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The ISOLDE facility

GPS
General Purpose Separator

HRS
High Resolution Separator

Target area

MEDICIS

Radioactive laboratory

Low energy RIB

High energy RIB

**slide from ISOLDE tour guide presentation 
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Laser Resonance Ionization
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By Julie Gagnon (C) 2007, 2013. CC-BY-SA 4.0

Photonic markers of chemical elements
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ISOLDEôs Resonance Ionization Laser Ion Source - RILIS
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Talk by Anjali Ajayakumaron Friday!
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ISOLDEôs Resonance Ionization Laser Ion Source - RILIS

Ionization schemes

demonstratedor prepared

Radioisotope production linked to creation of contamination

ü Element/isotope selectivity of ionization process ĄClean beam

ü Efficiencyof process Ą!ŎŎŜǎǎ ƭƻǿ ȅƛŜƭŘ ǎǇŜŎƛŜǎ κ ŘƻƴΩǘ ǿŀǎǘŜ ǎŀƳǇƭŜ
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https://rilis-web.web.cern.ch/node/103
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The RILIS Laser Setup

Repetition rate 10kHz

Pulse duration 5 ς50ns

Output power 1 ς5W
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Resolution Limitations: Doppler Broadening

’Ḭ400 nm
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Č A few GHz as ultimate resolution limit

Nuclear investigations limited to

high masses / large splittings

225Ac 1 GHz

x 105
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The Laser Ion Source and Trap - LIST

o Suppression of surfaceions

o A field-free laserionization region

o Pure laser ionization inside RF quadrupolestructure

o PI-LIST structureenables high-resolution spectroscopy 

PI-LIST concept

30-60kV
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PI-LIST Experiments:  IS664

https://doi.org/10.1016/j.nimb.2023.04.057

Very consistent and high-quality data, 
confirmed by several measurements of 

several isotopes. 

https://doi.org/10.1016/j.nimb.2023.04.057
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Data example: 228Ac

02/12/2025 10

At least 3 scans / isotope with time in between ςregular referencing to 227Ac ςconsistent fitting results
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Results

SkyrmeEDF models developed by Luis González Miret Zaragoza, 
Wouter Ryssensfrom InstitutŘΩ!ǎǘǊƻƴƻƳƛŜet ŘΩ!ǎǘǊƻǇƘȅǎƛǉǳŜ, 
Université Libre de Bruxelles, Brussels Laboratory of the Universe

200-300 MHz vs 1.5 GHz 
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Optimization: Efficiency Considerations

Modes of operation: 
ÅIon guide mode
ÅLIST mode
ÅPI-LIST mode

Operation mode Mode loss factor Combined loss factor Est. total efficiency 
(%)

Standard RILIS - - 10

LIST ion guide 3 3 3.3

LIST 33 100 0.1

PI-LIST 2 200 0.05

PI-LIST optimised 10 2000 0.005

Improved temporal overlap
Improved spatial overlap

**Based on Ac data presented previously
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Areas of Optimization
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ÅLaser resonance ionization for element selective RIB production 

ÅñSub-dopplerò in-source spectroscopy at online facilities achieved 

ÅFirst Neutron-rich Actinium laser spectroscopy scan

ÅPI-LIST usage in other regions, such: Lanthanides, Actinides, Ni, etc.. 
Already used in ~10 experiments since 2022.

ÅPI-LIST is great! But can be greateré.

Conclusion and Future Directions
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THANK YOU FOR PI-LISTENING J



SUPPORTING SLIDES
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ISOLDE adaption of PI-LIST

No windows possible in ISOLDE frontend

ü Reflection by metallic mirror surfaces

ü Off-axis guiding of laser through ion beam line

Adapted extraction electrode
Beam shape comparison

Emittance simulations

Robust metallic mirrors
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Atom beam collimation ïComputational model

Monte Carlo simulation of particle trajectories
within hot cavity
Å Atom re-emission from surfaces by cosine law
Å Maxwell-Boltzmann velocity distribution

Comparison to established Clausing
model of effusion per solid angle
for simulation validation
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Experimental data on atom density 
along LIST central axis

Arrival time of ions in relation to point of 
creation along LIST central axis:
Validation of simulation model

Atom beam collimation ïExperimental access

Color code in background:
Measured ion arrival
time structures

Black points:
Simulated ions
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Atom beam collimation ïInvestigation at RISIKO (JGU)

20

Test atomizer cross sections

Standard
Multi-capillary
Thin

7x 0.5mm
(& free spaces)

2.5mm 1.5mm

Measured relative density decline
for different hot cavity geometries
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Atom beam collimation ïComparison data to model

Light color: Simulated 
decline for different laser 
diameters

Dark color: Experimental 
data

½ƻƻƳƛƴƎ ƻǳǘΧ

Besides atom beam 
collimation, extracting 
closer to cavity is crucial!

Closer = better 
J



22

Electric potential shaping: DC offset

Standard

DC -5V

DC -10V

Infrastructure designed, built and validated in 
summer student project
Č Application with actual LIST ongoingRelative phase (degree)
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PI-LIST in the landscape of laser spectroscopy
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PI-LIST
o PI-[L{¢ ǎǘƛƭƭ άȅƻǳƴƎέ
o ά{ƛƳǇƭŜέ ǳƴƛǘ

instead of beamline
o Versatile operation modes
o Isomer-selective

RIB production
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Octupole deformation in Ac isotopes
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Significant isobaric contamination Č LIST suppression

Low sensitivity to QSČ PI-LIST high resolution

200 MHz 
achieved in 
experiment



Robust metallic mirrors

Optimization: Mirrors

- Better reflective coating
- Optimized mirror setup
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6mm



Optimization: Opening Angle

Move potential
ridge closer
Č DC offset
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~50% gain



Optimization: Atomizer
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Distance from atomizer (mm)

Simulation data

3mm 1.5mm Multi-tube
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Goal: more concentrated beam 
How:  slimmer pathway tubes

~40% gain at 3mm from the atomizer 



Highlighted part is source of contamination (?) Ą simulations

Optimization: Contamination Source
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Comparison density simulation to 
experimental data: D1.5mm source

Comparison density simulation to 
experimental data: Multi-source with 3mm offset

Comparison density simulation to
experimental data: Multi-source without offset


