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The ISOLDE faclility
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| S OL DHesosance lonization Laser lon Source - RILIS®) &) @,
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| S OL DRegosance lonization Laser lon Source - RILIS®) &) %
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The RILIS Laser Setup
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Resolution Limitations: Doppler Broadening S)SY ”f
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The Laser lon Source and Trap - LIST @ @ G

30-60kV Ay oo
- .b ) LIST structure — y -
atornization ‘XB ' _ ‘ /— —— — mass separation
cavity N e . :@;_’mm

lonization
lasers

.

/ Extraction
RF quadrupole dlictrodis
lon repeller?,
Taige electrode ?
, Y E—
I_I lon detection
O Isotope of interest O Isobaric contaminants () Isotopic contaminants PI—LIST Concept

Suppressiorof surfaceions Vihermal ‘
Afield-free laserionizationregion
HIC"{ iC

Pure laser ionizationnsideRF quadrupolestructure :>--"‘1 cone

o O o o

PLLISTStructureenables higkresolution spectroscopy

Narrow bandwidth
spectroscopy laser

r e
AN




PI-LIST Experiments: 1S664 o @

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

1 0 L —T — - 1 . — — : [ s — ] I I ~ ] s I | Proposal to the ISOLDE and Neutron Time-of-Flight Committee
: — In-source broadband (4.5 GHz)

— In-source narrowband (1.8 GHz)
0.8 ] Investigation of octupole deformation in neutron-rich actinium
— PI-LIST (1 50 MHZ) using high-resolution in-source laser spectroscopy

May 13, 2020

0' 6 B. Andel', A.N. Andrevev?, M. Au*, A.E. Barzakh?, A.J. Brinson®, K. Chrysalidis® =
T.E. Cocolios', B.S. Cooper®, J. Cubiss®, H. De Witte', K. Dockx', D. V. Fedo
V.N. Fedosseev®, K. T. Flanagan’, R. F. Garcia Ruiz®, F. P. Gustafsson'. R. Hei
0 d L | J. Johnson', M. Kadja®, V. Leask'®, R. Lica”, B. A. Marsh®, P. L. Molkanov

. G. Nevens'* H. A. Perrett”, S. Raeder'®, B. Reich®, C. M. Ricketts”, 5. Roth

M. D. Seliverstov?, S. M. Udrescu®, P. Van Duppen', A.R. Vernon!, E. Verstrae

Relative signal intensity

K. Wendt®, J. Wessolek™, S. G. Wilkins®, W. Wojtaczka', X. F. Yang®

-15 -10 -5 0 > 10 https://doi.org/10.1016/j.nimb.2023.04.05:

Shift to center frequency (GHz)

Continuum
Al 46 347.0 cm™®
1. p——— Y — 43 394.5 cmt
424.69 nm —F'=4
A

Very consistent and higguality data,
confirmed by several measurements of
several isotopes.

6d 7s 7p 4P%,
22801.1 cm™

o
=N

22
6d 7s D3/2

I
N ~WO

7/
S [ \\N



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

Data example: 228Ac
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Optimization: Efficiency Considerations SNy, ”f
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LIST 33 100 0.1 usion
PLLIST 2 200 0.05
PELIST optimised 10 2000 0.005

**Based on Ac data presented previous

7/
AR T =




Areas of Optimization

- Atomizer geometry optimization

T T T T T T T T T T PP P .
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Conclusion and Future Directions 2 @ G

A Laser resonance ionization for element selective RIB production
A # S udbo p p | -souroe speatroscopy at online facilities achieved
A First Neutron-rich Actinium laser sSpectroscopy scan

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

API-LI ST i s great! But can be greateré.
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ISOLDE adaption of PI-LIST @ @~
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Beam shape comparison
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Atom beam collimation T Computational model

30

Monte Carlo simulation of particle trajectories
within hot cavity

A Atom re-emission from surfaces by cosine law
A MaxwellBoltzmann velocity distribution

Comparison to establishedlausing
model of effusion per solid angle
for simulation validation




Atom beam collimation I Experimental access
g e 45 1
< 8t - Color code in background: 0.95
-~ a Measured ion arrival
_E 4 time structures
: -
% ok 40 Black points: 0.50
o ] Simulated ions
2000- g 0.65
G.E) [
" 5 35|
= 1500} T 0.50
a . I=
© | <
& 1000} |
c [ 0.35
E 30
- 9200
o , 0.20
o); - - : |
0 10 20 30 25
0 0.05

Position behind Hot Cavity Exit (mm)

Start position (mm)

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

Experimental data on atom density
along LIST central axis



Atom beam collimation T Investigation at RISIKO (JGU)
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Atom beam collimation T Comparison data to model
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Electric potential shaping: DC offset
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PI-LIST In the landscape of laser spectroscopy
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Octupole deformation in Ac isotopes
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Robust metallic mirrors

Optimization: Mirrors

- Better reflective coating 6mm
- Optimized mirror setup
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Optimization: Opening Angle

Move potential
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Optimization: Atomizer

i o | | Simulation data
Goal: more concentrated beam | g
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Optimization: Contamination Source

A Highlighted part is source of contamination (?) A simulations

Additional suppression,

Relative signal
o o
S o
Premium LIST
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' Standard working point

Fr: contamination

RF amplitude control
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Comparison density simulation to

omparison density simulation to : : .
comp y experimental data: Multsource with 3mm offset

experimental data: D1.5mm source

Comparison density simulation to

experimental data: Multsource without offset
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