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→ From electronic to nuclear transition(2)(1)

Ion trap NC(4)

→ highest accuracy

229Th: 8.4eV

Solid-state NC(5,6)

→ highest stability

(4) Peik et al., 2021, Quantum. Sci. Technol. 6 034003
(5) G A Kazakov et al., 2012 New J. Phys. 14 083019
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Nuclear clock: nucleon transition
EM force + nuclear forces

Atomic clock: electron
EM force 

Large number of nuclei in crystalline medium(8)

• Ultrastable clock (-networks)
gravimetry

• Industrial applications 
telecom, sattelite-based navigation
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The role of the chemical environment 

CaF2: 229Th4+ in Ca-substitutional position(12)

CaF2: 229Th4+ in interstitial position(12)

from (9)

bandgap

(9) Dessovic. et al., 2014 J. Phys. Condens. Matter 26 10

Decay mode:

γ-decay

1/Γ  γ = T1/2≈10min

Higher order processes
e.g. bound IC-decay

Internal conversion 
(IC) decay

1/ΓIC = T1/2≈7 sμ

from (9)

bandgap
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Vacuum-ultraviolet spectroscopy
at ISOLDE



ISOLDE beamline and accelerator complex sketches: CERN

GPS target
+ ion source

HRS target
+ ion source

HRS mass separator

GPS mass 
separator

Vacuum-ultraviolet spectroscopy at ISOLDE
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Not shown: γ detectors
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Vacuum-ultraviolet spectroscopy at ISOLDE

50s

4min

62.7min



Vacuum-ultraviolet spectroscopy at ISOLDE

CaF2 50 nm
IMEC

CaF2 0.5 mm
CRYSTAL

MgF2 5 mm
Thorlabs

MgF2 5 mm
Thorlabs

CaF2 1.5 mm
MaTeck

CaF2 5 mm
Thorlabs

Background induced by radiation:
Cherenkov photon  emission
→ Continuous spectrum

Radioluminescence of crystal defects
 Limited spectral width

Observed spectral shape:
Cherenkov spectrum + instruments and crystal bandpass

MgF2

CaF2
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Identification
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5 mm thick CaF2

50 nm thick CaF2
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229mTh radiative decay CaF2 defect radioluminescence CaF2 defect radioluminescence



Half-life

 670(102) s in MgF2
Crystal: 5 mm MgF2

Entrance slit: 2 mm

(11) Kraemer et al., Nature 617 7962

(11)



Excitation energy

New energy value:
8.338(24) eV

→ Uncertainty reduced from 41 THz to 5.8 THz
(11) Kraemer et al., Nature 617 7962

(11)



Conclusion and Outlook



Conclusion

(11) Kraemer et al., Nature 617 7962
(12) Pineda, S. V. et al. Phys. Rev. Res. 7, 013052 (2025).
(13) Y.Elskens et al., in preparation

This work(11):
● Demonstration of the feasability of the solid-state approach
● New energy value to facilitate laser excitation
● Establishing a robust system for material testing using implanted radioactive ion beams

New measurement campaigns(12,13)

● Testing of the radiative decay fraction in candidate materials
● Better understanding of quenching effects

Radioactive quenching (c.f. contribution by Y.Elskens)



Outlook:Recent developments
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VUV spectroscopy
γ spectroscopy

ns-VUV laser
Tiedeau et al.

fs-VUV comb

Clock operation

Zhang et al.

(14) Tiedau et al. Phys. Rev. Lett. 132, 182501 (2024).
(15) Zhang, C. et al. Nature 633, 63–70 (2024).

(15) Y.Elskens et al., in preparation

(14)

(15)



Thank you very much!
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