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Geometrical Symmetry Breaking

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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MeanField4Exp: Shape Evolution with Spin

User Specifications:

• Nucleus (Z ,N) values

• The choice of the Macroscopic En-
ergy Model:

◦ Lublin- Strasbourg Drop
◦ Myers - Świa̧tecki Model

• The spin values In , n ≤ 6

• Choice of deformation:

◦ selecting main x-axis
αλµ ∈ [min.,max]
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MeanField4Exp: 3D Nuclear Surface
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Giant Dipole Resonance - GDR
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Giant Dipole Resonances Measurement

M. Ciema la et al. Phys. Rev. C 91, 054313 (2015)
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Geometrical Symmetry Breaking

Jacobi Shape Transition Evidence
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Experiment: A. Maj et al., Nucl. Phys. A 731, 319 (2004).
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Thermal Shape Fluctuation Model - GDR
[ K. Pomorski, J. Dudek, Phys. Rev. C 67,044316(2003) ]. (A=Z+N; t=(N-Z)/A)

K. M., M. Kmiecik, A. Maj, J. Dudek, N. Schunck, Acta Phys. Pol. B 38,

1455 (2007)

The macroscopic energy:

Lublin - Strasbourg Drop
ELSD(Z ,N; def ) = bvol (1− κvol t

2)A

+bsurf (1− κsurf t
2)A2/3Bsurf (def )

+bcurv (1 + κcurv t
2)A1/3Bcurv (def )

+
3

5
e2

Z2

r ch0 A1/3
BCoul (def )− C4

Z2

A

−10 · exp (−4.2|t|)

Free energy

F (T ) = ELSD +
I (I + 1)

2J (def )
− TS(def , I ,T )

The GDR probability

p(def ; I ;T ) = exp
{
− F (T )

kT

}
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Thermal Shape Fluctuation Model - GDR

σ(Eγ ,T , I ) =
∑
(x,y)

p((def ); I ;T )
5∑

k=1

fk (Eγ , (def ))

fk (Eγ , (def )) =
σkΓkE

2
γ

(E2
γ − E2

GDR,k )
2 + E2

γΓ
2
k

Γk =

(
EGDR,k

EGDR

)1.9

· Γ0

K. M., M. Kmiecik, A. Maj, J. Dudek,

N. Schunck, Acta Phys. Pol. B 38, 1455 (2007)
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Experimental Results - 48Ti+40Ca→ 88Mo
M. Ciema la et al. Phys. Rev. C 91, 054313 (2015)
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Thermal Shape Fluctuation Model - Results
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MeanField4Exp: Giant Dipole Resonances

User Specifications:

• Nucleus (Z ,N) values

• The choice of the Macroscopic Energy Model:

◦ Lublin- Strasbourg Drop
◦ Myers - Świa̧tecki Model

• The spin range (Imin ,Imax ) with step ∆ I=2 ℏ
• Choice of nuclear level approach (included in Free Energy):

◦ Constant parameter (a(A)=A/a)

◦ Ignatyuk deformation dependent (a(A)=αA+βA2/3)

◦ Pomorski deformation dependent (a(A,def))

• GDR options:

◦ GDR strenght function centroids GDR

◦ Lorentz 3D vs. 5D

◦ Expected temperature

◦ Width of the GDR function Γ0
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MeanField4Exp: GDR Outcome
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MeanField4Exp: GDR Outcome
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