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Abstract

Airy pulse has attracted extensive attention and research because of its unique properties. In this
paper, the effects of dispersion and nonlinear effects on the propagation of chirped Airy pulse are
studied theoretically. The results show that when the third-order dispersion plays a role under non-
linear conditions, by changing the third-boundary dispersion coefficients, we find a changing rela-
tionship between the third-order dispersion coefficients and the peak intensity. When the Raman
effect comes into play, the positive chirp and negative chirp show different trends in the time or
frequency domain. When the Raman effect and the third-order dispersion work together, in the pos-
itive chirp case, we can conclude that the third-order dispersion suppresses the Raman-generated
frequency shift as the third-order dispersion coefficient increases. However, in the negative chirp
case, the third-order dispersion cannot suppress or enhance the Raman frequency shift, but only
change the peak intensity of the pulse. In order to increase the peak intensity of the pulse, we ex-
plore that the frequency shift of the pulse does not change when the chirp coefficient and the third-
order dispersion coefficient are balanced.
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Figure 1. Diagram of the practical teaching system of automation major time-domain propagation of chirped Airy pulse. (a)
C=1, 6,=0.2; (b) C=1, J,=0.5; (c) Spectrogram of third order dispersion variation; (d) Plot of third order dispersion

coefficient and peak intensity whena=0.1, N=3
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Figure 2. Time domain plot and spectrogram of chirped Airy pulse propagation whena=0.1,tr=0.1, N=3. (a) C=1,N =
1;,b)C=1,N=2;(c)C=1,N=3;(d)C=-1,N=1;(e) C=-1,N=2; (f) C=-1, N = 3; (g) Time domain envelopes of
different nonlinear coefficients when C = 1; (h) Different nonlinear coefficients when C = 1; (i) Time domain envelope of
different nonlinear coefficients at C = —1; (j) Frequency domain plot of different nonlinear coefficients at C = -1
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Figure 3. Time-domain plots and spectrograms of chirped Airy pulse propagation when a = 0.1, tr = 0.1, and N = 3. (a)~(e)
Evolution of time-domain propagation of pulses with different third order dispersion coefficients with C = —1; (f)~(j) Evolution
of time-domain propagation of pulses with different third order dispersion coefficients with C = 1; (k) Spectrograms of positive
third order dispersion variation with C = 1; (i) Spectrogram of negative third order dispersion variation for C = -1
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Figure 4. Chirped Airy pulse transmission spectrogram diagram when a = 0.1, tr = 0.1, and N = 3. (a) Spectrogram with
different chirp parameter; (b) Spectrogram with consistent Raman-induced frequency shift (X is the value of the abscissa and
Y is the value of the ordinate)

4. Ha=01, tr=0.1, N=3FIEMIZERMEMITEEFSHEE. (2) TREIVEMAKISIEE; (b) RSHHE—
BESIEE (X AELARME, Y ANLIRE)

1 B SCRT R IE BRI DL, I = B BT LA R 2 S, BT DA R T RA I =B AN,
B=FrBREOy 05, BURWEBKREL, MMASEIE 4a). I 4(a)3RATAT LA B BEE TR R oK,
fikof R AR LR, RRL &7 R IRMRS — 2, BT DAWRIK AT DU S 2 AR o I FLERATTHHEIN 4 72 $1 = (Bl
FAT, BRI S EOT LU h 25088, F AT B0 BOF S RIIAE . SRS A TR Bk 45ie

DOI: 10.12677/0e.2024.144008 69 JEHLF


https://doi.org/10.12677/oe.2024.144008

BtEfE %

=W EEEmH SR, IEWARKIE SRR 2R, B O A =B (S B WA R AR R A5 A Ak B4
A BRI R SR o« 1 A(b) At 1 HE W R = B G IAT T AT LA I R 2o ok b A S 4 Wk 3 R f e
PRI 2R A — BN, I ELR R R B kR e RO =B (B R B, IR SR R LA
FRATTRT AR 7 8 Rk o B VAR D =8, S L 2 1 5k B8 I 9 S 4 2 MRS O 7 K

4, Z5ig

FATHAEH TT T BRI AR 2 2 0BT W Wk 32 B kb AR S K i . W R4 R W] B 5E 2 =t iUk
AR, SR = OER AL AT =P BRI B 50 2 I — 58 AR AU 2 & RO
KAEAERIIS, IEWAWKCE DL T, IORARE I R RES G SR b R, TURIBKEOL T, SRR Z M R E s 8
BRI R, VDRI E W] . Ap SR =GR REH, ERBELT, =ht
AR 27 A RS . SOEBKEOL R, = GO AR 2082, I BE SR ke BV 5
WA {1 54 B2 o A — i €0 S R A 4 6] (L O B KT 1 K o RS FRAT TSR W Wk 2 B, TR WK T DA i 2 031
FATLEWE I S B0 = 0 BCR BOL BT, AR 1 KR IR I 55

&5k

[1] Berry, M.V. and Balazs, N.L. (1979) Nonspreading Wave Packets. American Journal of Physics, 47, 264-267.
https://doi.org/10.1119/1.11855

[2] Durnin, J. (1987) Exact Solutions for Nondiffracting Beams | the Scalar Theory. Journal of the Optical Society of Amer-
ica A, 4, 651-654. https://doi.org/10.1364/josaa.4.000651

[3] Durnin, J., Miceli, J.J. and Eberly, J.H. (1987) Diffraction-Free Beams. Physical Review Letters, 58, 1499-1501.
https://doi.org/10.1103/physrevlett.58.1499

[4] Siviloglou, G.A., Broky, J., Dogariu, A. and Christodoulides, D.N. (2007) Observation of Accelerating Airy Beams.
Physical Review Letters, 99, Article ID: 213901. https://doi.org/10.1103/physrevlett.99.213901
[5] Siviloglou, G.A. and Christodoulides, D.N. (2007) Accelerating Finite Energy Airy Beams. Optics Letters, 32, 979-981.
https://doi.org/10.1364/01.32.000979
[6] Greenberger, D.M. (1980) Comment on “Nonspreading Wave Packets”. American Journal of Physics, 48, 256-256.
https://doi.org/10.1119/1.12308
[71 Hu, Y., Siviloglou, G.A., Zhang, P., Efremidis, N.K., Christodoulides, D.N. and Chen, Z. (2012) Self-Accelerating Airy
Beams: Generation, Control, and Applications. In: Chen, Z. and Morandotti, R., Eds., Nonlinear Photonics and Novel
Optical Phenomena, Springer, 1-46. https://doi.org/10.1007/978-1-4614-3538-9 1
[8] Stitzle, R., Gbbel, M.C., Hérner, T., Kierig, E., Mourachko, I., Oberthaler, M.K., et al. (2005) Observation of Non-
spreading Wave Packets in an Imaginary Potential. Physical Review Letters, 95, Article ID: 110405.
https://doi.org/10.1103/physrevlett.95.110405
[9] Broky, J., Siviloglou, G.A., Dogariu, A. and Christodoulides, D.N. (2008) Self-Healing Properties of Optical Airy Beams.
Optics Express, 16, 12880-12891. https://doi.org/10.1364/0e.16.012880
[10] Baumgartl, J., Mazilu, M. and Dholakia, K. (2008) Optically Mediated Particle Clearing Using Airy Wavepackets. Na-
ture Photonics, 2, 675-678. https://doi.org/10.1038/nphoton.2008.201
[11] Zhang, P., Prakash, J., Zhang, Z., Mills, M.S., Efremidis, N.K., Christodoulides, D.N., et al. (2011) Trapping and Guiding
Microparticles with Morphing Autofocusing Airy Beams. Optics Letters, 36, 2883-2885.
https://doi.org/10.1364/01.36.002883

[12] Polynkin, P., Kolesik, M. and Moloney, J. (2009) Filamentation of Femtosecond Laser Airy Beams in Water. Physical
Review Letters, 103, Article ID: 123902. https://doi.org/10.1103/physrevlett.103.123902

[13] Papazoglou, D.G., Suntsov, S., Abdollahpour, D. and Tzortzakis, S. (2010) Tunable Intense Airy Beams and Tailored
Femtosecond Laser Filaments. Physical Review A, 81, Article ID: 061807. https://doi.org/10.1103/physreva.81.061807

[14] Panagiotopoulos, P., Abdollahpour, D., Lotti, A., Couairon, A., Faccio, D., Papazoglou, D.G., et al. (2012) Nonlinear
Propagation Dynamics of Finite-Energy Airy Beams. Physical Review A, 86, Article ID: 013842.
https://doi.org/10.1103/physreva.86.013842

[15] &<UEi. Jesf i SCH kb (AR Sk P T [D]: [ A0 50, Kb iR K, 2018.

DOI: 10.12677/0e.2024.144008 70 JEHLT


https://doi.org/10.12677/oe.2024.144008
https://doi.org/10.1119/1.11855
https://doi.org/10.1364/josaa.4.000651
https://doi.org/10.1103/physrevlett.58.1499
https://doi.org/10.1103/physrevlett.99.213901
https://doi.org/10.1364/ol.32.000979
https://doi.org/10.1119/1.12308
https://doi.org/10.1007/978-1-4614-3538-9_1
https://doi.org/10.1103/physrevlett.95.110405
https://doi.org/10.1364/oe.16.012880
https://doi.org/10.1038/nphoton.2008.201
https://doi.org/10.1364/ol.36.002883
https://doi.org/10.1103/physrevlett.103.123902
https://doi.org/10.1103/physreva.81.061807
https://doi.org/10.1103/physreva.86.013842

BtEfE %

[16]
[17]

[18]

[19]
[20]
[21]
[22]
[23]

[24]

[25]
[26]
[27]

[28]

Fattal, Y., Rudnick, A. and Marom, D.M. (2011) Soliton Shedding from Airy Pulses in Kerr Media. Optics Express, 19,
17298-17307. https://doi.org/10.1364/0e.19.017298

Cai, W., Mills, M.S., Christodoulides, D.N. and Wen, S. (2014) Soliton Manipulation Using Airy Pulses. Optics Com-
munications, 316, 127-131. https://doi.org/10.1016/j.0ptcom.2013.11.057

Kasparian, J., Sauerbrey, R., Mondelain, D., Niedermeier, S., Yu, J., Wolf, J., et al. (2000) Infrared Extension of the
Supercontinuum Generated by Femtosecond Terawatt Laser Pulses Propagating in the Atmosphere. Optics Letters, 25,
1397-1399. https://doi.org/10.1364/01.25.001397

Kartazaev, V. and Alfano, R.R. (2007) Supercontinuum Generated in Calcite with Chirped Femtosecond Pulses. Optics
Letters, 32, 3293-3295. https://doi.org/10.1364/01.32.003293

Nuter, R., Skupin, S. and Bergé, L. (2005) Chirp-Induced Dynamics of Femtosecond Filaments in Air. Optics Letters,
30, 917-919. https://doi.org/10.1364/01.30.000917

Couairon, A. and Mysyrowicz, A. (2007) Femtosecond Filamentation in Transparent Media. Physics Reports, 441, 47-
189. https://doi.org/10.1016/j.physrep.2006.12.005

Park, J., Lee, J. and Nam, C.H. (2008) Laser Chirp Effect on Femtosecond Laser Filamentation Generated for Pulse
Compression. Optics Express, 16, 4465-4470. https://doi.org/10.1364/0e.16.004465

Zhang, L., Liu, K., Zhong, H., Zhang, J., Li, Y. and Fan, D. (2015) Effect of Initial Frequency Chirp on Airy Pulse
Propagation in an Optical Fiber. Optics Express, 23, 2566-2576. https://doi.org/10.1364/0e.23.002566

Zhang, L., Zhang, J., Chen, Y., Liu, A. and Liu, G. (2014) Dynamic Propagation of Finite-Energy Airy Pulses in the
Presence of Higher-Order Effects. Journal of the Optical Society of America B, 31, 889-897.
https://doi.org/10.1364/josab.31.000889

Purohit, A., Gaur, D.S. and Mishra, A.K. (2021) Dynamics of a Chirped Airy Pulse in a Dispersive Medium with Higher-
Order Nonlinearity. Journal of the Optical Society of America B, 38, 3608-3615. https://doi.org/10.1364/josab.439227
Wang, Y., Xin, Z. and Li, M. (2022) Initial Chirp-Induced Raman Frequency Shift of Airy Pulse. Optics Communications,
510, Article 1D: 127953. https://doi.org/10.1016/j.optcom.2022.127953

Agrawal, G.P. (2010) Nonlinear Fiber Optics & Applications of Nonlinear Fiber Optics. 3rd Edition, Publishing House
of Electronics Industry, 31-34.

Zhao, H., Song, Z.M., Zhou, L.J., et al. (2022) Chirped Airy Pulse Modulated by Gaussian Pulse. Acta Optica Sinica,
42, Article ID: 0832001.

DOI: 10.12677/0e.2024.144008 71 JEHLT


https://doi.org/10.12677/oe.2024.144008
https://doi.org/10.1364/oe.19.017298
https://doi.org/10.1016/j.optcom.2013.11.057
https://doi.org/10.1364/ol.25.001397
https://doi.org/10.1364/ol.32.003293
https://doi.org/10.1364/ol.30.000917
https://doi.org/10.1016/j.physrep.2006.12.005
https://doi.org/10.1364/oe.16.004465
https://doi.org/10.1364/oe.23.002566
https://doi.org/10.1364/josab.31.000889
https://doi.org/10.1364/josab.439227
https://doi.org/10.1016/j.optcom.2022.127953

	色散和非线性效应对啁啾艾里脉冲传输影响的研究
	摘  要
	关键词
	Study on the Influence of Dispersion and Nonlinear Effects on the Propagation of Chirped Airy Pulse
	Abstract
	Keywords
	1. 引言
	2. 基本原理
	3. 数值结果
	3.1. 啁啾艾里脉冲在三阶色散效应下的传输特性
	3.2. 啁啾艾里脉冲在拉曼效应下的传输特性
	3.3. 啁啾艾里脉冲在色散和非线性效应下的传输特性
	3.4. 啁啾和三阶色散对拉曼频移产生的影响

	4. 结论
	参考文献

