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Recently, by the development of experiments, resonant states of
nuclel near the neutron dripline have been intensively pursued.

> Resonance in °He
« 27 appears as a sharp peak in the breakup cross section.
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> Double Differential Breakup Cross Section (DDBUX)

He + 12C @ 240 MeV/A Y. Kikuchi, et al., PRC 88, 021602(R) (2013)
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e Total (0*, 17, 2%) : A peak around ¢,,_,, = 0.7 MeV.



> Double Differential Breakup Cross Section (DDBUX)

°He + 12C @ 240 MeV/A Y. Kikuchi, et al., PRC 88, 021602(R) (2013) spatial
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Total (0+, 1, 2*) : A peak around ¢,_,, = 0.7 MeV.

Res. : The cross section gated within the resonant energy of 27

Shoulder peak around ¢,,_,, = 0.7 MeV —

Dineutron in 277



> The shoulder peak comes from the 2] state?
« Although the cross section gated within the resonant
energy, it cannot completely exclude the nonresonant
contributions from the cross section.

» The shoulder peak comes from the dineutron?
« The previous study only shows the existence of the peak.
« The dineutron consists of two neutrons with § = 0.
What 1s the relationship between spin and peak?
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CSM successtully describes resonances in the Few-body system.

» Complex scaling transformation : U(8)xU~1(0) = xe'®

» Gaussian Expansion Method
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CSM successtully describes resonances in the Few-body system.

» Complex scaling transformation : U(8)xU~1(0) = xe'®

» Gaussian Expansion Method
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> °He (= a+n+n) + Target — 4-body breakup reaction

» CDCC can describe 4-body breakup reaction precisely.

Schrédinger equation
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» The cross section obtained by CDCC is discretized with
respect to energy.

M . _ o 6 _
» Continuous T-matrix wavefunction of °He

B @) : exact state
r~ 3 (@Oja,)oce | 0

®,, : discretized state

" smoothing factor

« Complex Scaled solutions of Lippmann-Schwinger eq. (CSLS)
Y. Kikuchi, et al., Phys. Rev. C 88 (2013), 021602(R)
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» Continuous T-matrix with CSLS
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» Rewrite T-matrix U-H(0)U(0) =1

Extended Complete Relation
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> Rewrite T-matrix

> v =1’ = Res.
— We define this term as a cross section for the resonance.
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6He + 12C @ 240 MeV /A
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» DDBUX for the resonance has a peak structure at the
same position as DDBUX for ™ = 2" state.
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» Solid line : shoulder peak around g,,_,, = 0.7 MeV



| Separate the cross section into

| the S = 0 and 1 contribution.
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> Solid line :

shoulder peak around ¢,,_,, = 0.7 MeV

» Dotted line : § = 0 component has a peak at g,,_,, = 0.7 MeV.

— These results indicate existence of the dineutron in the 27

state.






do/de,_, [mb/MeV]
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The same definition as one,
which discussed in the previous
work.

do d?c

den—n p A€n-ndénn—q

» The same shoulder peak as in the case of the resonance.

» S = 0 component of the measurable cross section has also
the peak at g,,_,, = 0.7 MeV.

The behavior of the resonant cross section and measurable cross section 1s

Same.

— The shoulder peak can be expected to come from the dineutron in 27.




We analyze the breakup reaction for °He + 12C system,
with CDCC and CSLS.

» We define the DDBUX for the resonance.

» From the analysis of the cross sections of the resonant states,
it i1s found that two neutrons with S = 0 contribute to the
shoulder peak.

» Similar peaks from the S=0 component appears in the
measurable cross sections.

» These results strongly support the existence of the dineutron
in the 27 state of °He.



Back up



2
Vaa (1) + Vo (13) + Vi (1, 72, 73) + Vpauii
=1

3
h=ztl_TG+
=1

>V, * KKNN interaction

H. Kanada et al., Prog. Theor. Phys. 61, 1327.

>V, + Minnesota interaction
D. R. Thompson, et al., Nucl. Phys. A 286, 53.

» Ve ¢ Phenomenological 3-body force
We introduce V,,,, to reproduce the binding energy of ground state and
the resonant energy and decay width of the 27 state.

»Vpayli © Orthogonal condition model
S. Saito, Prog. Theor. Phys. 41, 705.



Transform the internal coordinates x, y of °®He
as follow: y

U0)xU~1(6) = xe®, UB)yU (6) = ye'

Im[¢] Im[¢]

A =0 A

bound state| continuum state - bound state
—@ » Re[¢] —o

Resonant states appears as
isolated points.
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This density is defined in [A. T. Kruppa, et al.,
PRC 89, 014330 (2013)].
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» This density does not depend on the scaling angle 6.

> 2t

 Total : A peak at 8,, ~ 80".
 S=0:Apeakatf;, ~30° — dineutron?



» Property of complex scaling transformation
U='(0) = U(=6) = [UO)]*
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v’ Potential between n and T v’ Potential between ¢ and T

Single Folding Model Double Single Folding Model

pr(r) : target density
Vefr(S) r ©
s O
- o ©

Usp(R) = f PO () vege (s)dr Upsr(R) = j drUsp(s)p® (r)

Ver(S)  Melbourne g-matrix

K. Amos, et al., in Advances in Nuclear Physics, 25, 275 (2000).
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[ will investigate the distribution of the correlation
angle 6.

» Calculate the triple differential breakup cross section
d3o
dsn—a dsna—ndec

» Discuss the following cross section
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