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Characteristics of halo nuclei 

Weakly bound; large spatial extension 

 Continuum can not be ignored 

Self-consistent description: 

• Weakly bound, continuum 

• Large spatial distribution 

• Couplings among … 

Meng_Toki_SGZ_Zhang_Long_Geng2006  

Prog. Part. Nucl. Phys. 57-470 

Meng & SGZ 2015, J. Phys. G42-093101 

Bulgac1980; nucl-th/9907088 
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Stable nuclei Dripline nuclei 
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A self-consistent description of 
 

 Deformation 

 Continuum contribution 

 Large spatial distribution 

 Interplays among them 
 

by developing a  

    relativistic Hartree-Bogoliubov model 

What we aim at 

By X. H. Wu 
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Why Woods-Saxon basis ? 

 Reproduces results of r space 

 Matrix diagonalization, numerically less complicated than HO 

SGZ_Meng_Ring 2003_PRC91-262501 

Woods-Saxon basis is a reconciler between the HO basis & r space 
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Axially deformed nuclei 

Woods-Saxon basis 

Kucharek_Ring1991_ZPA339-23 

Deformed RHB theory in continuum 
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Conditions for occurrence of a halo & its shape 

 Existence & deformation of neutron halo depend on quantum numbers 

of the main components of the s.p. orbits around Fermi surface 

s levels with L = 0  spherical halos 

p levels with L = 0  prolate halos  

p levels with L = 1  oblate halos 

d, f, ... levels: no halos 

SGZ_Meng_Ring_Zhao 2010 

PRC82-011301R 

Li_Meng_Ring_Zhao_SGZ 2012 

PRC85-024312 
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s levels with L = 0  spherical halos 
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 Prolate deformation 

 Large spatial extension in neutron density distribution 

44Mg: Density distributions 

SGZ_Meng_Ring_Zhao 2010 PRC82-011301R 

Li_Meng_Ring_Zhao_SGZ 2012 PRC85-024312 



Weakly bound & continuum 

orbitals 

    
Deeply bound orbitals 

    

44Mg: Single neutron states in canonical basis 
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Deeply bound orbitals 
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Core: prolate halo: oblate 

44Mg: Density of core & halo---shape decoupling 



 The 3rd & 4th states 
contribute to tail part of 
neutron density distribution 

 Main component: 2p3/2  

   

44Mg: Decomposition of neutron density distribution 



∞ 
∞

 

Shape of low-L single particle orbital 

http://mathworld.wolfram.com/SphericalHarmonic.html
http://mathworld.wolfram.com/SphericalHarmonic.html
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22C: Puzzles in S2n, rm & halo configuration 

 Two-neutron separation energy 
 

 

 

 

 

 

Refs.  AME2003 AME2012 
Gaudefroy et al. 2012 

PRL109-202503 
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S2n (MeV) 0.420 0.940# 0.1100.060 -0.140.46  0.0350.020 
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22C: Puzzles in S2n, rm & halo configuration 

 Two-neutron separation energy 
 

 

 

 RMS matter radius 
 

 

 

 Halo configuration 

Inert 20C w/ 2n in 2s1/2 (Horiuchi&Suzuki2006_PRC74-034311, 

Ershov et al. 2012_PRC86-034331, …) 

Correlated 20C w/ 2n partly in 2s1/2 (Suzuki…2016_PLB753-199) 

Skyrme Hartree-Fock: t0 adjusted (Inakura…2014_PRC89-064316) 

RHFB: no halo (Lu…2013_PRC87-034311) 
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22C w/ ab initio Gamow IMSRG 

rm = 2.79 fm w/o continuum 

rm = 3.02 fm w/   continuum 

Predictions on excited states (in MeC) 

Hu_Wu_Sun_Xu2018 

arXiv1809.08405 



22C: Halo (?) & shape decoupling  

PK1  

 

S2n = 0.43 MeV 

rm  = 3.25 fm 

b2  = -0.27 

Sun_Zhao_SGZ 2018_PLB785-530 



22C: Halo (?) & shape decoupling  

PK1  

 

S2n = 0.43 MeV 

rm  = 3.25 fm 

b2  = -0.27 

 2s1/2: ~25%  Halo 
 

 Mixture of (2s1/2, 1d5/2)  

 Prolate halo  

Sun_Zhao_SGZ 2018_PLB785-530 



22C: Single neutron levels 
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22C: Single neutron levels 
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22C: Single neutron levels 

Inversion of (2s1/2, 1d5/2) 

No shell closure at N = 16 

Sun_Zhao_SGZ 2018_PLB785-530 
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Breaking of pseudospin symmetry? 

Inversion of (2s1/2, 1d5/2) 

No shell closure at N = 16 

Sun_Zhao_SGZ 2018_PLB785-530 



Justification of PSS in Resonant States 



Breaking of pseudospin symmetry? 

Something new when the pseudospin partners straddle the threshold? 



Extended Casten triangle 

Pan_Wang_Huo_Draayer2006_IJMPE15-1723 



Triangle of Borromean nuclei: 11Li, 22C & 44Mg 

Pan_Wang_Huo_Draayer 

2006_IJMPE15-1723 

44Mg = 22C + 22C 

22C = 11Li + 11Li 
11Li 

22C 

44Mg 

44Mg 

22C 

11Li 

Picture(s): courtesy of  

Xin-Hui Wu (吴鑫辉) 



How to probe the shape decoupling? 

 Larger cross section 

 Narrower momentum distribution 

Bimodal ? 

Picture(s): courtesy of Xin-Hui Wu (吴鑫辉) 
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How to probe the shape decoupling? 

 Larger cross section 

 Narrower momentum distribution 

Bimodal ? 

 New dipole modes ? 

 Rotation ? (X.-X. Sun, DRHBc+Angular Momentum Projection) 

 Fusion ? 

Picture(s): courtesy of Xin-Hui Wu (吴鑫辉) 



Summary & perspectives 

 Deformed relativistic HB theory in a Woods-Saxon basis  

Occurrence of a halo in deformed nuclei depending on 

intrinsic structure of valence orbitals 
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 How to probe shape decoupling ? 
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 Breaking of pseudospin symmetry ? 
 

 How to probe shape decoupling ? 

Thank you ! 


