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Key questions

What is the heaviest element that can exist?
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Key questions

* What is the heaviest element that can exist?

e =

* What atomic & nuclear properties do superheavy elements (SHEs) have?
e Are atomic & nuclear structure models robust in the SHE region?
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Key questions

* What is the heaviest element that can exist?

* What atomic & nuclear properties do superheavy elements (SHEs) have?
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Global objectives

e Explore the atomic structure of superheavy elements

e Delineate optical spectral lines for observational astro
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Specific objectives
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1) Level search in lawrencium, 2>4255Lr* oy
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Laser Resonance Chromatography (LRC)
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Laser Resonance Chromatography (LRC)
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Laser Resonance Chromatography (LRC)
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Hyperfine structure studies possible at low laser power
Power broadening beneficial for faster level search
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Hyperfine structure studies possible at low laser power
Power broadening beneficial for faster level search
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Hyperfine structure studies possible at low laser power
Power broadening beneficial for faster level search

——

Measured overall-efficiency: 0.6%

» Postdoc #1 / T-3.1: LRC offline optimization -- (start 03/2025)
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LRC sensitivity
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LRC on AcC™

Evaporation residues:
197 Au (ZONe , 7n) 210A ¢
(5500 pps @ 20puA)
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LRC on AcC™

Evaporation residues:
197 Au (ZONe , 7n) 210A ¢
(5500 pps @ 20puA)
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LRC on AcC™

Evaporation residues:
197 Au (ZONe , 7n) 210A ¢
(5500 pps @ 20puA)

(60 pps @ 20ppA)

https://u.ganil-spiral2.eu/chartbeams
100 i
- #Act [Pi] Af =46 GHz
S 80 -
c @ 451 nm
=] i
-
QL 40 1
0
3
8 209 S
Q
> .
22179 22180 22181 22182

Wavenumber (cm)

kolem?/V g

Metastable fraction (%)

Courtesy H. Ramanantoanina

22 . : - .
+ o o L] :
... Ac* mobility in He |
181 :
16 [rmmmmm = e N
150 X
14 3D1 (1) ~1C0
3D1 (0) =15% !
2l 3D1 (av.) ESC- |
'ID PE—————— | P kil kb & EffeCta ‘: aaaaaa
109 102 107" 10° 10’ 10° 107
T K]
100 - ]
2TAct ['PY] Af = 2.0 GHz
80 1
Aayush Arya,
601 1p, Master thesis,
JGU Mainz,
40 1 September 2024
201 %0
0 .

29250.0 29250.2 29250.4 29250.6 29250.8
Wavenumber (cm™)

» Postdoc #1 / T-3.2: LRC on neutron deficient actinium, 208-211Ac*


https://u.ganil-spiral2.eu/chartbeams/
https://u.ganil-spiral2.eu/chartbeams/

24

LRC on AcC™

* Compatible with S3-LEB inauguration experiments

* Compact setup
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LRC on Lr*

https://u.ganil-spiral2.eu/chartbeams/

Evaporation residues:
(3.2 pps @ 3ppA)

(0.4 pps @ 3ppA)
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LRC on Lr*
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(3.2 pps @ 3ppA)
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LRC on Lr*
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Evaporation residues:
(3.2 pps @ 3ppA)

2098 (48Ca , 2n) 255Lr E. Kahl et al., PRA 100 (2019) 062505

Laatiaoui et al., PRL 125 (2020) 023002
(04 PPS @ 3PHA) Ramanantoanina et al., Atoms 10 (2022) 48

Ramanantoanina et al., PRA 108 (2023) 012802
22

| Lr* mobility in He

‘.

13%

ESC-

Effect

T — o —
Temperature (K)



https://u.ganil-spiral2.eu/chartbeams/

28

LRCon Lr"

Radioactive decay-assisted LRC (using SSD detector)

_____________

Increased sensitivity by registering alpha decay events
— Deflection of ions at the right moment
—> Centroids of radioactivity hotspots correspond to distinct arrival times
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LRCon Lr"

Radioactive decay-assisted LRC (using SSD detector)

_____________

Increased sensitivity by registering alpha decay events
— Deflection of ions at the right moment
—> Centroids of radioactivity hotspots correspond to distinct arrival times

Level search in Lr* with <108 atoms in total shall be possible
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LRCon Lr"

* Radioactive decay-assisted LRC (using SSD detector)

* Increased sensitivity by registering alpha decay events
— Deflection of ions at the right moment
—> Centroids of radioactivity hotspots correspond to distinct arrival times

* Level search in Lr* with <108 atoms in total shall be possible

» PhD #1 / T-3.4: Develop radioactive decay-assisted LRC -- (start 10/2025)

» PhD #1 / T-3.5: Level search in lawrencium, 2°4:2>5Lr*
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LRC@S3 roadmap

Postdoc #1:

v' T-3.1: Optimize LRC efficiency & spectral resolution
(LRC proof of principle on Lu* promising)

v’ T-3.2: LRC on neutron deficient actinium, 208-211Ac*

PhD #1:

v’ T-3.4: Develop radioactive decay-assisted LRC

v’ T-3.5: Level search in lawrencium, 254255 r*

redicted electronic structure and transport properties of Lr* promising
(Predicted elect truct dt t ties of Lr* )

(start 03/2025)

(start =~ 03/2026)

(start 10/2025)
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