RFRBDITRF—EEDESEIZR F-HY A

P ek it 75
(BT IAY —Cin i< PE ORE &
FVIFTIIVRIT AL

Kazuyuki Ogata

RCNP, Osaka University / Osaka City University



Clustering (spatial correlation) in nuclei

% proton

. neutron

a clustering di-neutron pair deuteron-like pair

Our purpose

To “directly” probe these clustering structures via knockout reactions.

“Direct” means the relation between the observables and the clustering structure is transparent.



Knockout reaction



The (p,2p) reaction: a probe for s.p. structure

T. Wakasa, KO, and T. Noro, PPNP96, 32 (2017).
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A “snapshot” of proton in a s.p.
orbit in momentum space
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Ne(p,pa) at 392 MeV
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The surface o

Y. Kanada-En’yo, T. Suhara, and Y. Taniguchi, PTEP 2014, 073D02.
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v" The surface o amplitude, rather than S, will be the measure of the o clustering.



The masking function D(R) for “’Ne(p,pa.) at 392 MeV
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a-cluster WF multiplied by D, i.e., the surface a distribution, is probed.

v" The nuclear interior region is masked, as desired.

v' If you use S_, you implicitly mention something on the nuclear interior region.



1ZOSn(p,Pa)116Cd

K. Yoshida, K. Minomo, and KO, PRC 94, 044604 (2016).

* (p,pa) has a strong selectivity for the position
of o inside a nucleus.

2 (fm) - Experimental data measured at RCNP will

appear soon.




di-neutron correlation




Breakup of a 2n halo nucleus
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Can we probe the structure of P via breakup observables?



Our starting point

Y. Kikuchi, T. Myo, K. Kato, and K. Ikeda, PRC 87, 034606 (2013).
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Note: E1 sum rule 1s free from the FSI.



Decay mode of the 2,* state of °He

Dynamical description of both formation and decay of the 2, state of ®He
Y. Kikuchi, Matsumoto, Minomo, O, PRC 88, 021602 (2013).
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Sequentlal decay di-neutron decay back-to-back decay



Di-neutron in the 2,* of He

Y. Kikuchi, Matsumoto, Minomo, O, PRC 88, 021602 (2013).
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v" The peak at lower ¢__ suggests the di-neutron decay due to the Fin. State Int.
(FSI).
v" The peak at higher ¢__ peak indicates the back-to-back decay.

mm) Decay of a di-neutron in the 2, state not due to the FSI.



Proving *n correlation in ®°He via (p,pn) process

Y. Kikuchi, KO, Y. Kubota, M. Sasano, and T. Uesaka, PTEP 2016, 103D03 (2016).
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deuteron-like correlation
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Experimental fact

C. Samanta+, RRC 26, 1379 (1982).

°O(p,pd)"*N (3,95, at 106 MeV
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C. Samanta+, RRC 34, 1610 (1986).

[ 160(

B b ¥ I |

P,2p)'°Ng,q at 101.3 MeV |

Energy (MeV)



Possible next step: pn (d-like) correlation
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deuteron breakup/formation during

the emission described by CDCC _
pn pair distribution calculated with DFT

in collaboration w/ K. Yoshida (Kyoto) ./7
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The elementary process can be either
knockout “d” or breakup the pn pair.
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Pairing strength vs. TDX

Y. Chazono, K. Yoshida, K. Yoshida, and KO, in preparation.

T T T T T T = 025 T T T T T
s Vy (MeV fm’) 5 Vo (MeV fn’) .
P -100 > 02 F  -100 |
of \\\‘ 490 ——= 1 s 490 —— - )
7\ 00 s 3 g5 0T g | % -
B "(’\l ; -~ \\
| S o1 b /7 <N
- ’ / \ \
& 4 \
1 S . \
005 F RV N
. = ol
A P
| b O | | | |
1 2 3 4 5 6 7 8 U 10 20 30 40 50 60 70
R (fm) E; (MeV)

- The peak height of the TDX clearly reflects the pn pairing strength.
» The deuteron breakup 1s neglected.
- The elementary process is assumed to be the pd elastic scattering.
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Breakup effect of the emitted deuteron
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Y. Chazono, K. Yoshida, and KO, in preparation.

+ The deuteron breakup effect is very large.

- A naive pn single-particle wave function

1s adopted.

+ The elementary process is assumed to be

the pd elastic scattering.



Summary

I. a cluster structure via (p,pa) [Yoshiday,, Lyu, Kanada-En’yo, Taniguchi, Chiba, Kimura]

* Not S, but the surface oo amplitude should be respected.
* (p,pa) has a strong selectivity of the position of a insude a nucleus
- New experimental data will appear soon.

I1. di-neutron correlation [Kikuchi, Matsumoto, Uesaka]

+ The most important thing 1s to minimize the effect of the final-state interaction.
- Back-to-back decay mode will be the signature of the 2n in the 2, state of °He.
- (p,pn) reaction with high momentum transfer is suitable to probe the 2n in the ground state of ‘He

II1. deuteron-like correlation [Chazono, Yoshidag, Yoshiday,, Uesaka]

- (p,pd) reaction may be used as a probe.
» (p,ppn) can also be used.
» One should be careful for discussing such a fragile pn pair inside a nucleus.

IV. Other activities for probing o clustering

- a inelastic scattering [Chiba, Kimura, Sakuragi]
- a transfer [Fukui, Kanada-En’yo, Suhara, Taniguchi]



