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Abstract

A summary of the experimental properties of the first excited 0* states in
deformed rare-earth nuclei is presented. By appealing to the original definition
of a B vibration laid down in the Bohr-Mottelson picture, it is re-emphasized
that most of the 07 states are not B vibrations. A consideration of all available
data, especially that from transfer reactions, and of microscopic calculations of
07 states underscores the need to consider the role of pairing in the description,
and labelling, of these states.
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e Further confusion caused by pairing in the N=90, A = 160
- quadrupole pairing
e Give rise to 0* ground states in even-even

Monopole term
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 Three modes of excitation, which could lead to
a formation of a first-excited A7 = 0* bands.

e Are the first excited zero plus states B, shape co-existence
or Quadrupole pairing bands (Second vacuum bands)??



Ing Hypothesis test
« To get a deeper insight, this study looks at the spectroscopy of °°Dy and
157Dy. The main objective is to observe the coupling of the A,,,[505]11/2

neutron orbital in 157Dy, to the first-excited A” = 0* and K" = 2* rotational
bands of 156Dy.

156Dy 157Dy = 155Dy + n

A A
5| S| n->[505]11/2
S | S |

| 2 — | + 2+ 11/2

I I

: %m —_ s : + 0'+ 11/2
0 I % 0+ — 0 I + 0*+ 11/2



S|S test

 if the first-excited K" = 0* state band is comprised of essentially an 4,,,, pair of
neutrons as called for by the quadrupole pairing hypothesis, then the band
formed by the coupling of the A,,,neutron orbital to the first-excited A7 = 0* state
will be absent or Pauli-blocked in 157Dy, thus providing a yes or no test of the
hypothesis.

156Dy 157Dy = 155Dy + n

A A
55 | %] n->[505]11/2
S | S |
| 2 — | + 2+ 11/2
| |
| % — | ++ 11/2- Blocked
| (h11/)? | 1/2)2/
ol % — | + 0+ 11/2°
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Blocking of coupling to the 0} excitation in °*Gd by the

[505]11/2~ neutron in °°Gd
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« The Tracking of [505]11/2 by its own y-bands demonstrates the nature of
y-bands
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* First y-bands in the odd-even Dy iéotope has been observed
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End of part 1




Systematics of 3 and y bands in even-
even N = 90 nucleli
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SiyabongaMajola, Darryl Hartley, Lee Riedinger

Well established from previous work
Well established from previous studie:

Current work
Current work

FJgum 4.7: Partial level scheme of al the pasitive parity bands deduced on this preseflstudy for the nucleus of inferest. Everything
Figure 4.6: Partial ievel scheme of the negative parity bands deduced on this work for the nucleus of interest. Levels and transitions colored in red reprdill colored in red represents new findings from this work. On the other hand, all leveis and are in biack.
new findings from this work. On the other hand, everything colored in black indicate findings from previous studies.

S. Majola, D. Hartley, L. Riedinger, et al PRC 91 034330 (2015)
D. Hartley, L. Riedinger, S. Majola, et al PRC 95 014321 (2017)
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Relativistic Mean Field “Density Functionals”™ Coupled
to the:

Bohr Hamiltonian

Zhipan Li Zhi Shi

Jie Meng Bangyan Song
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Jiangjing Yao

Shuangquan Zhang



Important point:

All parameters fixed. Nothing fitted to
positive-parity bands

Up Next:
Calculated quantities compared with
observables



The determination of a comprehensive set of level
energies and branching ratios between bands
allows their electromagnetic properties to be
compared to nuclear models. To come to an
understanding of the properties of these bands,
the data obtained in this work are explained using
a relativistic mean-field combined with the Bohr
Hamiltonian.
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- predicts different moments of inertia for 3
and y bands
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- Predicts the order very well
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- N= 88 covered extremely well by the theory
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- predicts different moments of inertia for 3
and y bands
- Predicts the order very well
- Ground parallel to y bands
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- Same story here
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- predicts similar moments of inertia for 3
and y bands
- Predicts the order very well
- Again! ground parallel to y bands

2500

E - 7.7 1(1+1) keV

2000

1500

1000

500

156Dy
Great!!!

Theory

1 1 1 1 1

4 6 8 10 12 14

Spin

O



2500 g

2000 g

1500

1000

500 r

E - 7.7 1(1+1) keV

2000 i

1500 5

1000

500

0 2 4 6 8 10 12 14

Soin




- N=90 covered extremely well by the theory
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Staggering parameter, S(I)
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In order to produce a complete and
definitive microscopic picture of the so-
called 3 and y bands, we have carried

out an extensive systematic study of
even-even nuclel in the 160 mass
region.



Based dn this data:

“From Sm to Dy, the |0,"> " are well
described as “B-bands”

Maybe not “harmonic vibrations” but are
essentially well described as solutions
of the Bohr Hamiltonian with a realistic

potential



Second minima for Er and Yb isotopes Is located at
~B, ~ 0.45 and y ~ 10°.

This may imply that the 0,* bands in Er and Yb
Isotopes are Triaxially super deformed bands



Energy staggering and PES plots show
that the almost all the N=88 isotones
from Sm to Yb are y soft.
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Moment of Inertia: Inglis-Belyaev formul?p

(v, —viu;)* .~ 5
T, = J k = l-.u 2131
k E E +E (i | Tk J )]

i\J
Mass Parameters calculated in Cranking approximation

R _
Bw(q0, 42) = 5 [MGHMaMG],,

(i1 Q2,1 J) (j1 Q20 i)
(E; + E;)

2
(u;vj + viuj)

.«M{HL#U(QD* Q‘E} = Z

1,J

Improved by using Thouless-Valatin moments-of-inertia
Z.P. Li. et al PRC 86, 034334 (2012)
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H = wb + Tml + Vcnll

s o1 e J
vib — Zm ﬁgr 8}8 w yyaﬁ

ro. 1B 0 N | 0 1B 0 ]
X [ —sin3y — 4+ —— —sm Y —

i liff
" 24217, Needtodetermine I's, B's
T.

Niksic et al PRC 79, 034303 (2009)
Z.P. Li et al.. PRC 79. 054301 (2009)
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Parameters of PC-F1 functional
And pairing strengths adjusted to
ground observables of spherical
nuclel (binding energies, pairing
gaps, charge radii etc)

T. Niksic et al PRC 79, 034303 (2009)
Z.P. Li et al., PRC 79, 054301 (2009)



