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Self-consistent deformed pnQRPA for spin-isospin responses

Self-consistency:
v T=| pairing and IAS

v Collectivity of GT giant resonance

Possible new type of collective mode:
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Self-consistent pnQRPA for spin-isospin responses

starting point: Skyrme EDF & [p(r), p(r)]

variation w.r.t densities

The coordinate-space Hartree-Fock-Bogoliubov eq. for ground states
J. Dobaczewski et al., NPA422(1984)103
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Recent progress
EDF-based self-consistent pnQRPA for axially-deformed nuclei

w/0 any free parameters (almost all the) arbitrary nuclel

PTEP Prog. Theor. Exp. Phys. 2013, 113D02 (17 pages)
DOI: 10.1093/ptep/ptt091

Spin—isospin response of deformed neutron-rich Matrix QRPA
nuclei in a self-consistent Skyrme
energy-density-functional approach

Kenichi Yoshida*

Skyrme

PHYSICAL REVIEW C 87, 064302 (2013)

Large-scale calculations of the double-8 decay of "°Ge, *°Te, 3*Xe, and *°Nd in the deformed M atrl X Q R P A
self-consistent Skyrme quasiparticle random-phase approximation

M. T. Mustonen'?" and J. Engel"f

PHYSICAL REVIEW C 90, 024308 (2014)

Finite-amplitude method for charge-changing transitions in axially deformed nuclei FAM —Q R PA

M. T. Mustonen,!-” T. Shafer,":’ Z. Zenginerler,>* and J. Engel-®

PHYSICAL REVIEW C 89, 044306 (2014)

Gamow-Teller strength in deformed nuclei within the self-consistent charge-exchange M a-trix Q R P A G O g n y

quasiparticle random-phase approximation with the Gogny force

M. Martini,"»>3 S. Péru,® and S. Goriely'



Restoration of the isospin symmetry breaking (ISB)

Even w/o the Coulomb int., the ISB occurs in N>Z nuclei in a MFA
[HMF7 T_] # () C. A. Engelbrecht and R. H. Lemmer, PRL24(1970)607

|AS appears as a NG mode in the pnRPA
90 —
Ex. °Zr (N-Z=10) w/o Coulomb e = A e
Ap=Az=0.6 fm
E2qp S 60 MeV

SkM* w/o pairing

S_ — 5. =10.05

(0))

N

~0.06 MeV

Fermi Strength

excitation energy w.r.t the gs of *%Zr



Restoration of the isospin symmetry breaking (ISB)

Ex. °Zr (N-Z=10) w/o Coulomb, w/ pairing

10 - SkM* + mixed-type pairing A, = 0.00 MeV
A = 0.41 MeV

° S — S, =10.06

(0))

0.23 MeV

numerical error increases ??

N

Fermi Strength



Restoration of the isospin symmetry breaking (ISB)

Ex. °Zr (N-Z=10) w/o Coulomb

inclusion of the $=0 pairing interaction in the pnQRPA

vpp (T, 7") = Vo [1 — %%} 6(r —7')
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GTGR: the need of self-consistency

104Zr

P2y = 0.39 ¥ the collectivity generated by the Landau-Migdal
Pam =043 approximation is weak

Uph(’ﬁ 1“2) — No_1 [f(/)Tl © T2 +9601 0271 '7'2] 5(""1 — "“2)

' LM parameter:
e = M. Bender et al., PRC65(2002)054322

c000°0) o =

the self-consistent treatment of the
static and dynamic calculations is

” needed for a quantitative description
of the GTGR



proton-neutron pairing vibrations

v collectivity of T=0 and T=1 types




Pairing vibration and condensation (of neutrons)
cf. Bes and Broglia

neutron-pair operator;a probe to see the coIIectivity
Proi7,-1,5= OZ—ZZ/dT¢TUT 0,0 (T|T |7 )Y (rG \/_/d’m?u D (r 1)
V(re7) = (—20)(=27)(r — o — 1)

s s A
pairing condensation: order parameter <H>

¢ = (Pr=1,1,=1,5=0) = ﬂ/drﬁy(r)

~ pairinggap: A~ [drh(mp(r)
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Proton-neutron pairing collectivity

T=1I (T,=0),S=0 pair
FA)T:LTZ:O,S:O = % Z Z/dT@;(TG’T)(SU,U/ <7"7‘0‘7-’>?72(’r‘5"7_-/)

o,0’ 7,7/

strong collectivity is expected as in nn and pp
pairings

T=0, S=1(5;=0,x1) pair

2 1 2 % -
PT:O’S:1 = 5 Z Z / dr¢(r07)57,7’ <O-‘0"O-/>¢(r5/7_-/) 0 0.001 001 0.1 0203 05

/ /
i S
—— Paris force, T=0 —— Gogny D1S

many works on the possible occurrence of the
condensation, but largely unknown

“no experimental evidence so far”

S. Frauendorf and A. O. Macchiavells,
Prog. Part. Nucl. Phys. 78 (2014) 24

E. Garrido et al., PRC63(2001)037304



Pairing phase diagram: Pairing vibration and rotation

G.G.Dussel et al., NPA450(1986)164
H=2N,— X, E DZJDM“"XM 2. P:rp,ur

two-level solvable model: ey L=t

H

T=0 and |

T=0 Yo, OE@N0) Sl 2AAE
super I
R T=1
T Ldg] sue sty
- super
normal

0;(5) ® 0;(5) (T=1 pairing)

vibrational rotational
motion motion

The two-dimensional space of phases of the model. Various limiting schemes are indicated.




Interactions employed for pn-pairing vibrations in fp-shell nuclei

KSB(HFB) eq:
SGIl + surface pairing
Vo =-520 MeV fm?3 AR
An = 1.82 MeV
Ap = 1.87 MeV
pnQRPA eq:

p-h channel: SGl|

p-p channel:
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428¢ JT =17 J"=0"

configuration FE, + Eg Mg;l’szzo MEF°

W
o

7T].f7/2 X V].f7/2 7.5 1.70 2.85
wlfra @Ulfss  15.2 0.62
7Tlf5/2 ® V1f7/2 147 051
T2p3/2 @ V2p3/0  16.1 0.17
7T1d3/2 % l/ldg/g 4.2 0.25
7'('281/2 X V281/2 6.6 0.25
7T].d3/2 X I/].d5/2 10.1 0.32
7T1d5/2 X I/ld3/2 10.2 0.32
7T1d5/2 & V1d5/2 16.1 0.16
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v coherent superposition of
(f)2 excitation
v sizable hole-hole excitations

2 4

RPA energy (MeV)




Y. Fujita et al, PRL112(2014)112502
C. L. Bai et al, PRC90(2014)054335
A “Low-energy super GT state” in 44Sc

(a) “Ca(°He,ty**sc |

() *°Cr(*He,t)*Mn |

B

(d) **Fe(*He,t)>*Co |

GT- strength (/MeV)

)
2
)
9
o
)
)
L
O
&
0.0
-
£
(qv;
o
c
o

T. Adachi, Y. Fujita et al.
NPA788 (2007) 70c
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581 J =17 J" =0"

configuration FE, + Ej3 M&S*ﬁzl,szzo Mg;o

T2p3/9 @ V2P3 /9 4.5 1.28 1.90
T2p1/2 @ V2P3 /9 6.4 0.39

T2P3 /2 @ V21 /2 6.5 0.37

T2p1/2 ® V2P1/2 7.9

7T1f5/2 & I/1f5/2 9.7 0.15

7T1f7/2 & I/lf7/2 0.1 0.17

v coherent superposition of
0.20 MeV (p)2 and (fs/2)2 excitations
v (f7/2)2 excitation as a
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weaker collectivity than
in 40Ca
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Collective pn-pairing vibration mode precursory to
the T=0 pairing condensation

AE=0 1+ - Wo+

4 6
0 0.20.40.60.8 1 1.21.4 0 02040608 1 1.214
f

approaching the critical point to the T=0 pairing condensation

f=1.53 (°Ca)



Interaction dependence:

no qualitative difference

SkP, Vo=-450 M
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SkP: lower energy due to high effective mass
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B(M1)exp=6.3%+0.3 un® : PRC75(2007)064321

3-body
model
(onTDA) (™)

core+2N in
single-j(*)

pnRPA
(f=1.3)

2x103 -4x1072

0.08 0.81 0.90 0.53

(*)Lisetskiy et al.,PRC60(1999)064310
(**)Tanimura et al., PTEP(2014)053D02



pn-pairing vibrations in '®O: another example of LS-closed system

SGII + surface pairing: Vo=-490 MeV fms3
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pn-pairing vibrations in the open-shell nuclei
w/ T=1| pairing condensation

44T An=1.82 MeV, Ap=1.87 MeV

repulsive ph interaction

(GT-type)

< 10
% attractive pp interaction
-
)
O)
% PP int
t 0.99 MgV ceofore. PP INE:
z -
L :
o ph int.
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Summary

v self-consistent deformed pnQRPA

Investigation of a rich variety of excitation modes
- gquest for new types of collective mode

Possible occurrence of a new kind of collective mode associated
with the spin-triplet pairing condensation

S 1 L s p -rv"'-‘!.ﬂ, L Mt SRecl I L

- InLS-closed nuclei, the spin-orbit partners have a coherent contribution to
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