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Line shape simulation at cryogenic and room
temperatures
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Cryogenic cavity-enhanced spectrometer
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Cryogenic cavity-enhanced spectrometer
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Cryogenic cavity-enhanced spectrometer
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Cryogenic cavity-enhanced spectrometer
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Mirror position actuator for cryogenic
spectroscopy
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Mirror position actuator for cryogenic
spectroscopy
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High SNR spectra in cryogenic temperatures
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Precise tests of qguantum theory for molecules
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Precise tests of qguantum theory for molecules
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Optical realisation of Sl units in cryogenic conditions
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Optical realisation of Sl units in cryogenic conditions
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Optically determined H2 phase diagram curve

106_
4|
10 Solid
= | \
&~ 100} H, triple |
2, . ]
< | point
Gas
0.01¢
5 - IIIOI - 1520
Topt (K)

Stankiewicz, K., Makowski, M., Stowinski, M. et al. Cavity-enhanced spectroscopy in the deep cryogenic regime for
quantum sensing and metrology. Nat. Phys. 22, 637-643 (2026). https://doi.org/10.1038/s41567-026-03204-8

13



HZ2 spin iIsomer conversion rate
1

>
N
D

S
o
D

H, spin isomer fraction

0
0 20 40 60 80 100 120 140 |
t (h)

Stankiewicz, K., Makowski, M., Stowinski, M. et al. Cavity-enhanced spectroscopy in the deep cryogenic regime for
quantum sensing and metrology. Nat. Phys. 22, 637-643 (2026). https://doi.org/10.1038/s41567-026-03204-8

14



Room for improvement — purely frequency

based methods
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Room for improvement — purely frequency
based methods
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Room for improvement — purely frequency
based methods
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Conclusions

* Cryogenic cavity for spectroscopy, all optical components cooled
down to 4 K

* Clear spectra below 5 K, precise transition energy determination.

* First optical realisation of the primary standard for temperature,
concenctration and pressure in deep cryogenic conditions.

* Further improvement by implementing FARS and purely frequency
based methods.
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