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•The LIT/HH approach 

• Electron scattering off 4He

• Halo nuclei: the case of 6He 

• Outlook
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 Asymptotic e�a� ��⇥

 Can use non-local interactions

 Most applications in few-body; challenge in A>4   

 Model space truncation                   ,   Matrix DiagonalizationK � Kmax
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• Due to imaginary part        the solution          is unique

• Since the r.h.s. is finite, then        has bound state asymptotic behaviour
� |�̃�

|�̃�

L(�,�) R(!)
inversion

with the exact final state interaction

The Lorentz Integral Transform Metohd
Efros et al, PLB 338 (1994) 130

Friday, 24 February, 12



Feb 24 2012 Sonia Bacca

��f |Jµ|�0⇥

N NN N

mm +� �H|�i� = Ei|�i�

6

Electromagnetic Observables

0/f

Jµ

+

O =

Friday, 24 February, 12



Feb 24 2012 Sonia Bacca

��f |Jµ|�0⇥

N NN N

mm +� �H|�i� = Ei|�i�

6

Electromagnetic Observables
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Study  RL    for 4He  (no exchange currents up to N3LO)  
to investigate the effect of 3NF and help understand the predictive power of the Hamiltonian
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PRL 102, 162501 (2009)
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    With the LIT/HH method         

PRC80, 064001 (2009)

 Stimulating new experiments
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    With the LIT/HH method         
Work in progress
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Halo Nuclei
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two proton halo

one proton halo

one neutron halo

two neutron halo

four neutron halo

48CaLightest halo nucleus 
and Borromean system
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 6He from hyper-spherical harmonics
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• EI is key to reach a reliable convergence of radii
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Vlow k  from N3LO (500 MeV)Interaction:
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• Difference between
   Bare and EIHH is 
   about 2.4 MeV

• EIHH seems less
   effective than for 6He
   

E� = �31.49MeV
E��CCSD(T) = �31.21MeV

•Extrapolating  Bare
  results get 

4 6 8 10 12 14
Kmax

-50

-40

-30

-20

E 0[M
eV

]

HH
EIHH 
HH extrapolated
Coupled Cluster

8He
Λ =1.8 fm-1

Vlow k  from N3LO (500 MeV)

 8He from hyper-spherical harmonics
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• Point-Proton radii converge better and are 
   smaller than matter radii           halo structure

 6He from hyper-spherical harmonics

Signatures of the halo
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Comparison with experiment
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0.877(7) fm from electron scattering 
and H spectroscopy

0.84184(67) from spectroscopy
                    of muonic hydrogen

Calculated ab-initio ~-0.082 fm2

Relativistic corrections

• It is important to compare more than one observable together
• We observe a correlation between radii and separation energy
• Theory needs (improved) 3NFs
   

 (a) Experimental matter radius  relatively uncertain 

 (b) Experimental charge radius well constrained 

Phys. Rev. Lett. 108, 052504 (2012)
 & arXiv:1202.0516
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• EM observables show sensitivity to the 3NF

• Hyper-spherical harmonics (together with the LIT) provide a tool to perform
  accurate studies of bound (and continuum) observables for light nuclei

Future:

• Room to study further 3NF effects and to add exchange currents for consistent
   EFT calculations

                     

Outlook
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