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i Channeling of microwaves

= In afree space MWs have a large divergence S=A/D: to obtain
B~ 1073 rad for A~1 cm, the antenna size of D~10 m is required.

= Metal waveguides with a transverse size D~A and high wall
conductivity provide excellent MW transfer to long distances.

= Similar plasma waveguides with D~A were proposed on a base of
filamentation effect of ultra-high intensity fs laser pulses in air
(Dormidonov et al., “Laser filament induced microwave
waveguide in air”, Proc. SPIE, 6733, 67332S (2007); Musin et al.,
“Guiding radar signals by arrays of laser-induced filaments:
finite-difference analysis”, Appl. Opt., 46, 5593 (2007)) Electron
density in filaments n, =1016-10" cm, V) e



Realization of metal-like plasma waveguide

Chateauneut et al,. “Microwaves guiding in air by a cylindrical

filament waveguide™, Appl. Phys. Letts,

92, 091104 (2008)
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FIG. 1. (Color online) Beam pattem and filament distribution 30 cm after FIG. 2. (Color online) Microwave detected signal 16 cm from the emitter.
the geometrical focal plane of the DM. About 1030 filaments are The V-Wave was formed at =835 ns.

distinguishable.

Small propagation distance ~ 16 cm and short maintenance time
~10 ns were restricted by low electron conductivity and lifetime.



Sliding-mode MW propagation
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Askar’yan’s suggestion (JETP, 28, 732, 1969): In a plasma waveguide

diffraction angle of MWs should be less then the total reflection
angle at the plasma-air boundary g=0=2Q, /(a)2 +v; )/2 ;

Q, = \/4Jmeez /m, 1S plasma frequency, v; - transport frequency.

(@) Such sliding mode regime
B<O can be realized for D>>A

and at moderate plasma
density 1011-1014 cm-3,
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Layout of GARPUN KrF laser
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Hybrid Ti:Sa/KrF laser facility GARPUN-MTW for
amplification of short & long pulses
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Laser intensity, W/cm?2

o o and n, dependences

on laser intensity and

Specific conductivity, (Q*m)1

12 ionization processes:

I>10" W/ecm? - air
breakdown;

I=5%103+ 10" W/cm?: N ~I?
— two-step resonance
ionization (24v + hv);

I=5*10%-5*10% W/em?: N~
— photoionization or
photoemission of impurities.

Addition of volatile
hydrocarbons increases rn, in
10° times!
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 Guiding Experiments
= A-A

KrF Laser
Beam

120 mm

w =39.3 GHz (A=8mm);

1 | /, =20 KW; L=12+60 m




MW signal increased in 6 times when propagated

along 60-m distance in a tubular plasma waveguide
with n~1012 cm3

Run — 1 Trig? »- [ Run s ] Trig? - [0
: e g e A 6ETTV Amananr= : : AL eSTTY

1 1=2*10°Br/ew?

EEEENE YR

Chi 10.0 V AG[EEE  200mV OWM 100ns | A Ch2 -+ 116mv Chi 10.0 V AR[EEE 200mV OWM 100ns . A Ch2 & 116mv

26 Dec 200 26 Dec 2008
+v 214.000ns 05:19:36 fi+v 214.000ns 05:22:23
Prevu —T 1 Trig? »- =] Prevu Hi Trig? > [
R e AR e | 7 == s e g PR
. T e Y

-7 1=107 Br/em?
’ n,~10%2 em3

Chi 5.00 V A&@IE 100my QWM 100ns | A Ch2 7 116mv Chi 5.00 V AR@EE 100mV WM 100ns | A Ch2 7 116mv
30 Dec 200
> 103.200ns 05:59:21 > 9.00000ns




Dielectric properties of air plasma

P . Qi 4 1/2 -3 -1
ermittivity e , =1- ( vy’ Q =5.6510"-n, "[cm™ |sec
w(w+1V,

Electron transport collisions with neutrals v, ~10%s™'

3.7n, 4 3 1
Coulomb Vei:«/ET?’/Z(K)lnA[S 1, 1nA=7,47+§lgT(K)—§lgn

Coulomb collisions dominate at 7, =5x10" -10"°cm™

e

2

Small parameters & =—2 ~3.19x1073|—_
P : vy [1012 cm™ ]

For MWswithA=1mm-1cm: o/v; <<l

and Re(l—sp)= 1+w§2/v2 << Im(l—sp)= 1
T

E v

+w’ /v w




Axially-symmetric sliding modes In
plasma waveguide

Minimum angle of incidence —— Lowest axially-symmetric modes
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Dimensionless parameters 4 =

Sliding modes exist for — u=u, =1 M s




Attenuation lengths of the E,, and H,, modes
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Further investigations
¥
A7 = Sub-ps UV laser pulses
P ad /e/ - are more efficient for air
gy of & ionization through
i FT 10 multiphoton processes as
@596;" ; 1.5 their probability increases
S/ £ 1 ~ with laser intensity ~|k
7 g - ;g (k:2, 3)
/! / ° = Multiterawatt peak
| 7 ©2§  jntensities are already
i .5 available at GARPUN-
MTW hybryd Ti:Sa/KrF
. 4o laser facility.
106 @ 108 109 @ 10" 1072
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Laser Intensity

Electron Density

Further investigations

Sh—

= Multiple sub-ps pulses or
- their combination with
100-ns pulse are expected
| ~ to increase the electron
density in plasma

waveguides and maintain
It for longer time.

= Filamentation of the
laser beam would be also
favorable for plasma
waveguides.




CONCLUSIONS

UV radiation of KrF laser (A, =248 nm, 7=20-100 ns) with intensities I=
3*10° +10' W/em? produces in air long ionized channels with electron
densities n, =3*108+10% ecm-3.

Transfer of a microwave signal with A =1 cm along 60-m distance in the
air with additives of hydrocarbons was demonstrated experimentally.
Sliding —mode regime of microwaves propagation in hollow plasma
waveguides was analyzed theoretically, being in a agreement with the
experiment.

Further investigations are going on including generation of trains of
sub-ps UV laser pulses and combination of short & long laser pulses, as
well as ionization processes in the atmospheric air.

Propagation distance of microwaves as high as ~1 km is expected for
higher electron density in the plasma wall and shorter wavelengths.



