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Abstract 

Regarding the 0: decay as a spontaneous very asymmetric fission, the 0: emis­
sion half-lives have been calculated within the WKB barrier penetration proba­
bility and without preformation factor. The potential energy has been calculated 
within a liquid drop model including the proximity effects between the 0: particle 
and the daughter nucleus and adjusted to reproduce the experimental Qo:. For 373 
0: emitters, the rms deviation between the theoretical and experimental va.lues of 
loglO[T1/2(S)] is only 0.63. Predictions for the heaviest and super heavy elements 
are presented as well as simple analytical formulas for IOglO[T1/2(S)]. 
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1 Introduction 

The synthesis of very heavy elements has strongly advanced recently [1- 5] and 
their half-lives, decay modes and mass will test the ideas developed over more 
than 30 years on the structure of nuclei wi th a. large number of protons and 
neutrons. The main and often the only observed decay mode of these heaviest 
systems is the 0: emission. In this mass range, it was not expected that the 0: 

decay was so competitive in regard to the spontaneous fission. 

In addi tion to the interest in searching for the alpha-decay chains of the super 
heavy elements, the alpha decay data have been also recently used to obtain 
important informations on the spectroscopy of very neutron deficient nuclei 
[6J and mass surface close to the drip line. The branching ratio of the C, 0, 
Ne, Mg and Si emission by heavy nuclei, the so-called cluster radioactivity, is 
also given relatively to the 0: emission [7J. 

The 0: decay was firstly described in 1928 [8,9] within a quantum tunneling 
through the potential barrier leading from the mother nucleus to the two 
emitted fragments: the 0: particle and the daughter nucleus. The spontaneous 
fission discovered later and the cluster radioactivity observed from 1984 are 
fundamentally also quantum tunneling processes through the decay barrier. 
The open question is whether these three decay modes correspond to the fis­
sion of a nuclear liquid drop but for three very different mass asymmetries or 
the alpha and cluster radioactivities are exit channels distinct from the fission 
one and correspond to the emission of preformed clusters. In the unified fission 
approaches [10,11J the decay constant A is simply the product of the barrier 
penetrability P and of a constant assault frequency Vo. Then, the height , posi­
tion and width of the potential barriers are the main ingredients determining 
the half-lives. In the preformed cluster models [12], the decay constant is the 
product of three terms: the barrier penetrability P, the assault frequency 1/0 

and the cluster preformation probability Po, the two last contributions varying 
with the size of the preformed cluster. 

Fusion studies [13,14J have clearly demonstrated that the height of the pure 
Coulomb barrier at the contact point does not reproduce the experimental 
fusion barrier heights. 'When two nuclei are close, a proximity energy must 
be added to take into account the nuclear interaction forces. For the three 
discussed decay modes, the importance of the one-body shapes decreases with 
asymmetry and, for the 0: decay, the path leading from the mother nucleus till 
the touching configuration is only a very small part of the potential barrier 
when the proximity is introduced. Consequently, for the 0: emission, the dif­
ference between the asymmetric fission approaches and the preformed cluster 
models a.ppears essentially in the vvay to determine the decay constant rather 
in the choice of the shape sequence or potential energy before the rupture of 
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the neck betvveen the fragments. 

The purpose of the present work is firstly to study to what extent the gener­
alized liquid drop model (GLDM) and the quasi-molecular shapes which have 
allowed to reproduce reasonably most of the fusion, fission and cluster radioac­
tivity data [11 ,14-16] are also able to reproduce the a decay barrier and then 
the half-lives using the experimental Qa and without introducing any new ar­
tificial adjustable parameter. Obtaining an over-all agreement, predictions for 
the a decay half-lives of the heaviest and super heavy systems are presented 
from theoretical Qa. Since the Geiger and N utaH plots [17] several expressions 
have been advanced for lOglO[T1/2(S )] [18-21]. New simple analytical formulas 
fitted on a set of 373 alpha emitters are again proposed here. 

Asymmetric fission model 

The main part of the a decay barrier corresponds to two separated nuclei and 
the distance r between their centres of mass has been taken as the deformation 
parameter. The selected shape to descri be the one-body configurations before 
the separation plays only a minor role and the shape sequence already used to 
describe the asymmetric fusion and fission [13,14] has been kept. Therefore, 
the future a particle and daughter nucleus are portions of lemniscatoids joined 
on a plane perpendicular to the fission axis. This implicitly supposes that the 
a particle is formed at the surface of the mother nucleus without preformation. 

The effective sharp radius of the radioactive emitter is defined by 

Ra = l.28A1/ 3 - 0.76 + 0.8A -1/3 fm. (1) 

Thi s formula allows to reproduce the increase of the ratio ro = RalA 1/3 with 
the mass; for example, ro=l.l1 fm for 2°Ne, l.16 fm for l08Te and l.18 fm for 
264Hs. 

To ensure volume conservation, the radii Rd and Ra of the daughter and alpha 
nuclei are given by 

(2) 

where 

l.28A~/3 - 0.76 + 0.8A~1/3!3 = - ------'::....,.,..------=--;- (3)
l.28AY3 - 0.76 + 0.8Ad"1/3· 

After the separation , the volume, surface and Coulomb energies of the GLDM 
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read 

Ev = -15.494[(1 - 1.8IJ)Ad + Acy ] lV!eV, (4) 


Es = 17.9439[(1 - 2.6IJ)A~/3 + A~/3] JV!eV, (5) 


(6) 

Before the separation the volume, surface and Coulomb energies are respec­
tively given by: 

Ev = -15.494(1 -1.812)A MeV, (7) 

Es = 17.9439(1 - 2.612)A2/3(S/47fR6) JV!eV, (8) 

Ec = O.6e2(Z2/Ro) x 0.5 j(V(B)/Vo)(R(B)/Ro)3 sinBdB, (9) 

where I is the relative neutron excess, S the deformed surface, V(B) the elec­
trostatic potential at the surface and Va the surface potential of the sphere. 
The small energy gap appearing at the separation point due mainly to the dif­
ference between Ad / Zd and Acy/Zcy has been linearized from the contact point 
to the sphere. 

All along the decay path, the effects of the nucleon-nucleon force inside the 
neck or the gap between the nascent or separated 0: particle and daughter 
nucleus have been taken into account in a proximity energy term 

Eprox(r) = 2, 

h

Jmax 

<J>[D(r,h)/b]27fhdh, (10) 
hmin 

where h is the ring radius in the plane perpendicular to the longitudinal de­
formation axis and D the distance between the opposite infinitesimal surfaces 
[13]. After the separation hmin = 0 and hmax = Rcy . b is the surface width fixed 
at the standard value of 0.99 fm. <J> is the universal proximity function [22]. 
The surface parameter, is given by: 

,= 0.9517V(1- 2.6IJ) J\!JeV· /717,-2. (11 ) 

In this GLDM the surface diffuseness is not considered in the surface energy 
term and the proximity energy vanishes when there is no neck as for spheres 
or ellipsoids for example. 
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The validity of this prescription to determine the proximity energy has been 
confirmed by the ability to reproduce accurately the fusion data [13,14]. An­
other test for the current macroscopic models is their efficiency to reproduce 
the asymmetric fi ssion barrier heights of intermediate mass nuclei [23J. These 
new available data are extracted from excitation functions measured in heavy­
ion reactions. In Fig. 1 shell corrected experimental barriers obtained recently 
[24J for 94,98Mo are compared with the predictions of the Rotating Finite­
Range Model [25], the Rotating Liquid Drop Model [26J and of our GLDM. 
The extracted barriers are several MeV higher on average than the calcu­
lated barriers by the Rotating Finite-Range Model and substantially lower 
than predicted by the Rotating Liquid Drop Model. The values given by the 
GLDM are in correct agreement with the experimental data. This supports 
the definition of the deformation energy in the GLDM and the parameter set 
which has never been changed since the first fission and fusion studies [13 ,1 5J. 
This validates also the hypothesis of a saddle-point corresponding to tvvo sep­
arated nuclei maintained in unstable equilibrium by the balance between the 
repulsive Coulomb forces and the attractive proximity forces. 

Potential barriers and 0: decay half-lives 

As for the cluster emISSIOn [ll], the experimental 0: decay Q value which 
incorporates the microscopic corrections plays a main role. It has been taken 
into account empirically in adding the difference between the experimental Qa 
and the theoretical Qa deduced from the GLDM at the macroscopic potential 
energy of the mother nucleus with a linear attenuation factor vanishing at the 
contact point of the nascent fragments. 

The resulting potential barriers for the 0: decay of 108Te and 264Hs are displayed 
in Figs. 2 and 3. The maximum of the pure Coulomb barrier corresponds to 
the touching point between the nascent fragments. The introduction of the 
proximity forces lowers the barriers of 5.7 MeV for 108Te and 7.3 MeV for 
264Hs. Furthermore the peak is shifted towards a more external position. The 
displacement is of 2.4 fm for 108Te and 2.1 fm for 264Hs. As a result, the 
approaches using the pure Coulomb barrier to determine the 0: decay barriers 
or the fusion barrier heights of the heaviest systems leading possibly to super 
heavy elements seem very rough. For example, for the 208 Pb + 86 J(r reaction, 
the external fusion barrier height is lowered of 46 Me V when the proximity 
energy is taken into account. 

In an unified fission model , the decay constant of the 0: emitter is simply 
defined as 

A = voP, (12) 
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'without adjustable preformation factor. The assault frequency Vo has been 
taken as 

(13) 

The barrier penetrability P is calculated 'within the action integral 

Rout 

P = exp[-~ JV2B(r)(E(r) - E(sphere))dr]. (14) 

Rin 

The deformation energy (relatively to the sphere) is small or even negative 
till the rupture point between the fragments (see Figs 2 and 3). Consequently, 
the two following approximations have been used : 

(15) 


Rout is simply e2 ZdZo:/Qo:. The partial half-life is related to the decay constant 
A by 

ln2 
(16)T1/ 2 = T' 

In tables 1, 2, 3 and 4 the position and height of the a decay barriers are given 
for 373 a emitters and the experimental and theoretical values of lOglO [T1 / 2 ( s)] 
are compared. The experimental Qo: and T1/ 2 values have been taken in [27­
30]. 

The difference between Rbarr and Rd +Ro: is always at least 2 fm. The a decay 
barrier height varies between 10 and 17.5 MeV. For the subset of the 131 even­
even nuclei the rms deviation between the values of lOglO[T1/2(S)] obtained with 
the GLDM and the experimental ones is only 0.35. The theoretical data are 
slightly higher than the experimental ones for the lighter nuclei and system­
atically lower for the heaviest systems. For the other nuclides, the neglect of 
the angular momentum transfer and of the small probability of a particle pre­
formation in the mother nucleus leads to a systematic slight underestimation 
of the experimental data and a rather higher deviation. Nevertheless, for the 
subsets of 106 even-odd, 86 odd-even and 50 odd-odd nuclei the rms deviations 
between the theoretical predictions and the experimental ones are respectively 
0.71,0.57 and 0.99. For the whole set of 373 a emitters the rms deviation is 
only 0.63. 

Therefore, a correct evaluation of the a decay half-life is possible (at least for 
even-even nuclides) within a GLDIvr 'where the only input data are the mass A 
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and the charge Z of the 0: emi tter and the experimental QCt. There is no need 
to introduce variation of the assault frequency and systematic cluster pre­
formation probability. This points out the basic importance of the proximity 
energy and the main role played by the experimental QCt. 

Analytical formulas for the 0: decay half-lives 

The earliest law for the 0: decay half-lives was formulated by Geiger and Nu­
tall [17]. Different expressions have been advanced later on [18- 21]. A fitting 
procedure applied on the same set of 373 0: emitters leads to the following 
formula with a rms deviation of 0.42. 

1/6 r;; 1.5837 Z
10glO[T1/ 2(S) ] = -26.06 - 1.114A v Z + ..;r:r; ( 17) 

Assuming the same dependence on the mass and charge of the mother nucleus 
and experimental QCt and adjusting to the subset of the 131 even-even nuclei , 
the relation (18) is obtained with a rms deviation of only 0.285. 

1/6 r;; 1.5864 Z
loglO[Tl/2(S)] = -25.31 - 1.1629A v Z + y1J;. (18) 

For the subset of the 106 even-odd nuclei the rms deviation is 0.39 with the 
following formula. 

' ] 1/6 r;; 1.5848 Z
10glO [T1/ 2( S) = -26.65 - 1.0859A V Z + y1J;. ( 19) 

The relation (20) corresponds to the subset of the 86 odd-even nuclei and a 
rms deviation of 0.36. 

( '] 1/6 r;; 1.592 Z1oglO [T 1/ 2 s) = -25.68 - 1.1423A v Z + ..;r:r; (20) 

Finally, for the subset of the 50 odd-odd nuclei the following formula leads to 
a nTIS of 0.35. 

1/6 r;:; 1.6971 Z 
[] = -29.48 - v Z + V7J;. (21)loglo T1/2(S) 1.113A 
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5 Alpha decay half-lives of very heavy and super heavy elements 

0: decay half-lives of very heavy and super heavy elements deduced from the 
GLDM and from the fitted formulas (18-21) are presented in table V. When 
the experimental or simply extrapolated [27] QQ is not available, the Thomas­
Fermi model [31] has been used since it reproduces fairly well the experimental 
mass decrements of nuclei from fermium to elements Z = 112 [2]. For the even­
even nuclei, the difference between the two values proposed for IOglO[T1/ 2 ( s)] 
varies from 0.4 to 0.7. For all nuclei, the calculations within the GLDM should 
give a lower limit of the true value while the extrapolations from the formulas 
(18-21) should not be far from the reality provided Qo: is enough precise. 

Recently, the 208 Pb + 86 J{rand 244 Pu + 48C a collisions around the Coulomb 
barrier energy have been studied at Berkeley [3] and Dubna [4]. The 0: de­
cay chains of 293 118 and 289 114 have been observed. The way to analyse the 
experimental data is debated [5] and incomplete fusion cannot be exclude ap­
parently. The measured ranges for loglO[T1/ 2 ( s)] are 293 118 [-4.2, -3.5],289 116 
[-3.5, -2.8]' 285 114 [-3.5 , -2.8], 281 112 [-3.4, -2.7], 277110 [-2.8, -2.1], 273Hs [-0.2, 
0.5] and 289 114 [0.3 , 1.4]' 285 112 [3.1 , 4.1] and 281 110 [1.8,2.9]. 

The data agree with our predictions except for 281 112 and especially for 285 114 
and 289 114 where the theoretical values are respectively of 5 and 2 orders 
of magnitude higher than the experimental data. The explanation of this 
discrepancy is perhaps that Z = 114 is not a magic number and that the 
Thomas-Fermi model underestimates Qo: for Z = 114 and then overestimates 
the half-lives. The experimental data must also perhaps be reanalyzed. It has 
been underlined [5] for the o:-decay chain of 289114 that the deduced value of 
190 Me V for the kinetic energy of the fission fragments at the end of the chain 
is two low. 'Within our fission model we obtain also a much higher value of 
240 MeV. This is independent of the magicity of Z = 114. The memory of the 
entrance channel is perhaps also more important than generally considered. 
Further experiments are strongly needed and of major importance. 

6 Summary and conclusion 

The deformation energy of a nucleus emitting an 0: particle has been calculated 
within a GLDj\tI including the proximity energy due to the att.ractive forces 
in the neck and the gap between the nascent. 0: particle and daughter nucleus. 
The potential barrier is much lower than the pure Coulomb barrier and the 
top corresponds to fragments separated by more than 2 fm. After adjustment 
of the barrier to reproduce the experimental QQ, the 0: decay half-lives have 
been calculated within the WKB barrier penetration probability and without 
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preformation factor which implicitly supposes that the 0' decay IS rather a 
very asymmetric fission process. 

For 373 0' emitters, the rms deviation between the theoretical and the ex­
perimental values of logJO[Tl / 2 ( s)] is 0.63. For the even-even nuclei , the rms 
deviation is only 0.35. From theoretical Qcn the 0' decay half-lives of the heav­
iest and super heavy systems have been calculated. 

In addition, a fitting of the experimental data has led to analytic formulas for 
IOglO[T1/2(S)]. For the even-even nuclei, the rms deviation is 0.285. Extrapo­
lations to very heavy and superheavy elements are proposed. The theoretical 
values are respectively of 5 and 2 orders of magnitude higher than the experi­
mental data for the 285 114 and the 289 114 nuclei apparently observed recently. 
This might perhaps indicate that 114 is not a good magic proton number or 
that the data analysis must be pursued. 
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Table captions 

Table 1. Characteristics of a decay for 131 even-even nuclei. The first column 
indicates the mother nucleus. The second one gives the distance between the 
mass centres of the a particle and the daughter nucleus at the contact point. 
The third and fourth columns correspond respectively to the distance between 
the mass centres and height at the top of the potential barrier. The experi­
mental Qo: is given in the fifth column. The experimental value of [oglO[T1/2(S)] 
and the theoretical value obtained with the GLDM are compared in the two 
last columns. 

Table 2. Same as table 1 but for 106 even-odd nuclei. 

Table 3. Same as table 1 but for 86 odd-even nuclei. 

Table 4. Same as table 1 but for 50 odd-odd nuclei. 

Table 5. [oglO[T1/2(S)] for the heaviest and super heavy elements as functions 
of the charge and mass of the mother nucleus and Qo:. The symbol # corre­
sponds to the Thomas-Fermi model predictions [31] for Q0:' The absence of 
symbol means that Qo: is extracted from [27,28]. The third and fourth lines 
give respectively the values of [oglO[T1/2(S)] obtained by the GLDM and the 
values extrapolated from the four fitted formulas (18-21). 

Figure captions 

Fig. 1. Comparison of the shell corrected experimental fission barrier heights Bz 
with the macroscopic barrier heights given by the Rotating Finite-Range Model, 
the Rotating Liquid Drop Model and our GLDM for 94.98Mo. 

Fig. 2. Cl' decay barrier including empirical microscopic corrections of the l08Te 
mother nucleus. The dashed and solid curves correspond respectively to the defor­
mation energy without and with a nuclear proximity energy term. r is the centre­
of-mass distance. 

Fig. 3. Same as Fig. 2. but for the 264Hs mother nucleus. 
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Table 1 


nuclide Rd+Ra R lJarr ElJa'T Qcxp loglO log I() 
(fml (fm) (MeV) (MeV) (T l12 CXIl) (T 1/2 thco) 

1 ~; Te 7.2 9.6 10.5 3.44 0.63 1.02 

115~ Te 7.3 9.65 11.15 2.72 5.79 6.54 

1~~ X e 7.3 9.55 10.6 3.88 ·-0.4 -0.35 

l~~ X e 7.3 9.6 11.1 3.32 2.51 3.14 

I ~ ~ N d 7.8 10.1 13.4 1.90 22.82 23 .62 

1 : ~ S m 7.9 10.2 13.3 2.53 15 .51 15 .86 

1~: S m 7.9 10.2 13 .8 1.99 23.4 23.90 
1;; G d 7.9 10.2 13.05 3.27 9.36 9.68 

1 ~ ~ G d 7.9 10.3 13.5 2.81 13 .75 14.09 

1 ~; G d 7.95 10.2 14.0 2.20 21.54 22.12 

1 ~ ~ 0 Y 7.9 10.15 12.5 4.35 3.13 3.22 

1 ~~ 0 y 7.95 10.2 13 .0 3.73 6.93 7.25 

1 ~~ 0 y 8.0 10.2 13.8 2.95 13.98 14.07 

1 ~~ E r 7.95 10.2 12.4 4.93 1.04 1.21 

1~: E r 8.0 10.2 13.0 4.28 4.69 4.76 
1j7~ Y b 8.0 10.2 12.4 5.47 -0.4 -0.29 
1j7~ Y b 8.0 10.3 13 .0 4.81 2.41 2.80 
I ;~ H f 8.0 10.3 12.3 6.03 -1.6 -1.67 

1i~ H f 8.0 10.3 12.9 5.40 0.84 0.93 

1~~ H f 8.1 10.4 13.75 4.42 5.69 6.08 
1~24 w 8.1 10.3 13.05 5.67 0.48 0.66 
16/ , W 8.1 10.3 13.4 5.28 2.39 2.38 
16 

7 
6, W 8.15 10.35 13.8 4.86 4.67 4.52 

1 ~~ 0 5 8.15 10.35 13.0 6.13 -0.52 -0.40 

1 ~ : 0 5 8.2 10.4 13.3 5.82 0.65 0.85 

1; ~ 0 5 8.2 10.4 13.5 5.54 1.79 2.02 

I;! 0 s 8.2 10.5 13.8 5.23 3.98 3.50 

I ~ ~ 0 s 8.3 10.5 14 .1 4.87 5.35 5.40 

1~~ 0 s 8.4 10.6 15 .9 2.82 22.8 22.66 

1i ~ P t 8.2 10.5 13.1 6.46 -0.96 -0.90 

1;: P t 8.3 10.5 13 .3 6.18 0.04 0.16 

1; ~ P t 8.3 10.5 13.6 5.89 1.18 1.34 

1; ~ P t 8.3 10.6 13.8 5.57 2.47 2.71 

1 ~~ P t 8.3 10.6 14.1 5.26 4.22 4.22 

1~~ P t 8.4 10.6 14.4 4.94 5.89 5.93 

1~~ P t 8.4 10.55 14.7 4.59 8.02 8.02 

1 ~: PI 8.4 10.6 14.9 4.32 9.71 9.74 

1~~ P t 8.45 10.6 15.15 4.01 12.47 12.02 
1 00 ..... . o c I {'I '"7 



'i~ H g 8.3 10.5 13.1 6.92 -1.7 -1.76 

' i~ H g 8.3 10.6 13.35 6.58 -0.44 -0.60 

I:~ H g 8.4 10.5 13.8 6.00 1.85 1.68 

I:~ H g 8.4 10.6 14.1 5.66 3.37 3.20 

I:g H g 8.4 10.6 14.5 5.21 5.73 5.40 

':i P b 8.4 10.5 13 .3 7.08 -1.26 -1.59 

2!~ P b 8.7 10.9 15.9 3.79 16.57 16.00 

I:: Po 8.5 10.7 13.6 6.99 -0.41 -0.69 .. 

I~ ~ Po 8.55 10.8 13 .9 6.66 0.76 0.5 1 

1:: Po 8.6 10.8 14.2 6.31 2. 18 1.91 

2~~ Po 8.6 10.8 14.5 5.98 3.79 3.28 

2~! Po 8.6 10.9 14.7 5.70 5.13 4.59 

2~~ Po 8.65 10.9 14.9 5.48 6.28 5.69 

2~~ Po 8.7 10.9 15 .0 5.33 7.15 6.47 

2~~ Po 8.7 10.8 15 .1 5.22 7.97 7.07 

2~; Po 8.75 10.9 11 .25 8.95 -6.52 -6.84 

2! ~ Po 8.8 10.9 12.3 7.83 -3.78 -3.82 

2;~ Po 8.8 10.95 13.2 6.90 -0.82 -0.74 

2;~ Po 8.8 11.0 14.0 6.11 2.27 2.37 

2~~ R n 8.6 10.8 13.9 7.04 0.0 -0.15 

2~~ R n 8.6 10.9 14.1 6.77 1.06 0.84 

2~~ R n 8.65 10.8 14.3 6.55 2.00 1.69 

2~~ R n 8.7 10.8 14.5 6.38 2.71 2.37 

2~ : R n 8.7 10.8 14.5 6.26 3.34 2.86 

2 ;~ R n 8.7 10.9 14.6 6.16 3.96 3.23 

2;~ R n 8.75 10.9 14.3 6.38 3.l7 2.25 
2;~ R n 8.8 10.9 11.5 9.21 -6.57 -6.82 

2;~ R n 8.8 10.95 12.4 8.20 -4.3 5 -4.21 

2:: R n 8.8 11.0 13.3 7.26 -1.45 -1.26 

2i~ R n 8.8 11.0 14.1 6.40 1.75 2.02 

2~~ R n 8.9 11.0 14.9 5.59 5.52 5.80 
2~~ R a 8.7 10.8 13.9 7.42 -0.62 -0.75 

2~: R a 8.7 10.8 14.0 7.27 0.15 -0.26 

2:~ R a 8.7 10.9 14 .1 7.16 0.56 0.07 

2!~ R a 8.75 10.9 14.2 7.03 1.15 0.53 
2:: R a 8.8 10.9 13.9 7.27 0.4 -0.38 

1 ~~ R a 8.8 10.95 11.6 9.53 -6.74 -6.93 

2:: R a 8.8 11.0 12.5 8.55 -4.59 -4.49 

1~~ R a 8.8 11.0 13.45 7.60 -1.74 -1.63 
2~ ~ R a 8.9 11.0 14 .3 6.68 1.59 1.72 

2~ ~ R a 8.9 11.1 15 .2 5.79 5.53 5.74 

!i~ R a 8.9 11.1 16.1 4.87 10.73 10.98 
219~ T h 8.8 10.9 13.9 7.83 -1.0 -1.48 

"9~ T h 8.8 10.95 13.6 8.07 -1.55 -2 .28 



22900 Th 8.8 11.0 12.6 8.95 -5.01 -4.89 

2~~ Th 8.9 11.0 13.4 8.13 -2.55 -2.58 

2~~ Th 8.9 11.1 14.2 7.30 0.11 0.17 
2~~Th 8.9 11.1 15.0 6.45 3.39 3.49 
2~~Th 8.9 11.1 15.9 5.52 7.92 8.07 
2J 

9 
O o Th 8.95 11.2 16.6 4.77 12.51 12.75 

2J9~ T h 9.0 11.2 17.2 4.08 17.76 18.18 

2~~ u 8.9 11.1 15.1 6.80 .. 2.76 2.86 

2~~ u 8.95 11.2 15.9 5.99 6.43 6.54 

2~~ u 9.0 11.2 16.4 5.41 9.52 9.69 

2~ ~ u 9.0 11.1 16.9 4.86 13.02 13.21 

2~~ u 9.0 11.1 17.15 4.57 14.99 15.23 

2~~ u 9.0 11.15 17.41 4.27 17.27 17.63 
2~; P u 9.0 11.1 15 .6 6.72 4.20 4.04 
2~ ; p u 9.0 11.1 15 .95 6.31 5.72 5.88 
2~~ p u 9.0 11.1 16.35 5.87 8.1 8.01 
2~~ p u 9.0 11.15 16.6 5.59 9.59 9.54 

2~~ p u 9.1 11.2 16.9 5.26 11.45 11.51 

2~; p u 9.1 11.2 17.1 4.98 13.19 13 .34 

2~~ p u 9.1 11.2 17.4 4.66 15.51 15.55 

2~~ em 9.1 11.2 16.2 6.40 6.52 6.25 

2~~ em 9.1 11.2 16.4 6.22 7.28 7.11 

2~~ e m 9.1 11.2 16.7 5.90 8.87 8.68 

2~~ em 9.1 11.3 17.0 5.47 11.28 11.12 

2~! em 9.15 11.3 17.3 5.16 13.15 13.08 

2~~ em 9.2 11.3 17.3 5.17 12.45 12.99 

2~~ e f 9.1 11.2 15.4 7.72 1.8 1.62 

2~~ e f 9.1 11.2 15.6 7.52 2.44 2.33 

2~~ e f 9.1 11.2 15.7 7.3 3 3.18 2.99 

2~~ e f 9.1 11.3 16.1 6.86 5.22 4.92 

2;~ e f 9.1 11.3 16.6 6.36 7.46 7.23 

2~~ e f 9.2 11.3 16.8 6.13 8.69 8.37 

2~i e f 9.2 11.3 16.7 6.22 8.0 7.88 

2~~ e f 9.2 11.4 16.9 5.93 9.31 9.33 

~~~ Fm 9.1 11.3 15.1 8.37 0.12 0.03 

;~~ F m 9.1 11.3 15 .5 8.00 1.67 1.27 

;~g Fm 9.2 11.3 15.9 7.56 3.25 2.86 

;6~ Fm 9.2 11.3 16.2 7.15 4.98 4.48 

;~~ Fm 9.2 11.4 16.0 7.31 4.14 3.75 

;~g Fm 9.2 11.4 16.3 7.03 5.11 4.89 

~~ ; No 9.2 11.3 15.3 8.55 0.62 0.11 



;6~ No 9.2 11.4 IS.6 8.23 1.86 1.12 

;~~ No 9.2 11.4 IS.2 8.S8 0.S4 -0 .07 

;~~ R f 9.2 11.4 IS.3 8.9S -0.44 -O .SI 

;g~ S g 9.3 11.3 14.8 9.93 -2.07 -2.70 

;g~ S g 9.3 11.4 IS.8 8.76 1.S3 0.66 

;g~ H s 9.3 11.4 14.S 10.S8 -3.6 -3 .81 



Table 2 


nuclide Rd+Ra 
(fm) 

R barr 

(fm) 
Eba rr 

(MeV) 
Qcxr 

(MeV) 
logJO 

(T 112 cxp) 
logIO 

(T1I2 (heo) 

I 05~ T e 7. 2 9.6 9.96 4.0 -2.29 -2.17 

I~~ T e 7.2 9.6 10.7 3.23 2.01 2.42 

I ~ ~ X e 7.3 9.6 10.7 3.71 -­ ~0.05 0.62 

I~; X e 7.3 9.6 11.3 3.10 3.9 4.70 

I~; S m 7.9 10.2 13.5 2.31 18.54 18.79 

I ~~ G d 7.9 10.2 13.2 3.10 11.21 11.15 

Ig~ G d 7.9 10.3 13.6 2.65 15 .11 15.92 

I g~ D y 7.9 10.2 12.6 4.18 4.26 4.23 

I~~ D y 8.0 10.2 13.2 3.56 8.9 8.53 

I ~i E r 8.0 10.2 12.5 4.80 1.85 1.85 

I ~~ E r 8.0 10.2 13.1 4.12 6.16 5.76 
15/

0 
Yb 8.0 10.25 12.5 5.34 0.25 0.27 

I~~ Y b 8.0 10.3 13 .1 4.62 3.89 3.82 

'~i H f 8.0 10.3 12.4 5.88 -0.92 -l.1O 

I ~~ H f 8.05 10.3 13.0 5.22 1.15 1.75 

' ~i H f 8.1 10.4 13.5 4.71 3.76 4.38 

I ~~ w 8.1 10.3 13.2 5.52 0.83 l. 27 

I ~~ 0 s 8.2 10.4 13.2 5.98 0.08 0.19 

I~ ~ 0 s 8.2 10.4 13.4 5.72 l.49 1.27 

I;~ 0 s 8.2 10.4 13.7 5.37 2.68 2.81 

I ;~ 0 s 8.25 10.5 13 .9 5.06 4.88 4.37 
I; ~ P t 8.25 10.5 13.2 6.35 -0.39 -0.50 
I ;~ P t 8.3 10.5 13.3 6.18 0.53 0.14 
I;; P t 8.3 10.55 13.8 5.64 2.30 2.40 

I ;~ P t 8.3 10.6 14.1 5.28 4.09 4.13 

I ~~ P t 8.4 10.6 14.2 5.13 4.93 4.90 

I~~ P t 8.4 10.5 14.4 4.84 7.48 6.50 

' ~6 H g 8.3 lO.55 13 .2 6.74 -0.77 -1.17 

1~6 Hg 8.3 10.5 13.5 6.43 0.32 -0.04 

' :~ H g 8.4 10.5 13.6 6.29 1.32 0.49 
I:~ H g 8.4 lO.5 13.8 6.04 1.57 1.50 
I g Pb 8.5 10.6 14.4 5.85 4.11 3.17 

' ~; Pb 8.5 10.7 14.7 5.41 5.78 5.31 
Ii; P o 8.5 10.7 13.5 7.1 -0.59 -1.07 
Ii; Po 8.5 lO.7 13 .8 6.75 0.79 0.18 

l i~ Po 8.6 10.8 14.1 6.41 2.08 l.50 

'~; P o 8.6 10.8 14.4 6.07 3.64 2. 94 

1~; Po 8.6 10.8 14.6 5.80 4.76 4.11 



2~i Po 8.6 10.9 14.9 5.50 6.31 5.59 

2~1 Po 8.7 10.9 15.0 5.32 7.l8 6.54 

2~~ Po 8.7 10.8 15.1 5.22 8.00 7.08 

2~: Po 8.7 10.8 15.3 4.98 9.51 8.40 

2ii Po 8.8 10.9 1l.6 8.54 -5.37 -5.81 

2~! Po 8.8 10.9 12.6 7.53 -2.74 -2.89 

2i~ Po 8.8 1l.0 13.4 6.66 l.0 0.l0 

2~~ R n 8.6 10.8 14.1 6.86 .. 0.85 0.50 

2~~ R n 8.6 10.9 14.3 6.63 l.83 l.37 

2~~ R n 8.7 10.8 14.5 6.39 2.86 2.34 

2~~ R n 8.7 10.8 14.6 6.25 3.39 2.93 

2~~ R n 8.7 10.8 14.6 6.15 4.0 3.28 
2i~ R n 8.7 10.9 14.8 5.89 5.5 4.47 

2i~ R n 8.8 10.9 1l.8 8.84 -5.64 -5.92 

2i~ R n 8.8 1l.0 12.7 7.89 -3.26 -3.30 

2i~ R n 8.8 1l.0 13.6 6.95 0.69 -0.16 

2i~ R n 8.85 1l.0 14.4 6.15 3.92 3.10 

2~; R a 8.7 10.8 14.1 7.27 0.11 -0.23 

2~~ R a 8.7 10.8 14.1 7.15 0.66 0.12 

2ii R a 8.7 10.9 14.2 7.05 l.08 0.46 

2ii R a 8.8 10.9 14.45 6.75 2.62 l.60 

2:; R a 8.8 1l.0 1l.95 9.16 -5.8 -6.08 

2;i Ra 8.85 11.0 14.3 6.73 l.92 l.53 

2~i R a 8.9 1l.1 15.1 5.87 6.27 5.35 
2~30 T h 8.8 10.9 13.9 7.84 -0.82 -l.49 
2~50 T h 8.8 10.9 14.1 7.54 0.36 -0.52 
2~90 T h 8.8 11.0 12.1 9.51 -6.0 -6.29 

2~~ T h 8.85 1l.0 13.2 8.30 -2.54 -3.08 

2~~ T h 8.9 11.1 14.1 7.42 0.04 -0.25 
2~5o T h 8.9 1l.1 14.9 6.59 3.07 2.95 
2~90 T h 8.9 1l.15 16.4 4.93 1l.61 1l.66 
2~; u 8.9 1l.1 14.9 7.21 l.82 2.95 
2g u 8.9 1l.1 15.4 6.47 4.34 4.27 

2~i u 9.0 11.2 16.3 5.55 9.82 8.89 
2~; u 9.0 11.2 16.9 4.91 12.78 12.87 

'~i u 9.0 1l.1 17.3 4.48 16.57 15.94 
2gl P u 9.0 11.1 15.9 6.42 6.02 5.38 



2~; P u 9.0 11.1 16.2 6.00 7.7 7.34 

2~~ p u 9.0 11.1 16.75 5.45 11.17 10.37 

2~~ p u 9.1 11.2 16.9 5.24 12.01 11.65 
2;; P u 9.1 11.2 17.1 4.98 13 .34 13 .35 

2~~ C m 9.1 11.2 16.2 6.5 7.03 5.79 

2~~ em 9.1 11.2 16.6 6.04 8.61 8.04 

2~~ C m 9.1 11.2 16.7 5.88 
- -

9.08 8.87 

2~~ C m 9.1 11.25 17.1 5.45 11.46 11.25 

2~~ C m 9.1 11.3 17.1 4.95 14.85 14.54 
2;i C f 9.1 11.2 15 .5 7.66 3.36 1.83 
2;~ C f 9.1 11.2 15.8 7.28 3.79 3.26 

2:~ C f 9.1 11.25 15.8 7.26 3.94 3.26 

2 ~ i C f 9.2 11.3 17.1 5.77 10.91 10.32 

2~i C f 9.2 11.4 16.75 6.12 8.72 8.32 

;~6 Fm 9.1 11.25 15.1 8.44 0.62 -0.19 

; ~~ Fm 9.1 11.3 15.3 8.19 2.07 0.62 

;~~ F m 9.2 11.3 15.6 7.81 2.59 1.93 

ig6 Fm 9.2 11.3 16.5 6.94 6.07 5.40 

;66 Fm 9.2 11.4 16.3 7.05 6.7 4.84 

;6ri F m 9.2 11.4 16.2 7.13 4.88 4.48 

; ~~ Fm 9.25 11.4 16.7 6.62 6.87 6.73 

irii No 9.2 11.3 15.1 8.74 0.0 -0.48 

ibi No 9.2 11.4 15.4 8.44 2.02 0.42 

;6i N o 9.2 11.4 15.6 8.25 2.81 1.04 

;6i No 9.2 11.4 15.3 8.45 2.14 0.34 

~~~ No 9.3 11.4 15.8 7.62 4.06 3.29 

~g1 R f 9.3 11.5 15.4 8.60 1.86 0.55 

~g~ S g 9.3 11.35 14.9 9.39 -0.04 -1 .24 

~ g~ S g 9.3 11.4 15.8 8.76 0.85 0.67 

~ ~~ H s 9.3 11.4 14.6 10.47 -2.80 -3.55 

269 1 10 9.4 11.4 14.2 11.28 -3.77 -4.88 



Table 3 


nuclide Rd+Ra 
(frnl 

Rbarr 

(frn) 
Ebarr 

(MeV) 
10.9 

Qcxp 

(MeV) 
3.28 

loglO 
(T1I2 cxp) 

3.45 

loglO 
(T 1/2 thco) 

2.741~~ I 7.3 9.6 
l~~ Pm 7.85 10.2 13.2 2.32 17.28 17.79 
I~; Eu 7.9 10.2 13.1 2.99 ' . iO.99 11.56 
1~~ Tb 7.9 10.2 12.5 4.08 4.96 4.27 
I~~ Tb 7.9 10.2 13.0 3.50 8.82 8.36 
I~~ H 0 7.9 10.2 12.4 4.70 2.26 1.85 
I ~~ H 0 8.0 10.2 13.0 4.05 5.46 5.64 

15l9 Tm 8.0 10.2 12.3 5.25 0.25 0.20 
156~ Tm 8.0 10.25 13 .0 4.57 3.04 3.62 
I;~ L u 8.0 10.25 12.3 5.77 -l.05 -l.07 
I ~ i Lu 8.0 10.3 12.9 5.10 1.88 1.85 
15/3T a 8.0 10.3 12.2 6.38 -2.28 -2.52 
15/ 3T a 8.05 10.3 12.8 5.75 -0.15 -0.12 
167~T a 8.1 10 .25 13 .2 5.27 l.78 2.00 
1~~ Ir 8.2 10.4 13.1 6.28 -0.4 -0.58 
1i~ Ir 8.25 10.4 13.1 6.16 0.23 -0.18 
1 i j Ir 8.25 10.5 13.1 5.84 0.48 l.12 
li~ Au 8.3 10.55 13.3 6.43 0.11 -0.46 
li~ Au 8.3 10.6 13.6 6.08 l.51 0.91 
I ~~ Au 8.4 10.5 13.8 5.75 3.28 2.33 
I~~ Au 8.4 10.5 14.1 5.47 4.17 3.63 
I ~~ Au 8.4 10.6 14.3 5.18 4.99 5.04 
Ig Bi 8.5 10.6 13 .2 6.81 0.18 -0.35 
l~i B i 8.5 10.7 13.6 6.46 1.51 0.98 
I n Bi 8.5 10.7 14.1 6.04 2.1 2.70 
1~ ~ B i 8.5 10.7 14.5 5.56 4.92 4.94 
I ~~ At 8.6 10.8 13 .7 7.1 -0.4 -0.71 
I ~ ~ At 8.6 10.8 14.0 6.78 0.85 0.45 
z ~~ At 8.6 10.8 14.2 6.47 2. 1 l.60 
z~~ At 8.6 10.9 14.4 6.21 3.16 2.68 
2~~ At 8.7 10.9 14.6 6.02 4.19 3.51 
2~~ At 8.7 10.8 14.7 5.87 4.81 4.20 
2~; At 8.7 10.8 14.8 5.76 5.68 4.64 
z~ ~ At 8.7 10.9 14.5 5.98 4.79 3.57 
ZI 3 At

85 8.8 10.9 11.2 9.25 -6.96 -7.23 
2~ ~ At 8.8 10.9 12.2 8.18 -4.0 -4.48 
2 ~~ At 8.8 11.0 13 .1 7.20 -1.48 -1.46 
zg At 8.8 11.0 13.9 6.39 1.75 1.62 
2~~ F r 8.6 10.75 13 .9 7.28 -0.15 -0.64 
2~~ Fr 8.7 10.8 14.1 7.06 0.58 0.13 
2 ~; Fr 8.7 10.8 14.2 6.90 1.21 0.71 



2~~ Fr 8.7 10.8 14.25 6.78 1.75 1.09 

2i~ Fr 8.7 10.9 14.3 6.66 2.27 1.54 
2g Fr 8.8 10.9 14.0 6.90 1.55 0.58 
2g Fr 8.8 10.9 11.4 9.54 -7.06 -7.26 
2g Fr 8.8 11.0 12.4 8.47 -4.79 -4.62 
2g Fr 8.8 11.0 13.4 7.45 -1.67 -1.52 

2i~ F r 8.85 11.0 14.3 6.46 2.54 2.20 
223 Fr 

87 8.9 11.1 15.3 5.43 .. :7.34 7.16 

2~~ A c 8.7 10.8 13.8 7.73 -1.0 -1.48 

2i~ A c 8.7 10.9 13.9 7.62 -0.6 -1.14 

2~~ A c 8.8 10.9 14.0 7.5 -0.1 -0.76 
2 15 A C 

89 8.8 10.9 13.7 7.75 -0.77 -1 .63 
2 i~ A c 8.8 11.0 11.5 9.83 -7.16 -7 .3 1 
2g Ac 8.8 11.0 12.5 8.83 -4.92 -4.91 
2iJA c 8.85 11.0 13.5 7.78 -1.13 -1 .84 
2i ~ A c 8.9 11.1 14.5 6.77 2.47 1.78 
225 A C 
89 8.9 11.1 15 .3 5.93 6.23 5.52 

2g Ac 8.9 11.1 16.1 5.04 11.01 10.42 
2 ~ i P a 8.8 10.9 13.6 8.39 -2.28 -2.82 
2 ~~ P a 8.8 10.9 13.8 8.17 -1.85 -2.19 
2 17 P a 

91 8.8 11.0 13.4 8.49 -2.46 -3.21 
2~i P a 8.9 11.1 13.4 8.34 -1.84 -2.85 
2~~ P a 8.9 11.1 14.3 7.39 0.41 0.25 
2~ ; P a 8.9 11.1 15.1 6.58 3.72 3.36 
229 P a 

91 8.9 11.1 15.9 5.68 8.12 7.69 
2~~ N p 8.9 11.15 15.1 7.01 2.38 2.43 
2~~ N p 9.0 11.2 15.7 6.37 5.17 5.17 
2~~ N p 9.0 11.1 16.2 5.83 8.34 7.83 
2~~ N P 9.0 11.1 16.9 5.11 12.66 11.98 
2~~ N p 9.0 11.1 17.1 4.87 14.16 13.59 
2~~ Am 9.0 11.1 16.2 6.25 7.24 6.54 
2~; Am 9.1 11.2 16.5 5.87 8.72 8.47 
2~~ Am 9.1 11.2 16.8 5.58 10.2 10.08 
2~~ Am 9.1 11.2 17.0 5.36 11.43 11 .38 
2~~ B k 9.1 11.25 16.8 5.99 9.2 1 8.67 
2~~ B k 9.1 11.3 17.1 5.62 10.99 10.73 
2~~ B k 9.2 11.3 17.2 5.51 12.41 11.37 
243 E S 

99 9.1 11.2 15.3 8.07 1.32 0.73 

2~~ E s 9.1 11.25 15.4 7.91 2.66 1.22 

2~~ E s 9.1 11.3 15.75 7.49 3.63 2.75 

2~~ E s 9.2 11.3 16.3 6.94 5.83 4.98 

2~J E s 9.2 11.3 16.6 6.60 7.48 6.50 

2~~ E s 9.2 11.4 16.4 6.74 6.29 5.76 

2~~ E s 9.2 11.4 16 .6 6.44 7.69 7.16 

m Lr 9.3 11.4 15.3 8.67 0.73 -0.03 



Table 4 


nuclide Rd+Ro. 

(fm) 

R lJarr 

(fm) 
ElJarr 

(MeV) 
Qcxp 

(MeV) 
(oglO 

(T 112 eXI)) 

(oglO 

(TIn I!tCO) 

I ~ ~ [ 7.3 9.55 10.6 3.58 0.58 0.77 
I ~~ C s 7.3 9.65 11.3 3.36 3.5 3.46 
Ig Eu 7.9 10.2 13.3 2.76 14 .7 13.95 

'~i H 0 7.95 10.2 12.5 4.51 3.11 2.86 
I~; H 0 8.0 10.2 13.0 4.04 6.63 5.69 
156~Tm 8.0 10.2 12.5 5.09 1.05 0.93 
15 

6 
6 
9 
Tm 8.0 10.3 13.2 4.34 5.15 4.90 

1~~ L u 8.0 10.3 12.5 5.59 -0 .3 -0.37 
1 5 

7 
8 
J 
Ta 8.0 10.3 12.3 6.21 -1.4 -1.92 

1 ~~ Ir 8.2 10.4 13.2 6.17 0.15 -0.20 
1 ~; I r 8.2 10.5 13.3 5.99 0.23 0.50 
I~~ Au 8.3 10.6 13.5 6.12 0.42 0.76 
I ~~ Au 8.4 10.55 14.2 5.3 5.38 4.48 
I~~ B i 8.5 10.7 14.0 6.19 2.32 2.035 
I~~ B i 8.5 10.7 14.4 5.76 4.72 3.97 
I ~~ At 8.6 10.8 13.6 7.2 -0.52 -1.05 
I ~~ At 8.6 10.8 13.9 6.89 0.69 0.05 
2~~ At 8.6 10.8 14.1 6.60 1.33 1.09 
2~; At 8.6 10.9 14.4 6.26 3.38 2.48 
2~~ At 8.65 10.9 14.6 6.07 4.07 3.29 
2~~ At 8.7 10.8 14.9 5.72 5.29 4.94 
2~~ At 8.7 10.8 14.8 5.75 6.03 4.77 
2 ~~ At 8.8 10.9 11.4 8.99 -6 .25 -6.63 
2~~ At 8.8 10.95 12.4 7.95 -3 .51 -3.82 
2 ~~ At 8.8 11.0 13 .5 6.82 0.35 -0.09 
2~~ Fr 8.65 10.8 14.0 7.17 0.32 -0.26 
2~~ F r 8.7 10.8 14 .2 6.93 1.27 0.61 
2~~ F r 8.7 10.8 14.3 6.77 1.9 1.19 
2 ~~ Fr 8.8 10.95 11.7 9.18 -6.15 -6.44 
2g Fr 8.8 11.0 12.8 8.01 -3 .0 -3.30 
2~~ F r 8.8 11.0 14.0 6.80 1.64 0.83 
2 ~g A c 8.7 10.9 13.9 7.60 -0.44 -1.06 
2 ~~ A c 8.75 10.9 14.0 7.52 -0 .02 -0.81 
2 ~~ A c 8.8 10.9 14.1 7.35 1.46 -0.25 
2~~ A c 8.9 11.0 14.1 7.14 0.65 0.36 
2~~ P a 8.9 11.0 13.4 8.33 -1.94 -2.81 
2~~ Pa 8.9 11.1 14.0 7.69 -0.02 -0.79 
2~~ P a 8.9 11.1 14.7 6.99 2.45 1.69 
2~~ Am 9.0 IUS 16.4 6.04 9.36 7.58 
2~~ Am 9.1 11.2 16.7 5.59 11.05 10.04 
2g Am 9.1 11.2 16.8 5.59 11.76 10.01 
l~~ E s 9.1 11.3 15.5 7.70 3.67 1.97 
2~~ E s 9. [5 11.3 [6.05 7. [5 5.75 4.11 
2~~ E s 9.2 11.3 16.4 6.74 7.68 5.84 
;~~ M d 9.15 11.3 [5. [ 8.56 1.67 -0.23 
;~~ L r 9.2 11.4 15.35 8.69 1.89 -0.06 
;~~ L r 9.3 11.4 15.1 8.9 0.97 -0.74 
~~~ Lr 9.3 11.45 15.6 8.31 2.48 l.l5 
;g~ Db 9.3 11.3 15.1 9.32 0.45 -1.32 



Table 5 


A 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 
118 Qa 13.3# 13.27# 13.11# 13.11# 12.99# 13.04# 12.79# 12.59# 12.49# 12.51# 12.42# 12.52# 12.34# 12.73# 12.87# 12.94# 13.05# 13.07# 

gldm -6.91 -6.87 -6.61 -6.63 -6.42 -6.52 -6.06 -5.69 -5.56 -5.60 -5.45 -5.66 -5.32 -6.11 -6.37 -6.51 -6.72 -6.77 
fit -5.63 -6.35 -5.30 -6.07 -5.09 -5.97 -4.73 -5.09 -4.14 -4.96 -4.02 -5.02 -3.88 -5.49 -5.03 -5.96 -5.42 -6.25 

:117 A 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 
Qa 12.72# 12.64# 12.52# 12.40# 12.31# 12.25# 12.20# 12.l4# 11.94# 11.93# 11.91# 1l.90# 1l.80# 11.59# 1l.97# 12.16# 12.25# 12.35# 

gldm -6.11 -5.96 -5.74 -5.51 -5.36 -5.25 -5.16 -5.05 -4.64 -4.62 -4.64 -4.62 -4.43 -3.98 -4.83 -5.25 -5.44 -5.65 
fit -5.11 -4.50 -4.74 -3.99 -4.33 -3.69 -4.12 -3.47 -3.58 -3.00 -3.55 -2.96 -3.34 -2.23 -3.76 -3.65 -4.41 -4.13 

A 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 
:116 Qa 12.65# 12.39# 1l.90# 12.03# 11.83# 11.68# 1l.65# 11.52# 11.55# 11.50# 11.34# 11.33# 11.03# 1l.15# 1l.19# 11.06# 11.33# 11.38# 

glrlm -6.16 -5.67 -4.72 -5.01 -4.59 -4.27 -4.22 -3.96 -4.04 -3.94 -3.58 -3.57 -2.85 -3.19 -3.30 -3.00 -3.67 -3.80 
fit -5.61 -4.35 -4.04 -3.61 -3.92 -2.86 -3.54 -2.52 -3.35 -2.51 -2.89 -2.14 -2.16 -l.74 -2.60 -l.55 -2.97 -2.36 

A 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 
:115 Qa 12.90# 12.50# 12.24# 11.80# 11.02# 10.30# 10.56# 10.55# 10.45# 10.48# 10.34# 10.24# 10.15# 9.88# 9.75# 9.69# 9.46# 9.87# 

glrlm -6.85 -6.14 -5.65 -4.74 -3.01 -1.13 -1.85 -l.83 -l.58 -1.68 -1.32 -l.05 -0.80 -0.03 0.35 0.49 l.19 -0.08 
fit -5.63 -5.21 -4.22 -3.73 -1.25 -0.02 -0.02 -0.74 0.26 -0.59 0.54 0.03 1.07 l.03 2.28 l.56 3.20 0.99 
A 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 

:114 Qa 12.67 12.55# 12.55# 12.86# 12.27# 1l.83 1l.15# 10.22# 9.79# 9.64 # 9.55# 9.61# 9.53 # 9.39# 9.08# 8.73 # 8.66# 8.47# 
glrlm # -6.47 -6.48 -7.05 -5.97 -5.09 -3.58 -1.22 0.00 0.44 0.71 0.51 0.74 l.16 2.16 3.35 3.59 4.28 
fit -6.69 

-5.46 
-5.94 -5.25 -6.60 -4.71 -4.49 -2.22 -0.54 l.38 1.10 2.07 1.16 2.10 1.80 3.49 3.95 4.90 4.85 

A 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 
:113 Qa 12.31# 12.20# 12.12# 12.11# 12.37# 12.77# 12.83# 11.67# 10.90# 10.00# 9.56 # 9.36# 9.18# 9.10# 9.04# 8.97# 8.66# 9.13# 

gldm -6.25 -6.05 -5.90 -5.89 -6.41 -7.15 -7.29 -5.05 -3.29 -0.93 0.35 0.96 l.53 1.78 1.96 2.18 3.24 l.63 
fit -5.33 -4.73 -4.97 -4.56 -5.53 -6.04 -6.50 -3.60 -2.27 0.87 l.39 2.87 2.54 3.72 2.97 4.15 4.23 3.55 
A 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 

:112 Qa 12.30# 12.07# 1l.82# 11.72# 1l.61 # 1l.70# 12.05# 12.30# 12.49# 12.03# 11.34# 10.35# 9.62# 9.22# 8.89# 8.80# 8.68# 8.62# 
glrlm -6.41 -5.97 -5.54 -5.34 -5.12 -5.33 -6.05 -6.55 -6.92 -6.06 -4.61 -2.20 -0.16 l.06 2.13 2.43 2.84 3.03 

fit -5.94 -4.79 -4.96 -4.07 -4.53 -4.06 -5.53 -5.38 -6.48 -4.85 -4.03 -0.89 0.46 2.36 2.73 3.70 3.41 4.29 



A 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 
=111 Qa 12.10# 11.84# 11.54# 11.21# 10.98 11.09# 11.07# 11.53# 11.73# 11.71# 11 .59# 11.12# 10.34# 9.58# 9.00# 8.29# 8.22# 8.09# 

gldm -6.28 -5.77 -5.16 -4.44 -3.98 -4 .25 -4.21 -5.26 -5 .69 -5.66 -5.42 -4.41 -2.48 -0 .34 1.42 3.89 4.14 4.63 
fit -5.10 -4.90 -3.84 -3.52 -2.47 -3.27 -2.75 -4.33 -4.40 -4.77 -4.10 -3.45 -0.89 0 .61 3.28 4.86 6.16 5.58 
A 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 

=110 Qa 12.10# 11 .99# 11.78 11 .67 11.28 11.l7 10.90 10.77 11.67 10.72# 10.92# 10.93# 10.89# 10.61# 9.89# 9.25# 8.75# 7.95# 
gldm -6.53 -6.33 -5.92 -5.71 -4.88 -4.65 -4.05 -3 .79 -5.82 -3.69 -4.18 -4.22 -4.13 -3.46 -1.56 0.33 1.95 4.81 

fit -5.40 -5.84 -4.76 -5 .20 -3.68 -4.10 -2.82 -3 .18 -4.63 -3.10 -2.94 -3.65 -2.90 -2.90 -0.33 0.87 3.14 5.35 
A 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 

09Mt Qa 11.87# 11.56# 11 .33 11.49 10.98 10.70 10.54 10.35 10.14 9.62# 10.02# 10.26# 10.26# 1O.l1 # 10.04# 9.58# 9.13# 8.65# 
gldm -6.34 -5.72 -5.25 -5 .60 -4.49 -3 .84 -3.46 -2.99 -2.44 -1.03 -2.16 -2.83 -2.85 -2.46 -2.28 -0.98 0.36 1.93 

fit -5.50 -4.50 -4.35 -4.38 -3.57 -2.43 -2.53 -1.52 -1.52 0.58 -1.24 -1.34 -1.92 -0.95 -1.36 0.60 1.26 3.70 
A 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 

osHs Qa 10.85# 11.04# 11.09# 10.67 10.58 10.47 10.21 10.12 9.90 9.74 8.88# 9.02# 9.39# 9.61# 9.65# 9.58# 9.52# 8.93# 
gldm -4.36 -4.80 -4.96 -4.01 -3.81 -3.55 -2.90 -2.67 -2.09 -1.65 0.96 0.50 -0.70 -1.36 -1.49 -1.30 -1.13 0 .67 

fit -3.83 -3 .67 -4.43 -2.82 -3.26 -2.35 -2.34 -1.48 -1.54 -0.48 1.46 1.63 -0.16 -0 .18 -0.96 -0 .13 -0.62 1.81 
A 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 

o7Bh Qa 10.00# 10.07# 10.34 10.57 10.22 10.08 9.98 9.77 9.56 9.38 8.48# 8.32# 8.36# 8.85# 9.08# 9.02# 8.89# 9.00# 
gldm -2.53 -2.73 -3.44 -4.02 -3 .18 -2.83 -2.58 -2.02 -1.44 -0.92 1.95 2.50 2.35 0.68 -0.11 0 .06 0.46 0.10 

fit -1.10 -1.83 -2.09 -3 .16 -1.80 -1.94 -1.16 -1.13 0.05 -0.04 3.64 3.35 4.05 1.52 1.48 0.94 2.08 0.97 
A 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 

06 Sg Qa 10.08# 9.72# 9.59# 9.68 9.84 9.93 9.81 9.61 9.39 9.22 8.76 8.76 8.04# 7.77# 7.92# 8.35# 8.59 8.57# 
gldm -3.02 -2.07 -1.72 -1.99 -2.45 -2.70 -2.39 -1.86 -1.24 -0.76 0.67 0.66 3.15 4.17 3.59 2.00 1.17 1.17 

fit -1.89 -1.54 -0.59 -1.47 -1.32 -2 .19 -1.28 -1.35 -0.12 -0.25 1.78 1.14 4 .22 4 .62 4.64 2.45 2.23 1.66 
A 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 

osDb Qa 9.97# 9.85# 9.72 9.48 9.32 9 .55 9.65 9.32 9.23 9.00 8.83 8.67 8.49 7.54# 7.27# 7.37# 7.76# 8.02# 
gldm -3 .04 -2.73 -2 .38 -1.74 -1.28 -1.96 -2.26 -1.32 -1.07 -0.41 0.11 0.61 1.19 4.70 5.82 5.39 3.80 2.81 

fit -2 .18 -1.40 -1.54 -0.34 -0.44 -0.59 -1.42 0 .09 -0.25 1.07 0.95 2.15 2.02 6.49 6.61 7.20 4.59 4.45 
A 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 

o4 Rf Qa 9.94# 9.72# 9.72# 9.55 9.38 9.25 8.95 9.15 9.33 9.12 8.90 8.60 8.50 8.31 8.14 7.17# 6.91# 7.02# 
gldm -3.23 -2.66 -2.67 -2.23 -1.76 -1.39 -0.51 -1.13 -1.68 -1.07 -0.40 0.55 0.82 1.46 2.04 5.85 7.00 6.49 

fit -2.75 -1.60 -2.20 -1.17 -1.28 -0 .34 -0.05 -0.09 -1.22 -0 .03 0.03 1.56 1.28 2.49 2.48 6.84 7.38 7.46 
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