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Anomalous collective mode from the
finite-N triaxial rotor

--Some thing that one cannot do with the shell model yet




An early story that may have not yet ended

> S M Can re p rO d u Ce th e o 306 16" p—y 13885 Table 5. ¥¥Cr; quadrupole properties of the yrast band

rotational spectraof Cr || = =
soopesperfecty | . - o 0

» But there seems some wwon m w w %
mismatch in the B(E2) I
patterns L |

> |s that something that B Y BN SR
we should worry about L i
or worth looking into? SIS

> If o, is there any o e

physics one can learn
fro m it 43Cr level scheme; experiment vs. theory




An early story that may have not yet ended

> SMcanreproduce the . L. 7o etoemmeneeons
rotational spectra of Cr W
300+

—
-

Isotopes perfectly WETL |
> But there seems some 5“’“.‘ )
mismatch in the B(E2) & [ » Luaeretar )

| Phys. Rev. C 106, 014314 (2022) T~y -
-»

0
patterns OF  [e-eSLys-H
> |s that something that d0F |2 Povertw K83y
- v Robinson (SM, GXFP1)
we should worry about > Hasegawa (SM, P+QQ)
or worth looking into?
» If so, Is there any ;

len

< a2
Q.. (efm’)
=
|

m—a Experiment

le

]
£
=

|

physics one can learn - 0
fro m it 48(r level scheme; experiment vs. theory




PHYSICAL REVIEW C 70, 047302 (2004)

Highly anomalous yrast B(E2) values and vibrational collectivity

R. B. Cakirli,l’z‘3 R. FE Cas‘ten,l‘3 J. Jolie,3 and N. Warr®
lWright Nuclear Structure Laboratory, Yale University, New Haven, Connecticut 06520-8124, USA
Istanbul University, Department of Physics, Turkey
* Institut fiir Kernphysik, Universitét zu Koln, Koln, Germany
(Received 24 June 2004; published 29 October 2004)

It is shown that the existing yrast B(E2) values [especially the B(E2:4, —2})/B(E2:2; —0,) ratio] in **Ru
are highly anomalous and cannot be plausibly interpreted with existing models. A survey of all even-even
nuclei from 40=<7=<80 shows that this phenomenon is rare in collective nuclei. It occurs to a much lesser
extent in '*Te, '*Xe, and possibly a few other nuclides. The combination of vibrational-like energies and
nonvibrational B(£2) values perhaps points to a different kind of vibrational behavior.
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v B, Systematics

#4 No theoretical models including SM and GCM can reproduce
those anomalous B, patterns in open shell nuclei
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* Introduction

 Collective modes in the algebraic model

 Algebraic realization of the finite-N, triaxial rotor
mode within the interacting boson model

* Application in N=90-100 nuclel

« Summary and future works



Collective modes in the algebraic model
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Collective modes in the algebraic model

= The consistent-Q Hamiltonian

D. D. Warner and R. F. Casten, Phys. Rev. C 28, 1798 (1983).
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FIG. 1: Contour plots generated from the potential function (6) with

the nonzero parameters taken as € = 1.0 for U(5), x = —1.0 for O(6),
(k=—1.0, ¥y = —/7/2) for SU(3)p and (k = —1.0, ¥ = +/7/2) for
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= The consistent-Q Hamiltonian

D. D. Warner and R. F. Casten, Phys. Rev. C 28, 1798 (1983).
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+ g/k, x determine the deformation
* 4t.J generators for U(5), n, number conserved
* N total boson number

= The Hamiltonian spans the (B,y)
space and incorporate
followmg dynamlc symmetries:

U(S) when 8 > O and Kk = 0;
O(6) when € =0, Kk <0 and ¥ = 0;
SU(3) when € =0, k < 0and y = £v/7/2.

= No triaxial minimum or rotor mode
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FIG. 12: (Color online) Potential energy surfaces for the CCQH for x = —/7/2 and ¢ = 0.5, with different values of k3
indicated in the figure. The observed minima range from an axially deformed prolate minimum for k3 = 0.0 and k3 = 1.5 to
an oblate one for k3 = 2.0 and k3 = 3.0 , passing through the triaxial region. The triaxial minimum when k3 = 1.77 is not
apparent from this figure, because it is very shallow (see next figure).




The SU(3) theory for the rotor mode

In body-fixed principle axis system
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sl A consistent Q Hamiltonian with triaxiality

Included: Spherical vibrator,

H = Heq + Hrr Prolate rotor, Oblate rotor,
Heg = eig+xL07. 07 Gamma-soft rotor, Triaxial rotor

Hri = Hs + Hp
L[SUG)] + BCGSUB)R + SE3[SUG))
Hy=012+6(lx OxD)O +n(l x0)V - (Lx )

G[SU(3)] =200+ 312
G3SUB) = —2E(0x 0 x Q) = YE(Lx O x L))




Neutron-deficient nuclel around N=90-100
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Pl \ cutron-deficient nuclei around N=90-100
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Lifetime Measurements of Excited States in ?Pt and the Variation of Quadrupole
Transition Strength with Angular Momentum

B. Cederwall,"”" M. Doncel,” O. Aktas," A. Ertoprak,"” R. Liotta,' C. Qi,' T. Grahn,* D. M Cullen,’

D. Hodgva,5 M. G'1les,j S. Stolzc," H. Badran," T. Braunrmh,ﬁ T. Calverley," D. M. Cox,‘“ Y.D. Fang,?
P.T. Greenlees,* J. Hilton,* E. Ideguchi,” R. Julin,* S. Juutinen,* M. Kumar Raju,” H. Li,* H. Liu,’ S. Matta,’
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TABLE I. Energies of the 277 — 0, and 4 — 27 transitions
(E,), deduced lifetime values (r) for the 27 and 47 states, and

corresponding reduced transition probabilities [‘B(EZ\L:]EKP] in —
Weisskopf units (W.u.). R4/2— 2 . 34

Transition E, (keV) 7 (ps) B(E2|)erp (W) B4/2:O . 55(19)

27 - 0% 458 15(3) 49(11)

1
a7 - 27 612 6.2(17) 27(7)

» Several ee nuclei in that region including 166W, 168,170Qs and 172Pt and a few of their
odd-A neighbors show strongly suppressed B,/,

e 172Ptis "not” far from the Z=82 shell closure
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= A consistent Q Hamiltonian with triaxiality

H= ffﬂ::q + Hrii Including: Spherical vibrator,
Prolate rotor, Oblate rotor,

Aeq = ehig+ K3 0% - 0% o
I Gamma-soft rotor, Triaxial rotor

Ay = Hs+ Hp
172pt and 1680s (A.u) = (16.0).(12.2),(8,4).(4,6).(0.8)
A 8-boson system with 4 (6) proton holes (10,0).(6,2).(2.4).(4,0),(0,2)
and 12 (10) neutrons
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& A surprising mode emerging from the SU(3) theory
o already at step one!!

(in practice the last step)
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H = HCQ + Hrvi
Heq = giig+ Ky 0% - 0%

IL:ITr[ = lrr::!TS, _ﬁD

172pt and 168Q0s

A 8-boson system with 4 (6) proton holes

and 12 (10) neutrons

A consistent Q Hamiltonian with triaxiality

Including: Spherical vibrator,
Prolate rotor, Oblate rotor,

Gamma-soft rotor, Triaxial rotor
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B,, In rotor mode
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of N. All the results are solved from !—:’Tn- with the parameters
a):ay:ay= _2?;{0&' : 1 : 1 generating (Ag, ig) = (2ZN/3,2N/3)
and t; = g;(Ap. tg. A .4>.43). The dashed lines denote those solved
directly from the triaxial rotor Hamiltonian (12).
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Summary

A collective mode with B4/2<1.0 and R42>2.0 can naturally appear in the
SU(3) theory for the triaxial rotor.

It is dominated by some triaxial irreps (A,u) as well mixture from other
configurations.

It can provide a simple description of the anomalous B(E2) neutron-
deficient nuclei

Systematical calculations on the triaxial and y-soft nuclei; Generalization
to IBM2; Mapping to shell model-like Hamiltonian?
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