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A little history:

1985 11Li experiment by Isao Tanihata at the RIKEN 
Japan
1987 Bjørn Jonson and Hans Geissel coined the term 
“halo nuclei“ paper published in Nuclear Physics News.



AIM: update you on the last 5 years of research on three-body models at the driplines
 
❖ New insights on the structure of 29F at the border of the island of inversion
 
❖ Extensions to 31F: radiii,  B(E1) and halo structure

❖ p-n correlations in the external orbitals of 102Sb

Outline of the presentation
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Fluorine-29 stands on the coast of the island of inversion
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Fluorine-29 stands on the coast of the island of inversion
We had previously PRC 101, 024310 (2020) proposed 4 scenarios for the structure of the very exotic nucleus 29F, called 
A,B,C,D , based on the three-body hyperspherical formalism by J.Casal
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Fluorine-29 stands on the coast of the island of inversion

New experiments by 
1) Revel, A. et al. “Extending the southern shore of the island of inversion to 28F” PRL 
124, 152502 (2020)
and then
2) Bagchi, S. et al. “Two-neutron halo is unveiled in 29F”  PRL 124, 222504 (2020)

Final picture …  Scenario  D♭

two-neutron halo in 29F is linked to the occupancy of 
pf intruder configurations 



Fluorine-29 stands on the coast of the island of inversion



From PRC102 : analysis of B(E1) dipole excitations 

• 29F (27F+n + n) wave functions are built within the hyperspherical harmonics expansion formalism (HHE)
• total reaction cross sections are calculated using the Glauber theory for a carbon target at 240 MeV/nucleon
• continuum states and B(E1) transition probabilities are described in a pseudostate approach using THO basis
• form factors are used in continuum-discretized coupled-channels (CDCC) calculations to describe low-energy scattering.

Our predictions show the low-lying enhancement of the E1 

response expected for halo nuclei and the relevance of dipole 

couplings for low-energy reactions on heavy targets

Results nicely converge in the 
hyperspherical formalism -> 



Results of PRC102 on dipole excitations 



PRC105 extension to 31F, tricky because n+n+29F, but 29F=n+n+27F !

Again, we build several different scenarios and examine the consequences.
Dominance of pf-shell configurations, with various degrees of p-wave components. All point to increased radius and larger 
B(E1), the hallmarks of a halo formation 



PRC105 inversion of orbitals and relative dominance of p-wave => halo

Read it like this: if you see a lot of green and red (and black, but minor here), you get a halo. Even in the worst case 
scenario, the halo is there.



PRC 111: proton-neutron (deuteron) correlations in proton-rich systems

inert 100Sn core and 

valence proton and neutron

101Sn = 100Sn +n is also bound

101Sb = 100Sn +p is NOT bound

100Sn is bound
?

the 1+ ground state of 102Sb is 

suggested as a possible proton 

emitter

due to a weakening effect on
the proton-neutron (pn) 
interaction with respect to a 
bare deuteron



Three-body model and time evolution calculations H(t)

bare d

f ≈ 0.92 is the threshold for binding



PRC111: similar trends to other crucial isotopes with p-n correlations 



✓ Comm.Physics 3 (2020) and also  PRC 101, 024310 (2020) We have succesfully interpreted new experimental 
results on the structure of 29F indicating it lies at the border of the island of inversion.

✓ In PRC 102, 064627 (2020) we have studied in quite some detail the electric dipole response of the 29F system 
highlighting futher aspects of its halo nature.

✓ In PRC 105, 014328 (2022) we have extended our calculations to 31F, which is very neutron-rich, finding that 
the formation of a halo is very probable.

✓ In PRC 111, 034307 (2025) , instead, we have investigated an unstable systems 102Sb, with core plus p-n structure, 
finding that it is a probable one-proton emitter due to the weakening of the p-n correlations

Summary
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