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Large Deformation around N=20

Inversion between normal
 sd-shell and intruder fp-shell 

Possible Halo Structures 
for Intruder states

I. Hamamoto, Phys. Rev. C 76 054319

Large Deformation and Halo structure

β2 >~ 0.4
Sn <~ 1 MeV

Study through Nuclear Size



Nuclear Size and Interaction Cross Sections

σI or σR Nuclear Size 
Glauber Calculation

σtot = σR + σel σI = σR - σinel

σ R = db∫ 1− exp − d 2r∫ σNN E( )ρzPi (r)ρz
Tj (r - b)

i, j
∑

⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥I

Interaction Cross SectionReaction Cross Section

σI can be uniquely calculated by 3 quantities

Projectile DensityρP ρT
Target Density

σNN Nucleon- Nucleon Total Cross Section

Nuclear Size of unknown Nuclei 
can be deduced by measuring σR 
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Halo Structure 
can be discussed

Nuclear size reflects the orbital of valence nucleon
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Deformed

Radius : r0A1/3
Spherical

r0A1/3( 1 + 5/4π・β2)1/2
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Study of Nuclear Size for Ne and Mg Isotopes

β2 >~ 0.4
Sn <~ 1 MeV

Study of Ne and Mg 
isotopes 
via σR

Halo and Deformation



Experiment : Measurements of σR 
Primary Beam 48Ca 345A MeV, ~102 pnA
Secondary Beam 20-32Ne, 24-38Mg

　σR were measured using BigRIPS (F3 - F7)
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Experiment : Measurements of σR
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Experiment : Measurements of σR 

Before Reaction Target After Reaction Target



Inelastic scattering cross section
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Ne Isotope



Radius : r0A1/3

r0A1/3( 1 + 5/4π・β2)1/2

β2 deduced from 
experimental B(E2) 

and Q moment

M. Takechi et al., Phys. Lett. B 707 (2012) 357.
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1s1/2

0d3/2

0d5/2

1/2+

1/2+

s-dominant
19th neutron

28Ne β２ 
 0.5(1), 0.36(3)

28Ne : H. Iwasaki et al., Phys. Lett. B 620 (2005) 118 
28Ne : B. V. Pritychenko et al., Phys. Lett. B 461 (1999) 322.

① ②

Halo Effect in 29Ne
28Ne + 1n model

M. Takechi et al., Phys. Lett. B 707 (2012) 357.

1p3/2 (59%) and 0f7/2 (37%)

1s1/2 (74%) and 0d3/2 (16%)
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M. Takechi et al., Phys. Lett. B 707 (2012) 357.
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β2 : 0.6(2)
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Halo Effect in 31Ne
31Ne + 1n model
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Mg Isotope
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Possible p-orbital Halo for Mg isotopes

37Mg

N = 20 Line

35Mg

Sn = 1.0(5) MeV
35Mg

37Mg
B. Jurado et al.,  PLB 649 (2007) 43 

Sn ~ 0.3 MeV
(Empirical)

35Mg ・・・non halo
37Mg ・・・halo ?



Possible p-orbital Halo for Mg isotopes



Summary

σ R for Ne and Mg Isotopes have been precisely measured 
at RIBF.

σ R 　　nuclear size reflect the nuclear deformation and 
changes of deformation towards the island of inversion 
region can be seen.

Possible Halo structures in 31Ne, 29Ne, and 37Mg are 
suggested. p-orbital halo structure in 31Ne is indicated by 
theoretical analysis.  


