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Abstract

In this note,we describethebeamstudiesdoneduringthefourth weekof commissioning
of thePreliminaryPhaseof CTF3,from November

��� th to November
��� th 2001.Detailed

studieswerecarriedout in orderto understandthebeamenergy fluctuations.Measurements
with thestreakcamerawereperformedat theendof the linac andwe observed a shorter
bunchlengththanduringthepreviousweeks.Thebeamwasthensentin thetransferline
HIE for dispersionmeasurementsand transportoptimisation.Eventually, the beamwas
injectedin thestraightsectionof theEPA ring wherepreliminarydiagnosticcheckswere
done.
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1 Goals
Theprimarygoalof this weekwasto transportandstudythebeamin the injection line

HIE. However, sincetheenergy fluctuationswerepreventingusfrom performingprecisemea-
surementsin thetransferline, sometimewasdedicatedto studythesevariations.Unfortunately,
noexplanationwasfoundby theendof theweek.Additional beamstudiesin thelinac allowed
to transportthebeamat 4 MeV up to WL.UMA29, andto refinethemeasurementsdonewith
WL.TCM37 at 330 MeV. During the last days,the beamwasinjectedinto the ring. Sinceall
EPA magnetswereswitchedoff, thebeamwaslost afterHR.UMA91,at theendof thestraight
line.

2 Start-Up
Sometiming problemsappearedduringthestart-up.First,themodulatorMDK25 wasnot

pulsingandwehadto bypasstheswitchbetween3 GHzand19MHz in orderto make it pulse.
Then,following a problemof timing jumpsby oneRF period,theelectronicswaschanged:a
counterof oneRF periodanda delaycableweresuppressed.Sincethetiming wasthenmoved
by two RF periodswith respectto thepreviousweeks,thegatesfor theinstrumentationhadto
beadjustedagain.

After the“deconsignation”of thepowersupplies,wecheckedthepolarityof themagnets
in the EPA ring althoughit wasnot foreseento usethe ring this weeksincethe safetyof the
magnetsstill hadto becheckedby thehardwarespecialists.Theresultsaredetailedin thepaper
log-book.

Someinstrumentationcheckswereagainperformedandwenoticedthefollowing points
whichwereall addressedduringtheweek:

– Horizontalandverticalplaneswereinvertedin WL.WBS28.
– Thesignalrangewasstill 5 mm insteadof 10mm in HIE.WBS21.
– Thesoftwareof theSEM-GridHIE.MSH23hadto bemodifiedin orderto give theright

energy valuesaccordingto thetheoreticaldispersionat thispoint.
– A bugwasfixedin WL.MSH36:thesoftwarewasdisplayingthefirst profilewith inverted

wires,resultingin a two-profileimagein thecaseof very few acquisitionsoveronebasic
period.In thecaseof a largernumberof acquisitions,this errorwasrelatively smalland
thewrongprofilewasnotvisible anymoreon thedisplay.

The measurementscaleon MDK25 waschangedfrom high power rangeto low power
rangesincewe areworking below 5 MW. Thelow power valuereadbeforeon thehigh power
rangewassignificantlywrong.Thevalueshown in theMDK-CTF3 parameterprogramhasnow
to bescaleddown by a factor10 to reachthecorrectvalueof theoutputpower in MDK25.

ThemodulatorMDK27 wastrippingveryfrequentlyduringthefirst dayof operation.On
Tuesday, instabilitiesin theD’Quing systemwerefoundandthe thyratronwaschanged.This
leadto amorestableoperation.

On Tuesday, someradiationmeasurementswereperformedby TIS peopleall alongthe
linacat differentenergies.We intentionallylost thebeamat variouslocationsusingthevertical
dipoleswhile somemeasurementsweretaking placein the klystron gallery. Somedatawere
alsorecordedwhensendingthebeaminto thebeamdumpHIP.
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3 DispersionMeasurementin HIE
The dispersionmeasurementtook place right after someradiationmeasurementsfor

which it was necessaryto put the modulatorMDK31 on stand-by. As a result, in order to
avoid setting-upthebeamat a higherenergy, we decidedto startthe dispersionmeasurement
with MDK31 on stand-byandwith a beamenergy of 177 MeV (computedfrom the current
in HIE.BSH00).We thusscaledall currentsof themagneticelementsin the injection line and
measuredthe position of the beamin the pick-up HIE.UMA23 as a function of the current
(correspondingto a givenenergy). Figure1 shows therecordingof thehorizontal,verticaland
integratedsignalsfrom HIE.UMA23, asafunctionof timefor variouscurrentsettings.For each
currentsetting,thefluctuationsof thepick-upsignalcorrespondto theenergy variations.In the
following, thesevariationsaretreatedastolerancesonthemeasurementof theposition.A more
precisemeasurementmustbepossiblein theabsenceof energy fluctuations.

Figure1: Signalsin thepick-upHIE.UMA23 duringthedispersionmeasurementin theinjection
line. Top:horizontalsignal,middle:verticalsignal,bottom:sumsignal.

3.1 Horizontal dispersion
The valuesof the energiesandthe correspondingvaluesof the beampositionaresum-

marisedin Table1. Figure2 showsthecorrespondingpointswith thedispersioncurveasgiven
by MAD usingtheon-linemodelof the injection line andreadingtheAQN currentsasinputs
for the simulation.The shapeof the dispersioncurve fits the experimentaldataexcept for a
largenegativeenergy deviation.This discrepancy canbedueto a saturationeffect in thepick-
up sincea positionof 40 mm with respectto thecentreof thechamberis alreadyquite large,
assuggestedalsoby thesmallerspreadobservedon thepick-upsignal(seeright-handsideof
Figure2, topgraph).

3.2 Vertical dispersion
Table1 andFigure3 summarisethe resultsfor the vertical plane.For positive energy

deviations,thebehaviour of thesimulationseemsto becloseto themeasurements,whereasfor
largenegativeenergy error, thereis againa differencebetweenthemeasurementsandthesim-
ulation.Eventhoughthevaluesof thebeamdisplacementaresmallin thisplane,thesaturation
in thehorizontalplanecouldresultin wrongverticalvalues.
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Energy [MeV] HorizontalBeamPosition VerticalBeamPosition
Min/Max [mm] Min/Max [mm]

162.5 38.9/ 42.9 1.71/ 1.81
166.0 33.5/ 40.0 1.87/ 2.20
169.5 17.3/ 22.3 1.50/ 2.10
173.1 2.5/ 7.6 0.53/ 1.32
176.6 -11 / -6 -0.38/ 0.32
180.1 -28.5/ -22 -0.80/ -0.30
183.7 -40.5/ -37 -0.68/ -0.38

Table1: Horizontalandverticalbeampositionsrecordedin HIE.UMA23 for variousenergies
in theinjectionline.

Figure2: Measuredandsimulateddispersionat HIE.UMA23 (horizontalplane).

Figure3: Measuredandsimulateddispersionat HIE.UMA23 (verticalplane).
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4 Energy measurementat the buncher exit
Theenergy measurementat thebuncheroutputof the third weekof commissioning[1]

wasrepeatedfor a reducedklystron power of ����� MW. Apart from this, the conditionswere
identical to the previous measurement,i.e. the quadrupolesof the first triplet WL.QSA271,
WL.QLA27 andWL.QSA272werenotpowered.Thebeampositionwasobservedin thepick-
upWL.UMA27 while changingthecurrentin thedownstreamcorrectioncoilsWL.DQSA272H
andWL.DQLA27V.

I DQSA272H (A)
	

x 
U

M
A

27
 (

m
m

)

I DQLA27V (A)

y 
U

M
A

27
 (

m
m

)

-5

0


5
�

10

15

-10 -8 -6 -4 -2 0



2
�

4


-15

-10

-5

0


5
�

10

15

-3 -2 -1 0



1 2

Figure4: Beampositionin WL.UMA27 asa functionof thecurrentin WL.DQSA272H(top)
andWL.DQLA27V (bottom).

Figure4 shows thattheUMA responseis linearin bothcases.Takinginto accountaner-
ror of ����� mm(from theresolutionof theUMAs andthehysteresiseffects),a linearfit resultsin� ������������������� mm/A in thecaseof WL.DQSA272Hand

��� ������������� ��� mm/A for WL.DQLA27V.
This leadsto a momentumof respectively !���" and !���� MeV/c at the buncherexit. For an un-
known reason,thesevaluesare not consistentwith eachother, and the measurementis thus
questionable.Consequently, this alsobringssomedoubtson thepreviousmeasurement[1].

A few attemptsweremadeto transportthe beamat 4 MeV up to the spectrometerline
in section36 in order to measurethe energy at the outputof the buncherwith a goodaccu-
racy. However, the beamwasalways lost betweenWL.UMA27 andWL.UMA29 wherethe
quadrupolefamiliesdonotallow to modify enoughthetransverseoptics.
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5 Investigationson the energy fluctuations
For two weeks,we have beenobservingsomeenergy instabilitiesof the orderof a few

percentsat350MeV. Althoughnotdisturbingin thelinac,they becomeharmfulin theinjection
line wherethe dispersionamplifiesthe phenomenon.Thesefluctuationsareclearly visible in
HIE.UMA23 (seeFigure1). Figure5 shows the horizontalsignal in HIE.UMA23 oscillating
becauseof theseenergy fluctuations.In this case,thecurrentsin themagneticelementsof the
injectionline hadbeenscaledsothatthemeanvalueof theoscillationwaszero.Injectionin the
ring wasthenpossible,asshown by thesumsignalsof thefirst two pick-upsof thering.

Figure5: Energy fluctuationsseenon HIE.UMA23.

During this week,sometime was dedicatedto understandthe sourceof theseenergy
fluctuations.Varioustrackswereinvestigated,but noneof themleadto any conclusion:

– Wefirst observedthatthevariationswerevisibleoneachof thefivepulsesof thegun,and
thatthey hadthesameamplitude.As a consequence,thesefluctuationswerenot coming
from thegun.We thentried to seethefluctuationsin themiddleof the linac by usinga
correctiondipole to createdispersionandby observingthe beampositionin a pick-up.
This techniquewasnot conclusiveandwe couldnot traceanorigin point alongthelinac
for thefluctuations.

– Thinking that thepower supplyof oneof thecorrectiondipolesin thelinac couldbere-
sponsiblefor theobservationof thesevariations,weswitchedoff oneby onetherectifiers
thatpower thecorrectionmagnets.But thefluctuationswerestill visible.

– Thetemperatureof thecoolingwaterof theacceleratingcavities wasalsomonitoredfor
sometime. However, the temperaturefluctuationsare much slower than the observed
energy variationsandcannotberesponsiblefor theenergy variations.

– We thenstudiedin detail the klystron-modulatorsignals.We looked at the PKI power
signal at the output of the klsytrons.Somesmall amplitudevariationsof the order of#%$'&�$)( �+* wereobservedon a signalof 4 V, andwith a time scaleof theorderof a
few seconds.Thiswasnot relatedto theenergy fluctuations.Wethenmeasuredthephase
errorson the threemodulators.The measurementwasdonefirst betweenthe input and
outputsignalsof the”A box” andthenbetweentheinputandoutputsignalsof theMDK
itself. The resultsaresummarisedin Table2. The phaseerrorsaresmall in amplitude
and the variationsin time are fast.As a consequence,they cannotexplain the energy
instabilities.
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#%,
A box

#%,
MDK

MDK25 -.�0/ - � /
MDK27 -.�0/ -1�2/
MDK31 -.�0/ -1�2/

Table2: Phaseerrorsbetweentheinput andoutputsignalsof the”A box” andof theklystron-
modulator.

6 Streak camerameasurementusingTCM37
Duringonesession,weusedtheCherenkov andTransitionMonitorsWL.TCM37 located

in the matchingsectionat the endof the linac with a beamenergy of 330 MeV, andwith the
nominalcurrent.

Thefirst goalwasto makeachromaticanalysisof thelight transportline by usingvarious
colourfilters in front of thestreakcamera.We first optimisedthepositionof thestreakcamera
in orderto have a goodimageof the beamon the CCD camerain focusmode.Going to the
sweepmodeat thehighestsweepspeed(50ps/mm),weobservedthebunchimageswith colour
filters rangingfrom 400 nm to 600 nm. For the 600 nm filter, the bunchesarehardly visible
andthis wavelengthis thereforethe limit. Thebestresultcorrespondsto theshortestbunches
andwasobtainedwith a 550nm filter. Figure6 shows thestreakcameraimageobtainedfrom
theCherenkov screenwhenusinga 550nm filter. In thatcasethebunchlengthis shorterthan
without thefilter, andis of theorderof 7.5 ps rms,which is the lowestvaluemeasuredso far
usingthestreakcamera.

Figure6: Bunchprofilesfrom theimageof theCherenkov monitorWL.TCM37.Theimagewas
takenat thehighestsweepspeedandwith a550nmcolourfilter. Themeasuredbunchlengthis
7.5psrms(18 psFWHM).

WealsotestedtheTransitionscreenandwenoticedthattheintensitywaslowerthanwith
theCherenkov radiator. Becauseof the45 degreetilt of theTransitionscreen,theimageof the
beamis stretchedin onedirection.However, moreset-uptime will be neededto extractgood
resultsfrom thetransitionscreen.

Duringoperation,theCCDcamerasuddenlybrokedown, preventingusfrom furtheruse
duringtheweek.
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7 First beamin EPA
At theendof the week,the beamwasinjectedinto the EPA ring. The efficiency of the

injection wasobviously badly affectedby the energy fluctuations,andlosseswereimportant.
However, the beamsignal is clearly visible in the pick-upsHR.UMA83 andHR.UMA91, as
seenon Figure5. Sincethe magnetswereoff in the ring, the beamcould not be transported
furtherthantheinjectionstraightline.

Usingtheinjectedbeam,wetestedthewire scannerHR.WBS82by changingthecurrent
in the septumHIE.SMH33 andobservingthat the beamwasmoving in the horizontalplane
with theright signconvention.

8 Timing modifications
Fromthebeginningof thecommissioning,wehaveexperiencedsomeinstabilitieson the

RFsignals(seepreviouscommissioningnote[1]) dueto randomtriggerjumpsfrom positiveto
negativeslopeat thezerocrossingof the50Hz signalfrom themains.Thisproblemwassolved
by modifying thecentraltiming electronics.New connectionsarenow availableto switchfrom
a centraltiming at 100Hz (LPI normalmode)to a centraltiming at 50 Hz, thusavoiding the
jumpsfrom oneslopeto theother. TheTPGsignalis now synchronisedwith thepositiveslope
of themainssignal,asseenon Figure7. Thesetiming modificationswereimplementedon the
eveningof the last day of operation,andwerethereforetestedon the machinethe following
week.

Figure7: Centraltiming at 50 Hz.
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