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ISOLDE beams
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Challenges
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Refractory properties



Actinide atomic beams
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ISOLDE 
GLM

Wolf, R.N. et al.
(2012) NIM A 
686, pp. 82-90.
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Ac, Pa, U, Np, Pu

TISD chamber
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Talk by Lukas Nies



Ac, Np, Pu
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Au, M et al., (2022) In preparation
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Ballof, J. (2021) Radioactive 
Molecular Beams at CERN-ISOLDE



Molecular beams
1. Volatilization 

2. Sideband extraction 

3. Research opportunities
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Garcia Ruiz et al. (2020) Nature 581. 396 
Safronova, Budker, DeMille et al. (2018) Rev. Mod. Phys. 90. 2, 
Skripnikov et al. (2020) Phys. Chem. Chem. Phys. 22. 33, 18374



Molecular beams
1. Formation 

2. Detection

3. Identification
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Formation: Making the molecules
In-target In-trap

Radio-frequency quadrupole cooler-
buncher (RFQ-cb)
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Reactive gas: 
CF4, NF3, SF6

Target
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MK1

p+

VD5 He buffer gas

U

z
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Detection and identification
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Surface ionized target molecules
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Species Rate [ions/s]
235U+ 7E5
238U+ 3.7E7
238U12C+ 7.5E3
235U16O+ 1.3E4
238U16O+ 4.2E6
238U18O+ 9E3
235U12C2+ 6.5E4
238U12C2+ 1.1E7
238U12C13C+ 4.8E5
238U13C2+ 1.65E3
235U16O2+ 2E3
238U16O2+ 7E5
235U16O18O+ 2.5E3
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Fluorination
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Species Rate 
[ions/s]

238U+ ?
235U16O+ 1.3E4
238U16O+ 4.2E6
238U19F+ ?
181Ta19F5+ ?
238U16O2+ 7E5
181Ta19F416
O+

?

238U19F16O+ ?
238U19F2+ ?
181Ta19F5+ ?
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Metastable molecular ions
Dissociation after acceleration, 
before mass separation.

apparent mass: 𝑚∗ =
"!
"

"#

• 𝑚#: mass of fragment ion 

• 𝑚$: mass of precursor ion

Ex: UF2+ into UF+ + F 

𝑚∗ =
238 + 19 %

238 + 2(19) = 239.31
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Decomposing mass spectra
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Laser off
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Plasma ionization
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• High efficiency

• Low selectivity

• Dissociation
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In-trap formation
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UOx, TaOx
• ID by ToF and revs vs ToF
• Sideband populations

Fischer, 
Schweikhard (2020) 
Rev. Sci. Inst. 91, 
023201, DOI 
10.1063/1.5131582
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In-target formation
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AcFx
• Ac

• Enhanced extraction

• AcF
• Laser spectroscopy

• AcFx

• Coordination chemistry

• 225Ac
• Radiopharmaceutical “theranostic”
• Optimized production
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AcFx
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228AcFFF: < 0.1 E8

228AcFF: 30 E8

228AcF: 9 E8

228Ac: 16 E8



AcFx
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225Ac
221Fr 217At

213PoYield 
[ions /  uC p+]

Efficiency 
[%]

sample: 
229AcFF

1.6 (1) E5 0.05 (2)

sample: 
225AcFF

1.93 (0.05) E7 2.5 (0.04)



Outlook: Other actinides?
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Actinide fluorides
• NpFx
• PuFx
Next up
• Improving statistics

Np FF

Yield 
[ions / micro C p+]

Efficiency 
[%]

sample 12: 
238NpFF

1.6 (0.2) E3 0.039 (5)

sample 13: 
234Np

< 3.5 --

sample 24: 
234NpF

1.4 E2 0.00013

sample 14: 
234NpFF

3.8 (1) E2 0.037 (10)

sample 23: 
234NpFFF

< 1.2 E2 < 0.0001
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Conclusion
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1. Surface, plasma beam compositions for actinide mass region

2. In-trap formation (UOx , TaOx)

3. In-target formation : AcFx production, ID and measurement

4. Molecular spectroscopy of AcF: ongoing!

5. Outlook: AnFx

01/12/2022 ISOLDE Workshop 2022 | M. Au



22

Acknowledgements Dinko Atanasov, Michail Athanasakis-Kaklamanakis, Jochen Ballof, 
Ermanno Barbero, Robert Berger, Mathieu Bovigny, Katerina 

Chrysalidis, Bernard Crepieux, James Cruikshank, Christoph Düllmann, 
Sarina Geldhof, Reinhard Heinke, Jake Johnson, Ulli Köster, David 

Leimbach, Bruce Marsh, Maxime Mougeot, Lukas Nies, Bianca Reich, 
Jordan Reilly, Edgar Reis, Moritz Schlaich, Christoph Schweiger, Simon 

Stegemann, Yago Nel Vila Gracia, Julius Wessolek, Frank Wienholtz, 
Shane Wilkins, Wiktoria Wojtaczka,

ISOLDE operations team, ISOLDE targets and ion sources team,  
Sebastian Rothe

This project has received funding from the European’s Union Horizon 
2020 Research and Innovation Programme under grant agreement 

number 861198 project ‘LISA’ (Laser Ionization and Spectroscopy of 
Actinides) Marie Sklodowska-Curie Innovative Training Network (ITN)

01/12/2022 ISOLDE Workshop 2022 | M. Au

IS706 experimental team



home.cern

Thank you!



24
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24188.4 (12094.2) cm-1

IP 48604(1) cm−1

Pu

25412.44
(12706.22) 
cm-1

Kneip, N. et al. Hyperfine Interact 241, 45 (2020).
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IP 49 000 (110) cm−1
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Raeder, S. et al. (2016) NIM B
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24613.42 
(12307.71) cm-1

5f56d27s (J = 1)o

620.32 (30%)

25728.6
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cm-1
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(12724.4) cm-1

Naubereit, P. et al. Phys. Rev. 
A 98, 022505 (2018).

25296.3
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cm-1

24507.3
(12253.65) 
cm-1

25260.8
(12630.4) 
cm-1

25551.8
(12775.9)
cm-1

25643.8
(12821.9)
cm-1

25657
(12828.5)
cm-1

Mainz, Private communications (2021).5f26d7s2 4K11/2

J=11/2 o

Savina, M. et al. (2018) Anal. 
Chem. 90, 17, 10551-10558

(J = 6)

AI

Laser ionization schemes used



Surface ionization vs laser enhancement
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Outgassing over time

Sideband ratios



AcFx
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Ac+, AcF+, AcFF+, AcFO+
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