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Table 1 The comparison of main technical indicators between active hydrogen atomic clock and space

passive hydrogen maser

Technical indicator

Active hydrogen atomic clock Space passive hydrogen maser

Mass/kg > 100 14
Volume/cm 106.68 x 45.72 x 76 43.8 x 19.7 x 22.6
1s frequency stability/(s-s™1) 2.0 x 10713 1.0 x 107*2
10 s frequency stability/(s-s™ 1) 3.0 x 107 3.7 x 10713
100 s frequency stability/(s-s™") 7.0 x 107*° 1.16 x 10713
1000 s frequency stability/(s-s™') 3.2x 107" 4.40 x 107
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Fig.1 Experimental system for VLBI observation of space passive hydrogen maser
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Table 2 The arrangement of experiments at different time

Task Observation code Hydrogen clock type Date Time (UTC) Scan
active hydrogen atomic clock  02-26 6:00-8:00 scan 1-20
Task 1 £1226x
space passive hydrogen maser 02-26 8:00-10:00 scan 21-40
active hydrogen atomic clock  02-28  10:00-12:00  scan 41-60
Task 2 t1228x
space passive hydrogen maser 02-28  12:00-14:00  scan 61-80




63 &

2 4]

4 BURGRSH

T2 dff s 2, VLBDW I 225
S ELIR 5 ON0306+102, BT DAL I FHE A2 A0 A5 H
BWIXHEEXR. G 0B b2 5, thxt
I3 AT [R) — 4% 2 28 A AN [R AU B A S b, 23 et
SFE R YR 5% 25 R A8 U IR 22 DA K SE A W
R ZEG RSN, fE B 0 UE R A R 1 2
R BRI R VLBII 58 PUBLR, 33 17 56 10 4% 3
BEAPE N H ERVLBLR G AkR 10w 471, Hod,
Jestmuh, BB, AT s, K I Wk
1E 8 25 3 28 b i A e AT N ) 3K 40 A
() 4H RS A Lk TG DG 6 4% 2 4R 11 Bk R B B
FEEHE, ¥ AE S AR, SR x4t 3l B A 2k
SBVLBISL R E R 2. et fE k) 273 26H,
PRI 28 55 15K Bescan?, 18 F 112 JE03064-102
SRR AR IR, PR b 4 A 3 e AR S A ZOW
B E PR, 2H26H, WM 5 U 5K Btscan21, A
FH 3 2 2 1o S A D 0 e A i, 5 R 2% 0
I Bscan22fi I &L e SRR — 8, K b 77 4R
Bscan229 N BELHE. [FHE, 2 H28H, HRI2E W
Bt scand2flscan62) 5 1E 5 H Y& 4 FH A ] 20
b, WOE A Z B IR, AR SEI0 o BT S Y N

0.5

-0.5F

Active Hydrogen Space Passive
1fAtomic Clock : Hydrogen Maser

4 8

Residual Group Delay /ns

12 16 20

(a) Scan

24 28 32 36 40

R )5 KR PRI 5 AR I S 4

Scan|8] 5t FRRTIE N 1R E
R ) — 5 R 25 0 I 230 <UL Wl H B A
— AN UL B SE AR (30 sERZ3). AN M IR B (scan)
1£3-5 minANEE, AR (] W0 49 2295 71 2. 5t

4.1

BT AN WL 2 R A3 B9 S AR o m, TRV
JE i S A s cam () B0HE Sk sz ISR FE I PR A
(Rl 0k, ATl Ik LA B A scan PN FR I 28 7 3% B
A (25 i B AR A5 Rk 252 P PRI 28 1 I 5 scanb&
SR ZE PV SA L (4 B AR A0 R )42 s e S PR
N Z2E PR G P AR 4k 0 2 56 K s R P A B
A, AR SO PP I VLB I I S04 12817 4 AT
gE RANE2FT N, A 1Ll A H AR 3N VLB ik 21
HHISh-Bj. Sh-Km. Sh-Ur 35%JE£8 (1) 5% A BERT 1
F bR v 22 RSP BE an R 3FT R, Mos ik ok, fif
FH 4 2 ) AU B RN 32 B B b T S B AR B, AR R
I 2E 52 22 WK, AR IR AC A T R 45 KT, w2 H 26 H,
e B R B A IR 220,195 nshE KT S0 b i
AP 0.132 ns. 2728 H, #ish A AR E
0.124 ns A1 == B 7Y Hi T 8P 190.088 nsFEANFH 4.

1 "[—e—sh-Bj
1+ 1 ——&——Sh-Km

1 —=—Sh-Ur

n |

< 1

0.5F

5 -

o) |

(m) 1

© |

=} 1

2 1

%]

@ 05 I i

o 1

Active Hydrogen Space Passive
[Atomic Clock :Hydrogen Maser|

44 48 52 56 60 64

(b) Scan

68 72 76 80

B2 AFEFEL S HIRTR AR TN A A scan{IR %2 hN T scanf) FIMH. (a) t1226x45H,; (b) t1228x45H.

Fig.2 The average of residual group delay of radio source of single scan at different baselines minus the average of all scans over
a 2-hour period. (a) result for t1226x; (b) result for t1228x.
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Table 3 The standard deviation of residual group delay of radio source

Observation code Hydrogen clock type Sh-Bj/ns Sh-Km/ns Sh-Ur/ns Mean/ns
active hydrogen atomic clock 0.217 0.053 0.125 0.132
£1226x
space passive hydrogen maser 0.259 0.195 0.132 0.195
active hydrogen atomic clock 0.078 0.137 0.049 0.088
£1228x
space passive hydrogen maser 0.094 0.112 0.166 0.124
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Table 4 The standard deviation of the integrated residual ground delay error of the probe

Observation code Hydrogen clock type Sh-Bj/ns  Sh-Km/ns Sh-Ur/ns Mean/ns
active hydrogen atomic clock 0.214 0.058 0.127 0.133
t1226x
space passive hydrogen maser 0.503 0.312 0.185 0.333
active hydrogen atomic clock 0.070 0.129 0.053 0.084
£1228x
space passive hydrogen maser 0.095 0.107 0.155 0.119
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Table 5 The standard deviation of residual ground delay after straight line fitting
Observation code Hydrogen clock type Sh-Bj/ns Sh-Km/ns Sh-Ur/ns Mean/ns
active hydrogen atomic clock 0.151 0.058 0.095 0.101
£1226x
space passive hydrogen maser 0.496 0.290 0.179 0.322
active hydrogen atomic clock 0.061 0.083 0.052 0.065
£1228x
space passive hydrogen maser 0.070 0.095 0.089 0.085
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The Experiment and Analysis on VLBI Observations of Space
Passive Hydrogen Maser

WANG Zhi-chao'+? LIU Qing-hui' ZHENG Xin! ZHANG Juan! XIE Yong-hui!
DENG Tao'? JIANG Jian-hua’? ZHANG Chao! WANG Ling-ling! LIANG Yue!?

(1 Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030)
(2 University of Chinese Academy of Sciences, Beijing 100049)

AsstracTt China plans to establish a lunar orbital VLBI (Very Long Baseline Interferometer) station
around 2025, which will carry a space passive hydrogen maser as the time and frequency reference. Since
it is the first time to use a space passive hydrogen maser for VLBI observation, its feasibility needs to
be studied and verified. Therefore, we carried out VLBI observations using the space passive hydrogen
maser as the frequency reference. In the experiment, the active hydrogen atomic clock and space passive
hydrogen maser were used as the frequency standard, and the alternate VLBI observations of China’s
Mars probe Tianwen-1 were carried out using the 25 m radio telescope at Sheshan, Shanghai, and other
VLBI stations. The results of data processing and analysis show that the standard deviation of VLBI
residual group delay based on both active hydrogen atomic clock and space passive hydrogen maser are
within 0.5 ns, which indicates that the space passive hydrogen maser can meet the accuracy requirements
of VLBI measurement for deep space exploration and verify its feasibility as the frequency standard of
lunar orbital VLBI stations.

Key words radio astronomy: lunar VLBI (Very Long Baseline Interferometer), radio astronomy: space
passive hydrogen maser, radio astronomy: active hydrogen atomic clock, radio astronomy: residual group
delay

21-9



