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Fig. 2 Schematic diagram of experimental system
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Table 1 The integration area, effective absorption path and
reflectivity measured by method [
A,( A-CAES Amulii pass cell {49[[ R R
Jem ! Jem ! /cm
1 0.107 57 0.010 25 30 228.063 12 0.998 51
2 0.107 90 0.010 33 30 089.793 29 0.998 50
3 0.10809 0.010 12 30 745.770 84 0.998 54
0. 998 51
4 0.108 26 0.01045 29 841.802 06 0.998 49
5 0.11008 0.01045 30 343.483 93 0.998 52
6 0.107 23 0.010 18 30 342.465 55 0.998 52
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Table 2 The integration area, and reflectivity

measured by method [

2
Aoacags/cm?

[(I,/D—1/d]
1 0.002 51 0. 998 59
2 0. 002 58 0. 998 62
3 0.001 84 0. 998 07
0.998 42
4 0.001 78 0.998 01
5 0.002 55 0.998 61
6 0. 002 59 0.998 63
References

P ER T W REBIR AR 2 Frs, @it s
ATAREE T R AE AR 0 99. 8404,
3.3 MEHEHIL

Hy b 3R S5 BT L. R AR K A R Tt b E TR
AN A0 e J5E B W AT AR SE ik BT A 8 Y R B SO R Ay
Sl 99. 8500F1 99. 8405 . PiE Z M A A —Brk. HY
J7R G 0 RG99, 9 BN HEIT . 15 W PR 5 15 2 RE S
S U FE B B A AR E - (BB O B B B0 Bk K
B, ERARE AT 2% T R

MTIrkE—RoIASHE M, BT RERNE RN 7k
el 7 b 75 R 0 4 5 2 25 s R BR A s P AR B R DT L i
JEB— Bk, 45 18 5 B R A5 A rb i U0 3 T A i E
o P LA D5 kA T g o (R 25 4 b o T SE B 3 A7 ik
f9 53 Sh— A AR SRR S AR BE R B2 PR TS U AR
HH R R 25 AN 2 R T ) YR 5 SR AR AR

J7 % AT AE B I b AT R S A A T iR
ARG AE K T O B, R b PR A B B AE B R B
RAERICIEE S - P R B i A S O Oy B s s (2
TEH AR A i A2 oP ol 2R B A BT 3 R R o T RO
JE . DR S AIE B R P RO | TR ) R 2 S R IR R
J IS A A B P SR B

4 %5 ®»

IR 2 Ah R] O AR O A B R, BL CO, FE
5001. 49 cm BT RO AE I BARE S, #5487 s
SR OIS R GE . DAL AT T R AT R S Y B A R 4
BARE T IR RN T 3 AT TR LB, AR K
T R K B 2 ATt A 2 T vk AR R D 2 2R e R ) R o < A
P 2 J7 10 47 AN 1 S B0 6 B B R S B AR, (R AR T 1k A%
BB, AR AT AR S TR R Go 4 H e R Rk B
T

[ 1] Goldenstein C, Spearrin M, Jeffries J, et al. Progress in Energy and Combustion Science, 2017, 60; 132,
[ 2] Viljanen J, Sorvajarvi T, Toivonen J. Optics Letters, 2017, 42(23); 4925.
[ 3] Baer DS, Paul J B, Gupta M, et al. Applied Physics B, Lasers Optics, 2002, 75(2-3); 261.

[4] Keefe A O. Chem. Phys. Lett., 1998, 293(5-6) . 331.

[ 5] Langridge ] M, Ball S M, Shillings A J L, et al. Review of Scientific Instruments, 2008, 79(12);: 2544,
[ 6] Varma R M, Venables DS, Ruth A A, et al. Applied Optics, 2009, 48: 159.

[ 7] Washenfelder R A, Langford A O, Fuchs H, et al. Chemical Physics, 2008, 8: 7779.

[ 8] Langridge ] M, Ball S M, Shillings A J L, et al. Review of Scientific Instruments, 2008, 79: 123110.

[ 9] TIAN Xing, CAO Yuan, WANG Jing-jing, et al([Hl 2%, #
2019, 39(10) . 3078.

M. F#i). Spectroscopy and Spectral Analysis(JGi% %% 5630 Hr) »

[10] Zhao W X, Gao X M, Deng L. H, et al. Applied Physics B, 2007, 86, 353.
[11] LI Zhi-bin, MA Hong-liang, CAO Zhen-song, et al(ZEM ., L, WK, Acta Physica SinicaCHJ B2 . 2016, 65(5): 053301.
[12] Fiedler S E, Hese A, Ruth A A. Review of Scientific Instruments, 2005, 76(2); 565.



59 M e 2% 5 501 4 b 2949

Study on the Calibration of Reflectivity of the Cavity Mirrors Used in
Cavity Enhanced Absorption Spectroscopy

WU Lu-yi, GAO Guang-zhen, LIU Xin, GAO Zhen-wei, ZHOU Xin, YU Xiong, CAI Ting-dong”
School of Physics and Electronic Engineering, Jiangsu Normal University, Xuzhou 221116, China

Abstract Cavity Enhanced Absorption Spectroscopy (CEAS) technology is an important part of high sensitive spectroscopy,
which has the advanced characteristics of relatively simple apparatus, high sensitivity, and strong environmental adaptability.
Using a 2. 0 pym tunable diode laser as the light source, combined with CEAS, a device for measuring the reflectance of the lens
was built, and the absorption spectrum of CO, gas at 5 001. 49 cm ' was used as the research target. The path length absorption
cell and the known concentration of absorption gas have been calibrated for the reflectivity of the same pair of high reflectivity
lenses. The first calibration method uses a multi-pass cell with a known path length as a reference cell. In this calibration. the
absorptions from the resonant cavity and the multi-pass reference cell are measured simultaneously and compared to deduce the
effective absorption path of the cavity enhancement system. Then the mirror reflectivity is obtained from the relationship
between the mirror reflectivity and the effective absorption path. In the second calibration method, the integrated absorbance of
a CO; transition in a mixture with known concentration are measured for calibration. The mirror reflectivity is calculated by the
relation of the integrated absorbance, the gas molecule number density and the line intensity of the selected CO, transition.
Finally, the two methods are compared for the calibration results of the lens reflectivity. The results show that the ratio of the
integrated absorption area of the signal measured by the integrating cavity to the reference cell in the first method is 10. 5, and
the effective absorption path of the integrating cavity and the reflectivity of the lens are 302. 65 m and 99. 85% , respectively.
The concentration of CO, gas in the atmosphere is 0. 037 3% , which is consistent with the actual atmospheric CO, content. The
advantage of this method is that it is not affected by sample concentration, but because of the introduction of a new reference
cell, the pressure and temperature of the gas in the two cells need to be kept the same, so this method is suitable for an open

', the molecular number

cavity structure. In the second method, the absorption spectrum of CO, is measured at 5 001.49 cm™
density N of CO, gas is 9.099 101 5 molecules * cm *, and the line intensity of the line in the Hitran database is 3. 902X 10 *
em » molecule !, the reflectance of the lens is calculated to be 99. 84 %. The advantage of the above method is that the structure
is simple, but the molecular number density of the gas needs to be known, so the error of concentration and pressure will affect
the calibration of the reflectivity of the cavity mirror. These two methods can accurately calibrate the reflectivity of the cavity

mirror, and the corresponding suitable method can be selected as a reference in actual application.
Keywords Spectroscopy; Cavity enhanced absorption spectroscopy; Mirror reflectivity; Calibration method
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