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Abstract ¢ As the growth rate of the coupled bunch instability is
very fast for the high-Q parasitic resonantegre
Thirty kilo watt "wide band" cavity has been developed for  should not be any high Q parasitic one.

a test cavity ofJapanesddadron Facility(JHF). A new o

material, "FINEMET" which has verybroad band 1.2 Characteristics of FINEMET

impedancefor the RF frequency,high permeability and ' The widebandcavity , in which the ringores of a new
large shunt impedance is used for the magnetic core of thg,

| 4 Hett terial are loaded, has beggveloped in order tprove
cavity. Accelerationvoltage of 10.4 kV which idarger theseadvantages ofhe wide bandcavity. The material,

than the designed value has been obtained. TherT3M(FINEMET)’, is madewith the thin tape of the
characteristics othe core arealso suitable togenerate Fe-pasedalloy which consists of amorphowsid crystal
isolated RF pulses for thearrierbucket. The results for ity the size of nano-meter. The tape is coated with silica
the barrier bucket are described. for insulation. It has a very high permeabiligd a low
Q factor. Typicalparameters ofhe core are tabulated in
Table 1. Characteristics of the core have beeasured
200by another ferrite test cavity[7,8] which halseen

1 INTRODUCTION
Acceleratorcomplex of JHF[1, 2, 3] consists of

MeV linac, 3GeV boosterand 50 GeV main ring. The
acceleratorawill be constructed athe northend of the
KEK site. The booster is arapid cycling proton
synchrotron with a repetitiorate of 25Hz. Therequired
voltage for theacceleration i420 kV and the frequency

developed for the measurements of magnetic coresién
to find the most suitable magnetic material for the RF
cavities of the JHF synchrotrons. The amorphoores
have been measured. Howevre FT3M core was the
most suitable material for theide bandcavity atthis

range is 2 to 3.4 MHz[4]. The voltage and frequency rangg@oment. Other characteristics of tbere are summarized

for the main ringare 270 kV and 3.4 to 3.5 MHz,

respectively. Thexpectedbeam intensity in the booster *
is 5x10°ppp (protons per pulse). Thedesigned beam °

intensity in the main ring is 2xiPpp. Circulating
currents of both synchrotrorge about 7 A.Because of
the very high beam currents, thaere ofthe spacecharge
effects[5], the beam loading effe@adsome instabilities

as following:

Shunt impedance is independent of the RF voltage.

Characteristics of thecore are stable for high

temperaturenore than 150C because of verfigh

Curie temperature (about 60C).

e ltis technically possible to make a large cbegause
it is not necessary tqress thecore with a heavy

is essential. One of the most significant instabilities is

weight.

the coupled bunch instability[6] becausethe harmonic

numbers are 4 for the booster and 17 for the main ring,_In Table 1. Parameters of the core

order to cureghese problems, wide band radidrequency || Diameters 6Zm(0.D), 30cm(1.D)
(RF) cavity is considered. It is expected that Wakefield || Thickness 2.5 cm
which causes the coupled bunch instability is damped Verpermeability@3.4MHz 1550
quickly because of the low Q value. Q@3.4MHz 0.63
R@3.4MHz 830hm

1.1 Requirements

The requirements for the JHF cavity are following: 1.2 The aims of the test cavity

e Because ofthe limited space forthe accelerating_ The aim of the 30 kW test cavity is to prove the

cavity, the RF voltage of more than 10 kV/rr_l IStollowing:

necessary fothe main ring.And about 13 kV/m is

; The requiredacceleratingroltage of 10 kV/mcan be
required for the booster. obtained
* Inorder to satisfy the stability condition for theam , o isoléted pulse for théarrier bucket can be
loading, theimpedanceseen by the beam should be generated.

about 1 K/m.
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« The frequency othe parasitiacesonance is verjigh
and/orthe qualityfactor islow enough toavoid the
dangerous growths of the instabilities.

e The beam loadingndtransient beam loadingffects
are controllable.

2 RF CAVITY

Figure 1 shows the test cavitgnd the 30 kW RF
amplifier. Behind the cavity, there is ahigh voltage
station and a power supply for an electron gun whidh
be usedor the experiments on the beam loadéifgcts.

3 IMPEDANCE MEASUREMENTS

The impedance othe cavity wasneasured by a network
analyzer. No dangerous parasitesonancewhich may
excite the coupled bunch instability has not bekserved

up to 30 MHz by the measurement at theceleration

gap. Figure 3 shows thmpedance curvebtained. The
peakimpedance isconsistent with the measurement for
each core by the ferrite test cavity. Each cell of the cavity
has 12 cores and the total impedance of the cores is about
900 Q at the resonanfrequency. Asthe eachcell is

A tetrode, 4CM30,000A is employed to drive. The cavitconnected as gparallel circuit, the peakimpedance

has twoaccelerationgaps whichare connected by bus
bars. Figure 2 shows the schemalimgram ofthe cavity
andamplifier. The RF excitation igrovided inductively
through a looparound 6 cores ithe cavity without any
direct DC connection to the cavity. The two turn loop
between the plate of the tulbedthe platepowersupply
was employed to increas¢he impedance which the
amplifier sees.
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Figure: 2 The schematidiagram of the cavity and
amplifier

becomes about 450D.
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Figure: 3 The impedance of the cavity.

4 RF VOLTAGE

The RF voltage of the cavity waseasured bythe high
voltage probe of 1000:1. Thdriving RF current wass
also observed by a currerttansformer(CT). Figure 4
shows the typical RF voltage when the amplifier was
operated irclass AB operationBecause ofhe class AB,
the distortion of the RF voltage by the higher harmonics
was small. However, it became larger ithe class B
operation. The modification of the amplifier to the push-
pull one by two tetrodes is beimaned.Figure 5 shows
the gap voltageespect tathe observed RF currenthere
Ip means thalirect currenfrom the platepowersupply.
The maximum voltageobtained inthe safe operation
condition was 10.4 kV per cavitgnd it is larger than
required voltage for the maning. Thetetrodewas driven
by the class B operation. Thmpedance ofthe cavity
calculated by this figure was 48D and it was consistent
with the impedance measured lifie networkanalyzer.
The maximum voltageobtained was limited by the
available power of the amplifiendthe plate voltage. It
is expectedhat higher power amplifiecan excite higher
voltage because the impedance of the cavity is constant.
In order to obtain the higher voltage, the
development of a new material has been started. The
measurement for @mall core of the material, FT3L,
shows that it has highdp-value and larger impedance
than FT3M. The perpendicular magnetic field more than 3
kG is required during the heat treatment to makectre.
We aredesigning the special high temperataneen and
large aperture magnet.
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twice of the voltage measured. The maximum gap voltage
of about 11.3 kV was obtained by the class B operation of
the tube, increment of the plate voltage modification

of the cavity into one gap structure by removing the bus
bars which is connecting with anotheell. By this
modification, the cavity impedandecametwice and was
suitable for the high voltage operation. However, the
distortion of the voltage is not negligible as thygeration

of the tube was class B. This distortion will b@red by

the modification of the amplifier into a push-pull
amplifier by two tetrode tubes.
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Figure 4: The typical RF voltage signal in the class Al
operation.
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Figure: 5 The gap voltage (solid linephd RF current class AB operation.
observed bythe CT (dashedline) respect tothe plate
curre_?'r[]. . p dwith b CONCLUSIONS
e frequencysweep wasperformedwith no bias . . .
condition. As shown in Fig. 3, the impedance was almo%e test cavity using a new material has beereloped.
constant for thefrequency range of 2 t03.4 MHz. e voltage more than theesignedvalue hasbeen
Although there is no tuning system, the RF voltage waPt@ined. Inorder to achievethe higher voltage, a new
very stable for the frequency sweep from 2 to 3.4 MHz aterial is belngjeveloped.'l'he impedance measurement
shown in Fid. 6. Shows that thg cavity has ntniangerous parasitic
resonance. An isolated pulse for tharrier bucket was
generated andhe maximum voltage of 11.3 kV was
obtained. However, the distortion of RF voltage was not
small because of the class B operation of the single tube.
It is expected that the distortion will @proved by the
planned modification of the amplifier to a push-pull
amplifier.
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