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How to probe the a-cluster ?

The o knockout reaction

« \Well established theory
employing the DWIA
framework
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DWIA framework for a-knockout reaction

The transition amplitude of a-knockout reaction

Tiok,k, = O 1. ROXS 2, R |tpa (9)]x55. (Ro) Do (R1))

With the asymptotic momentum approximation [1]
Tk,k.k, = | dRFg k. .k, [R)py(R)
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[1]K. Yoshida, K. Minomo, and K. Ogata, Phys. Rev. C 94, 044604 (2016).



Triple differential cross section for a-knockout reaction

« The triple differential cross section (TDX)  Scattering energy
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[1]K. Yoshida, K. Minomo, and K. Ogata, Phys. Rev. C 94, 044604 (2016).



THSR description of Be and He

« THSR wave function for nuclei composed of a-
clusters and valence neutrons [1,2]
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f(R,): factorsto adjust neutron w. f. ¢,, = Cn|0)
Into p-orbits or molecular -orbit and g-orbits [1,2]

[1] M. Lyu et al., Phys. Rev. C 91, 14313 (2015) & Phys. Rev. C 93, 54308 (2016)..

[2] M. Lyu et al,, arXiv:1706.06538 [nucl-th] (2017).



Approximation for reduced width amplitude

 The reduced width amplitude (RWA) of a-cluster
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a-cluster RWA of 19Be

« physical 1°Be nucleus

° = mi 0.6 —
B,=2.6 fm (?ptlmlzed) L iofm |
(molecular like) —— p=2.6fm

« E=-61.4 MeV T T T p60Mm

* R =2.31fm (Exp: 2.35 fm)

« artificial 1°Be nucleus

* B,=1.0fm

(shell-model limit) g IS,
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* B=6.01m Figure: Reduced width amplitude of 1°Be

(gas like)




Density distribution of 19Be
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* (a): B,=1.0 fm (shell-model limit)
* (b): B, =2.6 fm (physical, molecular-like)
* (c): B,=6.0fm (gas like)




Kinematics for a-knockout reaction of 19:12Be

* Incident proton  Qutgoing proton
« E =250 MeV  E; =180 MeV

* (01,¢1) =(60.9°0°)

« Qutgoing a
* @,:variated around 51°
* ¢,:180°




Transition matrix density (TMD)

« TMD: Transition strength 140 o~ o~ -”1I“MD, ;'3=6.0 tim‘_
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TDX for the 1°Be(p,pa)°He reaction
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Coupling of clustering configurations in 1°Be

« Coupling of “He+8He, 19Be+2n(r*) and °Be+2n(o’) configurations
« Breaking of neutron magic number N=8

* Probing of a-cluster and clustering configurations in 12Be

4He+8He 1OBe+2n 1OBe+2n
(1p3/2) (%) (0)

(schematic)




a-cluster RWA of 1?Be in three configurations

“He+8He configuration
* [,=4.0 fm (optimized)

10Be+2n(m*) configuration
¢ B,=4.0 fm (optimized)

10Be+2n(o) configuration

e [,=4.0fm
(adjusted, preliminary)

— — -"He+"He (=4 fm)
—— ""Be+2n(n*) (=4 fm)
—-—-"Be+2n(c) (=4 fm) |




Transition matrix density (TMD)
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TDX for the ?Be(p,pa)®He reaction
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Summary

 Proposed fully microscopic framework for o-knockout reaction by
Integrating microscopic clustering model into DWIA framework

 Approximation of RWA extracted from the THSR description for
19Be and three configurations of °Be

» Observables (TDX) predicted for future experiment

 For 19Be, results compared for the shell-model limit, molecular-like
and gas-like states.

 For 12Be, results compared for “He+8He, 1°Be+2n(mr*) and
10Be+2n(o) configurations.

« TDX found to be highly sensitive to the extent of clustering, and
also to the cluster/molecular configurations.
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