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Abstract  The numerical model of the cross-correlation between pulses of the femtosecond laser sequence
propagating in air is developed to investigate the temporal coherence characteristic of the femtosecond laser ultrashort
pulse sequence. The model is based on the propagation theory of the femtosecond pulse sequence and the refractive
index of air Ciddor formula. The auto-correlation patterns between pulses of the femtosecond pulse sequence in
different spectral distribution with different optical path differences under different atmospheric conditions can be
obtained from the model. The simulation results show that the auto-correlation patterns become broadening and chirp
with the peak power decreasing due to dispersion, as the optical path difference between the pulses increases.
However when the atmospheric conditions are changed with the same optical path difference, the correlations
patterns only shift without any extra linear broadening or chirp. The femtosecond optical frequency comb has very
high temporal coherence. The formation of the cross-correlation function between the femtosecond pulses only
depends on the spectral distribution of the laser source.
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Fig. 1 Femtosecond optical frequency comb’s (a) pulse
trains in the time domain and (b) comb lines in the

frequency domain
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Fig. 2 Relative delay between pulse trains formed by a
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representation; (b) relative positions between two

pulse trains with one pulse difference
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Fig. 3 Optical spectrum and dispersion of the

femtosecond pulse
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Fig. 4 Temporal coherence model of the femtosecond pulse. (a) Electric fields of reference pulse and (b) measured pulse
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Fig. 5 Cross-correlation patterns for different propagation distances and different spectral distributions in air
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Table 1 Sensitivity coefficients of the group refractive
index and the movement amount of the cross-correlation

pattern versus environment parameters

Ng sensitivity Movement

coefficient /1077 amount /um

Pressure per 50 Pa 135. 835050 —38. 053780
Temperature per 0.2 C  —193. 226204 11. 592896
Humidity per 10% —382. 697690 5.152896
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