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* In-flight (IF) facilities: a high energy ion beam is fragmented in a suitable thin target and 
the reaction products are and then transported to the secondary target. 

* ISOL-type facilities: radioactive ions are produced at rest in a thick target either by direct 
bombardment with particles from a driver accelerator or via fission induced both by fast and 
thermal secondary neutrons. 



 High intensity RI beams by ISOL & IF

ISOL : direct fission of 238U by p 70MeV

IF by 200MeV/u, 8.3pμA 238U

 High quality neutron-rich RI beams

132Sn with up to ~250MeV/u, up to 108 pps

 More exotic RI beams by ISOL+IF





• Highest priority research subjects
– Nuclear reaction experiments important to synthesize elements in 

Universe

– Search for super heavy elements : Z > 119 (Z ~ 120)

– Abnormal nuclear structure of exotic rare isotopes

– Nuclear symmetry energy at sub-saturation density

– Precision mass measurement & Laser spectroscopy

• Important scientific applications
– Material science : β-NMR, μSR

– Medical and bio-science : RI beam irradiation

– Nuclear data for Gen-IV NPP and nuclear waste transmutation



Science program with beam schedule



Ab initio study of natural 
(and unnatural parity) 

states of 6Li



Interactions

JISP16 [A. M. Shirokov, et al., Phys. Lett. B644, 33 (2007)]

• J-matrix inverse scattering potential

• np scattering data ( phase shifts )

• PETs are used to fit properties of some light nuclei

NNLOopt [A. Ekström, et al., Phys. Rev. Lett., 110 (2013), 192502]

• Optimized NN interaction at NNLO using POUNDerS

• 3 pion-nucleon couplings and 11 partial wave contact 

parameters



No core shell model

Nmax

hΩ



MFDn (Many Fermion Dynamics for nuclear structure)

natural       0 2 4 6 8 10 12 14 16 18

unnatural       1 3 5 7 9  11 13 15

C. Cockrell, et al., Phys. Rev. C86, 034325 (2012) w/ JISP16

TachyonII@KISTI Mira@ANL
by P. Maris

Nmax : many body truncation parameter



Ground state energy

more underbound and slower convergence compared to JISP16



Excitation spectrum

 two narrow resonance states converge well for both interactions

exp.



Excitation spectrum 
(natural parity)

 good convergence of low-lying

excited states 



Excitation spectrum 
(unnatural parity)

 systematic trend downward 

indicating continuum (non-

resonant) states



Point-proton rms radius (ground state)

 radius converges more slowly than the ground and excited state

energies 



Magnetic dipole moment (ground state)

 well-convergent behavior and good agreement with experiment

2% difference

2% difference



Quadrupole moment (ground state)

 good agreement with almost vanishing experimental value

 drastically different convergence patterns



B(E2;(3+,0)→(1+,0))

 slow convergence for both interactions



B(M1;(2+,1)→(1+,0))

 reasonable convergent behaviors

 different convergence patterns



Gamow-Teller matrix element

 (0+,1) of 6Li ~ g.s. of 6He

 well convergent and good agreement with experimental value 

5% difference

3% difference



Spin decomposition

J =
1

J + 1
( J∙Lp + J∙Ln + J∙Sp + J∙Sn )

 due to nearly exact

isospin symmetry, 

orbital motions and

spin contributions 

for proton and 

neutron coincide 

[P. Maris and J. Vary, Int. J. Mod. Phys. 22, No.7 (2013) 1330016]



Summary

 In general, the ground state energy of NNLOopt

converges more slowly compared to JISP16.

 excitation energies

large magnetic dipoles

large M1 transition

large MGT

reasonably good convergence

 rms radius

E2 transitions

poor convergence  (long-range operators)



Future work

 other Li isotopes

 include 3NFs

 investigate convergence in detail, 

e.g. improved extrapolation methods



THANK YOU !



Extrapolation

Based on “Extrapolation A” of P. Maris, J.P. Vary and A.M. Shirokov, Phys. Rev. C79, 014308 (2009)

with improvements for IR region from

S. Coon, M.I. Avetian, M.K.G. Kruse, U. van Kolck, P. Maris, and J.P. Vary, Phys. Rev. C86, 054002 (2012); arXiv:1205.3230

R.J. Furnstahl, G. Hagen, and T. Papenbrock, Phys. Rev. C86, 031301 (2012); arXiv:1207.6100
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