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Artur Dobrowolski

• Results (2008 - 2011):

17 articles, 18 conference talks

K. Mazurek, IFJ - PAN The high-rank symmetries...



Outline

Introduction: Macroscopic-Microscopic Method

• Jacobi/Poincaré Shape Transition
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Macroscopic-Microscopic Method

M(Z ,N; def ) = ZMH + NMn − 0.00001433Z 2.39

+ELSD(Z ,N; def ) + Emicr (Z ,N; def )

Macroscopic Energy: Lublin - Strasbourg Drop, Finite Range Liquid
Drop Model Microscopic Energy

Emicr = Epair + Eshell

’Pairing’ Energy
Epair = EBCS + Epc

or with Particle Number Projection method
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Macroscopic-Microscopic Method

Nuclear surface parametrization:

R(ϑ, ϕ) = R0 c({α})
∑
λ,µ

[1 + αλ,±µ Yλ,±µ(ϑ, ϕ)]

    

{β, γ} → {α20, α22}
K. Mazurek, IFJ - PAN The high-rank symmetries...



Jacobi/Poincaré Shape Transition

Jacobi shape transition
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Poincaré shape transition
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The 142Ba with spin I = 0− 110 ~ A. Maj et al. Int.J.Mod.Phys.E 19 (2010).

Investigation of the temperature influence into the Poincare shape

transition is in progress.
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Jacobi/Poincaré Shape Transition

Sphere

Elongated triaxial (Jacobi)

Theoretical 
prediction (for 
the first time) 
of the Poincare 

shape 
transition in 
atomic nuclei

Octupole, left- right 
asymmetric 
(Poincare)

Oblate (MacLaurin)

 H.Poincare, Acta Math. 7 (1885) 259
A.Maj, K.M., J.Dudek, et al, Int. J. Mod. Phys. E 19 (2010) 532
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Jacobi/Poincaré Shape Transition
Giant Dipole Resonances
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Eksperiment: A. Maj et al., Nucl. Phys. A 731, 319 (2004).
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Jacobi/Poincaré Shape Transition
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Shape-Dependent Congruence Energy
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New definition of the shape
dependence

Econg(α20) = W0(Z,N) · Fneck(α20)

Fneck(α20) = 1 + 1
2

{
1 + tanh

[
(α20 − α0

20)/aneck

]}
.

W0(Z,N) = −C0 exp(−W|I|/C0) with I ≡ (N− Z)/A
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Myers W D, Swiatecki W J, Nucl. Phys. A 81 (1966) 1, Nucl. Phys. A 612 (1997) 249
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Octupole Vibrations
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where B is the mass parameter and
C the stiffness of the potential.

〈ψn|Ĥ|ψm〉 = enδnm

Ĥ =
~2

2B

δ2

δα2
30

+ V(α30)

A. Bohr, B. Mottelson, Nuclear Structure vol. II
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Octupole Vibrations
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Octupole Vibrations

  

The mean values of the dynamical octupole deformation of
0 - state excitation -

√
〈ψ0|α2
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The first 1− state is usually described as 0 - point motion

vibration. For 142Ba the energy of this level is 1.326 MeV.

~ω [MeV] B [~2/MeV] e0 [MeV]

0.5 30 1.89
1.0 110 1.48
1.5 450 1.2



Summary and Conclusions

• Prediction, for the first time, of the Poincare shape transition in wide
range of nuclear masses and spins.

• The new formula for the shape - dependent congruence energy is pro-
posed and tested.

• The octupole vibrations in fast rotating nuclei are under investigation.
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