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Statement of the problem:
Study the dynamics of pulses in
photonic structures.
What is a photonic structure ?
m |t is an “engineered” optical medium with
periodic properties.
m Photonic structures are built to manipulate
light (slow light, light localization, trap light)

m I'll show some examples, but this talk will
concentrate on 2-dim periodic waveguides
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Motivation of study

We take advantage of periodic structures and nonlinear effects to propose new
stable and robust systems relevant to optical systems.

- Periodic structure - material with a periodically varying index of refraction (“grating”)

- Nonlinearity - dependence of the refractive index on the intensity of the electric field
(Kerr nonlinearity)

The effects we seek:

« existence of stable localized solutions — solitary waves, solitons
* short formation lengths of these stable pulses

* possibility to control the pulses — speed, direction (2D, 3D)

Prospective applications:
* rerouting of pulses

* optical memory

* low-loss bending of light

e
-

Ihe University of New Mexicn
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1d strucutres: Optical fiber gratings

Fiber Gratings

Refractive index of core
[germanium doped
zilicate) can be vaned by
exposing to ultraviolet
light (laser approx 2z Cladding

nm

7 <

Care

»
»

Feriodic spacing produ

oduces
Bragg grating within fibre. The
period can be precisely
determined by laser

E.(Z,T) (forwardmovingenvelope)

E (Z,T) (backwardmovingenvelope)
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Equations studied

1-dim Coupled Mode Equations

0,E. =—¢,0,E, +ixE_ +i[(|E, [ +2|E_ P)E,
0,E = ¢,E +ixE +iT(|E_F+2|E, P)E.

Gap solitons exist. Velocity proportional to amplitude mismatch
Between forward and backward envelopes.



Assumptions:
» dynamics in y arrested by a fixed n(y) profile
* Xy-normal incidence of pulses
» characteristic length scales of coupling,

nonlinearity and diffraction are in balance <
X
BARE 2D WAVEGUIDE WAVEGUIDE GRATING
- 2D NL Schrodinger equation - 2D CME
- collapse phenomena: point blow-up - no collapse

- possibility of localization

The Lniversity of New Mexico



Dispersion relation for coupled mode equations

Q

4

Close, but outside the gap
Well approximated by the
2D NLSE + higher order
corrections.

Collapse arrest shown by
Fibich, llan, A.A (2002).
But dynamics is unstable

Frequency gap region.
We will study dynamics in this
regime.



Governing equations : 2D Coupled
Mode Equations

ixE_+IiT(|E P +2|E_P)E.
\xE. +iT(|E_ P +2|E, P)E.

X]X[_LZ’ Lz]X[O’OO) — C.



Summary of results (details to follow
on next slides)

e Found stationary solutions of the governing
equations of the 2d structure (see next slide)

e Obtained conditions for bullet propagation in
such structures

e Obtained conditions for light trapping at a defect
by a resonance mechanism between the incident
optical bullets and defect modes

e Derived a finite dimensional dynamical system to
study the dynamics inside the trap
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Stationary solutions via Newton's iteration

If By(x,2,t) = E+(x, 2) e then

w5+ -+ f£r198z5+ + 625+ + f{g_ + F(‘g+‘2 + 2‘5_‘2)54_ = 0,

1
wE_ —icg0,E_ + 026 + k€L + T(JE-* + 2|1E4]P)E- = 0. )

Solve (1) as a NL eigenvalue problem for (w, (§+)) via Newton’s iteration.

Need one more equation:
o0 o0
/ / €4 |* + |- Pdzdz = N.
—D0 —D0

Initial guess: (w ©)] Ef)(:r:, z))

separable waveform £ (z, 2) = Fu(2)G(x), w©® = g cos(4)

(0 ¢

where Fi(z)e™ is the 1D gap soliton with v = 0 (free parameter § € (0, 7))

Substitute and integrate in z:

G'"+bG*-G)=0, b= 2%(Sin(5) —dcos(d)), I € (0,7/2)

= G(z) = V2 sech(Vbz)



Stationary case |

Peak amplitude evolution

026 T I I I [
frary T max(ZJX)E+(t)
I*" _ max(sz)E,(t)
% 0.255T -
o Ry WWWWWWWMHW e
= H-HS’_H-H"—H_’#‘SH_FH"H‘H—HEH-{M_}._
025 1 1 | 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
FWHM (area) evolution
54 T T T T T T T T T
E B =.|+_++_,'.+,+-{:7
=" >3 e 4+|+++++»|1|:H4+Fﬂ=!’4~|—++|;"*"‘**+
T ﬁ% SFR— i w%ﬂ_ﬁ-l:pkhk%ﬁ—kﬁ#ﬁ%l— -
= 52f T Yo + FWHM (9 |
_ FWHM(1)
51 1 1 | 1 1 1 1 1 T
0 15 0 5 30 40 45 50
wequency evoluﬁon (pre(%ction: W =w = 8.%59517)
0.964 T T T T T + = T T T
0.963 + e
_. 0.9s2 -— @ o
o 09614 A o e P P e
0.960 [ # £75 /N [N i g bttt i
T -
0958 1 1 | 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

1
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Nonexistence of minima of the Hamiltonian

Theorem 1. The Hamiltonian functional of 2D CME has no minima constrained to a fized
total power.

Proof: Suppose 3(E (x,2),.E (x.z)) st. H(EL,E_) = ming H, where

2
S = {(fl(i::z): fg(;'l?},?f)) s.t. fl,? . RQ . (C: Z ||fk‘||§ — Hg—|—H§ —+ Hg_Hg}
k=1

Consider o i
Sy ={(E4. &) & = a&i(x/p, z/v) and a, i, v > 0, v = 1},

Clearly S; C S and (£.,&_) € 5].
| Within S the Hamiltonian H = H, = Al% + Asza*v? — Aia® — A, with
Ay :ic:g/ E0.E — E10.E drdz, Ay = f{-f ERE NNENENdEdz)
R2 R2
A, :f 10, E, 17 + |0, E_PPdadz, Ay = g/ 1E)F +4ELPIE|P + |E_| dad=
R R2

A1, Ay € R and Az, Ay > 0. The only C.P. of H, is

o A2A, A2
(', 1) =

Aif 724145

and by the 2nd derivative test (a*, v*) is a saddle! O



"
Defects in 1d gratings

m Trapping of a gap
soliton bullet in a
defect. (this concept
has been theoretically z;
demonstrated by
Goodman, Weinstein,
Slusher for the 1-dim
(fiber Bragg grating

with a defect) case).

Ref: R. Goodman et.al., JOSA B 19, 1635 (July 2002)



Governing equations :
2D CME »TZ: ————————— s

X

V(x,2)E, +iT(|E, f +2|E_P)E.
V(x,2)E_+iT(|E_[ +2|E, F)E_

[-L,,L,]x[0,e0) — C.
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2-D version of resonant trapping

#
5.
l \
o< t
(AR S 23
014 /
!
00547 4
w
'I-

Yo 09 0w 0w om 0%
{1

left: GS modulus (—) Bifurcation curves for the NL defect mod

right: defect potential V{(z, z) (*) stationary GS with wp ~ 0.96



3 trapping cases (GS: w(v=0) = 0.96)

1. Trapping into two defect modes

V =V,(X)T(z9)+V,(T(x7), x= \/1+ k*(tanh?®(kz) 1),

1 k2J1-K?sech?(k2)
2 1+ k2 (tanh?(kz) —1)

where V, = 23°sech? (), V, and T(y;c) =%(tanh(y+ c) —tanh(y—c))

with k=018 and #=0.16
= 2linear defect modes: @, = 0.963, 0.992

|E.(x=0,21)| |a (D)

D 1 1 1
-14 0
] 15 o5 0 0 500 1000 1500



2
3 trapping cases (GS: w(v=0) = 0.96)

2. Trapping into one defect mode

V =03 ® ) =140.1e® ) a=0.25,b=0.3
— 1llinear defect mode : w, = 0.995

|lE (x=0.z.1)1
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3 trapping cases (GS: w(v=0) = 0.96)

3. No trapping

V =V,(X)T(z5)+V,(2)T(x5), k= \/1+ k*(tanh?®(kz) 1),

1 k31-K’sech?(k2)
2 1+ k2 (tanh?(kz) — 1)

where V, = 28°sech®(/X), V, and T(y;c) = %(tanh(y+ c) —tanh(y—c))

with k=085 and S =1
= Slinear defect modes: o, =-047, 0.26, 047, 068and 087 <« ALL FAR FROM RESONANCE

|E. (x=0,21)| la, () |

== e

s00 1000




Finite dimensional approximation of the trapped dynamics

For trapped solutions with small amplitude:
E § (T, 2)
ggggg _EJ.L' ‘ll,_la"‘_'_k ;1?? ,-’-?-’-
a .l :

where (¢, ,10 )1,k =1,... N are the defect modes.

Substituting into 2D CME with the defect potentials

N .

. (1 NL

i) (z,,;) +I (ENL%t) =9,
k=1

where (NL). = (|EL]* + 2|E+|*)EL.

Due to orthogonality

ia‘;c(t)ntl“/(NLh +(NL)_¢* dedz =0, k=1,...,N.



B B
Flnlte dimensional approximation of thetrapped dynamics

For N =
. - hlw .
after transformation a,(t) = a1 9(t)e™ 2 ¥, where Aw = w;, — wy,
A.; A ]
éal——al—i—m\al\ a; + ?’\ag\ ap + - azal—(]
- s - 12~ 2= 2= H 9~
iy + — Gz + aplas|“as + 3|as|"as + —ala 5 = 0.

0 200 400 B00
f

800

Less energy trapped |

A e el T T Y e e

02t | => better agreement

(P TFTVTT

BO0 0 200 400

600



Conclusions (Part 1)

m 2d nonlinear photonic structures show
promising properties for quasi-stable
propagation of “slow” light-bullets

m \With the addition of defects, we presented
examples of resonant trapping

m Research in line with other interesting schemes
to slow down light for eventually having all
optical logic devices (eg. buffers)
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Part ll: Dynamics in Bose-
Einstein Condensates

Statement of the problem:

In the study of the dynamics of matter waves for
Bose-Einstein condensates, it is of great importance to
understand the scenarios under which solutions such as
necklaces, multi-poles, and vortices will exist and persist.



Part 2: Bose Einstein Condensates
(summary of most important results)

m Shown that, under suitable assumptions, that N-solitons
are stable for a large class of integrable partial

differential equations including the equation that govern
BEC

m Shown how the presence of an optical lattice along with
the magnetic trap can influence the dynamics of matter
waves in Bose-Einstein condensates

m lllustrated the manner in which increasing the number of
potential wells in photorefractive media effects the
dynamics associated with solitary waves

m Begun to develop some " rules-of-thumb" regarding the
existence and stability of waves in two-dimensional
Bose-Einstein condensates
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