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Advances in absolute frequency measurement and related transitions of
cold Ytterbium atomic clock

Qi Qichao,Jin Taoyun,Peng Chengquan,Sun Changyue,Xu Xinye

(State Key Laboratory of Precision Spectroscopy, East China Normal University, Shanghai 200241, China)

Abstract; At present, the stability and uncertainty of optical atomic clocks have reached the level of 107", making them the most precise
time-frequency measurement tools. Optical atomic clocks demonstrate potential for advanced scientific research in precision measurements
and fundamental physics, potentially redefining the unit of time “second”. Among optical clocks, ytterbium (Yb) atomic clocks stand out
due to their unique energy level advantages, making them one of the most mature and extensively researched optical clock candidates
worldwide. The absolute frequency measurement of the ytterbium atomic clock transition and the precise measurement of the ytterbium
atomic correlation transition spectrum are essential. This article provides an overview of the domestic and international progress in absolute
frequency measurement of 6s>' S -6s6p P, clock transition of cold ytterbium atomic clocks. The experiment measures the absolute frequency
of Ytterbium atomic clock transition with an uncertainty of 7.3x 107 is introduced whose measured value is 518 295 836 590 863. 30+
0.38 Hz. Additionally, we present the results of precision absolute frequency measurements of relevant repumping transitions at 649, 770,
and 1 389 nm, which use the absolute-frequency-measured ytterbium atomic clocks as a reference.
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Fig.2 The local hydrogen clock traced to SI seconds*!
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Table 2 Frequency shift term and uncertainty evaluation
table for 6s6p *P,( F=1/2) — 5d6s °D,
(F=1/2,3/2) transition'*

1 389 nm (F=1/2-F=1/2)/kHz  (F=1/2—F=3/2)/kHz
muiEot -1 170£54 -1197£52
— e 72+20 113217
“hr#E= -15+3 -21+3

Tl 4 43+28 112+21

TR <lxl 5+1

Bt -1 069+64 -988+59
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Table 3 The system frequency shifts and uncertainties

of 649 nm transition MTS measurement!”"

649 nm 4%/ MHz AN 5E B/ MHz
JE 155 -14.0 3.2
RIS 0.13 0.04
250 BIRRAT H 3 3.59 0.09
o 2 gt A o -0.12 0. 08
B i 0 0.08
Mt -10. 4 3.2

®4 FBRMRBBARTHAITHET

Table 4 Absolute frequency of hyperfine transition

of each isotope!”"

[RIv 28 BB At BR AT UL A%/ MHz

"Yb(1/2-1/2)
"BYh(5/2-7/2)

461 861 338.1
461 863 970.9

0yh 461 867 981.9
2y}, 461 868 512 3
174y}, 461 868 929.9
76yh 461 869 328 3

461 870 590 3
461 871 594.9
461 875 319.7

Yh(5/2-5/2)
"Yh(1/2-3/2)
B3Ybh(5/2-3/2)
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Fig. 16  Hyperfine structure coefficient of 649 nm Transition
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Table 5 System frequency shift terms and corresponding

uncertainties for 649 nm hyperfine level transitions!”

649 nm BKiT  F=1/2-F=1/2/MHz  F=1/2-F=3/2 /MHz
LS -5.20+0. 15 -6.09+0. 12
BRI -0.010. 01 0. 10£0. 02

il 428 0. 44+0. 09 0.39+0. 16
5 <0.01£(<0.01)

it 0=0. 11 0+0. 24
it -4,77%0. 21 -5.60=0. 31

649 nm FOLHIFEIE 1 SAR I &, I8 0 2 285 0 R
YD 'S, P, AEXIURAE AR ZERIE BB R G
PRSI, TS 5 649 nm 454K A0 B SLBRAT 14 4 X 45
649 nm BRIT 0 48 X6 45 3R AH A 5L 2Z A MTS SE567"
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6s7s S, KT ANLEH4 B L, 5 Z 11 MTS 525600 75 1) 25 51
AP A B o e, S5 R A 18 R,

R 6 649nm BREMAE R ERIT YL Xt SR (g 7™

Table 6 Absolute frequency values of 649 nm

hyperfine level transitions!™’

BRAE HE  HMES i/ MHz SCik
F=1/2 461 861 338.1£3.2
[71]
649 nm F=3/2 461 871 594.9+3.2
s, F=1/2
("Py=78y) F=1/2 461 861 338.03=0. 21
[76]
F=3/2 461 871 596. 07+0. 31
6880
L 68601 @ .
E [
2 6840f { . .
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Fig. 18 Comparison of Hyperfine structure constants

of 6s7s S, energy levels
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REFREM B P R RE AR E DR AE i 51 Zeeman
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Table 7 The frequency shifts and their associated

uncertainties for the 770 nm transition ™

770 nm  F=3/2-F=1/2 F=3/2-F=3/2 F=5/2-F=3/2
BRiE /MHz /MHz /MHz
Akt 7.80+0. 58 9.12+0. 01 6.75+0.75
EZRUIB/ -0. 02+0. 05 -0.26+0. 02 -0.220. 05
i fi 0. 03%0. 17 -0.07£0. 17 0. 04+0. 20
£ <0.01+(<0.01)
it 0+0.24 0+0. 32 0+0. 44
Bt 7.81=0. 65 8.79+0. 37 6.57+0. 89
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Table 8 Absolute frequency of 770 nm transition'™

BRIT 6s6p P, 6s7s °8, Y % 4%/ MHz
F=1/2 389 257 019. 710. 65
F=3/2
770 nm F=3/2 389 267 277. 10£0. 37
F=5/2 F=3/2 389 260 569. 95+0. 89
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