% 66 & % 5 M
2025 &£ 9 H

K X % i
ACTA ASTRONOMICA SINICA

Vol. 66 No. 5
Sept., 2025

doi: 10.15940/j.cnki.0001-5245.2025.05.010

b

B R BT IR R R R

s S HAE IR

X AREL2S e E L2 g L2 KL

QI FERFREEFTRRAXAFEATRA &K 210042)
QFERFRAXARFEAELEZRE B 210042)
(3 #ERFE AF¥ L3 100049)

W sk, 96 vk B P (Fabry Perot, FP) 32 B T /5 KS 1 K 06 i s kb, 46 FEFPIE SeBLAk
TF1 /it K 0 5 B P2 7 B S B T 1070 (BT <MHz) (00 2 . SRTTASRE Ao 1o BBl b A5 A3 B8 K
S 0 2 40 5 DR 26 0 2 i IR PG 28 11 2B AR VB B0 O 1 e 10 4 00 T SR 38 O e LR M RS 2,
T DL W st AE Sy e e SR SR AE I SO I SR R EE R 4, A A /N B % 3 Y [ (Free Spectral
Range, FSR) 14 BYFP I 1C 2 40 T 1S 2 3 WO 47 B0 HEAT WS W bR 52 9 7 s S BhF PR 1 28, Bl 7
PERIBA I« R [ F SR 45 26 b 1 FIP S 76 A R4 00 4% 10 (T 28 A e 7 /N ) S b i L. S 3k
W 6N R BR335SR R 2 (1 0 R, FSR 70 MHz % UL T AT LA S BUMEZAR 2K B HO b7 5 ; AR, PSR/,

UK U AR A B TR e 7 U . £ 2 RS 5 SR AN % HERE, SR AR R R SR AR e FP R A ER O

30-70 MHz[) % D ICEFFPE.

XA EE A BT R, (EF: IR, (EF: IMNEF SRR, SR ERE

hE SRS P11, XEFRIRAE: A

1 5|8

A I P (Fabry Perot, FP)JE & —F B %
A I 35 TH A RGP Ol S B R, X IR IO B K
BA R, BRAE Gk pE s 48 1. FILFP R
Pz N TR L AR P A R
B PR AR IS AT . TP 1 1 R A R Lk
TR 5 R KB, YR R B S 82
PR EE R BT S SR AR AR W B R At 2 R AR
A, AR N IE & JE T I R AR I A R & H
b2 E0 1A A, T T A R K e bR R

2024-09-264% | 5 F5, 2025-02-181 FI& Bk

WEIRAR R = 3 BUE AR BERRAR. A0 1A 2
A Al EAT B B St BT R BE A
WA A 2 IR SRR R AT BTk, fER
I B FE AT N ORGP E AR, RN
L% K FHAE BB AT I 2 AT 2 75 A v ook 0 =
R LI 219 cm/sHF DR FF — 4. mkE B E br 7
EV R AR ESE IR A TP
0 BT S5 053 8 SE RS A FPE AT LA
FEAPR I b7 A — 2R B A5 8] 70 A1 (1) 8 5
ShUE. R 7 R HEAT AR B ARG SRR

TER H AR SRR ST H (12273082 12293054), HE RFF B RIS 5 4 B H (ZDKY'Y Q20220009), H [ £l 2B

HAEBIFM RS T H (2023068) 7 Bh

"dxiao@niaot.ac.cn


https://doi.org/10.15940/j.cnki.0001-5245.2025.05.010
https://doi.org/10.15940/j.cnki.0001-5245.2025.05.010
https://doi.org/10.15940/j.cnki.0001-5245.2025.05.010
mailto:dxiao@niaot.ac.cn

66 & X X

% 4R 5 M

&) PN 58 B ARG B L -G KT = AR S, (H B T FPIIE 5
SRR A VIR AR RS, B R IR R
Je SR ¥R R R BRFPRE B H IR B 7R 10
cm/sPA_E (6 AR T kHz) ", X4 S B K E
FrAS B R . 1K B (MHz) 1 BR B FP S 1 1 4R 43
R A BT 3 S K e brhs B, TR I G o] w5 4
JE b PR ERF P i A 1 1R A0 6 R S o — > B L ]
. A A s B 28 1 R FP s 38 47 18 1R A 2R R I
T MEChE R T

AN IE AT Y O AR A — R K T IEEOL A,
TP IO A R FH AT SR ' M A EO i B A R A iR
Ji, FFm o v B TR R AT S A Y A R S A
HCC R, B DR AR v A T
WG T R AL X AR I A O A AR A
HRAT = 0 R FP RS & el B & mT gtk (H
MR O 25 THI I 75 43 16 400 26 B e P P 22 DK ) FL R
R AR A 1 i Ak 2 R T o T R AT
AR R S B HREOE 1 0 b A
V) g 2 P O 22 (3K By R FH 41 4 6 [) — M 2 42 1 %
R)HATIRN 2= AEAE R 22, DRI 75 A B o Ath 07 vk
e A P Hb SR AT A9 22 B A R s R ) AR A R &L H G
FEWTTIERE S 27 5 MRS RO 3R
RSB ZI oL . A i H T LMHz
2 MHz /N 3 H G 6 Fl (Free Spectral Range,
FSR) I Sk T4, FPREM. Seef st
ST ACEOE R R, R 0 (B A o A 3R B I
)25 Ak ¢ 2 g il i 5 A A AT H A
I AR & A7 U7 SR b A . X ey kR
FPE A I RS IR IE 5 R S L R4
SRS, BRI RS AT M R4, (HEL A T
W WSt AT 3R AT 100 BRI AR R FE L 1T AH

bE T 5 0 48 T 20 OR U, FPIE I I8 IR 1E 2 th %
T A R, FLVEAE S LU R S 0, SIS A AR
22 bR, PP AE S A 45k 1) 08 {0 18] R T 22 ey 3L
FSR#RE , FLFSR /N, Sxh B IR Ji 44 5l B st oK
T P Js 0T o 2 K PR B AR E R T
PELEF B 1E 2 B FP I A& SE B bl LS E AN I
JERIR IR E 1R

Acueih T ER T AMERO R Sl
AN T A b3 B FP IS (1 4 B30 &R 48, DA SK
BLBR IR R SCOLIN 51K E rFP A i IR AR IR RS
FLPR AN FEMHz. 383 SEI0 MBI, 0 R e K 20
PHRII AR EFPIE ) 2 B AT 7004k, & il
o S DA e 22 FLA SCHR I 52 1 AR B HOL 28 2%
B A (R AR AL 50 &R, AL T RIS FIFSRATAR
Sy ERE T ES I N S I P S AR v
FEBEIE At b3 — 20 2 18 T I R R A MR 7S FR S
AU T PR AS [R5 PP Jls 2 A 7l B2 A2 A F1AS ]
PRI FS N BB R bR e 1 DL 25 6 IX S8 45 I 2%
JE B %% M, B E 1 RE W 2 BT H R R gk
SRR, bR FPIS MM R L S8 AR
24 T PP HE A B LR A T BTV £E
BTG T RGALL, FERA T EA R RN A
AN R 2 HOIR b € FPJE (K55 5 400545 0L
ATTRAT T A

2 EBRRIEMGE
2.1 EGMEBRTEEKRFRE

FP & it = B B UFToR, T R 4 it o s 5
N RIFATE, Y6 N — w5 755 1 2 ]
Z R, BRI RIA A S B T S B — BB
FeiE 5.

L LB, =E(-R)R" exp(i%mdncos 0)

..... Ey=E,(1-R)R’ exp(i47ﬂ3d”°059)

E,=E,(1-R)R’ exp(i47ﬂ2dn cos 0)

>

E,=E,(1-R)Rexp(i 47” dncos )

1 PARHPERER

Fig. 1 Diagram of Fabry Perot cavity
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Finding the corresponding sampling points of
the rubidium peaks, giving them frequencies.
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Finding the two FP cavity peaks which are
closest to the rubidium peaks, and using linear
fitting to obtain the frequencies of the two peaks.
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Calculating the free spectral range of the FP
cavity and obtaining all FP peaks’ frequencies.

FSR = f,,, = i, / (number,,, —numbery, ),

Jion = S +(number, | —number )sFSR.

l

Fitting the relationship between FP cavity peaks’
sampling points and their corresponding
frequencies.
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Fig. 2 Flow chart of obtaining the relationship between
frequency and time of laser diode in one frequency
scanning using rubidium absorption spectral lines

combined with FP cavity peaks
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Fig. 3 The method of simulating the transmission of FP
cavity with temperature changes during the scanning

process, the blue curve represents the temperature

variation with sampling time.
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Fig. 5 Experimental results of scanning Cosy rubidium absorption cell and 1.5 GHz FSR FP cavity. (a) scanning result;

(b) linear fitting result and frequencies of FP cavity peaks; (c) the difference between frequencies of

FP cavity peaks and linear fitting result.
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Fig. 9 Simulated scanning results of HCF and SMF FP cavity with temperature change. (a) HCF FP cavity with FSR 300
MHz; (b) SMF FP cavity with FSR 300 MHz.
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Fig. 10 Fitting error of anti-resonant HCF and SMF FP cavities under different temperature fluctuations. (a) FSR 10 MHz
HCF FP cavity; (b) FSR 10 MHz SMF FP cavity; (¢) FSR 30 MHz HCF FP cavity; (d) FSR 30 MHz SMF FP cavity; (e) FSR
70 MHz HCF FP cavity; (f) FSR 70 MHz SMF FP cavity.
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Fig. 11 Fitting errors of different FSR FP cavities with noises. (a) 10 MHz FSR FP with no noise and peak-to-noise ratio of
20-40 dB; (b) 10 MHz FSR FP with peak-to-noise ratio of 15 dB, 10 dB, 8 dB; (¢) 30 MHz FSR FP with no noise and peak-to-
noise ratio of 10-40 dB; (d) 30 MHz FSR FP with peak-to-noise ratio of 8 dB; (e) 70 MHz FSR FP with no noise and peak-to-

noise ratio of 10-40 dB; (f) 70 MHz FSR FP with peak-to-noise ratio of 8 dB.
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Simulation Study on Key Device Parameters of High-precision Fabry
Perot Cavity Resonant Frequency Drift Tracking System

LIU Tong-jun'??3 YE Hui-qi? TANG Liang'? XIAO Dong'?
g-] q g g
1 Nanjing Institute of Astronomical Optics & Technology, Chinese Academy of Sciences, Nanjing 210042,
Y 9
(2 Key Laboratory of Astronomical Optics & Technology, Chinese Academy of Sciences, Nanjing 210042)
(8 University of Chinese Academy of Sciences, Beijing 100049)

Asstract Broadband Fabry Perot (FP) cavities have been widely used in high-precision astronomical
spectral calibration in recent years. Achieving calibration accuracy better than 1 m/s requires the
stability of the FP cavity to be better than 10° (<MHz). However, coating aging, phase transition of
spacer materials, and long-term environmental changes can cause a slow drift of the FP cavity, affecting
the long-term repeatability and accuracy of wavelength calibration. To track the drift of the FP cavity
and improve its long-term calibration accuracy, a high-precision laser scanning tracking system was
designed using a rubidium absorption cell as the absolute frequency reference. Theoretically, the
frequency accuracy can reach 10 or even higher near the rubidium absorption line. However, the FP
etalon FSR (Free Spectral Range) used for wavelength calibration is usually 15 to 60 GHz, which means
the peaks are likely far away from the rubidium lines. Therefore, accurately calibrating the scanning
frequency of the laser is the key to expanding the measurement range and maintaining measurement
accuracy. We use a small FSR auxiliary FP cavity with rubidium absorption cells for precisely
calibrating laser scanning frequency. To select the parameters of the system’s key components, the laser
scanning frequency calibration of two materials, and different FSR auxiliary FP cavities under different
detection conditions (temperature changes, noise levels) are simulated. The simulated results show that
the auxiliary FP cavity with FSR below 70 MHz can achieve calibration of MHz frequency accuracy
without considering environmental and detection factors; meanwhile, the smaller the FSR, the more
sensitive it is to temperature changes and detection noise. Taking into account the simulated results
and fabrication difficulty, the optimal FSR for the auxiliary FP cavity is 30—70 MHz. Since the
temperature drift coefficient of the anti-resonant hollow core fiber FP cavity is much smaller than that
of the traditional fiber FP cavity, it is also more suitable for high-precision frequency calibration.

Key words instrumentation: Fabry Perot cavity, instrumentation: rubidium absorption cell,
instrumentation: external cavity diode lasers, techniques: radial velocities
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