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(FUSHIC : KIRTESEEIEE)

Heyde & Wood, Rev.Mod.Phys.83(2011)1467

IRIED 5 KIRTEA e.g. Neutron number
V(B) = Elpizy—g] V(B) V()

EEKAARE (DFT) + ) . |
EADIESE (RPA) j(%fdtﬂ;@(f)bbg Rotational band
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FOUBHIIC : [ RFADIEDESS

Shape fluctuation in transitional region, example:

107Pd | «—— REMZDBLERYI(LLFP)

V <2MeV [CIRFT>2v)IL
THRILF—NIENRS

FOESE
2.8 685e
2.4
0 2 DDOITHILF—H\r2
1.6% _
122 ZH.HF

0.8
0.4

0.0 Hinohara et al.,,
PRC82 (2010) 064313 3/16
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Random phase approximation
(RPA)
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5D quadrupole collective (Bohr) model

HFB (potential) + Local QRPA (inertial functions) with P+Q force

H = Tuir + Tror + V(B,7) Hinohara et al.,
1 1 PRC82 (2010) 064313
TVib =D ()837)62+D (/8:7)/8’7_'_ —D (637)72 =
9 BB By 9 Y E%ﬂ:

3
1
Trot = 5 }; jk(ﬁa’)’)wiz

Inertial functions 6 b Energy spectra I
’ >
< 5} -
- _
= 6% - (1026) 6t —
o 3k . + -
5 (1191) _['55_?'_} 2+ _4+
2 2F 4t (557) 4t — T
= (857) 0" — 2
G 1F o+ W78 -.““[5”} 5+ -
(492) (1179) mazi[
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5D quadrupole collective (Bohr) model

HFB (potential) + Local QRPA (inertial functions) with P+Q force

Hinohara et al,,

1 . oy PRC82 (2010) 064313
TVi = -D )8?7 Bz_l_D /8:7 /87+_D B?r}/ ’.)/2 =
b= 5Dss(8:7) 5(8,7) 5D (8,7) =

3
1
Trot — 5 }; jk(ﬁa’)’)wiz

AAAFT

P+Q force Skyrme BLZ5EN.EIER

Vi(B,7) B,y ¥AREMF(FE Skyrme HFB

Dy (8,7)

=1 ~(D Sk -QRPA ##
AR BB ymLET yrme-QRPA f#




AR OBER

5D quadrupole collective Hamiltonian D&
3 /R7t Skyrme QRPA MR UL\D T,

TBEEDETERIC 3Rt Skyrme QRPA DFIFE

U

® 5

® BEIRMEEDIGH (Finite amplitude method, FAM)
BIEIRIEZE : ZUERI (CFIERAYIR QRPA BEE

V(ﬁ ) ,7) 7
® % B,y =T Local FAM+QRPA opy ASC D :
= S£ENES " %
N 3=
X X B RO 0
0 01 02 03 04 05 0.6



Finite amplitude method (FAM)

Nakatsukasa et al., PRC76 (2007) 024318

Linear response TDDFT Avogadro & Nakatsukasa, PRC84(2011)014314
(By + By =) Xy () + SHZ(w) = —F2 [iong ox o1, PRC87 (2013 054310
(Bu+ By +w)Yu(w) + 6H3’2/ (w) = _FES y: QRPA matrix Dimension
Mu
Fy @ External perturbation field A B 2o N2
(Isoscalar quadrupole moment in this talk) (_B* _A*) NERIN
FAM matrix
Finite %r;plitude method (FAM) SH,p, Nx N
§H,, = aR:; OR s

1 (N~103 for deformed nuclei)
0H,, = —{H,w|[Ro+noR| — H,w|[Ro|}

' Ro : Ground state density
Residual part - finite difference form §R : Fluctuating density

1 : Small parameter
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FAM = (Q)RPA

Nakatsukasa et al., PRC76 (2007)024318

dB(w; Q,,) [ fm*/MeV ]

40

' (a) FAM
- — K=0| —
S | T [ K=1
: —— K=2| |
ZONe
Isoscalar
| quadrupole
0 10 30 40

S(w) (e’ fm"/MeV)
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Stoitsoy et al, PRC84 (2011)041305

24|\/|g
IS &IV
Monopole

Isoscalar
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e

r;>e

III
Q

—— MQRPA (IS)
o FAM-QRPA (IS)
— MQRPA (IV)

® FAM-QRPA (V)

I 24 .
! Mg, SLy4
! L A, =0600 MeV
LA, = 00665 MeV
. 3 =-0163
& 9

Matrix QRPA
FAM-QRPA

*Iso—
vector |
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Numerical setup

* Three-dimensional Cartesian coordinate
* Parity
TZ « Modified Broyden method for iteration

« Smearing width of y = 0.5 MeV w — w 4+ 27y

« Strength function

T

y 1
L st = (X + 6

u<v

/ x>0, y>0, z>0

Hartree-Fock basis as a single-particle basis
Mesh size: Ax = 0.8 fm
Ao = 0.25 MeV
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Benchmark: Deformed nucleus #*Mg

(4) 5 Washiyama, Nakatsukasa,
Isoscalar quadrupole response Qs o 7*(Yatx + Ya- k) pRCOG 041304(R) (2017)

Ours results — Q%

Isoscalar quadrupole

20

® Good agreement of peak

energies and shapes in
each K

15

® Widths of giant resonance
peaks are wider

® K=1 spurious mode around
©=0 due to rotation

S(w) [e® fm* MeV™!]

FAM-HFBTHO:
Kortelainen et al.,
PRC92(2015)051302 11/16




Strength of triaxial superfluid nuclei

Isoscalar quadrupole response

150 f
I Five strength functions
100 i Three spurious rotations (x, y, z)
b
: Only appear in triaxial nuclei
~ 50}
% I
> EWSR (o < 50 MeV)
E 600 [T7 98.7 % (11°Ru)
)
g I 98.6 % (1°°Pt)
A 400
5 | 350 CPUh for 200w
200 § 3.5 GB memory
Numerical set up
0 ~ 110Ru: 173 mesh, R,,,,=14.0fm, 1120 HF states

190pPt: 193 mesh, R,,,=15.6fm, 1360 HF states



. . 1 o
Moment of inertia T = §ij(6,v)wk

FAEBGoldstone mode &~ E £ (Thouless-Valatin inertia)

MycQ% (e.g. Translation, rotation etc.)
SFAM(P NG, W ) NGS22
NG (ING: Energy
= —Mng (w = ) Mng: Inertia of NG mode
Hinohara, PRC92(2015)034321 Ong # 0 DZEEHD

Thouless-Valatin moment of inertia
Png = J»y Mnc =T
M o=070FFAMSTEINIE LU

y&'f |:|-|_ % \Td:(/\
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Local FAM+QRPA -- Moment of inertia

FAM ZHL5R. & B—y =R C FAM 5t&I(C KD moment of inertia

. “ " (- S

5/ R o =

0 01 02 03 04 05 06 SN /[ /[ |
Y - - S

! A i L , 0
0 01 02 03 04 05 0.6

]
0 01 02 0.380.4 0.5 0.6
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Local FAM+QRPA -- Moment of inertia

Thouless-Valatin vs. Inglis-Belyaev

moment of inertia Inglis-Belyaev moment of inertia

(residual interaction ZEHR UZFE)
TV IB
J3 ") Js

Residual interaction (Cd& D
125 moment of inertia (NN B,

106Pd

1.15 B
o SATHRR DS < (& e S Fx IR,
Lo f~12-14 1% EZ{ED Tmoment of

10 inertia ZFHEL TLVEH ENT

0.95 [([IAT5. By EFHENEE
0 0.1 02 03 04 0.5 0.6

B
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Summary

Shape fluctuation = Large amplitude collective motion
3D FAM+QRPA with Skyrme EDF is ready

Benchmark: Axial nucleus Mg
Triaxial superfluid nucleus 119Ru

Moment of inertia by Local FAM+QRPA

Future plan

[
n
o

fm* MeV™']
S

2

S(m) [e

Local FAM+QRPA — Mass inertial functions

5D quadrupole collective (Bohr) Hamiltonian
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