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A new class of radiation and gas-dynamical effects — the transverse propagation
of light discharges and flares produced by a moving laser beam—has been
investigated. Oblique and curved plasma lines and surfaces have been obtained
experimentally. The conditions for maintaining and terminating discharge

propagation are given. It is shown to be possible to track the discharge behind a

beam moving with a high velocity which is comparable to that of light
detonation and to control the discharge propagation by moving the beam.

PACS numbers: 51.50. + v, 51.70. 4+ f

Light discharges in gases! usually propagate opposite to the beam producing
them. Evidence also exists® for the intrusion of a beam into a gaseous medium, heat-
ing and ejecting the medium from its path—a light discharge propagating along the
beam. We have investigated a new class of radiation and gas-dynamical effects—the
transverse propagation of light discharges due to the motion of the beam.

In order to transmit a beam at right angles to the axis, we used a laser that oper-
ated in the wave-generation regime®3: A metallized Dacron film, which blocked the
cavity mirror and spoiled the @, was placed in the cavity at a small angle to the mir-
rors.

A localized clearing of the metallization by an auxiliary laser (or electrical initia-
tor) at the instant of maximum inversion resulted in the generation of a giant pulse
at the point of initiation. The evaporation of metal plating by the light, which ex-
panded because of angular divergence, resulted in a lasing wave and the formation of
a moving beam.

GLS-6 neodymium-glass rods with a diameter of 45 mm, a length of 640 mm,
and ends cut at a 5° angle were used in the laser generator and amplifier. A dia-
phragm with a rectangular opening of length D =4.5 cm and width A=1 cm was
mounted in the generator cavity to produce rectilinear motion of the beam. The
beam moved in one direction when the lasing wave was initiated at the edge of the
opening; initiation at the center of the opening or with the diaphragm removed pro-
duced beams on the axis which moved in different directions. In the presence of the
diaphragm the lasing energy ~40 J (= 120 J without the diaphragm). The light flux
density / and the beam displacement velocity v could be varied by means of focus-
ing as a function of the distance r to the beam focus vy =vor/F, where v, is the velo-
city of the lasing wave and F is the focal length (a lens corrected for spherical aberra-
tion with /=25 cm was used). We note that beam motion appears only at distances
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FIG. 1a—Schematic of the experiment: 1-Out-
put end of laser; 2—lens; 3~beam from a lasing
wave traveling with a velocity v, at right angles;
4 —light-breakdown plasma. b—Diagram of
light-detonation wave propagating at an angle

¢ to a beam moving with a velocity vp.

up to the focus, which exceed the caustic length of the entire aperture I, =F>®/D
~2.5 mm for a divergence angle ® =2 X 1073 rad. The light flux densities can be
varied within the limits 7~ 10°-10"" W/cm?, depending on the distance to the focus:
I=I, (I;/r)*(,/r)?, where I, = F? ®/d (the width of the lasing wave is d =7y =~ 0.4~
0.5 cm for a local scintillation time 752 60-80 nsec?) and I, = F2®/A are, respective-
ly, the caustic lengths in the direction of beam motion and perpendicular to it.
Sincel; > ,a=0and f=0forr<l;a=1and =0forl, <r<l!;;and a=1 and
B=1forr>I,. Experiments were conducted at two lasing-wave velocities: 1) vy
=5X 10%cm/sec, in this case the intensity at the focus was /o = 2.5 X 10'° W/cm?,
d~04 cm,l; =12 cm,and l, ~3 cm;2) v, =8 X 10% cm/sec, in this case I, ~4

X 10* W/em?,d=~0.5 cm, l; 1.2 cm, and I, =2.5 cm. For r<10 cm the intensity
I exceeded the threshold for maintaining light detonation® (Zy,, ~ 10® W/cm?).

Figure 1 shows the experimental setup. The beam 3 of the laser 1 produced a
discharge in air, which was initiated either by a breakdown of the gas at the focus
or at the metal surface *

The surface was placed successively at different distances from the focus (Fig. 2)
in order to observe the effect at different beam-displacement velocities (v =19,
where 8=v,/F) and different intensities corresponding to different light-detonation
velocities [vp ~(I/po)"].

A conical plasma surface was also obtained experimentally in the case of a lasing
wave which was initiated on the axis and propagated radially in alt directions: the
thickness #=vp 7, of such a plasma surface in our case (7~ 70 nsec) was quite
small: £<2 mm forvp=2X 10 cm/sec.

It can be seen in Fig. 2 that higher beam velocities correspond to larger inclina-
tion angles of the discharges to the beam, which ranged up to 60°. Atv,/vp~0.5-
0.7 the propagation ceased and a new discharge was formed on the surface. If, how-
ever, the surface was at a distance r such that vy >vp (=9 cm in Fig. 2), then a dis-
charge could be initiated at each point on the surface and no screening of the surface
by the oblique discharge was observed. When the discharge was initiated on a small
object, it ranged far laterally, if the conditions for maintaining the discharge v,/vp
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FIG. 2. Types of light breakdowns at different distances from focus for two wave velocities.

(a) vy, =8 X 10° cm/sec and (b) v, =5 X 10° cm/sec. Light breakdowns were initiated from a
metal surface. The light breakdown becomes progressively more transverse with increasing beam
velocity and decreasing flux density, i.e., with decreasing distance to the lens.

<£0.7 were satisfied.

It can be assumed that the observed transverse propagation of light discharges
is attributable to the entry of the beam into the plasma or to a laterally scattered
shock wave produced by light detonation and to the creation of new light-detonation
waves. The observed effect can be described most simply by assuming that the pro-
pagation of the discharge is determined by the light detonation along the beam 7
=yp (r) and by the given variation of the beam angle 8 =6 (¢). In this case the tan-
gent of the discharge inclination angle is equal to vp/v;, where vp %(I/po)l/ 3
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example, for 6=const, 8 -8, =0f and r("““ﬂ)/3+ 1oQ+BB+1 4 (q+8/3+1)A/6
(0 -8,), i.e., for r>1; the dependence is r~0¥/5 .

Figure 3 gives the calculated r (8) dependence, and the experimental points are
shown for a discharge propagating from the focus to <4 cm for v¢ =5 X 10°
cm/sec. Quite good agreement is seen for vy >>v,,.

There is also a coordinated interaction of the moving beam with the created
light-detonation front, which tilt the front in the direction of beam motion (Fig. 1b).
In this case the angle ¢ between the beam direction and that of light detonation is
determined from the condition for motion synchronism: vpsin ¢ =v,, where vp
~(I cos ¢/po)/* ~vp, cos'’® ¢.

The maximum value v,/vp  =sin ¢ cos¥? ¢ is reached for ¢,, =60°; in this case
volvp =32 4 ~0.7. The angle &, determines the cutoff of the beam from the
discharge at high beam velocities, which is close to the cutoff angles ¢,,, ~50-60°
obtained experimentally. The (v5/vp_)m and 7., values given by this model are also
close to the experimental values. For Vb/vD0 <X 1 the r () dependence given by this
model coincides with the r (#) dependence given by the simple description presented
above.

The coordinated motion of light discharges at an angle to the moving beams re-
presents a new class of light and gas-dynamical effects. The possibility of tracking a
light discharge behind a beam moving with a high velocity, which is comparable to
the light-detonation velocity, has been shown along with the possibility of control-
ling the light-discharge propagation by moving the beam.

The discussed transverse discharges are of more than phenomenological interest.
They make it possible to analyze the conditions of lateral pickup or repeated initia-
tion of light discharges in the plasma or laterally scattered shock wave, and they also
show that the discharge in a gas initiated by the beam at a surface will not screen it
from further action of the moving beam, if its velocity exceeds the detonation velo-
city.

The rapidly moving plasma front caused by a rapid movement of the beam over
the surface can be used, by analogy with Ref. 5, for Doppler conversions of frequen-
cies,S for acceleration of particles, etc.
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The plasma layers and surfaces can be produced at a lower power and at a much
lower energy consumption than that with use of short and high-power pulses which
produce a breakdown over a large area; this is clearly not advantageous because of
high breakdown thresholds. Such surfaces can be used, for example, as radio-wave
reflectors.”

More complicated discharge trajectories (helical, spiral, letter-form, work-form,
symbols, etc.) can be obtained by using a appropriate beam movement (in the case
of out laser it is sufficient to place a special mask in the cavity in order to aiter the
path of the lasing wave.® The propagation and transfer of a discharge over long dis-
tances from the point of initiation and the transport of a discharge under transparent
surfaces or in transparent tubes are also of interest.

There are other possible application of transverse, extended discharges. They
can be used in conjunction with reduced-density channels® to transmit beams of
charged and neutral particles and fast-moving macroparticles, to maintain light-reac-
tive!® and light-discharge!® acceleration of macroparticles by a lateral beam, and to
produce directed breakdowns and edge enhancements of a field of streamers upon
application of an electric field.
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