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Abstract g
&

It is proposed to upgrade the Advandeght Source by A
the addition of an RFsystem at thehird-harmonic(1.5 "%
GHz), of the existing system. With the new system | /
will be possible to control the bunch lengéind charge
density profileindependently ofthe RF bucket height, _
improving the Touschek-dominatecbeam lifetime. A pr——
third-harmonic cavity design idescribedvhich hasgood
efficiency and is relatively simple to manufacture. The ~!
cavity shape igpresentecindissues of shunimpedance,
power dissipation, higher-order modes, fabrication and
installation are discussedDesign options for theavity
tuner and RF window are also considered.

1 INTRODUCTION

To a user of synchrotron radiation, the beam lifetime i
one of the most important aspects of a synchrdtgirt

source. In low to medium energy storageg light Figure 1. CAD model of 1.5 GHz cavity
sources, the lifetime is usualfjominated by large-angle
intrabeam (Touschek) scattering. This process is 2 RF DESIGN

particularly important for storage rings such as the Th itv sh ibased tional irant
Advanced Light Source (ALS) becausetioé highdensity € cavity shape 15ased on @&onventionaire-entran

of electrons resulting from the small transverse beam si%@me but because othe high frequency andhe large

One proven method for increasing the lifetinfrem eam stayclear requiredthe beam-pipediameter is a
Touschek effect without compromising thetransverse significant fraction of the cavity diameter, leading to some

beam brightness is teeducethe peak longitudinatharge loss in shuntimpedance.The use of nose cones and

density of an electron bunch using a higher harmonic #@refuloptimization of the cavity shape to maximize the
system to modify shape of the RF bucket [1] shunt impedance result in a useful improvement over pill-

A higher harmonic cavity haseveralother benefits to box or bell-shaped designs with the same bore. This also

machine operation. When the phase of the harmorﬂ%‘n'm'zes the number of cavitigsquired andhe power

voltage is adjusted such that the bunch lengthttiese is issipated pecavity. The parameters ofthe cavity are

an increase in the spread of synchrotireguencieswithin Iist(_ed in table 1 (with the poweequirements_for a 4 cel
the bunch. Thisspreadcan help in dampingsoherent active system). Theenter ofthe cavitybody is made to

instabilities such as the longitudinaloupled bunch be a section qfasp_here, see f|ggre 1 rather thamnmr_\e.
instabilities through amffect known asLandaudamping. cOmmon toroid, which greatly simplifies the machining
For this reason, harmonic cavitiase sometimescalled of the port penetrations, whiatan belatheturned rather
"Landau" cavities. Thedecrease inpeak current and than milled [2].

synchrotron tunespread isalso useful in raising the Table 1: Harmonic cavity system parameters

threshold forsingle bunch instabilities. This may allow
. . o Frequency 1.5 GHz
higher single bunch currenthan the current limit of Total voltae 500 KV
about 20--25 mA/bunch. Another benefit is that piase Ll
. . bore diamete 5cm
of the harmonic voltagean adjusteguch that théounch - —
) . . . cavity R/Q 80.4
is shortened. This mode of operation may be of interest to calc. O 57677
a.select group of users for whom lifetime is not the calc. Rs 523 XD
primary concern. Rs x 70% 156\
number of cellg 4
* This work was supported by the U.S. Department of power per cell 5.01 kW
Energy under contracts DE-AC03-76SFO0Q@8NL) and W- *R=\/2/2P

7405-Eng-48 (LLNL).
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The nosecone radius is chosen to keepetbetricfield
enhancement to a reasonable level (5.3 x effecting)the 4 FABRICATION
peak field(8.3 MV/m) is well below the Kilpatridevel
(~34 MV/m at 1.5 GHz). The wallpower density is
within reasonabldimits for 5 kW total dissipatior(125 copper. This will eliminate a number of joints and

kV). There isabout afactor of two increase where the 5chining operationsompared to amssemblyfabricated
vyaII current isconcentrated arourithe port openings, see gom separateparts. Theendcapswill be machined from
figure 2. plate stockand areidentical parts through most of the
fabrication processes. Approximately 2 mm of stadk
be left on all interiorsurfacesfor the finish operations.
The water passagese milled on the outside of afthree
parts. Oneendcap is then joined by e-beam welding to
the body, which also has soragcessmaterial. After the
weld the inner contour of the cavity figrnedthrough the
remaining opening to a finish of 324nch (0.6um) Ra or
better. The otherend cap is then put in place, the
frequency is measured, andimal tuning cutcan bemade
on the nose if necessary. Once figguency is correct the
second endap is e-beamvelded inplace. Anyfrequency
change from the final weld will be taken out by the tuner.
The beam-port extensions axéeamwelded tothe end
capsandthe body is leak-checked’he body assembly is
then sealedfor the plating process. Platingax is cast
into the cooling channeland the surface is made
conductingwith silver powder andactivated. A thick
jacket of plated copper is grown ol of the channels

Figure 2. Wall power distribution calculated by Omegan one operation. By using larightened coppeplating it

Average body dissipation (A), Peak (B) ~ factor 2 higheriS possible to eliminate thentermediateturning stage
necessary for the pure copper jackeed onthe PEP-II

3 MECHANICAL DESIGN cavities. The separate brazed water channel covers used on
nthe port assemblies of the PEP-II cavitiean also be
é(liminated,reducingthe number of partand processes.
Onceplating is completedthe wax is meltecnd flushed
out of the channels. The-beamjoints are uncovered by
machining through theplated layer toeliminate the

The center section of the body including the fowmd
ports on theequatorwill be machinedfrom a solid billet
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technologiesdevelopedfor the 476 MHz PEP-Il RF
cavities [3], allowing rapid development of aobust
designusing tried and testedconstruction methods. The
new spherical geometry allows the use of simplend
ports and many common parts. Thisand other
simplifications allowed the elimination of many parts and
manufacturing steps to minimize the overall cost and
fabricationtime. There aresix openings on the cavity:
two beam ports in thend capsand four ports in the
spherical bodysection (a tuner port, pick-up port,
coupling portand aspareport which may beusedfor a
fixed tuner). All of these except the coupling par¢ the
same diameter and use the same flange. The coupling p
is slightly larger and uses alarger flange but the
manufacturing processesesimilar. All of the ports and
their interfaces with the body are simple figures of
revolution and can be lathe turned. The insidd outside
contours of the cavitycan also be turnedwith internal
accessthrough one of theend openings. The cooling
passagesvill be N.C. milled, like the PEP-II cavities,
but with much simpler programming. The cavitpdy
will be madefrom OFE high conductivitgopper except

for the plating over the water passages which will use the-jg,re 3. Cross section through the center of the cavity

so-called "brightened’copper, which hasadditives t0  showing the cooling passages in the end caps and the
improve the plating process, see figure 3. spherical bog section.
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possibility of water leaks to vacuum. The passages are Table 2: Harmonic cavity HOMs

hydrostatically tested to 150 psi (1 MPa). The flanges are | _mongole| frey. (MHz) Rs* (kQ)
then attached by e-beamvelding. Theseare standard 0-M-1 2248 874
stainless steekircular knife-edgeflanges with copper 0-E-2 3248 105
inserts. The finalprocess is to clean the inside of the | 0-E-3 3683 173
cavity using a mild chromic acid bright dip. Thismoves 0-M-2 4104 0.462
any residuefrom the e-beam weldingthat may have dipole ROTMQ/m
condensed otthe insidesurfaceandimproves thesurface 1-M-1 1941 0.754
finish to 16pinch (0.4um) Ra or better. The cavity is 1-E-1 2363 15.2
then blanked off and backfilled with dry nitrogen at 1-M-2 2882 35.3
atmospheric pressure for shipping. 1-E-2 3253 1.14

*Rs=V2/2P, TRO=R(r)/kr?

5 TUNER TMo3 cut-0ff=4590 MHz, Tk cut-off=3514 MHz
The tuner is a simple piston type operating from the
bottom of the cavity with a commercial stepper-motor 8 INSTALLATION

driven actuator. The dimensiorare chosen so that the
tuning range is adequatefor all operating scenarios

(300 kHz), and safe parking off resonance(750 kHz), gystem. This will simplify cabling, interlocksyater and

while the smallest step size gives a tuning sensitivity ntrols which may beharechetweenthe two systems.

less than2 kHz to maintain optimum _lifetime within The harmonic cavities will b@re-assembled and aligned
1%. The piston will be water cooled and the length of the P N

tuner and tuner port will bechosen to avoid harmful On a supporrat qlong with tuners, cogplerspurnps, .
; masks etc., and will be baked out before installation. This
resonances that may cause heating of the bellows.

should allow the assembly to be installed during a short
6 WINDOW AND COUPLER shutdown, and to be commissioned expeditiously.

The cavity can beperated inpassivemodewithout an 9 CONCLUSIONS
RF window, with the flange blanked off, but itirgended . . . . .
) . . . The harmonic cavity project should yield a substantial

to use a windovand coupler with an adjustable matching.

stub and external load which will allow adjustment of thlemprovement in beam lifetime for the ALSuser

cavity Q. This adjustmerand the control of the cavity community. The adaptation of technology from feP-

. . . Il RF cavity construction project hasllowed the
frequencywith the tuner should allow théeal cavity dqvelopmentyof arobust effic?en': and low-risk_cavity

amplitude and phase to be maintained for a wide rangedoesign in a relatively shomeriod of ime and should

beam currents. The windoand couplerwill be designed - .
: . . . allow fabrication toproceedequally quickly and at a
to be compatible with an actipowered)system ifsuch
reasonable cost.

an upgrade is desirable in the future.
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The harmonic cavities will be installed in part of one of
the straight sections of the ALS, close to the existing RF
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