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Clustering in nuclel

More common in lighter nuclei: “C, °O, #*Mq...
Proximity to cluster emission threshold and deformation favor clustering

Geometric arrangement is crucial for understanding nuclear properties

Triangle Condensate

Bent Line




The linear-chain cluster state (LCCS)

Neutron excess

No evidence in 2C, is crucial Does “C have sufficient number

experimentally confirmed in *C [1] of neutrons to stabilize it?
(1] N. Itagaki, et al. Phys. Rev. C 64 (2001) 014301

AMD calculations predict LCCS in “C with T Srare v Koo
two rotational bands: T-bond and o-bond [2]  frys rev c 82 2010) 044301
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Density distribution of the two LCCS configurations in 14C [3]
[3] T. Baba, et al. Phys. Rev. C 95 (2017) 064318

Predicted positive parity states in “C [4]
[4] T. Baba, et al. Phys. Rev. C 94 (2016) 044303



Experimental evidence for “C LCCS

'“Be + o resonant scattering with two different techniques
Thick target experiments

AT-TPC experiment
Freer [5] and Yamaguchi [6] Fritsch [7]
[5] M. Freer, et al. Phys. Rev. C 90 (2014) 054324 [7] A. Fritsch, et al. Phys. Rev. C 93 (2016) 014321
[6] H. Yamaguchi, et al. Phys. Lett. B 766 (2017) 11-16
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Experimental and theoretical energies for several “C states
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Experimental and theoretical energies for several “C states The energy of both states is not clear
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Potential absence of observed n* linear-chain structures in " via '"C(«, @) resonant scattering
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Background: The preference for light nuclear systems to coagulate into w-particle clusters has been well-
studied. The possibility of a linear chain configuration of @ particles would allow for a new way to study this
phenomenon.

Purpose: A rotational band of states in '*C has been claimed showing a 7 linear chain structure. The mirror
system, 0, has been studied here to examine how this linear chain structure is affected by replacing the valence
neuirons with protons.

Method: A beam of "'C was incident into a chamber filled with He : CO, gas with the tracks recorded inside
the Tex AT Time Projection Chamber and the recoil o particles detected by a silicon detecior armay o measure
the "“Cla. o) cross section.

Results: The experimental cross section was compared with previous studies and fit using R-matrix theory with
the previously observed "*() siates being transformed 1o the " using mirror symmetry. The measured cross
section i ' ' ; : al several

energies and angles.
Conclusion: A series of possibilities is highlighted, with the most likely being that the originally seen "“C states
did not constitute a 7r* rotational band with a poientially incorrect spin assignment due io the limitations of the
angular-correlation method with nonzero-spin particles. The work highlights the difficulties in measuring broad
resonances corresponding 1o a linear chain state in a high level density.




The AT-TPC
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AT-TPC + SOLARIS
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The e22502 experiment at FRIB

'OBe + a resonant scattering with the AT-TPC
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Results

Kinematics plot Angular correlation of the two scattered particles
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Results

Kinematics plot Angular correlation of the two scattered particles
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Results

'OBe excitation energy reconstructed using the missing mass method
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Results

'OBe excitation energy reconstructed using the missing mass method
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Cross section [b]

Cross section [b]
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/A THIS EXPERIMENT

Baba and Kimura band 1

Baba and Kimura band 2

Fritsch, et al. [7] A. Fritsch, et al. Phys. Rev. C 93 (2016) 014321
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The e22502 experiment at FRIB

'OBe + a resonant scattering with the AT-TPC
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'OBe excitation energy reconstructed using the missing mass method

Three-body
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The branching ratio to the 2* state at 3.3 MeV s a signature of LCCS!
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Three body events
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Results

'OBe excitation energy reconstructed using the missing mass method
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The branching ratio to the 2* state at 3.3 MeV s a signature of LCCS!

Three-body events give information about the structure
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Results

'OBe excitation energy reconstructed using the missing mass method
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The branching ratio to the 2* state at 3.3 MeV s a signature of LCCS!

Three-body events give information about the structure
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Conclusion

The energy of the head of the m-bond rotational band and the existence
of the LCCS remain inconclusive

Outlook

Extract the branching ratio to the first 2* °Be excited state
Improve all fits and calculate uncertainties

Explore three-body events to investigate the sequential/democratic decay
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