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Laser filamentation
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Self-guided propagation of ultrashort pulses

Kerr « lens »: n=ny + n, I(r)

\
Intensity profile -nyI2+n 13-ngl*

Filament: @ =100 um, L >100m,/ =10"W/cm?, p = 10" cm?

Mechanism: PRL 104, 103903 (2010); Review: RPP 70, 1633 (2007)
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High power: multiple filamentation

—_

__——

Each filament retains « normal »

filaments properties.

® =100um, L >100m,!/ =10"W/cm?,
o =10" cm3
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Kerr:n=ny+n, l(x,1)

White-light generation
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Back-propagation and pulse design

e Filaments deliver high intensity beyond diffraction limit

e Selective remote sensing: pulse shaping

e Filament : attractor (intensity clamping, beam diameter...)
e Beam scrambling

e Design input pulse for delivering specific shape remotely?
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Inversibility of equations: z -> -z

i0,e + Ale+ f(le]P)e =0 — i0,e* + A e* + f(|e]?)e* =0
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N. Berti et al., Optics Express 22, 21061 (2014)
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« Intelligent design » of pulses

(a) Local experiment
Detector optimization

(b) Flat-phase pulse propagation
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Intensity

Pulse shaper
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(c) Hybrid pulse back-propagation
S Numerical back-propagation

Back-propagated <

Filament

Radial positio
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(d) Remote optimal experiment (open loop)
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N. Berti et al., PRA 91, 063833 (2015)
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« Intelligent design » of triple pulse
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Conclusion: Back-propagation & pulse design

e Filaments can be numerically back-propagated

e Pulse design for delivering high-intensity with predefined
pulse

e Filamentation & desired shape: needs hybridization
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Filamentation in Rb vapor
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A new regime




Filamentation in Rb

lonization potential Oxygen : 13.6 eV 4.2 eV
9 photons 3 photons
Losses lonization (weak) lonization (strong)
+ D2 line: 852 nm
Dispersion Weak Strong (Kramers-Kronig)
Non-linearity Constant Dispersive (non-linear KK)
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Propagation equation: NLSE

Diffraction Dispersion Plasma Losses Ionization
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Conclusion: Filamentation in Rb

e Same formalism
e More ionization, more losses

e Dispersion of the non-linearity
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Conclusion and outlook

e Filamentation offers rich physics
e Homogeneously high intensities

e Simulate... and compare with experiments
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