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DESIGN CONSIDERATIONS FOR A SECOND GENERATION
HOM-DAMPED RF CAVITY*

R. A. Rimmef, D. Li, LBNL, 1 Cyclotron Road, Berkeley, CA 94720, USA

Abstract to maximize coupling to the worst HOMs. Figure 1
shows thecalculatedongitudinal impedancespectrum of
The first generation of stronghlOM-damped RFcavities the PEP-II cavity, whiclagreeswell with measurements
are now beingoperatedwith beam in acceleratorswith  andbeam-signal observations. The thid®M loads are
good success. We briefly review these designscandider designed to dissipate up to 10 ki¥&ichandthe window is
somefactors inthe design of asecondgeneration HOM designed totransmit up to 500 kW. The PEP-II high-
damped copper REavity suitable for use in higburrent energy ring has operated at its design value of 750 mA [2]
storage rings such as linear collider dampiimgs, light  while the low energy rings haghievedl.2 A of its 2 A
sourcesand high luminosity colliders. We consider the goal in a short time [3]
problem of broad-band coupling to thigher-order modes 10000 ‘ ‘
(HOMs) and describédow straightforward modifications PEPII cavity, 3 HOM waveguides+ coupler
to the traditional cavity shape cdead to significant
simplification of themechanical desigand reduction in
cost. We alsaonsiderthe problem ofbroad-band HOM
damping in a multi-cell cavity.

1 INTRODUCTION

The development of machines with high average curren
many bunches has focused attention onnied toreduce
the impedance othe higherorder modes (HOMS) of the 55004 L
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RF cavities. At low tomoderate currerthe HOMs may

be detuned to safe frequenciefien by adjustment of the JL

cavity temperature, or the beam motion maycbstrolled °r OSULN :\kto zhmg
by feedback systems of modest power. At higirent the ' ' T fequency (H2) ' '

HOM impedancesnust bereduced atsource to keep the Figure 1.Calculatedongitudinal impedancespectrum of
beam stable or allow containment feedbacksystems of PEP-II cavity (MAFIA T3 simulation).
reasonable power. Several machinese currently
operating or being commissioned to operate in ri#igme The DAPHNE cavity [3] is @ell-shaped desigwith
where broad-band damping of a largember of HOMs is @ lower shuntimpedance, reflecting the modest voltage
required, including the PEP-#ind KEK-B mesonfactories requirementsandpriority of low transverse impedance. It
[1], the DAPHNE® factory and CESR-B. Mangroposed Uses wide-band ridged-waveguide tooaxial transitions,
fourth generation light sourcesupgrades to third coaxial feedthroughsind external loads. Two sizes of
generation light sources, linear collider dampiimgs and couplers covethe range of frequencies ithe cavity and
other high intensity machines will also fall intthis tapers. The feedthroughs and loads can comforteigle
regime. the approximately 1 kW per load of beam-induced power.
CESR-B uses a single-cefluperconducting cavity
2 OVERVIEW OF CURRENT DESIGNS designwith large beanpipes topropagatehe HOMs to
external load$4]. The inherently low R/Q of thishape
and the strong coupling to theadsresults in very small
esidual impedancesyhile the shuntimpedancefor the
undamental mode is very high [5].

KEK-B has developed asimilar superconducting
design forthe high energyring, but will also employ
room temperature cavities which havecambination of
waveguideand beam-pipedampersand anexternal energy
storage cavity toreduce detuning for beamloading
compensation. TheKEK-B rings are currently being
commissioned [6].

*This work was supported by the U.S. DepartmenEagrgy Future machines such as the lineaflider damping
under F:.ontrac_ts DE-AC03-765F00098. rings will requireHOM dampedcavities thatare as good
T Email: RARimmer@lIbl.gov o )

or better than these existing designs.

All of the "factory" type machines mentionedbove
employ single-cell type cavities with strortgoad-band
HOM damping, although they employ a variety oﬁ
technicalsolutions toachievesimilar results. PEP-1l and
DAPHNE use roontemperature copperavities with the

addition of rectangular HOM dampingiaveguides and
broad-band loads. The PEP-II cavities typicalperate at
about 850 kVand 103 kW of wall dissipation [2]. The
HOM openings are limited in sizend strategicallyplaced
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3 DESIGN IMPROVEMENTS

3.1 Cauvity profiles

The PEP-Il cavity uses the traditionate-entrant
"nosecone" type profile that has begrown to give the
highest shunt impedance for copper cavities. Most caviti
of this type have a toroidal profile for thmdy of the
cavity which means that the transition blend or fillet of a
ports entering the body is a complexfacethat must be
made by aprocess such aswulti-axis milling. For the

PEP-II cavity with its many equatorial ports, see figure 2,

this was a significant expense.
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Figure 2. Assembly of PEP-Il cavity showinigody
cooling channels on one haléxposed), equatorial and
HOM port inserts, nose-cones and "lid" section.
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Figure 3 Assembly view of ALS Landau cavity

For the ALS 1.5GHz Landau cavities which were
recentlydesigned byLBNL [7] andbuilt by LLNL [8], a
different shape was used, see figure 3, in whichcémer
part of the cavity was spherical. Thidlowed all of the
port blends to be turned on kathe. The portswere
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actually integral to the body and thentersection was all
machinedfrom a single piece of coppefhis greatly
simplified the fabrication procesand reducedcost and
technicalrisk compared tothe PEP-II design. A similar
fabrication scheme is beingonsideredfor the NLC

ggmping ring cavities, see figure 4.
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Figure 4. Possible NLC damping ring cavity assembly
3.2 HOM waveguides

For the PEP-II cavity simpleectangular waveguidesere

used, see figure 5a. The width of theveguide was
consideredtoo great to enterthe cavity directly so a
smallerracetrack shapeudis wasused betweethe cavity

and the waveguide. This required additional parts and
machining operations. The HOMvaveguide opening
causes astrong current concentration ahe ends of the
slot which results in the highegtower density and
stresses in the cavitgnd requires aarefully optimized
cooling channel layout [9].

[ C ) |
a (PEP-II)
b c

Figure 5. HOMwaveguidecross sections with theame
cut-off frequency, aPEP-II rectangular guide, b: compact
ridged guide, c: circular ridged guide

The peak power density &trongly dependent on the
radius atthe end of the slot and the radius ofthe fillet
betweenthe waveguideand the cavity wall. Figure 5b
shows a more compact ridged guide cross segtitin the
same cut-offfrequency,which does not require aniris.
This shape is beingvaluatedor the NLC damping ring
RF cavity. Figure 5¢ shows aircular ridged waveguide
that could be used onhe mid-plane ofthe cavity as a
HOM damping aperture or main coupler. The sirgtied
ridge breaksthe symmetry of th@perturewhich may be
useful in coupling to HOMs that have no magnéieédd
on the mid-plane (the PEP-II cavitssed aroffsetslot to
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gain useful extra damping of some modes). Tieular 5 CONCLUSIONS
sectionlendsitself to the use otircular flanges which ;o\ dampedstructures have been proven to eftective
may improve reliability over theectangulattype used for i, eqycing instabilities in high current storagerings.
PEP-II. With wire EDM techniques it is straightforward tOChanging the cavitpoody shape from toroidal to partly
make smooth transitions between these various prOﬂIeSs‘Hherical may allow simpler fabrication with menalty

to a broad-bandoad or coaxial feedthrough. A plunge-jn shyntimpedance. ModifiedHOM damping apertures
EDM technique is beingvaluated tocut the port profiles may eliminate the iris feature, simplifying the design, and

and blend radiinto the cavity body, which may simplify 5 yselarger radii atthe ends ofthe slots toreduce the

the manufacturing. RF surface current concentration, lowering tmperature
4 MULTI-CELL CAVITIES and reducing stresses. HOM damping in multi-cell cavities

may be practical and effective and will be studied further.
Multi-cell cavities have thedvantagehat theyoffer very

high shuntimpedanceébut unfortunately they also have a 3oxi¢® - ~ow Tl oavity Wi spmorical i seotons B
large number of potentially harmful HOMs, some of six ridged HOM waveguides 45° from beam axis

which may not be well damped by couplers at ¢hds of 25

the cavities.Adding damping waveguides to each cell

would solve this problem butvould lead to anungainly 2 L

structure. The problem may lie in the cell to cell coupling
schemes oftenused for these structuresBeam iris 3
coupling, figure 6a, is poor at transmitting mai@®Ms
along the structure. Magnetic coupling via pairs 6f
kidney-shaped slots between cells, figure 6b, is commonly
employed in linacs and multi-cell cavities, but in thase
some or all of thedipole modeswill not be propagated
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through long structures. The simpéxpedient ofusing J& Uw
three equally spaced slots between cells, see figurgibc, 0 AVAS{
allow the dipole modes to propagate through dtnecture 00 08 o 15 20 25 s0a0°

frequency (Hz)

without introducing any dipole aguadrupolecomponents

into the acceleratingmode. This coupling method is Figure 7.Calculated impedancspectrum of 3-cell cavity
currently being investigated for short multi-cell structuregyith 3 HOM waveguides at eacknd andthree kidney

and appearspromising. Figure 7 shows areliminary gjots between cells (MAFIA T3 simulation).
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