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Thorium-229 and Nuclear Clock

• 229Th has the lowest nuclear excited state among all nuclei (isomeric state, )


•  corresponds to 148 nm (VUV photons)


• Application to nuclear clocks (frequency standard using  transition)


• In contrast to atomic clocks, solid-state nuclear clock can be realized
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Our group’s discovery: XIQ 3

• 2018, the X-ray pumping of the 229mTh states


• 2023, we succeeded in observing VUV photons from 229mTh

         Moreover, we found the 


X-ray induced quenching (XIQ) of 229mTh
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Phys. Rev. Research 7, L022036
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T. Hiraki et al., Nat. Comm. 15, 5536 (2024)
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Experiment Setup, X-ray 4
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Items Values
X-ray energy 29189 eV
Bandwidth ~14 meV
Photon flux ~16 x 1010 ph./s
Spot size ~1.0 x 0.5 mm2
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(b) VUV signal

The Nuclear Resonance Scattering method 5
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T. Hiraki et al., Nat. Comm. 15, 5536 (2024)
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The discovery of XIQ 6
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If there is no XIQ

Quench factor (QF) =                                                                             =                   ~ 11

229mTh natural radiative decay lifetime 

229mTh X-ray irradiation induced quench lifetime 
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T. Hiraki et al., Nat. Comm. 15, 5536 (2024)



XIQ dependence on X-ray flux 7
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The lifetime of  229mTh during XIQ

Stronger X-ray intensity, stronger quenching.


The quenching rate proportional to X-ray flux.

T. Hiraki et al., Nat. Comm. 15, 5536 (2024)

τir =
1

Γ0 + Γq

Γq = k ⋅ fX−ray



XIQ dependence on crystal temperature 8

• The lower temperature


• The smaller XIQ amplitude


• The longer 


• The more  yield


Conclusion:


Cooling the crystal can 


mitigate the XIQ process.

τir

229mTh

arXiv:2505.03852v1 



The color-centers in crystals
• A mini-review about color-centers in solid-state physics

9
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The color-centers in crystals
• A mini-review about color-centers in solid-state physics
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The color-centers in crystals
• A mini-review about color-centers in solid-state physics
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Mineral CaF2 crystals with different color-centers 12
H. Bill et al., Physics and Chemistry of Minerals 3, 117-131 1978



229mTh Quenching model 13

Very Preliminary!
arXiv:2505.03852v1 



Summaries
• We used the 29.2-keV X-ray to pump the 229Th nucleus to the isomer state


• The VUV signal was detected by the our setup


• The spontaneous lifetime of 229mTh is measured as 646(37) s in CaF2 crystal


• X-ray can induce the quenching of 229mTh in CaF2


• Quench can be used for nuclear clock initialization


• Cooling the crystal can mitigate the XIQ magnitude, resulting in


- Longer lifetime during X-ray irradiation


- Larger 229mTh yields during X-ray irradiation


• A quenching model based on e- migration in the crystal is proposed

14

More details could

be found at here!
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The thermoluminescence of the Th:CaF2 crystal 16

B1

B2 B3

B4
B5

B6

P1

P2

P3 P4

P8 P9
P11

P10
P5

P6

P7

Preliminary!

1. Irradiate the crystal 2. Heat-up & measure TL 

X-ray

Heat-up

Dosimeter 

based on TL



The cooling setup 17
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Cooling, ice-layer and the copper shield 18
J. Tiedau et al.,  Phys. Rev.Lett. 132, 182501 (2024) 


(Supplement Material)M. Guan et al., NIMB 562, 165647 (2025)
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The quench and afterglow 19
arXiv:2505.03852v1 


