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Abstract 

We describe the results of measurements of HOM (Higher
Order-Mode) characteristics of a low-power test model of the 
HOM damped cavity for the ATF Damping Ring. Field 
distributions of observed resonant modes and the loaded-Q's 
were measured with a bead perturbation technique. Monopole 
and dipole modes were heavily damped by four damping 
waveguides with simultaneous usc of HOM absorbers on the 
beam pipe. This cavity almost fulfills the requirement, at 
least up to the HOM frequency of 2.5 GHz. 

Introduction 

The ATF (Accelerator Test Facility) Damping Ring [1] is 
under construction at KEK in order to investigate the 
production of highly-brilliant multibunch beams required for 
future linear colliders. High beam current of 600mA that 
must be supported in the A TF DR requires special design of 
RF cavities whose HOM impedances are sufficiently lowered. 

For this purpose, we designed a 714 MHz HOM damped 
cavity whose HOMs arc strongly damped by four damping 
waveguides [2]. Two of the waveguides arc located at 
upstream (upper and lower) comers of the cavity while the 
other two at downstream (left and right) comers. In addition, 
the simultaneous use of HOM absorbers on thick beam pipes 
beside the cavity allows us to effectively damp high frequency 
HOMs (>2.29 GHz for monopole and> 1.76 GHz for dipole 
modes, respectively). Figure 1 shows a cross sectional view 
of one cavity section equipped with beam-pipe absorbers and 
tapered transitions. For the absorbing material, some of the 
SiC's which have the effective conductivity oejJ (=0+ WE'') of 
-Joo (Siemens/m) will be used from the trade-off betwecn the 
microwave absorbing performance and the low-impedance 
environment for the beam. We used a reaction-bonded SiC 
(oejj-200 S/m at 3 GHz) for the low-power experiments. 

The prescnt goal for the cavity HOM impedances are R 
(kQ) < 2.5lf(Gllz) for monopole modes, and R/ (kQlm) < 
500 for dipole modes, wheref, R and R/ denote the HOM 
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frequency, the shunt impedance (= VlIP) and the transverse 
impedance, respectively. 

Low-power Measurements 

The performance of HOMs was investigated with a low
power test cavity described in ref. [2]. Figure 1 shows the full 
structure of the cavity equipped with beam-pipe absorbers. 
Ends of the damping waveguides were terminated with 
broadband loads (VSWR < 1.13 for f > I GHz). Resonant 
modes were observed by transmission measurements. 

In order to assign the modes, we applied a bead 
perturbation method [3-7]. Using an automated bead-puller 
and a HP8510B Network Analyzer both under computer 
control, we measured frequency shifts caused by a small 
perturbing object (bead) suspended by a thread on the cavity 
axis. The shift in the resonant frequency is given by [4] 

w-wo =-2m- 3 (F E2 +F E2 -.!.F 1/ 2 -.!.F /1 2 ) (1) 
(J)o 0 1 at 2 at 2 3 al 2 4 at t 

where Wo and W are the unperturbed and the perturbed angular 
frequencies, respectively, ro is half the length of the major 
axis of the bead, F, to F. are the form factors, E. and H. arc 

proportional to electric and magnetic fields, normalized so that 

f E;dv = f H;dv = 1, and the subscripts z and / denote the 

longitudinal and the transverse components, respectively. We 
measured phase shifts C/J at unperturbed frequency, and derived 
the frequency shifL~ from [5] 

w-w 1 
__ 0 =-tanC/J. (2) 

(Vo 2QL 

This allows us to measure the frequency shifts even when the 
loaded-Q (Q d is very small, as is noted in ref. [7], by 
averaging the data over 4096 times. We carried out three sets 
of the measurements with different metallic objects (sphere, 
disk and needle), which is sufficient to determine IEazl, IEatl 
and III all on the beam axis, except for the TEO-like modes 
(which have non-zero Haz on the cavity axis). 

SIDE VIEW 

----

Fig. 1. Cross section of a low-power test cavity equipped with beam-pipe absorbers. 
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(a) Without damping waveguides. Assigned mode (b) With damping waveguides and loads. 
numbers and calculated RIQ or RrlQ are labeled. Assigned modes and measured loaded-Q's are labeled. 
Fig. 2. Resonance spectra of the test cavity between 0.5 to 1.5 GHz, which were observed by a Network Analyzer. 

Before presenting the results, some comments are nceded 
on the classification of modes. In axially symmetric cavities, 
the resonant modes are classified by the azimuthal index m 
which represents the angular dependence exp( -jm8) of the 
fields. In our cavity, however, a quadrupole asymmetry is 
introduced by the damping waveguides, resuILing the resonant 
modes being the superposition of different angular 
dependencies. In this case, a simple classification by m (e.g. 
TMO-EE-l or l-EE-l used in URMEL code) is not sufficient. 
Instead, we can classify the modes by the boundary conditions 
(E,lcctric or Magnetic short) on the symmetry planes of x=O 
and y=O. In the rest of this paper, we also use the terms 
"monopole (m=O)" or "dipole (m=])" mode in the sense that 
they are the lowest order of angular dependencies of the mode. 

Results 

We observed resonance spectra by measuring the 
transmission coefficient (S21) between two electric probes put 

at cavity end-plates, being faced each other in the midplane 
(y=O). With these probes, most of the TM-like modes of 
interest (monopole, and dipole of one polarization) and some 
of the TE-like modes could be observed. Figure 2(a) shows 
the undamped resonance spectrum in the frequency range of 0.5 
- 1.5 GHz, with all waveguide ports being scaled on the outer 
surface of the cavity (but grooves were left at the ports) and 
with SiC absorbers being exchanged for dummy ducts. The 
mode numbers assigned from the perturbation method are 
labeled. 

Figure 2(b) shows the damped spectrum with four damping 
waveguides. The strongest HOMs (TMOII-, TMllOH- and 
TMIIIH- like modes) were heavily damped, which are 
summarized in Table 1. The measured loaded-Q's agreed with 
calculated extemal-Q's. Furthermore, the field distributions of 
TMllOH- and TMIllH- like modes agreed with the calculated 
ones (without waveguides). As an example, the field 
distribution of TM llOH-like mode is shown in Fig. 3. 

Figure 4(a) shows the undamped HOM spectrum between 
1.5 to 2.5 GHz. The azimuthal indices m for the observed 

modes were assigned by the same way as described in ref. [6]. 
Figure 4(b) shows the same frequency range with four 

damping waveguides. Data with and without the damping by 
beam-pipe SiC absorbers are shown separately. The measured 
azimuthal indices m, QL'S, and non-zero RIQ's are also labeled. 
The HOMs were damped by the waveguides and further by the 
beam-pipe absorbers. It should be noted that the accurate 
perturbation measurements were sometimes hard to carry out 
when there were more than two neighboring resonances being 
overlapped each other. In such cases, there were some 
ambiguities in m, QL or RIQ for which we put "?" or other 
comments in Fig. 4(b). Besides, there were other "hidden" 
resonances which could not be discriminated separately. 

TABU' 1 S " ummary or h S t e trangest HOM s. 
Calculated t Calculatedt Measured 

Mode * J(GHz) Qex RIQ or RrlQ J(GHz) 1 QL 

MM-2 (TMOI I) 1.075 7.1 62.5 n not visible 

EM-2 (TMI lOH) I. 1 60 24 263 n/m 1.158124 

EM-3 (TMI II H) 1.363 24 726 n/m 1.363119 

t With damping waveguides [2]. t Without damping waveguides. 

* H denotes the horizontal deflecting polarization. 

• Mea~ured IEatl i":.;~ T~110H'li~e mod 
o Measured IHatl :e 0: $.: : ~ -24 

.~ ... 
~O~O-----20~O~~~~~~~LM--~~~300 

Longitudinal Position z (mm) 

Fig. 3. Measured distribution of transverse electric and magnetic 
fields of TM IIO-like mode (with waveguides), together with 

calculated ones (without waveguides). Note that the distribution 
was obtained from the phase shifts of less than only 0.25 degrees. 
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Fig. 4 (a) Undamped HOM spectrum. 1.5 - 2.5 GHz. With no waveguides nor SiC absorbers (which were replaced by dummy ducts). 
Assigned azimuthal indices m and non-zero RIQ's from the measurements are labeled. 
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Fig. 4 (b) Damped HOM spectrum with four waveguides, 1.5 - 2.5 GHz. Traces with and without SiC absorbers are shown separately, 
Assigned azimuthal indices m, QL's, and non-zero RIQ's from the measurements are labeled. 

However, these hidden resonances would be less important 
because of their low-Q values. 

We found that there was no one-to-one correspondence 
between the damped modes shown in Fig. 4(b) and the 
undamped modes calculated by 2-dimensional codes (say 
URMEL) in the high frequency region if> 1.5 GHz). This is 
due to the mixing of modes caused by the damping waveguides 
which break the axial symmetry as weII as the mirror 
symmetry with respect to z=O plane. 

From Figs. 2(b) and 4(b), the shunt impedances of 
monopole modes are within the target, except for one mode 
marked by (s). For this mode, the shunt impedance is 1.4 
times larger than the target, which will be cured by additional 
means. We also obtained good damping performance for the 
dipole modes. Although (RtIQ)'s for the dipole modes in the 
range of 1.5-2.5 GHz have not yet been calculated, the 
obtained QL'S of lower than lOOO (with SiC ducts) are well 
within the requirement if their (RtIQ)'s are less than 500 Q/m 
(which must be so). 

Conclusion 

Our damped cavity showed excellent damping performance 
of the monopole and dipole modes, and almost fulfills the 
requirements at least up to 3.5 times the accelerating 
frequency. HOM characteristics for higher frequencies will be 
investigated further. A high-power model is under design 
towards the test in 1995. 

We wish to thank M. Izawa and S. Tokumoto for valuable 
discussions, and Hajime Nakamura for preparing the computer 
system used for the measurement. 
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