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Development of magnetic shielding device for ultra-low
temperature cesium atomic fountain clock
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Abstract: The cesium atomic fountain clock is a standard frequency signal generation device based on the internal quantum transition of
atoms and is currently the universal frequency standard. The ultra-low temperature cesium atomic fountain clock is a special type in
which cesium atoms operate at liquid nitrogen temperature(80 K) , which effectively reduces the blackbody radiation frequency shift to
less than 1x107'%, nearly eliminating the influence of this shift. The cavity phase frequency shift and background gas collision frequency
shift of the cesium atomic fountain clock will be greatly improved, with the potential to reduce the systematic frequency uncertainty of the
cesium atomic fountain clock to below 2 x 107'°. The magnetic shielding device is an important part of the physical system of the fountain
clock. The performance of the magnetic shielding device affects the magnetic field frequency shift and uncertainty index of the fountain
clock. Since a liquid nitrogen Dewar interlayer is set on the periphery of the resonant cavity and the atomic flight area, the liquid nitrogen
inlet and outlet pipes need to penetrate multiple layers of magnetic shielding. The magnetic shielding structure of the ultra-low temperature
cesium atomic fountain clock is more complex than that of the room temperature fountain clock, and the development difficulty is greater. In
this paper, according to the spatial structure and application requirements of the ultra-low temperature cesium fountain clock, a
corresponding magnetic shielding device is designed. The optimal parameters such as the number of layers, thickness, size, and interlayer
spacing of the magnetic shielding device are determined by simulation calculation. The magnetic shielding device is processed according to
the design. The processed magnetic shielding device is subjected to high-temperature demagnetization and AC demagnetization treatment.

After testing, the radial magnetic field change in the core area of the magnetic shielding device is less than 0. 1 nT, the axial magnetic field
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change is less than 1. 3 nT, the shielding factor at both ends is greater than 10 000, and the central shielding factor is greater than 60 000,

which meets the application requirements of the ultra-low temperature cesium atomic fountain clock.

Keywords : cesium atomic fountain clock; magnetic shielding; frequency stability; blackbody radiation frequency shift; second-order

zeeman frequency shift

0 3l

T

T SR A AR 46 TR A R TR o, I 3%
TR HNEAR NG B 52 5 G BRI A T 52 RS 2 LR
S WUR S B R SR A R S O AR
YEFWZ BT & R i) 0k, PR R G s i | LS
T TR BRI s B A R, 5 i 28 B e R
FETF AT, S AERE B W P 14 IR A A 2k T R
LA T AP 850 (C ) T bRt 57 3L 1 g
RfaiHt, wEBRRVE R — J7 T T TE BR Hh g 00 T3
H—HEHTEK C 7B AEHE, #E ¢ miae
PR BB BT 2 2 B 45 R R Y
AR T O A B O TR A RNE $E m s
FEO R A W R A A TR e N T AT X A A
WE TWRAMGETE 2, WA B HE 0 O #2281
Wi 3K Ay B R i ) PR o A %) PR TR T

TEHE R IR BRI i Z M T, C R 25 R
WroE 24585, C 3 (1 35 50 P e — B 28 S 458 1 AN 1 22
£, CHMBMatas ¢ miasalsrAa A C b btins iy
AL RPSERL C S R) A AR £k F F S VR A R T A
T 5 R TR 28 |, C 37 ) 25 [) 43 A U e 52 - 1 I i o o0
W AR, BRTHER AU T 6 8 IR A J5 7 5 5% b
NIST-F2 F1 IT-CsF2 , B 5 % i) i i e AR 4 ) kg 411
114 nTHY ) IT-CsF2 By%hmRE #7202 000, IT4E
FHIRIFSE 22 HH , Ry T S A D 7 Mo S b By 2 = RS I AN
HRERE<1x107' (LR, 57 i 0o A% 0 X 8K 45 em 1
N RESZ AR B <2 T, BEBRE P T 1% > 10 0000

X R AV D o S A I B L ) F R 3K
T 3 AR AT R i A E T B 3k FH o i S SRR R R
FEMREWZBORESH 97 R T 5050, Zead s,
I W T A% O DX AR [ B 278 1< 0. 1 T, il ) 37 78
fh<1. 3 nT, Wit F H AR BRI F>10 000, Hc B ik K-
>60 000, 375 78 1K At )58 532 B o o i 2 1 1) e v P
RETEAT

1 #REBOSEHEINZITIER
1.1 HR&EH

APt 8 ) MR B ) B R SR AN P 1 s, wE DGR
BT RGETI7, 0 THIE T B0 JAER . BRI IX AT

sl A TR PR V& Ja AT TR A5 5 A R0
T B W L TR DX by, e e i o i o 2 2
fEPIREEA v oo T 0 TR Bk b e gt H
RSB, bum WA A I B TCA R DR
o B P78 e A1 o] P YR Ay i 3 2 Bl RIS
PRI . PRI R AR E BRI A 1 R
T o VRIS 7 10 em AEHREE L5 30 em A9 F2 4
JE T ISR PP A RO X

HEBTER

B RCRE —
B
R

R

BT
s

1 R IRAE I WU g LR 5

Fig. 1 Cesium atomic fountain clock physical system
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Fig.2 Diagram of the magnetic shielding device
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Table 1 Magnetic shield structure parameters
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factor of the magnetic shielding device
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simulated axial magnetic shielding factor in the center

Comparison diagram of the measured and

of the magnetic shielding device
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