VI B HAVE RN IVGE RS [T
B EEAIELEERT

Equivalent circuit
model of cyclotron
RE system

INTRODUCTION

A particle accelerator 1s a machine that uses electromagnetic
fields to propel charged particles to nearly light speed and to
contain them 1n well-defined beams [I]. One kind of
accelerators are oscillating field accelerators, which use radio
frequency electromagnetic fields to accelerate particles, and
circumvent the breakdown problem. Also Circular accelerators
partition to several types such as; Cyclotrons, Synchrocyclotrons
and 1sochronous cyclotrons, Betatrons and etc. [2].

Cyclotrons which 1s our discussion about, are accelerators 1n
which particles are propelled in spiral paths by the use of a
constant magnetic field. This accelerator was invented for the
first time by Ernest O. Lawrence 1n 1932 [3]. The cyclotron was
one of the earliest types of particle accelerators, and 1s still used
as the first stage of some large multi-stage particle accelerators.
It makes use of the magnetic force on a moving charge to bend
moving charges 1n a semicircular path between accelerations by
an applied electric field. The applied electric field accelerates
electrons between the "Dees" of the magnetic field region. The
field 1s reversed at the cyclotron frequency to accelerate the
electrons back across the gap [4] One of the main parts of the
cyclotron 1s the RF cavity. In this paper we have proposed the
circuit model to consider the cyclotron RF cavity response to
analyze 1ts behavior 1n resonance frequency.

RF CAVITY STRUCTURE

With regard to the overall structure of the cyclotron accelerators
been described above, its different parts is 1llustrated in below
Figure. The main parts of such a device 1s a resonator which
provides resonance at considered frequency. Resonator
structures are different. The oscillations 1n a resonator can be
either electromagnetic or mechanical.[5] In the cyclotron
accelerator, the cavity resonator 1s used. Due to the low
resistance of their conductive walls, cavity resonators have very
high quality factors; that 1s their bandwidth 1s very narrow.
Thus, they can act as narrow band-pass filters. [5] The different
cavity designs are depending on the specifications and
geometric layout of a cyclotron [6].
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Therefore, a coaxial resonator in fixed frequency, double gap
and superconducting can be suitable for this application. But as
mentioned, the cyclotron, because of the conditions governing
the charged particle rotation, requires a region in the center of
the resonator to get energy to the particles through an electric
field. As a result, in the center, 1t has to be a horizontal plate,
called Dees, with a certain angle that generate the electric field,
between the coaxial inner core and its outer shell which gives
the required energy to the particle in each round of rotation.
As a result, the appropriate resonator for such a system 1is
composed of a cylindrical coaxial plus a roughly triangular
shape coaxial which become a short-circuit at the end. Thus, 1n
such state, 1n the resonance frequency, the impedance of coaxial
TEM waveguide as resonator will be infinity because of creating
the open-circuit on the other end, which physically will
connected with Dees and so, the wave transmit completely.

short circuit A/4 transmission line, Equivalent Transmission Line

Also, 1n the other frequencies, the resonator attenuates the
transmitted wave. Generally, 1t performs like a band-pass filter
at the resonance frequency. Therefore, the resonator 1s modeled
with two transmission line that have different length,
characteristic impedance and phase constant.
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Overall structure of the RF cavity

EQUIVALENT CIRCUIT MODEL

The dimension of the resonator including, the quarter
wavelength transmission line, calculate in some steps. At first,
the phase constant of both cylindrical and triangular
transmission line calculated separately. With simple calculation
can be shown that the phase constant of both structures are the
same as free space phase constant. So the overall structure
length of these two parts will be equal to designed coaxial
structure length.

Hence, 1n overall, resonator 1s a short circuit transmission
line which 1ts input impedance calculate by Zin=) Z0 tan(pl).
As 1t can be shown at circuit model, there 1s two resonance
point which 1s repeated frequently. These resonances occur
in 1nfinity and short circuit impedances which can be
modeled with parallel and series LC circuit respectively.
Since our resonance point 1s near the open circuit
impedance. So we used parallel LC equivalent circuit. The
part called Dees are attached to the mner conductor of
coaxial. The Dees are triangular shape as i1t explained
previously. For analyzing the circuit model of the coaxial
resonator, 1f the region between electrodes 1s a vacuum,
TEM waves propagate with w/k =c. Therefore, the line has a
capacitance C and inductance L per unit length given by
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for cylindrical coaxial lines. But in the overall structure,
these relations can’t be applied.

Another case that distinguishes this designed resonator from
conventional one, 1s the necessity of the Dee part of this
structure which discussed about it earlier. This part 1n
resonator works such as a diaphragm 1n a waveguide. We
considered the effects of the diaphragm structures in the
triangular transmission line. According to electromagnetic
consideration, TEM mode waves propagate 1nside the
coaxial waveguide which at the diaphragm part has a
capacitance effect between 1t and the outer conductor in both

sides and inductance effect because of junction of the diaphragm
with the inner conductor of coaxial line. [ 8] The magnetic fields are
almost 1dentical to those of the standard transmission line except for
field exclusion from the Dees.
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Furthermore, ‘the diaphragm modeled in CST and its scattering
parameters versus frequency has demonstrated in below Figure. It
indicates several resonances which some of them are band-pass
and another one are band-stop which show diaphragm behavior in
this frequency interval as a parallel LC and series LC respectively.
So the proper circuit model of this portion as examined with CST
simulation will be an LC in the series and another LC in parallel
which connected to each other.
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RESULTS AND CONCLUSION
According to discussion previously, resonator itself works as a
transmission line band pass filter and diaphragm acts as two LC
circuit 1n series and parallel. So as it can be seen, diaphragm cause
a notch in transmission power versus frequency 1in the higher than
the resonance frequency of the resonator. So i1t should keep away
from the resonance frequency sufficiently. Therefore, 1f relation of
diaphragm’s L and C parameters to be Lo<l/Cw, because of the
inductive effect on the resonator, it decreases the resonance
frequency of the total structure, and so if Lo>1/Cw because of the
capacitive effect on the resonator, 1t increases the resonance
frequency. Of-cource, it also 1llustrates that the diaphragm makes
better quality factor and decreases the resonance frequency. It
could be tuned again via changing the resonator dimension. So in
the final design includes the four similar resonators with a
diaphragm which locate symmetrically in top and down of electron
beam revolution path and in the left and right sides. In the
equivalent circuit, these parts are parallel with each other. The
circuit model demonstrates that the combination of all four
sections makes the better quality factor.
According to previous section discussions, resonator, diaphragm
and couplers simulated in CST software. Here should be the
structure’s scattering matrix to take the effect of the resonator and
the diaphragm to consideration. The phase of scattering parameter
S11 of this short circuit line and 1its characteristic impedance in our
desired resonance frequency in IranCYCI10 which 1s at 71 MHz,
has obtained. As a results of this simulation, the equivalent
transmission line length or Bl value will be -19.15 and -21.91 at the
resonance frequency for cylindrical and triangular coaxial line
respectively. So the equivalent capacitance and inductance will be
calculated. Consequently, we found a accurate circuit model to
design RF cavity which the comparison of the model and CST
simulation indicates the acceptable engineering accuracy. So it
could lead us to consider the such structure with microwave circuit
model to calculate its different parameter values to have
appropriate cavity with high quality factor without any time
consuming simulation.




