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Application of convolutional fitting in Fabry-Perot (F-P) resonator

linewidth measurement

QI Yi'***, GAO Xue-rong*”, WANG Shao-xin*, LI Pan*, SHEN Qi-hao’,
QI Ke-qi*, LUO Zi-ren'*, LIU He-shan*
(1. School of Fundamental Physics and Mathematical Sciences, Hangzhou Institute for Advanced Study,
UCAS, Hangzhou 310024, China;
2. National Space Science Center, Chinese Academy of Sciences, Beijing 100190, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China;
4. Institute of Mechanics, Chinese Academy of Science, Beijing 100190, China;
5. Southwest Institute of Technical and Physics, Chengdu 610041, China)

* Corresponding author, E-mail: gaoxuerong@imech.ac.cn

Abstract: To address the measurement errors introduced by laser linewidth in the traditional swept-fre-
quency methods, a signal analysis approach based on convolution fitting is proposed, leveraging the convolu-
tional characteristics of Guassian-shaped laser spectrum and Lorentzian-type Fabry-Perot (F-P) cavity. An
swept-frequency optical fiber experimental platform is constructed to verify the performance of the two F-P
cavities (one is custom-built (Cavity 1) and another is commercial (Cavity 2)) . Firstly, the impact of laser
linewidth on the signal profile is quantified through simulations, and the main process of the fitting al-
gorithm is introduced. Secondly, the spectrum of the incident laser is measured via beat-frequency analysis.
The experimental results indicated that the spectrum exhibited a Gaussian shape with a linewidth of (11.59 +
1.23) kHz. Subsequently, the frequency modulation error of the swept-frequency platform is evaluated.
Linewidth measurements are conducted on the cavity 1 and cavity 2 using the swept-frequency method. For
Cavity 1, the results of Lorentzian fitting and convolutional fitting are (204.1 + 11.2) kHz and (203.9 +
11.2) kHz, respectively, showing no significant difference. For Cavity 2, which had a calibrated linewidth of
4.17 kHz, the result of Lorentzian fitting is (8.97 £ 0.42) kHz, while the result of convolutional fitting is
(4.42 + 0.50) kHz. The experimental results demonstrate that when the laser linewidth is comparable to
the cavity’s linewidth, this method can accurately measure the true linewidth of the cavity. When the
laser linewidth (11.59 kHz) is significantly smaller than the cavity’s linewidth (204.1 kHz), the results ob-
tained using this method are similar to those from the Lorentzian fitting approach. This work broadens the
range of options for selecting linewidth measurement equipment for narrow-linewidth Fabry-Pérot (F-P) cav-
ities.

Key words: Fabry-Perot (F-P) Cavity; linewidth; convolution fitting
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Fig. 2 Impact of laser linewidth on the signal profile
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Algorithm 1: Compute Normalized Convolution in dB

Input: Initial guess vector By = [A, 1, 72|, sample points vector
Qutput: Normalized convolution result in decibels, jifen_dB
A+ Bo(1);

T+ Bol2);

Y2 < Bo(3);

dr « x(2) — z(1);

Initialize vector jifen with zeros, same size as z;

for i « 1 to length(z) do
o x(d);

2
Compute Gaussian response: Ygaussian 4 cxp(—%);
i

Compute Lorentz response: Ylorents — ———2;

(5)
Compute element-wise product: conv_result < A Yorents * Ygaussian’
Integrate: jifen(i) < (Z (’0111:77”(&,%“) - dr;
end for
mazj + max(jifen);
if mazxj <0 then
\ Set jifen_dB to a vector of —oo values;
end if
else
‘ Normalize and convert to dB: jifen dB <« 10-logo(jifen/mazxj);
end if
return jifen_ dDB;

K5 it a O s R

Fig. 5 Example of pseudocode for computing the output
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Tab.1 Comparison of measured and theoretical laser
linewidth values at different attenuation points
(RBW=7.5 kHz)

WSS/ Hz EIRERLIE [RLIESIZ
-3dB 8983 2Av L41Av
-10dB 16619 6Av 2.58Av
-20 dB 23806 20Av 3.65Av

JAE 7.5 kHz 843 BT 96 n] LATR G- 1 40 e A
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Tab.2 Laser linewidth at —20 dB (RBW=1 kHz)
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Tab.4 Linewidth measurement results of cavity 2
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