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BANDWIDTH AND DURATION OF NONLINEAR-DISPERSIVE
SIMILARITON
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Studying the spectral peculiarities of nonlinear-dispersive similariton, gene-
rated in single-mode optical fiber without gain (passive fiber), we reveal that the
bandwidth of such a similariton is conditioned only by the initial pulse power.
This property of nonlinear-dispersive similariton can be used for the pulse dura-
tion measurements at the femtosecond time scale, alternatively to the autocor-
relation technique.
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Introduction. Similaritons, the pulses that maintain their temporal profiles
during the propagation in fibers, is a modern topic in ultrafast optics. Initially the
shaping of pulses with parabolic temporal, spectral and phase profiles for high-
intensity pulses was predicted by Anderson et al [1]. Later on, parabolic pulses
were generated in fibers with gain or distributed dispersion [2—4]. The parabolic
pulses generated in both kinds of fibers with either gain or distributed dispersion
maintain their temporal profiles during further propagation beginning from a
certain distance. The majority of studies in this field is related to the parabolic
similaritons of fibers with gain or distributed dispersion. Recently, a new type of
similariton was generated in a passive fiber under the combined impacts of Kerr
nonlinearity and dispersion [5]. This nonlinear-dispersive (NL-D) similariton has a
parabolic phase (linear chirp) independently of the input pulse characteristics, and
bell-shaped spectral and temporal profiles. The chirp factor practically matches
with the one for the pure dispersive propagation. To describe the similariton
completely the features of its bandwidth and duration are also necessary.

In this work we experimentally study the peculiarities of bandwidth of such
similaritons formed in passive optical fibers under the combined impacts of
nonlinearity and dispersion. Together with our previous research [5], this study
gives the comprehensive description of NL-D similaritons.

Experiment and Results. The objective of our study is the revealing of the
spectral broadening regulation for NL-D similariton. In our experiment we shape
similaritons from transform-limited and chirped input pulses. We use Coherent
Verdi V10-Mira 900F femtosecond laser system with 7,= 100 fs pulse duration at
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a 76 MHz repetition rate, A4, = 10 nm bandwidth, and central wavelength at
A, = 800 nm. The schematic of our experiment is shown in Fig. 1.
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Fig. 1. Schematic of experimental setup.

We stretch the laser pulse, chirping it positively and negatively in SF11
glasses (G) with different thickness and dispersive delay line (DDL) consisting of
two dispersion prisms. The beam splitter (BS) splits the laser radiation into the
low- and high-power parts. We direct the low-power part to the autocorrelator APE
PulseCheck (AC) to measure the input pulse autocorrelation duration, and the high-
power part we inject into the fiber, where the similariton is shaped. Afterwards, we
measure the bandwidth of similariton and the average power of radiation by means
60 ; ; ; ; of optical spectrum analyzer
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out the numerical modeling of the
process under study, based on the
solution of nonlinear Schrodinger
equation with the terms of Kerr
nonlinearity and group velocity
dispersion (adequate to pulse
durations of >50 fs [6]), using
the split-step Fourier method.

Fig. 2. Similariton’s bandwidth versus
the square root of its power: (a) — expe-
riment; (b) — numerical simulation for an
input Gaussian pulse (the bandwidth Aw
is normalized to the input pulse band-
width Aw, ). + corresponds to the trans-

form-limited pulse with the pulse stret-
ching ratio s =1, x—s =\/§ ,V-s =\/§ s
0—s=4/10 (positive chirp coefficients);
*—s=«/§ ,o—s=\/§, and A—s=\/w
(negative chirp coefficients); A, =10 nm.

The selected section of (b) corresponds to
the experimental range of (a).
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Fig. 2 shows the experimental (a) and numerical (b) results in comparison
with each other. Fig. 2 (a) shows the similariton’s bandwidth AA versus the square

root of the pulse power P=W /z, (W is the pulse energy). Fig. 2 (b) shows an
analogue numerical curve for an input Gaussian pulse. In numerical simulations the
bandwidth Ae is normalized to the input pulse bandwidth Aw, . The experimental

and numerical results are in good accordance with each other.
Discussion. NL-D similariton origins from the rectangular pulse shaped due
to the pulse NL-D self-interaction in passive fiber [5, 6]. The pulse optimal

compression ratio in the regime of rectangular pulses is 7, /7, ~JR /1,8 [6],

where R =WC?/(z,Aw.), 7, and 7, are the input and compressed pulse dura-

. . . . k
tions, Aw,, is the input pulse bandwidth, and C = %

is a constant (7, is the
2

fiber nonlinearity coefficient, S is the fiber mode area, k, =27/, is the wave

number, and k,=0%%/0w*| ). For a transform-limited input pulse
@

21, /7, = Ao/ Aw,,, and thus, Aw/Aw, ~~/R, where Aw is the bandwidth of
the rectangular pulse in fiber. Numerical studies show that NL-D similariton
practically keeps the bandwidth of rectangular pulse, thus, the expression above
can be used for it. Thus, for the bandwidth of NL-D similariton we have

Aw,,, =C\P, (1)
where P=W /7, is the pulse power. Expression (1) motivates the obtained
experimental and numerical results. Note for comparison that the bandwidth of
parabolic similariton is Aw(z) = [(gk,n,PW)/(2k;S)]"? exp(gz/3), where g is
the gain coefficient and z is the fiber length [3].

This peculiarity of NL-D similatiton’s bandwidth can be used for pulse
duration measurement at the femtosecond time scale. Since the value of C is

given, we can have the pulse duration by measuring its bandwidth and energy.
Since the chirp of NL-D similariton is given by the fiber dispersion

y=Aw_ | At=(k,z)™" [5], for its duration we have
sim 2

At = zJkokyn, P/ S . )

Similariton’s duration increases linearly during the propagation. Thus, we can
control similariton’s duration and bandwidth by changing the initial pulse power.
Conclusion. Our numerical and experimental studies show that the band-

width Aw of NL-D similariton generated in passive fiber depends linearly on JP
with the coefficient, given by the fiber parameters only.

The revealed property of NL-D similariton can be used for pulse duration
measurements at the femtosecond time scale, alternatively to the autocorrelation
technique.
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U. U. Qjpniyuit

0y gdwyhu-nhuybpupnt uhuhjuppinnih uybljnpught
(ugtnipiniiip b inbnnmpyniip

Unwtg ndbnugdwut  (wquwuhy) Jhudny owuwhjulwt dwbpupbjught
Intuunupnid dbwdnpdws ny gdwyh-nhuybkpuhntt uhdhjuphwnnth wvyblnpught
wnwidtwhwwnlnipjniuubph niumdbwuhpnipyut wpnipnid gnyg b wipdby, np
wynuhuh uhdpjuphnnth wykupuhtt (wjttpniop jupjuws b pugunruytu
huwniuh  hgopnipiniithg: 1y gdwyhb-nhuwybpuhntt  uhdhjuphnnth  wyu
hwwnlnipynmiip Yupnn b oquwugnpéyl] dtdnnduypljubuyhtt vwbnnulnid
huwnijuubph wbnnoipnibubph swihdwd tyuwunwyng npybu wyphnputp
wunnynnkjjughnt dkpnnht:

A. C. 3eiiTyHsiH.

CHeKTpaJIl:Haﬂ HINPUHA ¥ VIUTEJIBbHOCTH
Hennneﬁno-nncnepcnonnoro CUMWIAPUTOHA

Ha ocHoBe wmcciienoBaHHMi CHEKTPaILHBIX OCOOCHHOCTEH HETMHEHHO-IUC-
MEPCHOHHOT0 CHUMWJISIPUTOHA, C(HOPMHUPOBAHHOT'O B OJHOMOIOBOM ONTHYECKOM
BOJIOKOHHOM CBETOBOJI¢ 0e3 ycwieHus (B MacCHBHOM BOJOKOHHOM CBETOBOJIC),
MOKA3aHO, YTO CIEKTpajbHas IIMPUHA TaKOr0 CHMWISPUTOHA OOYyCIOBJIECHA
HCKJIIOYUTENBHO UCXOAHOW MOIIHOCTBIO UMITYJbca. DTa 0COOEHHOCTh HEIWHEHHO-
JHMCTIEPCHOHHOTO CHUMWJISIPUTOHa MOXKET OBITh HCIOJb30BaHa AJs M3MEpeHHUs
JUTUTEIBHOCTEH UMITYJbCOB B (DEMTOCEKYHIHOM BPEMEHHOM MaclITade B KauecTBe
IbTEPHATUBBl ABTOKOPPEIAIIMOHHOMY METOLY



