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3   HIGH-POWER  TESTS
Fundamental RF parameters for ARES95 and ARES96
are listed in Table 1. The first high-power test of ARES95
was carried out at an RF test hall in July 1996. After the
test was completed, ARES95 was installed in the
TRISTAN AR tunnel. On the other hand, ARES96 was
directly installed in the tunnel, and the high-power test
was started there about two weeks before the beam
experiment scheduled in October 1996..

In high-power testing, the cavity was fully equipped
with an input coupler [8], a coupling cavity damper,
tuners, and HOM loads. ARES95 was tested up to the
design RF power of 160 kW, which generates a cavity
voltage of 0.5 MV. The cavity was stably operated for a
long time at that power level. However, a slow vacuum
pressure rise probably due to local heating was observed
beyond ~180 kW. On the other hand, ARES96 was tested
up to 240 kW without any problem.

In high-power operation at 150 kW, the RF power
leakage to the coupling cavity damper was measured

terminate the coupler, a water-cooled dummy load capa-
ble of 40 kW of RF power (CW) was used in the high-
power and beam tests. Figure 3 shows the π/2 accelerat-
ing mode and the damped 0 and π modes measured for
ARES96 with Qc ≈ 55, where Qc is the loaded Q value of
the coupling cavity and adjustable from 30 to 100 by
changing the antenna insertion. A slight asymmetry of
the 0 and π modes with respect to the π/2 mode came
from a tuning error, where the coupling cavity frequency
was lower than that of the accelerating mode by about
300 kHz. The fixed tuner for the coupling cavity should
have been inserted a little more.

The storage cavity is also almost the same as that of
ARES95, which is a large cylindrical cavity (1070 mm in
diameter and 1190 mm in axial length) operated in the
TE013 mode. The cavity is a steel structure whose inner
surfaces are copper-plated. The storage and coupling
cavities are mechanically connected with rectangular
flanges, and vacuum seal is obtained by TIG-welding
thin flange sleeves.

Figure 1: A schematic drawing of ARES96

Figure 2: ARES96 installed in TRISTAN AR
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Abstract
For the feasibility study of a superconducting damped
cavity for KEK B-factory, a prototype module was
constructed and tested in TRISTAN Accumulation Ring.
This module accelerated the beam current of 500mA with
the cavity voltage of 1 - 2MV, and 350mA with 2.5MV
(10.3MV/m). These currents were limited by heating up
of other ring components. The peak current of 573mA
was achieved in 16 bunches with 1.2MV.

1  INTRODUCTION
Because of a heavy beam loading of KEKB, a new RF
system which has sufficiently damped higher order
modes(HOMs) is required to avoid beam instabilities. The
desired RF voltages in a high luminosity operation are 5-
10MV for the positron ring (LER) and 8-16MV for the
electron ring(HER) under the beam currents of 2.6A and
1.1A, respectively. The maximum RF power transferred
to the beam is estimated as 4MW in both rings[1]. For
these requirements, the development on both
superconducting (SC) and normal conducting damped
cavities is in progress.
       The SC damped cavity has a single cell structure
with large-aperture beam pipes on both ends so that the
HOMs can propagate out of the cavity and be damped by
ferrite absorbers bonded on the inner surface of beam
pipes[2]. Therefore, damping characteristics of the HOM
dampers under high beam currents are the important factor
as well as the cavity voltage and the input coupler power.
A prototype cryomodule of the SC cavity was completed
and cooled at a test stand in 1995. The field gradient of
11.4MV/m was obtained after several hours processing[3].
       In 1996 the cavity was installed in the east RF
section of TRISTAN Accumulation Ring(AR). The total
beam injection extended for more than 1000hours and the
SC cavity accelerated the beam for the half of the period.
In this paper the summary of the test will be described.

2  CRYOMODULE
Before assembling the cavity was tested to 3.2MV
(13MV/m) in a vertical cryostat. The gradient of 12MV/m
in AR test is comparable but not continuously, because of

a large amount of LHe consumption due to the cavity loss
of more than 250W.
       A coaxial antenna coupler was used as the input
coupler. The length of the inner conductor was designed to
obtain the coupling Q of 1 x 105. The aging to 430kW
had been given at a test stand.

Table: 1   Parameters of the module.

R/Q of acc. mode 93         ohm/cavity
module    total  length 3158      mm
              gap length 243        mm
loaded Q 8.9 x 104

tuner stroke (motor tuner) 508.48 - 508.88  MHz
                 (piezo tuner) 6.7        kHz
cryostat   LHe volume 290       liter
             static loss 30        Watts
HOM damper
             for LBP
             for SBP

ferrite(IB-004) size
4t x 300φ x 150mm
4t x 220φ x 120mm

max. acc. voltage 2.9MV  (12MV/m)

       A pair of ferrite dampers was fabricated by the
HIPping method. The RF power tests of 12kW and 15kW
were made to the 220φ damper(SBP) and the 300φ
damper(LBP), respectively. Further, the 300φ damper was
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Figure 1:  A sketch of the SC cavity module.
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Massive cavities
with HOM-damping waveguides or/and pipes

Existing HOM-damped cavities

Table1: Performance parameters of HOM damped cavities (Rs = Vcy
2/2Pcy , L insertion length, R׀׀ maximum 

longitudinal impedance, R⊥ maximum transverse impedance) 
 
NC Cavities f0 

MHz 
Vcy 
kV 

Rs  
MΩ 

Q0 Pcy 
kW 

L 
m 

fHOM ׀׀ 
MHz 

R׀׀ 
kΩ 

fHOM ⊥ 
MHz 

R⊥ 
kΩ/m 

PEP II [2] 476. 850. 3.8 32400 103. ~1.5 1295. 1.83 1420.[ 144. 
DAPHNE [7] 368.2 250. 2. 33000 16. 1.9 863. 259. - - 
ARES [8 ] 509. 500. 1.75 118000 72. ~1.1 696. 1.35 989. 10. 
VEPP2000 172.1 120. 0.23 8200 29. 0.95 246.0 0.4  <10. 
DUKE-2 [6] 178.5 730 3.46 39000 77 3.16 - - - - 
KEK-PF [3] 500. 785 3.45 39500 90. 1.4 791. 1000. 792. 5100. 
ASP/Toshiba 500. 750 3.8 40400 - 1.0 790. 25. 803. 8500. 
BESSY 500. 780. 3.1 26700 100. 0.5 670. 1.6 1072. 54. 
SC Cavities  

 
Vcy 
MV 

Rs/Q 
Ω 

       

CESR  500. 2.5 44.5 - - 2.9 2253. 0.18 715. 32. 
SOLEIL  352. 2.5 45. - - 3.65 699. 2.1 504. 49. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
circular tube to a rotationally symmetrical cavity body is 
simpler. To reduce the waveguide diameter (f-cutoff = 
615 MHz) two ridges are introduced. In the initial design 
the waveguides were tapered to provide a circular wave-
guide to coaxial transition [9]. HOM energy is removed 
from the cavity via a broadband coaxial rf vacuum 
window and absorbed in a matched external load. This 
design avoids ferrites in vacuum and permits to sample 
the HOM power. The cavity was designed for a thermal 
power of 100 kW. The rf window is of DORIS type 
comparable with the PETRA window, which has been 
tested up to 250 kW. 

 

 
Figure 6: The 500 MHz HOM damped cavity. 

 
A numerical method [2] has been used to evaluate the 

cavity impedance spectrum by the Fourier transform of 
the wake-field computed with the 3D time domain solver 
of the MAFIA code. The cavity geometry has been opti-
mized for minimum HOM impedances by iteration of all 
relevant parameters. 

LOW POWER MEASUREMENTS 
    The cavity impedances are plotted in Fig. 7, showing 
that for tapered  waveguides  the  max. HOM  impedances  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
are in the range of 5 kΩ and 220 kΩ/m for the longitu-
dinal and transverse case respectively in reasonable 
agreement with bead pull measurements [10]. Figure 7 
also shows the calculated impedances for homogenous 
waveguides with constant cross-section which are 
significantly reduced down to the level of 2 kΩ and 60 
kΩ/m respectively, assuming perfectly matched loads at 
the end of the waveguides. Simulations have shown that 
this reduction can be attributed to a stronger coupling of  
 

 

 
 

Figure7: Longitudinal (top) and transverse (bottom) impe-
dance spectra and critical impedances for several rings. 
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RF cavity with compact HOM-damping structure

Frequency tuner

Field monitor Vacuum gauge

Where are HOM dampers?
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16 HOM dampers directly embedded into the cavity body

Here
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RF cavity with compact HOM-damping structure



• Ferrite bars brazed to the curving flange
• Water cooling channel provided in flange
• No change in cavity size by installing HOM dampers

Ferrite bars

HOM damper
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Field distributions of TM020 mode

Slots along the nodes of magnetic fields and parallel to electric fields
 → No field intrusion of the TM020 mode

slot

How to compact HOM-damping system
Use TM020 mode and slots
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TM110 TM011

Fields of monopole and dipole modes except TM020 mode
get into the slots

How to compact HOM-damping system
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monopole dipole

• without HOM damper
•  with HOM dampers

How to compact HOM-damping system
2D simulations with MAFIA

HOM dampers directly installed in the cavity body !

only TM020
not reduced
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mode TM020

fa 508.58 MHz

Ra 6.8 MΩ

Q0 60,300

Ra /Q0 113 Ω

Va
@ 120 kW

900 kV

Compact HOM damping structure

RF simulations
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Bolt-fastened three-part structure
nose-cone plate　+　main body　+　nose-cone plate

 made of Class 1 copper

Cavity Assembling

Nose-cone plate Nose-cone plate
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HOM-damping slot
= Gap between the nose-cone plate and main body

HOM-damping slot

HOM-damping structure
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• Easily removable nose-cone plate 
enabling frequency adjustment by machining the face

• Mount for removable HOM dampers

Removable 
HOM dampers

Nose-cone plate

Machined 
face
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New coupler with coupling tuner

Coupling tuner
moving a cylindrical 

plunger

Coupling    adjustable to the value best for beam loading
during high-power operation in vacuum
β
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frequency [MHz] 508.550

Q0 59,960

Qex 54,150

β 1.1

TM020 properties of the prototype without HOM damper

monopole

TM020 59,150

TM010 420

TM110 760

Q values of the cavity with eight HOM dampers

dipole

Measurements on RF properties
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Ceramics window

• Low height of WR-1500 (381x100)
• Capable power transmission of 600 kW
• Set to the waveguide at the electric node when reflection
• Easily exchangeable

Electric node position at 
maximum reflection
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WR-1500
waveguidePrototype cavity

２stage tests were performed
without / with HOM dampers

Waveguide transformer
RF power

Installed 4 HOM dampers
in each nose-cone section

❶

❷

No HOM damper

Set-up for high-power operation

❸

❹
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135kW high-power test for the cavity 
without HOM damper

50 hours up to135 kW 
over the rated power of 120 kW
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deliberate up-down operation

large gas-burst around 1 kW
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58 hours up to135 kW
（finally up to 150 kW）

135kW high-power test for the cavity 
with HOM dampers

ce
ra

m
ics

 w
ind

ow

deliberate up-down operation deliberate up-down operation
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Cavities in NanoTerasu
NanoTerasu : 3 GeV Next Generation Light Source in Japan

Four cavities have begun to accelerate a beam 
20



• Compact HOM-damping system working well 

by using TM020 mode

• Feasible prototype cavity and HOM dampers

• Successful high-power operation up to 135 kW

• Beam acceleration in NanoTerasu

Summary
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Thank you for your attention.


