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Two neutron halo

Neutron Halo

Large spatial extension

Very weakly bound

Borromean nuclei

2-body subsystems are unbound

3-body models require accurate
C-n interaction
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s-d shell evolution far from stability

Far from stability

New magic numbers

Evolution of SPO

C isotopes: around N=16

νs1/2 and νd5/2 ordering ?

νd3/2 location ?
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Nucleon knock-out @ 250 AMeV

Selectivity

−1p, −2p: ⇒ (νnlj)i
= (νnlj)f

−1n: ⇒ (νnlj)2 → (νnlj)

Invariant mass spectroscopy

Minv =
√

(En + Ef )
2
− (⃗pn + p⃗f )

2

Erel = Minv − (mn + mf )
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SAMURAI spectrometer

Detection setup

Charged particle (20C) =⇒ FDC1&2 + Hodoscope

Neutron =⇒ NEBULA

Gamma rays =⇒ DALI2
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21C: −1n from 22C

C(22C,20C), WBP

Jπ Ex ln σth
−1n

1/2
+

0.0 0 137.55

5/2
+

1.109 2 135.87

3/2
+

2.191 2 9.55

N. Kobayashi et al., PRC 86, 054604 (2012)

 (MeV)relE
0 1 2 3 4 5

C
ou

nt
s

0

50

100

150

200

C+n)20C,22(

Maximized event mixing
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21C:−1n, Momentum distribution
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FWHM ≈ 95 MeV/c < FWHM ≈ 155 MeV/c

Observation

ℓn < ℓn

Conclusion

ℓn = 0 & ℓn = 2
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21C: −1n, interpretation

Fit results

ℓ Er Γ
(MeV) (MeV)

0 0.80 ± 0.18 0.90 ± 0.90

2 1.49 ± 0.09 0.2 +0.9
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21C: −1n, low energy discrepancy
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Hypothesis
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21C: −1p from 22N

22N: π(1p1/2)
1 ⊗ ν(2s1/2)

1

=⇒ Expecting 1/2
+

in 21C

Jπ Ex ln
1/2

+
0.0 0

5/2
+

1.109 2

3/2
+

2.191 2

N. Kobayashi et al., PRC 86, 054604
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Maximized event mixing
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21C: −1p, gamma rays in coincidence
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Background contribution

E = 1572.00 MeV

Minimization: Eγ = 1578 ± 30 keV

Compatible with: Eγ = 1614 ± 11 keV
Z. Elekes, PRC 79, 011302
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21C: −1p, interpretation
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Fit results

ℓ Er Γ
(MeV) (MeV)

0 0.94 ± 0.11 0.80 ± 0.5
0 3.3 ± 0.5 4.1 ± 3.0
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Conclusions

22N - 1p

Jπ = 1/2+: Er = 0.94 ± 0.11 MeV.

High lying level(s): Er ≈ 5 MeV.

22C - 1n

Jπ = 1/2+: Er = 0.80 ± 0.18 MeV.

Jπ = 5/2+: Er = 1.49 ± 0.09 MeV.

=⇒ 1/2+ below 5/2+.

Strenght at low energy: 3/2+ ?

Er ∈ [1.6; 1.8]MeV.
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