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Table 1. Taylor series expansion coefficients at 835 nm

for the propagation constant 3 of the PCF.

2H g}
B2/ps?-km~* —11.830
B3/ps®-km~* 8.1038 x 102
Ba/pstlm™1 —9.5205 x 105
B5/ps® km ™1 2.0737 x 10~7
B /psS km ™1 —5.3943 x 10~10
Br/ps” km™1 1.3486 x 10~12
Bs/ps® km ™1 —2.5495 x 10~15
B /ps® km ™1 3.0524 x 1018

B1o/pstO-km—! —1.7140 x 10—21
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IR AR5 To = 1.8 fs, B Ao = 835 nm;
ekt Sy =011 W L.m—1, IB{HIhZ Py = 300 kW
Fig. 1. Solid line for the electric field at a distance
of 3Lp, the dotted line for the input electric field. In-
put pulse with Tp = 1.8 fs, wavelength A9 = 835 nm.
Nonlinear parameter v = 0.11 W—1. m~1, peak power
Py = 300 kW.

A I S g, i LA SR R A T
BRI, B 2 B BT, Atk fh s o
3Lp I, Sk Q2 RPN oy, — B R LLA% A1
o HHL B IT S 53— E o R R IR O B, X
JSEF E . S 2 BT LA AR TR R 2, RN

014208-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I % R Acta Phys. Sin.

Vol. 65, No. 1 (2016) 014208

JE B £ e ik v 1 Bk o R, IS R R,
17 S SOk P B B A R E P B A
1 fe VB e 38 Th 26 A0 SRS B U 264, s N ikt
TR F B AT, BN = yPyT2/|2| = 3. 1%
i FE A el T A2 B O iz 2 U 1 s e
BT 03, RN I, JHE
H 1220 0 O 1 i K T B e R 97 DG i 2% 1 v
5E, AHA VT A% PR 2R 0 LA 748 [ (1 A
JE A% 125201,

IR
|

0 8
A T

2 LRI R 2 = 3Lp MR E, RN
ATRE . B NBKIR 98 5 To = 1.8 fs, JK Ao = 835 nm;
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Fig. 2. Solid line for the spectrum at a distance of
3Lp, the dotted line for the input spectrum. Input
pulse with 7p = 1.8 fs, wavelength Ao = 835 nm.
Nonlinear parameter v = 0.11 W—1. m~1, peak power
Py = 300 kW.
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Fig. 3. (a) The spectrum, (b) the spectrogram and
(c) the electric field at a distance of 3Lp.
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Fig. 4. The ratio of energy of the dispersive wave to

total energy as a function of the propagation distance

z in the spectral domain.
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Fig. 5.  The phase of spectrum as a function of the

propagation distance z in the spectral domain at the

normalized carrier frequency fo7p. The phase in this

picture has made normalization processing with .
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Fig. 6. The phase of spectrum as a function of the
propagation distance z in the spectral domain at the
normalized frequency f7Tp = 1.149. The phase in this

picture has made normalization processing with .
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Fig. 7. (a) The intensity of spectrum of the main
pulse in different carrier-envelope phase at a distance
of 3Lp; (b) the phase of spectrum of the main pulse in
different carrier-envelope phase at a distance of 3Lp.
The phase in this picture has made normalization pro-

cessing with .
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Fig. 8. (a) The intensity of spectrum of the dispersion-
wave in different carrier-envelope phase at a distance
of 3Lp; (b) the phase of spectrum of the dispersion-
wave in different carrier-envelope phase at a distance
of 3Lp. The phase in this picture has made normal-

ization processing with .
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Fig. 9. The phase difference between output spectrum
with ¢9 = 0 and output spectrum with ¢g = 11/2 as a
function of the normalized frequency at a distance of
3Lp. The phase in this picture has made normaliza-

tion processing with .
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Fig. 10. (a) At a distance of 3Lp, the phase of spec-
trum as a function of carrier-envelope phase at a nor-
malized frequency f7p = 0.5213 of the main pulse
peak; (b) at a distance of 3Lp, the phase of spectrum
as a function of carrier-envelope phase at a normalized
frequency fTp = 1.149 of the dispersion-wave peak.
The phase in this picture has made normalization pro-

cessing with Tt.
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Abstract

In this paper, the propagation of a few-cycle femtosecond pulse in a nonlinear Kerr medium is studied by the method
of time-transformation. The time-transformation approach can greatly improve the computational efficiency. Because
the width of electric field of the few-cycle femtosecond pulse is less than the characteristic time of Raman response in
a nonlinear medium, it is observed that the electric field of the pulse experiences a significant deformation and breaks
into a Raman soliton and the dispersion waves during the propagation, which can be attributed to strongly nonlocal
nonlinearity. A deeper investigation of the time-frequency distributions for both the Raman soliton and the dispersion
waves is also included. Since the pulse contains only few cycles, the carrier-envelope phase (CEP) of the pulse plays an
important role in the process of nonlinear propagation. The numerical results show the CEP-dependence in the process
of nonlinear propagation: the phase changes for both the Raman soliton and the dispersive waves are just equal to the
CEP change of the initial pulse, which indicates that the CEP of the pulse is linearly transmitted in the process of
nonlinear propagation. This phenomenon can be attributed to the fact that the phase change due to the nonlinearity is
only dependent on the intensities of the fields of both the Raman soliton and the dispersion wave, which are unchanged
for all the CEPs.

Keywords: Raman effect, carrier-envelope phase, dispersion-wave, time-transformation approach
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