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1. Formation of plasma channels
2. Rich physics in plasma channels
3. Temporal and spatial control






Mechanism for channel formation
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Mechanism for channel formation

Balance between kerr focusing and plasma defocusing



A plasma channel over km







Setup for imaging the filaments
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Diagnostics of plasma channels
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Spatial-temporal control of plasma channels



Control of self focusing
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Observation of self focusing




Self focusing vs divergence angle
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Control of temporal behaviour




Effects of the Initial chirp on the propagation
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Control of initial chirp

ps laser pulse



Effects of temporal charactertics
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Onset of filaments(m)

Starting of the filaments
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5 Formation of focus Stable filaments i
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Simulated filaments for increased laser energy

Unstable region:
higher laser intensity

higher electron density Stable filaments
instability of laser intensity after the laser focus
instability of filaments \
e R e e — —
- -

Nominal focal position More filaments
for higher laser energy

E=50mJ t=50fs f=15m



Temporal development of filaments
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Spatial development of filaments

Lens

Glass plate

PC

Plasma channels 6\
Shutter /

Lens

CCD




Intensity (a.u.)
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Filaments vs laser energy
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Supercontinuum emission




Supercontinuum emission
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Intensity (arb. units)
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Spatial conherence - Young’s double-slit experiments
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Coherence measurements at 400-900 nm







Results with a single pulse
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Results after adding the second pulse
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A pulse train with 16 pulses
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A pulse train with 25 pulses
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A pulse train with 70 pulses
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A life time aslongas 1.2 us
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Best result of 2.2 u s
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Energy interchange between the filaments
and its background



Isolating the filament from the background
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Simulation

50 60 70 80 90 100 50 60 70 80 90 100

1mm (a), 2 mm (b), 3 mm (c), 5 mm (d), 8 mm (e),
10 mm (f), 15 mm (g), +oo (without pinhole) (h)







=

£

> 400
+ ::32 300 350

/7

%@/ 2 200 250 Z(Cm)

Fig 1 The energy fluence distribution of a single light bullet with doubled energy
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Fig 2 The energy fluence distribution of two interacting bullets which are in-phase



The fusion of two in-phase bullets
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Long distance propagation - theory
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Diameter of filament /mm

Long distance propagation - experiment
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Evolution of the backward plasma expansion above water surface at (a) 1ns,
(b) 2.5 ns, (c) 5ns and (d) 10ns, respectively, for a 5mJ of laser energy.



Temporal development of the shock wave







Setup for laser induced discharge experiment
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Natural discharge and laser induced discharge




Experiment for discharge







Summary

» km long plasma channels with rich physics
Energy Interchange
White light emission
Cone emission
Third harmonic generation
Splitting and fusing of the filaments
Vacuum channel

» Possible applications in laser lightening, fs lidar etc.






