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Abstract
With the development of optical clocks, the second is expected to be redefined possibly in 2030. KRISS (Korea Research Institute of Standards 

and Science) has developed Yb optical lattice clocks to contribute to the redefinition of the second since 2002. The absolute frequency of the 
first Yb optical lattice clock at KRISS (KRISS-Yb1) has been reported in 2013, 2017, and 2021, contributing to the determination of the BIPM 
recommended values of standard frequencies. KRISS-Yb1 has contributed to the steering of the International Atomic time (TAI) since 2021, 
and is now being operated regularly to contribute to TAI. It was the most frequently contributing optical clock for the last two years. The 
systematic uncertainty of KRISS-Yb1 was limited to 1.7x10-17 mainly due to the blackbody radiation (BBR) shift uncertainty. The second Yb 
optical lattice clock (KRISS-Yb2) was developed to reach the 10-18 uncertainty level overcoming this BBR shift uncertainty. Intercontinental 
optical clock comparisons are necessary for the redefinition of the second. For this comparison, several methods are under development at 
KRISS with international collaboration, including the VLBI (Very Long Baseline Interferometer), ACES (Atomic Clock Ensemble in Space), GPS 
PPP-AR (Precise Point Positioning with Ambiguity Resolution), and a transportable optical clock.
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• Via GNSS

• OPTASIA : NICT, NMIJ(Japan), NMC(Singapore)

• Via VLBI

• Very Long Baseline Interferometer 

• Via ACES mission

• Atomic Clock Ensemble in Space

• Via transportable optical clock

• KRISS-YbM1

Metrologia 55 (2018) 188

• Optical clocks have better performance than the 

cesium clocks since 2005.

• 2026 CGPM : validate a roadmap toward  redefinition 

(Metrologia 61, 012001 (2024) )

• 2030 CGPM : redefinition of SI second expected

• KRISS has been developing ytterbium clocks for the 

redefinition of the second since 2002.

[2013] 1st absolute frequency report in Metrologia (u=1.4x10-14)
[2017] 2nd absolute frequency report (u=1.1x10-15)
[2021] Improved absolute frequency report in Metrologia (u=2.6x10-16) [1]
[2021] Total systematic uncertainty 1.7x10-17

[2021] Participation in the TAI correction in BIPM circular T as a secondary frequency standard(SFS)
[2022~] Steering test of UTC(KRIS);  |UTC-UTC(KRIS)| < 2 ns
[2021~2024] Regular participation in the TAI correction
[2024] New evaluation of the relativistic redshift (~4 cm) [3]
KRISS-Yb1 is one of the most frequently participating optical clocks in TAI calibration

◦ To evaluate the BBR shift, we installed an in-vacuum BBR shield and made radiation 

thermometry using a black-coated-sphere thermal probe.  

◦ The total uncertainty of the BBR shift including the atomic response was evaluated as 

9.5x10-19

◦ Systematic uncertainty evaluation on going for 1x10-18 level

[2015] Start Yb2 development 

[2019] Start Yb3 development,
Yb2 Two color MOT

[2020] Yb2 lattice trap 

[2022] Yb2 clock signal,
BBR shift evaluation done [2]

[2023] Yb2 systematic evaluation start,
Yb3 two color MOT

[2024] Yb2 systematic evaluation (ongoing)
Yb3 lattice trap (ongoing)

BBR chamber for Yb2 and Yb3

Redefinition of the second by optical clocks

KRISS-Yb1 for the TAI contribution

KRISS-Yb1

KRISS-Yb2 KRISS-Yb3

KRISS-Yb2 and KRISS-Yb3 for best frequency uncertainty

Intercontinental optical clock comparison efforts

https://webtai.bipm.org/database/show_psfs.html
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