SYmn: etries. uciei = IT

P

ST N S — ——— e

— ASHOK KUMAR JAIN

—  Indian Institute of Technology
: | Department of Physics

Roorkee



TrLJJs]"‘ “Elhipsoid™
Odd JJ ultlpole Shapes — Simplex
oni yit two planes of symmetry

J_ on y one plane of symmetry

i

—
-—

=== ;efi'ahedral and Triangular shapes

=0 Tllted Axis Rotation — Planar and Aplanar
- Magnetic Top and Chiral Rotation



Ellipsoid with D2 =symmetry — Asymmetric Top

* Full D2-symmetry :invariance with respect to the three rotations by
180 about each of the three principal axes.

 Finite gamma deformation — K not a good quantum number

O, (7,6,,0,,0,) =Y g4 |Dl +(-1)' DYy |

» K=0 not allowed. Only even integers K=24,...etc. allowed.

A typical rotational band may have [=2,4,6,....etc. as signature is still
a good quantum number.
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Odd-Multipole Shapes: Simplex quantum number

* Axial Symmetry — Y30 shapes only. A A
- violates the Ry (7Z') and P symmetry, but preserves Rx P
* Two minima in octupole def energy; two degenerate states arise

N

VN VN
‘Denote S — PP IR < Whichis conserved

* K=0 band satisfy: 7 — S(_l) !
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For K# 0, the intrinsic states have a 2-fold Kramer’s degeneracy and

We obtain,
| = —
2
=2
2

with the levels having | 2 K allowed.
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REFLECTION-ASYMMETRIC STRUCTURES IN 25Ra . ..
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Density Distribution has two planes of symmetry

« Axial symmetry is lost for y# O
* Two independent planes of symmetry for y even.

 Rotation about the long axis is possible.
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Density distribution has one plane of
symmetry

* Odd-p components allowed

 Rotation is possible along the long axis as well as  any one of
the short axes

« Signature is not a good quantum number. Both even and odd-
spins will occur

* Invariance under space inversion lost; both parities will occur.

» Rotation about long axis |7 =47 ,5i ,6i,

- Rotation about short axis | "= (8+)2, (9_)2 , (1O+)2 o

* Chiral partners obtained
13
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Tetrahedral and Triangle Symmetries

» Tetrahedral symmetry is related to Y-32 term
 Large shell gaps at N, Z=16, 20, 32, 40, 56,58,70,90-94
e and at N=136/142

 Tetrahedral Equilibrium shapes of the order of 0.13 for

80 108 160 242

10L40120 £LVsg170 Y040, Too FMy 45
* Obey simplex symmetry, parity doublets formed
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Proton Energies [MeV]
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Triangular Shape corresponds to Y-33 def.

* Has only one plane of symmetry

 Possible in proton rich N=Z nuclel

64Ge, 6886, 72Kr,768r,802r, 84 Mo
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Tilted Axis Rotation

* Riemann - classical rotation about an axis different
than principal axes possible in ellipsoids

 Planar Tilt — Axis of rotation in a principal plane
*Pand R/(7)T are conserved

« Signature not conserved

*Abandlike |" =4" 5" 6" ....... is observed

* Observed in Magnetic Rotation Bands

20
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Anti-Magnetic Rotation
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AMR band in 1%Cd
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Aplanar Tilt:

* Only parity Is conserved
* Four distinct situations, related by R,(7) and R (7)T exist

 Band obtained:

| T _ (4+)2,(5+)2,(6+)2, llllll

* Observed in Chiral Bands

25
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Chiral Bands

 Aplanar Tilt in Tri-axial shape

* First visualised in Odd-Odd nuclel

» Odd-proton aligned along the short axis

» Odd-neutron aligned along the long axis

 Rotational contribution along the intermediate axis

* Resultant of the three ang mom is out of the three planes
* Parity is conserved but Ry(x2)T is broken

« Two pairs of identical Al=1 bands having the same parity

* Tunneling between the right- and the left-handed system

gives rise to a splitting between the levels.
27



Nd-135, Z=60, N=75
21(h11/2), 1v(h11/2)

Zhu et al, 2003,
PRL
91,2003,132501

23/2-

600
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