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Abstract

The report presents design and simulated performances
of the S-band el ectron bunching system based on coupled
cavity chain in which the on-axis field amplitude
changing substantially from the cell to the cdl. For
redization of such field distribution the operating
frequency of the bunching system, which is close to the
eigen frequency of the last cdll, is higher than frequency
of the “1" mode of the rest part of the bunching system.
Cdl lengths are chosen in the way to get the effective
bunching and accelerating of the beam from the initial
energy of 25keV to the energy about 1 MeV with the
current of 300 mA. The bunching system can be used in
electron linacs both for fundamenta researches and for
radiation technologies.

INTRODUCTION

An injector substantially defines beam characterigtics on
a linac exit. It is known, that the increasing of amplitude
of an accelerating field on the initial stage of acceleration
when phase motion of particles is not frozen alows
receiving small phase length of bunches at low energy
spread [1]. Bunchers, which use such principle, are
described, for example, in [2-4]. Resonant systems of the
first and the second of them are a section of non-uniform
biperiodic waveguide with magnetic coupling and the
third one uses the section of non-uniform dick loaded
waveguide (DLW) with the large attenuation of a counter-
propagating wave. In [5,6] it was offered to use for this
purpose a section of homogeneous DLW exited on the
frequency that lies beyond the pass-band of corresponding
infinite waveguide. Simulations of longitudina motion of
particles with the self-consisted mode of the weakly
coupled cavities [5,6] has shown that such system
consisting of five cdls is able to group low-voltage (25
keV) beam and to accelerate it up to energy, sufficient for
injection in accelerating section with constant phase
velocity. Besides, it was shown, that in such buncher at
beam loading up to 1.5 A the field distribution does not
change substantially. Therefore to simulate particle
dynamics in the steady state mode it is possible to run the
PARMELA program [7] using field distribution obtained
with a SUPERFISH group of codes [8]. Intensive study of
beam dynamics in the bunching system showed that
longitudina and transversal motion of particles is
complicated. In particular, at the large change of energy
of particles (from 25keV to 1 MeV) the efficiency of
homogeneous structure decreases. Besides, on the initial
stage of bunching particles undergo defocusing action of

“psa@kipt.kharkov.ua

0-7803-7739-9 ©2003 |IEEE

1605

a RF fidd that imposes requirements on the transverse
characteristics of an input beam. Development of a
buncher on the basis of a section of inhomogeneous DLW
excited in a sop-band was the result of carried out
rescarches. Design of the bunche, smulated
performances of an output beam as well as measured on-
axis fidd distribution of a buncher prototype for “cold”
tests are presented below.

DESIGN AND CHARACTERISTICS OF
THE BUNCHER

The buncher consists of a chain of five coupled cavities.
The coupling of cavities implemented through central
holes for beam passing. The sizes of the holes were
sdlected equal each other. For realization of required on-
axis fidd distribution, the operation frequency of a
buncher, which was close to the eigen frequency of the
last cell, was selected higher than the frequency of the "1t
mode of oscillations of aremaining part of the buncher. In
this case the phase advance of a fidd on a cell remained
equal Tt

The preliminary calculations of the bunching system
were made on the basis of self-consistent model of
weakly coupled cavities. Further smulation of the system
was carried out with SUPERFISH and PARMELA
programs. To do so the configuration of a resonant system
obtained as aresult of preliminary calculations, was some
changed in view of finite width of disks and fringing
fields on an entrance and an exit of the buncher that were
not taken into account in the preliminary calculations.

As the buncher is intended for bunching and
accderating of a unmodulated beam, to take space charge
forces correctly the input beam was represented by bunch
with length of 587, where 8 is initid relative speed of
particles, A is operating wavelength. The cdculations
were conducted for an electron beam with initial energy
of 25 keV and current about 300 mA.

The purpose of calculations and simulaions was the
definition of lengths of the first and the last cels
providing the required characterigic of a beam. The
period of cells located between the first one and the last
one were chosen equal to 0.22 A according to the
preliminary calculations. Such choice was stipulated by
rather smple adjustment of aresonant system in this case.

To reduce influence of a space charge on a transversd
emittance, the electron gun should be placed close to the
bunching system as much as possible. Therefore in the
developed buncher the inlet opening for injection of a
beam is an anode of the gun. Estimations with
approximation of a laminar flow on the base of a
technique [9] without taking into account action of a RF
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field on particle motion have shown that the transporting
of a beam on necessary distance can be carried out
without application of magnetic lenses. However, for the
implementation of calculated parameters of a beam it
would be required to increase diameter of a focusing
electrode of a gun excessively. Besides, as smulations of
particle dynamics in a buncher showed, small radius of a
beam in a waig in this case increases value of phase
width of bunches because of influence of space charge
forces. It has forced us to refuse optimum conditions of
transportation and to accept the conciliatory solution
taking into account features of longitudinal motion of
electrons in the buncher and technical feasibilities of gun
manufacturing. The final solution was found by
successive running the EGUN [10] and the PARMELA
codes. The computational parameters of the gun and Figure 2: Simplified view of the buncher (1 —cooling

0.7 4

characterigtic of a beam without taking into account ducts; 2 —resonant system; 3 - waveguide; 4 - tuning
influence of aRF fidd arelisted in Table 1. unit).
Table 1: Computationd parameters of a gun and Table 2: Characterigtics of the buncher
characteristic of abeam -
i Par ameter Value Units
Par ameter Value| Units Operating frequency 2797.15 |MHz
Cathode val tage -25 kV Quality factor 12300
Cathoderadius 25 |mm Power lossesin walls 480 kw
Normalize beam emittance (10) |41 |mimitrad| |["Maximum fidd ontheaxis |36 MV/m
Distance from the front cut of the |40 | mm Current at theinjector output | 0.28 A
arrl]ode apert:(;g to_thehbean_\ wald 5 Normalize emittance (1 o) 18 Tihmifrad
-El;e:mbecal Irlr(rantlus Inthewaist é 3 Z‘m A (for 70 % of particles) 20 deg
u s : - AW/W (for 70 % of particles) |7 %
As a result of the carried out researches of particle —

L ) o Capture coefficient k, 93 %
dynamics in the buncher the optimum distribution of an A 267 eV
on-axis field for a case when three middle cells have the Mver_age enargy 863 keV
identical sizes was determined. This distribution is shown SHTHM A Gy €
in Fig. 1 by continuous line. Fig. 2 shows the simplified | Béam O (for 70 % of 3 mm
view of the buncher designed on the base of smulations. | Particles)

Buncher characteristics and characteristics of a beam on it A;gx,v 03-9 mm
exit are listed in Table 2. Fig. 3 shows phase and energy
spectra, emittance and transversal profile of abeam. It can
be seen, that the designed buncher can be utilized in B TN
linacs both for fundamental researches and for radiating " E , o o
technol ogies. £ = T
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Figure 1: Digribution of on-axis field amplitude: 0 0 .
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Figure 3: Beam characteristic on an exit of the buncher.

One of the important stages of a buncher creation was
the development of a technique of adjusting of a resonant
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system for obtaining necessary distribution of the on-axis
field on an operating frequency. With this purpose the
prototype of a resonant system for "cold" measurements
was manufactured and adjusted. The technique of the
adjusting consists in following. At firg the frequency of
the "' mode of a homogeneous segment of the system
(cells number two, three and four) was found by the
SUPERFISH. Then the stack of three identical cavities,
restricted with cavities of half length, was adjusted to
obtain the "1t' mode on this frequency taking into account
frequency shifts due to brazing, evacuating and difference
between the operating temperature and temperature, at
which the adjusting is carried out. The cavities were
adjusted by lathe boring of their diameter at several steps.
After each step the distribution of the on-axis field was
checked up by a bead pull method. If it was necessary
amplitudes of field in cavities were matching by the
additional boring of the cavity with larger amplitude.
Then the first haf-length cavity of the stack was changed
on the first cavity of a buncher and its diameter was
adjusted to restore the frequency of the "' mode of the
stack. After that the last half-length cavity was swapped
with the fifth cavity of the buncher. By changing its eigen
frequency the stack was adjusted on the operating
frequency of 2797.15 MHz taking into account the above-
mentioned frequency corrections. In such way the
required on-axis field distribution on operating frequency
was obtained. It is necessary to note, that the
measurement of a field distribution in such system has
some distinctive because of the amplitude in the fifth
cavity exceeds more than 100 times its value in the first
one, so the bead should be enough big. The metal cylinder
with diameter of 4 mm and length of 6 mm was used. For
measurements the technique [11] was used, which alows
determining the change of a resonance frequency with a
relative mean square error of 6[10° at a loaded quality of
a cavity about 10000. Simulation of process of
measurement with the SUPERFISH showed that errors of
the method are —13% for the maximum field in the first
cavity and —2,7% for that in the last one. The above-
mentioned errors are the best trade between ability of
apparatus and influence of the bead on the fied
distribution. The measured on-axis digtribution of the
field amplitude of the prototype is shown in Fig. 1 by
points.

Encouraged with good performances of the devel oped
buncher we studied possibility of further improvement of
beam characteristics by some complicating a resonator
system of the buncher. For optimization of eectron
dynamics in the buncher it is necessary to change length
and eigen frequency of each cavity separately, that,
however, will not cause essential change of the design of
the buncher. Simulations showed that it is possible to get
bunches with phase length of 9° and reative energy
spread of 5% (for 70% of particles in bunch). Transversal
normalized root mean square emittance of a beam is 16
Tithmthrad in this case. In our opinion, theinjector on the
basis of such buncher can be used even in infrared free
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electron lasers. However it is necessary to mark, that the

adjustment of the resonant system will be more
complicating because of necessity of independent

adjustment of each cavity. Now a technique of adjusting
of a buncher with the optimized field distribution is under
development.

CONCLUSION

Being based on results of research of eectron dynamics
in bunching systems on evanescent oscillations with self-
consistent model of weakly coupled cavities as well as
with the SUPERFISH, PARMELA and EGUN codes the
design of a S-band buncher and technique of its adjusting
were developed. The buncher effectivdly forms of
electron bunches and accel erates them from initial energy
of 25 keV to energy about 1 MeV at a current of 300 mA.
The buncher can be used in eectron linacs both for
fundamental researches and for radiation technologies.
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