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Abstract 

Coaxial dampers with E-probe and H-loop couplers are 
used to damp higher-order modes (HOM) in a 352-MHz 
single cell cavity for the storage ring of the Advanced Pho- 
ton Source (APS). hl,:a.sluements have been made with 
three difftxrcnt types of d:irnpers such as E-probe dampers, 
s1rd1 Kloop darnpers, and H-loop dampers with X/4 short 
stub. Two danlpers are used in each type. The dampers 
without fundamental frequency rejection filters are posi- 
tioned to have, a minimum deQing at the fundamental fre- 
quency: the E-probe dampers are used at the equatorial 
plane of thr cavity, and the small H-loop dampers are used 
in the end wall of the cavity. The fundamental mode de- 
coupling can be done by positioning the loop plane in the 
direction of the H-field oi the mode. 

Table 1: APS Storage Ring Parameters 
Beam energy 7 GeV 
Beam current 300 mA 
Number of bunches 54 
Current per bunch 5.6 mA 
Revolution frequency 271.55 kHz 
Synchrotron frequency 1.5 LHz 
Number of cavities 16 

has the fundamental frequency f,=352 MHz. The general 
parameters of the storage ring of the Argonne APS are 
listed in Table 1. The instability growth rates and the 
deQing requirement on higher-order modes of the APS ring 
were reported [lo]. 

1 INTRODUCTION 2 RF ABSORBER 

Coaxial dampers are Itsed in both superconducting and 
normal conduct.lng cavities for particle accelerators [l-5]. 
Aperture-coupled hollow waveguide type dampers have 
been investigated [F,7,8]. These hollow waveguide dampers 
arp ust,d in multiples (usually three to damp the degenerate 
Illodes). The frlndarnental frequency rejection is achieved 
bg- the cutoff characteristic of the waveguide. Multiple 
coaxial dampers have been used in a test pill box cavity 

PI 
The most important tasks in designing a HOM damping 

system are broadbanding and suppression of fundamental 
mode power couplings. E-probe dampers can be used in 
the cavity equatorial plane without any f0 rejection filter, 
since thr, radial component of the TMol-like electric field 
is zero in thr: midplane. If I-I-loop dampers are used in 
the equatorial plane of the cavity, the loop plane must be 
positioned perpendicular to the fundamental mode H-field 
to coupie to the higher-order TXI modes. Then, a fun- 
damcnlal frequency rejection filter must be used. H-loop 
dampers use a half-wavelength short stub in parallel [I] or 
a tl~‘a’ter-ivavelength short stub in series [2]. These short 
stub fundamental frequency rejection circuits also block 
th+a signal frequencies around the even and odd multiples of 
fO. rt~pvct ively, and increase the fundament.al mode power 
loss due to the increased current path Thus, the f0 de- 
coupling is a difficult task. 

For coaxial dampers, a matched load termination has been 
designed. The load must be able to dissipate a certain 
amount of power with good vacuum properties. Water 
cooling is provided through the center conductor of the 
coaxial st,ructures. The load is made of AIN ceramic ma- 
terial with 40%, SC and shaped as a cylindrical cone as 
shown in Figures 3 and 5. This material has excellent vac- 
uum properties. The extra ceramic window as a vacuum 
barrier is not needed with this load. The mechanical and 
electrical properties of this material are listed in Table 2. 
The frequency characteristic of the coaxial termination is 
shown in Figure 1. 

3 COAXIAL DAMPERS 

Figure 1 shows the coaxial dampers used in an APS single- 
cell cavity. The E-probes are used in the cavity equatorial 
plane, The H-loops are used in the cavity side-wall. The 

Table 2: Properties of .4lN with 40% Sic 
Density 3.19g/cc I 
Thermal Expansion (25’ - 12~~ J / 0.~ h IV , x 
ml ---1 17_-J..-L:..:&.. I A?lTl/-0 r 

nno\ I K I y ln-6/0/7 

1 nermal ~~OIIUUCL~VILJ 
Modulus of RuDture 

I %J”.,llC 1 Y 
42,000 psi 

3 
The single cell cavity to be used in the APS storage 

ring is the optirrtizrd spherical type. The single-cell cavity 

I 

Sustains Vacuum Levels 
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Figurr 1: Freql:cncy rr’sponse of the coaxial termination 
madc of :1i.Y w th 4OYcdiC. 

loop plans is parallel to the T,Lfol mode H-field. Two 
dampers are usrd to increase the coupling to the degener- 
ate modes. Both the size of the loop or the probe as well as 
thP locat,ion in the cavity determine the coupling to specific 
HORI firltis and thus the damping ratio. The fundamental 
mode coupling to the dampers is also dependent on the 
posit,ion and size. The deQing due to the dampers at f0 
was n:easurc,d and made to be minimal as shown in the 
follo\ving srctions. Figure 2 shows the storage ring single 
cell cavity and the installed dampers. 

3.1 E-Probe Damper 

Two FZ-probe damprrs are used in the cavity equatorial 
plans wit II an angular separation of 90’. The probe in this 
position should not couple with th? fundamental TM01 
nlodt- held But, due t,o imperfect probe alignment and 
mutual coupling between the two coupling devices, a small 
amount of coupling exists. The probe is made of 0.5 “cop- 
per tube. The Fundamental mode deQing with this type 
of damper is mq?asured negligible. Figure 3 shows the E- 

Figure 2, Storage ring single cell cavity with prototype 
dampers 

Figure 3: E-probe prototype dampers 

probe dampers. 

3.2 Sn2all H-loop Damper 

Two H-loop coaxial dampers are used in a cavity side wall 
uniformly spaced at, 0 = 60’ as shown in Figure 2. This 
type of damper has a loop radius of 0.375 “. Thp loop is 
made of 3/1F “diameter copper tube. The plane of t.h~ 
loop area is turned carefully to have the minimum deQing 
at fO. The fundamental mode deQing with t.his type of 
damper was measured negligible. This damper is shown 
in Figure 4. 

3.3 H-loop Damper with a X/4 Short Stub 
The H-loop damper with a X/4 short stub is shown in 
Figure 5. The outside diameter of the coaxial short stub 
is 5.6 “. This short stub is connected to the resistive load 
in series. Two H-loop dampers of this type were used in 
the big 6 “ports separated by 90” as shown in Figure 2. 
Each damper has a loop radius of 0.375 “. The coaxial 
stub was designed to have the characteristic impedance 
2, z 75fi for higher Q. Figure 5 shows the H-loop dampers 

y&iifgy@g> ,/ / </ (/ 
Figure 4: Small H-loop dampers 
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ITigure ;5: II-loop dampers with a X/4 short stub in series 

with a A/4 short stub. The effective electrical length of the 
short stlih is slight\- greakr than the length found with free 
space wavelt,ngt.hs. The disadvantage of this design is that 
the short, stub has a narrow bandwidth; t.he length of the 
short stub must hi precisely adjuskd for the accelerating 
frequcncJ. 

4 MEASUREMENT 

Two E-probe dampers, two small H-loop dampers, and 
two H-loop dampers with X/4 were used together in the 
measurement. The me,asured deQing ratios are shown in 
Table 3 Those modes are the higher-order TM modes of 
the storage, ring single cell cavity to be used in the APS 
anti ran CRIISP beam instability [la]. Q-factors are mea- 
sured using a vector net.work analyzer and compared with 
the cornl~uteti rc,sul:s. TILIO denotes tllc, monopole modes 
and 7‘511 dt,notes the dipole modes. LIE and EE denote 
thr boundary colrditions with magnetic and electric con- 
ductors in the cavity equatorial plane, respectively. The 
result shows that, most modes (both ME and EE bound- 
ary) are damped effectively. ‘The first monopole mode and 
thtx first, dipole modem are most. difficult to damp 

Table 3: HOM damaine with E- and H-damDers 
Mode type 

T\IO-hlE-1 
TSIl-EE- 1 

ThIl-SlE-‘L 
‘I-\I&EE-3 

TlIO-ME-2 
‘1‘\11-EE-3 
T\Il-LIE-4 
TX1 l-EE-5 
T&IO-EE-4 
TM&LIE-3 
T%Il-EEX 
TXIO-EE-6 

. 
534.6.; 
582.73 
758.19 
914.83 
929.30 
933..50 

1014.00 
1147.40 
1164.41 
1206.73 
1222.64 
1502 41 

QO 
41000 
68000 
53000 

107000 
42000 
54000 
41000 
92000 
44000 
94000 
41000 
88000 

l- 
I 

hieasured 

Q 
4400 
6430 

<lOO 
340 

<<loo 

<<loo 
620 
470 

10800 
9900 

790 
1800 

10.5 

>530 
315 

>420 
>540 

66 
196 

4 
9.5 
52 
49 

1 

5 CONCLUSION 

The results of HOM damping measurements show that 
many IIO!VIS can be damped with coaxial dampers suc- 
cessfully. Compared with the deQing requirement, of tk 
Z1041s in the APS storage ring, mc~asurcd drQing rna~ sat- 
isfactory for most modes except the modes at ij345IHz and 
582MIIz. The E-dampers in the c>quatorial plane and t,he 
H-dampers in the cndwatl have negligiblt~ deQ~ng at. t trta 
fundamental frequency without using decoupling circuits. 
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