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Abstract

In this note,we describethe beamstudiesdoneduringthe secondveekof commissioning
of the PreliminaryPhaseof CTF3,from Octobers™" to October12™ 2001.Thebeamwas
transportedip to the endof thelinac, wherethe instrumentatiorsectionis located,andin
thedumpline HIP. After thespectrometeline wascommissionedhebunchingsystemwvas
optimisedandbeamenegy measurement®ok place.The Cherenkv monitorslocatedat
theendof thelinac werealsotestedandfirst streakcameramagesof the pulseweretaken.
Bunch length measurementd)eamcurrentcalibrationand magnetpolarity checksalso
took placeduringtheweek.
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1 Goals

During this secondweek,the beamwastransportedup to the endof the linac andinto
the dumpline HIP. The goal was the commissioningof the instrumentatiorsectionslocated
at the end of the linac (sections36 and 37). We usedthe main diagnosticgools available in
thesesectionsthe SEM-Grid WL.MSHS36 in the spectrometeline (usingthe bendingmagnet
WL.BHZ36), the Transition-Cherentv monitor WL.TCM37, the wire scannerWL.WBS37
andtheavailablescreensAfter thebunchingwasoptimised enegy measurementgpticsmea-
surementsstreakcamerameasuremen@ndmagnetpolarity checkswerealsoperformed.

2 Start-Up

A new procedurdor the securitypatrolto be performedbeforeclosingthe machinewas
issuedandacceptedby thePSsecurityboard It takesinto accounthenew layoutof themachine
in the buildings. The PSsecurityboardis working on anew versionfor next year

On Monday hardwaretestsof the power suppliesbeganfor the magnetsn thelinac and
in the dumpline. At the endof the day, mostof the power supplieswerein operation,except
WL.QNF371.ThecurrentMIN/MAX valueswereupdatedn thecontroldatabasaccordingo
the power equipmentimits. In the sametime, vacuuminterlocksandsecuritychainwerealso
tested.

When switching on the gun at the end of the first day, a parasiticpulsewas obsened
afterthefirst pulsein single pulseoperation.The problemwasstudiedandsolved by R.Pittin
andH.Hellgren(seeGunlog-bookfor details).We alsoobseredthatafterhaving loweredthe
high voltageof the gun,andputting"Off pulsing”, a smallpulseremains.This is normalsince
the cathodeis still pulsedat low voltage(around400 V) andvery few electronsare emitted.
Accordingto the gunspecialiststhereis no radiationhazardrelatedto this phenomenon.

At theendof thefirst day, TIS checledtheradiationlevelsin the klystrongallery, while
the three modulatorswere operatedcloseto their nominal powers (5 MW for MDK25 and
30 MW for MDK27 andMDK31). Closeto klystron MDK31 theradiationreached0 p.Sv/ h,
and30 xSv/h in thegalleryaround.TIS did not allow to run with suchradiationlevelsin that
zone,and someadditionalshieldingneededo be installedon Tuesdayin orderto operateat
nominalpowerin MDK31.

On Tuesdayafternoon the beamwastransportedat low currentup to the section37 at
theendof thelinac. However, beamstoppeWL.STP37wasstuckclosedbecauseheinterlock
conditionon the currentof HIE.MSH33 was not correct(sincethe elementwas not powered
this week).Theinterlock wasshort-circuitedduring the restof the weekin orderto be ableto
openit andto sendthe beamin thedumpline. Thepolarity in H.BSHOOwasreversed.

TheslitsWL.SLH27andWL.SLV27 weretestedandthevaluessavedasreferencan the
working setcorrespondo the openposition.

The RF timing was adjustedsuchthat all the five pulsesare acceleratedvith similar
enegiesandenegy spreadsFor that purposethe “Start klystron”, “Start RF” and“End RF”
timingsweremodified. Thereferencevaluesaresummarisedn Tablel. Operationwith seven
pulseswastested but we werethencloseto the limits andnew settingsremainto be foundin
thatcase.

| [ MDK25 | MDK27 | MDK31 |
WX.SKLY | 29908 | 29916 | 29912
WX.SRFP | 29968 | 29976 | 29974
WX.ERFP | 30055 | 30036 | 30033

Tablel: RFtiming referencegor thethreeklystron-modulatorgor five pulseoperation.



3 Spectrometer measurements
3.1 Generalremarks

Thefirst spectrameasurementsereperformedwith a seriesof wireswhosedisplaywas
invertedwith respecto their positionin the SEM-Grid. This wasfixed laterin the week.The
dispersionvaluewhich is usedin the MSH softwareto computethe enegy spreadvaswrong
andthe valuesof the enegy spreadreadon the display were thereforewrong during all the
week.In addition,alsoduringthewholeweek,the calibrationfactorsgiving theintegratedfield
asa function of the currentin WL.BHZ36 were not preciselycorrespondingo the magnetic
measuremendata. The enegy of the centralwire readon the display was thereforeoveres-
timated.However, the valuesof the enegy spreadandof the enepgy of the centralwire were
correctedduringoff-line computationsEquation(1) givestheintegratedfield in WL.BHZ36 (in
T.m) asa function of the currentin the magnet(in A). Figure1 shaovs the magneticmeasure-
mentpointsandthe new calibrationcurve asafunction of the currentin WL.BHZ36. Figure2
shavsanexampleof enegy spectrumafteroff-line correctionof thecalibrationandof thevalue
of thedispersion.
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Figure 1: Magnetic measurementsand calibration curve for the spectrometermagnet
WL.BHZ36.
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Figure2: Enegy spectrunrecordedn theSEM-GridWL.MSH36.In thatcasethemeanenegy
is 345MeV andthermsenegy spreads 2.29MeV.

3.2 Total power versusbeamenermy

After having optimisedthe bunchingsystemsomeenegy spectravererecordedor dif-
ferentpowersin themodulatorsViDK27 andMDK31. Thegoalis to comparehebeamenepgy
readin thespectrometeandthe beamenegy computedrom thevaluesreadin the peakpower
meters.The detailedformulato computethe enegy gainsfrom the valuesof the peakpower
meterds givenin [1]. Figure3 shavstheplot of thebeamenegy asafunctionof thetotal power
deliveredby MDK27 andMDK31 (theenepy attheendof the bunchingsystems assumedo
be 5 MeV). In this plot the correctcalibrationfactorsof WL.BHZ36 are usedto computethe
enegy measuredh WL.MSH36. The errorbetweernthetwo curvesis of theorderof 3%.
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Figure 3: Beamenegy asa function of the total power in modulators.Comparisorbetween
the enegy measuredn the spectrometeandthe enegy computedrom the peakpower meter
values.



3.3 Bunchlength measurementusing phasemethod

We alsotook someenepy spectrafor differentphasesn MDK25, in orderto measure
the bunchlength,asdescribedn [2]. All the spectrawereanalysedusingthe new calibration
factorsfor WL.BHZ36, andthe correctvalue of dispersionwas usedoff-line to computethe
enegy spread Figure4 shows the resultsobtainedduring this measuremenilhe datamatch
the simulatedenegy spreadfor a Gaussiarbunch of length 7 ps FWHM. The value of the
uncorrelatecenegy spreads 1.95MeV, which is comparablégo the valueswe hadduringthe
samekind of measurementsn the LPI maching3]. Figure4 alsoshowns the curve for a bunch
lengthof 20 ps FWHM, asmeasurediuring the Cherenkov monitor first tests(seeSection4):
themeasure@negy spreads alwaysfar belaw this curve (evenfor azerouncorrelateegnegy)
and20 psFWHM is thereforeanupperlimit for the bunchlength.

10 T T T : T

&, &
e e

3 er RN s .
= . P 20 ps FWHM
W T -
£ 6 - o= -
<
)
s 7 ps FWHM
W 41 .
&
g
=
w 4

O Data points
!

L -5 0 5 10 15
Phase Shift (deg)

Figure4: Bunchlengthmeasuremenisingphaseof MDK25. The datapointscorrespondo a
7 + 1 psFWHM bunchlength.Theuncorrelatecgnegy spreads 1.95MeV.

4 Transition-Cherenkov Monitors measuements

Firsttestsof TCM took placeduringtwo daysusingthe Cherenkv screerof WL. TCM37
in the matchingsectionof the linac. At the beginning, in orderto have visible light in the
StreakCameralab, the repetitionrate wasincreasedrom 50 Hz to 100 Hz andthe current
wasincreasedo 200x 10® electronsper pulsewith 5 pulses.The light path was adjustedto
the streakcamerawhich wasfirst usedin focus modebecauseof timing problems.Later, in
orderto set-upthetiming, a diodewasusedinsteadof the synchrotronlight. This allowedto
have timing referencesor thefive sweepspeed®f the streakcameraThesetimingswerelater
refinedusingbeammeasurementdable2 sumsup the referencevaluesfor the coarsetiming
(HX.SSTREAK-C)which countsthe RF pulses andfor thefine delay(HX.SSTREAK)which
countsin steps(onestepis 0.205ns). Figure 5 showvs the imageof one pulserecordedat the
slowestsweepspeed1000ps/mm).Onecancount17 bunchesnsidethis pulse,the intensity
in WL.UMA36 attheendof thelinacwas140x 10® electrongperpulse.



| Sweepspeed| HX.SSTREAK-C| HX.SSTREAK |

1000ps/mm 30011 110-127
260ps/mm 30012 24
150 ps/mm 30012 62
100ps/mm 30012 62

50 ps/mm 30012 68

Table2: Referencesf the“Start StreakCamera’timing for the varioussweepspeeds.
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Figure5: Streakcameramageof the pulsefrom WL.TCM37 atthe slowestsweepspeed.

For eachtime scaleof the streakcamerawe recordedimagesof the pulseand of the
buncheslt wasthenpossibleto calibratethe variousspeedsy measuringhe bunchspacing,
which is given by the 3 GHz RF frequeny andis therefore333 ps. For that purpose we fit
two consecutre bunchesof the time profileswith Gaussiardistributions.We checled thatthe
sweepspeeds constanbvertherangeof theimageby measuringhedistancebetweerdifferent
bunchesof the samepulse.Table 3 givesthe calibrationfactorsfor eachsweepspeedexcept
for 1000ps/mmwheretheprecisionon the distancebetweerbunchess nothigh enoughonthe
profiles). Thesefactorsareusedto convertthetime scalefrom the softwarearbitraryunitsinto
picoseconds.

| Sweepspeed| Calibrationfactors|

260ps/mm 127.0
150 ps/mm 67.2
100ps/mm 48.7
50 ps/mm 27.0

Table 3: Calibrationof the sweepspeedf the streakcamerausing measurementdonein
WL.TCM37. Thesefactorsareusedto corvertthetime scalefrom the softwarearbitraryunits
into picoseconds.



Knowing thecalibrationfactors we wereableto have afirst estimateof the bunchlength
by fitting the profileswith Gaussiardistributions.A valueof 20 psFWHM wasfoundfor each
sweepspeed Figure 6 shavs the caseof the 100 ps/mmsweepscale.However, this is much
largerthanthe one obtainedfrom the bunchlengthmeasuremenisingthe phaseshift method
(7 psFWHM, seeSection3.3). Thereasons thatmary optical effectscanaffect this measure-
mentby reducingthe resolution(chromaticeffects, sphericalaberrationspadfocalizationin
the streakcamera) Optimisingthe light transportshouldresultin the obsenation of a shorter
bunchlength.
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Figure6: Streakcamergorofile andGaussiariit for the sweepspeedL00 ps/mm.

5 Beam Curr ent Calibration
The calibrationof the WL.ECM25 was cross-cheoid with the gun outputandthe first

UMAs reading.Thesignalswereobsenedfrom therackbehindHCR, knowing thegainsof the
variousamplifierslocatedbetweerthe ECM andthe signaloutput. The correspondingalibra-
tion factorsto converttheamplitudeof thesignalinto thebeamcurrentareavailablein thepaper
log-book.However, the amplitudeof the signalis likely to be modifiedthroughthe bandwidth
of theamplifier Therefore the integral of the signal(which correspondso the current)should
betakenasthereferenceralue. The ECM responsevastestedby P. Odieronatestbench.The
software calibrationfactorwasadjustedo copewith the responsefficiency of the ECM. The
gateto computethe integratedsignal of the ECM wasre-adjustedso that the integral stopsat
the zerocrossingof the signal. The positive bump createdby the electronicsat the endof the
signal(seeFigure7) is thereforenot takeninto accountin the integral. High sensitvity onthe
limits of theintegral washoweverobsened.

Figure7: ECM signalfor thenominalcurrentin thegun.



6 Magnet Polarity

During the polarity tests,the corvention of using only positive currentsin the power
suppliesvasadoptedWe thendefinedquadrupoleanddipoletypes,accordingto the measured
polarity in the machine.The differenttypesaswell asthe specificactionstaken aredescribed
in the paperlog-book.During this tests,we noticedthefollowing points:

— Almostnomagnetidield wasmeasuredh the buckingcoil solenoidbecause¢hesupplied
currentwasnot sufficient (5 A insteadof 100A).

— Nofield wasmeasuredh thecorrectodWL.DQL29H onwhichtheelectricalconnections
wereshort-circuitedThis wasfixed.

— CorrectorWL.DQNF37.2VhadbadelectricalconnectionsThis wasmodified.

— Somequadrupolepolaritieswere changedn orderto usepositive currentsin all power
suppliesfor the nominal optics (thesequadrupolesare locatedin the matchingsection
andin thetransferine, seepaperog-bookfor details).

— Most of the dipolesin the linac hadto be re-connectedo agreewith the corventions
on the sign of the currentand the resultingeffect on the beam:for a positive current,
deflectionto theright for horizontaldipolesandupwardsfor verticaldipoles.

7 Various

— Quadrupolescansusing WL.WBS31 were performed.The analysiswill be presented
togethemith the otherquadrupolescansanadeduringthe following weekof operation.

— DifferencerajectoriesverealsomeasuredTheiranalysiswill be presentedogethemwith
thequadrupolescans.

— WL.WBS28andWL.WBS31werechecled. Signalslooked correctbut detailedtestsare
foreseerduring next quadrupolescans.

— TheWL.WBS37dataacquiredby Excelshaveda secondeakwhich wasnotvisible on
the control software; This wasdueto a wrong size of the acquisitionarrayin Exceland
this hadbeenfixed.
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