Proceedings of the 1999 Particle Accelerator Conference, New Y ork, 1999

MULTIPACTING STUDY OF THE RF WINDOW
AT THE ADVANCED PHOTON SOURCE"

J.J. Song Argonne National Laboratory, IL

Abstract There has been a substantial investigation regattisg
subject by others. Most of thesencentrate on aimple

1-D modelsimulation or anexperimental measurement
with planar electrodesR.A. Kirhek et al.[1] introduces a
simple model asshown in Figure 1. In this model, the
multipacting current due to the planer structuredded to

the ordinary LRC circuit of the rf cavity in the typical
gepresentation. Heddressesssues such as the multi-
pacting saturation level, the multipacting mechanism, and
the evolution of multipacting. On the othdéand, D.
Proch et al. [2] presents a systematic measurement of the
rf multipacting current. The multipactingurrent between

two planar electrodes of apecially designed 500-MHz

1 INTRODUCTION coaxial resonator was measured. Various measurements

were made bghanging thesurfacematerialand condition
The APS at Argonne National Laboratory is fully opof the electrodes.

erational at 7-GeV with a beawourrent up t0100 mA
producing various types of x-ray radiation. Since energy
lost due to synchrotron radiation, the storage ring (SR)
system typically provides about 9.6 MeV/turn at 100 m#
The SR rf system consists of four sect@achconsisting
of four single-cell cavities ¢4). The four rf sectors are
powered by two 1-MW klystrons for 100-mA operation.
However, several ceramic windows have bedamaged
during full operation of the SR rf system. The mair
symptoms are higher temperature, beam thgsto pres- :
surebursts,andarcing. The inspectiomevealed a copper RF Cavity
coating inside theceramic windows asvell as vacuum
leaksdue tocracks and/opinholes on the windows. To

prevent further loss of eeramicwindow/input coupler in Figure 1: A simple model for interaction of multipacting

the A.PS SR rf cavity, an exper.imental study of the m vith an rf cavity. The LRC circuit represents the rf cavity,
tipacting phenomena on the cavity has been prepared. loading by multipacting current |

2 MULTIPACTING Multipacting is clearly undesirable. It results in ttis-
Multipacting is a well-known phenomendrequently sipation oflarge amounts ofpower andtherebygenerates

observed in rsystems such as rf cavities, HO&bsorb- destructive thermal-stress gradients. Furthermore, the

ers, and klystrons. When an rf field exists across a gap, @werloss mayoccur in localizedegions,leading to in-

electron from onesurface is accelerated towatfte other creasedoutgassing or evaporation of the material. Ulti-

surface.Upon impact,another electron may beeleased mately, the multipactor loading may become so great that

due to secondarglectronemission. Thesecondaryemis- the desired rfjap voltage cannot beached omay cause

sion coefficien® depends on the electron impact energy Eignificant reflection.

and properties of thesurface material. If thesecondary  Unfortunately,few elements have lowecondaryemis-

emission coefficient of the surface is high enoul» (1) sion characteristics. Moreover, many of these unsuit-

and the emitted electrons can be accelerated with a resordi for vacuum and/or rf applications. Of particular inter-

field, this process can continue and lead to multipacting.est to coupler windows fahe APS SR rf cavityare the
secondaryemission coefficients of alumina and copper,

" Work supported byU.S. Department of Energy, Office of Basic Which aredy,,, = 2 to 9 andl.3, respectively. Toreduce

Energy Sciences under Contract No. W-31-109-ENG-38. the multipacting phenomenon, the windows at APS

* Email: jsong@aps.anl.gov have been coated with titanium, using a simple deposition
system before conditioning and operation [3].

Multipacting current carcause breakdowns inigh power
rf components such as input couplevgveguide win-
dows,and higher-ordemode (HOM) dampers. Toander-
stand and prevent the loss of a ceramic window 6njpmt
coupler in theAdvanced Photon Source (APSjtorage
ring rf cavity, the multipacting phenomenon is bein
investigated experimentally. Thipaper begins with a
description of simple model, presentshardwaredesign,
and concludeswith measurement ofultipacting. Multi-
pacting isexplored inconjunction with conditioning the
cavities and interaction with the stored beam.
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3 MEASUREMENT SETUP The signal output isead on aSun workstatiorafter it
has beenrouted through an AlanBradley circuit with

A prototype electrondetector system (e-detector) was £p|cs codes. An out ; i
) . put signal will be sent to Hadety
built, bench-tested, and connected to the APS SR rf cavifiyerjocks, once a reasonable trip point is determined.

near the ceramic window to measure the secondary electron
emission (SEE) current. Thidevice issimilar to the e- 4 INITIAL MEASUREMENT
detector initially developed at DESY [2].

The ceramic window allows for rf power to be transmit4,1 X-ray-induced Multipacting
ted from the WR230@vaveguide tothe 352-MHz single- ) )
cell cavity through an H-loop-type input coupler as shown Theé most troublesomerea due tomultipacting was
in Figure 2. Theield patternsare transformedrom TE,, l0cated in sector 36 cavity #2 (S36 C2). In the fiarste
mode in the waveguide to TM,, mode inthe cavity. Ye€ars of operation, the inpebupler/ceramic window was
While the electromagnetic field is transmitted through aeplacedthreetlmes. E-detectqr_s designed rAPS were
coaxial input coupler, the field configuration appears to hastalled on the sector 36 cavities (one per cavity). A SEE

a TEM type. Thee-probe ofthe detectorwas embedded at currentwas measuredduring rf conditioning as well as
the bottom of the input coupler near the window. during injection and storedbeam. Although there was no

signal from any of thee-detectorsduring the rf-
conditioning, thee-detectorrecorded 6volts from cavity
#2 with stored beam at 100 mA, as shown in Figure 4.
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The electronic blockliagram ofthe e-detector isshown
in Figure 3. The rf lowpass filter igsed toprevent inter-
ference with the 352-MHz and any other HOM fre-

guencies. The incoming signal abtainedwhile applying

the 30-V bias voltage in the circuit. An instrumentatiofrigure 4: E-detectorsignal at sector 36 cavity #2; the
amplifier amplifies the incoming signaknd then the Stored beam current and vacuum pressure are also shown.

current is converted to &oltage. The voltage signal
passes through uffer integratectircuit andfinally reads  AS shown, the vacuurpressurefollows the e-detector
into another amplifier circuit thasendsthe output to Signal. However, the SEEurrent appears to beo high.
“signal out” or compares with the trip setting Later, it wasfound this wasdue tothe synchrotromadia-

tion from the upstream bending magné35BM-B)
hitting the waveguide, wherghe ceramic window was
located in this particular cavity (see Figure 5).
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Figure 5: The layout of the sector 36 cavitiebere the
cavity #2waveguide is inthe line of sight of thex-ray

Figure 3: The block diagram of the e-detector board. trajectory from the upstream bending magnet.
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It appearedhat theend absorber (coppeblock) at the 110 7
end of the antechamber was not thick enough to block

Beam current
x-rays completely. After the transmitteck-ray dose was l ] %36
E

C2 e-detector
BB ha MR

measuredmore lead blocks were added (8inches or 200 o [l Mo B Bt
mm total) to prevent the x-ray from penetrating the © il ek R e |
ramic. The corresponding x-ray dose calculation, shown Thi bl o bt Ll i Lo b bl A
Figure 6, shows that 8 inches t¢dad shielding was ket bl e B 4 et L Wi
required to block the x-rays. 55 S36 C1 e-detector
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e | -~ 4.3 Progress and Further Works

1e-14 .

- a Toros 2 oS « The prototypee-detectorwas tested, installed, and

shown torespond tothe multipacting current under
_ _ various conditions.
~ Enerav (eV) vs Interisv (watts/horzontal cm)  Recently, more emphasis is given determine the
Figure 6: Calculation of transmitted x-ray energy from the gpp currentusing a multipacting simulationode de-
APS bendingmagnet, shown withand without the lead veloped by the University of Helsinki [4].

shielding. » More systematic measurements will irededuring rf
4.2 Beam-induced Multipactin eond|t|on|ng once construction of' the tdst-bed (the
P 9 independent 350-MHz rf conditioning system) lhaen
After the lead shielding was installeénd the input completed.

coupler was replaced, the measurement continued. A typi-

cal result with a 100-mA beam is shown in Figure 7. The 5 ACKNOWLEDGMENTS
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is a series of short pulses on tbheler of nanoseconds.

The pulse period wasonfirmed |ater in separate measure- 6 REFERENCES

ments with a fast sampling scope. This tirseale is [1] R.A. Kishek et al., “Steady state multipactand depend-

comparablewith a gap of gew cmand anoperat_ing rf ence on material properties,” Phys. Plasmas, (3%
frequency of 352 MHz. The bottom of the step-like pulse gg3 (1988).

from S36 C2 isoverlappedwith the S36 C1 cavity e- [2] D. Proch et al., “Measurement of multipacting currents of

detector signal, which is basicaligrovolts (noise signal metal surfaces in rf fields,” Proc. of the 1995 Particle Ac-
in the middle of the graph). celerator Conference, 1776 (1996).

The pulse widthappears to bédonger and higher as [3] K. Primdahl et al., “Reduction of multipactor in rf ce-
beam current and/or rf power increasestlie cavity. In ramic windows using a simple titanium-vapdeposition
fact, when the beam current lateachedmore than 95 system,” Proc. of the 1995 Particle Accelerator

. . Conference, 1687 (1996).
mA, the signalsaturated.Also shown is thevacuum [4] E. Somersalo et al., “Computational methods for ana-

pressure in the cavity (shown atthe 'E’Ott.om. ofgraph). lyzing electron multipacting in rf structures,” Particle
The pressure change is vamall, whichindicates local Accelerators, V59, 107 (1998).

outgassing in the cavity. This is consistent with the SEE

current from the e-detector. The ceramic temperature, taken

from the upstream and downstream ceramic windwitis

infrared cameras, increases aftbe electron isbombarded

on the surface (zigzag curves as shown).

791



