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Introduction
The phenomenon of cumulation of energy density with powerful
energy sources (high-current electron beams and laser radiation) is

attracting much attention in physics and technology.
An important feature of relativistic electron beams (REBs) is
their ability to self-focus in plasma diodes, which makes it possible
to increase the power density to ~ 1012 W/cm2 and is of interest for
various scientific and applied areas:
• physics of high energy densities;
• high-current electronics;
• physics of explosion.
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Introduction
Physical processes responsible for REB self-focusing with a
current exceeding the Alfven current (IA = 17 βγ, where β = v/c, γ
= 1/(1 - β2)1/2 is the relativistic factor, v is the speed of the electron
beam, c is the speed of light) are well studied and described in
the literature.
As for the mechanisms of self-focusing and filamentation of
high-current electron beams (HCEBs), the current of which is

significantly lower than the Alfven current IA < 20 kA, they have
been studied to a lesser extent and require special studies.
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Purpose of the work
Obtain information on the characteristics of an
electron beam generated in a vacuum diode of a
high-current electron accelerator with a GIN-600
generator in filamentation and self-focusing
mode (energy density in the self-focusing spot,
electron energy, and spatial-temporal structure).
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Block diagram of the experimental setup
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Fig. 1.
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Block diagram of the experimental setup

Fig. 2 - Scheme of irradiation and registration of spatial
6
cathodoluminescence distributions and electrical breakdown channels in samples

Experimental setup
The experiments were carried out on a pulsed
electron accelerator with a GIN-600 generator
(Tmax ∼ 400 keV, τ0.5 = 12 ns, Imax ≈ 2 kA) to
which a vacuum diode was connected (Fig. 1.).
The aspect ratio g = R/d (where R is the
cathode radius and d is the interelectrode
gap) varied in the range 0,5–2. The focusing
process was studied by traces of erosion on
anode plates made of various metals and in
polymethyl methacrylate (PMMA) “autographs” of an electron beam using
optical microscopy with a spatial resolution
of ~ 1–10 µm.

Fig. 3. Configuration of the vacuum
diode of the pulsed high-current
electron accelerator with a GIN-600
generator
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Experimental setup
The electron beam current was measured using a collector
consisting of a metal cone, forming a line with the body with a

wave impedance of 50 Ω and installed behind an aluminum foil
separating the vacuum diode from atmospheric air. The duration
of the current pulse at half maximum τ0.5 was varied using a
cutoff spark gap from 12 to 2 ns. A DPO 3034 digital oscilloscope
(300 MHz) was used to record signals from the collector. The time
resolution of the registration system was ~ 2 ns.
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Experimental results
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Fig. 4 - Photo of an erosion trace on the irradiated surface (a) and a spall on
the back surface (b) of a copper plate L = 180 μm
Bulk energy density in the zone of energy
release of the electron beam.
Spall strength of copper
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where, Г - coeff. Gruneisen,
P is the pressure in the focal spot
of the focused electron beam.
Г = (1 ÷ 1.2)

σ = 1,19 GPa → Pmin = 1,19 GPa
=> Minimum volumetric energy density in
the energy release zone of a focused
electron beam

min  1,19 109 J m3

9

Experimental results

a)
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Fig. 5. Autographs formed on the surface of copper (a), brass (c) and aluminum (d)
anodes per pulse of an electron accelerator with a GIN-600 generator; b) copper, 60
pulses of exposure. The thicknesses of the anode plates (a-d) are, respectively, 180, 2000,
60 and 100 μm. The diameters of the figures: a, d) 9 mm, b, c) 7 mm.
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Experimental results
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Central spot

Fig. 6 - Photos of PMMA luminescence under irradiation with a
HCEB with an energy density: a) 0.1 J/cm2; b) 0.2 J/cm2; c) 0.6 J/cm2
(g) in filamentation and self-focusing mode
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Experimental results
г)

Irradiated surface

It is known that the spall strength of PMMA is σ = 0.3
GPa. Hence, the minimum volumetric energy density
in the focusing spot is: ω = 0.3×109 J/m3

Back surface
Figure 7 - Figures of destruction in PMMA, formed after irradiation with a single
pulse in the mode of filamentation and self-focusing of the HCEB
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Experimental results

a)

b)

Fig. 8. Autographs (a-b) formed on the PMMA surface in a
single exposure pulse: a) diameter of the figure is 9 mm, b) ray
length is ~3 mm. dKA ~ 3.5 mm; τ0.5 ~ 12 ns.
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Experimental results

a)

b)

Fig. 9. Spatial structure of the ray (a) and individual spots (b)
located on the ring, detected in PMMA at Øc = 8 mm; dKA ~ 2.5
mm; τ0.5 ~ 6 ns
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Experimental results
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Fig. 10. Microphotographs of the damage formed in the area
of the rays in the PMMA and detected at various depths from
the irradiated surface: a) 0; b) 40; c) 80; d) 340 μm.
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Experimental results

Fig. 11. Spatial structure of the ray recorded in
PMMA at Øc = 8 mm; dKA ~ 2 mm; τ0.5 ~ 2 ns.
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Experimental results

a)

b)

Fig. 12. Oscillograms of the current pulse passing through the
holes in the anode: a) 0.8 mm; b) 6 mm; Øc = 8 mm.
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Conclusion 1

1. The macro- and microstructures of fractures formed on the
surface of metals and in the bulk of PMMA under irradiation with
a single pulse of an electron beam in the filamentation and selffocusing mode are investigated.
2. Micro-fractures of a rounded shape with diameters (1-50 µm) and
a depth of occurrence (40-80 µm) from the irradiated surface were
found in PMMA.
3. The experimentally determined values were used to estimate the
average energy of electrons in the filaments and the bulk energy
density in the self-focusing spot, which amounted to 50–100 keV
and 109 J/m3.
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Conclusion 2
4. It is concluded that macro- and micro-fractures in irradiated
targets are formed as a result of the action of a set of electron
microbeams formed in the cathode-anode gap plasma with the
development of instability at the front of a high-speed ionization
wave.
5. It is estimated that the collapse rate of the electron beam into the
central self-focusing spot is ≈ 2∙108 cm/s, the duration of individual
current pulses is ≈ 25 ps and their average repetition rate is ≈ 5 GHz.
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