) 32 3R Acta Phys. Sin. Vol. 72, No. 2 (2023) 024204

B TN B Q R FT 35
AR AL EES

g el ETR

Bk EW

EAMT MR

(WL TP R 2= 2R B, WIVLAS B RGBS S8 %, g 310023)

(2022 4E 8 A 30 HkE]; 2022 4F 10 A 7 AU EMEH)

SR R G Tl B3 AR 77 2R V8 D1 9 B i B R 20k, AR AT LU0 2R e S I B R ARG A, (EH = AR 1Y
BRI 25BN AR, TS24 S5l 5 DN oK B2 . O 1 BRI OG5 4 0 v Il AR Y
SR, T — ATV BT TR ARG A MO R . BT ARG, TR T OE R Y A s
AR A5 40 28R 5 WSS T A5k Al A7 e, 37 8 SO B8 1 00 R 0 B . R Q84 S bk i ¢y 1] B s 1) L 4 ] TR
JE 05 P ) R B A — R AN SRS IR T AR Z [ B G 2, IR IRAE A SC S8, IR AR T AR ARl %98 It 1
T AR B RE IR . Y7 & R B v IR P 2 1) B B RS O 105 o, R AT 7 2 bk i 49 1] B 1 18] 2 82 ms 16, A
ol MRS 0.7 mrad. PZAF 5845 R S /N S 50 80000 ¥ Jt 5 1 I AH AR ) 52 B AL 1 — A~ R, AH B )
WO 2 58 T T H A A% s, a3 T ) (S it T B A A

KR LT, e, 1Q P, MRS
PACS: 42.55.Ye, 03.75.Be, 37.25.+k

1 5 =

BEE O AT T IS BRI B, v
JE A BN IR K. JE T
AL, DU R SRR R R
FEHL A2 FE AR A B4 FBEARA P! A5 3
Z R AR, XS T R 2 ) S 2 S
TR RS E BIZRME DA REE 4r s TAE. O T84y
HaIE AN I TAER R, SE AT s
i, MRS EOE RS I TR R EOR, BRR
/N BRIV R INFERON, i E A R RO LR,
TR RRE P, ARAHNE, DK PRI W PR 5R AR

JeRk b BT AR BRI TR S
Jelk e A AR, ERROE T 232 bk b e
AN [5] R IR 2405 BN T M TR 1470 R i 145

* EFE ST GAES: 2017YFC0601602) ¥E B YL

t BIE1EH . E-mail: whlin@zjut.edu.cn
©2023 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.72.20221711

AR, B JE SR TR R [R] P AS 22 8] A 10,
I, P&y A R — A EEMM R N, JHil,
P72 G 7= 0] LA 2R BRI 1) Ao il ik B
AR 1) SCE. JEA BT R DG 2= B A B
ARSI G BOCAS AR BE 1, LSRR
HAZHRRESIMY RGRN, (MR AL TE RS
JiE 2 AR BOEOEIR. IR SIE R R S 2%
B IE 7 — Gl s pe AR 8o M) B AR R G i
il AR ROR O AAIG. H IR R R DG ET s 6 i
il 8 B T VR R R AR b B 1)) BARIHOE R R
FOGEE KRR ik, BORM s, (HR S = 24
PG 0y, XV SR T8 = A — s .
— 71, BRI AR S0 T FHG )23 1
TR 2 031 Jf = A Meps 14 55— 7T, AHZE 6.834 GHz
FI R AT S TE T A0 & A BOEF
P ERiE, SEEHINAHES 19, FA SR T+

http://wulixb.iphy.ac.cn

024204-1


http://doi.org/10.7498/aps.72.20221711
mailto:whlin@zjut.edu.cn
mailto:whlin@zjut.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 72, No. 2 (2023)

024204

W SRBON L EE B3 DL R RGN iR 22, XV I+
TP NG BE 7 AR R e 0L, PRIk, S T sk
AR, T STV B s e, RO R R AR
A W ER AR O A B AR U . BT, A
PR 5 58 AT LAV B A 5k Aot s ol s J 1
WAL SZIR. — R ESRAM R, @i s —A~ ]
avoE A - s (Fabry-Pérot cavity) JEiH#s 17
HARHTRAR DA ISR, XA B AT
A A ] LSt PR ] 28R 18 Oy — R %
SR B S5 3 1Y S SR B R N AR
St X R AR e, LT DU A A
() T (FHERHL =k uh i aIBRE]) , v, (T BIRIEE)
T AR A RN AN R i | 1191,

A SCEE X HOGTR T 2 ST U R 5
Pt MR 1Q M O AT TR R
ARG IS BOE RS 2RGSO
FEEEG 1Q VA A58 3k 98 i) 7= Az T S AH T A i
VER IR TP P2 0GB TRAH
SR I 2ok AR T ROG, RIANTT ke
M 2s 7 HE AN Bt SR TQ I By A4k 2 mT LA
P58 F G TR I AR BB M A A s, AR EER
AN 2 ik ARG A R P PR SR 3T, S AN
BT 2O S IR A EAE RS,
THOCRSE. B8RS, Bk HOERGLH
AT IR 0T, SR 5 TP IR RS IR I R
RIS S JK e Do) B s ] AR 978 ) R 4 PR R K

IR TR I, e m il AL OGS ROk
26 th E A RIOR.

2 )zj/é\)? F T e R A R O
R A

FH ¥ 15 1 B0 41 A 0T &R 48
K 1R . IZRGEH PR 1560 nm G HOLAS
B, Horh— G OGS 2t G A o3 R A% 5 38 i ] 4
P AL PR AR (periodically poled lithium niobate,
PPLN) 7 S A5 5505k 7 4 780 nm KDL, 485 i@ i
TEL NI WO T 18 e ARG 4 7E SRb 52849,
F =2 5Py, F' = (2,3) 5 & |-, fE R S%
BOGAR; 73— B BOGEHE U BUE 17 Ik BUE 7E
ZZWOtH AN EBOLE. FEOGESMSEH
HeAF Z BIFEE—MEER 1.5 GHz M. FH0E
i 04 eI A TQ VA R A AR I A
Fihar, R G BHDEL KA (erbium doped
fiber amplifier, EDFA) #1714k, 57 PPLN
W h 2R AU 4 5 TR D2 2R 00
(780 nm), Hx )i HYEEF LR #% (acousto-optic
modulator, AOM) K15 H T8 J5i 1 ¥ i 75 2 Y
ANFEIRAE. ZFR G, 1Q AL fil 482 H T
DG AT A T AR, B 3 A k-1 IR AL i
il #% (Mach-Zehnder modulator, MZM)!M! 21 Ai ,
PIASF MZM B — 0 MZM B NER. 280

PID [ rD]
B e e e e =
A/2 PBS 4wl A/4

THEHHS

e S

Upci Upc2 Ubcs

[ ]

EriaE e

TQUIE:

i | o

Bl 1
S, EDFA, BHEEF R 4R, AOM, HEIR Hil &%

1l

90 VRS
ol e

G &

ATRIETTWMLFMEEOLRSER PID, WHI-F-#ar; PD, St — 4 ; PPLN, AR LSERR L PBS, fi ik

Fig. 1. Diagram of a sideband suppressed laser system for cold atom interference: PID, proportion integration differentiation; PD,

photodiode; PPLN, periodically poled lithium niobate; PBS, polarization beam splitter; EDFA, erbium doped fiber amplifier; AOM,

acousto-optic modulator.
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Fig. 2. Energy level transition diagram of 8’Rb D2 line and the laser frequency required for the interference process.
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Fig. 3. Schematic diagram of free-fall atomic interference.
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Abstract

Using the electro-optical modulation method to generate Raman beams for cold atom interference is one of
the better methods for constructing a more compact and robust laser system. But this way will generate some
residual sidebands resulting in the additional interference phase shift, which can affect the measurement
accuracy of cold atom interferometer. In order to weaken the effect of laser modulation sidebands on the phase
shift of cold atom interference, a double-sideband suppressed-carrier modulation laser system for cold atom
interference is constructed. Based on the designed laser system, the principle of double-sideband generation and
suppression is analyzed in detail, and some residual sidebands are adjusted and controlled. Moreover, some
important optical parameters that affect the phase shift of cold atomic interference, such as the initial distance
between the Raman retro-reflection mirror and the atomic cloud, the interrogation time between two adjacent
Raman pulses, the laser modulation depth and the initial velocity of the atomic cloud, are discussed and
optimized. By optimizing these relevant parameters, the influence of residual modulation sidebands on the phase
shift of cold atomic interference is weakened drastically. The research results indicate, making use of the method
of double-sideband suppression, the phase shift of cold atomic interference can be optimized to 0.7 mrad when
the initial distance between the Raman retro-reflection mirror and the atomic cloud is 105 mm, and the
interrogation time between two adjacent Raman pulses is 82 ms. More importantly, this work can provide a
method for weakening the influence of Raman sideband effect on the phase shift of cold atom interferometer,
and the corresponding laser system can be applied to other inertial sensors such as atomic gravimeter or atomic
gravity gradiometer.
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