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Properties of filamentation of intense femtosecond laser

pulses propagating in air
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( Key Laboratory of Atmospheric Composition and Optical Radiation, Anhui Institute of Optics and

Fine Mechanics, Chinese Academy of Sciences, Hefei 230031, China )

Abstract: Based on the variational principle of nonlinear Schrédinger(NLS) equation describing laser pulses
propagation in air, the properties of femtosecond filamentation were studied by using numerical simulation
method. Numerical results were derived on the developing process of filamentation under the situations of
whether or not taking account of multiphoton absorption dissipation (MPA). It is shown that a dynamic
equilibrium between optical self-focusing and plasma defocusing will be broken due to the MPA | which can
induce instability of femtosecond filamentation. The first foci of the filaments are displaced for different
incidence laser power. Further investigation reveals that stabe filamentation propagation described by
defocusing-refocusing cycles can only arise for power pin > 3per in laboratory. With the incidence power
gradually increasing, the beam will undergo optical collapse due to intense focusing, and then the formation

of femtosecond multiple filamentation(MF) can be obtained.
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Fig.1 The beam diameter versus propagation distance

for D=0
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Fig.2 The profile of filamentation for D =0
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Fig.4 Peak intensity versus propagation distance

for D#0

Fig.3 The beam diameter versus propagation distance

for D #0
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Fig.5 The spatial profile of focusing with various input laser power. (a)~(d) is the ratio of

Pin/Der = 3, 4,5, 7.4, respectively
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Table 1 Focus position for different input power (m)

Pin/Der First focus z) Second focus z2 22 — 21
2 92 X T
3 63.2 260 196.8
4 50.4 208.8 158.4
5 42.4 177.6 135.2
74 31.2 136 104.8
10 24 112 88

X 1R EE R T T KRB TER R K T4 300 m, TEHEEAS T, 4 pin/per > 3,
AREFERARSB TN, EREERSE EF—TEXKNEESRNE, BEMAERMZEETEEM 4
REEEFRETHR TENSETERSIDCREEREERN, BEamH 8 REMEERALER T ER, X
HEREREREENTENERERER. B THEETARIERSEIEE, CRERREHI TR, H
BURMIERERL L, SRR TREMEIR AL EFIRRE. FrLl Wi —K B HRE
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B, EEMAARGELT. ASHERX, RLBHHETE, RLESHREN. EME 6 iR A



&5 EEES: R CDUEKRER R LR 549

W pin/per t 3 HKE] 74 B, MARSKENBHFANBEEAORSE, RLLKEEREK,

4 [ ———
3 F 4
2r J

- ]
Lr 1

° 4

£op
-1k
.-2 =
3k E
-4 1 N ) 1 " [ SR | 1 ﬁ

0 50 100 150 200 250

z/m

Fig.6 Plot of the filamentation at pin/per = 3(dotted curves), pin/per = 5(solid curves),
Pin/per = 7.4(dashed curves)
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