
Status and 10-year perspectives on spectroscopy 
of medium and heavy nuclei 

(with a focus on isomers)

Zsolt Podolyák

Isomer, isomeric etc   157 times
Spectroscopy               346
Medium                        213
Heavy                            617



P.M. Walker & Zs. Podolyak, Nuclear isomers Chapter in “Handbook of Nuclear Physics”
Eds. I. Tanihata, H. Toki and T. Kajino Springer Nature Singapore (2022)

Also: added sensitivity

Isomeric states

β-



T. Palazzo et al., PRL 130, 122503 (2023)

Proton effective charges for λ=2, 4, and 6 with seven 
different interactions (red and blue lines) compared to 
experimental values (fp shell) for λ=2 (open circle) 
and λ=4, 6 (closed circles)

The highest multipolarity transition: E6 (hexacontatetrapole)

ANU, 51V(6Li,4n)53Fe



B. Cederwall et al., PRL 124, 062501 (2020)

Neutron-proton pair correlations: 88Ru

GANIL, AGATA+NEDA+DIAMANT, 54Fe(36Ar,2nγ)88Ru
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Delayed rotational alignment in N=Z 88Ru
=> Strong isoscalar p-n pairing



realistic shell-model calculations, Z=28-50 valence space 

seniority is largely conserved in the 1πg9/2 orbital

R.M. Perez-Vidal et al., PRL 129, 112501 (2022)GANIL, AGATA+VAMOS, plunger, MNT, 92Mo+92Mo

Seniority at N=50

2+                          4+                         6+                            8+



S. Guo et al., PRL 128, 242502 (2022)

Nuclear excitation by electron capture (NEEC): 93mMo 

RIBLL (Lanzhou), 12C(86Kr,5n)

upper limit of 2×10−5

Consistent with theory

Chiara et al., Nature, 554, 216 (2018)

Probability 1.0(3)%

ANL, 90Zr+7Li



Slope: 
due to 
pile up 
with the 
recoil 
signal

D. T. Doherty et al., Phys. Rev. Lett. 127, 202501 (2021)

The heaviest proton emitter: 185Bi

ANL, FMA, AGFA, 95Mo(93Nb,3n)

Low-J vs high-J reversed 
compared to heavier Bi



ISOLDE S. Kraemer et al., arXiv:2209.10276v1 N. Minkov, A. Pálffy, PRL 118, 212501 (2017)

229Th nuclear clock

Large bad-gap crystals
Conversion electron decay largely 

blocked
T1/2=670(102) s
E uncertainty reduced a factor of 7



P.A. Butler et al., PRL 124, 042503 (2020)HIE-ISOLDE, MINIBALL, spallation, Coulex

222Ra: stable octupole deformation 
228Ra: octupole vibrator

Evolution of octupole deformation: 222Ra, 228Ra
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J.J. Valiente-Dobón et al., PLB 816, 136183 (2021)

Berry phase/seniority scheme: 213Pb

GSI, RISING, fragmentation

< 𝑗௡𝑣𝐼 𝐸2 𝑗௡𝑣, 𝐼ᇱ > =
2𝑗 + 1 − 2𝑛

2𝑗 + 1 − 2𝑣
< 𝑗௩𝑣𝐼 𝐸2 𝑗௩𝑣𝐼ᇱ > 

g9/2 only              Kuo-Herling



P.M.Walker et al., PRL 125, 192505 (2020)RIKEN, KISS, MNT, 136Xe+W

Shape evolution: 187Ta

187Ta114

189Re114

(β2,γ,β4)=
(0.205,0°,−0.079)

(0.174,0°,−0.060)

fν=27±1 



H. Watanabe et al., PRL 111, 152501 (2013) 

Seniority at Z=82 (and Z=50): 128Pd (and 130Cd) isomer: (π g-2
9/2)8+

=> No evidence of shell quenching

RIKEN, EURICA, in-flight fission



D.A. Nesterenko et al., PLB 808, 135642 (2020) 

Beta-gated gamma-ray spectrum, trap 
purification; new high spin isomer 128Inm2 at 
1.8 MeV, which was additionally purified with 
the Ramsey cleaning method (in red).

Jyvaskyla, IGISOL, fission(+beta decay)

Effective interactions: around 132Sn; N<82, Z<50

10-

Bad description
Data needed



Effective interactions: around 132Sn; N>82, Z<50

RIKEN, HICARI, in-flight fission, nucleon transfer

133Sn+Be->132In83

T. Parry et al., to be published

X



C. Lizarazo et al., PRL 124, 222501 (2020)

Limit of K isomerism: 92,94Se (lightest)

Configuration constrained PES

(first) oblate K isomer

oblate

RIKEN, EURIKA, in-flight fragmentation



R. Taniuchi et al., Nature 569, 53 (2019)

78Ni

RIKEN, SEASTAR, in-flight fission, 79Cu(p,2p)78Ni



FAIR/GSI  (DESPEC, ILIMA, R3B etc)                  RIKEN/RIBF, FRIB, China
GANIL (DESIR etc)
ISOLDE(IDS, Miniball etc) TRIUMF
JYVL, LNL etc ANL, RIKEN/KISS
LNL/SPES
ILL
ELI-NP
ISOL@MYRRHA 
Etc.
AGATA

Facilities in Europe and beyond



Future

+precision all over chart 
(e.g. T1/2…)

Really LSSM (Monte Carlo)
Ab-initio (higher A)
Density Functional Theory
Etc.

Proton/alpha radioactivity 
(higher Z)
N~Z
p-n pairing
Beyond the dripline

Quantum computing?
Artificial intelligence/machine learning?

SHE

Octupole collectivity
Shell evolution
Shape evolution/coexistence
Z~82, 50, 28
N~126, 82, 50
Z<82, N>126 and Z<50, N>82

A~195, 130 r process peaks
Origin of rare-earth r peak?



- Where were we in 2017 (last LRP)?
- What will be relevant for your topic within the next 10 years?
- How to connect theory with experiments and experiments with theory?


