N
N

N

HAL

open science

Brillouin solitons and enhanced mirror in the presence of
acoustic dispersion in a small-core photonic crystal fiber
Robert I. Woodward, Eric Picholle, Carlos Montes

» To cite this version:

Robert I. Woodward, Eric Picholle, Carlos Montes. Brillouin solitons and enhanced mirror in the pres-
ence of acoustic dispersion in a small-core photonic crystal fiber. 35e Journées Nationales d’Optique
Guidée (JNOG’35), Jul 2015, Rennes, France. hal-01323737

HAL Id: hal-01323737
https://hal.science/hal-01323737
Submitted on 3 Jun 2016

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License


https://hal.science/hal-01323737
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr

Brillouin solitons and enhanced mirror in the presence of
acoustic dispersion in a small-core photonic crystal fiber

R.l. Woodward, E. Picholl&, C. Monte$
1 Femtosecond Optics Group, Department Of Physics,
Imperial College London, Prince Consort Road. London SWW2BK
2 Université Nice Sophia Antipolis, CNRS, Laboratoire de §igye
de la Matiere Condensée, UMR 7336, Parc Valrose, 06100 Nacex; France
corresponding author: carlos.montes@unice.fr

February 25, 2016

Abstract: Stimulated Brillouin scattering (SBS) of visible light amsmall-core photonic crystal
fiber (PCF) resonator of small external Q-factor, experitanpresents trains of subluminous and
superluminous pulses presenting all the characteristidissipatif Brillouin solitons. Insertion of the
acoustic dispersion, which may be significant in PCF, in thigecent SBS three-wave model modify
the dissipative structures. For special pump wavelendt@satoustic dispersion response may be
particularly strong and may lead to an enhanced Brillouirroni
keywor ds Stimulated Brillouin scattering, photonic crystal fibesspustic dispersion

1 Introduction

The low stimulated Brillouin theshold in small-core phatoarystal fibers (PCF) [1] allows to en-
visage numerous applications in amplifiers, sensors and Bvi#ouin lasers. Well established in
standard optical fibers [2]-[7], the spatio-temporal dyre@nof Brillouin lasers in PCF is up to now
less studied. An important characteristic of such PC fibetheé great variety of acoustic modes
which can interact with the light [8]. They are hencefortipestmentally and theoretically well de-
fined [9, 10, 11], and it is known that they may induce a modaotainstability in PCF lasers [12]
[13]. Another characteristic of such acoustic modes, ngriiadir group velocity dispersion, has not
be the object of special consideration. The acoustic mod@sgsaontain pure longitudinal, transverse
and torsional components, but there are the longitudinalpaments which prevail in the stimulated
Brillouin mechanism through electrostriction.

The object of this article is to experimentally show, on the dand, that in a configuration where
only one acoustic mode is concerned, the dynamics of Briltasers in PCF is similar to that of
Brillouin lasers in traditional fibers. On the other handartion of acoustic dispersion in the coher-
ent three-wave SBS model [14, 5] may modify the charactesisf such components.

Thresholds of five times higher as theoretical predictectteeen observed in the infrared region
[9, 10, 11]. We have shown for a continuous source that thikoBm threshold decreases until the
level of standard fibers for &, = 532 nm source linearly polarized, rendering SBS intergstiPCF

[1].



2 Experimental results

The experimental setup is shown in Fig. 1.
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Figure 1:(a) Setup: HWP, half-wave plate; (P)BS, (polarizing) beaiittsr. (b) SEM images of PCF mi-
crostructured at different magnifications.
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Figure 2: With a cw-pump at 532 nm the temporal backscattered Briloesponse is composed by a train
of Brillouin soliton pulsessubluminous on the left hand side of repetition frequency £11.35 MHz, and
temporal spacemefit; =88.10 ns, whith a pump power of,P-152 mW, andsuperluminous on the right
hand side with respectively,f=11.82 MHz,At; =84.64 ns and =212 mW. The periodicity correspond to
the go and back trip in the PCF with group velocities slowlplaminous or superluminous. The time pulse
width (FWHM) is 14.51.4 ns. After ends cleavage, the length of the PCF is reducedadyn9 m.

The fiber has a core diameter qf d 3.0 um, air-hole pitchA = 1.9 um, and hole diameter d =
0.7 um, inducing at 532 nm an effective section of 478, comparable to the traditional fibers.
The Brillouin spectrum is symmetric with a width less thanNBBz (interferometric resolution). The
same fiber presents at 1550 nm an asymmetrical spectrum andianes higher threshold [1]. The
experimental setup is shown in Fig.1. The cw-pump is issvewh fa double frequency Ytterbium
laser of linear polarization and 15 MHz bandwidth. The filsasleaved at the ends in order to provide
4% reflexion at each extremity, reducing the Brillouin thralsl to about 130 mW for a 9 m length.
We refer to Ref.[1] for more details and spectral recordidgre we are interested in the backscattered
temporal dynamics shown in Fig.2.

3 Dissipatif solitonsin the PCF laser: acoustic dispersion effect

The trains of subluminous and superluminous pulses expeatily observed present all the charac-
teristics of the dissipatif Brillouin solitons. Their stutias been realized in a classical optical fiber
ring cavity: generation of dissipative Brillouin solitofy, morphogenesis, stability and bifurcation
diagram [3], self-structuration and asymptotic physicaérpretation [4, 6], optical bistability and
general classification in the (gain G - feedback R) planeghdl in a polarization preserving fiber ring
cavity [7].

We propose to describe these scenarii in the PCF cavity Ijgube same coherent three-wave
model equations, including optical Kerr effect, which govthe time-space evolution of the complex
(pump, Brillouin and acoustic) field amplitud&s (j=p,s,a) [14, 5, 7], by taking into account the
fiber modal profile [15]. and for the first time tI}e acousticugyavelocity dispersion which may play



a special role in the PCF. The evolution equations for the pti) Brillouin E, and acoustid,
envelopes read:

—KspsEsEa+iKk [|Epl?+2|Es?] Ep
KsesEpEa +iKk [2/Ep|*+ |Esl?] Ep
KsesEpEs

(G +Vpo+ o) Ep
(G —VsOx + Vs) Es

(at + Vady + iﬁaatt + Va) Ea

wherey (j = p,s,a) are the respective damping coefficientggk= o [socn7 / (8poca)} 1/2 P12 the
Brillouin coupling coefficient, g, = (po/n*)(d€/dp) = 0.286 the silica elasto-optic coefficient , and
Kk = mw/(2n) the nonlinear Kerr coefficient. The acoustic group velodigpersion coefficient
Ba = Va(d?ka/dw?) should be experimentally determined. In a first time we ihtice it through an
arbitrary dimensionless paramef@y= BaKsgsEcw/2 = 0.01. Figures 3 show two couples of Bril-
louin solitons. The left hand side figure stands for the stathdispersionless fiber and the right hand
side couple for the PCF whith the perturbative dispersidne/g; = 0.01. We remark that this per-
turbative value is sufficient to introduce a pulse velocigyiation of about 2%, an amplification of
5%, and a pulse compression of 15% (right hand side Fig.3ighwie comparable to the transverse

cladding Brillouin scattering effect [16].

SBS laser: , = 0.0; R=0.00823

SBS laser: g, = 0.01; R=0.00823
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Figure 3: Pairs of consecutive superluminous Brillouin solitons e tcavity of round trip time

tr = 2nL/c = 87.3 ns: on the left hand side for the standard fitfe0), and on the rigth hand side for the PCF
cavity (83 = 0.01). The Brillouin gain is G= golpL = 10.5 and the reflexion feedback at the end of the cavity R
=0.00823. The amplitudes are normalized to the pump andjglii the entry of the cavitygf0) = Ecy

4 Enhanced Brillouin mirror

The group velocity dispersion may become very importanthatrtansition frequencies between sur-
face and volume acoustic modes [8] [12]. In this case it isvearent to formulate the acoustic
equation like that used in plasma physics [17], namely

(1+ 2ia0) 6 + €05+ iBa(Ot — £%00) + Va| Ea = KspEpEL

wheree = Ca/C, U = Va/To = Ya/KseEp(0), anda = 1/(2waTo). The pulsation regimes are transient
and with a cw-pump we numerically obtain asymptotic regimies new enhanced Brillouin mirror
with the acoustic amplitude increasing in the pump directie show Figures 4.
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Figure 4: Spatial amplitude distributions for the enhanced Brilfoaiirror generated through high acoustic
dispersion in the PCF. Gain G and feedback R parameterdiedlin the figures. The amplitudes are normal-
ized to the pump amplitude at the entry of the cavigy@® = Ecy

5 Conclusion

The PCF Brillouin lasers are capable to show the same richasiceof the three-wave Brillouin
dynamics in a standard fiber laser. A complementary studgcgssary to precise the acoustic pa-
rameters. It is possible that for particular pump wavelkadhe acoustic dispersion present so high
values that the regime studied in plasma physics [17] shbelgertinent. It leads to an enhanced
Brillouin mirror.
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