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Background

Background

In carbon isotopes, 15C, 19C and 22C are halo nuclei, 22C exhibits a Borromean structure.

Isao Tanihata, Herve Savajols and Rituparna Kanungo, Prog. Part. Nucl. Phys. 68, 215-313 (2013);

Y. Togano et al., Phys. Lett. B 761, 412-418 (2016);

M.V. Zhukov et al., Phys. Rep. 213, 151-199 (1993).

Experiments about 22C:

Rm = 5.4± 0.9 fm
K. Tanaka, et al, Phys. Rev. Lett. 104, 062701 (2010)

Rm = 3.44± 0.08 fm
Y. Togano, et al, Phys. Lett. B 761, 412-418 (2016)

The analyzing of those two papers show the valence neutron of 22C is dominated by 2s1/2.
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Background

Background

Theoretical prediction: three-body model, shell model approach, effective field theory: 2s1/2.

W. Horiuchi and Y. Suzuki, Phys. Rev. C 72, 034311 (2006); H. T. Fortune and R. Sherr, Phys. Rev. C 85, 027303
(2012);

K. Tanaka, et al, Phys. Rev. Lett. 104, 062701 (2010); T. Inakura, et al, Phys. Rev. C 89, 064316 (2014);

L. A. Souza, E. Garrido, and T. Frederico,Phys. Rev. C 94, 064002 (2016).

Halo nuclei: large spatial distributions, contribution of continuum states and deformation
effects. A self-consistent method to describe halo structure: DRHBc model.

Jie Meng, Shan-Gui Zhou, J. Phys. G: Nucl. Phys. 42, 093101 (2015);

Jie Meng and Peter Ring, Phys. Rev. Lett. 77, 3396 (1996); Jie Meng, Nucl. Phys. A 635, 3 (1998);

Shan-Gui Zhou, Jie Meng, Peter Ring, Phys. Rev. C 68, 034323 (2003);

Shan-Gui Zhou, Jie Meng Reter Ring and En-Guang Zhao, Phys. Rev. C 82, 011301 (2010)(R);

Lu-Lu Li, Jie Meng, En-Guang Zhao and Shan-Gui Zhou, Phys. Rev. C 85, 024312 (2012);
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Deformed relativistic Hartree-Bogoliubov theory in continuum

Covariant density functional theory

Lagrange densityµ

L = LN + Lσ + Lω + Lρ + LA + LI

= ψ̄(iγµ∂µ −M)ψ +
1

2
∂µσ∂

µσ − U(σ)− gσψ̄σψ

− 1

4
ΩµνΩµν +

1

2
m2
ωωµω

µ − gωψ̄γ
µωµψ

− 1

4
~Rµν~R

µν +
1

2
m2
ρ~ρµ~ρ

µ − gρψ̄γ
µ~ρµ~τψ

− 1

4
FµνF

µν − eψ̄
1− τ3

2
γµAµψ.

U(σ) = 1
2m

2
σσ

2 + g2
3 σ

2 + g3
4 σ

4.

Equation of motion (with time reversal invariance)µ

[−∆ + ∂σU(σ)] = −gσρs ;
(−∆ + m2

ω)ω0 = gωρν;

(−∆ + m2
ρ)ρ

0
3 = gρρ3;

−∆A0 = eρc ;

(α � p + β(M + S) + V )ψi(x) = εiψi(x).

Density and currentµ

ρs(r) = ψ̄ψ, ρν(r) = ψ̄γµψ,

ρ3(r) = ψ̄γµτ3ψ, ρc(r) = ψ̄
1− τ3

2
γµψ.
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Deformed relativistic Hartree-Bogoliubov theory in continuum

Deformed relativistic Hartree-Bogoliubov model

Dirac Hartree-Bogoliubov equationµ∫
d3r′

(
hD − λ ∆
−∆∗ −hD + λ

)(
Uk

VK

)
= Ek

(
Uk

VK

)
.

Dirac Hamiltonian: hD(r, r′) = α � p + V (r) + β[M + S(r)].
Scalar and vector potential: S(r) = gσσ(r);V (r) = gωω

0 + gρτ3ρ
0 + e 1−τ32 A0.

Quasi particle wave function (Dirac spinor) is extended in terms of spherical Dirac spinors,

Uk(rsp) =
∑
nκ

u
(m)
k ,(nκ)φnκm(rsp), Vk(rsp) =

∑
nκ

v
(m)
k ,(nκ)φ̄nκm(rsp).

For axially deformed nuclei with spatial reflection symmetry, we represent the potential and
densities in terms of Legendre polynomials,

f (r) =
∑
λ

fλ(r)Pλ(cos θ), fλ(r) =
2λ + 1

2

∫ 1

−1
d(cos θ)f (r)Pλ(cos θ), λ = 0, 2, 4...

Density dependent pairing force of zero range:

V pp(r1, r2) =
1

2
V0(1− Pσ)δ(r1 − r2)

(
1− ρ(r1)

ρsat

)
.

Lulu Li et al, Phys. Rev. C 85, 024312 (2012).
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Preliminary results and discussions Carbon isotopes 10−22C properties

Carbon isotopes 10−22C properties

Fermi level and neutron separation energy are plotted as a function of mass number.
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Experimental data are taken from

G. Audi, M. Wang et al. China Physics C 36, 1287 (2012).

Xiang-Xiang Sun (ITP, CAS) Deformed Halo Structure in 22C with Deformed Relativistic Hartree-Bogoliubov Model 06-27-2017 11 / 22



Preliminary results and discussions Carbon isotopes 10−22C properties

Carbon isotopes 10−22C properties

Root mean square radii Rm and proton radii Rp are plotted as a function of nucleon number A.
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The experimental data are taken from

R. Kanungo et al., Phys. Rev. Lett. 117 102501 (2016).

Y. Togano et al., Phys. Lett. B 761 412-418 (2016).

H. T. Fortune, Phys. Rev. C 94 064307 (2016).
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Preliminary results and discussions Carbon isotopes 10−22C properties

Carbon isotopes 10−22C properties

Quadrupole deformation of carbon isotopes:
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The experimental data are taken from

B.Pritychenko et al., Atomic Data and Nuclear Data Tables 107 1 (2016).
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Preliminary results and discussions Halo structure: 22C

22C: Halo structure
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PK1: Rm = 3.24 fm, β20 = −0.28, S2n = 0.84 MeV.
Exp.: Rm = 3.44± 0.08 fm, S2n = 0.42± 0.94 MeV.
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Preliminary results and discussions Halo structure: 22C

22C: Halo structure
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Preliminary results and discussions Halo structure: 22C

22C: Halo structure
Total density, Core and halo, neutron orbitals.
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(1-12
+

) near the fermi surface gives a most contribution to
the halo of 22C.
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2s1/2(0.13/0.63): spherical halo;
1d5/2(0.45/0.63): prolate shape for halo.
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Preliminary results and discussions Halo structure: 22C

Constraint calculation of 22C
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A. Ozawa, et al, Phys. Rev. Lett. 84, 5493 (2000)

Takaharu Otsuka, et al, Phys. Rev. Lett. 87, 082502 (2001)
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Summary

Summary

Description of the bulk properties of Carbon isotopes with DRHBc model.
The deformed halo structure of 22C.

1 Deformation effect is important for the 22C halo;
2 shape decoupling: oblate core and prolate halo;
3 The main contribution of the halo is the 1

2

+
level close to fermi surface, whose main spherical components

are 2s1/2, 1d5/2 and 1d3/2 with the amplitude of 0.14, 0.43, and 0.06;
4 Orbitals with low j orbitals, 2s1/2 component give a spherical halo, gives the halo structure of 22C, but a

large component of 1d5/2 leads to a prolate shape.
5 2s1/2 is lower than 1d5/2, so the percentage of 2s1/2 is only about 20% for the valence neutron orbitals.

Thanks for your attention.
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