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Introduction

Purpose: Cranked Quasiparticle RPA with Skyrme-EDF

® Elementary excitations from various nuclear states
(Triaxial deformation & Pairing correlations & Rotational effect)

® For more advanced microscopic collective models
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Method: Fourier-series expansion method (k-space rep.)
Application 1: Cranked RPA with Skyrme-EDF
Octupole vibrations of rotating Superdeformed state in 4°Ca

Application 2: Cranked Quasiparticle RPA with Skyrme-EDF

Quadrupole-pairing vibrations of rotating neutron-rich Mg
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Real-space representation (r-space rep.)
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Advantage

® Unstable nuclei (Weakly, unbound sp states

® Exotic shapes (e.qg., octupole shape)
® Easy coding

Disadvantage
® |arge computational effort Vi,
(cf. Harmonic oscillator basis)

r, = AL(n,, Ny, n,)
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Fourier-series expansion method (k-space rep.)
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Triaxial shape
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Application 1:
Rotational effect on octupole vibrations of
Superdeformed states in “°Ca
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Cranked Skyrme-RPA calculation

Microscopic description of coupling between rotation and vibration

Cranked mean-field calculation

I __ .
h' = hSkyrme — Wrot)x

B Skyrme-EDF (SLy4)
B Triaxial shape & NO time-reversal symmetry
B Fourier-series expansion method (k-space)

RPA matrix equation 5 < Aming  Buing )(&5?) k. <X,§?2>

_R* —_A* A
= B minj Amin j YTE?) Yn(u')

B Residual interaction
Landu-Migdal approximation of Skyrme interaction
B Particle-hole Energy cutoff: £,,, — £; < 40 MeV
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Comparison: k-space vs r-space rep.

Model space for convergence of RPA calculation
(Octupole excitations of SD in 4°Ca (Triaxial deformation, w,,; = 0)
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Soft banana mode at hhw,.,; =~ 1.5 MeV
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Application 2:
Quasiparticle RPA calculation
for rotating unstable nuclei

Key points for describing pairing correlations

1. Breaking of time-reversal symmetry
2. Coupling to continuum states

Continuum state

Wyrot




Hartree-Fock-Bogoliubov theory for rotating triaxial nuclei
Basic idea = A. Goodman, Nucl. Phys. A230, 466 (1974)

1) Signature symmetry : quasiparticle pair (a;‘:, al,[) with x — sig. (+i, +i)

2) HFB equation [HF base: C,EHF)T, C—(HF)T]

h — (‘)rotjx A (Uk) —F (Uk)
—A —h" + Wrotjx ) \Vi AV

3) Bloch-Messiah theorem

Canonical base
k: clEOmT = ZDMC(HF)T = Py = <c1> clemtglcem c1>> = (V)26

k: (Can)T EEle(HF)T = Prk' = <CD Ck(’can)fck(can) CD) = (V) S’
BCS-form wave functlon

|b) = l_[ (uk + ka(C“")TC(C“")T) |0) Canonical-basis QRPA
k



QRPA in canonical-basis (BCS-form quasiparticle WF)
QRPA equation
Ager B \ [ £ Symmetry of QP WFs
z ( ) =E; ) 1) Parity symmetry

_BZk’ll’ _A;ck’ll' g(lf) G ol
1l kk 2) Signature symmetry (ak, ak)

i’
Aty = (Ex + Epr)6pi 61y
+ ukukrululr(kk’|Vpair|ll’) + vy vkrvlvlr(ff’|Vpair|EE’)
+ w v vy (k l_’|Vph|lE’l) + vy, ukrvlulr(k’T|Vph|El’)
— ukvkrvlulr(kT|Vph|E’l’) — v urw vy (k' l_’|Vph|EZ)
By =~ vy {kk! [Voair|[LT) = vie vigwguy (1| Vpair |[KK')
+ v w vy (kL Vo |k U) + v wervuy (k' |Vyr | kD)
— ukvkrvlulr(kl’|Vph|E’D — vy ukrulvlr(k’l|Vph|E l_’)

Cranked HFB calculation
B Skyrme SkM* & Density-dep. 6 pairing force (Mixed-type)
B Triaxial deformation & No time-reversal symmetry
Residual interaction

B Particle-hole ch. V,;, : Landau-Migdal approximation of Skyrme force
W Pairing ch. V),4; : Density-dep. ¢ pairing force (Mixed-type)




Model space for HFB+QRPA calc.
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Two-quasiparticle states
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Pairing is active

Pairing active space

A, =0

E, = qp energy
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Quadrupole excitations at w,,; = 0 in 3*Mg

K™ = 0" mode (Bvib.) K™ = 2% mode (y=vib.)
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Pairing fluctuation is essential/ p-h fluctuation




K™ = 0% mode in deformed nuclei
QRPA with axially-symmetric WS pot. (K.Yoshida, M.Y., PRC77, 044312 (2008))
K™ =0%" mode <= Quadrupole pairing vibration
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“Phase transition”: Sensitivity to pairing strength
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Rotational effect on K™

X

, A [MeV] J [#]

n

A

V1

E_ [MeV]

[E—

B(IS2) [W.u.]

0% mode in 3*Mg

6
34 ]
3’4Mg (SkM* force)

0 . —
| K'=0" mode
b

04 Phase
. Static Pairing

51 Phase \. ]
1 Dynamical Pairing q

0 .

0.0 0.3

o  [MeV/h]

0.6



V1

E_ [MeV]

Comparison: 3*Mg and 3°Mg
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Dineutron correlations in deformed nuclei

(B = 0.3 fixed)
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Summary
New method: “Fourier-series expansion method” (k-space rep.)
® Converge with smaller model space than 7-space rep..

Application 1: Cranked RPA with Skyrme-EDF

® Soft banana mode in SD of 4°Ca (Precursor of Static banana shape)
® Rotational effect is essential.

Application 2: Cranked Quasiparticle RPA with Skyrme-EDF

® Rotational effect on quadrupole-pairing vibrations in n-rich Mg
® K=0 mode is strongly sensitive to pairing fluctuation.

Future development

*Parallelization of code, *Selfconsistent QRPA, ...,*Large-amp. motions



