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An 1mmportant remnant of Jan’s PhD thesis ...
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Accurate experimental transition rates in '*°Cd
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mmm) Accurate experimental B(E2; 8-6) and B(E2; 6-4)

Careful new analysis:
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Accurate experimental transition rates in **Cd and 3°Cd

J. Park et al., PRC 96, 044311(2017)
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Why is this important ?




Effective charges in different regions of the chart

_ SN, 0j
100 - B(E2; I; — Iy) = L + 1) " |ex Mz 4 ey My|? - ) 18,5 20
tab S 1172
TL| pimev ) I Fr— 2ds,
~ n=6 g 7=~
N ) 208Pb | R4 189
0i =————
80 - - 100 keV - Tz - 2
o N=/ } [ 2p === 2p;, 2Pin
) s 1f P 013/, 1512
. n=5 e 1f 9
'g 2" energies e =1+eg— ey N o
60 e, = ¢t ey _ 70 T~ Ohyy
- 2s Tl 1ds, 2812
C n=4 1 1d T édS/Z
P g2
CC) 40 - o2l RPTY
e . - . [ 1p ===z Ipip
) TN °Ni pf shell | =3 oy, P52
= “0¢ I Lot——y1 8
0. 201 pf shell - | 20 ~o e
Empirical values: 4 shell [z { " . 0ds
= z77C 12
e, ~1.4-1.5¢e and e, ~ 0.5¢ SA Shell [ Lod 0ds,
sd shell 8 8
0 . . . . . . =1 o OhL
0 25 50 75 100 125 150 2 2
n=0 Os ---- 0s
Neutron number N

Effect of polarization is similar for both neutrons and protons, i.e., 1sovector contributions to the effective charges are small.

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



Effective charges in the pf shell
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Effective Charges in the fp Shell

R. du Rietz,' J. Ekman,' D. Rudolph,' C. Fahlander,' A. Dewald,? O. Moller,> B. Saha,”> M. Axiotis,> M. A. Bentley,*
C. Chandler,* G. de Angelis,3 E Della Vedova,” A. Gadea,3 G. Hammond,* S. M. Lenzi,5 N. Mérginean,3 D.R. Napoli,3
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'Department of Physics, Lund University, S-22100 Lund, Sweden
2Institut fiir Kernphysik der Universitit zu Koln, D-50937 Kiln, Germany
3Instituto Nazionale di Fisica Nucleare, Laboratori Nazionali di Legnaro, 1-35020 Legnaro, Italy
4School of Chemistry and Physics, Keele University, Keele, Staffordshire ST5 5BG, United Kingdom
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Following the heavy-ion fusion-evaporation reaction 32S + 2*Mg at 95 MeV beam energy the
lifetimes of analogue states in the 7, = =1/2 A = 51 mirror nuclei >'Fe and >'Mn have been measured
using the Cologne plunger device coupled to the GASP +y-ray spectrometer. The deduced
B(E2;27/2~ — 23/27) values afford a unique opportunity to probe isoscalar and isovector polariza-
tion charges and to derive effective proton and neutron charges, &, and &,, in the fp shell. A
comparison between the experimental results and several different large-scale shell-model calculations
yields &, ~ 1.15¢ and &, ~ 0.80e.

PACS numbers: 21.10.Tg, 21.60.Cs, 27.40.4+z
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Lifetime Measurements of the Neutron-Rich N = 30 Isotones **Ca and 5!Sc:
Orbital Dependence of Effective Charges in the fp Shell
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The lifetimes of the first excited states of the N = 30 isotones *°Ca and 'Sc have been determined
using the Recoil Distance Doppler Shift method in combination with the CLARA-PRISMA spectrom-
eters. This is the first time such a method is applied to measure lifetimes of neutron-rich nuclei populated
via a multinucleon transfer reaction. This extends the lifetime knowledge beyond the f7/, shell closure
and allows us to derive the effective proton and neutron charges in the fp shell near the doubly magic
nucleus *¥Ca, using large-scale, shell-model calculations. These results indicate an orbital dependence of
the core polarization along the fp shell.

e, ~ 1.5e
e, = 0.5e

DOI: 10.1103/PhysRevLett.102.242502 PACS numbers: 27.40.+z, 21.10.Tg, 21.60.Cs, 23.20.—¢g

Isospin or orbital dependence ?



Uniqueness of the 8* seniority isomers in *%!13°Cd
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Effective charges for °%132Cd from Ohw SM calculations
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130Cd: NNS110 interaction An=0 excitations (“Oho calculations”).

H. Naidja, F. Nowacki, and K. Sieja, Acta Phys. Pol. B 46, 669 (2015)

98Cd: SDGN interaction
M. Gorska, Physics 4, 364 (2022)



What 1s missing in Ohw shell-model calculations ?
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Full harmonic oscillator shell, includes all An=0
excitations (called “Ohw calculation”).

Best we can do ...

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

Giant Quadrupole resonances (GQR)

E, = 2ho, e.g., <16—-17 MeV for 100.132§n

The effective charges extracted from Ohw
shell-model calculations account for the
neglect of the coupling to the GOR.
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Theoretical predictions of the 1sospin dependence

Volume II: Nuclear Deformations

1soscalar
| 1
std = 2Ze (. _ - Vi N-Z
ol E2,AE=0)= v x(T.—O,AE—O)(1+4V0 YL
isovector

1 1
e (- - _N-Z
Ex('r—l,AE—O)('rz y )

ol Z _gWyN=Z _o3N=-Z )
—-e( Z 3= +(0.32 038 @ (6-386b)

(6-386a)

+1 for v
-1 form

Aage Bohr

The Niels Bohr Institute, University of Copenhagen

Ben R. Mottelson

Nordita, Copenhagen

BM

First edition published in 1975 by W. A. Benjamin, Inc.
This edition copyright © 1998 by World Scientific Publishing Co. Pte. Ltd.

\’ World Scientific

Singapore * New Jersey *London * Hong Kong

PHYSICAL REVIEW C 100, 024317 (2019)

ab-initio
Core-polarization effects and effective charges in O and Ni isotopes from chiral interactions
Francesco Raimondi"? and Carlo Barbieri'

' Department of Physics, University of Surrey, Guildford GU2 7XH, United Kingdom
2ESNT, CEA, Université Paris-Saclay, 91191 Gif-sur-Yvette, France

orbital-dependent proton and neutron effective charges e, e,

1.35 ~
T |
1L.3f I:RP,A,‘3 f5oPy)5 = FRPA
I\L‘l\7 - ) I N = 13
hQ =20 MeV - Q=2 4
i 55 e 0.7 hQ =20 MeV
€
T12 2Ps
1.15-
1.1+
1.05
|
48 56 68 78
Ni Ni Ni Ni 48N1 ‘()Nl 68N1 78N1

8Ni maybe not fully converged

harmonic oscillator model

one collective GQR state exhausting 100% of the EWSR
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the two modes (IS and IV)



Effective charges for °%132Cd from Ohw SM calculations
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Empirically extracted vs. calculated effective charges
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In general, too small values are obtained in the ab-initio calculations.
Empirically extracted charges are rather consistent.

Strong 1sovector effects
close to N=2!



Effective charges in recent large-scale SM calculations
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PRL 117, 172502 (2016) PHYSICAL REVIEW LETTERS 21 OCTOBER 2016
"4 e, = 1.3e,e,=0.6e

Quantum Phase Transition in the Shape of Zr isotopes
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'Center for Nuclear Study, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
2Department of Physics, University of Tokyo, Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
SNational Superconducting Cyclotron Laboratory, Michigan State University, East Lansing, Michigan 48824, USA
*Instituut voor Kern- en Stralingsfysica, KU Leuven, B-3001 Leuven, Belgium



0.6

0.0

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

Empirically extracted vs. calculated effective charges
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Relevance of 1sospin-dependent effective charges

PHYSICAL REVIEW C 87, 031306(R) (2013)
Increase of B(E2) around '°Sn due to shape evolution

Transition probabilities near 1"’Sn and the stability of the N, Z = 50 shell closure ) L. .
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Twelve years after the experiment, finally thanks to ...

PHYSICAL REVIEW LETTERS 132, 222501 (2024)

Excited-State Half-Lives in °Cd and the Isospin Dependence of Effective Charges
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G.S. Simpson,6 P.-A. Séderstrém,s’* T. Sumikama,7 Z. Xu,8 P. Kumar,g’2 G. Martinez-Pinedo,z’9 F. Nowacki,10
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