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Development and stability test of movable ultra-stable optical cavity

GAO Bei' , JIANG Yuan',PENG Wen-xin”, LI Song-nong” , DING Hui' ,SU Dian-qiang',
JI Zhong-hua' ,ZHAO Yan-ting'
(1. Institute of Laser Spectroscopy ,Shanxi University , Taiyuan 030006 , China;
2. State Grid Chongging Electric Power Research Institute , Chongging 400015 , China)

Abstract: The movable ultra-stable optical cavity can reduce the influence of environmental vibration on laser stabili-
ty,and suitable for transportation conditions with high vibration intensity. This paper demonstrates an optical resonator
made of ultra-low expansion coefficient glass,and the frequency stability of the laser locking to the movable ultra-sta-
ble cavity is tested. The mechanical design of the struts fixed inside the metal heat shielding provides good stability
and mobility. In this paper,the laser linewidth locking to the super-stable cavity is measured using short-delay hetero-
dyne interferometry and its stability is tested with the help of a vibration platform. It is found that the laser linewidth is
lineally dependent on the vibration frequency and gradually increases to a saturated valued with the increase of vibra-
tion acceleration. The laser line width can be restored to the value in the absence of vibration when the vibration is re-
moved , confirming the high stability of the super-stable cavity.

Keywords : movable ultra-stable cavity ; ultra-stable laser; PDH locking technique ;laser linewidth ; short-delay self-het-

erodyne interferometry ; coherent envelope spectrum

EE£WB . B MA R RS H (No. 5700-202127198 A-00-00) ¥ .
1’E%‘|ETJ)| o, L, FEMNFEOOEEH RS . E-mail:13610631576@ 163. com
BWAES AP, B 1L, EEATA T4 F 10 35 I, AT A A0 56T i O BRI A S IR A 5% o

E-mail ; jzh@ sxu. edu. cn

14 %5 B #5:2023-11-10



Wot 5 44 No.6 2024 HESE AT BDG A AR AR B A M i 853

1 3 &
FERROE HAT B R R 1 R A BT £k
T FURATR (R 350 38 W 7, ) 32 o FH 40 B2 0 i
B, AN 5 | 7 e R0 W P AR R DG B A L
AR M P A S 7 A O R s L BT,
IRAFEE ARG R 327 15 2 ) H Pound-Drever-Hall
(PDH) RS ACKE OGS DI 21 AR ik 22 2 (Ul
tra-Low Expansion, ULE) E’\Jj“ﬁ#’ﬂffjj\i]jﬁfiﬁim%m"” R
BOCB IR A RAENE Av/v 1E H TR K R
Ttk AL/L, ULE St 27 s A AR ) F482 ik & £&
(ppb K-2 §4%) , R ol DL SE B G i B R 1
WiRa e L SR B K R A P 32 2 HA A
FRIPFAN < 25 Js PN AR A1 B FAIG 7 A B8 IR B ) AN e
PRI AR E M. A Yk S R Z X2
i s K B2 ) B/ NBS), A BB (i 25 s O R 31 R
ARG, R TR ROE A B AR O Rl w
IBATE RIFHSERR A . XTS5 % DAAMR N,
U0 FH T K b ) 2 0 RE A B S 06 4 2 )
T A AR BRI B R A SO Y 5
M, D] A5 B3 SR PS5 41 50 R 7 5 1 114 ] 8 50
Rl , XHIFSE AT A% S AAOC HA T X
Y E N AN AR 22 0F 55 /0N 2H 0] 8 R O 2 s i
T TWRANEGE . 2009 47, 5 [ [ 5 A5 2 AR AF 5T
B (NIST) 31 T —Fh BHAE R 5 em W ERIE Y22 S
RGNS T s T R AR I ) S AT S
N8 A PR Bh 9 B K B AL 2011
4, 26 B E AT AR R (NASA) Wil 17— R i B
2B 1 % OE 2 Gl o = A SO N S L
PELERR TG PP IR A0 [ 48 |, 45 40 FN 28258 L IR o, 2
N e I 1 T B A ER Y 2013 4R,
X EEE A MER AR RGBT T — R OB 1, %
2 30 Ao AN 5 4 L 3 [ A 5 I AR TE A Y BROE
A B 2014 4R b E BLF B R U BES S
SRR T —Fh o 10 em K 762208, R
P S FE [ 5 78 ULE Jis 434> 1w i ™ & £ 0 2023
A, iR E R 2R B E S L (NTSC) i ] T —Fb
JNAA 1 E 9 IE T RO 25 1 06 K
K5 em, SLELT 1700 km B9 E L. LR
XEERFFE AN AR T T O R IR B2 s 25 4
TR T TR R G 2 I ) ORI 9 25 52
)5 W) R8T 6 R M, (L Bt 2D X6 ol 2 s A P B 4%

TR BOLE SR

ASg Bt IE S T ERE TR A
APRE BRI Y T RS Sh ARG e R G, IR AT T
TR FERE PRI B A, FATHE 2 s s 1A 1y
SANIESZ DT 1) bR Y RS A O SR T RS
SEAR I R E M, AR5 SR ] PDH BIUBE AR X — &
BFRBOCAR AT TRRBUE , WA T RS A9
JGLR G052 AR IR S AT A RN Sl B2 ) 52 0, 30 s 1
HESETAESRAT T UG IE ) 2 ATE F, W B 45 R B
PN AT DA AR T s 20K
2 ZWESE
2.1 W Ao AT

B3t EH 50 mm x50 mm x 50 mm H 37
Ji V& ULE #4 R BB, G &l 1 (a) P, EBER
FH—AF W58 R — A (M B, A Jo A 94 Rl A e B %
MR T 242 0.5 m, BEEE PG Dy 1550 nm,
W& A —A B4 8 mm (WAL, BBk HIE
AR ST IZE L b 5 R IEAZ 5 m)
EA—AERS mm §5E AL, R S8 BLE G LA
T 5. IR AN MRS CHEEN, &
A = AT 20 B 4 mm (Y R R [
FF, TE S AT ULE 88 44 22 T] 0 iR B BR A Oy 22
PRAPRL, G SO AT 5 ULE I3 B4 192 fioh 3 1l Js 445 1)
TEAR RN o JE2E A = AN IE 3T 0] 9 % sh AR Bk
SCRFRRM , PRAE T 32062 i B A AR 4 1 45 40 B2
PEo O T — 2 B AT AR S8 0 i A 1) 52 i, A 52
50 BT %) 5 S 5 il B R R g 524, A 1 (b)) By
TN o FEER R R O A G A AT, SO Y
T3 — A BREL, T LA SR I R i R 2 e T — R 14
RS TR T T LA AR S R B LS R il
AL DL B S BT X E VR T ULE s i, fiif
ULE FEARAEFE AR IR BE 2 S A s s b, Oy 7 B 3
— DA AR E Y AR, By Ik AR RS 1 T
X G AT T B4R . 78R I T IS AR
L2 i 38 22 8] 50— A WA 2R W 38 A %) o e =2
) ek 4 A A S92 30 O 2 T 0 il BE AR A, RO
ULE Sl Ji5E 1) $OR2 ik 2R OB AR, (502 0 1 s/ o
TR A AL 2 S Bl DA AU AR 3l 55 0 i
PR AR 4838 RS ), AT 3 5 4 O o 1 iR R A
R E A, WK 1 (e) Frs, i lE S 8 L/s
MBS TR A A S AT K] 5.7 x 10 " Torr,



854 a5 RS AN

554 %

(@)ULEX:¥E  (O)ESFRESULE R ENERE  OXFRNET RS
[IE o #5IB el oAt |
Fig. 1 Movable optical cavity structure
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Fig. 2 The experimental setup for the stability test of the

movable optical cavity

320

315 1

310 -
g u
3305 ]
2 =
S 300
g
$ 295
m

290

285 F

280 =

1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160
The location of the measurement/mm
K3 PR &
Fig. 3 The measurement of beam waist

5000 - ;
> —Tran smitted signal
£ 4000|
2
z 3000
E 2000]
E 1000
oy
2]

-2 0 2 4 6 8 10 12
Time/ms

()PDUHAMI I IE G5



Wot 5 44 No.6 2024 HESE AT BDG A AR AR B A M i 855

— Error signal ]

Signal intensity/mV
(=]

20 2 4 6 8 10 1
Time/ms
(DYBFME ST MR (5
K4 PD1 G B HHE5 RAH IR EG S
Fig. 4 The cavity transmitted signal detected by PD1,

and error signal corresponding to the transmitted signal
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by a spectrum analyzer
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