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AIMS: 
 Discussing a few topics of theoretical nuclear physics that are under investigation in 

Padova 
 Showing how theoretical nuclear theory fosters new interdisciplinary physics 



The solution of the electron screening puzzle 

Target materials in laboratory also have electrons bound in 
atoms, molecules or crystals. The laboratory cross-sections 
and those in stellar environment usually differ and bare 
values should be extracted. 

where Ue is the electron screening potential in laboratory experiments. 

C.Spitaleri, C.A.Bertulani, L.F. and A.Vitturi, Phys. Lett. B 755 (2016) 275–278 

Nuclear reactions in stars happen at energies around the Gamow 
peak  EG  <<  EC.B.  at the presence of an electron plasma that 
create a screening effect that enhances the reaction cross-
sections at these ultra-low energies. 



The solution of the electron screening puzzle 

Very often the direct measurements of reactions involving light nuclei show that the 
enhancement is significantly larger than expected from models  of atomic physics. 



The solution of the electron screening puzzle 

The disagrement is more pronounced when one (or two) reacting nuclei is the region of 
Z=3,4,5, that is the region where cluster effects are known to be very important. 
Therefore is seems that there is a correlation between cluster and fusion enhancement. 

We have modeled cluster nuclei and calculated the Gamow factor, G,  and 
penetrability of Coulomb barriers, P,  discovering that is the lowering of the barrier 
due to clusterization that explains the anomalous enhancement !! 



The solution of the electron screening puzzle 
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Caged molecules   and   hypernuclei 

L. Fortunato 

Algebraic schemes allow to unify very diverse (quantum) physical systems that share the 
same dynamical symmetries, or part of them, across very different length and energy 
scales! 

In collaboration with F. Pérez-Bernal  
(Huelva, SPA) 

In collaboration with K.Hagino  
(Sendai, JPN) 

Lorenzo   FORTUNATO       Univ. Padova - ITA 



 Analogies & differencies 
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H2@C60 supramolecular complex: 
diatomic hydrogen molecule in a 
fullerene cage 

89Y    Hypernucleus  or @88Y : 

a Lambda particle inside a heavy 
nucleus 

empty 

106x 

x 

full and dense 
(liquid) cage 

inverse 
cage 

Bird in a ballon: 
rotates, vibrates,  translates, 
but never touches the walls 

Fish in a water-planet: 
rotates, vibrates, translates, 
but cannot jump far from water 



 Analogies & differencies 

L. Fortunato 

H2@C60 supramolecular complex: 
diatomic hydrogen molecule in a 
fullerene cage 

89Y    Hypernucleus  or @88Y : 

a Lambda particle inside a heavy 
nucleus 

Barrier 
too thick! 
G  0 

Decay:    = 2.3 10-10  s 

10 eV 50 MeV 

    Stable     Unstable 



 Analogies   &  differencies 
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H2@C60 supramolecular complex: 
diatomic hydrogen molecule in a 
fullerene cage 

89Y    Hypernucleus  or @88Y : 

a Lambda particle inside a heavy 
nucleus 

U(7)  U(3)  U(4) U(3/2)  UB(3)  UF(2) 

Vibron model for 
diatomic molecule 
internal d.o.f. 

Spin ½ fermion 

Harmonic motion of a caged particle 



 Molecular Surgery 
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• Komatsu, Murata & Murata, SCIENCE 307 (2005) 238 



 Spectrum of H2 in a fullerene 
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• Komatsu, Murata & Murata, SCIENCE 307 (2005) 238 

• Turro, Ge, Xu, Mamone, Bacic, Horsewill, Lewitt, et al.   

(JCP, PRB, J.Am.Chem. Soc., Coord.Chem.Rev., Phil.Trans.R.Soc. A) 

Experimental techniques: 
1. NMR 
2. IR 
3. INS 
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 Spectrum of H2@C60   in the u(7) algebraic scheme 
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This is Iachello’s Vibron model 
for the internal degrees of 
freedom of the H2 molecule + 
Dunham’s corrections. 



 Spectrum of H2@C60   in the u(7) algebraic scheme 
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The u(3) part is just a harmonic oscillator (with anharmonicities collected in the quadratic 
term) plus a rotational splitting 

F. Pérez-Bernal , a.k.a. Curro, has made 
extensive fits for about 55 IR lines and 
16 INS transitions using the above 
hamiltonian, obtaining very good 
results 
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 Spectrum of  particles in heavy nuclei 

L. Fortunato 
Pictures taken from slides of H.Tamura (Sendai) 

A series of beautiful experiments at KEK-PS  
SuperKaonSpectrometer measured the yield of 
 particles inside medium-mass or heavy 
nuclei. These particles have been produced in 
different angular momentum states inside the 
nucleus, but a complete theoretical 
understanding was still missing. 
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This problem was suggested to me by K.Hagino (Sendai, Japan) and the solution I propose is 
to use the u(3)x u(2) algebra 

Energy formula 
for the centroids 
of the gaussians! 



 Spectrum of  particles in heavy nuclei 
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I have «ONLY» 12 parameters for yttrium,  8 of which are intensities and 4 of which 
allow to calculate ALL the centroids at once (and to extrapolate to higher q.n.) 
 
The phenomenological fit in the cited PRC paper has 10 intensities and 8 fitted  
centroids for a total of 18 free parameters. 
 
A sensible improvement not only in the numbers, but in the interpretation! 



 Spectrum of  particles in heavy nuclei  -fit 1 
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 Symmetries unify very different systems! 
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In conclusion, caged quantum systems show similar behaviour across different scales: 
the internal degrees of freedom, that might be as complicated as those of a diatomic 
molecule u(4), or as simple as those of  a spin-1/2 fermion u(2) are coupled to the 
harmonic motion inside the cage u(3).  This allows to write energy formulas for the 
spectrum in both cases and the comparisons with data show remarkable agreement in 
both cases. 

Something else ... 


