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Abstract

The RHIC gold beamintensity is presentlylimited by
pressureise at somewarm sections,andthe main cause
is thoughtto bethe electroncloud. For the FY2003RHIC
run, a systemhasbeeninstalledto characterizehe elec-
tron cloud, if it exists. The systemis comprisedof elec-
trondetectorshigh voltagebiassuppliessignalamplifiers,
anddataacquisitiorelectronicsall integratednto theCon-
trols system.The 11 detectorsaregroupedinto four loca-
tions,onein aninteractionregion andthreein singlebeam
straightsections.This paperdescribeghe signalprocess-
ing designof the detectorsystem,andincludesdatacol-
lectedfrom the FY2003run.

INTRODUCTION

The Relatvistic Heary lon Collider (RHIC) at
Brookhaven National Laboratoryhas eleven electronde-
tectorsinstalledfor measuringhe electroncloud density
in thebeampipeThis paperwill describeheconstruction,
specificationsandtoleranceof the RHIC electrondetec-
tor system.Actual resultsarepresente@nddiscussedsa
verificationof the systems usefulnesssatool to measure
theelectroncloud.

OPERATIONS

During the FY2002 RHIC Au-Au run, intensity
was limited to 5 x 10%ions/bunch while running
110 bunches/ fill. Thelimiting factorwasvacuumpres-
sureriseswhich causedthe beamto abort. Thesepres-
sureriseswerelinkedto beamintensityandthoughtto be
causedy the beaminteractingwith electroncloudsin the
beampipeDesignintensityof RHIC is 10° ions/bunch at
110 bunches/ fill. This limitation causedhe machineto
run atjustover50%of designintensity

We arecurrentlyrunningdeuterornon gold(d-Au) colli-
sionsin the FY2003run. For the FY2003d-Au run, inten-
sity hasbeenloweredto avoid electroncloud limitations,
so therehave beenconsiderablylesspressureise events.
However, duringadedicatedeamstudiegeriod,intensity
was maximizedto inducepressurerises. A single event
thatresemblecklectroncloud multipactingoccurredcoin-
cidentlywith a majorpressureise.

MachineTiming

At 100GeVY RHIC has a revolution period of
12.789 usec and therefore a revolution frequeng of
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78.193 kH z. Thereare 360 RF bucketsaroundthe whole
ring. While we are running 110 buncheswe fill every
third bucket, andleave tenconsecutie space$30 buckets)
emptyfor the abortgap. The lengthof one RF bucket is
35.563 nsec. Thetime from the headof onebunchto the
headof the next is 106.575nsec, with a periodicity of
9.383M H . Theabortgapis 1.066usec long.

Electron Cloud Structue

Figure 1 shovs RHIC electrondetectorsignal corre-
spondingo avacuumpressureiseduringfill 3107.Figure
2 is awall currentmonitor traceshaving the bunchstruc-
ture for fill 3107. Notice the two groupsof low intensity
buncheswhich causea wealer electroncloud signal. The
wall currentmonitorsignalis acquiredby ascopesampling
at 4GS/sec. Thereforethe x-axis of figure 2 is 1/4nsec
counts.They-axisof figure 2 is anarbitraryscaleusedfor
relative bunch-to-lunchmeasurementgheelectroncloud
signalis sampledat 1GS/secsothe x-axisin figure1 has
unitsof nanoseconds heunitsof they-axisof figurel are
milli volts, with anarbitraryDC offset.

The datain figure 1 shavs the only time that elec-
tron multipactingis thoughtto have occurredduring the
FY2003d-Au run. The beamwaslost dueto a vacuum
pressureiseabout20 secondsfterthedatain figure1l was
taken. Evidently, the scopewassetto too high of a reso-
lution becausesaturatioroccursbeforethe endof a single
turn. In subsequergamplinggnot shavn) duringthisfill,
thescopes saturateéssoonassamplingoegins. However,
thestructureof thesignalin figure 1 closelyresemblegre-
viousresearcton thistopic[4].

Accordingto thephysicalmodelsandsimulationresults,
we wereexpectingto collectelectroncloud currenton the
orderof 50uA during electronmultipacting. The detector
drivesanamplifierinputwith animpedancef 50€2. There-
fore, the expectedvoltageto be seenon the outputof our
32dBamplifieris 100mVminuscablelosses.

Duringfill 3107 ,thescopesaturatedluringthefirst turn
in which datawaslogged,correspondingo at least80mV
of collectedsignal. We canonly hypothesizehatthe max-
imum signalcollectedwasmuchlargerthan80mV before
thebeamwasaborted?0 seconddater.

SYSTEM LAYOUT

The detectorsarelocatedin thering at four majorloca-
tions. Onegroup,having two detectorsis atthe12 o’clock
interactionregion. The otherthreegroupsare locatedin
straightsectionsin 12, 1, and 2 o’clock and are consti-
tutedof the othernine detectors.The signalamplifiersare
all locatedin the ring within 5 feet of eachdetector The
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Figurel: Electrondetectorsignalfor oneturn duringelectronmultipacting.FY2003d-Au run, fill 3107
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Figure2: Wall currentmonitorfor fill 3107,110bunches

high voltagepower supplies,oscilloscopesRF multiplex-
ors,andtriggersourcesreall locatedin the servicebuild-
ing. The signalis carriedon 3/8" foam core Heliax, and
the biasvoltageis carriedto the ring via RG-59red 750
high voltagecoaxialcable.

ScopeandTrigger

To acquirethe signalreadback from the detectorsan
ethernetready scopeis used. This scopeis the LeCroy
WaverunnerM354 2GS/s4 channelscope.The scopeis
triggeredon beameventsusingour VME trigger card, the
V124,

DetectorDesign

The detectorsare installed in a vacuum tee in the
beampipeona6.75” conflatflange.Thesignalis collected
on asinglecollectoranodewhichis a flat metalplatethat

grids on the beamside of the anodewhich eachhave a
transmittanceof 80%. To attemptto shield the detector
from RF noiseandimagecurrenteffects,the portis cov-
eredwith a perforatedsteelsheetthat hasa transmittance
of 23%. Thereforethe effective surfaceareaof the collec-
tor anodeis 11.75¢cm? Thetwo suppressiomrids andthe
collectoranodeareelectricallyconnectedo externalelec-
tronicsvia feed-thrusn theflange[3.

Contmols Architecture

Our “Controls System”consistsof mary VME chassis
andthe ethernemnetwork that connectghem. Includedin
the VME chassisare device cardswhich may be dataac-
quisitiondevices,triggersourcesmuxes,etc. Thecontrols
systemallows for the remotecontrol of thesedevice cards
andthelogginganddisplayof thedatathatis readback.

Biasing

The suppressiomgrids andthe anodeneedto have their
electricpotentialsspecifiedwith respecto ground.Usually
wedesirethesegootentialdo bevariable ISEGVHQ-202M
VME basedhigh voltagepower supplieswere usedwhen
a variablebias was needed. However, in the casethat a
fixed voltageis suitable batterieswereusedto reducethe
compleity andcostof the system For nearlyall measure-
ments,we used45VDC to biasthe collectoranodesand
groundedhll of the suppressiogrids.

SignalAmplifier

Muchwork wasdoneto choosethe correctamplifierfor
the signal path. The signalis very small, and musttra-
versea large distance{ 175 meters) to our dataacquisi-

hasa surfaceareaof 78.5cm?. Therearetwo suppression tion electronics. Currently and sincethe systemwasin-



stalled,thesignalis amplifiedin thering usingan AC cou-
pledl amplifier This amplifieris a widebandamplifier, the
Sonomanstruments310-N. This is the amplifier thatwas
usedto collectthedatain figure 1.

The 310hasa bandwidthof 10kHz-1GHz andagainof
32dB. It wasthoughtthatan AC coupledamplifier would
bewell suitedfor thetask,but it seemsow thatlower fre-
gueng signalsarepresenfindareshroudedy thelow fre-
queng cutoff of the 310. Therefore we aredevelopinga
new amplifierthatis DC coupled andcanwithstandalarge
input biasvoltage.Thedetailsof this designfollow.

DC AMPLIFIER DESIGN

Theapplicationspecificamplifieris aDC couplecdtrans-
impedancemplifierwhich canwithstandarelatively large
input bias voltage, and has a bandwidthof 25 MHz(see
Table 1). Sincewe assumehereis a DC componenbf
the electroncloud, we desirethatthe amplifieris DC cou-
pled. However, we wantto continueto monitor the high
frequeny componentof the signal. Basedon the struc-
ture of theelectroncloud,20 MHz is thelowestacceptable
bandwidth.

Tablel1: Amplifier specifications

Specification Value
Bandwidth DC-25MHz
Inputimpedance 1kQ
VoltageGain 0dB

Max BiasVoltage 65VDC
BiasVolt. Rejection 103dBmin
Outputimpedance 500
NoiseFigure 10mv
Pawver Supply +12VDC,120mA

Electrical Design

To allow the front-endto withstandlarge biasvoltages,
anamplifiercircuit thathasactive common-modeejection
was chosen. The circuit usedis similar to the onein the
literature[1], but hasa few modificationsto compensate
for sensitvity ontheoutputto biasvoltagescausedy cur-
rentsinducedin theinputload. Thiswasnot a problemin
the literature,but our applicationis slightly different. By
usingthis amplifier, we areableto biasthe detectorup to
65VDC, while DC couplingour signalpathto thedataac-
quisition electronics. The amplifier removesthe DC bias
from the outputin avery robustway.

FrequencyDomainDesign

To attemptto extendthe bandwidthof the amplifier, a
dynamicmodelof the systemwasdeveloped[3] [6]. The
actualresponsef the systemrolls off at lower frequeny

thanthe modeledsystem but hasa similar shape.A net-
work analyzemwasusedto obtainthe actualfrequeng re-
sponse.Thelower bandwidthof the actualsystemis most
definitelytheresultof unmodelegarasiticelementonthe
prototypeboard. A compensatiorschemewas developed
to increasethe bandwidth[2. For simplicity, a zerowas
addedto the transferfunction of the amplifier at about10
MHz.

Testing

Oneof our sparedetectorgesidesin an evacuatedest
chamber Also in this chambelis an electrongun thatwe
useto testour detectorand amplifier electronics.We use
a Kimball Physicsfast pulsedelectrongun, model EFG-
7/EGPS-7. We pulsethe gun at 1MHz betweenl1% and
20%duty cycleto testthehighfrequeng characteristicsf
the amplifier Testswerealsoconductedo verify the DC
natureof theamplifierusingconstantlectroncurrentfrom
thegun[5].

FUTURE WORK

At thetime of this paper the DC coupledamplifierhad
not yet beenusedin thering. We plan to install one of
our DC coupledamplifiersin thering duringour polarized
protonoperationghis spring.
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