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Studying the origin of 02
+ bands in mass 160 region

b vibrations?
shape coexistence?
“pairing isomers” – “second vacuum”?
X(5)….?



e.g.

152Sm(a,4n)152Gd

147Sm(16O,4n)160Yb

Experiments in mass 160 region using AFRODITE array of 
8 or 9 clover detectors + LEP detectors

Experiments optimized to study LOW-SPIN states 

Light, low-energy beams – low recoil velocities

148Sm(12C,4n)156Er

152Sm(12C,4n)160Er

144Sm(17O,3n)158Yb

152Sm(a,2n)154Gd



147Sm(16O,3n)160Yb

bg

octupole

vib.



Energy Systematics

ground band

b band
 band
03

+ band
S-band

• -band almost always 
parallel to ground band

• β-band not always
parallel, especially in 
Er and Yb nuclei           



Tvib

The vibrating nucleus

Vibrating Liquid drop
The Bohr Hamiltonian

Trot



Tvib

The Bohr Hamiltonian

Trot

In reality: 
Complicated Potential 
Energy Surfaces



Re-cast Bohr Hamiltonian: 5 Dimensional Collective
Hamiltonian

Need to determine I’s, B’s
T. Niksic et al PRC 79, 034303 (2009)
Z.P. Li et al., PRC 79, 054301 (2009)



N=92
Calculated Energies 
(lines) compared to 
experiment (points)

ground band
b band

 band
03

+ band





In-band
B(E2)s
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Branching Ratios b-band

b-band B(E2) 
branching 
ratios:  out/in


g

I-2

I
in out

I-2



Aim: measure transition rates to test the 
Superdeformed Triaxial Shape of the “b -bands”

But which nucleus to study?

LoI 226: 160,162,164Yb Yields measured:

A With LIST on:
(pps/C)

Impurities with 
LIST off

Yield with LIST 

off: 

(pps/C)

160 7106 50% 3.5108

162 2107 6.5% 109

164 3107 4% 1.5109



Known Least

No E0’s No E0’sOne E0

Unknown transitions





Methods to measure transitions rates:

Recoil Distance Doppler Shift

+

Coulomb Excitation Sum Rules 

Aim: measure transition rates to test the 
Superdeformed Triaxial Shape of the “b -bands”



Setup: Coulomb Excitation/RDDS Setup

92Mo
1 mg/cm2

natMg
2.5 mg/cm2

162Yb
4.1 MeV/A
5 x 106 pps

162Yb

92Mo

18

52

QQQ2 charged particle 
detector array (CD detector)

Miniball array
~ 45  /135 

7% eff.

target degrader

Safe Coulex
Cologne Plunger

v/c~0.08
v/c~0.05



Kinematics

162Yb

162Yb

92Mo

24Mg

162Yb distinguished 
from 92Mo and Mg 
in angle-energy



GOSIA Calculation: Coulomb Excitation of 162Yb



“Clean lines” of 162Yb “b -band”

Typical resolution of 12 keV

But RDDS will have shifted and unshifted 
components with differing v/c’s



18

33

Doppler Shift/Width Map 1 MeV “degraded” gamma

Useful Area of QQQ2

Particle detector

Relative to a single 

Miniball detector at ~ 45 

0

45

90

29/6 keV

18/15 keV

24/9 keV

17/15 keV

26/10 keV

22/14 keV

“undegraded” gamma’s have ~ 2 keV higher widths



Coulomb Excitation without degrader

• Degrader removed – only “undegraded” lines
• Necessary to aid interpretation of RDDS spectra
• If only one of the degraded/undegraded lines 

are clean in RDDS, will be provide the total 
strength of the line

• Allows analysis of triaxiality using sum rules



Quadrupole tensor

Quadrupole moment

triaxiality

Sum Rules determine shape

22 𝐸2 42 42 𝐸2 42 42 𝐸2 22

In-band matrix elements most important, e.g.



b - decay of 162Lu
Determine branching ratios at 42

+ and 22
+ levels

To get in-band B(E2)’s of 213 and 124 keV transitions 
Qt

LoI 268 approved to determine yields of 162Lu
Estimate need about 3 x 1012 decays



Summary of beamtime request 162Yb

• 4 days for RDDS
• 1 day pure Coulomb Excitation
• 5 days - 15 shifts total

Summary of beamtime request 162Lu decay

• None – await results of LoI 268
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