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in a Beam Pipe 

Shogo Sakanaka 

Photon Factory, National Laboratory for High Energy Physics (KEK) 

1-1 Oho, Tsukuba-shi, Ibaraki-ken, 305 Japan 

Abstract 

We report on the possibility that electromagnetic resonances arise 

at a certain configuration of SR (synchrotron radiation) masks installed in 

a beam pipe. Because such resonances can cause coupled-bunch 

instabilities, care should be taken to avoid a resonance structure or to 

damp the Q-values of the resonances. 
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1. Introduction 

Along with increasing demand for a high intensity and short bunch 

length in modern accelerators, beam chambers are required to have as 

smooth a structure as possible in order to reduce the broad-band 

impedance as well as to avoid high-Q resonances. This imposes special 

restrictions on the design of practical vacuum components. 

In many electron circular accelerators, SR (synchrotron radiation) 

masks are installed in the beam pipe in order to prevent SR from 

impinging on downstream bellows, ceramic chambers or flange joints. If 

some electromagnetic waves are cut off by such masks, a cavity-like 

structure arises between two neighboring masks, which may cause 

coupled-bunch instabilities. On the other hand, if the cutoff frequencies 

of some propagation modes in the mask region are lower than those in the 

beam pipe, an electromagnetic wave may become locally trapped in the 

mask region. We show that this kind of resonance arises for a certain 

structure of the SR mask. As an example, we take a preliminary design 

of the SR mask used for a damping wiggler section of the ATF Damping 

Ring (DR) [1,2]. 

2. Propagation modes 

A preliminary plan of SR masks [3] downstream from the damping 

wiggler of the ATF DR is shown in Fig. 1. A vacuum chamber in the 

damping wiggler has a rectangular cross section (24 mm in width, 14 mm 

in height). SR masks made of copper are attached at the left and right 

sides of the chamber. In order to reduce the surface heat flux of the 

wiggler radiation to an acceptable level, as well as to lower the broad

band impedance, this plan adopts a smooth tapered structure for the 

masks. 

2 



The propagation modes of electromagnetic waves in the rectangular 

chamber are classified as TEmn and TMmn modes [4], the cutoff 

frequencies of which are given by 

where a and b denote the horizontal and vertical dimensions of the 

chamber, and c is the speed of light. Several lower propagation modes in 

the wiggler chamber are shown in Table 1; these modes are classified by 

a set of boundary conditions (denoted by M and E for Magnetic- and 

Electric-short conditions, respectively) on the x=0 and y=0 planes (see 

Fig. 2), respectively, for later convenience. 

We next consider the "propagation modes" in the mask region, 

assuming that there is a long waveguide which has a uniform cross 

section, as shown in Fig. 3. (Although this is a rough model for our 

tapered mask structure, we can feel the essence of the problem). We can 

investigate the propagation modes in this waveguide by a Computer code, 

such as MAFIA. Table 2 shows the calculated cutoff frequencies of lower 

propagation modes (also classified by a set of boundary conditions). 

Figure 4 shows a comparison of the cutoff frequencies without and with 

masks. The figure shows that the cutoff frequency of the lowest 

propagation mode is lowered by the masks in (the sets of boundary 

conditions of) the EM, MM and EE cases. This is a well-known 

phenomenon for a "ridge waveguide" in microwave electronics. Because 

the lowest propagation modes in the mask region are cut off by the 

rectangular chamber beside the masks, there can exist standing-wave. 
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resonances at the mask region if the mask length is comparable or longer 

than lihe wavelength. 

3. Resonant modes 

We now consider trapped resonances in the mask region using the 

MAFIA 3D code. A portion (1/8) of the mask section was modeled for 

the calculations (Fig. 5), which showed that several resonant modes exist 

which are locally trapped near to the mask: 1) four trapped "longitudinal" 

modes having non-zero shunt impedances, 2) four "transverse (horizontal 

deflecting)" modes which can deflect beams horizontally, and 3) no 

"transverse (vertical deflecting)" modes. These are in agreement with the 

explanation outlined in the former section. Table 3 gives a summary of 

the calculations, where the non-zero shunt impedances and transverse 

impedances of the modes are also shown. Figure 6 shows an example of 

an electric-field plot of "longitudinal mode #1", in which we can see the 

electric field trapped near to the mask. 

The "longitudinal" and "transverse" modes, which are calculated 

above, can cause longitudinal and transverse coupled-bunch instabilities, 

respectively. For the ATF DR, the longitudinal and transverse narrow

band impedances of the ring required to avoid these instabilities are 

roughly estimated as [5]: 

Rsh-f<lO [k£l • GHz I ring] for the longitudinal impedance, 

R, < 2 [MQI ml ring] for the transverse impedance, 

respectively, where / is the resonant frequency; RSh and Rt are the shunt 

and transverse impedances, respectively. From these requirements, the 

contribution of the "mask resonances" to the longitudinal and transverse 

impedances are not acceptable. Therefore, some measures should be 
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taken to avoid trapped resonances, or to damp the Q's of these 

resonances. 

A trial to design a mask which can avoid resonances seems not to 

be straightforward. If one designs a mask having a cutoff frequency 

higher than that of the beam pipe, other resonances arise in the beam-pipe 

section between the masks. If one adopts a short mask instead of a long 

tapered type, it would be effective for avoiding trapped resonances or to 

lower the loaded Q-values of the resonances while sacrificing the low 

broadband impedance. However, for the wiggler section of the ATF DR, 

the heat-flux of the incident SR would be extremely higher in this case. 

The use of a microwave absorbing material, such as SiC, to damp the Q-

values of the trapped resonances is another solution. 

4. Conclusions 

For a certain design of an SR mask, it was shown that trapped 

resonances arise which can cause longitudinal and transverse coupled-

bunch instabilities. Some cures are needed to avoid problems caused by 

these resonances. Moreover, careful investigations concerning the RF 

properties are also needed when designing other vacuum components 

containing transitions of the cross section. 
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Table 1. Propagation modes in the rectangular (24 mm x 14 mm) beam 

pipe. The cutoff frequencies (in GHz) are also shown in parentheses. 

Mode# 

1 

2 

3 

4 

Set of boundary conditions on x=0 and y=0 planes, respectively1) 

ME 

TE10 (6.246) 

TE30 (18.74) 

TE12 (22.30) 

TM12 (dege.) 

EM 

TE01 (10.71) 

TE21 (16.45) 

TM21 (dege.) 

MM 

TEH (12.40) 

TM11 (dege.) 

TE31 (21.58) 

TM31(dege.) 

EE 

TE20 (12.49) 

TE02 (21.41) 

TE22 (24.79) 

TM22 (dege.) 

Note: 1) M and E denote the Magnetic- and Electric-short conditions, respectively. 

2) "dege." denote the degenerated mode to the above one. 

Table 2. Cutoff frequencies (in GHz) of the propagation modes in a 

rectangular beam-pipe with masks. Uniform cross section along the 

structure was assumed. 

Mode# 

1 

2 

3 

4 

Set of boundary conditions on x=0 and y=0 planes, respectively 

ME 

7.480 

15.53 

23.82 

25.40 

EM 

7.676 

14.80 

23.80 

25.89 

MM 

8.701 

15.09 

19.88 

32.41 

EE 

11.72 

21.55 

23.68 

29.88 
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Table 3. Trapped resonant modes in the mask region. The resonant 

frequency (/), unloaded-Q (assumed wall material of copper), shunt 

impedance {Rsh=V2IP) or transverse impedance (Rt) are summarized. 

(a) Longitudinal modes. 

Boundary conditions = MM (on x=0 and y=0 planes, respectively). 

Mode# 

1 

2 

3 

4 

f(GHz) 

9.207 

10.55 

11.26 

11.95 

Unloaded-Q 

3800 

4560 

5170 

6030 

Rsh/Q (A) 

0.72 

0.058 

0.29 

0.0035 

Rsh (kfl) 

2.7 

0.27 

1.5 

0.02 

(b) Transverse (horizontal deflecting) modes. 

Boundary conditions = EM (on x=0 and y=0 planes, respectively). 

Mode# 

1 

2 

3 

4 

f(GHz) 

8.225 

9.539 

10.15 

10.66 

Unloaded-Q 

4240 

5440 

6390 

8190 

Rt/Q (Q/m) 

295 

16.5 

53 

0.33 

Rt (Mfi/m) 

1.25 

0.09 

0.34 

0.003 

(c) Transverse (vertical deflecting) modes. 

Boundary conditions = ME (on x=0 and y=0 planes, respectively). 

There are no trapped modes. 
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Fig. 1. Preliminary plan of SR masks in the damping wiggler section of 

the ATF Damping Ring. 
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Fig. 2. Cross section of the wiggler chamber. 

Definitions of the x- and y-axes are also shown. 
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Fig. 3. Cross section of the mask section (at the narrowest location). 
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Fig. 4. Cutoff frequencies of the propagation modes in the rectangular 

chamber without and with masks. Assumed uniform cross sections along 

the propagation direction. 
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Fig. 5. Model (1/8 size) of the mask section used for the computer 

calculations. 
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Fig. 6. Plot of the electric field of longitudinal mode #1. The fields are 

locally trapped near to the mask. Resonant frequency, 9.207 GHz; Q, 

3800; Rsh/Q, 0.72 Q. 
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