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Introduction



Tetrahedral symmetry

The tetrahedral symmetry is quite common in molecular,
metallic clusters, and some other quantum objects.

The tetrahedral symmetry is a direct consequence of

the point group and corresponds to the invariance under
transformation of the group Ty ,which has two one- and
one four-dimensional irreducible representation.

The double point group T, leads to “‘exotic’ fourfold
degeneracies of single particle levels. This high degeneracy
aspect leads to high stability of implied nuclear shape.
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The tetrahedral symmetry in atomic nuclel,
realized at the first order
through the triaxial-octupole Y32 deformation.




Proposed candidate of tetrahedral band
negative parity band in 1°6Gd
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standard Strutinsky method

J. Dudek et al., PRL,97,072501(2006)




Nonzero Quadrupole Moments of
Candidate Tetrahedral Bands
R.A.Bark,et al., PRL 104,022501(2010)
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FIG. 1. Present partial scheme of '®Yb. Arrow width indicates
relative intensity. 210 keV transition was unobserved.
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bols) values for proposed tetrahedral bands. Data for '**Gd from

Ref. [19].



Ultrahigh-Resolution y-Ray Spectroscopy of 156Gd:
A Test of Tetrahedral Symmetry
M. Jentschel at al. PRL 104, 222502 (2010)
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FIG. 1. Partial level scheme of '5Gd, data from [9]. The
ground-state band (positive parity) and the band candidate to
represent tetrahedral symmetry (negative parily) are shown.
Transition and level energies are given in keV.

5 —state
Qo — 7-11).';

This large value, comparable to the quadrupole moment
of the ground state in °6Gd,
gives strong evidence against tetrahedral symmetry in the
lowest odd-spin, negative-parity band of 1%6Gd.



Brief description of RASM



*Symmetry broken in the intrinsic frame &
restoration of Symmetry in Laboratory system :

Reflection asymmetry - Octuple bands
Rotational asymmetry - Wobbling, Chiral,
(Signature inversed) bands.

Shell model description of spectroscopy of octupole
deformed nuclel:
RASM has been successful.



Nuclear pear shape is characterized by
the parity doublet rotational bands:
In even-even nuclel,
the positive parity band I* = 0*, 2+, 4*, ....
and the negative parity band I*=1-, 3-, 5, .....

There exist enhanced E1 transitions connecting the
doublet bands.
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RASM

(Reflection Asymmetric Shell Model)

Hamiltonian



The shell model space
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The trial wave function
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Multi-quasiparticle basic states

For even-even nuclei:

Bl |0, Bl o e 0), Pl a2 |O), Bz e e |O), .

For odd-odd nucleil:
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For odd-neutron nucleil:
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EXP.

° negative parity
e positive parity

N=4,5,6 for protons

Theor. —— N=5,6,7 for neutrons
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3. Tetrahedral nuclear spectroscopy
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Low lying negative parity bands with I* = 2-, 3-, 4-,...
Interpreted as
the obscured tetrahedral bands by RASM

Nuclel with shape of Y, +Y,,
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Symmetry
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Non-axial octupole bands in N=150 isotones
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Tetrahedral states

149 248 .
Cf Y32 vacuum ) -
12 4
£,,=0.05
104 open n=-1
solid n=+1 o
8 * °
6_
4_ L ] =
2]
0 e
T T T T b T hd T v T b L . T L
0 2 4 6 8 10 12 14 16 18 20
|
[ ]
14 -
1 24801’ Y32 vacuum 3
12 4
{ £,=0.15 e
10'_ open n=-1 .
g solid n=+1 B
] -
6 .
4 -
L ]
44
1 .
2- -
04 =
T L T T T T T T 5 7 T . 1
0 2 4 5] 8 10 12 14 16 18 20

E (MeV)

E (MeV)

ey P4 Very
low-lying State

3

: Missing
(3 Low-lying State

2+

144 248
Cf Vi
124 £,,=0.1 Ly T
104 open n=-1
{ solid n=+1 .
R .
» .
64
4 4 .
A .
2 4
04 =
T T T T T T T T T T 1
(1] 2 4 B 8 10 12 14 16 18 20
14
248
Cf Ya
12 "
£,,=0.20
104 open n=-1
solid n=+1 *
8- o
L]
-
6_ 'y
4
2 o
.
04 =
T T I ] T L] 1 L ML L} 1
0 2 4 6 8 10 12 14 16 18 20



E (MeV)
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Tetrahedral symmetry in SHE



Projected Energy Surface (PES) based on RASM
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Single particle diagram
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Shell energy for (Z=126,N=184)
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(b) non—projection
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Fission Barriers
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NEW NUCLEAR STABILITY ISLANDS OF
OCTAHEDRAL AND TETRAHEDRAL SHAPES*

K. Mazurek®, J. Dubpex?, A. Gozpz®, D. CURIENP
M. KMIECIK®, A. MaJ®

*The Niewodniczarniski Institute of Nuclear Physics PAN
Radzikowskiego 152, 31-342 Krakéw, Poland
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Microscopic-Macroscopic method
Woods-Saxon potential

K. Mazurek et al., Acta Physica Pol. B 40, 731 (2009).

Tetrahedral Symmetry Induced Magic Numbers

120 —

[\ ES i [ — o

110

100 N=112
Z=90

90 - i
B0 -

70

Proton Number
=
]
al_!

6l [

10 | Z=40

30 R | -

30 40 30 60 70 80 9 100 120 140 160 150
MNeutron Number

Fig. 1. Each mean-field symmetry generates its ‘magic’ numbers corresponding to
an increased nuclear stability. Points connected with the dashed lines correspond
to the spherical-symmetry well-known magic numbers (including the super-heavy
nuclei). The points connected with full lines represent the result of the systematic
mean-field calculations for the tetrahedral symmetry as discussed in the text.



International Journal of Modern Physics E
Viol. 20, Mo, 2 (2011) 514-519 World Scientific

TEST OF TETRAHEDRAL SYMMETRY FOR
HEAVY AND SUPERHEAVY NUCLEI

wwrw. worldscientific.com

P. JACHIMOWICEZ and P. ROZME]
Institute of Physics, University of Ziclona &dm,
Szafmana Ja, 65516 Zielona Gém, Poland
M. KOWAL, 1. SKALSKI and A. SOBICZEW SKI

Soltan Institute for Nuclear Studies, Hoza 69, PL-00-651 Warsaw, Poland
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Microscopic -Macroscopic method

Micro-part: Woods Saxon potential
Macro- part :Yukawa plus exponential model

Multi-D, 12 dimensional manifold of shapes
320, 22, 330, 332, B40, B42, p44, 50, 52, 360, 370, 380



Conditional (f20=0) tetrahedral minima
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P. Jachimowicz et al., Int. J. Mod. Phys. E 20, 514 (2011).



Energy Surfaces
multi-D Micro.-Macro.
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P. Jachimowicz et al., Int. J. Mod. Phys. E 20, 514 (2011).



Conclusions in muti-D Micro.-Macro. Calculation
P. Jachimowicz et al., Int. J. Mod. Phys. E 20, 514 (2011).

1) Have not found global tetrahedral minima.

2) Can not confirm the existence of tetrahedral
magic numbers predicted in the superheavy region
by K. Mazurek et al., Acta Physica Pol. B 40, 731 (2009).



Remarks

. Tetrahedral symmetry-driven Shell effect is strong in the SHE
region.

No contradiction between PES, muti-D micro-macro method and
normal micro-macro method.

. Contradiction between muti-D and normal Micro.-Macro. methods

may be caused by the different modelings of macro.-part.

. Only for 0.5MeV, the muti-D micro.-macro. leads to a
conclusion against the normal Micro.-Macro. calculation.

. The beyond mean field effects may remove the bifurcations
between Jachimowicz(2011) and Mazurek(2009).



Suggestion for RMF calculation with
tetrahedral degree of freedom

Worth to carry out RMF calculation for tetrahedral
magic superheavy nuclel around z=118-126, N=182-186

Single particle diagram for tetrahedral shape in SHE region
to see tetrahedral magic gaps.

Shell energy and Total Energy surfaces calculations.

Compared to the most recent calculations of different
models.
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