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A series of experiments has been carried out on the S-300 pulsed povaremnac
devoted to the study of a section of magnetically insulated vacuum trangpline
(MITL). The length of MITL section was 1 cm, the current flow dgnsp to 500 MA/crf
by the linear current flow density being up to 7 MA/cm. These parameteysdairespond
to those of the Sandia Laboratories’ conceptual project of IFEoreldased on the fast Z-
pinch [1,3.

Except of loads withwo plane parallel outer electrodes phaythe role of anodey
the distance between them varied in the range of 5-12 mm, the segmeoéiaf kine
were used, as welthey allowed to enhance our diagnostic abilities. The spatial layout o
outputdeviceincludedthe return conductor in form of 3 rods with the diameter 3-5 mm,
made of tungsten or stainless steel and placed at the diameter 16 thenexperiments,
the tubes made of stainless steel or nickel with the outer diameter 0.75, 1 or 1.2 mm and the
wall thickness 100 or 200 um were used as cathodes. The inner negative electrode of MITL
was situated symmetrically between return conductds MITL section was joined to the
output unit of the 800 generatoiThe experimental schexs describedn [2].

Our experiments have demonstrated the efficiency of current tranajpoost
independent upon the form of outer electrode; therefore, we usedguastigeometryni
most shotsThe current amplitude in ¢load was up to 1.7 MA with these time~ 160 ns.
The input and output current were recorded by means of calibrateteticatpops and
shunts, respectively. The signal taken from the shunt was cattegteking into account
the field/current diffusion through the shunt wall.

The data on near-electrode plasma dynamics were based on the rmétsfradow

and Schlieren photographs in the light of sec6A&:Nd laser harmonicsi(= 532 nm,z =
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0.3 ns), ICT chronography and also frame ICT photography thé& nanosecond temporal

resolution inthevisible range, VUV and SXRs well
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Fig.1. Cathode plasma diameter derived from th
shadow and Schlieren images. ¢ésnof @rticular

color jointogetherthe pointsgot inthe same shot|

Fig.2 Superposition of the visual ligh
chronogramcontours (sky blueviolet-yellow in
the ascending order) to calculated curves (b
and brown solid lines). Full blue curve is

electrical current.
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Collected laser probing data (Fig.1) show that up to 240 ns from thenturr

beginning dense plasma @510 cm®) expands no more than to 3.2 mm in diameter.

Fig.3. Top: oscillograms of both inputjl and
output ( by current and also of the HXR radiatiq
intensity from the MITL model. Bottom: th
chronogram of the near-electrode plasma expan
(the negative). The gap reconnection by plasma
essential divergence of current oscillograms og

some at 400 ns from the current start.
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After the currentmaximum, 200-220 ns from itstart, the dense plasmaecomes

sharply accelerated up to 1-2tfh/s Soft X-ray plasma images are similar to theiblis

light pictures at the appropriate moments. Pipe cathode compression was seen at the middle

part of the discharge, that coincides with numerical simulation fairly good YFig.2

Fig.4. Top: oscillogram®f both input (}) and output

(louy currents. Bottom: the chronogram of the rear

electrode plasma expansion (the negative). The st
points the moment of appearance of rare slightly

luminous plasma in the gap.

rike

The typical feature of most experiments was almost exact (with dberaxy

exceeding 10%) coincidence of input and output current, at leashetithaximum of the

latter (see Fig. 3 and Fig. 4). The cathode luminescence (i.e. appeafgriasnoa on it)
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starts at some 80-100 ns from the current start. The anode lumicesselelayed some at
10-20 ns. Usually, this moment was correlated with the input angutowcurrent
divergence.

The divergence of oscillograms, which serves as a witness ofiaksetwnnection
current, corresponds to the MITL reconnectionrage plasma. One readily can see this
effect in Fig.4. The strike points at the front of weakly luminous rargr@areconnecting
the gap with the velocity observed equal to 2.3*df/s. At the moment of its coming to
the anode (200 ns), the output current drops compared to the input currerdrelplasma
inside the gap has been recorded also by means of frame ICT photagrapltis visible
range and SXR. Examples of these pictures are given irbRigs 6

When the dense plasma reaches anode, the magnetic self-insulat@mnesec
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completely destroyed.
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] ) o Fig.6. The Xray images of plasma in the gap-A
Fig.5. Images of rare plasma in the visible range.

) metallic cathode, B- metallic cathode coated by the
LHS: the output unit

ceramic tube.

These ICT images demonstrate the luminous formations born eithbe @athode
or inside the gap at ~110 ns, which move towards the end of MITL secttntive
velocity ~10’cm/s (160 ns). Besides, in all the images, at the end of the line,-485 1%,
a region of luminous plasma arises between the inner electrode and ano@lkatodoes
not result in the MITL reconnection. Such dynamics seems to correspohd pasma
drift in the crossed fields

In Fig.6, one can see the X-ray ICT imageglaismain the gap. They show that
some luminescence arises on the cathode close to the shunt appalyxahd 00 ns after

the current start. Little by little, the region of luminescemcé¢he rangehv > 10 eV is
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slowly expanding in both radial and axial directiohs a whole, the picture probably
corresponds to the@evelopment of instabilitywhich spatial period increasestime.

By absolute Bremsstrahlung recordinge estimationwas mae of the leakage
current which value was about some dozen of kiloamps; the maximal value recassled
100 kA. Thereby, it is obvious that such electron leaks cannot effemttiedly on the
current balance. However, the fact of their existence under thetioonaif strong

magnetization of electrons interesting enough; perhaps, it is worth further investigation.

Conclusions

The temporal behavior of both input and output current is identical upeto th
moment 22260 ns after the current start, by the gap width equal to 3.5 mm. After that, the
MITL reconnection happens; its moment coincides with that afpsgeowth in the dense
plasma expansion velocity. However, this plasma closes the gap ateichat the moment
~ 400 ns, thereby it cannot be responsible for the MITL reconnectima.pfocess of
electrode explosion and subsequent dense plasma dynamics fairly corregpotids
predictions of numerical simulations based on tiMIHD NPINCH code.

Most likely, the MITL gapreconnection is conditioned hlge rare plasmaThe fast
expansion of rare plasma reconnecting the MITL may be conditioned Igsthastability
corresponding to the window of parameters bHD.

Electron leaks cannot effect essentially on the current balaheealueof leakage
currentwas about some dozen of kiloamthee maximalone recorded wsa100 kA

As a whole, our works allow to draw a positive conclusion concerning prospects of
usethe recyclable MITL for transportation of energy onto the target pinZhes IFE
reactor.
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