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Multistage depressed collector conceptual design
for thin magnetically confined electron beams

Ioannis Gr. Pagonakis,1 Chuanren Wu,1 Stefan Illy,1 and John Jelonnek1

1Karlsruhe Institute of Technology (KIT), IHM, 76131 Karlsruhe, Germany

The requirement of higher efficiency in high power microwave devices, such as traveling wave
tubes and gyrotrons, guides scientific research to more advanced types of collector systems. First,
a conceptual design approach of a multistage depressed collector for a sheet electron beam confined
by a magnetic field is presented. The sorting of the electron trajectories according to their initial
kinetic energy, is based on the E×B drift concept. The optimization of the geometrical parameters
is based on analytical equations under several general assumptions. The analysis predicts very high
levels of efficiency. Then, a design approach for the application of this type of collector to a gyrotron
cylindrical hollow electron beam is also presented with very high levels of efficiency more than 80%.

PACS numbers: 34,323

I. INTRODUCTION

ECRH has become a well-established heating method
for both tokamaks and stellarators [1]. As fusion ma-
chines become larger and operate at higher magnetic
fields B ≈ 5 − 6 T and higher plasma densities in
steady state, it is necessary to develop very efficient CW
gyrotrons that operate at both higher frequencies and
higher mm-wave output powers.

In gyrotrons, typically an electronic efficiency ηe of up
to about 35 to 40 % can be achieved. Consequently, after
the interaction a significant amount of energy remains in
the electron beam. An enhancement of the overall ef-
ficiency is achieved by energy recovery in a depressed
collector. The kinetic energy of the electron beam after
the interaction with the RF-field in the cavity is partly
converted into electric energy, thus reducing the power
consumption of the tube and increasing the overall effi-
ciency ηt of the device.

The relation between the overall and the collector effi-
ciency ηc which is defined by the fraction of spent electron
beam energy converted to electrostatic energy, is given by
the equation ηt = ηeηl/(1 − ηc(1 − ηe)), where ηl is the
ratio of the power losses (ohmic and stray radiation) to
the generated microwave power. Single-stage depressed
collectors with efficiency of about 60% have been success-
fully used in gyrotrons, increasing the overall efficiency
of the tube to above 50 % [2]. It is understood that a
significant amount of energy is still transformed into heat
on the collector wall.

It is possible to increase the efficiency further by us-
ing a Multi-stage Depressed Collector (MDC). A MDC
design is based on the configuration of an appropriate
electric field using a set of electrodes (stages) and a mag-
netic field so as to direct electrons of the highest energy
to the electrode with the greatest negative potential, the
electrons with the lowest energy to the electrode with the
lowest negative potential and the electrons with interme-
diate energies to electrodes with intermediate voltages to
maximize energy recovery.

Two concepts have been proposed for the efficient sort-

ing of the electrons on the electrodes appropriate for gy-
rotrons where a strong magnetic field confines the elec-
tron beam. The first one is based on the application of a
strongly varied magnetic field (using magnetic iron) so as
to produce adiabatic and controlled non-adiabatic elec-
tron trajectories. This approach has been patented by
A. Singh et al. [3] since 1998. Several designs for MDCs
based on this approach have been published since then
[4–8] but a multi-stage depressed collector based on that
concept has been never manufactured and experimentally
tested.

The second concept for efficient sorting of the beam
electron on the electrodes of a MDC was proposed for
gyrotrons in 2008 [9]. The idea behind the proposed col-
lector is based on the E × B drift. In particular, an
electric field E is generated by applying voltage to the
electrodes in order to be at an angle to the magneto-
static field B. The parallel component of the electric
field E∥ is used, as usual, to decelerate the electrons. On
the other hand, the transverse component of the electric
field E⊥, due to E × B, causes a drift of the electrons
perpendicular to the magnetic and electric fields. Under
these conditions, the trajectory of the electrons is deter-
mined by the initial kinetic energy of the electrons at the
entrance of the collector.

Two conceptual MDC designs for the gyrotron cylin-
drical hollow electron beam based on E × B have been
published up to now. In the first one [9] a large number
of electrodes with a very complex shape are used for the
generation of the appropriate electric field with an axial
and an azimuthal subcomponent. In order to fulfill the
Faraday law, the azimuthal component of the generated
electric field changes sign at two azimuthal angles (0 and
180 degrees). A MDC has been designed for the 2 MW,
170 GHz coaxial cavity gyrotron for ITER [10] for the
demonstration of this idea with efficiency ηc = 91 % con-
sidering an infinite number of electrodes. Two important
disadvantages of this approach are (i) the very complex
electrode geometry and (ii) a possible thermal overload
of the electrodes in the two azimuthal positions where the
electric field changes direction and the concept is locally



2

invalid.
The second conceptual design based also on the E×B

approach, in which a very simple geometry is considered,
was presented very recently [11], i. The electrodes are
axisymmetric coaxial rings placed along the axis which
generate an axial decelerating electric field in the beam
region. The magnetic field is defined with two subcom-
ponents: an axial and an azimuthal one. The E × B
drift, caused by the electric field and the azimuthal com-
ponent of the magnetic field, produces a radial shift of
the electrons outwards or inwards towards the outer or
inner rings respectively, depending on the direction of the
azimuthal component of the magnetic field. An overall
gyrotron efficiency of 70-80% is demonstrated by simula-
tion results for a system with four stages. However, it is
very difficult or even impossible to generate the required
magnetic field in gyrotrons as it is described in the paper
in order to satisfy the Ampere-Maxwell law. A theo-
retically possible approach for the generation of such a
magnetic field could be the application of a current on
a coaxial insert at the inside of the electron beam which
must be initiated from the gun of the gyrotron. This
configuration will cause an azimuthal magnetic field in
all parts of the gyrotron. Many difficulties are foreseen in
the designs of the magnetron injection gun and the quasi-
optical system in the presence of the azimuthal magnetic
field and the coaxial structure.
It should also be mentioned that very recently we dis-

covered in the bibliography that a MDC design based
on E ×B was proposed for TWT tubes since 1970 [12].
However, this idea was not attractive in such devices due
to the fact that a simpler alternative approach based on
electrostatic fields can be applied avoiding the additional
complexity for the generation of the magnetic field re-
quired at the collector region.
In this work, a conceptual design approach for the ef-

ficient collection of a sheet beam based on the E ×B is
proposed and investigated in Sec. II. Then, in Sec. III
an MDC design approach with simple electrode geometry
for the gyrotron electron beam is also proposed which is
based on two steps: (i) the transformation of the cylin-
drical hollow beam to a sheet beam using magnetostatic
fields, and (ii) the collection of the sheet beam using the
design presented in the first part of the paper. Simu-
lation results using an upgraded version of the Ariande
code [13] validate the proposed approach and a very high
efficiency is predicted.

II. CONCEPTUAL DESIGN FOR A SHEET
BEAM

The proposed MDC design consists of a set of Ne elec-
trodes placed at an angle ϕ to a homogeneous magnetic
field B = Bẑ, as conceptually shown in Fig. 1. Each elec-
trode, except the last one, consists of two metallic rods
placed parallel to each other at the axial position Zi, sym-
metrically on the electron beam plane y = 0 at y = Yi

and y = −Yi, where i = 1, . . . , Ne−1. The last electrode
i = Ne could be a bigger plate as is shown in Fig. 1.
To each electrode a decelerating voltage Φe,i is applied,
where Φe,j > Φe,j+1 for each j = 1, . . . , Ne − 1. In this

way, an electric field E = E Ẑ = −dΦ/dZ Ẑ is generated,
with E > 0, at the beam plane y = 0, due to the symme-
try of the electrodes and the monotonic decreasing of the
voltages Φe,i along Z−axis. Assuming that the thickness
of the electrodes in the Z direction is small, the above
definition of the electric field can be considered valid in
the entire region between the electrodes.

The electric field can be analyzed in two subcompo-
nents: (i) the parallel to the magnetic field

Ez = − cos(ϕ) dΦ/dZ

which decelerates the beam electrons, and (ii) the trans-
verse

Ex = sin(ϕ) dΦ/dZ,

which causes a drift velocity vy for the electrons along
y−axis, given by the equation

vy =
|E×B|
B2

=
−Ex
B

= − sin(ϕ)

B

dΦ

dZ
. (1)

pushing the beam electrons toward the electrodes.

Optimization and constraints

The optimal position of the electrodes and the effi-
ciency are analytically calculated under several assump-
tions. Let us suppose that the kinetic energy distribu-
tion of the spent electron beam parallel to the magnetic
field ranges between the values ϵk,min = eΦ0,min and
ϵk,max = eΦ0,max, where e is the absolute value of the

FIG. 1: Conceptual three-dimensional view of the sheet beam
collector.



3

electron charge. The transverse energy is neglected, due
to the fact that the part of the energy in the transverse
direction cannot be recovered using the E×B concept. In
order to minimize the efficiency reduction, a decompress-
ing of the magnetic field before the collector is necessary
for the transformation of the major part of the transverse
energy to parallel energy.
The velocity of an electron inserted into the decelerat-

ing area at Z = 0 with an initial energy eΦ0 is written
as

vz(Z) = ±
√

2e

m
(Φ0 +Φ(Z))

based on energy conservation, where m and e are the
rest mass and the absolute value of the charge e of the
electron. It is easy to show that the Z-component of the
velocity can be written as vZ(Z) = vz(Z) cos(ϕ). Then,
from the velocity definition we get

dY

dZ
≡ vY
vZ

= ∓
√
m

2e

tan(ϕ)

B

dΦ

dZ

1√
Φ0 +Φ(Z)

(2)

and finally by integration we find that the Y−position of
the electrons is a function only of the potential Φ which
is expressed as

Y (Φ) = Y0 +

√
2m

e

tan(ϕ)

B

[√
Φ0 ∓

√
Φ0 +Φ

]
(3)

where the ”−” sign corresponds to the electron motion
towards the positive z direction, while the ”+” sign cor-
responds to the electron motion towards the negative z
direction after a reflection due to the decelerating electric
field.
Considering an infinitely thin beam ∆y → 0 and an

infinite number of electrodes Ne → ∞, the optimal po-
sition Ye(Z) of the electrodes is defined where the elec-
tron kinetic energy vanishes in the decelerating region,
or Φ0 = −Φ(Z), which gives

Ye(Φ0) =
tan(ϕ)

B

√
2m

e
Φ0. (4)

The above equation shows that the optimal Ye of any
electrode depends only on the applied voltage and conse-
quently it is independent of the variation of the electric
field along the z-axis in beam region. In other words, the
Z−positions of the electrodes do not influence the opera-
tion of the collector as long as the electrode Ye positions
satisfy eq. 4.
Using the substitutions ν = (−Φ(Z)/Φ0,max)

1/2 and
ψ = Y/Ymax where

Ymax =
tan(ϕ)

B

√
2m

e
Φ0,max (5)

eq. 3 is written as

ν(ψ) =
√

−ψ2 + 2(ν0 + ψ0)ψ − ψ0(2ν0 + ψ0) (6)

where ν0 = (Φ0/Φ0,max)
1/2 and ψ0 = Y0/Ymax are nor-

malized quantities correlated with the initial kinetic en-
ergy and initial position along y, respectively. The opti-
mal position of the electrodes given in eq. 4 is simplified
as νc(ψ) = ψ.

The trajectories of six sample electrons with different
initial conditions (ψ0, ν0) in the phase space (ψ, ν) are
plotted in Fig. 2. The electrons A, B and C were ini-
tiated at ψ0 = 0 with energies ν0 = 0.3, 0.6 and 0.9
respectively. These electrons are gathered by the elec-
trodes with zero velocity. This is not the case for all
other electrons with ψ0 ̸= 0 in which a small amount
of kinetic energy remains when their trajectories inter-
sect the surface of the electrodes. Beam electrons with
ψ0 > 0, such as the electron E, are gathered before their
energy vanishes due to the decelerating electric field. On
the other hand, for electrons with ψ0 < 0, such as the
electrons D and F , their velocity first vanishes, and later
on they are gathered while they are moving toward the
collector entrance.

The normalized energy of the electrons when they are
gathered by the electrodes placed along the line νc(ψ) =
ψ is given by the equation

νc±(ψ0, ν0) =
1

2

(
ν0 + ψ0 ±

√
2ν20 − (ν0 + ψ0)2

)
. (7)

Theoretically each electron trajectory intersects the elec-
trode line at the two points with energies νc = νc+ and
νc = νc− . In order to ensure high efficiency the elec-
trons should be gathered when νc = νc+ . However, all
electrons are gathered before they reach the optimal elec-
trode position. In particular, the trajectories of the beam
electrons with ψ0 = 0 intersect the line νc(ψ0) = ψ0 at
the entrance of the collector, the electrons with ψ0 > 0
are gathered with energy νc− , while the electrons with
ψ0 < 0 are collected by the electrodes placed along the
line νc(ψ0) = −ψ0.

In order to ensure that the beam is inserted into the de-
celerating region and that all beam electrons will be gath-
ered by the appropriate electrodes, several constraints are
introduced. A visualization of the constraints is possible
using Fig. 3, where a contour-plot of the final energy of
the beam electrons when they are collected by the elec-

FIG. 2: The trajectories of six sample electrons in the phase
space (ψ, ν).
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FIG. 3: Phase space of the initial electron beam properties
and constraints for the optimal design.

trodes, given by eq. 7, is presented in the phase space of
the initial properties (ψ0, ν0). The initial properties of
any beam can be represented in Fig 3 as a rectangle, ver-
tically bounded by ψ0,min and ψ0,max and horizontally
by ν0,min and ν0,max. In the same figure, the optimal
position of the electrodes is also plotted. Then, the con-
straints which ensure the compatibility of the collector
with the initial beam properties are determined as fol-
lows:

• To ensure that the beam is inserted in the de-
celerating region one needs ψ0,min > νc,min and

ψ0,max < (
√
2 − 1)ν0,min or equivalent; the rectan-

gle defining the beam initial conditions (see Fig 3)
should be to the right of the line νc(ψ0) = −ψ0 and

to the left of the line ν0(ψ0) = (
√
2− 1)ψ0.

• To guarantee that all electrons will be gath-
ered by an existing electrode of the collec-
tor system νc+(ψ0,min, ν0,min) ≥ νc,min and
νc+(ψ0,max, ν0,min) ≥ νc,min is required. By visu-
alization this is ensured if the beam rectangle is
above the curve νc = νc,min defined by eq. 7. In the
example of the figure, νc,min = 0.4 and the beam
rectangle is above the curve νc = 0.4.

• To ensure that the electrons with ψ0 > 0 will be
gathered by the appropriate electrode, the inequal-
ity νc−(ψ0,max, ν0,min) < νc,min should also be sat-
isfied. In other words, the area of the initial beam
rectangle in Fig. 3 should not be intersected by the
curves with νc < νc,min.

An alternative but not optimal definition of the elec-
trode positions simplifies the above constraints and per-
mits a voltage νc,min = 0 at the first electrode, indepen-
dent of the beam energy distribution. In particular, if all
the electrodes are placed at the same ψc and −ψc posi-
tions, then the topology of the initial beam properties in
the phase space is shown in Fig. 4. Then the constraints
are defined as follows: (i) to insert the beam in the de-
celerating region simply ψ0,min > −ψc and ψ0,max < ψc
must be realized, and (ii) to ensure that all electrons are

FIG. 4: Phase space of the initial electron beam properties
and constraints for the alternative design approach.

gathered by the electrodes the values of νc(ψ0,min, ν0,min)
and νc(ψ0,max, ν0,min) must be real, where the energy of
the electrons νc(ψ0, ν0) when their trajectories intersect
the electrode surface is given by

νc(ψ0, ν0)=
√
−ψ2

c+2(ν0+ψ0)ψc−ψ0(2ν0+ψ0). (8)

Efficiency

The efficiency in both collector approaches is analyt-
ically defined. The initial ϵki and the final ϵkf kinetic
energies of a beam electron at the entrance of the decel-
erating region and at the position where it is gathered
by the electrode, respectively, are written as ϵk,i(ν0) =
eΦ0,max ν

2
0 and ϵkf (ν0, ψ0) = eΦ0,max (ν

2
0 − νc(ν0, ψ0)

2).
Then, the total initial/final Ek,i/f energy of the whole
beam is written as

Ek,i/f = 2Φ0,maxYmax

∫ ν0max

ν0min

dν0

∫ ψ0max

ψ0min

dψ0 ν0 P ϵk,i/f (9)

where P = P (ψ0, ν0) is the probability density function
of the initial energy and Y -position distribution at the en-
trance of the decelerating region. Then, the collector ef-
ficiency is defined by the equation ηc ≡ (Eki −Ekf )/Ekf .
Considering a uniform probability density function the

FIG. 5: Efficiency versus ψ0,min and ψ0,max of the beam for
the optimal (at left) and the alternative (at right) designs.
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efficiency can be analytically calculated for both config-
urations. In Fig. 5, the collector efficiency for all possi-
ble values of ψ0,min and ψ0,max is plotted in both type
of collectors for an initial beam energy in the range of
ν0,min = 0.5 to ν0,max = 1. In both configuration the
efficiency is quite high for an infinitely thin beam: 100 %
in the optimal design and 96.78 % in the alternative
one. Taking into account also the constraints, the max-
imum possible beam thickness of the optimal design is
∆ψ0 = 0.6 with efficiency around ηc ∼ 95 %, while for
the alternative design the maximum possible thickness is
∆ψ0 = 1 with efficiency ηc ∼ 73%.
In our analysis, an infinite number of electrodes were

always considered. This is not the case in the real world
where only a small number of electrodes can be used.
It is important to estimate the influence of the discrete
number of electrodes on the efficiency. Let’s suppose that
Ne electrodes are used, while Φe,i is the applied voltage
for electrode i, where i = 1, . . . , Ne and Φe,i > Φe,i+1.
Then, all beam electrons, which in the ideal case are
gathered by the electrodes with voltages between Φe,i and
Φe,i+1, are gathered now by the electrode with voltage
Φe,i. It should be commented here that the shape of
the electrodes should ensure that all electrons passing
through the gaps will be gathered in order to avoid some
stray electrons passing through the electrodes out of the
decelerating region. This is considered as a technological
issue and it is not further discussed here.
Then, the final kinetic energy of the electron gathered

by the electrode with voltage νc,i = (−Φe,i/Φ0,max)
1/2 is

written as ϵk,f = ν20 − ν2c,i for νc,i ≤ νc(ν0, ψ0) < νc,i+1.
Then, the total final energy of the beam can be written
as

Ekf=2Φ0,maxYmax

∫ ψ0,max

ψ0,min

dψ0

Ne−1∑
i=1

∫ ν(νc,i+1;ψ0)

ν(νc,i;ψ0)

dν0P (ν0, ψ0)(ν
2
0−ν2c,i)

(10)
where the probability density function P (ν0, ψ0) vanishes
for ν0 < ν0,min and ν0 > ν0,max.
The influence of the collector efficiency as a function

of the number of electrodes is analytically calculated for
an infinite thin beam with a constant probability density
function and supposing that the voltage applied on the

FIG. 6: The dependence of the efficiency on the number of
electrodes.

FIG. 7: The dependence of Ymax on the magnetic field B and
the angle ϕ for a beam with maximum energy 100 keV.

electrodes in a uniform way, i.e.,

νe,i = ν0,min + (i− 1)(ν0,max − ν0,min)/Ne.

Then, the collector efficiency is written as

η =
(Ne − 1)ν20,max + (Ne + 1)ν20,min

Ne(ν20,max + ν20,min)
. (11)

The dependence of the efficiency on the number of elec-
trodes for this case is plotted in Fig. 6 for ν0,min = 0 and
for ν0,max = 0.5. The first points Ne = 1 corresponds to
the single stage collector while for Ne ≥ 6 the efficiency
reaches values higher than 80 % and 90 % respectively.
In the general case, the energy distribution of the spent
beam determines the optimal voltage on the electrodes
[14].

Operational range and collector size

The value of the parameter Ymax defined in eq. 5 de-
termines the magnetic field operational range of the pro-
posed MDC design approach and the size of the collector.
The optimal position of the electrodes in the y-direction
and therefore the size of the collector is determined by
the values of this parameter. The dependence of Ymax on
the magnetic field B and the angle ϕ is plotted in Fig. 7
for a beam with maximum energy 100 keV.

The yellow region roughly determines a realistic size of
such a collector of the order of several millimeters to a
few centimeters. In the green region the values of Ymax

are too small and the manufacturing tolerances and the
stray fields are expected to have strong influence on the
operation, while in the red region the values of Ymax are
too high and therefore the size of an efficient collector
system is too large. Therefore, the proposed design ap-
proach could be operated with magnetic fields of a few
tens of Gauss using very small angles ϕ up to 1 T using
relatively large angles around 80 degrees.

In addition, an important observation of the above
analysis is that the axial z-position of the electrodes does
not play any role in the operation of such a collector.
The electrodes could be placed in a close vicinity to each
other. The only limitation is the required isolation and
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the voltage standoff stability. Therefore using this ap-
proach, very short collectors could be feasible.

III. DESIGN APPROACH FOR GYROTRON
ELECTRON BEAMS

The conceptual MDC design presented in Sec. II can-
not be directly applied for the collection of the cylin-
drical hollow electron beam of a conventional gyrotron.
This could take place after the transformation of the an-
nular beam to a sheet beam. There are several possi-
ble design approaches to achieve this using appropriate
magneto-static fields. An indicative idea how to perform
this transformation and the application of the design ap-
proach proposed in Sec. II is discussed here.
The proposed MDC system has the characteristic that

its geometry remains the same along the z-axis. A cross-
section of the MDC geometry is shown in Fig. 8. It
consists of the central coaxial part in which the hollow
cylindrical beam is transformed to a sheet beam and the
electron collection section where the deceleration and the
collection of the beam electrons take place. The initial
position of the beam electrons at the entrance of the col-
lector system is plotted in red. The beam is guided by an
externally applied magnetic field Bz which is generated
by the main magnet of the gyrotron and some additional
coils in the collector region (not shown in Fig. 8). The
outer cylinder of the central part is fixed on the top of
the mirror box while the inner cylinder is fixed on the top
of the collector. Three long normal conducting coils are
required for the generation of the appropriate magneto-
static field. A coil surround the bigger cylinder outwardly
while another one is placed internally of the inner cylin-
der as it is shown in the figure. These two coils can be
installed from the top side of the collector and they gen-
erate the azimuthal component of the magnetic field in
the central part of the collector which guides the beam
electrons towards the electron collection section. Dur-

FIG. 8: Cross-section of the MDC conceptual design for gy-
rotron hollow cylindrical beam.

FIG. 9: Trajectories of 100 sample electrons on a preliminary
MDC design with five stages.

ing the movement of the electrons along z the azimuthal
component of the magnetic field causes a clockwise drift
on the electrons with initial azimuthal angles φ between
0 and π and a counterclockwise drift on the electrons
with initial φ between 0 and −π. As a result, all beam
electrons will be gradually inserted in the decelerating
region between the electrodes along x-axis. A third long
stadium shape coil surrounds the electron collection sec-
tion with the purpose to sustain the sheet beam shape
along x-axis.

By this way, the cylindrical hollow beam which moves
along z-axis is transformed to a sheet beam moving on
the xz-plane at an angle ϕ = arctan(Bz/Bx) compare
to the x-axis. The required decelerating electric field Ex
along the x−axis is produced by the applied voltage on
the electrodes. The drift velocity, given by the equation

vd =
|E×B|
B2

=
ExBz
B2

, (12)

pushes the beam electrons to the electrodes placed at the
bottom side in Fig. 8.

The projection of the beam trajectories of 100 ran-
dom sample electrons on the xy-plane in a preliminary
optimized geometry are plotted in Fig. 9. Electrons are
azimuthally moving towards φ = 0 without variation of
their initial kinetic energy. Then, the electrons are in-
serted into the deceleration region. Their kinetic energy
decreases and in parallel they drift towards the electrodes
at the bottom side of the figure. Simulation using the
Ariadne code with 10000 electrons shown a collector effi-
ciency of 80 % without a significant optimization effort.

The remaining beam current and beam energy along
the axial position of the collector is shown in Fig. 10. In
order to gather all beam electrons in the specific non-
optimum design the length of the collector should be
2.5 m as is shown in the red curves.

A possible idea to shorten the length of the collector is
to use more than one beam decelerating section. In this
more complicated assembly, three sections are considered
while a more complicated system of coils is required. In
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FIG. 10: Normalized beam current and beam energy versus
the axial position.

FIG. 11: Trajectories of 100 sample electrons on a preliminary
MDC design with seven stages and three collection sections.

parallel, an efficiency higher than 86% was achieved due
to the two additional decelerating electrodes used per
section. Using this idea, it was possible to shorten the
length of the collector to 1.5 m, as shown in Fig. 11. In
Fig. 12, the beam cross-section at several axial positions
is plotted.
In these simulations initial beam radius and pitch fac-

tor distributions have been based on the spent beam of a
realistic high power gyrotron [15] while a uniform distri-
bution is considered for the kinetic energy of the electrons
at the entrance of the collector system. A two dimen-
sional geometry was considered for the solution of the
Laplace equation and the calculation of the electric field
while the calculation of the beam trajectories takes place
in three-dimensions. The influence of the space charge is
not taken into account. In addition, the collector coils
are considered to be infinitely long along the z direction.
That means that the influence of the bottom and top
part of the coils which are necessarily perpendicular to
the z-axis is also not considered.

FIG. 12: Beam cross-sections along z in the preliminary MDC
system with seven stages and three decelerating sections.

The shape of electrodes, as it was mentioned in Sec.II,
should be optimized in order (i) to prevent the beam elec-
trons passing through the electrodes due to E×B drift,
(ii) to avoid the slide of the secondary electrons to the
neighboring electrodes influencing the overall efficiency
and (iii) to keep the electric field between the electrodes
in a safe range ensuring the voltage standoff stability. No
difficulties are foreseen to optimize the electrode geome-
try in order achieve that.

A parallel activity has been initiated in which more re-
alistic simulations using the commercial package CST are
ongoing. In that work, a realistic geometry of the coils is
considered, the influence of the space charge is taken into
account and the properties of the spent beam of a high
power gyrotron [15] are considered. In the preliminary
simulation results a very high efficiency of the order of
85 % with two beam collection sections and seven stages
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[14] were also demonstrated. An important issue which
should be pointed out is that the level of energy required
for the generation of the magnetic field with the normal
conducting collector coils in the collector region which is
estimated to be of the order of several hundred W. In
parallel, the optimization of the shape of the electrodes
to satisfy the requirements described above is under in-
vestigation.

IV. CONCLUSION

In the first part of the paper, a design approach for the
collection of a sheet electron beam is proposed. Based
on several considerations, analytical equations have been
extracted for the design optimization and the estimation
of the collection efficiency. This type of collector is ap-
propriate for devices which operate with a sheet beam
confined by a strong magnetic field, such as an FEL or a
sheet-beam gyrotron.
In order to apply the proposed design approach to con-

ventional gyrotrons, the transformation of the cylindri-
cal hollow beam to one or more sheet beams is proposed
using appropriate magnetostatic fields. A conceptual de-
sign for a gyrotron MDC system based on that idea is
proposed. In order to illustrate this idea two preliminary
slightly-optimized designs were simulated with efficien-
cies 80 % and 86 %.
The complexity of the electrode geometry is signifi-

cantly less compared to previous designs based on this
concept [9]. However, the manufacturing of such a MDC

system is anyway a technologically challenging problem.
In order to answer the question whether this technologi-
cally challenging and probably costly approach is attrac-
tive or not, the benefits of the use of such a system should
be taken into account. Definitely, for low power devices
the interest in using such a system is low. However, in fu-
sion reactor ECRH applications where a large number of
high power (MW level) and high efficiency CW gyrotrons
are required for the generation of microwave power for
plasma heating and current drive, such a system could
became attractive. In this view, the specifications of the
new power supply [16] which is under development in the
KIT gyrotron test lab will give us the possibility to test
high power gyrotrons with such a MDC system.
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