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Moller Chart of Nuclides 2000
Quadrupole Deformation

Standard Nuclear Shap
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Synthetic inorganic-organic compound
with ZnO4 tetrahedral clusters linked by
C6H4-C-0O2 “struts” (LI, Nature, 1999).

1.29 nm Spacing between centers of Face-centered-cubic (fcc) crystal struc-

ture of PuO, (Pu atoms in green, O

adjacent clusters. atoms in red).




REIRIESYiImEHESIRENNUGCIEA,
Stability

1: 2—dims. 1 2~dims.

1: 2—dims.

N=24 particles
Classification with Irreducible Representations
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: : : Low
Properties High symmetries symmetries
Type Spherical | Tetrahedral | Octahedral | Any other...
Number of
Symmetry 00 48 96
Elements
New
: 4,2, 2
Degeneraci 2]+ 1 4 2, 2 , 2
= 4,2, 2

Kramers Degeneracy ( = time-
reversal symmetry)

Survey of the properties of a few point groups
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s Tetrahedral Islands

(possibly confirmed experimentally)
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EXPERMEREISIREITESN2/2)

e The quadrupole moment
of a nucleus possessing a
an exact T, symmetry is
equal to zero and therefore
also the corresponding
B(E2) matrix elements have
to vanish

e Large B(E3) matrix
elements

e B(E1)/B(E2) ratios
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Island of Rare Earth Nuclei with Tetrahedral and Octahedral Symmetries:
Possible Experimental Evidence

J. Dudek,! D. Curien,? N. Dublray,1 J. Dobaczewski,” V. Pangon,1 P Olbratowski,” and N. Schunck®
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PRL 104, 222502 (2010) PHYSICAL REVIEW LETTERS 4 JUNE 2010

Ultrahigh-Resolution y-Ray Spectroscopy of **Gd: A Test of Tetrahedral Symmetry

M. Jentschel,! W. Urban,** J. Krempel,1 D. Tonev,” J. Dudek,” D. Curien,* B. Lauss,5 G. de Angelis,6 and P. Petkov’
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Motdlel of an isoiropic sloy,

; (- t/1)dE
I(E)dE = CY, | dt — . .
o g { PRAG I H LI /2] Doppler shift of one photon

C

|sotropic slowing down:

* 0 (H)=const
*v(B 5, H)=Vv()

I(EYE = C| db | a sin(8) exp(~£/1)dlE

- [E—EO{HVU)COS(B)H ¢ [ 22
C

Line profile of an
(v(n)) isotropic moving particle
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Exponarniial slowineg doyar e

Exponential slowing down: V(¢) = v, exp(-#/T)
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Mezasuring the ismparaiucs Yizl Dt

This additional
broadening is
thermal broadening

If Tis very long

Dispersive
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Instrument Response

Theoretical Line Shape



B Summed 823 keV Data
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Quadrupole moment of the 5- state in 1°°Gd
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The negative parity band in °°Gd is incompatible
with the description based on tetrahedral symmetry




Electromagnetic transition matrix elements
and quadrupole moment (with sign)
accessible by low energy Coulomb excitation
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AlIM of the LOI: Transition matrix elements and Q-moments of the
exotic octupole bands from Coulex for the n-rich Ce, Ba, Xe nuclel.
SPES intensities ~ 105-107 pps
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AIM of the LOI: Transition matrix elements and Q-moments (sign) of the exotic
octupole bands from reorientation effects for the n-rich Ce, Ba, Xe nuclei.

SPES intensities ~ 10°-107 pps

Nuclear excitation by electromagnetic field acting between nuclei.

The excitation cross section is a
direct measure of the EA matrix elements.
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e Mean-field Theories predict tetrahedral
configurations in islands of nuclei throughout the
nuclear chart

e Signature: Vanishing quadrupole moment

e The best candidates will be found away from the
valley of stability

e Aim of the LOI: Coulomb excition of the
quadrupole and octupole structures

e SPES intensities fine for the n-rich Ce, Ba, Xe

The nuclear tetrahedral syrretry reflecis
the quantal nature of the nucleus (always
competing with the macroscopic, liquid-
drop aspects)




Tidal Waves

R(4,¢,t) = R($,¢.1) =
R,[1+ &, cos(Qt)Y,, (8,9 =0)] R,[1+ 2a, cos(2¢ — Qt)Y,, (3, ¢ = 0)]




Heart-shaped
waves - good simplex
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