 135 229 41 0.190 7.592 41.708 0.829 -0.008 0.994 0.0059
96 137 233 41 0.207 7.439 43.057 0.830 0.045 2.177 0.0056
98 139 237 41 0.215 8.166 41.976 0.829 0.065 0.317 0.0062
100 141 241 41 0.224 8.616 41.723 0.828 0.037 -0.364 0.0063
102 143 245 41 0.224 9.446 40.666 0.827 0.059 -2.103 0.0067
104 145 249 41 0.225 10.126 40.068 0.826 -0.011 -3.148 0.0071
106 147 253 41 0.236 10.156 40.798 0.827 0.089 -2.743 0.0068
108 149 257 41 0.238 10.856 40.225 0.826 0.081 -3.823 0.0073
110 151 261 41 0.228 11.746 39.406 0.824 0.085 -5.101 0.0083
112 153 265 41 0.219 12.956 38.220 0.823 0.085 -6.844 0.0103
114 155 269 41 0.210 13.596 37.992 0.822 0.114 -7.537 0.0138
88 131 219 43 0.077 7.857 38.309 0.827 -0.023 -1.707 -1.824 0.0070
90 133 223 43 0.138 7.455 40.249 0.828 -0.034 0.194 0.041 0.0061
92 135 227 43 0.182 7.029 42.400 0.830 -0.021 2.389 1.820 0.0055
98 141 239 43 0.215 7.799 42.955 0.829 0.000 1.654 1.623 0.0058
100 143 243 43 0.224 8.730 41.452 0.828 -0.004 -0.719 -0.347 0.0066
102 145 247 43 0.224 9.356 40.864 0.827 0.011 -1.820 0.0068
104 147 251 43 0.236 9.526 41.313 0.827 0.005 -1.537 0.0067
106 149 255 43 0.247 9.886 41.354 0.827 0.040 -2.001 0.0068
108 151 259 43 0.238 10.506 40.892 0.826 0.013 -2.938 0.0073
110 153 263 43 0.228 12.096 38.834 0.823 0.006 -5.712 0.0095
112 155 267 43 0.219 12.766 38.505 0.822 -0.026 -6.414 0.0109
114 157 271 43 0.200 13.196 38.566 0.822 0.065 -6.803 0.0141
116 159 275 43 0.192 13.446 38.892 0.822 0.105 -6.925 0.0208
86 131 217 45 0.039 7.920 37.266 0.826 -0.036 -2.513 -3.268 0.0080
88 133 221 45 0.111 6.764 41.292 0.829 -0.011 2.087 1.903 0.0057
90 135 225 45 0.165 6.631 42.680 0.830 -0.016 3.282 3.000 0.0053
92 137 229 45 0.191 6.509 44.065 0.831 -0.056 4.539 4.431 0.0051
94 139 233 45 0.207 6.447 45.267 0.832 -0.042 5.609 6.000 0.0048
98 143 241 45 0.224 7.498 43.812 0.830 -0.027 2.813 3.301 0.0054
100 145 245 45 0.234 8.326 42.449 0.829 -0.043 0.675 0.623 0.0062
102 147 249 45 0.235 9.016 41.630 0.827 -0.028 -0.742 0.0067
104 149 253 45 0.236 9.326 41.756 0.827 -0.035 -0.978 0.0066
106 151 257 45 0.247 9.406 42.399 0.827 -0.019 -0.618 0.0064
108 153 261 45 0.239 10.836 40.267 0.825 -0.102 -3.535 0.0083
110 155 265 45 0.229 11.886 39.177 0.823 -0.106 -5.199 0.0100
112 157 269 45 0.220 12.426 39.031 0.822 -0.023 -5.866 0.0113
114 159 273 45 0.201 12.696 39.320 0.822 0.000 -5.969 0.0146
116 161 277 45 0.192 13.166 39.305 0.821 0.040 -6.459 0.0230
118 163 281 45 0.184 13.796 39.075 0.820 0.120 -7.125 0.0383
86 133 219 47 0.103 6.577 40.897 0.828 0.022 1.910 1.724 0.0060
90 137 227 47 0.173 5.895 45.270 0.832 -0.042 6.751 6.903 0.0047
94 141 235 47 0.215 5.989 46.969 0.833 -0.057 7.894 7.748 0.0042
98 145 243 47 0.234 7.218 44.657 0.831 -0.019 3.863 3.806 0.0051
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z N A I B> E (MeV) X f " logyoT (s) 10g10Texp () Sa
100 147 247 47 0.234 8.040 43.200 0.829 -0.030 1.602 2.000 0.0059
102 149 251 47 0.236 8.781 42.186 0.828 -0.079 -0.073 0.0067
104 151 255 47 0.246 8.897 42.754 0.828 -0.028 0.196 0.653 0.0063
106 153 259 47 0.248 9.126 43.047 0.828 -0.023 0.215 0.699 0.0064
108 155 263 47 0.239 10.706 40.513 0.825 -0.131 -3.224 0.0087
110 157 267 47 0.220 11.600 39.662 0.823 -0.078 -4.784 -5.523 0.0104
112 159 271 47 0.221 11.836 39.994 0.823 -0.080 -4.630 0.0115
114 161 275 47 0.212 12.456 39.699 0.822 -0.065 -5.476 0.0162
116 163 279 47 0.193 12.996 39.564 0.821 0.000 -6.133 0.0280
118 165 283 47 0.062 12.706 40.719 0.822 -0.013 -5.110 0.0433
90 139 229 49 0.190 4.966 49.327 0.835 0.003 12.020 11.613 0.0038
92 141 233 49 0.207 4.945 50.563 0.836 0.007 13.157 12.778 0.0035
94 143 237 49 0.215 5.281 50.022 0.836 -0.009 11.894 12.000 0.0034
96 145 241 49 0.223 6.078 47.648 0.833 -0.015 8.328 8.613 0.0038
98 147 245 49 0.234 7.295 44.424 0.830 -0.020 3.589 3.954 0.0052
100 149 249 49 0.235 7.694 44.164 0.829 -0.009 2.827 3.000 0.0055
102 151 253 49 0.236 8.022 44.143 0.829 -0.031 2.389 1.630 0.0057
104 153 257 49 0.238 8.794 43.006 0.828 -0.028 0.431 1.623 0.0067
106 155 261 49 0.238 9.753 41.643 0.826 -0.029 -1.654 -0.398 0.0079
108 157 265 49 0.230 10.564 40.787 0.824 -0.076 -2.935 -2.699 0.0092
110 159 269 49 0.221 11.110 40.530 0.823 -0.064 -3.624 -3.770 0.0103
112 161 273 49 0.221 11.506 40.566 0.823 -0.077 -3.998 0.0125
114 163 277 49 0.202 12.326 39.910 0.821 -0.119 -5.185 0.0202
116 165 281 49 0.062 12.166 40.893 0.822 -0.065 -4.268 0.0330
118 167 285 49 0.071 13.066 40.156 0.820 -0.030 -5.823 0.0647
92 143 235 51 0.215 4.325 54.070 0.839 0.016 17.833 17.591 0.0028
94 145 239 51 0.223 5.281 50.026 0.835 0.003 11.943 12.000 0.0033
96 147 243 51 0.234 5.921 48.279 0.834 0.008 8.981 9.079 0.0036
98 149 247 51 0.234 6.444 47.269 0.833 0.008 7.156 7.505 0.0041
100 151 251 51 0.245 6.984 46.357 0.831 0.010 5.474 6.079 0.0047
102 153 255 51 0.237 7.937 44.378 0.829 -0.009 2.681 3.531 0.0060
104 155 259 51 0.239 8.951 42.630 0.827 -0.006 0.101 0.778 0.0075
106 157 263 51 0.229 9.244 42.777 0.826 0.009 -0.121 0.477 0.0079
108 159 267 51 0.230 9.346 43.366 0.827 -0.013 0.220 0.0077
110 161 271 51 0.221 10.710 41.282 0.824 -0.029 -2.731 0.0111
112 163 275 51 0.222 11.496 40.585 0.822 -0.056 -3.979 0.0154
114 165 279 51  -0.052 12.036 40.390 0.821 -0.060 -4.496 0.0261
116 167 283 51 0.062 11.806 41514 0.822 -0.027 -3.621 0.0412
118 169 287 51 -0.104 12.876 40.453 0.820 -0.200 -5.356 0.0785
94 147 241 53 0.224 5.017 51.329 0.837 0.027 13.592 13.362 0.0029
96 149 245 53 0.234 5.489 50.146 0.835 0.018 11.429 11.462 0.0031
98 151 249 53 0.235 5.946 49.212 0.834 0.022 9.709 10.114 0.0035
100 153 253 53 0.236 6.824 46.901 0.832 -0.016 6.369 6.968 0.0047
102 155 257 53 0.238 8.392 43.161 0.827 -0.003 0.924 1.699 0.0073
104 157 261 53 0.228 8.452 43.873 0.828 0.036 1.504 1.903 0.0072
106 159 265 53 0.229 8.770 43.923 0.827 0.024 1.263 1.382 0.0078
108 161 269 53 0.231 9.170 43.785 0.827 0.025 0.681 0.851 0.0088
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z N A I B> E (MeV) X f " logyoT (s) 10g10Texp () Sa
110 163 273 53 0.222 9.730 43.313 0.826 -0.043 -0.276 -0.921 0.0113
112 165 277 53 0.202 11.650 40.321 0.821 -0.073 -4.454 -3.319 0.0222
114 167 281 53 0.053 10.936 42.375 0.823 -0.045 -2.114 0.0270
116 169 285 53 0.071 11.456 42.146 0.822 -0.120 -2.923 0.0480
118 171 289 53 0.080 12.756 40.645 0.819 -0.053 -5.249 0.0911
96 151 247 55 0.235 4.988 52.608 0.838 -0.004 14.744 14.839 0.0025
98 153 251 55 0.236 5.809 49.793 0.835 -0.009 10.628 10.908 0.0035
100 155 255 55 0.237 7.175 45.742 0.830 0.020 4.633 4.886 0.0056
102 157 259 55 0.228 7.659 45.182 0.829 0.049 3.503 4.079 0.0064
104 159 263 55 0.229 7.596 46.282 0.830 0.056 4.609 0.0062
106 161 267 55 0.230 7.856 46.407 0.830 0.037 4.351 0.0067
108 163 271 55 0.222 8.826 44.630 0.827 0.001 1.706 0.0098
110 165 275 55 0.221 10.736 41.234 0.822 -0.009 -3.015 0.0196
112 167 279 55 0.164 11.816 40.036 0.820 -0.030 -4.820 0.0316
114 169 283 55 0.053 9.576 45.286 0.826 -0.030 1.502 0.0227
116 171 287 55 0.080 11.296 42.445 0.822 -0.087 -2.642 0.0538
118 173 291 55 0.081 12.556 40.969 0.819 -0.020 -5.021 0.1014
98 155 253 57 0.226 6.115 48.534 0.833 0.034 8.768 8.716 0.0042
100 157 257 57 0.227 6.663 47.470 0.832 0.043 6.871 6.968 0.0051
102 159 261 57 0.219 7.159 46.736 0.831 0.049 5.526 0.0060
104 161 265 57 0.220 6.996 48.229 0.832 0.044 7.110 0.0056
106 163 269 57 0.222 8.740 44.000 0.826 0.035 1.248 0.0110
108 165 273 57 0.221 9.780 42.400 0.824 -0.005 -1.284 0.0173
110 167 277 57 0.173 10.180 42.347 0.823 -0.017 -1.731 0.0226
112 169 281 57 0.089 10.670 42.136 0.822 -0.016 -2.297 0.0298
114 171 285 57 -0.096 11.310 41.675 0.821 -0.034 -3.323 0.0441
116 173 289 57 0.080 11.630 41.835 0.820 -0.007 -3.615 0.0670
118 175 293 57 0.080 12.370 41.280 0.818 0.014 -4.731 0.1067
102 161 263 59 0.220 6.336 49.682 0.834 0.041 9.359 0.0049
104 163 267 59 0.221 6.836 48.793 0.832 0.017 7.755 0.0064
106 165 271 59 0.212 8.406 44.869 0.827 0.028 2.178 0.0129
108 167 275 59 0.183 9.396 43.260 0.824 0.004 -0.242 0.0203
110 169 279 59 0.127 9.676 43.438 0.824 0.008 -0.308 0.0242
112 171 283 59 0.089 9.016 45.838 0.827 -0.003 2.446 0.0207
114 173 287 59 -0.078 10.290 43.694 0.823 -0.007 -0.756 0.740 0.0372
116 175 291 59 0.072 11.116 42.792 0.821 0.020 -2.429 0.0648
118 177 295 59 -0.087 12.186 41.591 0.818 0.023 -4.409 0.1163
102 163 265 61 0.221 6.046 50.862 0.835 -0.044 10.919 0.0051
104 165 269 61 0.212 7.376 46.975 0.830 0.038 5.262 0.0101
106 167 273 61 0.183 8.266 45.249 0.827 0.022 2.636 0.0159
108 169 277 61 0.145 8.746 44.841 0.826 0.003 1.788 0.0201
110 171 281 61 0.108 8.830 45.476 0.826 -0.001 2.331 1.982 0.0211
112 173 285 61 0.089 8.670 46.749 0.828 -0.083 3.720 2.966 0.0202
114 175 289 61 -0.052 9.710 44.982 0.824 0.021 0.851 1.483 0.0346
116 177 293 61 -0.070 10.936 43.144 0.821 0.033 -2.062 0.0698
118 179 297 61 -0.035 12.646 40.829 0.816 0.030 -5.413 0.1565
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strong, may affect the stability of nuclei in this region.

PHYSICAL REVIEW C69, 044318(2004)

analogy with the approach of R¢B3]. Thus, the analysis of

Based on this parametrization we gave predictions fodecay processes alomagchains seems to be a nontrivial tool
half-lives, concerning even-even and even-odd superheavy to investigate the amount of clustering in heavy and super-
emitters with Z>102. The predicted values for the slope heavy nuclei.
parameter are in general small for many nuclei. They show

the consistency between the correctefarticle microscopic
preformation factor and th® value.

Our future task is to perform a complete microscopic
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