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• Why is understanding the electronic structure of 
SHEs important?

• Experimental challenges 
• Laser Resonance Chromatography (LRC)

• The method & the setup
• Results from inauguration experiments (Lu+)
• Prospects for LRC on Lr+

• Summary & Outlook

Outline
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Motivation
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Atomic physics/chemistry:

Relativistic effects

Nuclear physics (via HFS):

Spin coupling

Moments

Charge radii

(by studying optical transitions & ionization potentials)
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Experimental challenges

• On-line production in nuclear fusion reactions
à requires high intensity projectile beams

• Huge background 
à requires recoil separators

• Energetic recoils + short half-lives 
à require gas catchers
à requires fast experimental techniques

• High emittance 
à requires spatial confinement of atoms

Fast projectile
(~200 MeV)

Target Fusion Evaporation HE/SHE

Isotope Spin T1/2 
(s)

Nuclear reaction Production 
rate (1/s)

255Lr (1/2-) 31.1 209Bi(48Ca,2n)255Lr 3.4
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Experimental challenges

Fluorescence

Continuum
• Low production rate

à Fluorescence spectroscopy 
not applicable

à No spectroscopic data 

• Active search for atomic levels
à requires support from theory

(High accuracy)
à High sensitivity
à High selectivity
à High efficiency
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~100 mbar
Argon

l1 l2

In-gas-jet based methods

H. Backe et al., 
NPA 944 (2015) 492

• Desorption of neutral atoms

• Fast neutralization of stopped ions

RIS-based methods in the actinides
In-gas-cell based methods

R. Ferrer et al., 
nature COMMUNICATIONS 8 (2017) 14520

A. Zadvornaya et al.,
PRX 8 (2018) 041008

Challenges with regard to SHEs:

M. Laatiaoui et al., 
nature 538 (2016) 495

F. Lautenschläger et al., 
NIMB 383 (2016) 115

Radiation Detected 
Resonance Ionization 

Spectroscopy (RADRIS)
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The LRC setup



10

• Fast (milliseconds) 
à No need for neutralization/evaporation of sample atoms

• Sensitive
à No need for fluorescence detection
à No need for photoionization

• Suitable for d-block elements
à Insensitive to physicochemical properties 

• Efficient
à No cycle losses
à Permanent monitoring of production/extraction

• Versatile
à Broadband initial level search
à Precision HFS
à Can be applied to molecules

• Disadvantages 
à No neutrals
à No HCI
à No access to IP

|1>

|2>

|3>hn

Continuum

General features



11

The LRC setup

Stopping cell
PS 1

RFQ
PS 2

Drift tube
PS 3

QMF
PS 4

Detector
PS 5
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The drift tube system

RF ion guideCryogenic
Drift tube

RF buncher
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E. Romero Romero et al., 
Atoms 10(3) (2022) 87

Ablation target

15 mm

The laser system & ion source
Laser 1: Minilite II for ablation (~10 W @ 532 nm) 

both in cell or in vacuum

Laser 2: Edgewave Pump + Credo Dye Laser for spectroscopy

• 430 – 760 nm (250 – 380 nm with SHG)

• Bandwidth: ~1,6 GHz @ 570 nm 
      (can be increased to 5 GHz)
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Resolving Lu+*

• Time resolution optimized using Lu+ (4f14 6s2) 
and Yb+ (4f14 6s) ions of different GS 
configurations

• Metastable Lu+* observed!

• Cross checked by variation of cooling time 
and ablation power
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Theo. 2020

LRC on Lu+ 

M. Laatiaoui et al., 
Phys. Rev. Lett. 125 (2020) 023002

LRC on 175Lu+ 

Arrival time (µs)
Co

un
ts

 / 
1.

5 
µs

The first LRC shot

__ Laser off

__ Laser on @   
     28503.7 cm-1

Exp. (05/2023)
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J E. Kahl et al., 
PRA 100 (2019) 062505

Excitation schemes for Lr+

10%
317 nm

0          1          2           3
J

5

4

3

2

1

0

Lr+ (FSCC)

H. Ramanantoanina et al., 
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Mobilities for Lr+*

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

Lr+Lr+

• Interaction potentials from ab-initio (MRCI) calculations

à Good agreement with SRCC and IHFSCC

à “Anisotropic spin-orbit coupled approximation”
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ü LRC setup developed and successfully commissioned 

ü LRC proof-of-principle established on 175Lu+

ü Hyperfine spectroscopy on Lu+ has been also carried out

ü Bunching & transmission efficiency of the LRC setup sufficiently 

high

ü Predictions of electronic structure and transport properties of Lr+

look quite promising 

ü Queued experiments: 

à optimizing bunch-mode operation

à offline LRC on actinium-225 (sensitivity test)

à online experiments Lu+ & Lr+… (stay tuned)

Summary & Outlook

Thank you!


