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Fig. 1. Typical fountain frequency standard.
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Fig. 2. (a) Two forms of moving molasses; (b) characteristic structures.
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Fig. 3. Ramsey interference fringes of 87Rb atomic fountain clock in SIOM. Inset: the central part enlarged.
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Fig. 4. The typical stability curve of fountain fre-
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Fig. 5. (a) The principle of the generation of phase shift in a distributed cavity; (b) the typical experiment result (891,
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M EERHEAT T — RIVL TR, BT 2
Ak, B TCAS T H A ki 023 i A A R H
9, [FJIS SOANITSE ], SCRR [2] AR E B A H
2003 4F, (HI 24 H AR K. X 7] 582 F bras [\
i KR SR 5 AN AR A i ). sk b TS 2
ARG 3 G R AR 2 Horh g 2
B R OHUH, PHARAO IESTESFF.

S B 28— G 2 ¥ B 5 iAs B LT it
Hl . TR T R T A TR 9A R T SRR ) R
Jt, 1999 F IR 1 1“3t 7 22 A 4% Ji 1 B 1Y U7
% 124 FARAR P RALW T Z A B s 218 ia 2,
ik Ramsey i g 4 & 12 5143 31 Ramsey T4 4L,
A DAAE 7 [ Sz e R A IR bR, e ik AR
I 1250 27 58 mT LA B 4% [E] 94 J 1 5906 1) 1904 4R

s, H 25 (0] S 56 Ay B8 S sl R ), Z o Bk
) Ramsey fiz NME T B h, i H 75 B E 4L,
KSR 2, S ERME R TR, I Homm ] 24,
B B R YA TR A B 2K 2R PHARAO 14
] A A Ramsey i 7 5 1201, O 1 3145 58 4 g
BEfabr, KA STRbIE A TAEN . 4L 10 KM
B, e T A A R TR A, Z RS T
201649 H 18 HIEH “R B =57 R F+ =%, sl
TERUIBAT, 8 E Coh B br_ 5 — AN 2 A TR
THRRHIEZR. ZRGAZ BT 7RE RN 7R
N, AR E SRR T RGTEHL A R T 3R RAT I [A]
155 3R Tk Ramsey 1 F - A E S 50568, 13
BT £ 9% 1.8 Hz, 15 M Eb 440 i) Ramsey T 2 4L
3 x 1071837 1/2 [ U A e B O 5 B ot
TEHEAT . 23 (A JE T AT 2 78 JR AT 25 (A B
AT 2R P S 18 R 2 ) 47 3 SI 6 AF 7 403k 47 B R
EM.

7 WFEE GEPIET AR R TR K PO
Fig. 7. The first cold atomic clock in orbit in the world (501,

4.3 FEERHmETR 027

SRR IR & 3 1 Neuchatel K3 & il )
A R AW AAR, JE B STHLA T AR
IR, BT A KRR, AT & g
AT LA, SR i) A AR 43, SO TR
UL, AT LASEIEE SR A0, TG “AE I [H]” 38 4 T Dick
BSL R, R AR R T8 N T R R =,

WG] DA EARCAIE 1 A0 PR 2 ). RHIRIE SR T X AR
R, A BB SRR, HrRA
SR, EYR L AR, RIS S B A, &
iR Z oK. Neuchatel K3 & £ XX LA 2 & g
T 2R EHEOR, B R A ' ik b
Pl B4, R R s 4G B — s R FE B, SEEL T
6 x 10~ M7= 12 g ke se i 128 (H RS 2 24
PEASEAF AN E FE K, 7E 10715 & 4.
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5 WURMATH L & RE

Wt 55 % SR ATURR P BE 4R AR B TH AR 1) H
BRI, BB R S AR, LE I R U R
SR E B AR A

VB B A R85 FF S8 1T K e v (1 FE HE AT bR
oY bR, WER AR 2 5 SEEL Hh UTC [78:129],
T8 o X[ T Lo E R . GPS LA 25 #1 TAT
(RS HE. TSR AFbR 55 TAT (1) B 6 7 78 I 22, [ B
B J5 BIPM AR 21X 2 /1 1 5 TATBCE 4R 1
T b /N B 0 A7 AE R SR 28 36 B, AL T AR 2012 4F
(1155 19 Jms CCTF A&k 7 TAT (43 130 &8s
M5 SRATbR 5 TAT () — S0 BEA R FRLE 10716 B 4.
7E BIPM I 8] 45 4 A, 6 32 4852 41 250t S5 A7 b
USNO )4 &R, HEIHEAE, mxtFJEiEs:
IBAT AT RATAR, TS5 Bt e R P AR X TAT )
AR EEE 10710 B S RKIT RN EREE L
T 2 GWURSRR, 4 4LKGE B 6 AkR 11 RE D
PR AT AT S

W% SR A b 5 B A AT B BT R 45 A H i R
BTz RS EITRE TR e B
BORSC G NS [E PTB S HL 1 5 T ' 2F I 4 4% i
1415 km B R AkREEXT, 55 T 3 x 10716 i bL
SR B, URAE T e AT ASH 2 B AL 45 R, IR
3.1 x 10710 K& B & T STRb BB AT 155 IR A bR
T2 B T AR AR T 5

) F B SR AR T 5630 3 A B il L ) s
SRS A WIS 40 45 A B AR Ak Ha A
WA (electric dipole moment, EDM) il & 5%, —
S ) P IR AR 5 A 1) 2 [ 47 38 S 56 A 1F 7 % &)
AR

g5 PRI, W SR ABURR S I 20 4F R R OR (1) T
RUBFRR AR, I8 AT R 5, R AR B T
IR EFE (10713—10714) 7= /2 R FEAE 10716
R AIVEREFR bR, WHRAbR 1R 7T 82 ek T A
THEIIR R, FRH T B AW ) R 7S, AR,
M5 SRATURR T DA S5 38 IR B L B B R e FE R b,
e FEA BN 10717 B4, {HAE K& NS AS
B P (P DT R AR PRI AN TR, ANHf o P 13— D4
FHECE RIS, Bl H AR R — 2D B, W SR AT bR K
PATHZ RN, B2 e s B2 R w0
W2 53 E I P L& # UTCL 20 TALRR
e 0K LR LA SR ATRR . B AR,

BIUbRRE R B v AR B, WOIR SRR AR 9 AT
JEE 5% e FR AW TR AT s A HE AN T B AR
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Abstract

The principle and development of fountain frequency standard are introduced in this paper. Fountain frequency
standard is an atomic clock technology developed in recent 20 years. It is based on laser cooling technology, and
realizes the trapping and projection of the cold atom medium with laser cooling technology. In the process of launching
upward and falling back, the cold atom medium first completes the preparation of atomic state, then passes through the
microwave cavity twice to achieve the Ramsey interaction; between the two interactions it undergoes free evolution, and
finally the Ramsey interference fringes are obtained by detecting the atomic interference probability with the two-level
fluorescence detection method in the detection region, and the frequency is locked with a line width of the central fringe
being about 1 Hz. The stability and uncertainty of the frequency are two important indexes of the fountain frequency
standard. The factors influencing the stability of the fountain clock frequency mainly are quantum projection noise and
electronic noise. At present, the short term stability of the fountain clock is (10713710714)771/2, and the long term
stability is (107'6-107'7). The frequency uncertainty of the fountain frequency standard is mainly influenced by the
two-order Zeeman frequency shift, the blackbody radiation frequency shift, the cold atom collisional frequency shift,
and the frequency shift relating to the microwave. The uncertainty of the fountain clock is around 107'¢ currently. As
a reference frequency standard, the working media of the fountain clock mainly are '33Cs and 8"Rb. All international
metrology institutions have been developing the fountain frequency standard, and it plays a more and more important
role in establishing the coordinated universal time and the calibration of the international atomic time. In addition, the
fountain frequency standards are also used to study high-precision time-frequency reference and time comparison chain,

and verify basic physical theories.

Keywords: fountain frequency standard, Ramsey effect, stability, uncertainty
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