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1. Importance of the subject.

2. Recent status: deep IIIrd minima in U seen in
experiment vs conflicting th. Predictions.

. Change of prediction: M. Kowal, J. Skalski,

PRC 85, 061302(R) 2012: no longer any deep
IIIrd wells in theory.

4. How is it really?
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1. Illird minima in actinides, if exist, are low-spin
hyperdeformed states (axis ratio close to 3:1)

— maybe the only ones in both medium and
heavy nuclel.

2. Their large quadrupole deformation & mass-
assymetry makes them unique (collective E1

ca

10keV rotational transitions)

3. Experiments confirming predicted minima may

va
4. S.
hy

Idate nuclear models.
0. orbits at the Fermi level in super- and

ner-deformed actinides are those occupied at

normal shape in SHN; they can provide a test of
a model.



Good methods should give similar
predictions.

* Micro-macro, as a simpler one, Is better
tested/fitted against various data, eqg.
fission half-lives.

» Selfconsistent methods could (if
constructed properly) give better
extrapolations. But It is not guarateed at
present. Hence, a prudent idea Is to see
whether both methods give similar results.



Woods-Saxon model with the Yukawa+exponential
macroscopic energy
Deformation: in terms of nuclear surface;
Multipole expansion parameters (not very bright for
the Ilird minima);
For the llird minima important are axially-
symmetric multipoles: beta2-betas,...

Model tested in many regions, in particular:
* First & second barriers in actinides,
* Second minima In actinides,
* Fission barriers for SHN

M. Kowal, P. Jachimowicz, and A. Sobiczewski, Phys. Rer. C 82, 014303 (2010).
M. Kowal and J. Skalski,, Phys. Rer. C 82, 054303 (2010).
P. Jachimowicz, M. Kowal, and J. Skalski, Phys. Rer. C 85, 034305 (2012).
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Second minima in actinides,
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Fission barriers for SHN
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The dipole deformation 1 is
omitted there, as
corresponding to a shift of
the origin of coordinates
which leaves energy (always
calculated in the center of
mass frame) Invariant.
However, this is true only for
weakly deformed shapes. For
large elongations, bl
acquires a meaning of a real
shape variable.



Il minima — type: A

« minima with larger octupole

c o] | deformations (A) have
0 _ quadrupole moments Q=170
i b, disturbingly close to the

~ ) Y scission region.

21 b b Nl minima  (A) are  just
~ap, Intermediate congurations on

150 175 200 225 the scission path, whose

One can nd continuous 8D paths start €NErgy was calculated
ing at the supposed IIIrd minimum  erroneously because of

and leading to scission, along which [ vt ot .
energy decreases gradually. limitations of the admitted
class of shapes.
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Ill minima — type: B

—0.35< 3, <0.00 - 0.55< B, <1.50 0.00< 33 <0.35
—0.10< B, <0.35 -0.20< B35 <0.20 -0.15< B <0.15

0.35 0.35

0.30 | 0.30 |

0.25 | 0.25 |

0.20 | 0.20 |

0.15! |8 015/

0.10 | - 0.10 |

0.05 | 0.05 |

0.00 | 0.00 |

p=0.0 Bao B =-0.2 Bao



lll minima — type: B
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Il minima — type: B
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8D paths from the supposed IIIrd
minima towards scission. Energies vs.

quadrupole moments along such
paths are shown

200

the barrier vanishes In
uranium and must be
smaller than 330 keV
In 232Th. The only
other nonzero upper
limit on the Ilird barrier
of 200 keV we nd In
230Th.



11l saddle from the mesh 5D-8D:
8D mesh (betal-beta8) — 50803200 points!

. minin: BB, BB, B, B,




Il saddle from the mesh 5D-8D;
8D mesh (betal-beta8) — 50803200 points!
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llIrd minimum from the 5D-8D mesh; betal-beta5(6,7,8)
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llird saddle from the mesh 5D-8D;
8D mesh (betal-beta8) — 50803200 points!
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Status of third minimum in actinides:

Shallow minima ‘ > Deep minima
(0.5 MeV or less ) O (3 -4 MeV)
Ioroees — 1 [ 0 a1 ? T macmic mon del |
/| self-consistent | | mac-mic model " Mmac-mic modef §
Theory: —_ # A
y models P. Moller et, al. S. Cwiok et, al.
?
_ Blons et, al. Debrecen-Munich
Experiment: /
(231,232,233Th) (232,234,236U)




lll minima In actinides — How deep?

Do they exist?
» - At present no predictions of deep llird
minima,
e -|n 232,230Th shallow minima —
experiment & theory consistent;

» Uranium nuclel: predictions conflicting
experimental results.

* Other data interpretation?

* Theory change?

* Possibilities for theory:

- Rotation (?) Temperature?

- Importance of beyond-mean-field effects?



