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Neutron-neutron correlation

Appearance of different “phases”

Density?

Isospin?

What is the control parameter?
How the correlation evolves?
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e of final state interaction (FSI)

do/dEs, ., [b/MeV]

Spectrum is largely distorted by the FSI.

- Integrated strength conserves,
but it escapes to higher E,,,.

- Uncertainty in B(E1) determination.



9Li core excitation 11Lj
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Goal

Not to be integrated
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Quasi-free (p,pn) on Borromean nuclei

Well described by

- DWIA framework
Intermediate energy

T~ 250 MeV/u -
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2-body FSI

(p,pn) reaction Neutron emission

*  Momentum is directly measured. = spatial configuration (Fourier tr.)
* Effect of FSI is minimized.
— 3-body FSI ... energies and momenta can be exchanged among subsystems.
= ¢ 2-body FSI ... fully described by Lippmann-Schwinger equation.
- Reliable reconstruction of ground state correlation.
* Transparent probe.

— c.f. Neutron removal reaction induced by nuclear target = surface probe
* H.Simon et al., Phys. Rev. Lett. 83, 496 (1999).

* Pioneering experiment at GSI.
— Yu. Aksyutina et al., Phys. Rev. B 666, 430 (2008).



Cocktail beam:
111 (180 kpps)
14Be (25 kcps)

Experimental setup

17B (18 kcps)
19B (0.1 kcps)

RI beam ' pole(2m dia.)
nducting

from BigRIPS

RIBF = Intense beam
E 11t 'Y
o oo 0| of v SEHOEETI; S
7’ S X ) SAMURAI - Large acceptance
15-cm-thick | MINOS = Thick target |[[=] (el
Liquid H, el 3
=1 g/cm? Dedicated missing mass setup

High luminosity

> n) measurement
(p,pn) - Higher multipole extraction

Quasi-free (p,pn) reaction
- Minimization of FSI

Kinematical complete measurement
- Tagging of core excitation




PRELIMINARY RESULTS



1Li(p,pn)°Li + n channel
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Er Li invariant mass spectrum:
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«./” . 1OLiinvariant mass spectrum:
e Unexpectedly narrow resonance is found
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, , , New resonance:
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* d-wave resonance
- Multipole decomposition analysis (next page)
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- Test case for °Li-n interaction.
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Angular momentum
determination
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Lo, .. Opening angle:
Behavior of dineutron
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Opening angle:
Behavior of dineutron
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Summary

* Quasi-free (p,pn) measurement on Borromean nuclei 11Li, 1“Be, 17:1°B
for the study of neutron-neutron correlation.
¢/ High luminosity = Higher multipole decomposition.
v Quasi-free (p,pn) 2 Minimum FSI.
v’ Kinematical complete measurement - Core excitation.

o 11j(p,pn)1OLi*>3Li+n channel was analyzed.
— New d-wave resonance in 10Li at E, = 5.52 MeV, I = 0.72 MeV.
— Neutron wave function s:p:d = 35:59:6.

— Integrated opening angle <6%,> = 85%10°
- Indication of “weaker” dineuton correlation.

— Dineutron correlation develops at the surface.






Heavy fragment (SAMURAI)

Two sets of MWDCs (FDC1, FDC2)
- Incident/outgoing angles, positions

Reaction
point

Plastic scintillator
hodoscope (HODF, HODP)
- TOF, AE

S T .

S - Rigidity reconstruction
N4 Incident angle/position
KO

N + field strength

+ rigidity (free param.)
—> outgoing position (calc.)



Overall check of detector responses

Momentum conservation:
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All the detectors worked well and were reasonably calibrated.



Monte-Carlo simulation for
acceptance/resolution evaluation
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“correlation study”.
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