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The reliability and service life of accelerating installations are substantially determined by the life-
time of electron sources. The accelerator under consideration comprises, as an electron source, a
magnetron gun with a channel-free cold secondary-emission cathode in crossed ˇelds [1, 2]. In the
present work the data of electron beam parameters obtained in the accelerator based on the magnetron
gun with a secondary-emission cathode are given and the possibilities of its use for secondary purposes
are suggested.

„ ´μ μ¶¨¸ ´¨¥ Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢ ¶·Ö³μ£μ ¤¥°¸É¢¨Ö, ¢ ±μÉμ·μ³ ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  Î -
¸É¨Í ¨¸¶μ²Ó§Ê¥É¸Ö ³ £´¥É·μ´´ Ö ¶ÊÏ±  ¸ ¢Éμ·¨Î´μ-Ô³¨¸¸¨μ´´Ò³ ± Éμ¤μ³. �·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥
¶ · ³¥É·μ¢ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¤²Ö ¤¨ ¶ §μ´  ´ ¶·Ö¦¥´¨Ö μÉ 20 ¤μ 100 ±‚ ¶·¨ ¤²¨É¥²Ó´μ¸É¨ ¨³-
¶Ê²Ó¸  μÉ 6 ¤μ 50 ³±¸ ¨ Î ¸ÉμÉ¥ ¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸  3Ä15 ƒÍ. ˆ¸¸²¥¤μ¢ ´μ ¢·¥³Ö ´ · ¸É ´¨Ö
Éμ±  ¶ÊÎ± , ¥£μ ¸É ¡¨²Ó´μ¸ÉÓ ¨  §¨³ÊÉ ²Ó´ Ö μ¤´μ·μ¤´μ¸ÉÓ ¶·¨ · §²¨Î´ÒÌ · ¸¶·¥¤¥²¥´¨Ì ³ £´¨É-
´μ£μ ¶μ²Ö. �·μ¢¥¤¥´μ ¨§³¥·¥´¨¥ Ï¨·¨´Ò §μ´Ò Ëμ·³¨·μ¢ ´¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¶μ ³ £´¨É´μ³Ê
¶μ²Õ. ˆ§ÊÎ¥´Ò · §³¥·Ò ¶ÊÎ±  ´  ³¨Ï¥´¨ ¢ § ¢¨¸¨³μ¸É¨ μÉ ³ £´¨É´μ£μ ¶μ²Ö. 	Ò²¨ ¨¸¸²¥¤μ¢ ´Ò
É·¨ ·¥¦¨³  £¥´¥· Í¨¨ ¶ÊÎ±  (μÉ±·ÒÉÒ°, ¶·μ³¥¦ÊÉμÎ´Ò° ¨ § ±·ÒÉÒ°), μÉ²¨Î ÕÐ¨¥¸Ö ´ ¶· ¢²¥-
´¨¥³ Ô²¥±É·μ´´μ£μ Éμ± . ‚ μ¤´μ³ ¨§ ·¥¦¨³μ¢ ¡Ò²  ¶μ²ÊÎ¥´  Ô´¥·£¨Ö Ê¸±μ·¥´´ÒÌ Ô²¥±É·μ´μ¢
∼ 100 ±Ô‚, Éμ± ¶ÊÎ±  ∼ 110 �, ¶²μÉ´μ¸ÉÓ ³μÐ´μ¸É¨ ´  ³¨Ï¥´¨ ∼ 3 Œ‚É/¸³2. �·μ¢¥¤¥´μ μ¡²Ê-
Î¥´¨¥ ³¨Ï¥´¨ ¨§ ¨´¸É·Ê³¥´É ²Ó´μ° ¸É ²¨ ¨ É¨É ´ , ¶μ²ÊÎ¥´μ Ê¢¥²¨Î¥´¨¥ É¢¥·¤μ¸É¨ ¶μ¢¥·Ì´μ¸É¨
¢ 2 · § .

PACS: 29.27.Fh

DESCRIPTION OF THE ACCELERATOR
AND RESEARCH TECHNIQUES

The electron accelerator (Fig. 1) comprises the following main units: high-voltage pulse
generator 1; electron source 2 with secondary-emission cathode and anode placed in the
vacuum chamber; solenoid 5 creating a longitudinal magnetic ˇeld; target device with eight-
segment Faraday cup 3; computer-aided measuring system 4 for measurements of electron
beam parameters.
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Fig. 1. Schematic representation of the accelerator

The data of beam parameter measurements were processed and displayed by the computer-
aided measuring system [3]. The transverse beam size and the radial beam-current distribution
along the radius were determined using the beam prints on the targets made of different
materials.

EXPERIMENTAL RESULTS AND DISCUSSION

One of the main problems arising during operation of the electron accelerators based on
the magnetron gun is to achieve the operating conditions with a given energy and a power
density on the target. For the beam parameters be obtained in a wide energy range it is
necessary to use several geometries of magnetron guns.

Experimental investigations on the formation and measurement of the electron beam
produced by the accelerator were carried out. The dependence of the current, current rise
time, azimuthal homogeneity, time stability and beam sizes on the voltage amplitude and
magnetic ˇeld distribution along the gun axis was studied.

At the ˇrst stage, the investigations using the magnetron gun with a copper cathode (of
diameter 40 mm) and a stainless steel anode (of internal diameter 70 mm) were carried out
in the voltage range from 30 to 60 kV.

Figure 2 shows the distribution of beam charges from each of the eight Faraday cup
segments along the azimuth for two cases. It is seen from the ˇgure that the beam charge
value along the azimuth (in panel a) in the falling magnetic ˇeld is practically constant
(coefˇcient of azimuthal beam homogeneity K = 1.08) and in the uniform ˇeld (±7%) it
is changing (in panel b K = 1.25) [3]. The time of beam pulse rising is 3Ä10 ns. The
short-time stability of the total beam current and that of its azimuthal segments is from 2 to
4% and in the case of the instable voltage pulse amplitude it is ∼2%. The long-term stability
during 4 hours was from 3 to 5%.

The measurements of the electron beam sizes on the aluminum target placed within the
Faraday cup region were performed for the cases of rising and falling magnetic ˇeld.

Figure 3 presents, for these two cases, the beam prints obtained on the same target. The
computer-aided processing of beam prints has shown that the electron beam homogeneity by
the beam radius is ±17%.

The second stage of investigations (cathode diameter of 40 mm and anode diameter
of 78 mm) was aimed at obtaining the maximum electron beam parameters in the falling
magnetic ˇeld at a voltage amplitude of ∼ 100 kV. It has been found that the beam cur-
rent reaches ∼ 100 A (Fig. 4) and the beam generation zone over the magnetic ˇeld is
ΔH ∼300 Oe. A considerable width of the beam generation zone, ΔH , is very important
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Fig. 2. Distribution of beam charges from
each of the eight Faraday cup segments

along the azimuth for the falling (a) and
uniform magnetic ˇeld (b)

Fig. 3. Beam prints: 1 Å falling
magnetic ˇeld; 2 Å rising magnetic

ˇeld

Fig. 4. Oscillograms of voltage pulses on the cathode (U ) and beam current (I) in the falling mag-

netic ˇeld

when the accelerator with a magnetron gun is used for technological purposes, upon tuning
the accelerator.

As a result of investigations, the modes of electron beam generation on the target were
realized. The electron beam parameters for different modes in two accelerator gun geometries
are given in Table 1.

Table 1

Electron Beam Pulse Pulse repetition Power density on Cathode, Anode,
energy, keV current, A duration, μs rate, Hz the target, MW/cm2 mm mm

42 50 6 15 0.6 40 70
50 25 6 15 0.55 40 70
60 68 22 3 Å 40 78
75 60 18 3 1,8 40 78
100 110 ∼ 15 3 2,3 40 78
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POSSIBLE APPLICATIONS OF AN ELECTRON BEAM PRODUCED
BY THE ACCELERATOR

1. Power electron beams may be used as one of effective methods for modiˇcation of
surface properties of materials. The targets made of different materials were irradiated by the
accelerator beam with parameters close to the optimum ones. In this case we used tool steel
(U12M, KhVG, Kh12N), having the surface hardening property, and titanium. The parameters
of the accelerator beam and targets before and after irradiation are given in Table 2.

Table 2

Type of Electron Pulse Power density on Hardness before Hardness after
material energy, keV duration, μs the target, MW/cm2 treatment, kg/mm2 treatment, kg/mm2

Steel KhVG 75 18 1.8 232 473
Steel U12M 75 18 1.8 232 550
Steel Kh12N 75 18 1.8 192 412

Titanium 75 18 1.8 148 210

Fig. 5. Beam prints on the target device

Figure 5 shows a photograph of the beam print on the target assembly. The targets were
irradiated under similar conditions in one and the same experiment, all the four specimens
being ˇxed on the target device. The table shows that the steel hardness is doubled.

2. The beam produced by the accelerator may be used as an electron source in microwave
devices, for example, in klystrons of a megawatt power. In this case the noise character of the
secondary-emission multiplication and beam generation has a little in
uence on the processes
in the electrodynamic structure, as in the case of voltage increasing the particle energy
increases, and the particle energy spread is ˇxed and does not exceed several kilovolts [4].
On the other hand, the use of a tubular beam in the RF devices has some advantages.

Such a possibility has been studied in the course of developing the 3 cm RF source for
the medical linear electron accelerator [5]. The most acceptable microwave RF power source
for the compact accelerator is an ampliˇer klystron with a level of the output power from 1
to 2 MW, anode voltage of 50 kV. One of the methods used to decrease the beam density
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and to reduce the in
uence of spatial charge forces is the application of a hollow beam with a
large diameter. To solve the problem, we have developed a cathode assembly for the electron
source of the klystron based on the magnetron gun with a secondary-emission cathode [6].
At a cathode voltage of 50 kV a tubular beam of 6 μs duration and 50 A amplitude was
obtained. The external beam diameter was ∼50 mm with a wall thickness of ∼2 mm and
the azimuthal beam homogeneity was ±5%. The beam current stability amplitude was ∼3%
at a voltage amplitude instability of ∼2%, using the hollow beam of a large diameter, the
structure based on ring (coaxial) cavities can be applied as a cavity system.

Fig. 6. Beam prints on the target Fig. 7. Beam prints on the target

3. The investigations carried out have demonstrated that it is possible to control the
electron beam cross section. Firstly, by changing the longitudinal magnetic ˇeld from the
falling to rising one, or in the inhomogeneous electric ˇeld, the azimuthal homogeneity of
a ring beam is changing up to the formation of a crescent-shaped cross section. Secondly,
using the set of spatially located secondary-emission sources, it is possible to form electron
beams in a given sequence. The prints of the four beams obtained in the multicathode
source in the rectangular coordinate system are shown in Fig. 6 [7] and the prints of the eight
beams obtained in the multicathode source in the cylindrical coordinate system are shown
in Fig. 7 [8].

CONCLUSION

As a result of investigations on the electron beam formation using the accelerator based
on a magnetron gun, we have achieved, in one of geometries, maximum operating conditions
at which the beam current on the target is ∼110 A with an energy of ∼100 keV at a pulse
duration of 15 μs. Such parameters permit us to reach a speciˇc beam power of ∼ 2 MW/cm2.
Thus, the electron beam produced by the accelerator can be used in the technological processes
of material surface modiˇcation, as well as for the scientiˇc research.
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