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Introductio

Introduction

why complex scaling method(CSM)
@ the resonances of deformed nuclei have attracted additional attention.

o the interplay between the deformation and the low-lying resonance is interesting
for the open shell nucleus close to the dripline.

experimental background(PRL 103, 262501 (2009))

e single-neutron removal from the very neutron-rich nucleus ** N e(Neon) on
Pb(Plumbum) and C target (at Riken)

@ the neutron halo of > Ne to be calculated
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Formalism(CSM)

Formalism

purpose: to extend CSM to describe the resonances of deformed nuclei

CSM
o start with s.p Hamiltonian
H=T+V

e V: the axially symmetric quadruple-deformed potential
‘/cent('r) = Vof(?“)
‘/cou(’r) = _ﬁ2V0k(T)Y20 (0, SO)
1 o =
‘/so(r) = —EUVOQ(T)(S . l)
2
with k(r) = TM, (r) = A” df(r)

drg r dr

A: the reduced Compton wavelength of nucleon
#E
1

WS factor: =
actor: f(r) 1+ea:p(%)
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Formalism(CSM)

Formalism

purpose: to extend CSM to describe the resonances of deformed nuclei

CSM

o a relative coordinate r in Hamiltonian & wf v is complex scaled

U®) :r — re*

o the transformed Hamiltonian and wf

Hy =U(@)HU(H) "

3)

Yo = U(0)yp (5)
o the corresponding Schrodinger equation
Hovg = Egibg (6)
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Formalism(CSM)

Formalism

purpose: to extend CSM to describe the resonances of deformed nuclei

solve the complex scaled equation

o the axially symmetrically deformed system: the projection of total J along the
symmetry axis {2 — good quantum number

@ basis expansion
o =3 ci(0)s (7)
with
¢i = Rnl(r)mml (87 ¢)Xms (UZ) (8)

o index i = {n,l, m;}, where m; satisfies Q = m; + m,
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Forma

Formalism

purpose: to extend CSM to describe the resonances of deformed nuclei

basis & matrix elements

@ spherical harmonic oscillator basis

1 2(n —1)! L1/2 —22/2
Bi(r) = 5\ T v 15 1/2)° @ L { (=)
n=123...

o the matrix diagonalizaion problem

Z[Ti’,i —+ ‘/i’,i]ci S Egci/
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Forma

Formalism

purpose: to extend CSM to describe the resonances of deformed nuclei

matrix elements

@ specifically

} R 4> 2d P
Ty = _129/ it | — o7 (55 + - i dr”
’ € ¢ 2M(d7"2 +rdr)+2Mr2 udr

Viw = [ 00V (7e)pudr

(11)

(12)
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Formalism (CSM)

Formalism

purpose: to extend CSM to describe the resonances of deformed nuclei

concrete matrix elements

e T matrix elements

i h?

260

T;y =€ 2Mb2 [Vn(n+141/2)0n ni1
+2n+1-1/2)6p p
+vV/n-Dn+1- 1/2)8n7 n11)80181m1 iy Sty m

o V matrix elements (3 components)
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Formalism(CSM)

Formalism

purpose: to extend CSM to describe the resonances of deformed nuclei

concrete matrix elements (V' terms)

@ component 1 _
Vi = (@it | Veens (re) |61)

) 14
= Vb <nll,| f(relg) "I’Ll> 5l’l5m£ml5m;ms ( )
@ component 2
‘/’L(’:oiu = i/ ‘/cou 7
T = ($ir| Veou(Te™) |¢ > (15)
= —BaVo (n'U'| k(re™) [nd) (I'my/| Ya0(6, §) [1m1) 61t m,
@ component 3
Vit = (i Vso |¢i)
) . 16
= —%UVO (n'l| g(re’®) |nl) (U'mymf| (5 1) lmums) (16)

@ To obtain the complex energy eigenvalue E — iI'/2 by diagonalizing the matrix
Hy
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Calculations: neutron halo structure of 31Ne

Calculations: >'Ne

complex energy eigenvalues
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Figure 1: The complex energy eigenvalues with the
quadruple deformation B2 = 0.1, and 60 HO shells

complex scaling factor 6 = 18°,
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culations: neutron halo ucture of 31Ne

Calculations: >'Ne

distribution of complex energies with 6 evolution
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Figure 2: The resonant and continuous spectra varying with the complex rotation angle. (the
same parameter as that in fig.1)
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Calculations: >'Ne

Deformation
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Figure 3: The movement of the resonant states in the position with deformation in the
complex energy plane
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Calculations: >'Ne

o When the spherical symmetry of the system is broken (82 # 0), the 3 resonances
are broken into 12 resonances.
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Calculatio

s: neutron halo structure of 31Ne

Calculations: >'Ne

0 trajectories
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Figure 4: The 6 trajectories corresponding to the several different numbers of oscillator shells
of the basis for the resonant state 7/2[303] (quantum numbers Q[NnAl)

o
=) g - Ty
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ructure

Calculations: >'Ne

o In every 6 trajectory, there exists a point corresponding to the minimal rate of
change of the resonance parameters with respect to 6.

@ i.e. the optimal value of the resonance parameters

dEy

W:O (17)
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Summary

Summary

Summary
o The CSM is extended to the resonances of deformed nuclei.
@ The resonance and bound states remain almost unchanged with the varation of 6.

o The 3 degenerate resonances are separated into 12 resonances with the
development of deformation.
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Thank You!
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