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• E0 transitions often 

overlooked in 

interpretation

• Particularly E0

contribution in mixed 

transitions

• 𝑀 𝐸0 = σ𝑘 𝑒𝑘𝑟𝑘
2

ek is effective charge 

rk is radius 

of kth nucleon

E2
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• Between 0+ states, decay only via E0 transitions

• γ-ray decay forbidden in E0 transitions due to 

conservation of angular momentum
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• Between 0+ states, decay only via E0 transitions

• γ-ray decay forbidden in E0 transitions due to 

conservation of angular momentum

• Between J+ states, decay via E0+M1+E2

(γ-rays only emitted in M1+E2)
5
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Reduced E0 Transition Strength: ρ2 (E0) 
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• ρ2(E0) links nuclear and electronic parts

𝜌2 𝐸0 =
1

Ω𝑘 ∙ 𝜏𝑘
• where:

• Ω is electronic factor 

• Atomic theory, calculable with BrICC

• τ is partial lifetime of E0 transition, requires experimental 

data:

• Parent half-life, M1/E2 mixing ratio, internal conversion 

coefficient (α) and branching ratios

• ρ2(E0) is dimensionless, given in milliunits (x 103)
T. Kibédi et al., NIM A 589 (2008) 

202-229: http://bricc.anu.edu.au/

R.S. Hager & E.C. Seltzer, 

Nucl. Data Tables 6 (1969)



Internal Conversion
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• 𝜆𝑇𝑂𝑇𝐴𝐿 = 𝜆𝛾 + 𝜆𝐼𝐶 + 𝜆𝜋 + 𝜆𝛾𝛾 + 𝜆𝑂𝑇𝐻𝐸𝑅𝑆

• Energy of de-excitation emits orbital electron (ICE)

E𝐼𝐶𝐸 = Ε𝛾 − B.E.

• Internal Conversion Coefficient (ICC)

𝛼 = ൘
𝜆𝐼𝐶

𝜆𝛾

• Ratio of K/L peaks can provide information on 

multipolarity of transition

E

ICE 
(K) (L)
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• For a mixed transition (e.g. 22
+ ⟶ 21

+ will be 

E0+M1+E2), need to separate E0 electrons from 

M1+E2

• Can compare experimental α to M1+E2 from BrIcc

• If exp. α is between M1+E2, vital to know mixing 

ratio

δ αexp

αM1 αE2

E0 Component

α0



• State mixing :

𝜌2(𝐸0) =
3𝑍

4𝜋

2

𝑎2 1 − 𝑎2 Δ 𝛽2 2

• Basic models have selection rules for E0 transitions:

• Spherical quadrupole vibrator : 

Δ𝑁𝑃𝐻𝑂𝑁𝑂𝑁 = 0,±2

• Deformed quadrupole rotor: 

Δ𝐾 = 0

• A large E0 strength is a key fingerprint of shape 
coexistence

What ρ2 (E0) can tell us
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Measured ρ2 (E0) values
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Raman et al., Data Nucl. Data 

Tables, 78 (2001)

330 Values
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Pritychenko et al., Atomic Data & 

Nucl. Data Tables, 107 (2016)

~120 new values in 15 years

447 Values



Measured ρ2 (E0) values
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86 Values

Kibédi & Spear, Data Nucl. Data 

Tables, 89 (2005)

Electron data exists for 51 new values, 

awaiting half-life measurement

Pritychenko et al., Atomic Data & 

Nucl. Data Tables, 107 (2016)

~120 new values in 15 years

447 Values



Modern Electron Spectrometers
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N. Larson, S.N. Liddick et 

al., NIM A 727 (2013) S. Ketelhut, L.J. Evitts et 

al., NIM A 753 (2014) T. Kibedi, A.E. Stuchbery

et al., EPJ WoC 35 (2012)

Super-eSPICE

SAGE

J. Pakarinen, P. Papadakis

et al., EPJ A 50 (2014)

SPEDE

P. Papadakis, J. Pakarinen et al., JPS 6 (2015)



Motivation for Ni isotopes
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Motivation for Ni isotopes
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A. Passoja et al., NPA 363 (1981)



Super-e at ANU
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Compton-Suppressed HPGe

2.5 orbits



Super-e at ANU
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e- spectrum with gate improves peak-to-background

Super-e at ANU
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• 62Ni (p, p’) at 4.7MeV

• Contaminants from 

(p, γ) channel

62Ni
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E2 α are well reproduced

62Ni
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Transition Energy 

(keV)

αBrIcc

(x 10-4)

αEXP

(x 10-4)

02
+ ⟶ 21

+ 876 3.35(5) 3.31(14)

22
+ ⟶ 01

+ 2302 4.42(6) 4(1)

e-

γ



E2 α are well reproduced

Re-measurement of q2

62Ni
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Transition Energy 

(keV)

αBrIcc

(x 10-4)

αEXP 

(x 10-4)

02
+ ⟶ 21

+ 876 3.35(5) 3.31(14)

22
+ ⟶ 01

+ 2302 4.42(6) 4(1)

Transition Energy 

(keV)

Lit. q2 Exp. q2

02
+ ⟶ 01

+ 2048 0.084(11) 0.109(4)

𝑞2 =
𝐼(𝐸0)

𝐼(𝐸2)



• Previously considered 

a spherical vibrator 

due to energy levels 

and B(E2) values

62Ni
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Latest review of results by A. Chakraborty et al., PRC 83, 034316 (2011)



• Previously considered 

a spherical vibrator 

due to energy levels 

and B(E2) values

• But an E0 transition is 

forbidden in model if 

phonon changes by 1

62Ni
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Latest review of results by A. Chakraborty et al., PRC 83, 034316 (2011)



• 60Ni (p, p’) at 6.8MeV

60Ni
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_

Transition Energy 

(keV)

Lit. q2 Exp. q2

02
+ ⟶ 01

+ 2285 0.074(16) 0.051(7)



• 58Ni (p, p’) at 9.2MeV

58Ni
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E0 Strengths along Ni isotopes
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PRELIMINARY



1. Orbital occupations calculated with standard 

shell model

2. HO radial wavefunctions replaced with EDF 

calculations carried out with Skyrme form

3. Self-consistent rearrangement of protons

as response to added density of valence proton

New microscopic model for E0 transitions 
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B.A. Brown et al., submitted to PRC (2016)



Form factors for inelastic electron

scattering are reproduced:

New microscopic model for E0 transitions
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H. Blok, et al., Phys. 

Lett. 149B, 441 (1984).

B.A. Brown et al., 

submitted to PRC (2016)



• Calculates ab in two state mixing scenario

01
+ 𝑟2 02

+ = ±𝑎𝑏 𝐴 𝑟2 𝐴 − 𝐵 𝑟2 𝐵

• and E0 matrix elements     𝜌 𝐸0 =
𝑓 𝑀(𝐸0) 𝑖

𝑒𝑅2

New microscopic model for E0 transitions
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𝑱𝝅 → 𝑱𝝅 Exp. Shell 

Model

New 

Model

90Zr 02
+ → 01

+ 1.70(3) 5.00 0.57

206Pb 02
+ → 01

+ 1.72(6) -0.04 1.43

68Ni 02
+ → 01

+ 1.41(3) 0.43 0.74

58Ni 02
+ → 01

+ 0.054(14) 0.33 1.80

58Ni 03
+ → 01

+ 5.5(10) -0.08 2.62

32S 03
+ → 01

+ 2.0(3) -0.04 1.06

26Mg 02
+ → 01

+ 3.5(12) 0.16 1.11

26Mg 03
+ → 01

+ 3.8(10) 0.00 1.79



Good reproduction for 0𝑁
+ → 01

+ but not for 22
+ → 21

+

New microscopic model for E0 transitions
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𝑱𝝅 → 𝑱𝝅 Energy 

[keV]

Exp. New 

Model

58Ni 22
+ → 21

+ 1321 0.83

58Ni 23
+ → 21

+ 1583 7.5−7.5
+26 0.65

58Ni 24
+ → 21

+ 1809 11.4−11.4
+14.7 0.11

58Ni 25
+ → 21

+ 2444 0.24

60Ni 24
+ → 21

+ 1937 3.8−3.8
+29

60Ni 25
+ → 21

+ 2060 8.3−3.6
+7.1

62Ni 22
+ → 21

+ 1129 15.3−4.0
+6.3



• Excited states in 58, 60, 62Ni populated via (p, p’) 

reaction with aim to measure E0 transitions

• For each target, data was also taken in CAESAR 

HPGe array for re-measurement of mixing ratios 

• A better picture of E0 strengths along this chain 

of isotopes has been produced

• Analysis of this is on-going

• Can compare to and help improve A. Brown’s 

new model on E0 matrix elements

Summary
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Super-e at ANU
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e.g. in 58Ni rho2 (E0 : 24 - 21) = 280-280+360

Error Contribution
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Contribution

Half-life 9.5%

BrIcc 14.5%

Mixing Ratio 6%

Branching Ratios 1.5%

HPGe counts 1%

HPGe efficiency 3%

e- counts 60%

e- efficiency 6%



Half-life required to determine E0 strengths
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