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The results of electron beam right angle turn experiments in EBW setup are presented. For beam 

turn we use an alpha magnet and quadrupole lenses. As a result the cathode is not exposed to the vapors 
of the workpiece. The use of this technique will make it possible to expand the possibilities of using an 
electron beam in the processes of electron beam welding and thermal processing of materials for the 
synthesis of heat-resistant composites and compounds, the production of nanopowders and reactive 
deposition of protective coatings, where there is increased gas evolution and contamination in the 
technological volume. 
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Introduction 

Electron beam technologies (EBT) are very useful 
for metal processing. In this paper, we discuss 
problem of increasing cathode lifetime. In the classic 
construction, the vapor and positively charged ions, 
which are formed during the welding process has 
destructive effect to the cathode. Increase cathode 
lifetime methods include magnetic trap device [1] or 
incline the electron gun [2]. Small angle of the beam 
track does not allow reduce the impact of ion particles 
well, after big turn angle the beam has bad shape and 
energy allocation. The engineering solutions used in 
accelerators and colliders have an ability to restore the 
shape of the beam. Electron beam welding facilities 
can use these techniques. We investigate this problem 
and now present the solution that uses the magnetic 
mirror and several magnetic coils for best energy 
distribution in the beam after reflection from a mirror.  

Experimental setup 

Budker Institute of Nuclear Physics has several 
facilities of the electron beam welding. Main parts of 
setup equipment (electron gun, power supply, control 
system) were developed and produced by the Institute 
[3]. The parameters of the electron gun, using in the 
experiments: 60 kV, 750 mA. One of our facilities 
was dedicated to issue of cathode lifetimes. The 
magnetic system now contains two anode correctors, 
two two-coordinate correctors, two axial focus lens, 
magnetic mirror, and two quadrupole magnets. Anode 

correctors are needed for compensation of cathode 
magnetic field (we use the direct heat tantalum 
cathode). Magnetic mirror based on permanent flat 
dipole magnet. The width of the poles is 110 mm, 
thickness is 18 mm, and the gap is 15 mm. 
Quadrupole magnets are needed to compensation of 
edge focusing of alpha magnet. Quadrupole magnets 
with the magnetic mirror form a quasy achromatic 
magnetic element (Fig. 1). 

 
Fig. 1. The main magnetic elements using in EBW facility. 

We started with analytical estimations of necessary 
magnetic fields in the beam area. Than we 
manufactured the mirror and mounted it in vacuum 
chamber (Fig. 2). Design of the mounting construction 
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allows adjustment of mirror position by rotating it in 
three dimensions (with possibility of small vertical 
movements). Calibration of the alpha magnet was 
performed with thin steel foil on the surface of the 
magnet. The beam melts the foil (twice). Operator can 
see the position error by the visual observation. 
Calibration of the beam position on the target done by 
the marked luminophored surface and TV system. The 
shape of the beam and energy distribution was 
measured with slit beam sensor. The power 
distribution in beam after alpha magnet differs from 
original distribution by no more than five percent.  

The electron gun has additional turbomolecular 
pump. The using of alpha magnet construction 
reduces the pressure in the cathode area by five times 
and increases cathode lifetime. 

 
Fig. 2. The EBW facility with magnetic mirror. 

New version of magnetic mirror 

The next version of magnetic mirror based on 
electromagnet, which features regulation of the beam 
turn angle. It was modeled with programs Opera FEA 
and CST studio (Fig. 3). 

The particle path in the alpha magnet has very 
specific properties, which were discovered by Enge 
[4]. Most important is the fact that the entrance and 
exit point do not depend on energy of electrons. The 
same is true also for the total deflection angle. 
Michael Borland has analyzed the particle dynamics 
in an alpha magnet in detail [5]. 

Conductive coils must have low current density as 
welding operations run in vacuum. Furthermore, the 
magnetic system should be compact. Thus, it was not 
possible to use the standard alpha magnet design (half 
quadrupole) [5]. An alpha magnet with dimensions of 
150×68×51.5 mm was developed. The magnet in this 
work consists of two steel poles that are placed inside 
conductive coils. One of the edges of the pole has a 

hyperbola shape. The poles are connected to each 
other using magnetic shield and non-magnetic plate. 
There is a hole in the magnetic screen for input and 
output of the beam. 

In the first versions of the magnet, the beam 
defocused after passing through the mirror. 
Optimization of the shape of the poles and the shape 
of the hole in the magnetic screen reduces defocusing 
effect of the beam. After these works, defocusing 
values of one coordinate of the order of ~0.3 degree 
were achieved. 

 
Fig. 3. Model of the alpha-magnet (Opera software). 

 
Fig. 4. Model of the magnetic system for EBW. 
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Then we optimized position, amount and type of 
the magnetic elements to minimize the beam size in 
the focus area. The resulting system is shown on the 
Fig. 4. It consists of alpha magnet, one small 
sextupole lens and two quadrupole lenses. The 
influence of the magnetic mirror on the energy 
distribution in the beam you can see on the Fig. 5 (in 
front of alpha magnet) and on the Fig. 6 (after alpha 
magnet). 

 
Fig. 5. The beam in front of alpha magnet. 

 
Fig. 6. The beam after alpha magnet. 

Conclusions 

We have created the electron beam welding setup 
with the right angle of the beam turn. The magnetic 
mirror based on permanent magnet was developed and 
produced. Right angle beam turn module can be 
produced separately and mounted in the other electron 
beam welding facilities. We calculated the energy 
distribution for alpha magnet based on the permanent 

magnet and verified it experimentally. Then we 
modeled new version of the magnetic mirror based on 
electromagnets. Proposed solution increases cathode 
lifetime and gives the ability to weld materials with 
high gas emission. 
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