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harmonic oscillator potential
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Potential energy of the nucleus as a function
of the deformation:

�= )()( εε ieE sum over the single-particle
energies of all A nucleons

Due to the different slopes of the single-particle
orbitals there might be more than one minimum
for certain nucleon numbers !

εεεε1 εεεε2 εεεε

E(εεεε) first
minimum

second
minimum



Single-particle energies in an anisotropic Woods-Saxon potential

e.g.:   Z = 80, N = 112 192Hg



~ 3 MeV

γγγγ-decay into
1. minimum γγγγ

fission

1. Min. 2. Min.

indirect observation of
excited states in the 2.
minimum as resonances
in the fission cross sections

Possible decays out of the second minimum



Subbarrier fission cross section as function of the neutron energy:

An example: 240Pu

240Pu

Neutronenenergie En [keV]
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Double structure at energies far below the barrier !
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Rotational band:

J : moment of inertia

JSD > JND
~ 3 MeV ND

SD

moment of inertia larger for larger deformation 
superdeformed rotational states energetically favoured
and therefore observable at high spin !

γγγγ-ray spectroscopy
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Target Backing

Example: superdef. band in 152Dy

108Pd
1.3 mg/cm2

Au
15 mg/cm2

108Pd (48Ca,4n) 152Dy   @  205 MeV

vrec/c = 2.84 - 2.97 %  (target thickness !)

60
fs

ΘΘΘΘ = 35º

ΘΘΘΘ = 145º

∆∆∆∆Eγγγγ (v) = Eγγγγ · v/c cos θ θ θ θ = Eγγγγ ⋅⋅⋅⋅ F(ττττ) vmax/c cos θθθθ

Spectrum of superdef. band
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Assuming constant deformation ←→←→←→←→ constant Q0

• calculation of F(I) for different Q0

• comparison with exp. values
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Energy shifts as function of spin
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Q0 = 19(3) e·b             ββββ ~ 0.82
B(E2) ~ 2660 W.u.
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Why is it so difficult to observe ?

high level density
→ fragmentation, low γγγγ-intensities

high γγγγ-ray energies
→ low detection efficiency

very different structure of the
states in the two minima
→→→→ low transition strengths



First observation of discrete linking γγγγ-decays into the
first minimum: The nucleus 194Hg

Gammasphere-Experiment
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ββββ2

208Pb (48Ca, 2n) 254No   @ 215 MeV
σσσσ2n ~ 3 µµµµb and σσσσfission ~ 104·σσσσ2n  !!!
ECN ~ 19.3 MeV
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254Rf
258Sg

252Fm

254No

256Rf

relatively long fission halflive

better chances to observe αααα-decay
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Gammasphere
(101 Ge)

mass
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identification
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FMA

Si det.
40x40 mm2

1600 pixel
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γγγγ
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TOF GS-PPAC [ns]



4 	�5�����������	
�����
��	������-��'
αααα
��������	�
!����� ��& �������

∆∆∆∆t(No-αααα) [sec]

T1/2 = 51±±±±6 [sec]

αααα time

α α α α energy

Eαααα [keV]



E = 215 MeV
ECN ~ 19.3 MeV

E = 219 MeV
ECN ~ 22.7 MeV
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Using an empirical formula to deduce
the deformation from the energy of the
first 2+ state:

ββββ 6�1��78�9
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250Fm

252No (220 nb): ����
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8+ →→ →→
6+6+ →→ →→

4+


