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Enineering highly reliable Rb fountain clock with a long-term
instability of 2. 6x107'

Chen Weiliang"?,Liu Kun"?,Zheng Fasong'?,Dai Shaoyang'? Fang Fang'?
(1. National Institute of Metrology of China ,Beijing 100029, China; 2. Key Laboratory of State Administration
for Market Regulation ( Time Frequency and Gravity Primary Standard) , Beijing 100029, China)

Abstract: With the advancements in laser technology and improvements of the operation robustness, the fountain clocks can not only be
used as frequency standards to calibrate atomic time scales, and improve the long-term stability and accuracy, but also be used to steer
a hydrogen maser as a time-keeping clock. The ground state hyperfine transition of rubidium atoms, as a secondary representation of the
second definition, has the advantages of small collision cross-sections and highly robust cooling lasers. It is a better candidate for
commercial clocks. The prototype of a commercial rubidium fountain clock developed at the National Institute of Metrology (NIM) with
a bi-metal microwave-vacuum integrated Ramsey cavity to increase the temperature adaptability of the system. A miniaturized optical
system and a cage structure detection light system to improve operational reliability. A long-term quasi-continuous operation with an
operation rate of 97. 5% in a year is realized. Though the one-year comparson tese, the long-term fractional frequency instability achieves
3.7x107'% for the comparisons between the Rb fountain clock and NIM5 cesium fountain clock. The frequency instability of a single
fountain clock is better than 2. 6x107'°.
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Fig.2 Combiner cavity for microwave and vaccum
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Fig. 6 Long-term frequency stability of fountain clocks

A/ C

220 1 1 1 1 1 1 1 1 1 J
0o 2 4 6 8 10 12 14 16 18 20

Y BFKHd
K7 BE

Fig.7 Temperature fluctuation

3.3 KHEEFHOE B REE B A

I Tl ARRS LA DR TR £, 2 52 I
RbF2 (YRGS 5 8 M0 B R -2, 6x10/N,, N, J
JRF%, 2023 %1 A1 H~5H 20 H(MJD 59 945 ~

MJD 60 084) i) H V-3 J5 Bk s % B an il 8 e, Jit
TN B B I W AR ER A 2. 5x 107, L5 | f1% AH X 45 % A2
fER 6. 5x 1077 i 2 s S B g A RRE B L PP
JEVHA B TR 00 % Bh 32 A7 FE AR ORI B 1 AOM
DI T A8 Ak 55 B 5 ), ] D3 ok e 0 R B
AR E OGP A H R HE— 2D R SO IS A1 T8
T B AV S 5000k 3, 4 D B0 0 0 3l 8 il 78 10% LA
PRI, DA 5 lf R A A% 5 | ke 1) K AR FE AR fb /N T 1 x

1077 LN,
1.1x10°
L]
1.0%10° | R )
't".’..t.";o
L) [ ] L] o9
95410} oY A ‘ot
LY L)
ﬁ (1] ..
b 9.0x107 - g0
1S Y
° .- L 3 ® o
8.54107 |° Cey ® %
[ X ]
! u;. 0,2 e
8.0x107 | v ok
% °
7.5%107 L L L L L )
59945 59968 59991 60014 60037 60060 60083
MID/d

K8 IR sish

Fig. 8 Atomic signal fluctuation

4 # i

B SR A R R RIEOL R SR TR
JEH IS T AR AT U B U S 2 Sy
BOEET ., THEEBERTE A9 R B RbF2 152 KA B - 4]
BATE SR AT R BLAM 1, AT AR b vl 5 Ry e 3
1AL B R 0L i Il B s — AR /N RUARBOE
RGNS PRI ST AR B i1 1 P05 ik
ARAT S AR R TR sh A R s I R
PETH T BRI E TAEVERE, S8 T 1 AR a] i)
MEELEIAAT, 32 RKRWBREEIML T 2.6x107° HETRSE
B SRR JBE A2 RN DG A& A OGRR R BE R Kok m] LA
G A E I E AU A Sh e 2 WO R R FER%
JEUF R A AR DN SR R AR AL B R 1 R K 3, i — 2
PRTFIUR PP AR IR AR E L

Brigt

SH SIS P2 KA Bt - i R 8 e 1) 2 M SR I 5
HR B LB TR, A% At DAy B s A e S B0 g T R AR E T
REACASC A7 16048 51 0L A S ; ol 70 10 08 2% ] < 7
WFFE RIS TP A SR e AR B



552 Wifims 45 KOBaRE I 2. 610 1 T A i ml 4 S 11 SR b 85
2 Lk type[ J]. Measurement Techniques, 2017, 60 (1) :
[ 1] Bureau Internationaldes Poids et Mesures. The 31-36.

(2]

(3]

[4]

[5]

[6]

(7]

[8]

(9]

[10]

(11]

[12]

international system of units (SI) [ M]. Meas. Tech. ,
2019,62.472.

KRBT, J5 2448, By S, 55, 1T I B B 2 il (S 1
D R AR e H R R [T ], R A I, 2019,
40(4) :541.

SONG M SH, FANG X H, MA Al W, et al. The
characteristics of the new SI base on “Second System”
and its future developmen[J]. Acta Metrologica Sinica,
2019, 40(4) .541.

CLAIRON A, GHEZALI S, SANTARELLI G, et al.
Preliminary accuracy evaluation of a cesium fountain
frequency standard[ C]. Fifth Symposium on Frequency
Standards and Metrology, 1996.:49-59.

JEFFERTS S, MEEKHOF D, HOLLBERG L, et al.
NIST cesium fountain frequency standard; Preliminary
results[ C]. TEEE Frequency Control Symposium, 1998
2-5.

WEYERS S, BAUCH A, HUBNER U, et al.

performance results of PTB’s atomic caesium fountain and

First

a study of contributions to its frequency instability[ C ].
IEEE Transactions on Ultrasonics, Ferroelectrics, and
Frequency Control, 2000, 47(2) :432-437.
SZYMANIEC K, CHALUPCZAK W, HENDERSON D.
Initial evaluation of the NPL caesium fountain frequency
standard [ C ].
Symposium and PDA Exhibition Jointly with the 17th
European 2003.
Proceedings of the 2003, Tampa, FL, USA, 2003, 112-
114.

ROVERA G, BIZE S, CHUPIN B, et al. UTC (OP)
based on LNE-SYRTE atomic fountain primary frequency
standards[ J]. Metrologia, 2016, 53:S81-S88.
WEYERS S, GERGINOV V, KAZDA M, et al
Advances in the accuracy, stability, and reliability of the
Metrologia, 2018,55.;

IEEE International Frequency Control

Frequency and Time Forum,

PTB primary fountain clocks[ J].
789-805.

SZYMANIEC K, PARK S, MARRA G, et al.
accuracy evaluation of the NPL-CsF2 primary frequency
standard[ J]. Metrologia, 2010, 47.363-376.

BEATTIE S, JIAN B, ALCOCK J, et al. First accuracy
evaluation of the NRC-FCs2 primary
standard[ J]. Metrologia, 2020, 57 035010.
FANG F, LI M, LIN P, et al. NIM5 Cs fountain clock
and its evaluation[ J]. Metrologia, 2015, 52 454-468.
BLINOV I, BOIKO A, DOMNIN Y, et al. Budget of

uncertainties in the cesium frequency frame of fountain

First

frequency

(13]

[14]

[15]

[16]

(17]

(18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

LEVI F, CALONICO D, CALOSSO C, et al. Accuracy
evaluation of ITCsF2. A
fountain[ J]. Metrologia, 2014, 51(3) ;270-284.
AKIFUMI T, SHINYA Y, KEN H. First uncertainty
evaluation of the cesium fountain primary frequency
standard NMIJ-F2[ J]. Metrologia, 2022, 59.035004.
JALLAGEAS A, DEVENOGES L, PETERSEN M, et al.
First uncertainty evaluation of the
frequency standard[ J]. Metrologia, 2018, 55.366-385.
PARKER T, JEFFERTS S, HEAVNER T,

Operation of the NIST-F1 caesium fountain primary

nitrogen cooled cesium

FoCS-2  primary

et al.

frequency standard with a maser ensemble, including the
impact of frequency transfer noise[ J|. Metrologia, 2005,
42(5) :423-430.

THOMAS P, DONLEY E, LEVI F, et al. First accuracy
evaluation of NIST-CsF2[ J]. Metrologia, 2011,51(3) ;
174-182.

SANTARELLI G, LAURENT P, LEMONDE P, et al.
Quantum projection noise in an atomic fountain: A high
stability cesium frequency standard[ J]. Physical Review
Letters, 1999, 82(23) . 4619.
WYNADNDS R, WEYERS S,
clocks[ J]. Metrologia, 2005, 42(3) ;S64.

FILIPPO L, CLAUDIO C, DAVIDE C, et al. The
cryogenic fountain ITCsF2[ C]. 2009 IEEE International
Frequency Control Symposium Joint with the 22nd

Atomic  fountain

European Frequency and Time forum, Besancon,
France, 2009. 769-773.

LIU D, RUAN J, FAN S,et al. Comparison with TAI of
NTSC-F1 [ C]. 2020 Joint Conference of the IEEE
International ~ Frequency  Control ~ Symposium  and
International Symposium on Applications of Ferroelectrics
(TFCS-ISAF) , Keystone, CO, USA, 2020. 1-2.
SORTAIS Y, BIZE S, NICOLAS C, et al. Cold collision
frequency shifts in a 87Rb atomic fountain[ J]. Physical
Review Letters, 2000, 85(15) :3117-3120.

FERTIG C, GIBBLE K. Measurement and cancellation of
the cold collision frequency shift in an 87Rb fountain
clock [ J]. Physical Review Letters, 2000, 85 (8):
1622-1625.

GUENA J, ABGRALL M, CLAIRON A, et al
Contributing to TAI with a secondary representation of the
SI second[ J]. Metrologia,2014, 51:108-120.

PEIL S, CRANE S, SWANSON T, et al. Rubidium-
USNO

International

characterization clock

2007

Fountain
ensemble[ C].

using  the

IEEE

Frequency



86 i & % ¥ a5k
Control  Symposium Joint with the 2lst FEuropean [33] ZHENG F, FANG F, CHEN W, et al. Bimetal
Frequency and Time Forum, Geneva, Switzerland, temperature-compensated Ramsey cavity for atomic
2007 . 473-476. fountain frequency standards[ J]. IEEE Transactions on

[26] KUPALOV D, BARYSHEV V, BLINOV I, et al Microwave Theory and Techniques, 2023, 71(4) . 1752-
Uncertainty budget of rubidium fountain: Preliminary 1760.
results[ J ]. Measurement Techniques, 2022, 64. 817- 1EE®/N
823. BRE =, 1999 4FF 2002 4F 43 51 T A6 7
[27] OVCHINNIKOV Y, MARRA G. Accurate rubidium AE T RS F LA R 227, Bk
atomic fountain frequency standard [ J]. Metrologia, FE R R AR BRI 5, FEAFSE T A
2011,48(3) :87- 100. AR B VR H
[28] CHENG H, ZHANG Z, DENG S, et al. Design and E-mail : E-chenwl@ nim. ac. cn
operation of a transportable 87Rb atomic fountain Chen Weiliang received his B.Sc. and
clock[J]. Review of Scientific Instruments, 2021, 92: M. Sc. degrees both from Beijing Jiaotong University in 1999 and
054702. 2002, respectively. He is currently an associate researcher at
[29] ZHANG H, RUAN J, LIU D, et al. Development and National Institute of Metrology. His main research interests
preliminary operation of 87Rb continuously running include the frequency standard and time and frequency metrology.
atomic fountain clock at NTSC[J]. TEEE Transactions on B GEGEIER) , 1993 4 H1 1996 443
Instrumentation and Measurement, 2022, 71, 1008312. TR TF R 2 ARG 2 R =244, 2007 4F
[30] LIT, LI M, LIN P, et al. Improvements and news - = T2 E TN N 7 KRR 2 o, Bk
evaluation of NIM4 caesium fountain clock at NIM in : 2R 2 e A5 BT BT K/ BF 5% B, A
2005-2006[J]. Chinese Physics Letters, 2007,24(5) . “ SXI7 0] B AR R i
1177. E-mail ; fangf@ nim. ac. cn
[31] FANG F, CHEN W, LIU K, et al. The preliminary Fang Fang ( Corresponding author) received her B. Sc. and
evaluation of the new fountain clock NIM6[ C]. 2019 M. Sc. degrees both from Nankai University in 1993 and 1997,
URSI Asia-Pacific Radio Science Conference ( AP- respectively, and received her Ph. D. degree from Penn State
RASC) , New Delhi, India, 2019. University in 2007. She is currently the head and senior scientist
[32] CHEN W, FANG F, LIU K, et al. Development of Rb of the time and frequency division at National Institute of

fountain clock for time keeping[ J]. Frontiers in Physics,

2022,10:956452.

main research interests include frequency

Metrology. Her

standards and time and frequency metrology.



