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THE MAGNICON:
A NEW RF POWER SOURCE FOR ACCELERATORS

Oleg A. Nezhevenko
Institute of Nuclear Physics, Novosibirsk, 630090, USSR

INTRODUCTION

In the second half of the 60th the Institute of Nuc-
lear Physics (INP) at Novosibirsk faced the problem of
creating a high-power RF generator for the electron-po-
sitron storage ring VEPP-4. In the course of research
work on this problem G.I. Budker invented a new RF
power source— Gyrocon. [1, 2]. The gyrocon like many
other devices (e.g. klystron) comprises an electron
source, an input cavity for the beam modulation, a drift
space and an output cavity for the electron decelerati-
on. But unlike other RF tubes, in gyrocon the beam is
not bunched, but is modulated by its circular deflection.
The deflected electrons move along straight lines
making a cone surface and are passed through a circu-
lar slit to the output cavity, which is a rectangular
waveguide formed in a ring. With their entering point
in the output cavity being continuously changed, therein
the particles excite a wave travelling along the azimuth
with a decelerating electric field in the point of beam
passage (TE,, oscillations). The employment of a rela-
tivistic beam and the absence of bunching provides for
the gyrocon high power and high efficiency.

Experimental parameters of all existing gyrocons
are listed in Tabl. I. The test results have proved the
feasibility of RF power sources based on gyrocons and
their applicability in accelerators and storage rings. At
the same time there emerged problems usually arising
in the course of development of a high power and high

connected with overheating and breakdown of the cavi-
ties due to the decrease in their size. Another restriction
is bound up with the fact that it is hard to pass a beam
(in the absence of magnetic focusing) through the slits
in the output cavity walls due to the narrowing of the
slits and shortening of the distance between the slit
edge and the beam «boundary». The problems with the
beam passage make it impossible to reduce the energy
of electrons (as, for example, in [5}) which could
improve the cavities function.

An attempt to overcome these problems has resulted
in the creation of a new RF power source with a circular
deflection of the electron beam— Magnicon [6,7].

1. OPERATION PRINCIPLE OF THE MAGNICON

The magnicon design is schematically given in
Fig. 1. A continuous electron beam from the electron
source 1 reaches the circular deflection device 2 to be
deflected there at an angle ap by an RF magnetic field

rotating with a deflection frequency (w). The field dis-
tribution in the cavity is shown in Fig. 2. In the driit
space electrons deviate from the device axis and get
into a stationary magnetic field (B,) of the solenoid 3.
While entering the magnetic field the longitudinal velo-
city of the electrons is transformed into a rotational

frequency gyrocon. Some of these problems are transverse one, and the degree of the transformation is
Table 1
eroco: Cw Pulsed™ | Pulsed Pulsed
Gyrocon fnitial VEPP-4 | VEPP-4 |Balakin's | Los-Alamos
Frequency, MHz 430 182 430 7000 450
Power, MW 0.6 0.4 65 60 0.15
Puise width, ps 20 10 0.7 50
Repetition rate, pps 0.1 1 1
Beam voltage, kV 320 240 1600 1300 82
Efficiency, % 65 60 75 25 23
Ga_in, dB 7 17 26 60
References (3} [2] [2] [4] [5]
Y In operation since 1978.
0-7803-0135-8/91$01.00 ©IEEE 2933
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characterized by the pitch angle a. Further on, travel-
ling along a helical trajectory and steadily changing
their entering point in the output cavity 4, the electrons
excite a wave in the cavity travelling along the azimuth
(TMi0) oscillation mode, Fig. 2) and transfer their

energy to this wave. II the cyclotron frequency (Q) is clo-
se to the operation one (w) (i.e. to the circular deflection
frequency, to which the cavity is also tuned) and the
direction of the cyclotron rotation coincides with that of
the deflection device, then the interaction can remain
effective during many periods of RF oscillations.

The particle energy is transferred to the electro-
magnetic field in the magnicon output cavity due to the
decrease in the transverse component in its velocity at
a practically constant longitudinal one. It can be easily
explained using as an example the deceleration of a
nonrelativistic electron rotating in a homogeneous static
magnetic field around the cavity axis. The fields in the
cavity are known to have the following relations
Ez=—orB; (r is the radius) and in case the cyclot-
ron frequency coincides with the operation one and,
hence, the transverse velocity component is
V| =Qr=uwr, then F,=e¢ [E,;+V B ]=0. Thus, the
transformation of the transverse velocity into the longi-
tudinal one which takes place in the cavity under the
action of B | is fully compensated by the decelerating
effect £,. As a result, the limiting electron efficiency is
determined by the efficiency of the electron energy tran-
sfer into the rotational motion at the entrance into the
magnetic field (i.e. by the pitch angle «) and is equal
to n.&sin‘a.

A long interaction and the resulting length of the

RF out

Fig. 1. Schematic of the magnicon:
1—source of electrons; 2—circular
deflection cavity; 3—solenoid;
4—output cavity; 5—collector.

Fig. 2. Distribution of electromag-
netic fields in magnicon cavities.

output cavity lead to an essential decrease in the RF
field strength, in ohmic losses and in a specific heat
release. Besides, the large holes made for the beam in
the centre of the cavity end walls (their diameter is
equal approximately to two Larmor ones) in tandem
with the «magnetic accompaniment» practically removes
the problem of the current interception. Thus, the mag-
nicon, if compared to the gyrocon, provides for attain-
ing higher powers at shorter waves, with the high effi-
ciency characteristic of this class of RF power sources
being preserved.

2. MAGNICON OUTPUT CAVITY

1. In the general case the problem cannot be solved
analytically, but the interaction peculiarities can be
studied while solving a simplified problem of motion of
a thin nonrelativistic beam in given electromagnetic
fields of a perfect (with no holes) cavity. The solution
of equations of motion [7, 8] shows that the electron
deceleration in a rotating wave TM;;, at a resonant
longitudinal magnetic field B, (ie. Q=—q@"

Q==e/mB. is the cyclotron frequency, w is the operati-
on frequency) is accompanied by a change only in the
transverse parlicle velocity (V ) while the longitudinal
one (V) during the period of RF oscillations remains
unchanged:

V=V, oxQ Vat, V. =V, —(Qu/Q) V _ sinwt. (1)

DThe sign «minus» corresponds to the coinciding direction of the electron
cyclotron rotation and the wave rotation.
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Here: V | ;=Vsina, V,,;=Vocos a, Vo=p¢c is the initial
velocity, a is the pilch angle, Q. =(e/yomo})B, . B, is
the RF magnetic field in the region of particle motion
(Fig. 2).

From (1) it follows, that V. is oscillated with an
amplitude depending on the relation B | V| /B.V,, (the
lower the relation, the lower is the amplitude). From
(1) it also follows, that in the course of deceleration
V | is linearly decreased with time and the trajectory of
a single particle makes a helix with a constant step
and a decreasing radius. The helix axis is parallel to
that of the cavity and the distance between them is
equal to the initial Larmor radius R; (Fig. 3). An
instant picture of the beam position in the output cavity

>
D

R,

Fig. 3. Electron trajectory in the
output cavity.

Z

Fig. 4. The instantaneous posi-
tion of the beam in the output
cavity.

(Fig. 4) shows a helix with a constant radius, which
axis forms an angle {=arctg (tg a/0) with the axis of
the cavity (8=wh/V,, is the angle of flight of the elec-
tron in a cavity with a height #).

The RF field value optimal for deceleration can be
found from (1) on condition, that by the end of passing
the cavity the transverse velocity component will decre-
ase to zero-

QY =V, /0V.) =(Ve/B) sina. (2)

Expression (2) helps to calculate the optimal voltage
value in the cavity. In the maximum of the electric field

Uopi=2.33(Us/Bo) sina . (3)

where Up is the beam voltage. For example, at
Up=200 kV and a=90° Uy =670 kV and is independent
of the cavity height. The possibility of increasing the
cavity height enables to reduce the field strength and dec-
rease the losses in the walls?. The limiting cavity height
is determined by the possibility of selection of parasitic
modes and may exceed two wavelengths.

The magnicon can also be operated in the frequency
multiplication mode, if in the output cavity the oscillati-
ons TM,,, are excited with a frequency mw, m times
exceeding that of the deflection [8]. Many-fold multi-
plication of the frequency can in principle be obtained,
an increase in m results in a reduction of RF fields in
the region of the beam motion and of practical interest
is mostly the frequency doubler. In the output cavity of
the frequency doubler a TMgo wave is excited (Fig. 5)
with a frequency two times exceeding that of the deflec-
tion system. The cyclotron rotation frequency of particles
is also two times higher than that of the deflection system
(Q = -2w). In spite of the absence of the cyclotron
resonance a long time interaction takes place due to a
quadruple distribution of the TMajp oscillation electro-
magnetic field. The mechanism of interaction of the
electrons with the field is similar to that in the amplifier
and the maximum electron efficiency is also n, = sinZc.
The trajectory of a single electron is also a helix with a
decreasing radius, but its axis is bent off the cavity axis [10].
The bend in the helix axis is bound up with the unlinear
dependence of the electromagnetic field on the transverse
coordinate. The optimal voltage in the cavity at the
maximum of the electric field Uppt = 3.1 Up %23).

2The shunt impedance of the cylindrical cavity with a travelling along the
azimuth wave TMq9 [13]: Rgy = 122k2{8(2h+ &))"}, § is the depth of the skin
layer, d is the cavity diameter.
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Fig. 5. Distribution of electro-
magnetic fields in the frequency
doubler magnicon output cavity.

2. When for sustaining the synchronism a relativis-
tic beam is used, the accompanying magnetic field
(B:;~v) should be decreased with deceleration. This
leads to additional (uncompensated by the action of the
electric RF field) transformation of the transverse
momentum component into the longitudinal one and, as
a result, to a decrease in the efficiency. The maximum
value of n. in this case can be estimated as:

Ne= {0+ 1 /2v0) sin’a, (4)

where yp is the initial value of the relative electron
energy. In an ultra relativistic case n. is easily shown
to tend to 509.

This problem can be overcome if the synchronism is
sustained «in average» [8], i.e. by providing a homoge-
neous magnetic field in the output cavity

B, =~ wms/e(yo+1/2) . (5)

In this case the longitudinal component of the initial par-
ticle momentum is preserved (in average during the
cyclotron revolution period), and the expression for the
electron efficiency takes the form:

3The shunt impedance for a cavity with a TMzjg wave equals: Rg =
96k2(8(2h+ DI
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Fig. 6. The finite size beam in the
magnetic field of the output cavity.
Ne=(vo — Vi + (1 —38) sin ) (vt 1) " 6)

It is evident, that for yo>>1, n=2sin’(a/2) and large
a it approaches 100%. The synchronism «in average»
results in limiting the minimum value of RF fields in
the cavity and some increase in the cavity voltage (in
some sense, equivalent to the transit-time effect). The
results of numerical simulation show, that the cavity
length can exceed two wavelengths, up to U=
=1-— 1.5 MV, while voltage exceeds the value calcula-
ted in (3) but no more than 1.5 times.

3. The main factor reducing the efficiency and
determining the magnicon power is the final beam dia-
meter, which causes the spread of pitch angles (=,
and o, in Fig. 6) at the entrance into the accompany-
ing magnetic field of the output cavity and leads to an
azimuthal «smearing» of the beam. The electron effici-
ency in this case is [8]:

i Dofosic oy
NerR sinta,, |1 AR I DS AR
[ 2R, [ i

LT

where D and 8y are the radial and azimuthal beam
dimensions, Rp=for/n is the Larmor diameter of the
external particle. The bheam size is first of all determi-
ned by particles deviation under the space charge efiect
in the drift space between the circular deflection system
and the entrance to the output cavity. In fact, the driit
space (L, see Fig. 6) should be reduced, ie. as should
be increased, since L= Ry ctg agy/sin’e — sin‘ay .

The ultimate power of the magnicon is determined by
the energy of electrons and the deflection angle. As a
matter of fact, by setting the electron efficiency we practi-
cally impose limitations on the beam size at the entrance
in the output cavity. In its turn, this size can be estima-
ted with the help of usual relations for the envelope of a
paraxial beam moving in the space free from external
magnetic fields [8, 9]. Table. 2 lists the values of the
ultimate beam power (Py) at n.=909%.
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Table 2

U, kV 200 | 300 | 500 | 800 | tooo

Po, MW (a4l oo=10°) 0.1 0.5 2 4
Po. MW (al co=30°) | 0.7 2 10 40 80
TPy MW (at ag=50°) 4 i3 52 220 | 500

The given estimates at ultimate powers and maxi-
mum deflection angles should be considered as approxi-
mated, as at a high perveance there will appear other
restrictions for the efficiency bound up with the space
charge. At the same time at a,<{30—50° the perveance
is not very high and these restrictions are not decisive.
While estimating n. besides the finite beam dimensions
it is necessary also to take into account the energy
spread occurring in the process of circular deflection as
well as an additional spread of deilection angles,
taking place in the drift space under the action of the
space charge. These effects, may result several percent
decrease in the efficiency. The device efficiency
(n=F/Py, where P is the output power) is always
lower than v, due to the ohmic losses in the magnicon
cavity walls, which might make 1—10% depending on
the power and operating frequency. A due account of
the mentioned above factors shows, that n=809,
which does not seem to be the limit for the magnicon,
but serves a good illustration of the device abilities.

The minimum wavelength of the device is determined
first of all by the breakdowns and overheating of the out-
put cavity. For absolute deceleration of the transverse
velocity component in the output cavity of the magnicon
at yo=22 it is necessary to provide a RF electric field [8]:

EURY e Tl B R emd v e (20568 e — val) . (8)

The above restriction is not very rigid. For example, for
a UW magiweon at =30 cm and P=3—10 MW

Fig. 7. Electron trajectories in the
deflection cavity.
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(Uo=200—300 kV) the RF field in the output cavity
E=15—-20 kV/cm, ohmic losses are 20—40 kW and
the losses per surface unite are 10 —20 W cm® In the
pulsed amplifier at A=2em and U,=500 gV
(P~100 MW) E =300 kV/cm, which value is essenti-
ally lower than that obtained for klystrons today [I1].

3. CIRCULAR DEFLECTION SYSTEM

1. The circular deflection of an electron beam in the
magnicon is performed by a RF magnetic field of a
cylindrical cavity with TMyo oscillations (Fig. 2). The
cavity is excited by an external generator to provide a
circular polarization ol the magnetic field in the paraxial
zone crossed by the deilected electrons. This deflection
method has been studied in detail in [9] and has proved
reliable in the gyrocon, but the requirement of obtaining
larger deflection angles in the magnicon puts forward
additional problems. First, the gain coefficient drops,
second, the electron beam energy spread grows, which
results in the efliciency decrease. These problems have
been overccme by accompanying the beam in the deflecti-
on cavity by a longitudinal stationary magnetic field; the
cyclotron particle rotation in this case should coincide in
direction with that of the RF field [12, 13]. The accom-
panying magnetic field compensates the «lag» of the par-
ticles from the rotating plane, in which the electric field

<to(md)
1 .g:_g
L
0 i 2\3\\/4 D
Q
\. 5:‘.3
iy ™~
AN ] a__,
w
-2
_Q:O
-3 w

Fig. 8. Azimuth position of
electrons in the rotating coordi-
nate system.
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strength of the cavity is equal to zero {Fig. 2), and the
focusing effect of this field reduces the transverse beam
size. and hence, the electron energy spread.

The analysis of the peculiarities of the circular def-
lection process can be carried out analytically in the
approximation of small deflection angles [13], ie.
under the condition, that both the particle velocity in
the direction of their initial motion and their energy are
preserved. Shown in Fig. 7 are the projections of the
particle trajectories onto the plane x--y perpendicular
to z. The closed cardioid in the case of Q/w=—2 13
obtained at a flight angle 8=2a. In Fig. 8 the particie
azimuthal coordinate is given versus the flight angle.
This dependence is observed in the system of coordina-
tes rotating with a frequency w, i.e. in synchronism
with the RF field. At different values of B, the motion
takes place either in the region of the accelerating

(p<<0 at Q/w> —2) or the decelerating (¢=>0 at
Qf/w < ~2) electric field of the cavity. At Q/w=—2 the
electrons move in synchronism with the wave in the
plane, where E,=0 and their energy is remained
unchanged. The angle of the particle deflection is:

Qgrsin[0/2(14Q/w)] _ U fo— 1 1 sinf8/2(1 +Q/w)]

=2 =
*o " U+ Q/w) Us Vvot 1207 [(L49/w)8/2]

» (9)

where Qup =eB | /yomo, U is the voltage amplitude in
the cavity at the electric field maximum, J{'=0.582 is
the value of the Bessel function of the first kind first
order in the first maximum. It should be noted, that at
Q/w= —2 the dependence of uy on the flight angle (98)
is similar to that at Q/w=0. At Q/w= —1 the deflec-
tion angle is independent of 9.

To calculate the gain coeificient of the device it is
necessary to calculate the losses in the cavity walls
{P,) and the power required for the beam acceleration
(P.. The sum of these powers makes the power of mag-
nicon excitation:

P =P, +Pe=U2| 1/Ru+Re(Y.)] . (10)

Here U is the voltage amplitude in the cavity at the
maximum electric field, R is the shunt impedance of
the cavity with a TM,,, wave (see above), and Re(Y.)
is the real part of conductivity, characterizing the
beam-cavily interaction (i.e. electron conductivity). The
electron conductivity [7] is:

o o yo— | ! o) L, 0 sin| (1 +Q/w) 8/2]
R )T—ﬁﬂ{[:l z———m‘—,—_————]
' Uy y: JTEQ s 2 (1487w ” +
b sin| (1-442/w) 8] Q/wb
4 j— |sint— el o , 11
tis [Sm RENTYBE 1+$2/m]} ub

where [, and U, are the beam current and voltage.

The analysis shows, that for the values of the de-
vice power of practical interest the gain coeflicient is
maximal in the regime, when Q/w=-2 and the power is
no more consumed for the beam acceleration
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(Re(Y,)=0). In this case P,y=Py, and the flight gap
is optimized for the minimum ohmic losses (O n). A
5-fold gain in the drive power is obtained in this case.
compared to the case of a deflection device cavity with-
out magnetic accompaniment, e.g. at A=30cm,
Up=300kV and Po=3 MW, the gain is 10— 15dB.

As it follows from (11), the beam not only loads
the cavity but also detunes it. This detuning equals
Aw/owo=0.5pIm(Y,), Im(Y,) where p is a characteristic
impedance of the cavity [9]. The beam reduces the
cavity frequency, i.e. the cavity should be preliminary
tuned to a frequency higher than the operating one.

In order to use the deflection system with magnetic
accompaniment it is necessary to arrange the beam
extraction into the drift space without essential losses
in the transverse velocity. It is accomplished by placing
a flux shield with a small hole for the beam to pass,
which considerably limits the magnetic field in the re-
gion where the particles travel near the axis, ie. for
Q/w=—2, at a distance /= (2n+41)B;A/4 irom the
exit of the deilection cavity. The losses in the deflection
angle at the particle extraction from a hole with a dia-
mefer d are Aao/oo= (nd/2p.A)>. They usually lead to
a not more than 10 —15% decrease in the gain [13].

2. An increase in the magnicon gain coefficient can
be attained by introducing passive cavities, i.e. similar
cavities, which are excited not by an external generator
but by the deflected beam.

The calculation of the beam inleraction with the elect-
romagnetic field of a passive cavity is performed similarly
as for the deflection cavity [13] and for the case of
utmost interest (Q/w==-2; O=n) gives the following
values for the deflection at the exit from the passive
cavity:

] i o - .
G = Ny b ) — et g 08 (12)

Here o, is the deflection angle at the entrance to the
passive cavity, a, is the beam deflection angle for in
the passive cavity; ¥, is the angle between the particle
transverse velocily vector and the vector B alt the
entrance to the passive cavity. In this case the active
component® of the interaction power [12] is

: Q 2pucat,, .
P.=1IyUqo —\/J—"j—l— 4:1:% (rnsin o+ LLTICTRP | ) (13

to—1 W %)

where ro is the module of the particle vector radius at
the entrance to the passive cavity, o is the angle be-
tween the vector radius and B at the entrance of par-
ticles in the passive cavity, Q. is calculated for B in
the passive cavity. Ro, @o, o and the distance between
the cavities { are in the following relation:

ro=1(2Pocain/Qcos B . Ya=0,+4q¢o+n/2, (14)

where ;== 2x//Boh.
Since after the deflection cavity the deflected partic-

DThe reactive component can be compensated by preliminary detuning the
cavity.
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Table 3

Operating frequency, MHz 915 Losses in the walls of
Beam voltage, kV 300 the output cavity, kW 50
Beam current , A 12 Losses in the walls of
Beam power, MW 3.6 the passive cavity, kW 340
Current pulse width, ms 50 Llectron cificiency, % 85
Repetition rate, pps 1 RF pulse width, ms 307
Output power, MW 2.6 Gain, dB 30
Efficiency, 73

Y This is determined by the oscillation buildup time in the passhve
cavity.

les move along a helix, the angular excitation rate of
the passive cavity is in cyclic dependence on
[(ro~cos B,). Here one can distinguish two regimes
which might present interest in our case: regime of
maximum gain and a regime of «summing» the deflec-
tion angles (i.e. long-term interaction).

The extremum P,., and respectively a,, is reached at
% =n/2. In this (12y it follows:
Qout == Xp— Qin. Thus, the maximum gain is achieved
when the beam particles enter the cavity near the axis.
In this case the gain coeflicient [7] is:

fram
1T

ragp
Lasc

) R Jo oo 1 Bok .
K, dB| =101g (_' =20 Iy [IQ‘SH—Y‘—,m—I ],(15;
At A=30cm, Up==300kV and Py=3 MW, which corres-
ponds to K,=~20dB; at A=10cm, Up=1MV and
Po=500 MW, it is 47 dB. For a further increase in the
gain one can use several passive cavities placed in a
series along the beam motion.

U]

\
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Fig. 9. Schematic of the initial
magnicon.

The regime of «summing» the angles is realized,
when 6,=0 and Yo==n (see (13) and (14)). In this
case the cavities should be placed practically close to
one another, so that their excitation powers might be
practically similar.

4. INITIAL MAGNICON

1. In 1985 at INP (Novosibirsk) there was built
and put into operation a 915 MHz magnicon with a
pulse duration of 50 ps.

A schematic of the device is shown in Fig. 9. A diode
gun 2 with a LaBg emitter is used as the electron source.
Accelerating voltage is applied to the gun from a pulsed
transformer 1 placed in a tank filled with SFs under a
pressure of 5 atm [14]. After the gun the beam is guided
into a circular deflection system 3, which consists of two
cavities placed in a longitudinal magnetic field (Q/w = -2).

Bz ~0,45T

Mo

Rfout |,

Fig. 10. Schematic of the frequency
doubler.
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The first cavity is excited by an external generator with the pect to the cyclotron particle rotation) wave:

help of two couplers 5 and deflects the beam at a small G=(I7 47" (7475 )0 (16)
angle. The second cavity (passive) is excited by a ’ ' '
predeflected beam and provides the particle deflection at
the _rfequired ar\gle (0 = 30°). The distance b.oetween t_he and the meeting (2/w>0) wave, respectively (see
cavities B:A/4 is chosen to provide the maximum gain.  ([])y [n line with (16) the «autostabilization coeffici-
The beam is extracted from the magnetic field near the  ¢py, is G=6.2 (the measured value is G~6.5). Ii the
device axis through a hole in the flux shield. After its deflection system comprises several cavities, their coef-
flight in the drift space the beam gets into an output cavity ficients are multiplied and for our case of two cavities
6 (the magnetic field distribution is shown in Fig. 9) and we have G=40. As a result of this effect even in the
then into a collector section 7. The RF power is fed from case of the field ellipticity in the deflection cavity cor-

oni h t ides 8 placed at 90° responding to the ratio of the ellipse axes of ~2.5 (in
;tll((;nrgn?ﬁ:lgs{lps??xiy avzv;;nxﬁ?egul €8 © paced 4 the absence of beam) the measured ellipticity of the

~ 0,

The main experimentally obtained parameters of the defli%t;d abtet}:irgir?goesth[;m;;;ie;in?/odf the output power
magnicon are listed in Tabl. 3. beside optimization of the magnetic field value and
N . L - . loading, there was also changed the longitudinal distri-
2. The device tuning begins with obtaining a circu- bution B. in the output cavity. In the decreasing to the
lar deflection of the required quality. After the assemb- end of the cavity field (—20%), as has been theoreti-
lage the cavities of the deflection system should be cally predicted, the interactioon' efficiency is lower
carefully trained to eliminate the multipactor. For this (Ne=T78%) The maximum powér and efficiency
purpose the central part of the cavity is separated from (1{:85‘9))' have been obtained in the case. when the
its body by a circular siit cut along the nodal line of iieled is t;)uilt up to the cavity end (+l5%)’ ie when
the radial current (4 in Fig. 9) and is mounted on some additional longitudinal energy of particles is tran-
insulators. A positive potential of 5—9kV is applied 0 rerred to the transverse one The electron efficiency is
it, which in the presence of an accompanying magnetic determined from: o= (P4 Poc-Pyc) (Po)~ ', where P is
field initiates a cleaning discharge in the cavity. the output power, P, are the ohmic losses in the output
 As is predicted by the theory, there is such a value  .ayity and P, are the losses in the passive cavity walls.
of the accompanying magnetic field in the deflection It should be noted. that in case the cavities are made of
cavity at which no power is required for the beam acce- copper, the efficienc,y grows by 5%, i.e. it makes n==78%.
feration. The magnetic accompaniment in the deflection The magnicon power décre;ée at variation of the
system essentially simplilies obtaining a deflection with output cavity loading is not large and makes approxi-
a low ellipticity due to the gyrotropic properties ot the mately 10% at a two-fold change in the output cavity
magnetized beam. The gyrotropic effect develops in the shunt” iompedance. The advantage of the magnicon,

Here ¥ is the cavity conductivity, while ¥/ and ¥} are
the electron conductivities for the following (Q/w<C0)

form of «autostabilization» of the deflection shape, i.e. which is worthy to of being mentioned, consists in the
in case oscillations with elliptic polarization are excited absence of the reflection of electrons in the output
in the cavity, then in the beam presence their ellipticity cavity at its deloading.
is decreased. «The autostabilization coefficient» depends The phase and the amplitude stability of the magni-
on the difference in conductivity of the resonance con have been studied, which turned out to be rather
system for the following and for the meeting (with res- high. The results are given in Tabl. 4.
Table 4
AP 0 AP Ay deg /9 Ag A¢
SVTIITA ,ae : - ,deg/dB
AUU/UO‘dB//‘) NB./B.T.dB/% | AU U O°F B vy T deg/% | AP ’/

~0.1 ~0.03 ~2 ~3 ~4

" In the output cavity.

Table 5
Operating frequency, GHz 7 Beam current, A 240
Power, MW 60—70 Efficiency, % 60 —70
Pulse duration, us 2 Drive frequency, GHz 3.5
Repetition rate, pps 5 Gain, dB 50
Beam voltage, kV 420
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Besides the described above experiments (when the
magnicon operated with damping loads) the device has
been successiully tested with the accelerating structure
of the racetrack microtron.

5. X-BAND PULSED MAGNICON

1. The performed above analysis proves the feasibi-
lity of a 300-1000 MW X-band pulsed magnicon. But
the classical scheme of the device, when the main tran-
sfer of the longitudinal electron velocity in the tran-
sverse one is performed when the particles enter the
accompanying magnetic field of the output cavity, re-
quires the presence of a driit space between the deflec-
tion system and the output cavity, which limits the cur-
rent and requires rather a high beam voltage (U,=
=15—2 MV).

As a prototype for the RF power source of future
linear colliders there has been developed at INP an
advanced magnicon scheme providing a by an order of
magnitude higher perveance compared to thal of the clas-
sical one. The device is a frequency doubler, which lacks
the drift space between the deflection system and the out-
put cavity, with the deflection angle required for attaining
the high efficiency being made directly in the deflection
system.

2. The schematic of the device is given in Fig. 10,
and its design parameters are listed in Tabl. 5. The
basic elements of the device are the electron source, the
cavity system, the collector and the solenoid.

The cavity system consists of a circular deflection
system and an output cavity. The deflection system
comprises cavity 3, in which TMj¢ oscillations are excited
by the leading RF generator, and two cavities 4 and 5,
excited by the electron beam. The central part of the wall
between cavities 3 and 4 is insulated from the body, which
makes it possible to apply to it permanent voltage for
initiating the cleaning discharge and suppressing the
multipactor. Cavity 5 is specially designed for obtaining a
larger deflection angle at reasonable values of deflecting
fields. It consists of three TM1;g wave cavities coupled in a
chain with a step B,/2 5 with opposite phase oscillations
in neighbouring cavities. Such a cavity provides for the
use of the «angle summing» regime and for obtaining
og = 60-65° only at E = 200-250 kV/cm?, required for the
high efficiency.

The output cavity 6 is approximately 2 long, which
provides E=250 kV/em. The power is transferred thro-
ugh two connecting coupling holes shifted by 135°
along the azimuth. Then it is {ransferred through wave-
guides to the load. Collector 8 is insulated from the
earth for measuring the beam current. The longitudinal
magnetic field (B.~0.45 T) is induced by a solenoid 9.
Since the magnetic fields in the circular deflection
system and the output cavity are somewhat different
{Fig. 10} and require independent tuning for the experi-
mental study. the solenoid is supplied with a special
dividing flux shield 10. The electron source | conlains a
diode gun, a step-up pulsed transformer and a modula-

5) As a matter of fact, the step is alternating, as with the particle deflection B,
decreases.
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tor. The electron gun [15] is based on a 12 c¢m in dia-
meter oxide cathode. The main peculiarity of the gun is
a high electrostatic compression of the beam (nver
1000:1 in area). The electric field strength on the focu-
sing electrode is approximately 140 kV/cm. For the

protection of the oxide cathode during routine devacuu-
ming of the device serves a slide vacuum valve 2 with

a teflon gasket.

3. At present the electron gun has been tested.
During this run there were obtained: a power
Po= I%O MW at Uy=430 kV and /,=240 A, a pervean-
ce of 0.82, a pulse duration of 2 us and a repetition rate
of 1 pps. The beam diameter measured in the crossover
region was 4-—4.5 mm. The measurements were perior-
med by burning — through of a thin metallic foil. 4

Besides, there was measured the beam envelope in
the magnetic field of the magnicon solenoid at
B.=0.45 T. The measurements were carried out with
the help of a special device with movable graphite
diaphragms and metallic pipes 5.7 and 8 mm in diame-
ter. In the course of measurements there was atlained a
999, current passover of the current through a 5.7 mm
in diameter and 25 mm long Elipe. The measurements ol
the envelope showed that in the pulsation maximum the
beam diameter was 3.6 mm (i.e. the area compression
exceeds 1000:1), while in its minimum the beam diame-
ter was 2.4 mm (the energy density is 5 kJ/em?). The
measured beam parameters are close to calculated
ones.

The resonance system has just been manufactured
and now is being prepared for tests.

CONCLUSION

The results obtained in the course of the magnicon
creation and study, as well as the calculations and the
development of various schemes of the device performed
have shown, that the magnicon abilities are characteri-
zed by the following parameters:

1. A éaower of up to 5—10 MW in the CW node (at
Uo=200-300 kV) and up to 500— 1000 MW in the pulse mode
(at Up=08—12 MV).

2. An eificiency of about 60—80% (depending on the
power and frequency).

3. A wave length range from 2—3 em up to 0.5—1 m
(the frequency decrzase is limited by the size growth).
4. A high gain (K=30—60 dB).

5. A relatively narrow frequency band (Aw/w<<05%).
6. A high amplitude and phase stability.

These characteristics’ point out good outlooks for
the magnicon application both in accelerators and other
areas ol microwave power engineering. As to communi-
cation systems, the utilization ol the magnicon here will
be reduced to the cases when it is required to have a
higher power rather than a broad frequency band.

REFERENCES
G.1. Budker et al. US Patent 3.885.193 (1975}

G.1. Budker et al. Particle Accelerators, v.10, 1979, pp
41 —59.

[3] O.A. Nezhevenko. Dissertation, Novosibirsk 1971,

{4] V.E. Balakin ¢t al. Proceedings of the Xth SU PAC, Dubna,
1987, v.1, pp.277-280.

[6] P.J. Tallerico. 1EEETrans. Nucl. Sci.. 1983, v.NS-30.
pp.3420-3423.

[6] M.M. Karliner et al. Invent. Certificate 1110335, Sov. Bull.
Inventions, N 4, 986.

[7] M.M. Karliner et al. NIM-A, v.A269, N 3, pp.459-473, 1988.

[8] M.M. Karliner el al. Preprint INP 87-64, Novosibirsk, 1987

{9] M.M. Karliner et al. Preprint INP 82-147, Novosibirsk, 1982.

PAC 1991



(10} VB Akimov ot al. In Proc. ol EPAC {Nice, 1990) 1o be publis-

[13] MM Karliner et al. Preprint INP 83-143, Novosibirsk, 1983,
[ t4] A N.Belov ¢t al. Preprint INP 88-66, Novosibirsk, 1988.
5]y

hed in World Sci. Pub

hed i World Sei. Pub.

[T AE. Viicks et al. SLAC-PUB-4546, 1988.

12 MM Karliner et al. Invent. Certificate 1043761, Sov. Bull,
Inventions N 35, 1983,

Y.V.Barvshev et al. InProc. BEAM'90 Conference to be publis-

2042

PAC 1991



