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It is necessary to adjust the resonant frequency of the accelerating structures during operation of high-frequency
linear accelerators on the H-wave. The deviation of the resonant frequency of the resonator from the calculated
value is due to the connection of input devices and control of RF power when changing the level of matching of the
resonator with the feeder line that transports the RF power to the resonator, as well as when changing the tempera-
ture mode of the resonator. The problem is especially urgent when the accelerator structure consists of several reso-
nators. The paper presents the designs of several resonant frequency tuners and the results of their research. The
influence of the change of the frequency of oscillations excited in the accelerating structure on the parameters of the

accelerated beam is considered.
PACS: 29. 20. Ej

INTRODUCTION

The development of linear accelerators of ions oper-
ating on the H-type wave is due to the expansion of a
number of physical problems solved with the help of
charged particle beams. Structures on the H-wave,
unlike the resonators operating on the E-wave, have
smaller dimensions and volume of energy. High values
of shunt resistance, higher acceleration rates and low
injection energy. The modes of high-frequency excited
oscillation in such structures differ from the basic mode
used to accelerate particles by several tens of mega-
hertz. Such structures are more stable with changes in
temperature. However, when operating the accelerators,
there is a necessity of exact adjustment the resonator to
the operating — resonant frequency and to stabilize it
during operation.

In the process of creating an accelerating resonator
in the final stage, the control and tuning of the electro-
dynamic characteristics (EDC) of the resonator is car-
ried out. Measured resonant frequencies of the working
mode of oscillations and several higher modes, the qual-
ity factor, the correspondence of the acceleration field
distribution on the resonator axis to the requirements
determined during the development of the acceleration
channel is checked. This process is carried out in the
absence of devices that connect to the resonator during
operation. Connecting such devices and matching them
with the accelerator resonator causes the resonator pa-
rameters to deviate from the calculated values. The de-
viation of the resonator parameters can also occur when
changing the resonator temperature during the accelera-
tor operation. To compensate for the deviation of the
resonant frequency from the calculated value in the
resonators, special devices adjust. The required tuning
range of the resonant frequency is determined by the
requirements of the joint operation of the accelerating
structure with the sources of RF power and systems for
automatic control of the RF parameters in the resonator
in the process.

64

ADJUSTMENT FREQUENCY
IN H-RESONATOR

The loaded H-resonator is a system of coupled cir-
cuits formed by the inductances and capacities of the
drift tubes and their attachment elements in the resona-
tor. It is convenient to use a method similar to that used
to adjust the resonator to the given EDC to adjust the
resonant frequency to the calculated value [1]. It is
based on the dependence of the high-frequency parame-
ters of the resonator on the change in the frequency
characteristics of the acceleration periods (connected
circuits), which have a strong connection between them-
selves and the general field of the resonator. Adjusting
the resonant frequency by changing the parameters of
the acceleration periods after tuning the resonator to the
given parameters is impossible, as it will lead to a de-
viation of the acceleration field distribution from the
calculated one. Therefore, various passive resonant de-
vices are placed in the resonator to adjust the resonant
frequency. Such devices — frequency tuners must couple
with the high-frequency field of the entire resonator,
that is, create an additional system of connected circuits
between the resonator and additional resonant device.
The processes occurring in the system resonator — fre-
quency tuner are similar to the processes occurring in
the coupled RF circuits. Changing the resonant fre-
quency of the tuner causes a change in the resonant fre-
quency of the coupled circuit, and hence the frequency
of resonator. The frequency tuner is coupled to the reso-
nator through the magnetic component of the resonator
electromagnetic field. The type of the change in the
resonant frequency and the magnitude of the adjustment
are determined by the ratio of the resonant frequencies
of the circuits and the coupling coefficient between
them.

Variant of the frequency tuner of the type of the loop
with the concentrated capacity is shown in Fig. 1. Con-
structively resonant contour of the tuner is made as a
closed flat coil of copper plate loaded on the capacity.
The capacitors were flat parallel plates formed by the
bends of the copper plate of the coil.
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Fig. 1. Resonant frequency tuner mofhé ti/pe of the loop
with the concentrated capacity

The adjustment of the frequency of the tuner, and
therefore the coupled resonator, was realized by chang-
ing the distance between the plates of the capacitor by
means of a rod with a micrometer screw. The tuner was
mounted on the inner side surface of the resonator. The
contour axis is arranged parallel to the axis of the accel-
erator channel so that it coincides with the longitudinal
component of the magnetic field excited in the resona-
tor. The interaction with the high-frequency field of the
resonator was carried out with the longitudinal compo-
nent of the magnetic field excited in the resonator.

Fig. 2 shows a typical frequency diagram for the
first three modes of oscillation obtained in the study of
the H-resonator.
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Fig. 2. The dependence of the frequency spectrum
of the H-resonator on the value capacitance
of the frequency tuner

The dotted line plots the resonant frequency of the
first mode used to accelerate. The resonance frequency
tuning range is related to the magnitude of the coupling
factor between the tuner and resonator circuits. To ex-
tend the range, it is necessary to increase the mutual
inductance of the circuits, that is, the size of the tuner’s
loop. But this will increase the reactivity of the coupling
between circuits, which will impair the EDC of the
resonator. In addition, the size of the tuner is limited by
the condition of small perturbation of the characteristics
of the resonator with additional devices that accommo-
date the middle cavities of the resonator. Thus, the fre-
quency adjusting range of the loop with the concen-
trated capacity is limited, among other things, by the
size of the device. The resonant frequency tuner which
shown in Fig. 1 provided a frequency adjustment range
within 1 MHz.

The simplest design of the frequency tuner is a turn
closed on itself. It had the appearance of a closed ring in
the form of a semicircle. The turn was made of copper
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wire 6 mm thick. The half-circle portion of the contour
was connected to the lateral inner surface of the resona-
tor by means of a sliding contact. The flat part was
turned to the holders on which the drift tubes of the ac-
celerator channel were attached. The H-resonator of the
MLUD - 3 accelerator was used as the resonant circuit
[2]. The location of the tuner in the resonator is shown
in Fig. 3.

Fig. 3. Resonant tuner type of turn closed on itself

As in the first case, the circuit interacts with the lon-
gitudinal component of the high-frequency magnetic
field of the resonator. Frequency adjusting was per-
formed by rotating the circuit around its axis, which
provided a smooth change in the coupling coefficient
with the electromagnetic field of the resonator by
changing the effective area of the loop. The maximum
turning angle was 90°. The frequency tuning range was
0.5 MHz. The dependence of the frequency spectrum in
the resonator is similar to the dependence presented in
Fig. 2. In the horizontal position of the circuit, the reso-
nant frequency of the resonator — circuit system was
equal to 98.2 MHz. With the vertical position corre-
sponding to the maximum interaction area, the fre-
quency was 97.7 MHz. Q-factor of the resonator varied
from 7700 at 98.2 MHz to 6800 at 97.7 MHz. The sec-
ond and third modes of oscillation in the resonator had
frequencies of about 133 and 335 MHz, respectively.

In order to reduce the influence of additional devices
on the EDC of the resonator a system for resonance
frequency tuning was developed that consisted of two
feeder adjusters located outside the resonant cavity on
the outside of the accelerator vacuum chamber. Fig. 4
shows schematically the design of an accelerating reso-
nator system with two frequency adjusters.
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Fig. 4. Resonator with the feeder frequency tuner
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The tuners were coaxial resonators, with outer and
inner diameters of 90 and 41 mm, respectively. The
resonant frequency of these resonators was adjusted by
moving pistons. The position of the plungers determined
the electrical length of the resonators and therefore their
resonant properties. The inductive coupling with the
electromagnetic field of the resonators was carried out
with the help of loops mounted on the inner side surface
of the resonator. The depth of immersion of the cou-
pling loops in the resonator and their size determined
the coupling coefficient of the adjusters with the resona-
tor. The coupling loop of one tuner was pointing up-
wards relative to the horizontal plane of the resonator,
the second one downwards to eliminate the direct cou-
pling of the tuners to each other. As a result of optimiza-
tion parameters of the system accelerating resonator —
tuner resonator, the optimum depth of immersion of the
coupling loops in the accelerator resonator was found
and the size of the loops was determined. They were
equal to 50 and 100 mm respectively.

Fig. 5 shows the dependence of the resonant fre-
quency and the Q-factor of the accelerating resonator
when changing the length of the resonator one of the
tuners, which were obtained using automated complex
ABK [3].
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Fig. 5. Dependence of resonant frequency (1)
and Q-factor (2) on the length of the tuner

The length of the second tuner was half the wave-
length in the accelerating resonator 1500 mm. The
length of the tuners was counted from the side surface
of the accelerating resonator. Q-factor of the resonator
varied from ~4000 to ~13000 with the resonance fre-
quency adjusted in the range from 99.8 to 104.0 MHz.
The change of the Q-factor was due to the dependence
of the coupling factor of the tuner with the resonator on
the frequency change of the tuner. The influence of the
coaxial resonator of the tuner on the parameters of the
accelerating resonator increased with increasing cou-
pling coefficient. That was the cause of the worsening
of the EDC of the accelerating resonator.

The closest, higher resonance frequencies that could
be excited in a system of the accelerating resonator with
a tunable coaxial resonator differed from the main (ope
rating) frequency by a few megahertz. This is much
larger than the width of the amplitude-frequency re-
sponse of the resonant system and eliminates the influ-
ence of parasitic (higher) modes of oscillation on the
resonator's operation.
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CHARACTERISTICS
OF THE ACCELERATED BEAM

Changing the resonant frequency of the accelerating
resonator causes a change in the distribution of the elec-
tric field amplitude in the gaps of the accelerating peri-
ods. Fig. 6 shows the change in the distribution of the
acceleration field module on the axis of the resonator in
the frequency tuning range + 800 kHz from the calcu-
lated value. The red dashed line shows the computed
field distribution. Amplitude values are normalized to
the magnitude of the field in the fourth acceleration pe-
riod, which has the maximum value.
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Fig. 6. The distribution of the field on the axis of the
resonator when changing the resonant frequency

The deviation of the acceleration field distribution
from the calculated one changes the dynamics of the
beam in the accelerator channel and the parameters of
the accelerated beam. To determine the nature of the
impact, numerical studies of beam dynamics were per-
formed when changing the acceleration field distribu-
tion in the specified frequency range.
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Fig. 7. The energy spectrum of the beam at 99.8 MHz
depending on the potential difference
between the “combs”
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Fig. 8. The energy spectrum of the beam at 100.2 MHz
depending on the potential difference
between the “combs”

The results of the study for two values of the reso-
nant frequency (below and above the calculated value
by 200 kHz) for several values of the potential difference
between flat plates — “combs” are shown in Figs. 7 and 8.
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Changing the resonant frequency of the accelerating
section and the potential difference between the combs
leads to a change in the average energy of the beam and
a change in the width of its energy spectrum.

At a higher value of the resonant frequency, the en-
ergy width of the particle beam is approximately
0.1 MeV. The change in the potential at the combs leads
to a shift the maximum of energy distribution of parti-
cles by 0.2 MeV.

CONCLUSIONS

The deviation of the oscillation frequency from the
operating frequency leads to a change in the amplitude
distribution of the electric field in the gaps of the accel-
erating structure. As the operating frequency increases
by one percent, the field amplitude in the acceleration
gaps decreases by about ten percent. The deviation of
the acceleration field distribution leads to both a change
in the average beam energy at the output of the accelera-
tor resonator and to a change in the width of its energy
spectrum. Devices designed to adjust the frequency of
the resonator allow you to vary the operating frequency

within up to 4 MHz. In this case, the EDC of the resona-
tor remain within acceptable values.
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IMOJICTPOMKA PE3OHAHCHOM YACTOTBI B YCKOPSIOIUX H-CTPYKTYPAX
C.A. Boosun, E.B. I'yces, JI./I. Jlo6308, A.IL. Ilodonsax, H.I'. Illynuka

B mpomecce sKcmIyaTaluu BEICOKOYACTOTHBIX JIMHEWHBIX YCKOpHUTENeHd MOHOB Ha H-BonHe HeoOX0oauMo Kop-
PEKTUPOBATh PE30HAHCHYIO YACTOTY YCKOPSIIOIIMX CTPYKTYp. OTKIOHEHHE PEe30HaHCHOM 4acTOThl PE30HATOpa OT
PacueTHOr 0 3Ha4eHHsI MPOUCXOANUT BCIEACTBUE MOJKIIOUEHUS K HEMY JIEMEHTOB BBOZA €€ MOLTHOCTH U KOHTPOJIA,
TIPY HAapYIIEHUU CTEIIEHW COTJIACOBAHMSI BXOJHOTO COIIPOTUBJICHHS PE30HATOPA C BOJIHOBBIM CONPOTHBJICHUEM (H-
JIepHOW TMHUY, 110 KOTOopoi BU-MOIIHOCTE MOCTYNaeT B yCKOPUTENb, a TAKKE IPU U3MEHEHUH ero TeMIepaTypHOTo
pexuma. IIpobGiemMa ocoOeHHO aKkTyanbHa B Cllydae, KOIJja YCKOPSAIOIas CTPYKTypa COCTOUT U3 HECKOJIBKHUX PEe30-
HaTopoB. IIpencTaBieHbl KOHCTPYKIIUM HECKONBKUX HACTPOWIIMKOB PE30HAHCHON YacTOTHI M PE3y/IbTaThl UX HC-
cieioBaHui. V3yueHO BIHMsSHME M3MEHEHHWS 4acTOTHI KOJeOaHWH, BO30Y)KAaeMbIX B YCKOPSIOLIEH CTPYKType, Ha
apaMeTpsl YCKOPEHHOTO My4JKa.

MIJACTPOIOBAHHS PE3OHAHCHOI YACTOTH B IPUCKOPIOBAJIbHUX H-CTPYKTYPAX
C.0. Booein, €.B. I'yces, JI./1. /106308, O.11. I1ooonak, M.I. Illynika

VY mporeci excruryaTtaiiii BACOKOYAaCTOTHUX JIHIMHUX MPUCKOpPIOBaviB i0HIB Ha H-XBHili HEOOXiZHO KOPHUT'YBATH
PE30HAHCHY YacTOTY NPUCKOPIOBAIILHOI'O Pe30HATOpa. BiIXuieHHa pe30HaHCHOI YacTOTU Pe30HaTopa Bif po3paxy-
HKOBOTO 3HAUYE€HHS BiJIOYBAa€ThCS BHACIHIZOK IMAKIIOUEHHS J0 HBOTO MPUCTPOIB BBEJCHHS 1 KoHTpomo BU-
TIOTY>KHOCTI NP 3MiHI PiBHS Y3TOJ/PKEHHSI PE30HATOPA 3 XBIJIHOBHM OIOpoM (ifepHoi JiHil, sika Tpancnoptye BU-
TIOTYKHICTh Y IPUCKOPIOBAY, a TAKOXK MPH 3MiHH HOro TeMIiiepaTypHoro pexxumy. [Ipodiema ocoOmuBo akTyaabHa B
pasi, KoJIM NPUCKOPIOBAJIbHA CTPYKTYpa CKIAJa€eThes 3 AEKUIBKOX pe3oHaTopiB. IIpencraBieHo KOHCTPYKILIT KinbKoX
HACTPOIOBAaYiB PE30HAHCHOI YAaCTOTH Ta PE3YJAbTATH iX JOCIIKEHb. PO3IJISIHYTO BIUIMB 3MiHM YacTOTH KOJHMBaHb
30yIKyBaHHUX Y PUCKOPIOBAJIbHIN CTPYKTYpi, Ha MapaMeTpH IIPUCKOPEHOT'o MyJKa.
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