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Classical Vibrations of a Liquid Drop
Lord Rayleigh (John William Strutt) Proc. Roy. Soc. 29,71 (1879) Appendix II Equ. 40, got:
(Frequency)2 = 2 = A-DAA+2)y

PR 3 Also See:
for a superfluid incompressible liquid sphere. S Fliigge, Ann Phys Lpz 431
(1941) 373
For a charged spherical nucleus this becomes:
w2 = (A-1DA(A+2) Cs 2(A-1)A e2z2
3 RimA (2A+1) 4meg RympA2

Cs ~ 18 MeV from the surface term in the Weiszaker Mass Formula and the second term
has little effect for Z<g0.
£ ‘3trut‘z'n.9£i

Shell
Correction

Quantizing using EJ = hw gives E20 =2.4 MeV and E30 =4.6 Me

Moments-of-Inertia NOT Irrotational will also INCREASE EA

Shell Corrections will have the effect of INCREASING EA

Surface
Term

Quadrupole Deformation f£
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LMU data: PR C73 (2006) 064309
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UNEXPECTED STRONG PAIR CORRELATIONS IN EXCITED 0* STATES OF ACTINIDE NUCLEI*

J. V. Maher, J. R. Erskine, A, M. Friedman, J. P. Schiffer, and R. H. Siemssen
Argonne National Laboratory, Argonne, Ilinois 60439
(Received 1 June 1970)

The (p,t) reaction has been studied with 17-MeV protons on targets of Th?¥, 234,236,238 J VM ah er et al’

and Pu®?' %4, The results indicate unexpectedly strong [ =0 transitions to states at about
900-keV excitation. Their cross sections are approximately 15% of the ground-state PRL 25 (1970) 302
transitions; this percentage does not change appreciably with neutron number. This re-

sult, together with other available evidence, seems to suggest a simple and rather stable
collective mode which has not yet emerged from any theoretical calculations.

VOLUME 25, NUMBER 5 PHYSIGCAL RBEVIEY LETTERS 3 Aucust 1970
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FIG. 1. Spectrum of tritons from the reaction U8(p, ) U, The target was 35 pg/em? of U evaporated onto a
carbon foil. The peaks are labeled by the excitation energies (keV) and spins of the corresponding states in U,
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Shahabuddin et al; NP A340 (1980)
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Fig. 1. A sample spectrum of the '**Gd(t, p)'°*Gd reaction at £, = 15 MeV and 0, = 30°.

HENCE Monopole Pairing is NOT
Suff cient
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R. E. Griffin, A. D. Jackson and A. B. Volkov, Phys. Lett. 36B, 281 (19

Suggested that pp 00 >> 0p

for Actinide Nuclei where 02+ states were observed in (p,t) that were not ing- or
[f-vibrations.

Suppose there are n prolate and n oblate degenerate levels at the Fermi Sur
Ao, e that each pairing matrix element is the same for the same type -«

_

. the prolate-gblate matrix elements are verv weak —cg “‘ —
F =3 —
. \/ I'hen 1T the prolate n*n matrix 1s 4, the oblate matrix 1s also
Prolate The matrix for the totai system is,
A €A

ed A @2nA

Then there are (2n-2) states with ZERO energy and 2 states with energiei‘,)2 "

I. Ragnarsson and R. A. Broglia, NuclEI]’h s._A%f.?iS Sng 976). 01+

coined the term “pairing isomers”> or these 02°F states
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PHYSICAL REVIEW C

VOLUME 15, NUMBER 6

JUNE 1977
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Experiments in mass 160 region using AFRODITE array
of 8 or 9 clover detectors + LEP detectors

c.g. m =0
152Sm(€2n)154Gd |56Tm 157Tm 155Tm 156Tm 1 m.
152Sm(€4n)152Gd

147Sm(16-,4n)160YD i1same ...!JH=
144Sm(17-,3n)158YDb

152Sm(12C,4n)160Er

148Sm(12C,4n)156Er

Typical statistics
of 1 or 2 Gevent
of B2B coincidences
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If “ bands” are NOT time-dependent shape vibrations

What about K = 2+ “ bands” ??

6-11-2017 ISPUN17 September 2017 16



First AQQl’Ollch /! s ALIGNMENTS
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Triaxial Projected
Shell Model
Javid Sheikh et al.

What you really need 1s
SPLIT MONOPOLE PAIRING
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Submitted to PRC
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Second Approach !!
5-D Collective Hamiltonian (SDCH) + PC-PK1 Covarient Density Functional
Theory (CDFT)

Return to the Bohr Hamiltonian: (i.e. is NOT mlcroscoplc Il == NO alignments)
~ - 1 <

H = Tvib + ?]‘Dt + Veon Tror = 5 P 1@ Compare with

P h? L J\Fﬁ@i The differential Bohr equation with Vibration
2Jwr | ALY w ap A2 | . | 7 >
H = = — = N '1 -
fﬁ ] [ 3 SB) B° a,.:-;‘r ruj T Bsindy ay ”aw]
,Bsm%y ay MaAss ] Q' ] - VB
4 2y = 3mk)
) [r arameter . sin“(y K
\Fsmh.( —)— — m?. :” P ce
p rRotation

How do you get Vcoll = V(B,y) ? Relativistic Mean Field “Density Functionals™

T Niksic et al PRC 79, 034303 (2009), Z.P. Li et al., PRC 79, 054301 (2009) 160y 60 s ¥ (dea) 2

How do you get the inertial parameters? Etot
Moment of Inertia: Inglis-Belyaev formula

can be improved by using Thouless-Valatin moments-of-inerti
Z.P. Li. et al PRC 86, 034334 (2012) but too time consuming !!

Hence; renormalize to 21+ energies B



Signature splitting in the y band
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ALSO: fits to Moments-of Inertia,
E(0)s, E(2)s and branching ratios
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Much More but

Low-lying Time-dep&i@ﬁl adrupole Vibrations
are not found in the Pairing Gap.

Rotations arise from breaking spherical symmetry,

K =2 +bands arise from breaking axial symmetry.
Classical Considerations Suggest that Time-dependent
Octupole Vibrations are Even Higher in Energy.

We do not have to worry about Rotation-Vibration
coupling.

Etc. What are we left with ??

Excitation Energies in Nuclei represented by a Mean

Field Potential depend on the NUCLEAR SHAPE and

the existence of these DEGREES of FREEDOM
Ve, , Y3, ...
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It is important to realize that it is not possible to distin-
cuish between a triaxial rotor and a harmonic y-vibration,
as long as one considers only the first excited (K=2) band.
In both cases an angular-momentum of J3 = 2A is generated
by a y-deformed shape rotating about the 3-axis. To differ-
entiate one has to take the next (K=4) band into considera-
tion. The K - dependence of @, is indicated by the level dis-
tance he, = (Ey(K) — Ey(K —2))/2. In the case of a vibra-
tion, @, is the same for the K = 2 and K = 4 bands and de-
formation parameter (K = 4) = \/2y(K = 2), which means
E, (K =4)=2E,K =2). In the case of the rigid triaxial
rotor, Y(K =4) =y(K =2) and 0,(K =4) =20,(K = 2),
which means E,(K =4) =4E,(K = 2). This explains why
the TPSM approach [ 1] which operates with a fixed y de-
formation describes the first excitations of ¥ vibrational type
in 1°*Dy, which has an axial shape at the moderate spins of
interest in this communication.

Stefan Frauendorf
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