Status and 10-year perspectives on spectroscopy
of medium and heavy nuclei
(with a focus on isomers)
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Isomeric states

8 71lps 16* 31y 0* 280ns
21/2* 6.9h —r) — T
— T 2 06; 5x10-3 Wu . 0-95\3/11 13- i
g 9/2* 2+ l 107 e E2 107 Wu
= —— —— 9- v
>‘ 8_ I
%o 1 = 8+ El 4.05
{ ==
v 6+ l 10° B3 Wu
4+ L 4
+ L 2
O il S/L, O-'.—"— S+ \ A (2): _”
93Mo 94Ru 178Hf 238U
(o 4
100 | *isomers %9
>1 MeV B eie
>1 ms Also: added sensitivity

80

O new since 2010 :ﬁ

B_

100 120 140 160 P.M. Walker & Zs. Podolyak, Nuclear isomers Chapter in “Handbook of Nuclear Physics”
Eds. |. Tanihata, H. Toki and T. Kajino Springer Nature Singapore (2022)




5 . . . . o, .
ey The highest multipolarity transition: E6 (hexacontatetrapole)
i O {F" 3404
~ s e T e e et * | Arl) = jeesses  |f; o8 en 88 e fiv) = T2
=B *’P 1fag -
wrE| s o”—a suos RILFRE® vilfal! ffi-
" > Pt
= o 3
ﬁi = q;-.k ; sove0e-t - 1f: eeve el
il = < - e (e e e
B2 & 1328.01 -ll"-l-ﬂl H{J “ﬂﬂn_
. - I'ﬂT’ P —
2 F'y TR E— -
- ZL=2h N=27
rif | R —— * [int)=jeesess  1f; enes e es|lv)= T2
i — Theory [Sagawa, 1979] ]
A O Experiment [du Riete, 2004]|
1.5F \ @ Experiment [this work] -
o, N 3
i 1 Proton effective charges for A=2, 4, and 6 with seven
: ® + : different interactions (red and blue lines) compared to
0.5 . experimental values (fp shell) for A=2 (open circle)
[ ' and A=4, 6 (closed circles)
00L

ANU, 51V(6Li,4n)53Fe T. Palazzo et al., PRL 130, 122503 (2023)



Neutron-proton pair correlations: Ru
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Delayed rotational alignment in N=Z 88Ru
=> Strong isoscalar p-n pairing
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Seniority at N=50
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realistic shell-model calculations, Z=28-50 valence space

seniority is largely conserved in the 1ng9/2 orbital
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Nuclear excitation by electron capture (NEEC): °>™Mo
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The heaviest proton emitter: 18°Bi
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229Th nuclear clock
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Evolution of octupole deformation: 222Ra, 2?%Ra
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Berry phase/seniority scheme: 213Pb
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Seniority at Z=82 (and Z=50): **°Pd (and *3°Cd) isomer: (1t g~,,,)8"
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Effective interactions

: around 132Sn: N<82, Z<50
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Limit of K isomerism: °?24Se (lightest)
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Facilities in Europe and beyond

FAIR/GSI (DESPEC, ILIMA, R3B etc) RIKEN/RIBF, FRIB, China
GANIL (DESIR etc)
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N~126, 82, 50
/<82, N>126 and Z<50, N>82

Beyond the dripline

A~195, 130 r process peaks

+precision all over chart
g Origin of rare-earth r peak?

(e.8. Ty/p-)

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

Quantum computing?
Artificial intelligence/machine learning?



-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?



