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Abstract

The higher-order mode (HOM) couplaith a rod-shape
antenna has beedesigned to reduc®-values of the
trapped HOM’s. The antenna is inserted in the cavityn
a small opening on théxed tuner block and strongly
couples some of HOM's. Twmodel couplers havbeen

with an emittance of 5.-lhm-radand a circumference of
388 m [5]. Theparameters othe VSX RF system are
listed in Table 1. Though the new cavities are operating at
the PF ring quite successfully, our R&D effort is
continuing inorder to obtain still betterperformance of
HOM'’s damping for these third-generation low-emittance
rings.

fabricated and tested in low-power levels. It was found that

they can reduce Q-values of the sixtrapped HOM's
without influence on the accelerating mode.

1 INTRODUCTION

2 TRAPPED HOM'S IN THE CAVITY

Figure 1 and 2 shows thecalculatedlongitudinal and
transverse HOM impedances, which were obtained by a 2-
D simulation of the cavityandthese valuesre listed in

We developed 00 MHz RF cavity in collaboration Ref. [2]. The solidand dashedines indicate the critical
betweeninstitute for Solid State Physics (ISSP) of th@mpedancedor the VSX rings of the firstand second

University of Tokyo and KEK. The cavity h&C beam
ducts for damping the HOM’s. The HOMé&xcited in the
cavity are guided out of the cavity through the befutt
of 140 mm in innerdiameter,and dissipated in SiC
microwave absorber [1, 2].

In 1996, two cavities of this new typeere installed
in the Photon Factory (PF) storage ringréplace two
out of four cavities. The new cavitieoperated
successfully and no transverse and longitudinal
instabilities due tothemwereobserved. As aesult, the
maximum stored current of 773 mA washieved; it is a
new record ofthe PF ringand is about 250 mAlarger
than the last record up to then [3]. The remaining thde
type cavities of the ring havalso beenreplaced by the
new ones in the summer of 1997.

Table 1: The parameters of the VSX RF system.

Firstphase Secondhase

RF frequency 500.1 [MHZz]
Number of cavity 1 3
RF voltage /cavity 0.4 [MV] 0.5 [MV]
Coupling factor 1.5 1.9

Shunt impedance
Q-value
Nominal beam current

7.7 [ ( designed)
44000 ( designed)
200 [mA] 400 [mA]

The cavity also aims at being installed in tsterage
rings of Japanese VUVand SX synchrotron radiation
source project, the VSX project. The project iuture
plan of the University of Tokyo to construchird-

generation rings at the Kashiwa campus of the university,
and it iscomposed oftwo phases; the first phase is to

construct a 1.0-GeVacetrackring with an emittance of
0.7 nm-radand a circumference &30 m [4],and second
phase is to construct a 2.0-Gé&wr-fold symmetric ring

phases, respectively. The critidatpedance denotes the
maximum impedance above which a coupled-bunch
instability mayoccur atthe nominal beam current. The
HOM’'s with frequencies higher than the cut off
frequencies ofhe 140 mnp beamduct (1.64 GHz and
1.26 GHz for TMO1 andTE11 modes, respectively ) are
absorbed bythe SiC part. In consequence, their
impedances areeduced tothe values below theritical
impedances. However,the several HOM’s, with
frequencies lower than the cutoff, are trapped in the cavity
itself and can not be absorbed by the SiC part.
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Figure 1: The longitudinal impedances of HOM’s.
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Figure 2: The transverse impedances of HOM's.
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There are a few methods to avdigk instabilitydue to 50 Q load. The tuner blockndthe flange of themodel
thesetrappedHOM'’s. Frequencydetuning of HOM's is are made ofaluminum, and the rod-antennaand inner
one of proper methods. The cavity has a side amottam  conductor of the waveguide are made of copper.
ports for fixed tuners. Thefixed tuner is acylindrical

copper block with an ICF-flangand used to pathe port Fixed tuner port

spacel6]. Since the resonarftequencies oHOM’s are

shifted by changing the lengths of tbepperblocks, we 50 Q
can detune the HOM'’s not so as to induce the instabilities \
by choosing proper lengths of the blocks [7, 8]. In the PF

ring, this frequency-shift method &pplied to the cavities
and dangerousHOM'’s are detunedvell [3]. For a ring
with a larger circumferencehowever, the frequency
detuning becomes lessffective, because ofts low L _
revolution frequency. b Fixed tuner block

Another way toavoid the instability is toreduce the L/ 20D coaxial waveguide
impedances of trapped modasithout affecting the :
accelerating mode. For this purpose, we hdesigned and
fabricated low-power models of HOM coupleith a rod- o
shaped coupling antenna. As the cavity shape resembles #/¢ measuredhe RF characteristics ofthe trapped
simple pill-box form, it isexpectecthat therod antennas Modes changing theod-antenndengths, L, in Fig. 3,

insertedfrom the side and the bottom portscan couple 2nd the fixed-tuner block lengths, lin the same figure.
HOM's with good mode selectivity. Table 2 summarizes theeasured frequencies and Q-

values of thetrapped modegor various lengths ofod-
3 A LOW POWER STUDY OF THE antennas. The measuremerre carriecbut in fourcases
HOM COUPLER for the lengths ofrod-antennas ofhorizontal (H) and

vertical (V) couplers. In the case (1), theddd V couplers
We attached the low-power models of the HOM couplgfiere mountedut notloadedwith 50 Q, and inthe case

to both sideand bo_ttom fixgd—tunergort; of the cavitzl. (1), (I11) and (IV), the couplers were terminated by a G0
The coupler at thside port is called “horizontal coupler” |54 The Lengths of thefixed tuner blocks, |, were set
and atthe bottom port is“vertical coupler”. Figure 3 5 be 0.0 mm for the all cases. Thequired Q-values
shows the schematic view of the coupler mounted on igich do notinduce the coupled-bunchinstabilities for

port. Therod antenna is inserted ithe cavity from a he vsx rings of the firsand secondphasesare also
small opening on thdixed tuner block. Theantenna is given in Table 2.

followed by a 20D coaxialvaveguideandterminated by a

Figure 3: Schematic view of the HOM coupler.

Table 2: Measured characteristics of the trapped modes. All data were taken under atmospheric pressure.

() () (D) (V)

L, (H) 25 mm (not loaded) 25 mm (( 8D) 41 mm ( 50Q ) 57 mm (50Q )

L, (V) 25 mm (not loaded) 25 mm (50) 41 mm (50Q) 57 mm (50Q)

Required Q
Mode f[MHZz] Q f [MHz] Q f [MHz] Q f [MHz] Q VSX1 VSX
2
Longitudinal modes
TMO10 500.10 37000 500.10 370(1) 500.10  370p0 500.10 36600
TMO011 792.79 22000 792.30 200 790.15 350 785.9 100 250 | 70
TMO020 1312.1 9000 1312.0 940( 1312.1 90do 1312.2 8700 720 500
TM021 1371.2 10000 1371.0 1200  1371.0 160 1379.3 ~80 720 500

Transverse modes

TE111H | 700.96 36000 701.04 3700 700.00 640 not measuralgle 1700 pOOO
TE111V | 706.53 32000 706.64 3200 704.88 500 not measuralgle 1700 pOOO
TM110V | 788.85 ~5000 788.85 ~5000 | 788.88 ~5000 788.88  ~500 46 54

0
TM110H| 792.80 42000 793.56 41000 793.51  400p0 793.47 400046 54

0
TM111H| 985.24 11000 985.92 130 983.39 160 not measurable 28 33
TM111V | 990.34 10000 990.84 180( 988.80 ~160 not measurable 28 33
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As shown in Table 2, all HOM'&xceptthe TMO010,
TM110 and TM020 modeswere strongly damped by the
HOM couplers. When the rod antennas of blatiizontal
and vertical couplers were insert at+.57 mm (case VI),

TE111 and TM111 were completely damped and no longer

measurableand TM011 and TM021 were also reduced
below the required values. On the other hahd,Q-value
of acceleratingnode, TM010, was notffected by the
HOM couplers.

Consequently, with the HOM couplers, ontiree
modesnamely TM110H, TM110Vand TM020 remain,
which have apossibility to induce the coupled-bunch
instabilities.

Figures 4, 5and 6 show the measuredresults of
frequency dependence tifese three modes dhe lengths
of the fixed tuner blocks, L. For the measurements,
lengths of the rod antennas were set157 mm forboth
horizontal and vertical couplers. Since theesonant
frequencies ofTM110V and TM110H modes strongly
depend on the length of fixed tuner blogkgs. 4and 5),
the frequency-shift method is versuitable toavoid the
instabilities due to them. However, for the TMO2@de,
frequency shift by the fixed tuner ot large (Fig. 6), so
that frequencydetuning isnot effective. Ifthe instability
due toTM020 werestrong for the VSX rings, thether
way should be applied to suppress the instability, such
a bunch-by-bunch feedback method.
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Figure 4: Frequency dependence of TM110V gn L
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Figure 5: Frequency dependence of TM110H gn L
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Figure 6: Frequency dependence of TM020 pn L

4 CONCLUSION

The HOM coupler with aod-shapeantenna hadeen
designed andtested in low-powerlevels. It strongly
couples some dfappedHOM'’s andcan reducetheir Q-
values without influence on theQ-value of the
accelerating mode. Only three HOM’s, TM110V,
TM110H and TM020, are not damped bythe HOM
coupler and remain with higimpedanceFor the TM110
modes, however, thegan beeasily detuned byadjusting
the lengths offixed tuner blocks to suppress the
instability.

SMeanwhiIe, weare designing a high power model of
t%e HOM coupler. For the high-power model, tioel-
shape antennand inner conductor ismade of OFHC
copper and cooled byvater. Thefixed-tunerblock is also
made of OFHC copper. To dissipatextracted HOM
power, thesintered SiC ceramics, which is thesame
material as thenicrowave absorber at beam-duf®3, is
mounted on the end of the coaxial waveguide.
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