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Outline
• Reminders: 

• What are the simplest signatures of (even-even) nuclear shape (evolution)
• E(2+) , R(4+/2+) , B(E2:2+ → 0+) ,  E(2+

2 ) /  E(2+
1) etc.

• Energy systematics around the double-mid-shell ‘valence maximum’ 166-172Dy

• Physics around the N~116 ‘triaxial/gamma-soft’ minimum? (188-192W; 192-6Os)

• B(E2:2+ → 0+) values in stable+2n ‘transitional’ nuclei 188W114; 194Os118



‘Easiest’ signature of nuclear ‘shape’ and deformation E(2+); 
Evidence for (SPHERICAL) SHELL STRUCTURE and QUADRUPOLE COLLECTIVITY (=deformation) 
due to configuration mixing of MANY possible 2+ basis states.



Low-energy Nuclear ‘Rotations’ and ‘Vibrations’

• What are the signatures (in even-even nuclei) ?
• (extreme) theoretical / collective model energy limits
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‘Next easiest’ signature of nuclear qudrupole collectivity:  R(4/2).



R(E(4+) / E(2+)) Systematics plot from Burcu Cakirli

Z=66

N=104



170Dy104  : is it special?
• Nπ.Nν max. nucleus (below 208Pb anyway).
• Max (valence driven) collectivity? 
• Should be one of the ‘best cases’ of an axially 

symmetric, ‘stiff’ quadrupole deformed nucleus.
• Signatures ? Energy spacing; B(E2); K-Hindrance ?

K-isomerism

K=0, I=6

K=6, I=6

∆I=1 !!



166,168Dy yrast states populated with CLARA+PRISMA experiment, gated on binary BLFs 
(Kr isotopes) to select Dy partners following the 82Se+170Er DIC / binary transfer reaction.



Skyrme Hartee-Foch and Projected Hartree Foch Mean-Field calculations 
for Dy isotopes which predict maximum deformation at either N=100 or N=102.



WAS3ABI & EURICA

WAS3ABI: Wide-range Active Silicon-Strip 
Stopper Array for Beta and Ion detection

Double-sided Silicon Strip Detectors 
60 x 1 mm strips in x direction
40 x 1 mm strips in y direction

EURICA: Euroball RIKEN Cluster Array
for (ion correlated) gamma-ray measurements. 
 84 HPGe  in 12 x 7 element CLUSTER dets.
 18 LaBr3(Ce). 







Decay and mixing with 
Kπ=2+ ‘gamma’ band
and Kπ=6+ isomeric decay
‘reduces’ the 
Reduced hindrance 
Compared to Np.Nn
Systematics for 170Dy.



172Dy106 : Past the mid-shell





Dy GSB energy systematics: Moment of inertia systematics (‘deformation’ and stiffness?)
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E(2+) (keV)
Test the rotational nature 
of the Dy isotopes across the 
valence maximum at N=104 using:

E(I) = hbar2/(2J)* I(I+1)

J = moment of inertia.

Classically,  J ~ (C*MR2) 
with ~ C*A5/3 ;  A = mass number.

C is a measure of the mass 
distribution away from the rotation
axis.

Bigger moments of inertia = larger quadrupole deformations.

Neutron Number (N)
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‘MASS-SCALED’ J(2+)/(A5/3)

Moment of inertia from 
Iπ=2+ state energy  shows 
Highest moment of inertia
For 170Dy.

BUT Mass scaled moment
of inertia suggest largest 
Deformation is at N=98 (164Dy).
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Dy (Z=66) Moments of Inertia

J2 (hbar2/keV) J4 J6 j8

Stiffness and ‘small rotation stretching’?
(energy systematics suggest stiffest at N=104)   
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Neutron Number (N) →



Going soft ? 



R(4/2) systematics drop away from the rotational limit as 208Pb is approached. 



Shape Evolution at A~190

 Evolution of collectivity away from 208Pb
 Prolate-oblate shape transition toward N=126 



Spectroscopy calculations using IBM projections from Gogny D1S EDF 

W-Pt shape evolution across N~114,6



188Ta →188W

190Ta
→190W

192Ta →192W



What the yrast Iπ=2+ lifetime can give you ?



188W 188W
188W



188,190,192W

 Reduction of R4/2 at N=114  structural change toward γ-soft / IBM- O(6) symmetry. 
 Possible (deformed / triaxial) sub-shell closure at N=116
 B(E2;2+

1→0+
1) values give (evolution of) transitional quadrupole moments with N.



194Os spectroscopy and lifetimes 

192Os(18O,16O)194Os (2 neutron transfer reaction); 
EBEAM=80 MeV on a 20 mg/cm2 192Os target, 
I~20 pnA over 9 days of beam time. 







Current state of the art and predictions?







Include Compton scattered signals for 194Os 
lifetime measurements. 







Summary
• (Deformed) nuclear structure around the double-mid-shell 170Dy104 now well 

established. 
• GSB structures are ‘stiff’ and idealised axially symmetric, deformed  nuclear 

rotors.
• Energy systematics are good indicators;  lifetimes give additional insights (Qt)
• Transition quadrupole moments established for ‘near triaxial’/gamma-soft 

188W and 194Os around N~116 using FAST-TIMING nuclear spectroscopy.

More to come - first NuBALL@Orsay
experiment is on lifetimes and 
isomers in 166Dy  end of Nov. 2017.
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