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Fourier expansion of nuclear shapes ∗
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Here R0 is radius of spherical nucleus, while 2z0 is the length of the deformed nucleus.

∗K. Pomorski, B. Nerlo-Pomorska, J. Bartel, and C. Schmitt Acta Phys. Pol. B Supl. 8 (2015) 667,
C. Schmitt, K. Pomorski, B. Nerlo-Pomorska, and J. Bartel, Phys. Rev. C 95 (2017) 034612.



Convergence of the Fourier expansion
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Potential energy surface in the (a2, a4) plane

Optimal coordinates:

q2 = a
(0)
2 /a2 − a2/a

(0)
2 ,

q3 = a3 ,

q4 = a4 +

√
(q2/9)

2 + (a
(0)
4 )2 ,

q5 = a5 − (q2 − 2)a3/10 ,

q6 = a6 −
√

(q2/100)
2 + (a

(0)
6 )2 .

Here a
(0)
2 = 1.03205, a

(0)
4 = −0.03822, and a

(0)
6 = 0.00826 are the Fourier

expansion coe�cients of a sphere. q2 describes the elongation of a nucleus,

q3 its left-right asymmetry, and q4 formation of the neck.

See also an alternative expansion around a spheroid:

K. Pomorski, B. Nerlo-Pomorska, J. Bartel, Phys. Scr. 92 (2017) 064006.



Relation between (q2, η) and (β, γ)

-0.2

-0.1

 0

 0.1

 0.2

-0.8 -0.6 -0.4 -0.2  0  0.2  0.4  0.6  0.8

γ=0o

10o

20o

30o40o50o60o80o100o110o120o130o

140o

150o

160o

170o

180o

190o

200o

210o

220o

230o 240o 250o 260o 280o 300o 320o 330o

340o

350o

η 

q2
β=

 0
.70.
6

0.
5

0.
4

0.
3

0.
2

0.
1

0.
2

0.
3

0.
4

prolateoblate

ob
la

te

oblate

prolate

pr
ol

at
e

β =
√
5π

3r2
0
A5/3

√
Q2

20 + Q2
22

γ = arctan
(
Q22

Q20

)
Q20 =< 2z2 − x2 − y2 >

Q22 =
√
3 < y2 − x2 >



Main ingredients of our model:

• Macroscopic-microscopic approximation of nuclear energy,

• Lublin-Strasbourg-Drop for the macroscopic part of energy,

• Yukawa-folded single-particle potential,

• Strutinsky shell-correction method,

• BCS with the monopole pairing force and the GCM+GOA projection,

• Fourier parametrisation of nuclear shapes,

Calculations are already preformed for 324 even-even isotopes from 226U to
324126. The results for odd-Z or/and odd-N nuclei are in preparation.

All parameters of the calculation are standard. None of them is specially �tted

to the considered nuclei.



Potential energy surface of 228Ra on the (q2, q3) plane
∗
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∗C. Schmitt, K. Pomorski, B. Nerlo-Pomorska, and J. Bartel, Phys. Rev. C 95 (2017) 034612.



Potential energy surface of 236Pu on the (q2, q3) plane
∗
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∗K. Pomorski, B. Nerlo-Pomorska, J. Bartel, C. Schmitt, Eur. Phys. Journ. Conf. Proc., accepted for
publication (Theory-4 Workshop, Varna, June 2017, Editor F.-J. Hambsch EC JRC, Geel, Belgium)



PES of 266Sg and neighbouring nuclei on the (q2, q3) plane



PES of 266Sg and neighbouring nuclei on the (q2, η) plane



PES of 280Cn and neighbouring nuclei on the (q2, q3) plane



PES of 280Cn and neighbouring nuclei on the (q2, η) plane



PES of 294Og and neighbouring nuclei on the (q2, q3) plane



PES of 294Og and neighbouring nuclei on the (q2, η) plane
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Ground state quadrupole deformation



Ground state hexadecapole deformation



Ground state octupole deformation



Ground state nonaxial deformation



Alpha particle energy Qα

The r.m.s. deviation of Qα for Z≥ 94 is 0.51 MeV only.
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Gamow like model of the alpha decay and cluster radioactivity∗

AXZ −→ A1YZ1
+ A2CZ2
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The half-life of a decaying nuclei is given by:

T1/2 =
ln 2

λ
· 10h

Here h is a hindrance factor for o-o or o-e
nuclei (h = 0 for e-e) and λ = νP , where ν is
the number of assaults against the barrier.
Within the WKB theory the probability of the
barrier penetration P is equal to:

P = exp

[
−

2

h̄

∫ b

R

√
2µ(V (r)− Ek) dr

]
.

Here µ is the reduced mass of emitted
particle.
The exit point from the barrier b corresponds
to point, where the Coulomb potential is
equal to the kinetic energy (Ek).

The probability of tunnelling of the above barrier is given by:

P = exp

−2

h̄

√
2µZ1Z2e

2b

arccos√R

b
−

√
R

b
−

(
R

b

)2


Here R = r0(A
1/3
1 + A

1/3
2 ). In the g.s. of a square well potential one has ν = πh̄

2µR2.

* A. Zdeb, M. Warda, and K. Pomorski, Phys. Rev. C 87, 024308 (2013).



Prediction of the α-decay half-lives
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Fission barrier heights
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Nuclear �ssion and �wi�atecki topographical theorem
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A. Dobrowolski, B. Nerlo-Pomorska, K. Pomorski, Acta Phys. Pol. B40, 705 (2009).



Spontaneous �ssion half-lives systematics ∗
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∗K. Pomorski, M. Warda and A. Zdeb, Acta Phys. Polon. 46(2015) 4233.



Spontaneous �ssion half-lives of e-e isotopes∗
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Spontaneous �ssion half-lives and the LSD barrier heights∗
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Conclusions:

• Fourier expansion o�ers a very e�ective way of describing the shapes of

�ssioning nuclei.

• Macroscopic-microscopic model basing on the LSD energy and the Yukawa-

Folded s.p. potential describes well global properties of the heavy and

super-heavy nuclei.

• Simple WKB model with only one adjustable parameter describes well the

probabilities of proton, alpha and cluster emission.

• The ground-state shell and pairing e�ects determine the �ssion barrier

heights. The role of those at the saddle is almost negligible.

• The spontaneous �ssion life-times of nuclei are mostly determined by the

microscopic energy correction in the ground-state and the macroscopic

�ssion barrier.

Thank you for your attention!



Deviations from the data of log(T1/2) for even-even nuclei
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Microscopic energy correction to the LSD energy for spherical nucleus
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Microscopic energy correction to the LSD energy for spherical nucleus
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Microscopic energy correction to the LSD energy for spherical nucleus
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Simple model for spontaneous �ssion probability ∗

A. Baran, K. Pomorski, A. �ukasiak, and A.

Sobiczewski, Nucl. Phys. A361, 83 (1981).
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ds′ ,
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The potential V [s(x)] in the new coordinate x
can be approximated by two (or more) parabolas:
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∗K. Pomorski, M. Warda and A. Zdeb, Phys. Scr. 90, 114013 (2015).



Barrier penetration in the WKB approximation

The spontaneous �ssion half�life is given by:

T sf
1/2 =

ln 2

nP
, where P =

1

1 + exp{2S(L)}.
The WKB action-integral along the �ssion path L(x) is given by:

S(L) =

sr∫
sl

√
2

h̄2
Bss[V (s)− E0]ds ≈

xr∫
−xl

√
2m

h̄2
[Ṽ (x)− E0] dx

For the penetration of the two-inverted parabola barrier of the VB heights it

is equal to:
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where ωl =
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Cl/m and ωr =

√
Cr/m are the inverted H.O. frequencies.

For S ≫ 1 the logarithm of the s.f. half-lives takes the form:

log(T sf
1/2) =

2π

h̄ω̃
VB − log[n ln2] ≈

2π

h̄ω̃
(MLSD

sadd −Mexp
gs )− log[n ln2] ,

where n is the frequency of assaults against the �ssion barrier.
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