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Jacobi Vectors: ρ,  λ
Oblate Spinning Top: U(6+1)
C3 point group symmetry
Plus three reflections
Plus horizontal:  D3h Symmetry

Spectrum of the (Symmetric) Triangular Spinning Top:
Molecular Physics: H3+ Molecule
Hadron Structure: Three Quark Model
Nuclear Structure: 12C Three Alpha-Particles
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M. Freer et al. PHYSICAL REVIEW C 76, 034320 (2007)
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FIG. 5. Angular distributions (circles), panels (a) to (e), for 
portions of the 12C excitation energy spectrum shown in panel (f). The 
periodicity of the angular distributions are compared with Legendre 
polynomials (solid lines). (a) 1- state at 10.84 MeV compared with 
a IP1(cosvr)l2 polynomial, (b) data for the 3-, 9.64 MeV, state and 
a IP3(cosi/r)l2 distribution, (c) and (d) Ex energy intervals 11.5-
12 MeV and 12-13 MeV compared with the functions IP1 (cosi/r)l2 

and jP3 (cosi/r)l2, respectively. (e) Excitation energy interval between
the 9.64 and 10.84 MeV peaks. The data were projected onto the yr 
axis at an angle that would correspond to a spin 2 state. The function 
shown is a corresponding IP2 ( cos 1/r) 1 2 Legendre polynomial. 
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R. Smith, M. Gai, D.K. Schweitzer, S.R. Stern and M.W. Ahmed, 
Nature Communications, 12, 5920 (2021). 
https://www.nature.com/articles/s41467-021-26179-x
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Warsaw eTPC/ 1,000 GET channels



9.6 MeV
E2/(E1+E2)  = 0.97 ± 0.02

φ12 = 80 ± 6◦

10.7 MeV
0.71 ± 0.05
132 ± 5◦
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W.R. Zimmerman et al.; Phys. Rev. Lett. 110(2013)152502  
UConn-HIgS O-TPCφ12 = δ2 - δ1 + arctan(η/2)
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12C(g,a0)8Be(g.s.)     E1 + E2
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S.P. Pandya, 
Phys. Rev. 103, 956 (1956)

Relationship between:
P-P and P-H m.e.
Valid in jj coupling scheme
38Cl (Z=17) and 40K (Z=19)

P-h Symmetry in CSM??

7Be - 9Be
19F – 21Na (D3h’)









Philip R. Page, R-Matrix Analysis: 8Be*(21.5 MeV) is a 3-
Phys. Rev. C 72, 054312 (2005).



HIE-ISOLDE Approved Experiment IS692 (15 Shifts + 13 Days irradiation: 7Be production)
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HIE-ISOLDE Experiment: IS692





Conclusions

1. ACM New paradigm for cluster states (even-even).
2. CSM New paradigm for molecular orbits of s.p. (odd-mass)

       Theoretical Motivations:
3. Phenomenology of hole states: 7Be, 19F.
4. Phenomenology of p-h state: 8Be


