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Theoretical Study on Cross-correlation Signal of a Femtosecond
Pulse Laser in Air
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Abstract: By using the dispersion pulse propagation theory and the refractive index of air Ciddor equation,
the cross-correlation function of the femtosecond pulse laser was derived. According to the theory that
the resulting expression of the cross-correlation function depends on the spectral distribution of the laser
source, the numerical model of the cross-correlation patterns among pulses of the femtosecond pulse
sequence propagating in air with different spectral distribution under different optical path difference and
the change of environmental parameters was created. Results show that, the cross-correlation pattern has
a stable chirp and linear broadening with the increase of propagation distance, but the change of the
environmental parameters give rise to the shift of the correlations patterns without any extra linear
broadening or chirp.
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Fig. 2 Optical spectrum and dispersion of the femtosecond pulse
FRAE 3 CO) o 0 RIRL i 1 1 23 A B AR K o 7 25 0 0 B A R 0 mo A 120 me B LA S AR 5 (9 L AR
3. W LA . B 14 4 B B B BE0  EAR OCAR 5 98 B2 A2 98 JF EL iR B A2 555 . 13 5t J2 U i 257 A0 Uit 1E 0 40 A 1Y
DK i A AR OCAF o B A R WA RN M I . A S AR S 0 B RAE IR AN T L=q X1, B RED K
PRTE 0 25 A RE B B A T AL 3545 B B AR SC AR 5 A AL T — AN v (9 B ik e i L RO TR ]

0414002~ 3



Intensity/(a.u.)

Intensity/(a.u.)

1.0 g 1.0
08 3§ . 0.8 .
\ ;; ‘ FW at 1/e |

0.6 1 3 06} .
s |

04 1§ o4t L ‘ 1
E I

0.2 . 02} E

Ly at 1/e RHW at /e
0 . . 1i d . 0 . . .
-50 0 50 -50 0 50
Scanning range/pum Scanning range/pum
(a) Gaussian distribution Om (b) Gaussian distribution 120m

1.0 T " 1.0

0.8 \[ 1 08f ‘ 1
e

0.6 1 s 0.6 i 8
z Ul

0.4 \ ‘ . 8 04f .
=

0.2 1 0.2 .

0 | ! 0 1 1 1
=50 0 50 =50 0 50
Scanning range/um Scanning range/pum
(c) sech? distribution Om (d) sech? distribution 120m

E3 mfifmuy EF Aty CHRPEZAPHFENEMXRES LE
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of temtosecond pulse propagating in air
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Fig. 5 Effect of temperature and pressure on the cross-correlation model with the path length difference of 30 m
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Fig. 6 Effect of environmental parameters on the cross-correlation signal
A
3 it

TE O HODK b A% 46 S B S A B 4 T RAD R e ] 8 B AR OGO AR L S T RRR i i A1 A A AP AR R Y

PP ) A 5SS 2R 3 o RS AU T i 3 1 7 B ) B Ik o ] ) A S A 5 S A T WA IRk B 2
INTE S AR AL R BE B AR M E LT RS RIS B B SR SR ME RS Bl e i1 52 1 W gk 3 R X ik 3¢
I3 W Bl 1 16 I B 00 18 W] gk 25 AR K 24 9 A2 A 155 0. 32 B T LAY Ok # S A BB A AT T L O B B AT S
R JF B HAR AL R RN A OG5 A SO R, 3k 86 T0 BB XS T 98 S 4 ) B g I B | A5 AORE T S R 0 A 1)
LK il 2 T e S5 0 LA 0 A RS TR — A R R AN R BRI o 8 LA S AR S 9 AR Al DL A SR T £
Y 3 ) 5 TR R Tt — 20 E 5 T AR

S % ik

[1] ZHU]J, CUI P, GUO Y, et al. Pulse-to-pulse alignment based on interference fringes and the second-order temporal
coherence function of optical frequency combs for distance measurement[J]. Optics Express, 2015, 23(10): 13069-
13081.

[2] XU Zhen-xin, YANG Xiao-ping, LIU Wei, et al. Femtosecond laser double pulse autocorrelation measurements and
research of fitting method[J]. Acta Photonica Sinica, 2014, 43(11): 1114003.
AR, e, XIfh, & BAHSCERIN & WA RO Uk b T S BRI ] JeFEM, 2014, 43(11): 1114003,

[3] XU Yan, ZHOU Wei-hu, LIU De-ming. Numerical experiment and analysis of cross-correlation between pulses of
femtosecond laser sequencel J]. Chinese Journal of Lasers, 2011, 38(11); 1108002.
Vi, JE4E IR XA RT . TREMEOG K b 7 51 AR G BUE B 5 4 A L], T ENEOG, 2011, 38(11): 1108002,

[4] YE J. Absolute measurement of a long, arbitrary distance to less than an optical fringe[J]. Optics Letters, 2004, 29

0414002~ 6



VR 23 S0P R I O AR B SC AR S B B AT Y

(5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

(10): 1153-1155.
XU Xin, FENG Ye, LIU Yuan-shan, et al. Frequency linkage between the dual frequency combs based on the
polarization-maintaining femtosecond fiber laser[J]. Acta Photonica Sinica, 2016, 45(6): 0614001,
W, SR, xS, FF. AR XCCEP G LR AL R G AR B S R LT . TR, 2016, 45(6): 0614001,
ZEITOUNY M G, CUI M, BHATTACHARYA N, et al. From a discrete to a continuous model for inter-pulse
interference with a frequency comb laser[J]. Physical Review A, 2010, 82 023808.
CUI M, SCHOUTEN R N, BHATTACHARYA N, et al. Experimental demonstration of distance measurement with a
femtosecond frequency comb laser[J]. Journal of the European Optical Society, Rapid Publications. 2008, 3: 08003.
CUI M, ZEITOUNY M G, BHATTACHARYA N. et al. High-accuracy long-distance measurements in air with a
frequency comb laser[J 1. Optics Letters, 2009, 34(13): 1982-1984.
ZHANG J, LU Z H, MENEGOZZI B, et al. Application of frequency combs in the measurement of the refractive index
of air[J]. Review of Scienti fic Instruments, 2006, 77: 083104.

OHJ S, KIM S W. Femtosecond laser pulses for surface-profile metrology[ J]. Optics Letters, 2005, 30(19): 2650-
2652.

Refractive index of air calculator based on modified Ciddor equation. http://emtoolbox. nist. gov/Wavelength/
Documentation. asp.

ZEITOUNY M, BHATTACHARYA N, URBACH H P, et al. Theoretical study of long distance measurement using
frequency comb laser[C]. SPIE, 2008.

AN KR HOBHARIMI. JEERCRAE ML 2011 6-14.

Foundation item: The Chinese Natural Science Foundation (No. 11661040), the Science and Technology Research Project of Education

Department of Jiangxi Province (No. GJJ151521) and the Scientific Research Fund of Jiangxi University of Science and Technology (Nos.
NSFJ2015-G27, YJ2014-01, YJ2014-30)

0414002-7



