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Fig. 1 Schematics of Fresnel lens and FPI. (a) Side view of Fresnel lens; (b) front view of Fresnel lens; (¢) schematic of FPT
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Fig. 2 Structural diagrams of FPI. (a) 3D structural diagram of FPI frame; (b) photograph of FPI
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Fig. 5 Optical path and results for measuring free spectral range and resolution of FPI. (a) Device for measuring FPI performance;

(b) relationship between measured optical power and time when PD is 10 cm away from FPI; (c) relationship between optical

power and cavity length variation measured by PD when distance between PD and FPI is different
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Fig. 10 Images detected by FPI when mercury lamp is 30 m away from Fresnel lens. (a) Image recorded by CCD; (b) image after

filtering out background noise; (c) intensity distribution along dotted arrow direction in Fig. 10(b)
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Fig. 11 Experimental setup for measuring fluorescence spectrum of NaCl aerogel induced by femtosecond laser filament

0708006-6



HS50%5 £ 7THI/2023 £ 4 B/HEENx

D NaCl = i 2 66 i s, 7 3% 5% LA i A —
F R B K R 700 nm (9 5 0% 3 8 0 R, ABEES L
£ 800 nm By HU RO A FPI, W T2k
1) NaCl S I 10 2¢ 566 3% i 3% 2235 A 2 MR35 21,
TSR T A L Na B4R & B m g 2 I, %
FH AT 52 BRRE P st 18] 43 9 1) 68 1) 184 5 AU B b 4 R A A
L F R (ICMOS) ML, i 5% Na™ By & S 3% 2k 28 44 FPI
JE T WEZE,
4.0
35 F
3.0 -
25+
2.0 -
15
1.0
0.5 F

Intensity /(10° arb. units)

400 450 500 550 600 650
Wavelength /nm

PEl 12 2 0] FE A B 5 {SORT TICMOS AR AL £ 21 Y
TRRP OGO 2238 K B NaC 1A I I 18] 43 398 663
I SR i 2R 40 19 ICMOS ML T 5% M 5 ns. H
T FPIY H 615G B A PR iE 205 2 FPTR I J5 1)
RIE L E 5, RALRIELd FPUE A
SR P EW AT AR, 1 12 0] 0L R A ZE R T
25 ns, NaCl i 8 19 28 96 6 1% H 7% 22 35 44 1, T Na™
TE 589 nm Ab B9 FFAIE 16 M 85 ns A I 4R R .

---90ns
15F

12+

0.9 F

0.6 -

Intensity /(10° arb. units)

0.3 F

0 1 1 1 1
400 450 500 560 600 650
Wavelength /nm

12 fd HDEHE AL ICMOS ARBLIT S 1Y CAMIOE G 22 380k 19 NaC 1A e8] 43 B 98 6061 o (a) I 8] 18 38 2 5~25 ns (195G
i s (b) B i) 4238 S 85~120 ns (5 O
Fig. 12 Time-resolved fluorescence spectra of NaCl aerosol excited by femtosecond laser filaments recorded using grating

monochromator and ICMOS camera. (a) Fluorescence spectra with time delay of 5-25 ns; (b) fluorescence spectra with time
delay of 85-120 ns
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Fig. 14 Time-resolved F-P interference patterns of NaCl aerogel fluorescence induced by femtosecond laser filament
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Fig. 15 Detection results of fluorescence of NaCl aerosol excited by femtosecond laser. (a) Fluorescence interference pattern of NaCl
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Abstract

Objective Aecrosol is the general term for solid, liquid, and other particulate material in the atmosphere. The possible sources of
aerosol include the combustion of biological substances and fossil fuels, mineral dust, and other harmful pollutant particles. When the
concentration of NaCl aerosol in the atmosphere is higher than a threshold concentration, it inhibits plant growth, corrodes metals,
harms the respiratory, cardiovascular, and cerebrovascular systems of human beings.

When a femtosecond laser is transmitted in the air, owing to the nonlinear self-focusing effect, the focused light intensity reaches
10" W/cm®. At this intensity, any substance in air is ionized and the fluorescence spectrum corresponding to the chemical composition
of the substance is released. The composition and concentration of atmospheric pollutants can be detected based on this property by
collecting and analyzing the fluorescence spectrum excited by the femtosecond laser filament, realizing air pollution monitoring and
providing basic data for the formulation of air pollution control programs.

Compared with the grating spectrometer, the light intensity collected by the Fabry-Perot interferometer (FPI) is 2—3 orders of
magnitude larger than that of the grating spectrometer with the same spectral resolution. Simultaneously, because the aperture of the
FPI is large, the spectrum of the extended light source can be measured directly, thus reducing the requirement of light-collecting
elements. Based on the above characteristics, FPI is an ideal device for remote weak-light spectrum measurement.

A Fresnel lens is considerably lighter and less expensive than the traditional spherical lens, which is suitable for the large-aperture
low-light collection system. In this study, a Fresnel lens with an aperture of 1.1 m is used to converge remote low-light sources.
Although the size of the focusing spot is large, it still can form a remote low-light spectrum detection system with the large-aperture
FPIL

Methods The Fresnel lens used in this study is made of polymethyl methacrylate (PMMA) whose diameter and focal length are
1.1 m and 1.31 m, respectively. The Fresnel lens has a ring spacing of 0.5 mm, and each ring has a different depth. The Fresnel lens
used in this study has an average transmittance of 94% in the visible light range. The FPI used in this study consists of two partially
reflective mirrors with diameters of 1 inch (1 inch=2.54 ¢m) and three 2-mm-thick piezoelectric ceramics (PZT). The reflectivity of
the mirrors is 90% , the applied voltage range of the PZT is 0-60 V, and the maximum displacement of the PZT is 3 pm. The PZT
used in this study has good linearity between the displacement and applied voltage, the resolution of the PZT is 0.5 nm, and the free
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spectrum range of FPIis 9 nm.

Results and Discussions The spectrum of the mercury lamp placed at a distance of 8 m away from the Fresnel lens and FPI is
determined when an industrial charge coupled device (CCD) is employed (Fig. 7). By applying different voltages to the PZT, the
wavelength of the emission spectral line of the mercury lamp 1s calculated using the relationship between the wavelength and radius of
the interference ring. The wavelength error measured by the FPI is less than 1 nm, which is mainly originated from the radius error of
the interference ring obtained from the picture taken by the CCD camera.

Using the industrial CCD as the detector, the spectrum of the mercury lamp can still be detected even when the distance between
the lamp and FPI increases to 30 m (Fig. 10). In this case, the illumination on the Fresnel lens surface is only 6.5 plx.

The self-built FPI combined with the Fresnel lens is used to detect the fluorescent spectrum of the NaCl aerosol induced by the
femtosecond laser optical filament at a distance of 10 m (Fig. 11). In the experiment, the pulse energy of the femtosecond laser is
4 mJ, and the pulse width is 50 fs. The NaCl aerosol with mass fraction of 13X 107" is generated by the aerosol generator. In this
case, an intensified complementary metal-oxide semiconductor (CMOS) camera is employed as the detector. The emission lines of

Na" at 589 nm are detected.

Conclusions In this study, a Fresnel lens with a diameter of 1.1 m and a self-built FPI are used to construct a remote spectral
detection system. With the efficient light-collecting characteristics of the Fresnel lens and large light-collecting aperture FPI, an
industrial CCD camera can detect the spectrum of the micro-lux light sources. Using an intensified CMOS camera, the system can
measure the fluorescence of NaCl aerosol with mass fraction of 13X 107° excited by the femtosecond laser filament at a distance of 10
m. In the future, by further improving the fitting method of FPI and designing more matching optical elements for the light coupling
between the FPI and Fresnel lens, the spectral resolution and low-light detection capability of the spectral detection system can be

further improved to play a greater role in the long-range measurement of atmospheric pollutants.

Key words spectroscopy; Fabry-Perot interferometer; Fresnel lens; remote spectrum detection; filament induced fluorescence

spectrum
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