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Nuclear Shapes
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Recent Theoretical Work

Alpha-cluster model (Wheeler 1937, Brink 1966, Robson, 1978)

AMD (Kanada-Enyo, PTP, 2007)

FMD model (Chernykh et al, PRL, 2007)

BEC-like cluster model (Funaki et al, PRC, 2009)

Ab initio no-core shell model (Roth et al, PRL, 2011)
Lattice EFT (Epelbaum et al, PRL, 2011, 2012)
No-core symplectic model (Dreyfuss et al, PLB, 2013)
Algebraic Cluster Model (2002, 2014, 2017)

and many others

Recent reviews: Freer & Fynbo, PPNP 78, 1 (2014), Jenkins &
Courtin, JPG 42, 034010 (2015)
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Algebraic Cluster Model (ACM)

* Interacting boson model for few-body
systems

* For v dof infroduce a SGA of U(v+1)
+ 2-body system: U(4) model
+ 3-body system: U(7) model

* k-body system: U(3k-2) model

- Applications: hadrons, molecules,
alpha-cluster nuclei
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ACM for k-body Systems

3k-3 relative degrees of freedom: Jacobi vectors

Introduce k-1 dipole bosons and a scalar boson

One- and two-body S, invariant Hamiltonian

Mixing between
different
oscillator shells
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3-body Clusters: Oblate Top

R2 =0 : anharmonic oscillator
R2=1,£6;>0,6& =0 : deformed oscillator
R2#0, &1, >0 . oblate top

Equilibrium shape:
equilateral triangle

Bijker, Iachello & Leviatan, AP 236, 69 (1994)
Bijker & Iachello, AP 298, 334 (2002)
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Alpha-Cluster Configurations
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4-body Clusters: Spherical Top
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R2=1,¢>0,&=¢6 =0 : deformed oscillator
R2 # 0, &1, &0, 63>0 . spherical top

A /

Equilibrium shape: Regular tetrahedron
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12C Form Factors
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Electric Transitions

Th EXp
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B(E2) values

-, —0
Rotational and n=d—a20|
vibrational energies 02
of the same order n=2-r-2;,0 /

Harm. Osc. Def. Osc. 2C
Ey 10
28 2 3 3.17
B(E2,07 —21) 40 0 1.72 +0.25
B(E2;27 —07) 3 ' '

SSNET Roelof Bijker, ICN-UNAM



Quantum Phase Transition
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2nd order phase transition
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Energies and B(E2) values

Omar Diaz, Tesis de Licenciatura, 2016
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Energies and B(E2) values
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Summary and Conclusions

» Algebraic Cluster Model
+ U(3k-2) SGA for k-body systems
+ Discrete and continuous symmetries

» Special solutions: spherical and deformed
oscillators, oblate top, spherical top

* Rotational bands: fingerprints of geometric
configurations of alpha particles

» Applications in molecular, nuclear, hadron
physics
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Alpha-Cluster Nuclei

» Oblate top with triangular symmetry for 12C
* Ground state band: triangular

* Hoyle band: bent-arm, triangular?

+ Search for negative parity states 3-, 4-

» Shape-phase transitions: non-rigid configuration

+ ACFM: Odd-mass cluster nuclei
» Spherical top with tetrahedral symmetry for 10O
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