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Motivation

• We view nuclear cluster as the strong correlation 

between sub-system s of nucleons within a larger 

nuclear mass.

• Clustering in light nuclei has been studied in depth

• Focus has shifted to clustering phenomenon in 

heavy nuclei



• Semi-Classical Binary (SCB) model with Saxon-

Woods core-cluster potential predicts most 

properties of nuclear clustering in light nuclei.













• Microscopic double folded M3Y NN 

interaction predicts the decay half-life 

of the 212Po = 208Pb + (~300 ns)



• Microscopic double folded M3Y NN 

interaction predicts  an inverted energy 

spectrum for 212Po. 



Why Relativistic Mean Field?

• A relativistic mean field theoretical 

approach has some attractive attributes

– Lorentz convariance

– Natural inclusion of spin phenomenon

– Self consistance





• Variations of RMF based models 

interaction exist, but they all use M3Y 

effective interaction with RMF theory 

constructed core & cluster densities.

• We propose using Lorentz covariant form 

of the NN-interaction and fold it with the 

core and cluster densities obtained from 

RMF theory.



The Binary Cluster model

• Assume separated core + (preformed) 

cluster system.



• Assume separated core + (preformed) 

cluster system.

The Binary Cluster model



Core-Cluster Potential

• The total core-cluster potential is the sum 

of the attractive core-cluster term [U(r)], 

Coulomb interaction and angular 

momentum dependent term.

• The underlying attractive core-cluster 

term governs the dynamics of nuclear 

clustering.



• Saxon-Woods Plus cubic Saxon-Woods 

potentials contains an additional cubic 

term which is mixed with the usual 

Saxon-Woods potential functional form.



• From the McNeil, Ray & Wallace single 

folded we construct double folded 

“relativistic” core-cluster interaction



Relativistic Mean Field 

Approach

• Using the effective Lagrangian from the 

Walecka model one obtains the Dirac 

relationship as the dynamical equation.





• Baryon densities are constructed from the 

positive energy solution to the Dirac 

equation:



Model Predictions

• We focused on clustering in 212Po.

• Compare the predictive power of SW3 & 

RMF core-cluster model potentials.

• Model T1/2 of ground state and energy 

spectra of the positive parity states.



• For RMFT based model



T1/2 Prediction

T1/2 (Exp) T1/2 (BMP) T1/2 (RMFT)

300 ns 348 ns 299.6 ns



Positive parity states

E (Exp)

MeV

E (BMP)

MeV

E (M3Y)

MeV

E (RMFT)

MeV

0+ 0.000 (0.495) -0.004 0.203

2+ 0.727 0.659 -0.067 0.421

4+ 1.132 0.948 -0.229 0.699

6+ 1.355 1.318 -0.508 0.857

8+ 1.476 1.730 -0.930 1.085

10+ 1.834 2.145 -1.538 1.319

12+ 2.702 2.519 -2.358 1.553

14+ 2.885 2.805 -3.437 1.787

16+ ------- 2.941 -4.800 2.021

18+ 2.921 2.841 -6.477 2.255

J



Conclusions

• RMFT approach seems comparable to 

Experiment and BMP in the predictions 

of T1/2 and EL for 212Po

• Need to extend the test of other nuclei and 

observable quantities, ALAS, …



The way forward

• Model extensions to include: 

– Exited core + cluster system (Rel. Hartree

Bogoliubov + BCS)

– Replacing MRW representation of NN 

interaction with Rel. Love Franey

representation with complete sets of NN 

parameters

– Look at Heavier exotic cluster systems




