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This paper presents the results of a survey study that analyzed the possibility of using a magnetic coupled disk-
loaded waveguide as an accelerating structure in travelling wave (TW) regime. The electrodynamics parameters of
such a structure at various modes in C-band for a wide range of phase velocities as a function of aperture radii and
coupling slot sizes are presented. This accelerating structure is applicable for forward or backward wave operation
modes. The version of a 10 MeV combined accelerator with a standing wave (SW) coupler and a TW magnetic cou-

pled accelerating structure is proposed.
PACS 29.17.+w, 29.27.Eg

1. INTRODUCTION

As one knows, one of the most popular accelerating
structures for linear accelerators is a disk-loaded struc-
ture (DLS) working on an E,; travelling wave (TW)
with electric and biperiodical accelerating structure
(BAS) working on standing wave (SW) a with magnetic
coupling.
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Fig. 1. Magnetic-coupled disk-loaded structure

The TW magnetic coupled DLS presented at Fig.1
possesses the advantages of both classical DLS (small
filling time) and BAS (high shunt impedance and cou-
pling coefficient). As the coupling of such a structure is
affected by magnetic field, its dispersion would be
negative. This kind of structure would be compactly
called a negative dispersion structure (NDS).

Increasing the period D we can achieve working
modes higher than 7. In this case the dispersion of the
structure would be positive again. This kind of structure
would be compactly called a positive dispersion struc-
ture (PDS) [1,2].

It is of interest to calculate the electrodynamical pa-
rameters of these structures (first of all shunt imped-
ance, group velocity and attenuation) as functions of
mode and some geometrical dimensions (accelerating
gap, aperture and coupling gaps).

2. ELECTRODYNAMICAL PARAMETERS
2.1. STRUCTURE WITH NEGATIVE DISPERSION

The structures working on modes close to m are per-
spective to use in linear accelerators with a high accel-
eration temp. Increasing shunt impedance while having
a high coupling coefficient is the general aim of struc-
ture optimization.

The resonant model of the NDS designed for 4n/5
mode and electric field distribution are shown at Fig.2.
The structure has been tuned to work at 5712 MHz re-
sonant frequency.

Fig.2. Resonant model and E-field distribution
of 4n/5 mode NDS

The dependence of principal electrodynamical pa-
rameters to phase velocity is presented at Table 1. These
results have been obtained for coupling gap span angle
90° and normalized aperture a/A=0.04.

Table 1
Electrodynamical parameters of the NDS with different
phase veloci

Phase Velocity 1.0 |08 |06 |04
Shunt Impedance,

MQ/m 143 | 132 | 69 67
Coupling coefficient, % | 12.0 | 13.7 | 18.0 | 27.3
Attenuation, 1/m 0.11 | 0.12 | 0.11 | 0.12
Group Velocity, % -6.1 | -6.5 | -8.0 | -10.5

Shunt impedance of this structure appears to be quite
high, this is because of a small aperture what is undesir-
able. Thus, the dependence of these parameters with a
respect to aperture size is a question to research. The
results are presented in Table 2. The phase velocity is
considered to be 1.0 and coupling gap span angle is 75°.

Table 2
Electrodynamical parameters of the NDS
with different aperture
Normalized aperture 0.04 | 0.07 | 0.1 | 0.14
Shunt Impedance, MQ/m| 85 73 56 |39
Coupling coefficient, % | 7.7 |73 |72 | 6.6
Attenuation, 1/m 0.14 | 0.15 | 0.16 | 0.17
Group Velocity, % -59 | -57 | -55 | -54

The values of shunt impedance now are comparable
to the DLS ones, while the group velocity and coupling
coefficient are much higher and could be increased by
expanding the coupling gap.

2.2. STRUCTURE WITH POSITIVE DISPERSION

For this structure it is interesting to research the de-
pendences of electrodynamical parameters of the geo-
metrical dimensions and operating modes in fact to ob-
tain its optimal performance.
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First the aperture size has been varied from 0.04 to
0.14 like in NDS, while the operating mode was consid-
ered to be 6m/5, phase velocity 1.0 and other geometri-
cal dimensions were fixed. Another important depend-
ence is of the phase velocity, as the TW buncher con-
sists of different phase velocity cells. The dependence
diagram of shunt impedance can be observed on Fig.3,
while the one of group velocity is presented on Fig4.
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Fig.3. The dependence of PDS shunt impedance
Vs aperture size

Thus, the values of shunt impedance and group ve-
locity are high enough in the whole range of the aper-
ture radius. It is important because this size varies much
both in TW buncher and in accelerating part with con-
stant gradient to obtain the necessary field strength.
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Fig.4.The dependence of group velocity vs aperture size
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Fig.5. The dependence of PDS shunt impedance

vs operating mode
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Now it is necessary to determine what operating
mode is optimal. The dependences of this structure’s
shunt impedance of an operating mode for the cases of
two different coupling coefficients are presented on
Fig.5. The normalized aperture size is considered to be
0.1. The maximum of the shunt impedance is achieved
on modes near 47/3.

Comparing the electro dynamical parameters of PDS
working on 4m/3 mode, NDS working on 3n/4 and DLS
working on classical 2n/3 mode with a/A =0.1 and the
coupling gap span size was chose such to obtain group
velocity around 4.5%, we see that PDS has the highest
shunt impedance and group velocity. This comparison
results are presented in Table 3, where Q stands for
quality factor and a for attenuation.

Table 3
Parameters of different TW structures
a/h Type Ish, MQ/m Q a, 1/m Bgrs %
0.04 | PDS 173 11500 | 0.108 | 4.8
NDS 86 7400 | 0.145 |59
0.07 | PDS 159 11500 | 0.116 | 4.5
NDS 73 7520 | 0.151 [ 5.5
0.10 | PDS 140 11300 | 0.120 | 4.4
NDS 56 7130 | 0.156 | 5.7
DLS 87 9070 | 0.660 | 1.0
0.12 | PDS 103 9800 | 0.139 | 4.4
NDS 39 6710 | 0.173 | 5.4
DLS 65 9000 | 0.208 | 3.2
0.14 | PDS 79 8600 | 0.166 | 4.2
NDS 39 6710 | 0.173 |54
DLS 65 9000 | 0.208 |3.2

3. COMBINED ACCELERATOR
3.1. HYBRID STRUCTURE

Consider using PDS as an accelerating structure in
electron linac designed for cargo inspection systems.
This linac should have an output energy equaled to
10 MeV. To achieve this flexibility the beam loading
should be used, thus the output current should be high
enough.

Such an accelerator should have the particle capture
as high as possible, while being as short as possible.
This can be reached by using a hybrid accelerating
structure with a 3 cell SW BAS buncher, which allows
to achieve high capture on a short length and TW accel-
erating part. For this accelerator PDS structure working
on 4m/3 mode with a/A= 0.1 has been chosen.

3.2. INPUT COUPLER

The RF power is input into the first TW cell. To en-
sure symmetry of the field in this cell, opposing WR187
waveguides are connected. One of these waveguides is
short-circuited by the metal pin and is used for vacuum
pumping. Fig.6 shows the model of this coupler as well
as the electric field intensity.

Fig.6. Input coupler in the hybrid structure

The SW buncher was considered to be identical to
the one used in the SW cargo inspection accelerator.
The parameters of the cells are shown in Table 4.
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Table 4
SW structure parameters

3.3. ELECTRON DYNAMICS
For this coupler geometry the following distribution

The input coupler has been tuned to provide a TW re-
gime in the accelerating part at the 5712 MHz operating
frequency. The output cell radius and coupler gap width
have been chosen so that a complex electric field on the

Cell Phase Effective shunt Coupling o of the electric fields 'normalized to the one in the first
number | velocity | impedance, | coefficient, . © TW cell has been achieved.
MQ/m % Table 5
1 0.67 50.3 38.9 5540 Electric Field Distribution
2 0.42 28.2 13.5 5680 N 1 2 3 4 51617(18]19]10
3 0.78 97.6 10.9 6800 E/Etw | 042 | 098 | 16509 |1 |1 |1 ]1]1]11

For this data the dynamics of the electrons in such
an accelerator has been calculated with a help of
PARMELA and Hellweg codes. The input and output
parameters of the accelerator are presented in Table 6.

axis would be equal in the centers of each cell (Fig.7). Table 6
] Combined Accelerator Parameters
o f Input Power, MW 4.5

W - Pperating Frequency, MHz 5712

§ ~—H 7 ) S s e Number of Cells 3+28

- B Output Energy, MeV 10.8

S - Input Current, mA 200
et £ ! Output Current, mA 135

Ra Capture Coefficient, % 67.5
n “ iy . * Energy Spectrum, % 48
Fig.7. Complex electrical field distribution on the axis Phase Length, grad 35
of the structure Length, m 0.98
Then, the input cell radius and coupler gap have CONCLUSIONS

been tuned so, that there would be no reflection to the
input port. The S11 parameter distribution is shown at
Fig.8. The peaks near the resonant frequency stand for
the resonances excited on the nearest modes.
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Fig.8. Frequency characteristic
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The electrodynamics parameters for the magnetic
coupled disk loaded structure have been calculated both
for positive and negative dispersions for the 5712 MHz.

The possibility of using a PDS in the combined ac-
celerator been considered. The RF input coupler for this
accelerator has been developed and tuned. The electron
dynamics for this structure has been calculated.
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YCKOPSIIOIIAS CTPYKTYPA C MATHUTHOM CBSI3bIO MEXKITY SYEMKAMU
C.B. Kyuyaes, H.Il. Coboenun, A.A. 3asaoues, P.O. bonzos, I1.K. /lagblo06

[IpuBeseHb! ANMEKTPOANHAMUYECKIE XapaKTEPUCTHKU KPYIJIOro JuadparMUpOBaHHOTO BOJIHOBO/A C MarHUTHOM
ces3pio B CBYU-nnana3zone Ha pasHbIX BHIAX KoyeOaHMH M pa3HbIX 3HaueHHsX (a3oBOW CKOPOCTH BOJHBI B (YHK-
LUK paJidyca arepTypbl ¥ pa3MepoB MIeeH CBsI3H. Y CKOPAIOIIasi CTPYKTYpa TaKoro THIIa MOXET paboTaTh B PEXH-
Me TpAMOH WM O0O0paTHOH BOJHBEI. PaccMOTpeH BapmaHT KOMOMHHPOBAaHHOTO ycKopuTelns Ha »Hepruio 10 MaB c
TpyNIHpOBaTEIeM, pabOTAIOMINM B PEKHUME CTOSUEH BOJIHBI, M YCKOPSIONIEH YacThi0O Ha OCHOBE CTPYKTYPBI C Mar-

HUTHOM CBS3BIO C MOJOKUTEIBHOM IUCIIEPCHEN.

INPUCKOPIOIOYA CTPYKTYPA 3 MATHITHHUM 3B'SI3KOM MI’K KOMIPKAMUAX
C.B. Kyuacs, H.Il. Cobenin, A.A. 3asaoues, P.O. bonzos, ILK. /lasuoos

Hageneno enekTpoarHaMIYHI XapaKTepUCTUKK KPYTIIOro aiadparMOBaHOTO XBHJIEBOJY 3 MArHiTHUM 3B'SI3KOM B
CBUY-niama3oni Ha pi3HUX BHJAX KOJMBaHb 1 PI3HMX 3HAYEHHSAX (Da30BOI IIBUAKOCTI XBWI Y QYHKIIT pagiycy amep-
TypH 1 po3MipiB IIUIMH 3B'13Ky. [IpHCKOpIOOYa CTPYKTYpa TAKOrO THUITY MOXKE IMPaIfOBaTH B PEXKHMI IpsMOi abo
3BOPOTHOI XBWIi. PO3MISIHYTO BapiaHT KOMOIHOBAHOrO IIPUCKOpIOoBaua Ha eHepriro 10 MeB 3 rpymyBsauem, 1o mnpa-
IFO€ B PEXKUMI CTOSIIiH XBHJII, i MPUCKOPIOIOYOI0 YACTHHOIO HAa OCHOBI CTPYKTYPH 3 MAarHITHUM 3B'SI3KOM 3 TIO3UTHB-

HOIO JIUCIICPCIENO.

50




	УСКОРЯЮЩАЯ СТРУКТУРА С МАГНИТНОЙ СВЯЗЬЮ МЕЖДУ ЯЧЕЙКАМИ 

