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Research on cadmium-ion microwave clock
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Abstract ; Microwave atomic clocks based on trapped ions have advantages in miniaturization and mobility. Therefore, they have attracted
widespread attention. Among them, the '*Cd" ion has become the main candidate ions for the new generation of practical ion microwave
clocks due to its advantages of low laser requirements and large ground-state hyperfine splitting frequency. In recent decades, multiple
experimental teams at home and abroad have conducted research on cadmium-ion microwave clocks. This article provides a detailed
introduction in chronological order of the technical routes and the latest developments adopted by different experimental teams at home
and abroad in the research of cadmium-ion microwave clocks.
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Fig. 1 Relevant energy level structure of ' Cd*
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Fig. 3 The observed fluorescence spectrum from the cloud

of natural Cd* ions
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0-0 transition of '>Cd*l"®
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Fig. 18 Physical image of permalloy magnetic shielding"**!
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Fig. 19 Comparison of magnetic shielding effects'*
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Fig. 20 Power stability rendering'*’
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High performance cadmium-ion microwave clock system

Fig. 21
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RGTHAEA T 4 T3 15E 10 5R b HE 28 LA X
FRITR, SRR G THAPE SRR Cd”
BT IR E N 4. 2x 107 A M T E—
RAEGHETHE — A%, X400 R G0 A7 4 vFAf 5 (n
F1PR),"PCA B TR MEER > HEE N
15 199 862 855. 027 99(27) Hz, AH X 451 Z AN # 7& FE Hy
1.8x107" Mt E—fCRG T 4 52 L2450 TH
HIA IR Cd ™ 85 7 HE A5 S 41 BB 2 43 244 1 I 2 445 2
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Table 1 Systematic frequency shifts and uncertainties'*"

s PRSIRIE (1077)  RHiEE(1077)
ZHEE 105 720 3
T2 R -65.9 3.6
SRR SR -0.1815 <0.1
PR I 2E B I5RS -0. 009 81 <0.01
gl he 4.7 0.1
JE 1 551%s 0 <0.1
Jes 0 0
SR 105 658. 6 4.6

®2 TRANRLERE

Table 2 Comparison of different measurement results*’
Kl 458/ He Ry e B
Tanaka U ( Japan) 15 199 862 858(2) 1.3x107"°
Jelenkovic B (JPL) 15 199 862 855.0(2) 1.3x10™"
Zhang ] W
15 199 862 854.96(12) 7.9x107"2
(Tsinghua University )
Wang S G
15 199 862 855.012 5(87)  5.7x107"
( Tsinghua University )
Miao K
15 199 862 855.028 7(10)  6.6x10°™
( Tsinghua University )
Miao S N
15 199 862 855.027 99(27)  1.8x107*

( Tsinghua University)
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(a) Sympathetic cooling of 2Mg*-'3Cd" ion crystal composed
of 12 images

(b) *Mg' 3 IR

(b) *Mg" ions recorded using a filter

(c) "°Cd 36 T I B

(c) '3Cd" ions recorded using a filter
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(d) The outer contour of the entire ion crystal
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Fig.22 Sympathetic cooling of *Mg*-">Cd"

bicomponent ion crystal
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(c) Sympathetic cooling ion crystal model obtained by MD simulation
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Fig. 23 Sympathetic cooling of *Ca*-"?Cd"

bicomponent ion crystal '’
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Fig. 24  Measurement of ion temperature under different
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