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Intrinsic excitations in deformed nuclei : Collective vibrations

l :> Intrinsic excitations

O K*=2" =y vibration (AN = 0 or +2, An, = 0, AA = AK = +2)

O K*=0"= B vibration, pairing excitation, intruder states, shape coexistence .....

O = Octupole vibration (Aj = Al =3)



Intrinsic excitations in deformed nuclei : Collective vibrations

} ‘ :> Intrinsic excitations

O K*=2"= yvibration (AN =0 or £2, An, = 0, AA = AK = £2)

O K*= 0" > B vibration, pairing excitation, intruder states, shape coexistence

O Kr=0, 1, 2-, 3- = Octupole vibration (Aj = Al = 3)

2 | vibrational I[I:> well-deformed K =0+ |
> 2-?— — _ JKk=2
= 1 T e e— T K =0+
| 10T — K =2+

oloh = L

Good testing ground for collective model calculations



Intrinsic excitations in deformed nuclei : K isomer

l,K,.T,

. Change
\ direction T ]f9Kf

K=EQJ A= Il.—[f‘ Spin selection ... Yes
d A=K —Kf‘ K-selection ... Sort of !

K hindered Weisskopf hindrance F =7," /T,
transitions

Reduced hindrance f, = F'
The degree of K forbiddenness v = AK -4

The identification and characterization of K-isomers provides information on

v" Single-particle orbits near the Fermi surface
v’ Pairing and other residual interactions
v Axial (a)symmetry (y degree of freedom)
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K™= 8- isomers in N = 106

G.D. Dracoulis,
Phys. Scr. T152, 014015 (2013)
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Radioactive Isotope-Beam Factory (RIBF) at RIKEN
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Radioactive Isotope-Beam Factory (RIBF) at RIKEN
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Layout of the entire experimental setup

238U beam | <o

12 Clusters
(7 Ge each)
‘EURICA”

|[dentification and
further separation

8 DSSSDs
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DAQ) for decay speciroscopy experinment

* Independent DAQ systems
» Synchronized using time stamp

» Event build based on time stamp

1 Time stamp (100 MHz)
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In-flight fission of 238U oo o
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® K™= 8 isomer (T,, =0.75s) at 1278 keV

® Ground-state (g.s.) rotational band

® y-vibrational band

v' Band assignment supported by the
moment of inertia and g.s.-y band mixing
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Systematics of the ground-state rotational band of Dy 1sotopes
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Maximum deformation of the Dy isotopes occurs in 79Dy (N = 104) ?



K™ = 8- 1somers and y-vibrational states in N = 106 isotones

2.0

m & 7=
SO' 172Dy X + N N ._..(75—:
[ A 2
2 L5 v - - * ¢ A :5—
& « S..2 3 e 4%,
5 Lo 1 ) A
L] - o K = 8- isomer o_2-,
) 1 L l | )
150 El : 8k=s—8k=0 (vV=7)
50 |
1 ex
F=t"
= 100} e 7 Ty
50 o _ v fv =F1/V
0 1 , v=AK -4

Dy Er Yb Hf W Os Pt

O K™ = 8 isomers in N = 106 isotones
» Neutron two-quasiparticle configuration: v7/2-[514]v9/2%[624]
» The energy systematics interpreted in terms of the variation of the neutron
pairing strength
» The isomerism ascribed to the large difference in the K quantum number

E1 transition from the K™ = 8- isomer to the 8* state in the g.s. band
> f, follows the upward trend
= K'is rather robust, as expected for axially symmetric nuclei




K™ = 8- 1somers and y-vibrational states in N = 106 isotones
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O K™ = 2* y-vibrational levels in 172Dy
% Unusually low excitation energy, compared to the heavier isotones ('7Yb, 178Hf)
Extrapolated energy of the 2, state (671 keV)
> As low as the 2, state in the y-unstable nucleus %Pt
» Sufficiently higher than the 4*, state = Axially-symmetric structure

—

® y-vibrational motion is remarkably enhanced
® Microscopic effect on the non-axial collectivity is significant




Interpretation of y vibration in the framework of Nuclear DFT

Skyrme + pairing energy-density functional (EDF)

« HFB for the ground state
« QRPA for the intrinsic excitations
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Interpretation of y vibration in the framework of Nuclear DFT

- 172
E2*) % Dy
= 10 ® v
=
o .
g 0.5F ® Experiment
W — Theory (SkM*¥)
0.0 | 1 1
ot 1/2[510] 5/2[512]
Neutron 2ap & (501 12521 512523 "
components = 0.15 312[512] 7/2[514]
0.05F,,
2[521] 3i2[521]
0.00 l 1 l :
08 100 102 104 106 108

N

€ HFB+QRPA calculation well reproduces the experimental results
Decreasing trend of the 2*, energies from %Dy, , to 172Dy, o4
[Significant 2gp components in QRPA]
Proton = Not change so much with the neutron number
n21/2'[411]1®3/2'[411] (~0.25), ©21/2*[411]®5/2*[413] (~0.19)
Neutron = /sotopic dependence of the 2%, energies
3 components play dominant roles beyond midshell (N > 104)

€ Even lower energy predicted for 174Dy 4
to be investigated in future experiments using more intense Rl beams



Counts / Channel
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B-decay study on 168Dy

M. Asai et al., Phys. Rev. C 59, 3060 (1999)

m %8Tp
> T,=8.2(13) s
> Jm = (4); ®

| I=

B Three y transitions assigned to 98Dy
> 75 keV (2*-0%)
> 173 keV (4*>2%)

> 227 keV (4-3%)
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Prediction of octupole-vibrational states in Dy isotopes
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Summary

Neutron-rich Dy isotopes have been explored at RIBF as part of the EURICA
decay spectroscopy campaign.

12Dy (N = 106)
® The most neutron-rich Dy 1sotope studied to date

® So far, the heaviest 1sotope any spectroscopic information obtained at RIBF

(8-) 0.71(5) s

1233
B K*=8 isomer (E, = 1278 keV, T,,=0.71s) 400.4 el 2003 1077

&)

B Ground-state rotational band

= Axial symmetry

B K7™=2% states at low excitation energy

= Enhanced y vibration on

€ Interpretation by Nuclear DFT (HFB+QRPA) ot
» 3 neutron 2qp components significant beyond double midshell

760 0 3.42)s

168Dy (N = 102)

® Analysis is still ongoing Thank you for your attention!






Systematics of y-vibrational band in well-deformed
rare-earth nuclel around double mid-shell
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Levels in y-vibrational band fall at




Systematics of y-vibrational band in well-deformed
rare-earth nuclel around double mid-shell
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v7/2[5141v9/27[624] ['( '
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' unhindered
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67H0 5 B K= 8 isomer (T,,=0.715s)
> V7/27[514]v9/2%[624]
+ Internal and external decay

B K" =2"y-vibrational band levels




v7/27[514]8v9/2[624]

Allowed- Qg = 3.47(36) MeV

. (AME2012)
unhindered I, = 23(18) %

B decay logft = 4.9(4)
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B-decay of deformed nuclei in the rare-earth region

Allowed B- decay : Gamow-Teller (GT) transition

Allowed-unhindered
(au) transitions
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