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Locking Multiple Wavelength Lasers to the Transition of Cesium
Atoms by Using a Fabry-Pérot Transfer Cavity
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(The State Key Laboratory of Quantum Optics and Quantum Optics Devices, Institute of Opto-Electronics ,
Shanxi University, Taiyuan 030006)

Abstract: With a confocal Fabry-Pérot (CFP) cavity as a transfer cavity, the single-frequency laser can be
stabilized to atomic or molecular lines when no atomic or molecular reference lines are available. In the experiment a
CFP cavity as the transfer cavity is locked to homemade 852 nm grating-external-cavity diode laser whose frequency
is stabilized to 6S,, Fg=4 — 6P,, Fe=1>5 transition of cesium atom via RF frequency-modulation spectrum and
saturated absorption spectrum. The frequencies of external-cavity diode lasers at 908 nm and 830 nm are locked to
the stabilized transfer cavity via Pound-Drever-Hall RF sideband technique, and thus stabilized with respect to the
transition of cesium atom. Estimated from the locked error signals, the corresponding frequency jitters of diode lasers
at 852 nm, 830 nm and 908 nm are less than +540 kHz, 4340 kHz and 460 kHz in 20 s, respectively; while the
frequency fluctuation of the CFP cavity to the 852 nm laser is in +550 kHz.

Key words: quantum optics; confocal Fabry:Perot cavity; radio-frequency FM spectroscopy; saturated absorption
spectrum; Pound-Drever-Hall radio-frequency sideband; frequency locking
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Fig.1 Schematic diagram of the setup used for
stabilization of self-made external-cavity 852 nm
diode laser by radio-frequency (RF) modulation
spectrum and locking the CFP transfer cavity via

PDH REF sideband
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Fig. 2 The upper line shows the saturated absorption spectra
(SAS) of cesium with Doppler background. The

lower line shows the dispersion-like signal of

6S,; Fg=4—6P;;; Fe=3, 4, 5 transitions with

30 MHz modulation
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Fig. 3 The upper line stands for the transmission peak of

CFP at 852 nm. The lower line is the error signal of PDH
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Fig.4 Diagram of experimental arrangement. The solid lines with arrows indicate the optical path and the double lines

with arrows for electrical connections
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&l 8 2 908 nm ¥t A% F§ PDH J7 iE A2 S
KAFAE S, TR LR 2 ] 1 B30 4 58 B Oy S 480 9 ) A
B 2 45 %FF 908 nm %45 S K 40 MHz,830 nm
MLk B- P M ERE SR 60 MHz, B 9
FRIRG908 nm¥POL A 20 s WM FELER. K
i AL AEERAE -\ KEWB 830 nm
908 nmEANFE 20 s 24 AL MR R EARTE 8~
10 MHz, R385 RHELEME S T oA MmRER,
A RAT S R A - B AT T 852 nm BOK

#E 20 s N A SRR R AR /N F £550 kHz, 830 nm
HOLZR A 908 nm LM X FRAEBFE- 1P
JEAE 20 s PN I 3 700 4% 8 4R 43 Bl /) £ 340 kHz,
160 kHz, 10 5% I} 5] 52 57 F 9 380 47 0 7 B 25 19 R
i, SChR R B R BT LIZE M R B e RE TR EZ
FERUN A KA

Z 50 Milz BF side band

D 1 t

g sof 1 i

= ' N

g .

¢

&

& o

[@]

i \

5 )

=] h '

3 80} : :

w

<) : :

R~ L 1 1 N N
40 20 0 20 40

Frequency detuning/MHz

B 8 FH PDH ik 8i8inf 908 nm ¥R LM ES
Fig. 8 The frequency-discriminating signal of DL100-
908 nm ECDL stabilized to the CFP via PDH technique

Frequency jitter/kHz

10 1.5
Time/s
B9 BUEJE 908 nm MOLEAE 20 s WEYRELE S,
Xt I B AR AR AR AR 24 60 kHz
Fig. 9 The error signal after DI.100-908 nm ECDL is locked

to the stabilized CFP in 20 s, corresponding to the

20

frequency fluctuation of +60 kHz

4 4t

“H

A58 RGN FRBOEE T A E R
HEAT w AR B e, AR AR A BB 2% AR
AR, LT AR FELR ENEOtS M T
F R B BUE L 7 B DL Y BRI 2 SR B 5
TR WRERBRINNEARSHFHEE
EMASCI P RN . TP HTRPRRA
— B BB X 4% 150 MHz k6 R-P B S
R, X HE A LB 100~150 MHz 7 J6 55 7 8 XF
RS A B A 3R kA0 A0 R T, L6 R I el

i



34 A

TR K B O 4% B i A BT B AT T AR R Tl R B 457

SRMEFLMHEDCEERR. REBEHEAA
REEh, LA BUE . ML S R M EAR
L RE B R

g % X M

1C. E. Wieman, L. Hollberg. Using diode lasers for atomic
physics[J]. Rev. Sci. Instrum., 1992, 62(1); 1~20

2 Liu Tao, Lei Hongxiang, Yan Shubin & al.. Third-harmonic
locking of a diode laser to cesium saturation absorption D; line
without frequency dither[J]. Acta Optica Sinica, 2002, 22(10);
1181~1186 (in Chinese)
X . EEF, AR L. B RE N THMRAIRIK D, &
MEFB LS =W ERMHLI]. A& F F®/, 2002, 22(10):
1181~1186

3 Yan Shubin, Wang Yanhua, Liu Tao e al.. Modulation-free
laser frequency locking by AOM shifted cesium sub-Doppler
spectra[ J]. Acta Optica Sinica, 2004, 24(10): 1335~1338 (in
Chinese)
ERsR, TEE. X % % FRREATESE AR BOLEE
BiE(J]. A% FH|, 2004, 24(10); 1335~1338

4 Wang Bo, Yao Jingqin, Wu Haibin e al/.. Narrowing linewidth
and continuously frequency-tuning of a semiconductor laser[J].
Acta Sinica Quantum Optica, 2004, 10(2); 82~86 (in Chinese)
I BHRERERE FRHRBLBNRREERRHAEE
ZRWEI]. FFRFFHR, 2004, 10(2): 82~86

5J. Helmcke, J. J. Snyder, A. Morinaga et al.. New ultra-high

resolution dye laser spectrometer utilizing a non-tunable reference

resonator[ J1. Appl. Phys. B, 1987, 43(1). 85~91

6 B. G. Lindsay, K. A. Smith, F. B. Dunning. Control of long-
term output frequency drift in commercial dye lasers[J]. Rew.
Sci. Instrum. , 1991, 62(6): 1656~1657

7 E. Riedle, S. H. Ashworth, J. T. Farrell e al.. Stabilization
and precise calibration of a continuous-wave difference frequency
spectrometer by use of a simple transfer cavity[J]. Rev. Sci.
Instrum. , 1994, 65(1); 42~48

8 A. Rossi, V. Biancalana. Long-term drift laser frequency
stabilization using purely optical reference [ J]. Rev. Sci.
Instrum. , 2002, 73(7); 2544~2548

9 Li Liping, Liu Tao, Li Gang et al.. Measurement of ultra-low-
losses in optical super-cavity[J]. Acta Physica Sinica, 2004, 53
(5): 1401~1405 (in Chinese)
ZHE. X %.F R % HARBAEXAERDEAESDS
[J]. #=®$4, 2004, §3(5): 1401~1405

10 R. W. P. Drever, [. L. Hall, F. V. Kowalski & al.. Laser
phase and frequency stabilization using an optical resonator[]].
Appl. Phys. B, 1983, 31(1); 97~105

11 G. C. Bjorklund, M. D. Levenson, W. Lenther al.. Frequency
modulation spectroscopy[J1. Appl. Phys. B, 1983, 32(1).
145~1562

12 Zhao Jianming, Yin Wangbao, Zhao Yanting et al.. Frequency
locking of a semiconductor laser via radio-frequency modulation
spectrum[ J]. Chin. J. Lasers, 2004, 31(8): 935~ 938 (in
Chinese)
BEW, FER.BEE . RAFNFAREREHELZIH LK
BOERRMBALT]. P EML, 2004, 31(8): 935~938



