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Abstract Two types of ARES cavithave beerfabricated and
tested under high RF power. Thagiopt different scheme
Two types of ARES cavities were tested in the TRISTAMf HOM damping for their a-cavity. Thehokemode
accumulation ring in KEK. In this paper, results relatingavity [2] is usedfor the first ARES cavity (ARES95)
to the fundamental mode irthe acceleratingcavity are [3]. The second ARES cavity (ARES96) eésjuippedwith
reported. Thestatus of the cavity, including thaetuning four rectangular waveguidesd groovedbeam pipes [4].
frequency undebeam loadingandthe outputpower from The parameters ofheir accelerating mode arksted in
the coupling cavitydamper,was measured at different Tablel.
beam currentand with various bunch patterns. Its  Thesetwo ARES cavitieswere installed in the
behavior agreeswell with the calculationbased on a TRISTAN Accumulation Ring (AR) for preliminary

coupled resonator model. testingunderthe electron beam current up ©70 mA.
Main parameters of AR is listed in Table2. Principal aims
1 INTRODUCTION of the test are:

The ARES cavity was developed to suppress multi-bunch
instabilities induced by both fundamentadd higher order
modes (HOM) in KEKB [1]. It consists of three cavities:
accelerating (a-), coupling (c-) and storage (s-) cavity. As a
consequence dheir coupling, theacceleratingrv2-mode
and parasitic 0- and Ttemodes are formed. The
characteristics of ARES is:

1.Confirm its basic function angherformance.
2.Study effects of HOMs on the beam.
3.Establish the cavity control method.

In this paper, the result of the firsind third subjects
above are reported. Effects of HOMs iseported
elsewhere[5].
1. The a-cavity is @ampedcavity. The instability due

to HOMs in the a-cavity is suppressed. 2 OPERATING ENVIRONMENT
2. TheR/Q of the accelerating mode iabout 10 times

lower than that of the a-cavity alone soat the 2.1 Power Feed

resonantfrequency ofthe accelerating mode do not The two ARES cavitieswere installed at one straight

cross integral multiples of the revolutidrequency section in the TRISTAN AR ring. At another straight

during the current build-up. section, asuperconductingcavity (SCC)and a choke
mode cavity (CMC) were also installed. Only one ARES

Tablel Parameters of the accelerating mode of ARESs. Cavity was operated at a time while the othetdgined in
order not to affect the beam stability.

ARES95 ARES96 The input RF power is fed to the s-cavity through the
Shunt ImpedancBgp, 1.66 191 MQ input couplerwith a disk-type ceramic windowW6]. The
Qo 112x16  1.17x1% cooling water flow is 400l/sec for each ARES cavity.

RsHQo 14.8 16.3 Q 2.2 Tuning of the A- and S-Cavities

The frequencies otthe a-and s-cavitieswere controlled

automatically with movable tuners independently [7]. The
Table2 Machine parameters of ARnigh current tuner for s-cavity controlled the relative phase between the
experiment. input RF field and the field inside s-cavity so that the
input impedance be purely resistive as usual. Orother

Ei\ggti%elr_%};s 0 1255 lvcle;\e/\//Turn hand, the frequency of the a-cavity is controlled so that the
Momentum Compaction 0 '0129 phasg bgtweep the a- and c-cavityi2. Thefield in the
Long. Damping Time 2'1 6 ms c-cavity is excited as a consequence of endtgw from
Trans. Damping Time 43.1 ms the s-cavity to the a-cavity.

RF Frequency 508.58 MHz

Harmonic Number 640
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A = U Af, + U AR,
3 RESULTS /2 U +U
a S

Mostly the study wasoncentrated orARES96, which  whereaf,, andUp, are the frequency shift and stored energy

has beenadopted asthe normal conducting cavity for P ; ) ;
KEKB. It was operated foabout 20dayswhile ARES95 of the n-cavity. The detuning of thed2-mode isAf4/10

was about 2 days. The following resultze about SinceAfgis zeroandUy:Ug=1:9. Thus inKEKB LER,

ARES96 except 3.4. the largest detuning frequency will be about 30kHz, which
) is well below the revolution frequency of 99kHz.

3.1 Heavy Beam Loading The frequency detuning dhe accelerating modender

The maximumcurrentwhile the cavity is operating is Peam loading coulchot be measureddirectly. It was

500mA. No anomalous behavior was observed. estimated from the tuner positions of the a- and s-cavities.

In the case of KEKBLER, the ratio of thepower The frequency shift of the a-cavity is plotted as a function
consumed by the beam to that by the cavity wall will be Of the beamcurrent in Fig.1. The totalV, was 1MV,
R, _ 200kwW _133 which was the sum of 0.5MV of ARES@hd0.5MV of
e CMC. The straight line in the figure isalculated from
Eq.(1) with the a-cavity parameterdkqi~4.8MQ and

P~ 150kW

c
In order to simulate the operatiomnder alarge beam
loading, P; is lowered to85kW (V=0.4MV) and the QO:3(104_ The measurementgrees well with the

relative phase betweeRRES and CMC was shifted to  calculation. On the other hanthe frequency ofthe s-
increasePy, in ARES. At the beam current of 300mA, thecavity changedonly slightly when the beanturrent

ratio was changes.Therewas nofrequencyshift observed beyond
R, _ 75kwW random fluctuation when the beanturrent was kept
P sBkw constant.
Cc

The above measurement of the tungositions

and there was no anomalous behavior in the cavityjicatesthat thefrequencydetuning of theaccelerating
control. 2-mode is in good agreement with the theory.
3.2 Frequency Detuning 3.3 Power Output from the C-Cavity Damper
The frequencydetuningdue tobeam loading iexpressed A paxial waveguide is attached #te center ofthe c-
as cavity to damp the parasitic 0- amemodes. Awaterload
Af = _ fw ORG Ol sng is connected orthe otherend of the waveguidewith a
2 HQ HVC ’ 1 ceramic window [8] betweethem. Only a small output

whereRgp andQ arethe shuntimpedanceandQ value of power (measured 180W and e;xpe_cted 150Wa0.5MV)
flows out through thevaveguidewith no beamcurrent.

the mode,andfyf, Ib’ Ve andg arethe RF frequency, The output wasobservedwith a peak poweranalyzer
beam current, cavity voltagand synchronous phase, (pggg1A).

respectively. In the scheme of ARES, the amount of
frequencyshift of thea-cavity isthe same as in thease 3.3.1 Single Bunch
without the c-and s-cavities. However, theesonant

frequency of the acceleratimg2-mode changes by Figure2(a) shows the outputaveformwith a current of

100mA single bunch. The distanbetweenthe two large
peaks is the revolution time of.2Gus. The time

0 N differencebetween a large peadnd the following small

[ peak is about 150ns, whichcorresponds tothe beat

Sy frequency ofthe 0- and Temodesseparated by6.6MHz.

I The computer simulatiodbased on a coupled resonator
~ -1l0[ model [7] is shown in Fig.2(b), whichreproduces the
_Ii E measured waveformpretty well. Although their absolute
«® 15[ value cannot be compared precisélie topossibleerrors
g . K . .

i in the calibration of the measurement systetheir

ool difference is within a factor of 2.

: 3.3.2 Multiple Bunches

-25 I |

0 >0 100 | [ﬁg\] 200 250 300 With equally spaced 64 bunches, there was no prominent
b feature e&cept small noises as expected.

Fig.1 Frequency detuning of the a-cavity as a function of

the beam current. The dotse measuredalue and the

straight line is the expected value.
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Fig.2 Output of thec-cavity with a current of 100mA
single bunch.(a) is the measuremenand (b) is the
simulation.

3.3.3 Multiple Bunches with a Gap

When 8 consecutive bunchegere removedfrom the

equallyspaced 64bunches, a small hilemerges at the
missing bunches (Fig.3(a)). Similar situationeigected
in KEKB in order to avoid the instability due to ion

trapping. Themeasured waveform iseproducedwell by

computer simulation as in the single bunch case.

3.4 Cavity Start-up with a Circulating Current
In KEKB, acceleratingcavity may have testart up with

its full circulating current. This is because the refilling of

the beam would take much time.
ARES95 was used for the start-up te3€C provided
the acceleratingvoltage while the input RFpower was

not fed into ARES95. Below 300mA, ARES95 started u

without losing the beam. In sontases abov800mA,

the beam was lostluring the cavity startup. Théeam
loss occurred when theedback changeflom controlling
the klystron output to controlling the cavitfield.

Although theeffect of the start-up is smaller ilKEKB

because ofhe largernumber of operating cavitiesnore
sophisticated means of smoofedbackchanging or a
direct RF feedback system will be desirable.

3.5 Absorbed Power into the HOM dampers

There are several HOM dampers of SiC in ARES [9]. Th@]
maximum total power absorbed in one ARES was about[g]
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Fig.3 Output of the c-cavity when consecutive 56 buckets
arefilled out of equally spaced 64buckets. Thecurrent
was 164mA. (a) is the measuremenand (b) is the
simulation.

7kW. This value is not enough as a higbwertest for
KEKB. They will be tested using a klystron up tiaher
power level.

4 SUMMARY

Two ARES cavitiesvere tested unddream environment
in TRISTAN AR. Their behaviolagreedwell with the
prediction based on a coupled resonator model.
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