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Lord Rayleigh, Proc. Roy. Soc. of London 29, 71 (1879) App. Il, Equ. (40)

frequency of vibration of a spherical liguid drop
2 = G-DAG+2)y
PR?

WEIZACKER SEMI-EMPIRICAL MIASS FORMULA Zeitschrift fir Physik 96 (1935) 431

(Z,N) ={Zm,+ Nm_ } - CA + CA?3 + a;Z2?A*/3 + a,(N-Z)’A™ 1 a A’

nucleus

Leon van Dommelen, "Quantum Mechanics for Engineers “www.eng.fsu.edu/~dommelen/quantum/style a/nt ligdrop.html

w2 = A-1DAA+2) Cg 2(A-1DA e2Z72
3 RZmA (2A+1) 4meg R3mpA2
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http://www.eng.fsu.edu/~dommelen/quantum/style_a/nt_liqdrop.html
http://www.eng.fsu.edu/~dommelen/quantum/style_a/nt_liqdrop.html

Puu R=R,AY® R, =13fm ,=18MeV
Then for A=150, 4 =2 and using E, = hw

‘ E.(A=2)=2.4 MeV

Shell corrections make the
< [shell Correction nucleus stiffer putting up the
vibrational frequency

\ Vibration
>p
Moments-of-Inertia:  Jir < Jeapr < Frigid

Rayleigh, B&M assume irrotational behaviour of the nuclear “fluid”.
We would expect the experimental value to make the shape stiffer.
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Bohr & Mottelson
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Figure 6-3 Quadrupole shape oscillations in a spheroidal nucleus. The upper part of the
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6.5 The Rotation—Vibration Model 159

—10* , Fig.6.9 Structure of the
—=—==10 spectrum of the rotation—
vibration model. The names

i JOF of the bands and the quan-
10+ - tum numbers are indicated
10+ g+ —38" below the bands.
+
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E 6 g —5 —0 o
—6 —5 . 4* 2ndeand3d bmd
+ = T an
., — 2% o ondybang B4 SRR
S >* Bband  K=4 7
2t yband Mg=1
ot K=2

Exgn, ik = wp(ng + 3) 4wy (20, + 5(K] +1) 4 j[11+1 -K*] (6.240)
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N,

keV

<
Gamma Phonon Energy (keV)

Neutron Number N

h
Engnyix = hwg(ng + 3) + hw. (2n, 1)+ 27 [1( +1)—K?] .(6.240)

= =% hw, + ho,
E, (0,02,2) = ho, + 27 K =2 Gamma Vibration Band Head Energy

gnd state




Bohr & Mottelson Vol Il

“A vibrational mode of excitation is characterized by the property that it can be repeated a large number of
times. The nth excited state of a specified mode can thus be viewed as consisting of n individual quanta.

bJ

The quanta obey Bose statistics...”  Page 330

“... but it might be expected that the zero-point oscillations in the y direction would be of similar
magnitude as those in the B direction. The experimentally observed E2-matrix elements for exciting the

vibrations are comparable to those exciting the K*=2* bands....” Page 166

“In view of the systematic occurrence of excited K*=2* bands in the spectra of strongly deformed even-
even nuclei, one may consider the possibility of describing these spectra in terms of a rotor deviating

slightly from axial symmetry.” Page 186
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TOPICAL REVIEW

Characterization of the 3 vibration and 0 states in

deformed nuclei
So, WHAT are the 0,* states ??

P E Garrett

Lawrence Livermore National Laboratory, Livermore, CA 94551, USA
Received 26 October 2000, in final form 7 November 2000

Abstract

A summary of the experimental properties of the first excited 0* states in
deformed rare-earth nuclei is presented. By appealing to the original definition
of a B vibration laid down in the Bohr-Mottelson picture, it is re-emphasized
that most of the 07 states are not B vibrations. A consideration of all available
data, especially that from transfer reactions, and of microscopic calculations of
0™ states underscores the need to consider the role of pairing in the description,
and labelling, of these states.
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Two Neutron Transfer to >*Gd (N=90)

15 4
(t,p) ~ Gd
E,15.0 MeV

8105 = 30

K™ = 2% Bandhead
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Fig. [ A sample spectrum of the "7 Gden p)' PGl reaction at £, 15 MeV and 0,

Shahabuddin et al; NP A340 (1980) 109
N.B. Log,, scale




or Quadrupole Pairing




Configuration Dependent

or Quadrupole Pairing




Single-Particle
Quadrupole Moments
in a deformed W-S

potential

[505]11/2

Abdulvagabova, Ivanova & Pyatov

Phys. Lett. 28B (1972) 215
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What is the | 0,*> Configuration ?

A\

&3 (t,p) & (p,t) =) |0,"> is2p,-2h,
this gives J* but a othing on the orbit.

) Single particle transfer would give |, but does not
populate |0,*>.

In { | 0,"> + neutron }, look to see which
orbit does NOT couple to | 0,*>.
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R. E. Griffin, A. D. Jackson and A.
B. Volkov, Phys. Lett. 36B, 281
(1971).

W. I. van Rij and S. H. Kahana,
~~. Phys. Rew. Lett. 28, 50 (1972).

[505]11/2

“Oblate” S. K. Abdulvagabova, S. P. lvanova

and N. I. Pyatov, Phys. Lett. 38B,

trons

Flying Fish
[505]11/2

orbital

First Excited 0,* states In
In N=88,90 nuclei
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Systematics of Energies of Og+ and [505]11/2" states
for Z = 60-68 and N = 86-98
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1OSmM(*°C,4n)8Er 65 MeV
Tshepo Dinoko, PhD Thesis, UWC

Energy (keV)

8
Angular momentum (J)

Figure 3: Excitation energy as a function of angular mo-
mentum for members of the O and 07 bands in the N = 90
1sotones. Liverpool ButlerThrash 2015
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Coexisting (nea”y) identical Pave Kulp, John Wood, Paul Garrett et al;

bands in 1%2Sm To be published.
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®—® Yrast
A&—A Band 5

20 30

Spin (%)

and in 190Er

‘data; Ollier et al., Phys. Rev. C83
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Gammasphere 148Nd(12C,n)156Dy
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156Dy
N=90
Z=64

“The Sympletic Shell-Model
Theory of Collective States”
Cavalho, Le Blanc, Vassanji, Rowe
and McGrory

Nucl Phys A452 (1986) 240

“...the 8 and y degrees of
freedom are not algebraically
linked to the other degrees of
freedom... in any simple
microscopically recognizeable
way.”

“We choose...to think of K=2
bands as triaxial rotor states,
rather than y vibrations,....”
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165 Odd Proton Coupled to 166 _.Er
67H09s N S | -
core y-Vibration at 786 keV
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Deformed Rare Earths;

Zawischa, Speth & Pal, Nucl Phys A311(1978)445
QRPA, Deformed Woods-Saxon single particle Basis,

Zero-range density dependent residual interaction.

—=...it is more reasonable to identify the high-lying K* = 0* and 2* giant
quadrupole resonances with the classical g- and y-vibrations.”

= “This is due to the fact that the energies of the low-lying states are mainly given
by the details of the single-particle structure at the Fermi surface whereas the
high-lying states are of real collective nature.”

= “...the microscopic wave vector of the low-lying K™ = 0* states is predominantly
of the pairing-vibrational type in agreement with the enhanced two-particle
transfer cross sections.”
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Conclusions

1. If you break SPHERICAL symmetry, you get rotational bands

2. Ifyou break AXIAL symmetry, you get K#=2* bands
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