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Method of the Method of the 
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The shape of a nucleusThe shape of a nucleus
R θ ,ϕ =R0C  β λμ1∑λμ β λμY λμθ ,ϕ 
Axial symmetric nuclei:

μ=0 ⇒
β λ0≡β λ

R θ =R0C  β λ1∑
λ=2
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Shell efectsShell efects
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Phenomenological formula for α-Phenomenological formula for α-
decay half-livesdecay half-lives

loglog1010 TTαα(Z,N) = a Z (Q(Z,N) = a Z (Qαα ) )-1/2-1/2  + b Z + c + b Z + cloglog1010 TTαα(Z,N) = a Z (Q(Z,N) = a Z (Qαα ) )-1/2-1/2  + b Z + c + b Z + c

loglog1010 TTαα(Z,N) = a Z (Q(Z,N) = a Z (Qαα - E - Epp))-1/2-1/2  + b Z + c + b Z + cloglog1010 TTαα(Z,N) = a Z (Q(Z,N) = a Z (Qαα - E - Epp))-1/2-1/2  + b Z + c + b Z + c

loglog1010 TTαα(Z,N) = (a Z + d) (Q(Z,N) = (a Z + d) (Qαα ) )-1/2-1/2  + b Z + c + b Z + cloglog1010 TTαα(Z,N) = (a Z + d) (Q(Z,N) = (a Z + d) (Qαα ) )-1/2-1/2  + b Z + c + b Z + c

Viola-Seaborg formula Viola-Seaborg formula ::

for e-efor e-e

for o-efor o-e

loglog1010 TTαα(Z,N) = a Z (Q(Z,N) = a Z (Qαα - E - Enn))-1/2-1/2  + b Z + c + b Z + cloglog1010 TTαα(Z,N) = a Z (Q(Z,N) = a Z (Qαα - E - Enn))-1/2-1/2  + b Z + c + b Z + c for e-ofor e-o

loglog1010 TTαα(Z,N) = a Z (Q(Z,N) = a Z (Qαα - E - Enpnp ))-1/2-1/2  + b Z + c + b Z + cloglog1010 TTαα(Z,N) = a Z (Q(Z,N) = a Z (Qαα - E - Enpnp ))-1/2-1/2  + b Z + c + b Z + c for o-ofor o-o

  EEnp np  = E = Enn + E + Epp  EEnp np  = E = Enn + E + Epp
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Nuclei n      rms np

e-e 61 0.130.16 1.3 3 0

o-e 45 0.320.41 2.1 1 0.11
3

e-o 56 0.500.60 3.2 1 0.17
0

o-o 40 0.600.72 4.0 0 0.28
3

∣lgT αthQαexp−lgT α
exp∣

Z  =  84Z  =  84  -110  -110      N = 128N = 128  -171-171 

∣δ∣ f E

f =1 0∣
δ∣



Nuclei n       rms

e-e 67 0.71 0.93 5.1
o-e 48 1.08 1.44 12.0
e-o 68 1.20 1.58 15.8
o-o 43 1.26 1.57 18.0

Z  =  84Z  =  84  -110  -110      N = 128N = 128  -171-171  ∣lgT αthQαth−lgT α
exp∣

δ f
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Tα
exp Tα

th Q α
exp

MeV

Q α
th

MeV

Q α
tr th

MeV

269 Ds 179 µs 40 µs 11.28 11.63 11.51

265 Hs 701 µs 4.7 ms10.35 10.68 10.36

261 Sg 61 ms 96 ms 9.68 9.74 9.60
257 Rf 9.4 s 64 s 8.80 9.21 8.42
253 No 92.4 s 90.8 s 8.21 8.19 8.15



SummarySummary
 Quantum characteristics of most experimentally known ground states of 

analyzed here odd-A nuclei (in 24 of 38 cases for proton-odd and in 23 for 
34 cases for neutron-odd nuclei) are reproduced by the calculations.

 Energy of known lowest nucleon excited states are reproduced by the 
applied model within an average accuracy of about 200 keV..

 Sensitivity of single-particle excitation energies to changes of such a 
quantity as the equilibrium deformation of a nucleus is rather large.

 A new, simple phenomenological formula for description of α-decay half-
lives of heaviest e-e, o-e, e-o and o-o nuclei uses only 5 adjustable 
parameters. The formula allows one to describe Texp of 61 e-e nuclei 
roughly within a factor of 1.3, 45 o-e nuclei within a factor of 2.1, 55 e-o 
nuclei within a factor of 3.2 and 40 o-o nuclei within a factor of 4.0, on the 
average, when Q Q αα

expexp  is taken. 
 The accuracy of the mentioned above phenomenological formula decreases 

by a factor of about 4, when theoretical values of Q Q αα
thth  are used.

 It is found that description of the 269269 Ds and Ds and 271271 DsDs chains data is rather 
good. 


