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Abstract

Constant impedance accelerator RF cavities are con-
structed from similar resonator cells that stacked to each
other. Best operation condition is achieved when all of
cells resonate in one resonance frequency with similar
quality factors. So, measurement and tuning of RF cavi-
ties is the critical step for final best operation of linear
accelerators. In this paper, the electromagnetic computer
simulations, RF measurement and final tuning of a nine
cell periodic accelerator structure was represented. All of
cavities tuned in one resonant frequency and according to
theoretical concepts we obtain nine resonant modes from
RF measurements by vector network analyzer.

INTRODUCTION

Linear electron accelerators are designed in various
types and have wide applications in medicine, industry,
agriculture and physics researches [1-2]. Main compo-
nents of RF electron Linacs are RF power generators,
power transmission waveguides, vacuum pumps and
components, electron gun and acceleration cavities [3-4].
The IPM e-Linac project is first try of Iranian scientific
societies for fabrication of RF electron Linacs based on
domestic capabilities. The main goal of this project is to
construct a 10 MeV, 10 mA electron beam in a 1.5 m
Linac section with 2.5 MW input RF power. Two different
procedures were tested for manufacturing of the accelera-
tor cavities. In the first method, the disks and rings are
stacked in the periodic arrangement by pressure of long
screws. In the second method, the shrinking is used for
placing the disks inside hallow circular waveguide. This
methods are according to procedures that have been used
in MARK I and MARK 11, III respectively Stanford Uni-
versity [5-6]. In the following sections, the simulation,
measurement and tuning of prototype accelerator cavities
are presented. At the moment, this project passes the final
assembling steps for commissioning start up.

DESIGN AND SIMULATION

By selection of 7 MV/m accelerating gradient and op-
erational parameters of linac, shunt impedance and quali-
ty factor should be calculated analytically and then opti-
mized by computer simulations. In constant impedance
TW Linacs, the structure has periodic outline with 4 geo-
metrical parameters, as shown in Fig. 1.
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Figure 1: Geometrical parameters for design of constant
impedance TW accelerator cavities.

The design parameters are 1- outer diameter of cells
(R), 2- length of cells (D), 3- web thickness between
adjacent cells (d), and 4- central beam hole radius of disks
(a) that is required for passing of electron beam and gen-
eration of electromagnetic coupling between adjacent
cells [7-8]. Since it has smallest frequency sensitivity
against dimensional errors among all of Operation modes,
m/2 phase advance was selected for cavity design. After
analytical estimation of geometrical parameters, the pre-
cise dimensions were optimized by CST Microwave Stu-
dio [9] and SUPERFISH [10] electromagnetic simulation
software. Analytical calculations and design procedure
can be found in scientific papers [11-12]. The profile of
Electric field of m/2 operation mode is represented in Fig.
2 and 3 for simulations with CST STUDIO SUIT and
SUPREFISH correspondingly.

Figure 3: Electric field profile of n/2 (Superfish).

FABRICATION

In the Fig. 4 and 5, the first separate disk and washer
prototype with screw pressure and measurement setup
was shown respectively. The highest quality factor
achieved based on this method of fabrication was 6300.
Fabrication of new prototypes for increasing the quality
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factor up to 10000 was considered based on shrinking
procedure. The prototype and its cross section after cut-
ting are shown in Fig. 6(a) and 6(b) respectively. Another
shrinked prototype with 8 periodic length and quality
factor of 9700 was shown in the Fig. 7. This prototype
was used for bead pull measurements and tuning practice.

Figure 4: The first prototype with separate disk and cop-
per cylinders.

Figure 5: Experimental setup for measurement of fre-
quency and quality factor and evaluation of them based
on variation of temperature.
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Figure 6: (a) Shrinked prototype (b) Wire cut view.

4

Figure 7: Longer prototype with 8 periodic lengths.

MEASUREMENTS AND TUNING

Cavity tuning has been done cell by cell with defor-
mation of outer wall. The frequency shift due to tempera-
ture change is calculated to be 50.7 KHz/°C for our proto-
type structure. Also, the frequency difference because of
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different dielectric constant for operation in vacuum and
tuning in environment condition should be considered.

The measurement of electric field profiles for different
modes is the first step for tuning. This step was done by
application of an automated bead pull measurement sys-
tem. This bead pull measurement system can displace
perturbing objects by different speeds along the central
axis of accelerator cavities. The smallest step of dis-
placement is 0.1 mm. The beadpull measurement system
during measurement of prototype shrinked cavity was
shown in the Fig 8.
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Figure 8: Attached bead pull system on prototype 9 cells
cavity.

Flatness of electric field along the central axis of cavi-
ties is the best measure of efficiency of tuning beside the
resonant frequency adjustment. The electric field profile
measurements can be done by two different perturbation
methods of Slater and Steele. In the Slater method the
variation of frequency or phase in fixed frequency is
measured and related to electric field strength at different
bead positions. In the Steele method, the variation in S11
parameter relative to unperturbed condition is measured
and is related to electric and magnetic field strength on
different bead positions [13, 14 and 15]. For periodic
structures in standing wave condition, the Slater method
can be used for measurement. So, we developed two
MATLAB codes for analysis and plotting of electric field
profile based on recorded results from Slater resonant and
phase measurement methods [16].

The other way of measurement and tuning of accelera-
tor cavities is application of two detuning plungers. In this
method, two plungers detune the adjacent cells of the
cavity under measurement. In one of them, an antenna is
placed on the plunger head and excites the cell. This
method was used for measurement and cell by cell tuning
of 9 cells prototype. The setup of measurement and de-
signed plungers are represented in the Fig. 9.

The electric field profile of @ and 7/2 modes before tun-
ing is shown in the Fig. 10(a) and 10(b), respectively.
Also the measurement after tuning and simulation results
were shown in the Fig. 11(a) and 11(b) for = and n/2
modes respectively.
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Figure 9: cell by cell Measurement and tuning of proto-
type.
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Figure 10: The electric field profile before tuning for (a) ©
mode, (b) ©/2 mode.
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Figure 11: CST and SUPERFISH simulation and bead
pull measurement results in Red, Blue and Green colours
(a) ® mode, (b) 7/2 mode.

The measurement results of normal modes in pass band
were measured by network analyzer before and after
tuning are also represented in Fig. 12(a) and 12(b) respec-
tively.
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Figure 12: Frequency spectrum of nine cell disk loaded
cavity (a) before tuning (b) after tuning.

CONCLUSION

Test result of initial Disk-Ring prototypes showed that
this method suffers from low quality factor and difficulty
to reach to required vacuum level. Fabrication of tubes
with 3 and 9 cavities using shrinking method showed that
this method can be still suitable and efficient for con-
structing travelling-wave tube cavities. In Disk-Ring and
Shrinked prototypes, quality factors improved up to 6300
and 9700 respectively. The maximum deviation between
nominal and measured frequencies of all cells is better
than 0.15 MHz after tuning. The results explained in this
paper were used for fabrication and tuning of the main
accelerating and bunching cavities of the IPM electron
linear accelerator project. Also these investigations show
the efficiency of shrinking method for improvement of
quality factor of first prototypes and their better character-
isation such as case of storage ring prototype cavities.
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