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Motivation

Modern alchemists
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Atomic physics/chemistry:
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Experimental challenges
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Experimental challenges
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Continuum
* Low production rate Z

—> Fluorescence spectroscopy
not applicable
- Explains missing spectroscopic data

e Active search for atomic levels
- requires support from theory Fluorescence
(High accuracy)
— High sensitivity
Neutrons — - High selectivity
- High efficiency




Laser Resonance Chromatography (Lrc)
/" Transition metal ion /" Drift-time

(e.g., Lr*) finger print Method:
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Distinct ion mobilities (K,)
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General features

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

* Sensitive
- No need for fluorescence detection
- No need for photoionization

e Suitable for d-block elements
- Insensitive to physicochemical properties

e Efficient
- No cycle losses
- Permanent monitoring of production/extraction K

* Versatile /
- Broadband initial level search
— Precision HFS
- Can be applied to molecules

* Disadvantages
- Neutral atoms inaccessible
- Requires existence of a metastable state
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Accessible elements
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Excitation schemes for Lu* and Lr*
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lon mobilities (K,) for Lu* and Lr*

Interaction potentials from ab-initio (MRCI) calculations
- Good agreement with SRCC and IHFSCC
—> “Anisotropic spin-orbit coupled approximation”

Predictions accurate within 3% for the Lu*(1S,)-He
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The LRC setup
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The laser system & ion sourc
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Ablation: Minilite Il (~10 W @ 532 nm) /06|
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The first LRC shot

With resonant laser excitation
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RC towards Lrt and Rft

* Requirements: Radioactive-decay detection (using SSD)

Ton guide  Steerer

Stopping cell Cryogenic drift tube Strip detector

* Increased sensitivity by registering alpha- (beta, fission) decays /
Background

—> Deflection of ions at the right moment

—> Centroids correspond to distinct arrival times "

)
GS
* Molecules need much more time . ..

- No mass filter required for alpha emitters &'\h
600 us

—> higher sensitivity & efficiency y
500 ps
N

SSD

 Level search with <10% atoms in total and HFS measurements
with <10° atoms in total shall be possible




Lr* & beyona
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Summary/next steps

v’ Laser spectroscopy is a versatile tool for investigating atomic & nuclear properties
v" LRC setup developed & proof-of-principle experiments established on 175176 y*

v 0.6% overall efficiency = improvements possible

LRC roadmap:
—> Investigation of states lifetimes and impact of collisional quenching

- Optimizing efficiency & resolution

- Online experiments on Lu* and Lr*




The chromatography team
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