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(1) The first work to collaborate with Prof.Akito Arima was
based on the self-consistent constrained HFB equation

e The microscopic proof of IBM (s-T & Arima, Phys. Lett. B110,87 (1982))
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Fig. 1. The moments of inertia estimated from the excitation
energies. The circles are experimental values and the dots are
Fig. 2. The probabilities of F-EM in the one paired state for theoretical values, The theoretical value starts from the 4* state.
each of the p, and p_ shell versus the angular momenturn J.

The circles are for the p_ shell and the dots are for the

p4 shell. The summed probabilities of 5 + D are also shown.



Self-consistent constrained HFB equation
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Fig. 3. The same values as fig. 2 for each of the n, and n_
shell. The circles are for the n_ shell and the dots are for the
n, shell. The crosses are for the patred part and the triangles
are for the decoupled levels at f > 18. ZD and =G are the
summied values over all the components of D, and G, , while
D and G denote Dy and Gg. O and M are also summed values
over all components.



(2) Wobbling motion (Precession)

Landau and Lifschits (1958):
Goldstein(2002)

Ji< T < Ty
3 1?2 L2

2F = L 4+ 2 4 3 (ellipsoid
T T Ts (cllipsoid)

L* = L} + L3 + L3 (sphere)

QET, < L? < 2E T

The intersection between ellipsoid and sphere is the orbit for given Land E. In the
plane perpendicular to xi0or xs axis the orbit is ellipse, while to xz axis it becomes
hyperbola. There is no stable rotation around the x2 axis with middle Mol.

Bohr-Mottelson (1967)

T >T> T A, =1/(20%) (k=1,2,3 or 2.y, 2)
I, = V2Ict, I =\3Ie, I = I There is no wobbling around 2-

axis with middle Mol, because

1
Hro = A1I(I+1) + (n + 5)hw wobbling energy is imaginary.

hw = 201/ (A — Ay) (A3 — A;)




Top-on-top model (particle-rotor model) in odd-A nucleus

T & S-T, P.R. C73,034305(2006); C77,064318(2008); C95 064315,(2017)

H=Hrot+Hsp Ho= Y Al — ). Ar = 1/(2%)
k=x.y.2
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Wigner-Eckart theorem
(the strength of V Is not arbitrary)

K.S.-T., K.T. & N.Yoshinaga , PTEP 2014, 063D01 (2004)
H_gp — HD + H|5-|
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hy, at f2=0.18 - V=1.5 MeV

The competition between Coriolis term 1.j and single-
particle pot. V/j(j+1)



Comparison of Alignment
between rig Mol and hyd Mol with V

1 unit alignment is found in rig Mol, but not in hyd Mol.
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The pairing effect on Mol In perturbation

treatment of Coriolis term
T. & S-T, PR. C91, 034328 (2015).
I-dependence of Mol through A

2 kinds of asymptotic series
expansion for A=d/2 and
A<d case. dis the
average single-particle

op level distance.

1=,

Abeven)

A keeps a small but finite
values even for high spin
states. indicating no sharp
phase transition in nucleus.
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I-dependence of Mol for low-spin state
T. &S-T, C95, 064315 (2017)

From this figure we assume the /-dependence
of Mol in low-spin and low-excited levels.
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el

|-dependence of Mol for high spin state

Cf. High spin highly excited band case

PRC 77. 064318(2008) 161.163.165] yy: ¢1=0.69, ¢2=23.5
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E'-Al(I+1)

E*—Al(I+1)

T. & S-T, P.R. C77, 064318(2008)
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B(E2) and B(M1) transition in addition to energy levels

T. &S-T, PR. C73,034305 (2006)

T. & S-T, PR. C77, 064318 (2008)
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B(M1),, in %Lu _ _
B(M1),, as a function of I in (ny?)
exp: A.Gorgen et.al. , Phys. Rev. C69, (2004)
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Alignments in $%3Lu

S-T & T., to be published in JPSJ for the
retirement of Prof. Otsuka (2018)
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= 3 b for '**Pr, with 35=0.18 and ~ = 18°
gf'-]rr = 0.414, | ! O X E—'.Qeff/QD

bare value of Z¢—gnr+ (g5 — g¢)/(27) multiplied by the quenching factor 0.5.
The mixing ratio 4
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Alignments in 13°Pr case
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(3) The self-consistent constrained HFB equation
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(3-1) Signature invariant base (Goodman-base)

Goodman, N.P. A230, 466 (1974)
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Orthonormality relations
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(3-2) Gradient method (Steepest descent method)

Mang, Samadi & Ring, Z.P. A279, 323 (1976).
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(3-3) CHFB equation for odd-A case

Projection of angular momentum

SEY = 5{‘1’IP£fHI‘I’}
(@ Pyy|®)
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Preliminary results for neighboring

even-even nucleus
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Preliminary results
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Backbending plot of exp. data
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All data show a sharp backbending lump around /-7, ~
12. indicating neutron 113/2 level pair is melted.



Parameters

Table . Single-particle levels for the valence shell and interac-
tion strengths adopted in the calculation. Single-particle
energies are given by the spherical Nilsson levels with &
=0.0637 and x=10.6 (0.42) both for positive and negative
parity proton (neutron) shells, 7+ (v%).

(a) Spherical single-particle levels
w+ : lgare, Lgniz, 2dsiz, 2dsm, 1hae
x— 1 1fon, 205z, 21z, 1havz, Lhse, 220
vt 2dsg, 10 35ue, 2dan, Lise 200, 1ine - AlMOSt the same as ¥2Ce, and 3*Nb case

v= lhz 2frm, Ve, 3pase, 1ise T. &S-T, P. L. B259, 12(1991)

(b} Parameters for interactions
Monopole-pairing force strength in MeV :

gn=0.23, gp=0.22 for Pr and 0.24 for Ce

Quadrupole-pairing force strength in MeV /b*:

Monopole-pairing X 10%
Quadrupole-quadrupole force strength in MeV /b°:

1p=0.03, yn=0.032, xp-n=0.1

Oscillator strength and length :
Bwo=41.2A7"3(MeV),  b=(i/Mw,)"*(hc/MeV)



(4) Summary

The wobbling bands in odd-Z nuclei is well explained by the
particle-rotor model with I-dependent rigid Mol, which Is caused by
the Coriolis-anti-pairing effect . This model well reproduces both
energies , and B(E2), B(M1) transition rates, together with the
mixing ratio 9.

In order to clarify the wobbling bands from the microscopic point of
view, we have developed self-consistent constrained HFB equation
both for even and odd mass nucleus.

The preliminary results in the lowest order approximation to the
angular momentum projected HFB treatment, shows not so bad
results, but y is small. The angular momentum projection is
necessary.

The single-particle levels for proton-shell must include the Coulomb
effect, because the wobbling mode is observed only in odd-Z nuclei.



Happy Birthday to
Prof. Akito Arima

| wish | can answer your question,
about pseudospin symmetry
on your 99™ birthday,
If | were still alive.
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