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Chromatic Dispersion
Reminder SPM/XPM
To the people joining remotely:
SPM of Pulses Feel free to turn on your webcam
Pulse propagation (NLSE)
Temporal solitons



Chromatic dispersion of the refractive index

N

Inverse group velocity Group velocity dispersion (GVD)
I Ok(w) | 1 ! 82k(w)| ( I dv,
1 — W=wo — — 2 p— 5 w=wy — __2_
ow o dw v; dw ) e



Chromatic dispersion of the refractive index

Sellmeier Equation

—1+ZABA2.

Useful source of data:
https://refractiveindex.info/
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E(z,t) = Z E,(z)e wnt=kn2) ¢ ¢,
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Self-Cross phase and modulation (SPM/XPM)

E(z,t) = Z B, (z)eWwnt=Fknz) L ¢ ¢,
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Example: Importance of SPM/XPM and Dispersion
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Example: Importance of SPM/XPM and Dispersion

Parametric
Amplifier

Wp

(‘)m
Aw
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Same frequency distance between lines

kp — kO + f}/P

km = ko + k1Aw + Sko Aw? + 29P

kn = ko — k1Aw + ko Aw?® 4+ 2P

Ak = 2k, — ky,

, — kn = —2vP — szWQ
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Self-phase modulation of a pulse

Optical pulse
E(z,t) = A(z, t)e!Foz—wot) 4 ¢ ¢, 1 (1) = Iy sech?(z /7o)
Nonlinear phase I(t)
n(t) =no+nyl(t) ONL (1) = —nol (H)wolL/c [\
——
p Instantaneous frequency t
S () = —nL(1) w(t) = wo + Sw(t) \
dt Sw(t) /k
Inserting the intensity: >
dw(t) =2nr— LIysech”(t/1p) tanh(t /1)
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Pulse propagation

Wave equation

0? 1 92 1
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D(z,t) = eoE(z,t) + P(z,1)
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Wave equation in the frequency domain:

0° 1 0% .
—F(z,w) — E()?@D(z,w) =0
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electric field
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Pulse propagation

From previous page...
2

8 - 2 ~ L
@E(z,w) + k(W) E(z,w) =0

A(Z, t) eikoz ei(w—wo)t dt 1. / A*(Z, t) e—ikoz e«i(w-{-wo)t

= A(z,w — wp) €% + A* (2, w + wp) e k0%
= A(z,w — wy) e*k0?
‘ also assume SVEA (":—ZZZ =0")
0 4 2 2\ A
2zk0%A(z,w —wo) + (k(w)* — k) A(z,w —wp) =0

(

s,

0z

+
k(w)? — k2 ~ 2ko(k(w) — ko)

k(w) = ko + ki (w — wo) + ska(w — wo)® + Aknr (2, 1)

chromatic dispersion nonlinearity

‘ SPM

A~

+ iky (w — wo) + ik (w — wo)? — iAkNL (2, t)) A(z,w—wp) =0

Back to time domain:

‘ multiply by (w — wg)
and [..d(w — wq)

a a 1 o 62 .
5 + kl& -+ —|—§zkgw —1AkNL(2,t) ) A(z,t) =0
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Pulse propagation

From previous page...

a 8 1 - 82 .
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> > O 82
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Dispersion of a pulse

Nonlinear Schrodinger Equation (NLSE)

0 02
—A/(Z,T) + %ZkQW

0z
chromatic dispersion

Al(z,7) = iv|A (2, 7)|2A! (2, T) reshapes the pulse envelope |A4’|?

for Gaussian pulse:

0.8 II I i i 4 i 0:‘.‘::§§:',
baCK I II]I TS

front

(oSS
SRS
SR
RSN

o
»

k, < 0

o
~

amplitude

time t 0.2

ky > 0

i

IR IIIAy 2

o
7

s o or e

e
e

s
2o

0.5

distance z

1.5 -6

13



Self-phase modulation (revisited)
Nonlinear Schrédinger Equation (NLSE)

%A’(z, T) + %zk%@, ) = iy|A (2, 7)|? A (2, T)

nonlinearity
SPM

For a pulse

No reshaping of the pulse envelope |4'|?,
But phase is changed.
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Temporal solitons

Nonlinear Schrodinger Equation (NLSE)
o 2
iyl
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S A(2,7) + dika o A(2,7) = 7] A (2, 7) P A (5, 7)

chromatic dispersion

nonlinearity

SPM
Solitons are solution to the NLSE 2
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Dispersion and nonlinearity can
compensate each other when
sign(k) = —sign(y)
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1A' (z, 7))

Solitons

Soliton collision

5 Temporal shift
(phase shift)
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Solitons recover after collision with small phase shift

Higher order solitons (Breathers)
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For energies of 4, 16, ... times that of a
fundamental soliton (-> area theorem),



Soliton

Self-organized Pulse re-shaping into a soliton (+ a dispersing temporal ‘continuum’)
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Spatial and temporal solitons

dA 3%A 2

i - _ (3)‘” 2
%A’(z T) + %ikz%fl’(zm) = iy|A'(2,7) A (2, 7) 2iko—t+ oy =3 144
Dispersion Nonlinearity Diffraction  Self-focusing

_ Spatial soliton
Temporal soliton:

A'(z,7) = Alsech(r/m0)e" A(x, z) = Ag sech(x /xp)e'?*

Light bullets if both soliton conditions fulfilled.
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