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Abstract

Results of optimization of the RF cavity of a low-energy

storage ring for Thomson scattering X-ray source are pre-

sented. The geometry of 714 MHz RF cavity was optimized

to provide maximum shunt impedance taking into account

position of higher order modes (HOMs). The number and

position of cooling channels were adjusted to minimize fre-

quency shift due to cavity thermal deformations. The waveg-

uide coupler and frequency tuner were calculated. Special

attention was paid to detailed calculations of the HOMs pa-

rameters and to study of methods to minimize their influence

on the storage ring beam dynamics.

INTRODUCTION

The RF cavity is a part of a storage ring of Thomson

scattering X-ray source. It ensures stable longitudinal os-

cillations of electrons circulating in the storage ring, and

compensates for energy losses due to Thomson scattering of

laser radiation, coherent synchrotron radiation of the bunch,

excitation of the cavity parasitic modes, radiation at inho-

mogeneities of the vacuum system.

The work was divided into four stages: (1) selecting ge-

ometry of the cavity and analyzing its frequency spectrum;

(2) calculating the RF power coupler; (3) optimizing the

cooling system and evaluating the frequency shift due to

thermal deformations of the cavity; and (4) calculating the

plunger for operating mode frequency tuning.

GEOMETRY OPTIMIZATION,

FREQUENCY SPECTRUM ANALYSIS

We took omega-shape cavity (Fig. 1) as a basis, since it

has higher shunt impedance and therefore lower RF power

dissipation in the walls as compared to an elliptical one.

Table 1: Main Parameters of the Ring Cavity

Parameter Value

Operating mode frequency, MHz 714

Quality factor 32 800

Effective shunt impedance, MOhm 11.3

Effective gap voltage, kV 300

RF power dissipated in the walls, kW 8

Maximum electric field strength, MV/m 10.6
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Figure 1: The storage ring RF cavity design.

To achieve maximum shunt impedance, the cavity ge-

ometry was optimized using code [1]. Table 1 lists main

parameters of the RF cavity.

Calculation of the potentially dangerous HOMs, which

can be excited by electron bunches circulating in the storage

ring, was performed for the obtained RF cavity geometry.

At certain levels of the beam current, interaction of electron

bunches with the cavity HOMs can result in longitudinal

and transverse instability of the beam and in undesirable

emittance growth.

Calculation of the RF cavity HOMs was performed using

codes [2, 3]. Impact of HOMs on the beam stability in the

storage ring was analyzed using methods described in [4–8].

Longitudinal instability can be caused by the monopole

HOMs with non-zero longitudinal electric field at the axis.

These are LE (Longitudinal Electric) and LM (Longitudinal

Magnetic) type modes. Letters E and M represent type of

boundary condition at the transverse plane of symmetry of

the cavity. Transverse instability of the beam can be caused

by the cavity transverse HOMs of DE (Dipole Electric) and

DM (Dipole Magnetic) types. Figure 2 shows frequency

spectrum of higher order modes of LE type at the cavity

temperature of 30 ◦C. Potentially dangerous are the modes

with graphs lying above the critical value (pointed to by the
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Figure 2: LE type HOMs frequency spectrum of the RF

cavity at 30 ◦C.

arrow in Fig. 2) in at least one end of the frequency range.

As can be seen, these are LE3, LE7 and LE9 modes. Similar

graphs were plotted for the HOMs of the other types. At the

cavity temperature of 30 ◦C, potentially dangerous turned

out to be LM2, DE3, DE6, DE14, DM2 and DM14 modes.

The problem of reducing impact of the HOMs was ad-

dressed by shifting their frequencies so that their excitation

would not endanger stability of the beam. The shift was

achieved through selecting the cavity operating temperature.

Frequency shift of a particular mode of uniformly heated

RF cavity made of homogeneous material is determined by

the mode frequency value fR , thermal expansion coefficient

αL , and the temperature increase ∆t: ∆ fR = − fR · αL · ∆t,

i.e. magnitude of the frequency shift is different for different

modes. Using this formula, frequency spectra of HOMs

have been analyzed at the cavity temperature in the range of

50 − 70 ◦C.

The analysis has shown that operating temperature of the

cavity, at which the vast majority of the higher order modes

become not dangerous, is about 62 ◦C.

Suppression of the potentially dangerous transverse

modes DM4 and DM2 that remain at this temperature is

done through withdrawal of their energy to absorbing loads

via feeding waveguide (see below).

RF POWER COUPLER

Two options of the RF power input into the ring cavity

are possible. These are coaxial input with coupling loop or

waveguide input through the window connecting the waveg-

uide and cavity. Selection of high operating frequency of

714 MHz allows us to use for the transmission of RF energy

the waveguide WR 1150 intended for the frequency range

of 0.64 − 0.96 GHz and having the internal dimensions of

292.1 × 146.05 mm. Relatively small cross-section of the

waveguide allows us to supply cavity with RF energy directly

from the waveguide through a coupling window (Fig. 1).

Size of the coupling window was selected to ensure cou-

pling coefficient of about 1.5. Shift of the cavity operating

mode frequency due to coupling window was compensated

for through changing the cavity radius. Recalculation of

frequencies and characteristics of higher order modes for

a cavity with a coupling window revealed that DM2 and

DM4 HOMs have higher coupling coefficient with a power

coupler waveguide. This decreases the quality factor of the

modes due to withdrawal of their energy to absorbing loads.

COOLING SYSTEM

Search for an optimal position of cooling channels was

done using software package CST [2], while calculations of

elastic deformations and related operating frequency shift

were done using code [3].

Figure 3: Left – cavity temperature field due to dissipation

of the RF power in the walls, right – RF cavity deformation

field.

In the process of cooling system optimization, calcula-

tions of the cavity temperature field, of elastic deformations

and of the operating frequency shift for the rated value of

the RF power dissipated in the walls were performed for

each specific position of cooling channels. Figure 3 shows

temperature distribution for the optimal position of cooling

channels, which ensure minimum cavity deformations. For

these calculations we assumed that heat transfer coefficient

was 15 000 W/(m2
·K) in all the channels, and 2 W/(m2

·K)

from the cavity surface.

For the rated cavity temperature range of 30−70 ◦C, oper-

ating frequency shift due to RF cavity elastic deformations

was calculated to be −0.6 MHz.

TUNING PLUNGER

To compensate for the operating frequency shift, a mov-

able tuning plunger of a choke-type [9] is used. Figure 4

shows relationship between operating frequency and the

plunger position. Shift of the operating frequency due to

the thermal deformations is ∼0.6 MHz, which corresponds

to the plunger position of ∼10 mm. Just like the cavity,

the plunger requires effective cooling. For this purpose, the

plunger design provides for a cooling channel (Fig. 5). Calcu-

lations of the thermal deformations were conducted similarly

to the RF cavity calculations. Figure 6 shows temperature

field of the plunger for the rated value of the RF power dis-

sipated in the RF cavity walls and the plunger position that

ensures compensation of the cavity operating frequency shift

caused by thermal deformations.
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Figure 4: Relationship between operating frequency of the

RF cavity and the plunger position.

CONCLUSION

As a result of this work, geometry of the RF cavity of

the storage ring in terms of shunt impedance was optimized.

We identified the most dangerous HOMs, determined the

optimal operating temperature of the cavity, at which these

modes would not have significant impact on beam dynamics

in the storage ring. The RF coupler was adjusted to ensure

coupling coefficient of about 1.5. We evaluated operating

frequency shift caused by thermal deformations of the cavity,

and proposed design of the plunger with the cooling system

to compensate for this shift.
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