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Jan Taprogge, 2012-2015

A. Jungclaus et al.
PRL 99, 132501 (2007)
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Order fixed !

PhD thesis
UAM, 2015

Intensity
difference ?

An important remnant of Jan’s PhD thesis …
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production implantation

flight through BigRIPS and ZD (~650 ns)
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… and the explanation ten years later !
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A. Jungclaus et al.
PRL 99, 132501 (2007)
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Accurate experimental B(E2; 8-6) and B(E2; 6-4)
transition rates in 130Cd !

T1/2(8+) = 224(4) ns

138 keV

Gate: 127 keV

Gate:
539/1325 keV

127 keV

T1/2(6+) = 57(3) ns

Gate: 539 keV

Careful new analysis:
pg9/2-2 8+

seniority isomer

Accurate experimental transition rates in 130Cd

224(4)
57(3)

T1/2
(ns)



133Cd

one major neutron shell

J. Park et al., PRC 96, 044311(2017)

Why is this important ?

224(4)
57(3)

154(16)

13(2)

T1/2 (ns)

Accurate experimental transition rates in 98Cd and 130Cd
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40Ca

78Ni

132Sn

208Pb

N=Z

ep = 1 + eIS – eIV
en = eIS + eIV

56Ni

pf shell

sd shell

Empirical values:
ep ~ 1.4-1.5e and en ~ 0.5e

Effect of polarization is similar for both neutrons and protons, i.e., isovector contributions to the effective charges are small. 

pf shell

sd shell

However, the assumption of constant effective charges is an approximation !

2+ energies

Effective charges in different regions of the chart



133Cd

f7/2 dominated

p3/2 dominated

N~Z

N/Z = 1.5

Isospin or orbital dependence ?
ep ~ 1.15e
en ~ 0.80e

ep ~ 1.5e
en = 0.5e

Effective charges in the pf shell

51Fe, 51Mn

50Ca, 51Sc
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40Ca
56Ni 78Ni

100Sn 132Sn

208Pb

0g9/2

8+

133Cd

seniority isomersintruder orbitals

2+ energies

8+ and 6+ in 98,130Cd pure 0g9/2
-2, 4+ >99%

Unique opportunity to study the evolution of the proton
effective charge ep along an entire major neutron shell
(1.04<N/Z<1.71) !

132Sn 208Pb

0h11/2

10+10+
12+

Uniqueness of the 8+ seniority isomers in 98,130Cd

8+



133Cd
133Cd
133Cd

40Ca

78Ni

132Sn

208Pb

2+ energies

N=Z

ep = 1 + eIS – eIV
en = eIS + eIV

56Ni
pf

8+ and 6+ in 98,130Cd pure 0g9/2-2

sdg pfh

Allow to test isospin dependence
under clean conditions !

H. Grawe et al.
PLB 820, 136591 (2021)

ep = 1.11(7)e
en = 0.84(2)e

Full harmonic oscillator shells, include all
Dn=0 excitations (“0ħw calculations”).98Cd: SDGN interaction          130Cd: NNS110 interaction

H. Naidja, F. Nowacki, and K. Sieja, Acta Phys. Pol. B 46, 669 (2015)M. Górska, Physics 4, 364 (2022)

Effective charges for 98,132Cd from 0ħw SM calculations



What is missing in 0ħw shell-model calculations ?

133Cd

A. Jungclaus et al.
PRL 99, 132501 (2007)
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pg9/2
-2 8+

seniority isomer Full harmonic oscillator shell, includes all Dn=0
excitations (called “0ħw calculation”).

Best we can do …

However, Dn=2 excitations are still outside the
model space !

Ex ≈ 2ħω, e.g., ≈16–17 MeV for 100,132Sn 

Giant Quadrupole resonances (GQR)

The effective charges extracted from 0ħw
shell-model calculations account for the
neglect of the coupling to the GQR.



133Cd

133Cd

ab-initio

orbital-dependent proton and neutron effective charges ep, en

• harmonic oscillator model 
• one collective GQR state exhausting 100% of the EWSR
• further simplifying assumptions to describe the coupling between 

the two modes (IS and IV)

78Ni maybe not fully converged

BM

isoscalar

isovector

+1 for n
-1 for p

Theoretical predictions of the isospin dependence
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State-dependent effects are not understood: Consider both
and increase the uncertainty !

133Cd

0g9/2
2

100%

100%

>99%

one major neutron shell

J. Park et al., PRC 96, 044311(2017)

present work
224(4)

57(3)

154(16)

13(2)

T1/2 (ns)
98Cd 130Cd

ep
en

ep

en8+ - 6+

6+ - 4+

combined
Bohr & Mottelson

Effective charges for 98,132Cd from 0ħw SM calculations

ONLY deviation from
Bohr & Mottelson
prediction !

ep = 1 + eIS – eIV
en = eIS + eIV

From proton and neutron effective charges
to isoscalar and isovector effective charges:



Empirically extracted vs. calculated effective charges

- eIS decreases slower and eIV decreases faster than expected
- In general, too small values are obtained in the ab-initio calculations.
- Empirically extracted charges are rather consistent.

133CdBM

ab-initio ab-initio

BM

Isoscalar effective charge Isovector effective charge

A=51
100,132Sn

N=30

Strong isovector effects
close to N=Z !



133Cd

ep = 1.25e, en = 0.75e

133Cd

ep = 1.3e, en = 0.6e

133Cd

Monte Carlo shell model in huge spaces

Increase of B(E2) around 110Sn due to shape evolution
driven by proton excitations from the g9/2 orbital. 

Effective charges in recent large-scale SM calculations



133CdBM

ab-initio ab-initio

BM

56Ni
100,132Sn

‘ad-hoc’ values close to the average values extracted from empirical dependence on neutron excess !

Empirically extracted vs. calculated effective charges

Isoscalar effective charge Isovector effective charge
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pure N=50-82 neutron space

How would the use of isospin-dependent effective
charges affect the trend in these MCSM calculations ?

133Cd

Monte Carlo shell model in huge spaces

T. Togashi et al., Phys. Rev. Lett. 121, 062501 (2018)

const.

BM

Increase of B(E2) around 110Sn due to shape evolution
driven by proton excitations from the g9/2 orbital. 

Relevance of isospin-dependent effective charges
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Experimental side:
Jan Taprogge
Shunji Nishimura
Pieter Doornenbal
Giuseppe Lorusso
Gary Simpson

Theoretical side:
Magda Górska
Pawan Kumar
Gabriel Martínez-Pinedo
Frederic Nowacki
Piet Van Isacker 1938-2020

Hubert
Grawe

Twelve years after the experiment, finally thanks to …


