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We assume that the FCP duration τ p is such that 

A transparent medium

Then the two approximations are brought together to yield a general model:

The mKdV-sG equation 

∂ 2 ψ ∂z∂t + c 1 sin ψ + c 2 ∂ ∂t ∂ψ ∂t 3 + c 3 ∂ 4 ψ ∂t 4 = 0 ∂u ∂z + c 1 sin t u + c 2 ∂u 3 ∂t + c 3 ∂ 3 u ∂t 3 = 0 with u = ∂ψ ∂t = E E r : normalized electric field

A transparent medium

Then the two approximations are brought together to yield a general model:

The mKdV-sG equation The analytical breather solution The sG model can be written as:

∂ 2 ψ ∂z∂t + c 1 sin ψ + c 2 ∂ ∂t ∂ψ ∂t 3 + c 3 ∂ 4 ψ ∂t 4 = 0 Or ∂u ∂z + c 1 sin t u + c 2 ∂u 3 ∂t + c 3 ∂ 3 u ∂t 3 = 0 with u = ∂ψ ∂t = E E r : normalized electric field
∂E ∂z = -N ε 0 c ΩQ ∂w ∂t = -EQ ∂Q ∂t = |µ| 2 Ew
identical to Self Induced Transparency equations, but with real E and Q. Hence population inversion w is explicitly involved. Generalization: one w for each transition.

More than two atomic levels IR transitions: Not so simple The sG model can be written as:

∂E ∂z = -N ε 0 c ΩQ ∂w ∂t = -EQ ∂Q ∂t = |µ| 2 Ew
identical to Self Induced Transparency equations, but with real E and Q. Hence population inversion w is explicitly involved. Generalization: one w for each transition.

More than two atomic levels IR transitions: Not so simple The sG model for 2 transitions (4 level), generalizes to:

∂E ∂z = -NΩ ε 0 c (Ω 1 Q 1 + Ω 2 Q 2 ) ∂w j ∂t = -EQ j , j = 1, 2 ∂Q j ∂t = |µ j | 2 Ew j , j = 1, 2
Hence population inversion w is explicitly involved. Generalization: one w for each transition. 

Evidence for supercontinuum generation

The mKdV equation: Comparison between mKdV, sG, and mKdV-sG models Recall that mKdV accounts for UV transitions, and sG for IR transitions.

∂u ∂z + c 2 ∂u 3 ∂t + c 3 ∂ 3 u ∂t 3 = 0 Input is a Gaussian pulse: u(0,t) = A sin(ωt)e -t 2 /τ 2 . Normalized (
Usual Raman broadening yields extension of the spectrum towards low frequencies at the beginning of the process and is due to IR transitions.

Although Raman effect itself is not taken into account by sG model, the corresponding spectral broadening is.

Recall that mKdV accounts for UV transitions, and sG for IR transitions.

Usual Raman broadening yields extension of the spectrum towards low frequencies at the beginning of the process and is due to IR transitions.

Although Raman effect itself is not taken into account by sG model, the corresponding spectral broadening is.

Recall that mKdV accounts for UV transitions, and sG for IR transitions.

Usual Raman broadening yields extension of the spectrum towards low frequencies at the beginning of the process and is due to IR transitions.

Although Raman effect itself is not taken into account by sG model, the corresponding spectral broadening is.

1 Models for few-cycle solitons The mKdV-sG equation General Hamiltonian 

u = U(z,t)e i(kz-ωt) + cc + u 1 (z,t), (1) 
U: fundamental wave amplitude; u 1 : small correction. Neglect dispersion, and disregard third harmonic generation:

U = A 2 exp i c 1 2ω 3 + 3ωc 2 A 2 4 z .
(2)

Self phase modulation.

-→ broadening of the spectrum with typical oscillations of the spectral density. 
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U: fundamental wave amplitude; u 1 : small correction. Neglect dispersion, and disregard third harmonic generation:

U = A 2 exp i c 1 2ω 3 + 3ωc 2 A 2 4 z .
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Self phase modulation.

-→ broadening of the spectrum with typical oscillations of the spectral density.

H. Leblond, Ph. Grelu, D. Mihalache, H. Triki ( Laboratoire de Photonique d'Angers LϕA EA 4464, Université d'Angers, France, Labor Non-SVEA models for supercontinuum generation A quasi monochromatic wave u = U(z,t)e i(kz-ωt) + cc + u 1 (z,t),

(1)

U: fundamental wave amplitude; u 1 : small correction. Neglect dispersion, and disregard third harmonic generation:

U = A 2 exp i c 1 2ω 3 + 3ωc 2 A 2 4 z .
(2)

Self phase modulation.

-→ broadening of the spectrum with typical oscillations of the spectral density.

Numerical mKdV vs analytical self-phase modulation, Eq. ( 2 τ 2 e -iω 0 t .
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Its Fourier transform is û = 2 √ π Aτ e -(ω-ω 0 ) 2 τ 2 4
.

The nth harmonic is then

u n = Ae -nt 2
τ 2 e -inω 0 t , and its width is

τ √ n .
Consequently its Fourier transform is

(u n ) = 2 √ nπ Aτ e -(ω-nω 0 ) 2 τ 2 4n
.

Hence the spectral width of the nth harmonic is 2

√ n τ ; it increases as √ n.
Spectral widths of the harmonics. mKdV compared to Gaussian with width increasing as √ n Input is a Gaussian pulse: u(0,t) = A sin(ωt)e -t 2 /τ 2 . A few FCP solitons form and tend to separate Input is a Gaussian pulse: u(0,t) = A sin(ωt)e -t 2 /τ 2 . A few FCP solitons form and tend to separate 
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For

  z = 0, 6, 12, and 16. sG extends first towards Stokes side, mKdV extends first towards anti-Stokes. mKdV-sG model lies in between.
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H. Leblond, Ph. Grelu, D. Mihalache, H. Triki ( Laboratoire de Photonique d'Angers LϕA EA 4464, Université d'Angers, France, Labor Non-SVEA models for supercontinuum generation

More than two atomic levels

UV transitions: mKdV model generalizes without modification to a general Hamiltonian.

H. Triki, H. Leblond, D. Mihalache, Opt. Comm. 285, 3179-3186 (2012) IR transitions: Not so simple The sG model Hence population inversion w is explicitly involved. Generalization: one w for each transition. Input is a Gaussian pulse: u(0,t) = A sin(ωt)e -t 2 /τ 2 . A few FCP solitons form and tend to separate Input is a Gaussian pulse: u(0,t) = A sin(ωt)e -t 2 /τ 2 . A few FCP solitons form and tend to separate