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Lifetime Measurements
Conversion Electron Spectroscopy



Experiment/Observation Drives Science





Observables for nuclear structure studies:

Energy Levels from gamma-ray spectroscopy: Level energy ratios

Masses of Nuclei from traps: proton and neutron separation energies

Reaction cross sections by spectrometers

Lifetimes of excited states: Transition Rates
DSAM: Stable Targets
GRID: Stable Targets
Advanced Time Delay Technique: Exotic Nuclei



Energy Levels: Evolution of Nuclear Structure

Near closed shell ~ midshell

142Nd 146Nd 156Nd

1.33 2.30 3.31

1576 keV

454 keV

67.2 keV

E4+/E2+



K=0+
gg

K=2+

K=0+

K=0+
bb K=2+

bg

K=0+

K=4+
gg

Transition Probabilities!
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Typical Deformed Nucleus: Two-neutron and Two-proton pairing gaps



Lifetime measurements of exotic nuclei

Prolate

Collective Excitations built on the g.s.?

Energies of excitations
Matrix elements
Rx cross sections

….last piece of the puzzle…..stay tuned!









Weisskopf Estimates: T in seconds; Eg in keV; A is AMU
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Nature of K=0+ excitations in deformed nuclei

----------------------------------------
-----------------------------------------

---------

0.3-1.5 W.u.

1.3-5.7 W.u.

Aprahamian, Phys. Rev. C65, 031301R (2002)

5 Band Mixing Calculation
0+ g.s.
2+ K=2
0+ 1199.4
0+ 1434.2
0+ 1772.2 keV

GRID Measurements: E1772/E1199= 1.5

Lifetime Measurements:





Quasi-particle excitations
Pairing vibrations
Collective excitations

Nature of K=0+ excitations in deformed nuclei ?

162Dy

Figure from C. Casarella
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156Gd



162Dy: Work in Progress



Conversion Electron Spectroscopy

Can have mixed multipolarities for the transitions







0+
0+ transitions…no gamma is emitted by you can see it by Internal conversion











What is the role of coexistence in the rare-earth region of nuclei?



16 0+ states



Clovershare was paired with ICEBall (Internal Conversion Electron Ball)

• ICEBall consists of 6 Mini-Orange Spectrometers for detecting conversion electrons

• 152Sm(α,2n) reaction was used

• 154Gd has 16 known 0+

states. 10 of these were only 

found in 2006 by Meyer et al.

• The nature of excited 0+

states is not well understood, 

E0 transitions are critical for 

understanding.



Last piece of the puzzle: E0 Transitions in coincidence with g-rays 

fIreBall consists of 6 Mini-Orange Spectrometers for detecting conversion 
electrons

Conversion Electrons in 154Gd and 156Gd

U of Wisconsin LaCrosse + ND Nuclear Science Laboratory : NSF MRI 2019



154Gd: Search for E0 Transitions

Proof of populating the first two excited 0+ bands using 247.9 keV gate

Plots show γ-spectrum with corresponding SiLi spectrum beneath, shifted for the 

K-electrons to align with the corresponding γ-lines

Gate



Search for E0 Transitions in 154Gd 

Proof of populating the excited 0+ bands using 123.1 keV gate

Gate



Ei (keV) Transition E0 (keV) Transition E2 (keV) q2 (E0/E2)

K

1182.091 0+ → 0+

3 2

501.427 0+ → 2+

3 gs

1059.033 0.0023 (5)

1573.9 0+ → 0+

6 3

391.85 0+ → 2+

6 gs

1451.7 0.0521 (119)

1573.9 0+ → 0+

6 2

893.9 0+ → 2+

6 gs

1451.7 0.0168 (77)

1650.3 0+ → 0+

7 3

468.3 0+ → 2+

7 gs

1527.1 0.2082 (345)

1650.3 0+ → 0+

7 2

970.3 0+ → 2+

7 gs

1527.1 0.0402 (192)

TABLE II: q2 (E0/E2) for 0+ → 0+ Transitions

S. Strauss, to be published



K. Lee, W. Tan 
Simulations to improve efficiency





Experiment or Observation Drives ScienceNuclear Structure Experiment II

Two methods to get nuclear structure data!
Lifetime Measurements
Conversion Electron Spectroscopy

Are the 0+ excitations seen in the rare earth region
Oscillations built on the ground state or are they 
Coexisting shapes?  Answer soon…..

Thank you!


