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The target-ion source unit
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ISOLDE Target Materials

4V. Berlin. ISOLDE Workshop and Users meeting 2024

Material requirements

ÅHigh production cross section of the isotope(s) of interest

ÅStability at high temperatures

ÅChemically stable and inert 

ÅResistance to radiation damage

ÅRapid diffusion and effusion rates of the element(s) of 

interest

Operation temperature limitations

ÅSintering (preserve target microstructure)

ÅLimited reactivity with surrounding materials

ÅReduced stable beam contaminants (chemical impurities)

ÅModerate equilibrium vapor pressure compatible with ion 

source (~10-4 mBar)
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Ion sources

S. Rothe. Academic training lecture 2023 (adapted)

Hot cavity

Universality

Selectivity

Simplicity

Reliability

Efficiency

FEBIAD ïPlasma ion sourceSurface ionisation Laser ionisation LIST - Laser Ion Source and Trap

R. Heinke



Ion sources

S. Rothe. Academic training lecture 2023 (adapted)

Hot cavity

FEBIAD ïPlasma ion sourceSurface ionisation Laser ionisation LIST - Laser Ion Source and Trap

R. Heinke

Ionization potentials of the elements

1  Ionization potential: < 5 eV 2

H He

3 4  Ionization potential: 5.0 - 5.8 eV 5 6 7 8 9 10

Li Be B C N O F Ne

11 12  Ionization potential: 5.8 - 6.5 eV 13 14 15 16 17 18

Na Mg Al Si P S Cl Ar

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe

55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Cs Ba La Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn

87 88 89 104 105 106 107 108 109 110 111 112

Fr Ra Ac Rf Db Sg Bh Hs Mt

58 59 60 61 62 63 64 65 66 67 68 69 70 71

Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

90 91 92 93 94 95 96 97 98 99 100 101 102 103

Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr

RILIS elements: 
https://riliselements.web.cern.ch/index.php

Selective plasma ionisation



Statistics Run 3
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Materials
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Annual target production for ISOLDE

Built for physics programme



Ion sources
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Preferred for RILIS

Better extraction
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Mo-free

Built for physics programme



Quartz transfer line
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Hot quartz Cold quartz U. Köster. NIMB 266 (2008)

8 targets in Run 3



Faults - HRS
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Includes Target/Line trips

Target faults: Å Target & Line heating trips

Å Vacuum leak

Å Source open/short circuit

Å Target open circuit

Å Water leak

ÅMaterial degradation



Faults - GPS
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Includes Target/Line trips

Target faults: Å Target & Line heating trips

Å Vacuum leak

Å Source open/short circuit

Å Target open circuit

Å Water leak

ÅMaterial degradation



Faults
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1. Target/Line trips 2. Vacuum leak

3. Material degradation

4. Short circuit (Plasma source)

Power supplies replacement



Target lifecycle: dismantling
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~40 targets per year

(non-actinide)



Target-ion source development
(TISD)
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Surface ion suppression, sub-Doppler-limit spectroscopy

Å Offline developments, collaboration

Å New extraction electrode design

Å Oct. 2021: first online coupling tests

Å Mar. 2022: commissioning PI-LIST: 200 MHz

Å May 2022: first actinium spectroscopy [1]

Å June 2022: IS456, LOI225 polonium 

Å March-April TISD 2023 (LOI243, 246)

Å Np, Pu, Dy, Pm, Tm, Er, Yb, Gd

Å 2024

Å user experiments Tm, Lu, Ho

Å 2025

Å User experiments and spectroscopy: Tm, Pm, Ni, Bi

Å 2026: consolidation for routine online operation

Laser Ion Source and Trap (LIST)
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[1] Heinke et al, NIM B 541, 8-12 (2023)

LS2

now

Courtesy of M. Au R. Heinke



Molecular 
beams: 
Volatilization

17EMIS XX | M. Au10/22/25

W. Wojtaczka: TbFx

E. Mamis: ScFx

M. Au: AnFx

J. Ballof: BFx



Å Ac: enhanced extraction

Å 225Ac: Targeted-alpha therapy

Å AcF spectroscopy ïcharacterization

TISD beamtime granted summer 2022     Ÿ          first spectroscopy in winter physics 2022! 

Production of AcFx
+

18EMIS XX | M. Au10/22/25

A/q = 226

A/q = 225

Au, M et al. J Radio Nucl Chem 334, 367ï379 (2025) Athanasakis-Kaklamanakis, M., Au, et al. Nature 648, 562ï568 (2025)



Radium Fluoride beams at
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Production

Å Surface ion source with CF4 gas injection

Å Many successful winter physics experiments

Results since LS2

Å Laser cooling scheme [1]

Å Excited states, Ó 99.64% (Ḑ12 meV) agreement [2]

Å State lifetimes [3]

Å Nuclear magnetization effect [4]

Å IS758: RaF-

[1] Udrescu et al.,(2024) Nat. Phys. 20, 202 

[2] Athanasakis-Kaklamanakis et al., (2025) Nat 

Comms 16, 2139

[3] Athanasakis-Kaklamanakis et al., (2024) PRA

110, L010802

[4] Wilkins et al., (2024) arXiV 2311.04121, 

Science (2025)

Image published in Garcia Ruiz et al, (2020) Nature 581 p. 396

Courtesy of M. Au



Å#910 ïdesign improvements implemented 

ÅAlmost no sulphur release in YOL1 conditioning measurable at maximum 

oven temperature Ą molten gasket

ÅSwitched back to mass marker design but kept oven in with refurbishing and 

refilling with 34S enriched sulphur for operation

ÅSmooth, steadily decreasing sulphur beam 

Ą sufficient sulphur release over run Ą still no control Ą further development

Sulphur release for molecular SnS beams ïDev.
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Courtesy of B. Crepieux

EDMS 3138380 v.1

Å#866 ïsource broke on YOL1 conditioning

ÅCorrosion Ą Mo protection layer 

ÅOven failed ONLINE Ą Cancelled run

ÅS-transport is a Blackbox Ą designed testing unit

ÅCondensated/resublimed sulphur in cold trap

ÅThermocouple for temperature control

Slits in:

34S+34S:

at 470 A: 1 µA

at 550 A: 1.5 µA

at 600 A: 1.4 µA

34S 

at 470 A: 0.74 µA

at 550 A: 0.8 µA

at 600 A: 0.8 µA

Courtesy of M. A. Grasser



Development & testing of nanostructured UCX targets
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Extraction efficiency of sodium isotopes for   

nano-UCx compared to conventional UCx

Release time-structure of 26Na from nano-UCx versus conventional UCx

Temperature Absolute yield 

2000 °C Conv. UCx 1.52E7 6.00E5

1750 °C Nano UCx 1.40E7 1.2E6

2000 °C Nano UCx 5.69E7 1.5E6

2100 °C Nano UCx 8.71E7 4.0E6

2200 °C Nano UCx 4.04E7 3.1E6

Online characterization of nano-UC   target (#913)

Ÿ Ta surface source

Ÿ Total mass before carburization: 41.99 g (conventional UCx target mass 103 g)

Ÿ Density: 1.37 g/cm³ (conventional UCx density 3.36 g/cm3)

Courtesy of V. Berlin

Ÿ ISOLDEôsClass A NanoLab is now commissioned and

operational

Ÿ First batch of nanostructured UCx has been produced

and characterized at ISOLDE

Ÿ Production required ~4 weeks!

Whatôsnew?
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TaC-MWCNT 

Recent developments in Tb-155 and Tb-149 mass 

separation at CERN-MEDICIS facility |

First nano type of material tested on 

MEDICIS FE twice in November 2025

Tb-155 beam visible already at 1800oC

Upon second use, the mass separation 

efficiency decreased by only 2×, whereas 

TaC exhibited a tenfold reduction

Sintering studies performed on the 

material and the results show decreased 

sintering in high temperatures comparing 

to TaC

Courtesy of P. Kalnina



LaCx Suspended Heat Screen ïDesign and Assembly

To improve container heat distribution & 
insulation of source

1. Two-layered heat shield (0.1mm 
tantalum sheets)

2. Tantalum spacer plates for decoupling 
shielding from container 

3. Two additional heat screens around 
source

4. Sigratherm® plug for insulating both 
layers of container shielding

× 3 runs 2025 (#906, #908, #909)

× Improved temperature 
homogeneity
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Courtesy of K. Zinke


