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ISOLDE beams
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ISOLDE beams



Actinide atomic beams
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Challenges
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Ballof, J. (2021) Radioactive 

Molecular Beams at CERN-ISOLDE

Refractory propertiesContaminants

𝑅 =
𝑚

∆𝑚
=

𝑡

2∆𝑡
Mass resolving power

cern.ch/isolde-yields

05/10/2022 EMIS XIX 2022 | M. Au



Molecular beams
1. Volatilization 

2. Sideband extraction 

3. Research opportunities

7

bp 56.5˚C

U

F
F

F
F

F

F

bp 55˚C

bp 62˚C

bp ?
bp ?

bp ?

+ 19F

Target nucleus 
238U

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
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Molecular beams
1. Formation 

2. Detection 

3. Identification
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p+

ISOLDE 

LA1 Wolf, R.N. et al. 

(2012) NIM A 

686, 82

ISOLTRAP 
MR-ToF mass spectrometer
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HRS
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FTS
Catherall, R. et al. (2017) 

J. Phys. G. 44, 9

ISCOOL

CF4

Actinide fluoride ion beams
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Pre-irradiation
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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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Pre-fluorination
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Species Rate 

[ions/s]

238U+ ?

235U16O+ 1.3E4

238U16O+ 4.2E6

238U19F+ ?

181Ta19F5
+ ?

238U16O2
+ 7E5

181Ta19F4
16

O+

?

238U19F16O+ ?

238U19F2
+ ?

181Ta19F5
+ ?
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Decomposing mass spectra
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Laser off
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Target and ion 
source heating
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Metastable molecular ions

Dissociation after acceleration, 
before mass separation.

apparent mass: 𝑚∗ =
𝑚𝑓

2

𝑚𝑝

• 𝑚𝑓: mass of fragment ion 

• 𝑚𝑝: mass of precursor ion

Ex: UF2
+ into UF+ + F 

𝑚∗ =
238 + 19 2

238 + 2(19)
= 239.31
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Plasma ionization
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• High efficiency

• Low selectivity

• Dissociation

05/10/2022 EMIS XIX 2022 | M. Au



UFx
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Target material

• 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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AcFx
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Ac

• Enhanced extraction

AcF

• Laser spectroscopy

225Ac

• Radiopharmaceutical 
“theranostic”

• Optimized production
225Ac

221Fr
217At

213Po
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AcFx
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Ac+, AcF+, AcFF+, AcFO+
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Conclusion
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1. Surface ionized beam composition for actinide mass region

2. Metastable ions and dissociation

3. AcFx production, identification and measurement

4. Outlook: NpFx, AnFx
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