GENERATION OF RF RADIATION BY FEMTOSECOND ATMOSPHERIC FILAMENTS
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INTRODUCTION

e Atmospheric filaments are famous as sources of THz radiation,
which was hard to produce and detect until recent decades.

e Recent experimental work at the AFRL has detected and charac-
terized the GHz RF radiation that is also produced by filaments.

e The existing theories that explain the production of THz radiation
do not explain the distinct RF raditation: a new physical mecha-
nism must be responsible.

e |In our model the expansion of a hot outer shell of electrons from
the plasma column drives longitudinal currents that generate the
RF.
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LABORATORY FILAMENT MEASUREMENTS
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Figure 1: USPL shots are focused to produce filaments within a gas cell at different
pressures. The resulting RF is then measured at varying angles in the far field. [1].

Figure 2: Heat map plot of ~ 25 cm USPL filament plasma generated from a 27 mJ
pulse at an air pressure of 2 Torr (ICCD camera with 200 ns shutter time).
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Figure 3: Like THz radiation the RF forms
a radially polarized conical shell around the
laser propagation direction [2]. However
the amplitude of the RF grows strongly with
decreasing pressure.

Figure 4: The FFTs at different pressures
have roughly similar profiles, and show a
broad peak around 10G H z.
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Microscope images of multiple filaments at atmospheric pressure and
\Iarge filaments at 100, 10 and 1 Torr from a 40 mJ pulse.
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Figure 5: The ionization
rates for O2 and N2 at
800nm are calculated us-
iIng [3]. Recent experimen-
tal measurements [4] for O2
match closely near £ ~
2E10 V/m.

Figure 6: Assorted elas-
tic and inelastic e-N2 cross
sections. Elastic collisions
are most important on short
time scales, and the 2 —
3eV peak is relevant.

Figure 7: ICEPIC sim-
ulation of Kerr focusing in
a 800nm pulse, using a
Pade approximation to in-
vert D = (e + x3|E|?)E.
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Figure 8: ICEPIC simulation of 800nm
hard focus filamentation using the Kerr
nonlinearity, multiphoton ionization and a
moving window. Slices of the electron
velocities and electric field strength are
shown.

Figure 9: Close view of the electron ve-
locities. The largest residual kinetic ener-
gies are in the 2 — 3eV range for a pulse
with an envelope of £ ~ 2E10 V/m.
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Figure 12: Histogram of
Initial residual electron ve-
locities at 1 Torr.

Figure 10: Collision fre- Plasma fre-

guencies inside filaments at

Figure 11:
quencies for the 1, 10 and

100 Torr filaments.

\1, 10, and 100 Torr.
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10 Torr
Charge separation over 40 ps in a PIC simulation of a cylindrical slice of a plasma column

at 100, 10, and 1 Torr. The transverse expansion of the hot outer electrons is limited more
by the mean free path at higher pressures, and by electrostatic forces at low pressures.

100 Torr 1 Torr

Figure 13: Axisymmetric ICEPIC simulation of the electric field strength near the
plasma column. The varying transverse currents found in the electrostatic simula-
tions drive longitudinal currents within the plasma (with the Drude model: e¢(w) =
(eow?)/(ivew — w?) implemented via an auxiliary differential equation).
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Figure 14: Electric field strength in a large scale axisymmetric simulation of the RF
pulse produced by the longitudinal currents found in the previous simulation. Fields from
the residual return currents inside the filament can also be seen at the bottom left.
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Figure 16: FFTs as a function of angle
for the simulated RF at 0.5 Torr. The field
strength also closely matches the ~ 0.5

Figure 15: Frequency spectra as a func-
tion of angle for the RF measured in the lab
at 1.2m from the filament (at 0.5 Torr).
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