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Crizireictaristic lerngtns: cusaclratic rneacia

Twin

Diffraction length 3

cn
Parametric gain length - also known as nonlinear length Lps = Lyr =

2
def)f|al|

Coherence length b
¢ “= Ak

Dispersion length: pulse compression Levp =

n - refractive index Ak - wavevector mismatch
wo - beam size 1Ty - pulse width

a; - fundamental amplitude v, - group velocity = (9k/0w)™*

B. A. Malomed, D. Mihalache, F. Wise, L.Torner,
J. Opt. B 5, R53-R72 (2005)




Solitor forrmeaiion

Soliton formation conditions

Spatial soliton: L. < L,, < Ly

Crystal langin
srould g2 agoli

Spatio-temporal solitons: L. < L, < Lavp =~ Ly 5 Ld =3 LGVD

Temporal soliton: L,, < Layp

Figure 1. Illustration of the formation of a spatiotemporal solito
due to the simultaneous balance of diffraction and dispersion by
nonlinear self-focusing.
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NONLINEAR OPTICAL IVIED | A

collapse of the pulse

could be stable in quadratic media.

multidimensional solitons

Condition:




EAPERIMIENTS IN QUADRATIC MIED]A:
(2-+1)D sezitjoigrnporal solitors

Discovery of the (2+1)-dimensional spatiotemporal solitons (ST3) ir)
cjuzaclreiic rnecia 0y Frarc Wise ei al.:
Prys. Rav, Lait, 82, 46391 (1999); Prys. Rav. £ 62, 1328 (2000),

http://people/ccmr/cornell/edu/~fwise/solitons.html
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The propagation over 5 dispersion lengths
In barium borate gives: output at high
Intensity (soliton formation):

output at low intensity (diffraction and
dispersion, no soliton formation):




(in one- and two-dimensional
photonic lattices), including discrete surface LBs:

D. Mihalache et al., Opt. Express 15, 589 (2007); Opt. Lett.
32, 3173 (2007)

(in both continuous and
discrete systems, including dissipative surface LBS):

D. Mihalache et al., Phys. Rev. A 77, 043828 (2008).

D. Mihalache et al., Opt. Commun. 282, 3000 (2009).

N. Veretenov and M. Tlidi, Phys. Rev. A 80, 023822 (2009).



alternating rings made of highly
dispersive but weakly nonlinear media and strongly
nonlinear and weakly dispersive media:

Torner and Kartashov, Opt. Lett. 34, 1129 (2009).

Interplay of local electronic and
nonlocal reorientational nonlinearities (nonlocal
solitons propagating in nematic liquid crystals):
Burgess, Peccianti, Assanto, Morandotti: Phys. Rev.
Lett. 102, 203903 (2009).



iIn 2D honeycomb waveguide
arrays with out-of-phase periodic longitudinal
refractive index modulation in neighboring channels:

Lobanov, Kartashov, Torner, Phys. Rev. Lett. 105,
033901 (2010).

Peccianti et al.: Opt. Express 18, 5934
(2010).
with
spatially modulated nonlinearity:

Ye, Kartashov, Hu, Torner, Opt. Express 17, 11328
(2009).



Chong, Renninger, Christodoulides, Wise, Nat. Photonics 4, 103 (2010):
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Figure 1 | Experimental schematic. 3D plots comprising iso-intensity contour
plots of Gaussian-Gaussian (initial profile), Airy-Gaussian (after adding a
large cubic spectral phase) and Airy-Bessel (after the axicon) wave packets.
¢ w and v, are phase, optical frequency and group velocity, respectively.



Progagaiion of Alry-Bassal wave gacel
Ir) 2 scrioit SELA (Corrlng) glass

Input: z=0 z=5cm z=10 cm z=15cm
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Figure 3 | Propagation of an Airy-Bessel bullet. a, Initial spatial and temporal profiles. b=d, Profiles after propagation through 3.3 diffraction lengths, L, and

1.8 dispersion lengths, L, (b), 5.4 Ly and 3.6 L (c) and 7.5 L and 5.4 L (d). Ly is the diffraction length of a beam with a diameter of 180 mm, and L, is the
dispersion length of a 100-fs pulse.

Irnporiani feailre of linear LES:
no need o grecisealy tallor ine diffiraeciion znd
dispersion lengins
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T =1t — (z/v,) is the reduced time ﬁ:g — ﬂjk;’ﬁmj 1s the dispersion coefficient




E
£
i
=

T

Rirror

.5{."!4.'!IJF,E{-.'-L'J'{“.H'IT.I_.'JI'
CONT I essor ' o

" Cylindrical
leis

//

Gauss-Airy

Vg @
heam .
spditter :

Diffraction
Brating

(a)

spatial cubic phase
gengration aptics

Gauss-Alry

L
~g
¥

Fourier
transforming
lens

Fourier
plane




M. HEINRICH et al., Phys. Rev. Lett. 103, 113903
(2009)

Observation of 3D discrete-continuous

X-waves in photonic lattices (in femtosecond
laser-written waveguide arrays in fused silica):
the X-waves spontaneously emerge from a
single site excitation due to



F. Eilenberger, S. Minardi, et al., CLEO/EUROPE-EQEC
2009, paper EF1.2 THU

NB: The LB can be thought of as a temporal soliton that
stays in one wavequide
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Three-Dimensional Light Bullets in Arrays of Waveguides

S. Minardi,' F. Ei]fnhfrgfn' Y.V. Kartashov,” A. Szameit,” U. Riipl@:.4 J. Kobelke," K. Schuster," H. Bartelt, . Nolte,
L. Torner,” F. Lederer,” A. Tinnermann, and T. Pertsch’

We report the first experimental observation of three-dimensional light bullets, excited by femtosecond
pulses in a system featuring quasi-instantaneous cubic nonlinearity and a periodic, transversally modu
lated refractive index. Stringent evidence of the excitation of light bullets 1s based on time-gated images
and spectra which perfectly match our numerical simulations. Furthermore, we reveal a novel evolution
mechanism forcing the light bullets to follow varying dispersion or diffraction conditions, until they leave
their existence range and decay.



[n this Letter. we report the first observation of 3D LBs
m a two-dimensional array of coupled waveguides. We
have found that due to higher-order etfects. LBs evolve
following varving dispersion or diffraction conditions until
thev leave their existence range 7] and decay.

LB can exist (region C). Because of the finite energy
threshold for the existence of 3D discrete-continuous
LLBs [7]. this decay scenario is quite generic for experi-
mental syvstems. Notice that the trajectory of the bullet in

wavelength. Because for longer wawvelengths the coupling
strength between waveguides increases exponentally. the
enarew threshold I'71 reanired forthe TR propagation grows
steeply. Therefore the solitary wawve will eventually decay
when the dispersively modified energy threshold exceeds
the energy of the excitation. The scenario is illustrated in

[7] D. Mihalache etal., Phys. Rev. E 70, 035603 (2004)



Viewpoint
Generation of light bullets

Frank W. Wise
Department of Applied Physics, Cornell University, 212 Clark Hall, Ithaca, NY 14853, LISA

Published December 20, 2010

Light pulses injected into an array of waveguides form solitons in time and space.

Subject Areas: Optics, Interdisciplinary Physics

A Viewpoint on:

Three-Dimensional Light Bullets in Arrays of Waveguides

S. Minardi, F Eilenberger, Y. V. Kartashov, A. Szameit, U. Répke, J. Kobelke, K. Schuster, H. Bartelt, S. Nolte, L.
Torner, F Lederer, A. Tinnermann and T. Pertsch

Phys. Rev. Lett. 105, 263901 (2010) — Published December 20, 2010

Lmaar propagation
diffracticon & dispersion
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d - ratio of the diffraction length to the dispersion length (we used d=-1)
c - sign of the nonlinearity (we have assumed o = -1 — self-focusing)

p - refraction index modulation

R(n,0) — lattice potential: R(n,§) = cos(€2,n)cos(Q.L), Q, =4

D. Mihalache et al., Phys. Rev. E 70, 055603 (2004)
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H(E,k) curves — important hints for stability (Catastrophe
theory); for p=0, H(E)=C/E=b(E)E,C ~ 44.3, b=wave number
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HRECENT EAPERIMENT:
fluorine doged silica glass (91 silica cores

FIG. 1. (a) Lavout of the r:-‘q'u:-rim{-nt A focused 170 5 in-

(a) mmm =500 nm, t=60 f3
il 0% mmm i =1ss00m =706 frared pulse centered at Ag = 1550 nm excites the central
B Al waveguide of a sample of the waveguide array (b). The out-

put radiation of the sample is characterized by an infrared

Rcamera - oamera (IR-Camera) and by a spatially resolved optical gat
Ing via t'r{-rlu*nmuxlng in a 25-pm-thin BBO crysta lmth
delaved 60 fs probe pulse af Ap = 800 nm. (¢) Experimental
discrete linear diffraction pattern at the end of a 50 mm-long
| sample. Parameters of the sample: array made of 91 silica
h cores embedded i a Fluoride-doped silica glass; lattice pe-
VIS-Camera tiod of d = 332 £( (L. 4pm, a core radis of r = 0.8 £1 0.2m,

and an index contrast of An=12.107%,

Firsit experimerntal ogservaiion of 30 [igrt gullets in 2D gnoioric

latiices (d]sgre e vvrrveglnrle afrays). Novel evoluiion mecnanismn of L8s
B3 to follow verying disoersion/difiraection conditions, uniil

irigy lezave 't'ne]r estte'Jce cdornzir and cecay,

LEs witn gulse widins = tens of fs and gulse energies = tens of 1,



L5s SPACE-TIVIE PHROFILES
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LBs decay mechanism: wzvelerigin
dependencea of tne diffractiorn and
dispersion lengins (averagead uagijiies
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switching rates of several terahertz.
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