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« Aftomic nucleus is a many-body system usually described as a
superposition:
* microscopic-quantum single-particle motion (e.g. shell model)

* macroscopic-semiclassical collective motion (e.g. liquid drop, nuclear surface
deformations)

- There is always an interplay between the individual nucleons
motions and the motion of nucleus as a whole

« Most macroscopic-microscopic treatments should reconcile
between quantum and collective - or, discrete and continuum -
effects

« wusually by taking microscopic degrees of freedom (like “shell corrections"”) and
“grafting” them directly onto the macroscopic ones resulting from deformed
shape (Bohr-Mottelson)

- or explicitly considering the angular velocity (for including inertial effects), etc.

- Q: As a mesoscopic system, can we determine a simple
mesoscopic model to bridge between microscopic and

macroscopic ones, particularly for nuclear rotor?

- A: YES!



Correspondence Principle:
Classical to Quantum Mechanics

b) Quantum: Attenuated Rotational Motion )
a) Classical: Attenuated Rotational Motion (progressive discrete decrease of excitation energy and spin)

(progressive continuous decrease of energy and ang. momentum)

Correspondence Principle:
Classical to Quantum Mechanics
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Quantum Helix: Attenuated Rotational Motion
(progressive decrease of excitation energy and spin)

«  The fact that quantum angular s [
momentum is expressed by integer [
values implies that the radii of the ]
quantum helix are also integers g [

*  This implies that the quantum helix |
is composed of a series of 2

alternating odd-even radii
2V Mass, o _ Mass semicircles
I=mvr=mr“-=Jo, j= Ars = 4r; ® = const . This also implies that unlike the LE
r nr n classical helix, the quantum helix :
I~71 has two centers: 4 F
Angular Momentum Space is mapping with Metric Space 1. (0,0) center for even integer radii g

for even-I semicircles on the left
2. (0,-1) center for odd integer radii 8 b
for odd-I semicircles on the right r
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Double-Helix for even-A and odd-A Nuclei

Double Helix:
Geometrical Locus
of the Complete Set of (I,m,E) Rotation -Correlated States
that defines the Meta-Trajectory
followed by the Rotational Motion of Nuclear Matter
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Fig. Set of 2 helixes for integer spins Fig. Set of 2 helixes for half-integer spins
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Quantum Helix: Analogy with Cyclotron Motion
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Quantum Helix: Analogy with Cyclotron Motion
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Fig. Ideal signature partner bands on the double helicoid
N. Nica, At. Data Nucl. Data Tables 160 (2024) 101682



Case study: 171Yb nucleus high spin rotational bands
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How the bands can be described? 171Ypb Rotational Bands
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AE, :Ey(])—E7(1—2)=SE=86 Fig. (EY’s versus spins )
- 2c Moment of Inertia, Real number -Quasi-linear beam almost parallel and equidistant

- (2I-1) Angular Momentum, Integer number -Average behavior: 2c(21+k-1), 2¢ Real,(2[+k-1) Integer
-Determine from fit: 2¢, k’s Z(Ey(l)/2c-(21+k-1))? =min
-All k-bands have the same AE =3c and thus same J g‘)f
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Case study: 171Yb nucleus high spin rotational bands

171¥p Generalized Ideal Rotational Bands
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171Yb band fits using E,=2c(2l+k-1) parametrization, Z(Ey(l)/2c-(21+k-1))? =min
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Fig. Double Helix of 171Yb nucleus
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Microscopic (Shell Model) Mesoscopic (Double Helix) Macroscopic (prolate/oblate)
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Irrotationality vs. Vorticity

Aage N. Bohr, Rotational Motion in Nuclei, Nobel Lecture, December 11, 1975

\‘J \U
rigid rotation irrotational flow

Fig. 2. Velocity fields for rotational motion.

P. Gulshani, Nucl. Phys. A 832 (2010) 18
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Rigid flow Fluid mechanics: forced vortex (rigid flow) Quantum helix vortex



DOUBLE HELICOID LEVELS SCHEME (DHLS)
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DOUBLE HELICOID LEVELS SCHEME (DHLS)
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