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SELP~GENERATED MAGRETIC PIELDS OF AN AIR-~-BREAKDOWN
PLASMA PRODUCED BY TWO SEQUENTIAL LASER PULSES

V.XI.Konov, P,I.Nikitin, A.M.Prokhorov

General Fhysics Institute of the USSR Academy of
Sciences, Vavilov st,38, Moscow, USSR

Self-generated magnetic fields
(SMF) in a laser plasma were studied
in many Refe.[I—?J s including the
case of using two laser pu13e5[2,7 .
Howevor, usually experiments were
carried out with plasma plume on a
target and at low pressures of an
ambient gas P, .~ 0,0I - I Tor,when
a SMF amplitude has maximum., As was
shown in Ref.[?], when an atmospher-
ic air breakdown is produced by two
sequential lasor pulses the depende-
nce of the SMP amplitnde B upon time
pseparation © between pulses is reso-
nance-like and maximum By values are
of the same order of magnitude like
those at Popt‘

In the present paper the spar-
tial and temporal distribution of
the SMP in a laser spark produced by
double pulses in air without target
is studied for the first time., The
results are compared with those ob-
teined when plasma in sir was ignit-
ed on metal and dielectric targets.

Experimental setup
Each of two identical pulses of

coa-laser had energy EI,2' I.5 J and
temporal shape shown in Pig,Ia. la-
ser radiation was focused by & 6~cm
focal length so that the intensity
in a focal spot reached the air -
breakdown threshold value ~109w/cm2.
The SMP wore meagured by integr-
ating the signals from two identical

probes coneisted of one loop

(# 2.5 mm) of a thin wire. Probes
were located near the plasms at dif-
ferent points (z,r) where r i the
distance from the laser~beam axis,
the z axis is directed opposite to
the laser beam and z=0 coincides
with the focal plane of the lens.
Hlgh speed photographs of plasma evo-
lution were also recorded,

Laser spark SMP
When air-breakdown is produced

by the first pulse the SMF was not
recorded at the sensitivity ~0.0I G
and the "fireball” (PB) is craated
in the 8&ir. Significant SMF were me~-
asured when breakdown of lonized gas
in FB was occured by the second pul-
se with T = 7-60mso.

The experiments show that:
(1) Two components of asimuthal SMF
are recorded near laser spark (Fig.
Ib-d). The signal B, appears aimulte-
neously with the second laser pulse
and the components 32 follows with
the time-delay t4 depending on plas-
ma probe distance,
(11) The polarity and tcmporal ghape
of signals B1 and B, depend upon pro-
be location with respect to plasma
fronta.
(11i) The structure of measured SMPF
differe at various T because there
are the singularities of ignition
and evalution of optical discharge
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in ionized gaB[T].

When T 2 30 Ms plasma is ignit-
ed ingide FB near focal point and
moves opposite to the dirsction of
lagser beam. In thils case near front
plasma boundary at z> 5 mm positive
pulse 31' produced by slectron our-
rent flowing along z axis 1s recor-
ded. Typicsl oscillogram of such SMF
signal at the point (6.6) is shown in
PigeIb. At the same time sgignal B1
near oppogite plasma boundary
(z< 0) always has a negative polari-
ty, which may result from transient
electron flow in the direction of
lasor beam. In Pig.Id analogous sig-
nal recorded at point (-I.6) is
shom.
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If the probe is approximately equi~
distant from plasma boundaries, themn
B' has complicated oscillatory tem-
poral shape shown in Pig.Ic (the pro-
bs at point (3.9)).

Fig.2 shows the dependence of
amplitude B1(z) at fixed r=6mm,
which has 3 regions having different
temporal shapes of SMF signals.

For short time separation
T%I0Ome of the second laser pulse,
when the discharge is ignited on the
boundary of FB and propagates toward
the laser beam near the front of 5
plasma By < 2G, while in the vicinity
of opposite boundary B;z 20 G.

We conegider the observed struc~
ture of B,(Fig.2) is due to electrio
quadropole moment of laser spark,
which has {wo potential steps € and

&, at the front and rare opticsl
discharge boundaries, respectively
[8]. The appearance of electric fil\
eld of such a quedropole must produ—
ce two systems of opposite directed
"fountain-like"™ currents in the pla=-
sma itself and in the surrounding
ionized gas. They result in a SMF of
different directions in front of and
behind the plasmas (Fig.3).
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Detected irregular osclllatory
SMP signals probably were due to
turbulent motions within the FB [8]
In the region where the action of £,
&, is comparable turbulent fluctua-
tions of a gas conductivity within
PB can change summary current direc-
tion which cause a recording of os-
cillating By-

A time delay td of & second
component B2 corregponds to a moment
of shock wave arrived to the probe.
The appearance of B2 1s due to g¢mf
st the shock wave front detecting
earlier [9] and to oscillatory cur-
rent behind the front [8].

SMF of an air-breakdown plagma near

8_target
In the following experimenta

an optical discharge was ignited by
the same double laser pulses at fix-~-
ed E1’2= I.5 J and T= 30ps, but on
the targetswhich were piaced at dif-
ferent distances in respect to &
lens focal plane.

The experiments showed that di-
electric targets don't change quali-
tatively a structure and amplitude
of B1 of laser spark. So, near the
opposite boundary B; has a negative
polarity and curves B1(z) are anslo-
gous to those shown in Fig.2 but a1i-
ghtly deformed in accordance with
change of a plasme fronts location.

An esgentlal different struc-
ture of SMFP was observed in the cane
of conducting grounded targets,When
the rare plasmea boundary contacts
with a8 metal surface only B: i3 re~
corded with the amplitude being ap~
proximately equal to measured clos-
ely to front plsema boundery on di-
electric target., If the luminous
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plasma was detached from the metal
then the signal B1 from the probe lo-
cated near the plasma-target surface
changed the polarity and amplitude

B; wag deveral times larger in com=~
parison with the initial value B;.

The dependence of SMF structure
of epark on target®s material to our
mind 1is due to distruction of £ when
plasma contacts with the grounded me~
tal. In thie case plasma is slectric
dipole with emf £ only in front bo-
undary [8].

We note in conclusion that simi-
lar effects can take place for plas—~
ma plume on a target in vacuum and
the obtained results can be used for
explanation of such phenomena like
"spontanous polarity changing of SMP
aignals” [6], significant By diffe-
rence on dlelectric and metal targets
[5,6], or SMF reversal on the last
stages of plasma motion [4].
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