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Linear-chain with valence neutrons

Linear-chain configuration of 3. clusters was suggested in 1950s.
Morinaga, Phys. Rev. 101, 254 (1956).

and linear-chain of 3a is unstable against m

the bending motion.

| Y. Kanada-En’vo, Prog. Theor. Phys. 115, 655 (2007).
N M. Chernykh et al., Phys. Rev. Lett. 98, 032501 (2007).

V
Positive evidences have not been obtained,

Instead of 12C, neutron-rich C isotopes have attracted much interest

because valence neutrons play a “glue-like” role.
N. Itagaki and S. Okabe, Phys. Rev. C 61, 044306 (2000).
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Experiments of 14C

Recently, very interesting experimental data have been reported by some groups.

a('°Be, a)'°Be resonant scattering

M. Freer et al., Phys. Rev. C 90, 054324 (2014).
A. Fritsch et al., Phys. Rev. C 93, 014321 (2016).
H. Yamaguchi et al., Phys. Lett. B 766, 11-16 (2017).

‘Be(°Be, “C*>a+ 19Be)*He break-up
Z.Y. Tian et al., Chin. Phys. C 40, 111001 (2016).

J. Lietal., Phys. Rev. C 95, 021303 (2017).
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Observed resonances are close each other in spite of

Independent observation.

In addition, they also agree with the theoretical
prediction.
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Experiments (Breakup Reaction)
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Schematic picture of Linear-chain

By comparison with the new data, the unigue decay pattern
of two types of the linear-chain can be found and identified.



Purpose

We Investigate the linear-chain configuration of **C and *°C

(D To confirm that the agreement between the observation
and calculated m-bond linear-chain band is plausible by
comparison with new some data in 4C

(@ To show that the observed unique decay pattern of the

resonances reported by Li et al. is similar to that of the

calculated o-bond linear-chain in “4C
@ To predict the existence and details of linear-chain in

16C for experimental data which will be reported



Shleeih e e cenengr Gogny D1S interaction is exploited.

A= 2 £ — tem + 2\7{?1“ + 2 pioulomb }
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Intrinsic wave function Single particle w.f. is the deformed Gaussian.
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Variation

The variation parameters (Zi, aj, b;, v) are determined so that E~,
which is a sum of the energy and constraint potential is minimized.
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AMD+GCM

Angular momentum projection

After the variational calculation, the eigenstate of the total angular momentum
IS projected out.

L (QORQP™(B,7)

- — 2] +
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‘ D. L. Hill and J. A. Wheeler, Phys. Rev. 89, 1102 (1953).

The GCM calculation is performed by employing the quadrupole
deformation parameters 3, y as the generator coordinate.
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Comparison with resonant scattering
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Comparison with resonant scattering

& For the -bond linear-chain states,
i v excitation energies

v moment of inertia

v a-decay widths

energy [MeV]
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Comparison with breakup reaction
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The o—bond linear-chain states are candidates of the

higher-lying states reported by the breakup reaction.



Comparison with breakup reaction
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Revised schematic picture




€ Using the AMD, we show that the excitation energies and a-decay widths

of n-bond linear-chain in 4C are close to the experimental values.

€ The o-bond linear-chain states can be good candidates of high-lying states.

In addition, °He+2a three-body sequence decay is its plausible signature.

€ The linear-chain also decays to the 819Be(2*) as well as to the ground state

of 819Be. This is a strong evidence of the linear-chain.

€ In 16C, the excitation
energies and decay widths
of linear-chain are obtained.
We also provide some
evidences for the existence

of linear-chain configuration.
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Excitation spectrum of 1°C
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Decay widths of 1°C

0.1 0.2 0.3 0.4 0.5
reduced width [MeV ']




Decay widths of 1°C

m— 12Be(2)
m— 12Be(0%)

» Only linear-chain has large reduced width s
> Especially decay to ?Be(2*) is large



Why Linear-Chain Decay to 2*?

> We show that linear-chain structure decays to 1°Be(2*)

Decay patterns depend on cluster structure
Y. Suzuki, H. Horiuchi, and K. Ikeda, Prog. Theor. Phys. Vol 47, No. 5 (1972).

Gas-like cluster structure (weak coupling)

Linear-chain structure

(strong coupling)

—p (ecay to Be(0)

—p (decay to Be(2")



Why Linear-Chain Decay to 2*?

> We show that linear-chain structure decays to 1°Be(2*)

angular momentum: / = 0 ==) wave function is isotropic
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Why Linear-Chain Decay to 2*?

If 14C decays to only °Be(0%)...
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Why Linear-Chain Decay to 2*?

If 14C decays to only °Be(0%)...

Checklng the angular momentum of 1°Be,
linear-chain structure may be distinguished
from other cluster structures.

= @ s

Linear-chain does NOT Linear-chain does not
include them! v

only decay to °Be(0%).



