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Abstract

In thisnote,we describethebeamstudiesdoneduringthesecondweekof commissioning
of thePreliminaryPhaseof CTF3,from October

� th to October��� th 2001.Thebeamwas
transportedup to theendof thelinac, wheretheinstrumentationsectionis located,andin
thedumplineHIP. After thespectrometerlinewascommissioned,thebunchingsystemwas
optimisedandbeamenergy measurementstook place.TheCherenkov monitorslocatedat
theendof thelinacwerealsotestedandfirst streakcameraimagesof thepulseweretaken.
Bunch length measurements,beamcurrentcalibrationand magnetpolarity checksalso
tookplaceduringtheweek.
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1 Goals
During this secondweek,the beamwastransportedup to the endof the linac andinto

the dump line HIP. The goal was the commissioningof the instrumentationsectionslocated
at the endof the linac (sections36 and37). We usedthe main diagnosticstools available in
thesesections:theSEM-GridWL.MSH36 in thespectrometerline (usingthebendingmagnet
WL.BHZ36), the Transition-Cherenkov monitor WL.TCM37, the wire scannerWL.WBS37
andtheavailablescreens.After thebunchingwasoptimised,energy measurements,opticsmea-
surements,streakcamerameasurementsandmagnetpolaritycheckswerealsoperformed.

2 Start-Up
A new procedurefor thesecuritypatrol to beperformedbeforeclosingthemachinewas

issuedandacceptedby thePSsecurityboard.It takesintoaccountthenew layoutof themachine
in thebuildings.ThePSsecurityboardis workingon anew versionfor next year.

On Monday, hardwaretestsof thepowersuppliesbeganfor themagnetsin thelinac and
in thedumpline. At theendof theday, mostof thepower supplieswerein operation,except
WL.QNF371.ThecurrentMIN/MAX valueswereupdatedin thecontroldatabaseaccordingto
thepower equipmentlimits. In thesametime, vacuuminterlocksandsecuritychainwerealso
tested.

Whenswitchingon the gun at the endof the first day, a parasiticpulsewasobserved
after thefirst pulsein singlepulseoperation.Theproblemwasstudiedandsolvedby R.Pittin
andH.Hellgren(seeGunlog-bookfor details).We alsoobservedthatafterhaving loweredthe
high voltageof thegun,andputting”Off pulsing”,a smallpulseremains.This is normalsince
the cathodeis still pulsedat low voltage(around400 V) andvery few electronsareemitted.
Accordingto thegunspecialists,thereis no radiationhazardrelatedto thisphenomenon.

At theendof thefirst day, TIS checkedtheradiationlevelsin theklystrongallery, while
the threemodulatorswere operatedcloseto their nominal powers (5 MW for MDK25 and
30 MW for MDK27 andMDK31). Closeto klystronMDK31 theradiationreached60 �����
	�� ,
and30 �����
	�� in thegalleryaround.TIS did not allow to run with suchradiationlevelsin that
zone,andsomeadditionalshieldingneededto be installedon Tuesdayin order to operateat
nominalpower in MDK31.

On Tuesdayafternoon,the beamwastransportedat low currentup to the section37 at
theendof thelinac.However, beamstopperWL.STP37wasstuckclosedbecausetheinterlock
conditionon the currentof HIE.MSH33wasnot correct(sincethe elementwasnot powered
this week).Theinterlockwasshort-circuitedduring therestof theweekin orderto beableto
openit andto sendthebeamin thedumpline. Thepolarity in HI.BSH00wasreversed.

TheslitsWL.SLH27andWL.SLV27 weretestedandthevaluessavedasreferencein the
workingsetcorrespondto theopenposition.

The RF timing was adjustedsuchthat all the five pulsesare acceleratedwith similar
energiesandenergy spreads.For thatpurpose,the “Start klystron”, “Start RF” and“End RF”
timingsweremodified.Thereferencevaluesaresummarisedin Table1. Operationwith seven
pulseswastested,but we werethencloseto the limits andnew settingsremainto be found in
thatcase.

MDK25 MDK27 MDK31

WX.SKLY 29908 29916 29912
WX.SRFP 29968 29976 29974
WX.ERFP 30055 30036 30033

Table1: RF timing referencesfor thethreeklystron-modulatorsfor fivepulseoperation.
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3 Spectrometer measurements
3.1 General remarks

Thefirst spectrameasurementswereperformedwith aseriesof wireswhosedisplaywas
invertedwith respectto their positionin theSEM-Grid.This wasfixed later in theweek.The
dispersionvaluewhich is usedin theMSH softwareto computetheenergy spreadwaswrong
andthe valuesof the energy spreadreadon the displaywere thereforewrong during all the
week.In addition,alsoduringthewholeweek,thecalibrationfactorsgiving theintegratedfield
asa function of the currentin WL.BHZ36 werenot preciselycorrespondingto the magnetic
measurementdata.The energy of the centralwire readon the display was thereforeoveres-
timated.However, the valuesof the energy spreadandof the energy of the centralwire were
correctedduringoff-line computations.Equation(1) givestheintegratedfield in WL.BHZ36(in
T.m) asa functionof thecurrentin themagnet(in A). Figure1 shows themagneticmeasure-
mentpointsandthenew calibrationcurve asa functionof thecurrentin WL.BHZ36. Figure2
showsanexampleof energy 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:Energyspectrumrecordedin theSEM-GridWL.MSH36.In thatcase,themeanenergy
is 345MeV andthermsenergy spreadis 2.29MeV.

3.2 Total power versusbeamenergy
After having optimisedthebunchingsystem,someenergy spectrawererecordedfor dif-

ferentpowersin themodulatorsMDK27 andMDK31. Thegoalis to comparethebeamenergy
readin thespectrometerandthebeamenergy computedfrom thevaluesreadin thepeakpower
meters.The detailedformula to computethe energy gainsfrom the valuesof the peakpower
metersis givenin [1]. Figure3 showstheplot of thebeamenergy asafunctionof thetotalpower
deliveredby MDK27 andMDK31 (theenergy at theendof thebunchingsystemis assumedto
be5 MeV). In this plot thecorrectcalibrationfactorsof WL.BHZ36 areusedto computethe
energy measuredin WL.MSH36.Theerrorbetweenthetwo curvesis of theorderof 3%.

Figure3: Beamenergy asa function of the total power in modulators.Comparisonbetween
theenergy measuredin thespectrometerandtheenergy computedfrom thepeakpower meter
values.
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3.3 Bunch length measurementusingphasemethod
We alsotook someenergy spectrafor differentphasesin MDK25, in orderto measure

thebunchlength,asdescribedin [2]. All thespectrawereanalysedusingthenew calibration
factorsfor WL.BHZ36, andthe correctvalueof dispersionwasusedoff-line to computethe
energy spread.Figure4 shows the resultsobtainedduring this measurement.The datamatch
the simulatedenergy spreadfor a Gaussianbunch of length 7 ps FWHM. The valueof the
uncorrelatedenergy spreadis 1.95MeV, which is comparableto thevalueswe hadduringthe
samekind of measurementson theLPI machine[3]. Figure4 alsoshows thecurve for a bunch
lengthof 20 psFWHM, asmeasuredduringtheCherenkov monitorfirst tests(seeSection4):
themeasuredenergy spreadis alwaysfarbelow thiscurve(evenfor azerouncorrelatedenergy)
and20 psFWHM is thereforeanupperlimit for thebunchlength.

Figure4: Bunchlengthmeasurementusingphaseof MDK25. Thedatapointscorrespondto a
$?>@� psFWHM bunchlength.Theuncorrelatedenergy spreadis 1.95MeV.

4 Transition-Cherenkov Monitors measurements
Firsttestsof TCM tookplaceduringtwo daysusingtheCherenkov screenof WL.TCM37

in the matchingsectionof the linac. At the beginning, in order to have visible light in the
StreakCameraLab, the repetitionratewas increasedfrom 50 Hz to 100 Hz and the current
was increasedto 200�%�-� 0 electronsper pulsewith 5 pulses.The light pathwasadjustedto
the streakcamerawhich wasfirst usedin focusmodebecauseof timing problems.Later, in
orderto set-upthe timing, a diodewasusedinsteadof the synchrotronlight. This allowed to
havetiming referencesfor thefivesweepspeedsof thestreakcamera.Thesetimingswerelater
refinedusingbeammeasurements.Table2 sumsup thereferencevaluesfor thecoarsetiming
(HX.SSTREAK-C)which countstheRF pulses,andfor thefine delay(HX.SSTREAK)which
countsin steps(onestepis 0.205ns).Figure5 shows the imageof onepulserecordedat the
slowestsweepspeed(1000ps/mm).Onecancount17 bunchesinsidethis pulse,the intensity
in WL.UMA36 at theendof thelinacwas140�A��� 0 electronsperpulse.
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Sweepspeed HX.SSTREAK-C HX.SSTREAK

1000ps/mm 30011 110-127
260ps/mm 30012 24
150ps/mm 30012 62
100ps/mm 30012 62
50 ps/mm 30012 68

Table2: Referencesof the“StartStreakCamera”timing for thevarioussweepspeeds.

Figure5: Streakcameraimageof thepulsefrom WL.TCM37 at theslowestsweepspeed.

For eachtime scaleof the streakcamera,we recordedimagesof the pulseandof the
bunches.It wasthenpossibleto calibratethevariousspeedsby measuringthebunchspacing,
which is given by the 3 GHz RF frequency and is therefore333 ps. For that purpose,we fit
two consecutive bunchesof the time profileswith Gaussiandistributions.We checkedthat the
sweepspeedis constantovertherangeof theimageby measuringthedistancebetweendifferent
bunchesof thesamepulse.Table3 givesthecalibrationfactorsfor eachsweepspeed(except
for 1000ps/mmwheretheprecisiononthedistancebetweenbunchesis nothighenoughonthe
profiles).Thesefactorsareusedto convert thetime scalefrom thesoftwarearbitraryunits into
picoseconds.

Sweepspeed Calibrationfactors

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

Table 3: Calibrationof the sweepspeedsof the streakcamerausing measurementsdonein
WL.TCM37. Thesefactorsareusedto convert thetime scalefrom thesoftwarearbitraryunits
into picoseconds.
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Knowing thecalibrationfactors,wewereableto haveafirst estimateof thebunchlength
by fitting theprofileswith Gaussiandistributions.A valueof 20 psFWHM wasfoundfor each
sweepspeed.Figure6 shows the caseof the 100 ps/mmsweepscale.However, this is much
larger thantheoneobtainedfrom thebunchlengthmeasurementusingthephaseshift method
(7 psFWHM, seeSection3.3).Thereasonis thatmany opticaleffectscanaffect this measure-
mentby reducingthe resolution(chromaticeffects,sphericalaberrations,badfocalizationin
thestreakcamera).Optimisingthe light transportshouldresultin theobservationof a shorter
bunchlength.

Figure6: StreakcameraprofileandGaussianfit for thesweepspeed100ps/mm.

5 BeamCurr ent Calibration
The calibrationof the WL.ECM25 wascross-checked with the gun outputandthe first

UMAs reading.Thesignalswereobservedfrom therackbehindHCR,knowing thegainsof the
variousamplifierslocatedbetweentheECM andthesignaloutput.Thecorrespondingcalibra-
tion factorsto converttheamplitudeof thesignalinto thebeamcurrentareavailablein thepaper
log-book.However, theamplitudeof thesignalis likely to bemodifiedthroughthebandwidth
of theamplifier. Therefore,theintegral of thesignal(which correspondsto thecurrent)should
betakenasthereferencevalue.TheECM responsewastestedby P. Odieron a testbench.The
softwarecalibrationfactorwasadjustedto copewith theresponseefficiency of theECM. The
gateto computethe integratedsignalof theECM wasre-adjustedso that the integral stopsat
thezerocrossingof thesignal.Thepositive bumpcreatedby theelectronicsat theendof the
signal(seeFigure7) is thereforenot takeninto accountin the integral.High sensitivity on the
limits of theintegralwashoweverobserved.

Figure7: ECM signalfor thenominalcurrentin thegun.
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6 Magnet Polarity
During the polarity tests,the convention of using only positive currentsin the power

supplieswasadopted.Wethendefinedquadrupoleanddipoletypes,accordingto themeasured
polarity in themachine.Thedifferenttypesaswell asthespecificactionstakenaredescribed
in thepaperlog-book.During this tests,wenoticedthefollowing points:

– Almostnomagneticfield wasmeasuredin thebuckingcoil solenoidbecausethesupplied
currentwasnotsufficient (5 A insteadof 100A).

– No field wasmeasuredin thecorrectorWL.DQL29H onwhichtheelectricalconnections
wereshort-circuited.Thiswasfixed.

– CorrectorWL.DQNF37.2Vhadbadelectricalconnections.Thiswasmodified.
– Somequadrupolepolaritieswerechangedin orderto usepositive currentsin all power

suppliesfor the nominaloptics (thesequadrupolesare locatedin the matchingsection
andin thetransferline, seepaperlog-bookfor details).

– Most of the dipolesin the linac had to be re-connectedto agreewith the conventions
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

togetherwith theotherquadrupolescansmadeduringthefollowing weekof operation.
– Differencetrajectorieswerealsomeasured.Theiranalysiswill bepresentedtogetherwith

thequadrupolescans.
– WL.WBS28andWL.WBS31werechecked.Signalslookedcorrectbut detailedtestsare

foreseenduringnext quadrupolescans.
– TheWL.WBS37dataacquiredby Excelshowedasecondpeakwhichwasnotvisibleon

thecontrolsoftware;This wasdueto a wrongsizeof theacquisitionarrayin Exceland
this hadbeenfixed.
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