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Abstract

In this note,we describethe beamstudiesdoneduring the fourth weekof commissioning
of the PreliminaryPhaseof CTF3,from November12!" to November16" 2001.Detailed
studieswverecarriedoutin orderto understandghebeamenegy fluctuationsMeasurements
with the streakcamerawere performedat the end of the linac andwe obsered a shorter
bunchlengththanduring the previous weeks.The beamwasthensentin the transferline
HIE for dispersionmeasurementand transportoptimisation.Eventually the beamwas
injectedin the straightsectionof the EPA ring wherepreliminarydiagnosticcheckswere
done.
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1 Goals

The primary goal of this weekwasto transportand studythe beamin the injectionline
HIE. However, sincethe enepy fluctuationswerepreventingus from performingprecisemea-
surement# thetransfeline, sometime wasdedicatedo studythesevariations.Unfortunately
no explanationwasfound by the endof theweek.Additional beamstudiesn thelinac allowed
to transporthe beamat 4 MeV up to WL.UMAZ29, andto refinethe measurementgonewith
WL.TCM37 at 330 MeV. During the last days,the beamwasinjectedinto the ring. Sinceall
EPA magnetsvereswitchedoff, the beamwaslost afterHR.UMA91, at the endof the straight
line.

2 Start-Up

Sometiming problemsappeareduringthestart-up First,themodulatotMDK25 wasnot
pulsingandwe hadto bypasghe switchbetweer3 GHzand19 MHz in orderto makeit pulse.
Then,following a problemof timing jumpsby oneRF period,the electronicswaschangeda
counterof oneRF periodandadelaycableweresuppressedincethetiming wasthenmoved
by two RF periodswith respecto the previousweeks the gatesfor theinstrumentatiorhadto
be adjustedcagain.

After the“deconsignation’'df thepower supplieswe checledthepolarity of themagnets
in the EPA ring althoughit wasnot foreseerto usethering this weeksincethe safetyof the
magnetstill hadto bechecledby thehardwarespecialistsTheresultsaredetailedin thepaper
log-book.

Someinstrumentatiorcheckswereagainperformedandwe noticedthefollowing points
which wereall addresseduringtheweek:

— Horizontalandvertical planeswereinvertedin WL.WBS28.

— Thesignalrangewasstill 5 mminsteadof 10 mmin HIE.WBS21.

— Thesoftwareof the SEM-Grid HIE.MSH23hadto be modifiedin orderto give theright
enepy valuesaccordingto thetheoreticaddispersiomat this point.

— A bugwasfixedin WL.MSH36:the softwarewasdisplayingthefirst profile with inverted
wires, resultingin atwo-profileimagein the caseof very few acquisitionsover onebasic
period.In the caseof a larger numberof acquisitionsthis errorwasrelatively smalland
thewrongprofile wasnotvisible anymoreon thedisplay

The measuremergcaleon MDK25 was changedrom high power rangeto low power
rangesincewe areworking belov 5 MW. The low power valuereadbeforeon the high power
rangewassignificantlywrong.Thevalueshavn in the MDK-CTF3 parameteprogramhasnow
to bescaleddown by afactor10to reachthe correctvalueof the outputpowerin MDK25.

ThemodulatotMDK27 wastripping very frequentlyduringthefirst dayof operationOn
Tuesdayinstabilitiesin the D’Quing systemwerefound andthe thyratronwaschangedThis
leadto a morestableoperation.

On Tuesdaysomeradiationmeasurement&ere performedby TIS peopleall alongthe
linac atdifferentenegies.We intentionallylost the beamat variouslocationsusingthe vertical
dipoleswhile somemeasurementaeretaking placein the klystron gallery. Somedatawere
alsorecordedvhensendingthe beaminto the beamdumpHIP.



3 DispersionMeasurementin HIE

The dispersionmeasurementook place right after someradiation measurementgor
which it was necessaryto put the modulatorMDK31 on stand-by As a result, in order to
avoid setting-upthe beamat a higherenegy, we decidedto startthe dispersionrmeasurement
with MDK31 on stand-byandwith a beamenegy of 177 MeV (computedfrom the current
in HIE.BSHOO0).We thusscaledall currentsof the magneticelementsn theinjectionline and
measuredhe position of the beamin the pick-up HIE.UMA23 as a function of the current
(correspondingo a givenenengy). Figurel shaws therecordingof the horizontal,verticaland
integratedsignalsfrom HIE.UMAZ23, asafunctionof time for variouscurrentsettings For each
currentsetting,thefluctuationsof the pick-upsignalcorrespondo the enegy variations.In the
following, thesevariationsaretreatedastolerance®n the measuremerndf theposition.A more
precisemeasurememnnustbe possiblein theabsencef enegy fluctuations.
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Figurel: Signalsin thepick-upHIE.UMA23 duringthedispersiormeasuremerit theinjection
line. Top: horizontalsignal,middle: vertical signal,bottom:sumsignal.

3.1 Horizontal dispersion

The valuesof the enegiesandthe correspondingaluesof the beampositionare sum-
marisedn Tablel. Figure2 shavsthe correspondingpointswith the dispersiorcurve asgiven
by MAD usingthe on-line modelof theinjectionline andreadingthe AQN currentsasinputs
for the simulation. The shapeof the dispersioncurve fits the experimentaldataexceptfor a
large negative enegy deviation. This discrepang canbe dueto a saturatioreffectin the pick-
up sincea positionof 40 mm with respecto the centreof the chamberis alreadyquite large,
assuggeste@lsoby the smallerspreadobsened on the pick-up signal(seeright-handside of
Figure2, top graph).

3.2 Vertical dispersion

Table 1 and Figure 3 summarisehe resultsfor the vertical plane.For positve enegy
deviations,the behaiour of the simulationseemso be closeto the measurementsyhereador
large negative enegy error, thereis againa differencebetweenthe measurementandthe sim-
ulation.Eventhoughthe valuesof the beamdisplacemenaresmallin this plane,the saturation
in the horizontalplanecouldresultin wrongverticalvalues.
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Enegy [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 25/7.6 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

Table 1: Horizontalandvertical beampositionsrecordedn HIE.UMA23 for variousenegies
in theinjectionline.
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Figure2: Measuredandsimulateddispersiorat HIE.UMA23 (horizontalplane).
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Figure3: Measuredandsimulateddispersiorat HIE.UMA23 (verticalplane).



4 Energy measurementat the buncher exit

The enegy measuremendt the buncheroutputof the third week of commissioning1]
was repeatedor a reducedklystron power of 3.8 MW. Apart from this, the conditionswere
identical to the previous measurement,e. the quadrupolef the first triplet WL.QSA271,
WL.QLA27 andWL.QSA272werenot powvered.The beampositionwasobsenredin the pick-
upWL.UMA27 while changinghecurrentin thedownstreancorrectioncoilsWL.DQSA272H
andWL.DQLA27V.
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Figure4: Beampositionin WL.UMA27 asa functionof the currentin WL.DQSA272H(top)
andWL.DQLA27V (bottom).

Figure4 shavsthatthe UMA responsés linearin bothcasesTakinginto accountaner-
ror of 0.1 mm (from theresolutionof the UMAs andthehysteresigffects),alinearfit resultsin
(1.60+0.01) mm/Ain thecaseof WL.DQSA272Hand(4.89+0.02) mm/Afor WL.DQLA27V.
This leadsto a momentumof respectrely 5.7 and 5.0 MeV/c at the buncherexit. For anun-
known reason thesevaluesare not consistentwith eachother and the measuremenis thus
guestionableConsequentlythis alsobringssomedoubtson the previous measuremert].

A few attemptswere madeto transportthe beamat 4 MeV up to the spectrometeline
in section36 in orderto measurehe enegy at the outputof the buncherwith a good accu-
ragy. However, the beamwas always lost betweenWL.UMA27 and WL.UMA29 wherethe
quadrupoldamiliesdo not allow to modify enoughthe trans\erseoptics.



5 Investigationson the enemy fluctuations

For two weeks,we have beenobservingsomeenenpy instabilitiesof the orderof a few
percentat 350MeV. Althoughnotdisturbingin thelinac, they becomenarmfulin theinjection
line wherethe dispersionamplifiesthe phenomenonThesefluctuationsare clearly visible in
HIE.UMAZ23 (seeFigure 1). Figure5 shows the horizontalsignalin HIE.UMA23 oscillating
becausef theseenepy fluctuations.n this case the currentsin the magneticelementsof the
injectionline hadbeenscaledsothatthe meanvalueof theoscillationwaszero.Injectionin the
ring wasthenpossible asshavn by the sumsignalsof thefirst two pick-upsof thering.
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Figure5: Enegy fluctuationsseenon HIE.UMA23.

During this week, sometime was dedicatedto understandhe sourceof theseenepgy
fluctuations Varioustrackswereinvestigatedbut noneof themleadto any conclusion:

— Wefirst obseredthatthevariationswerevisible on eachof thefive pulsesof thegun,and
thatthey hadthe sameamplitude As a consequencehesefluctuationswerenot coming
from the gun. We thentried to seethe fluctuationsin the middle of thelinac by usinga
correctiondipole to createdispersionand by observingthe beampositionin a pick-up.
This techniquevasnot conclusve andwe could nottraceanorigin pointalongthelinac
for thefluctuations.

— Thinking thatthe power supplyof oneof the correctiondipolesin thelinac could bere-
sponsibldor theobsenationof thesevariations we switchedoff oneby onetherectifiers
thatpower the correctionmagnetsBut thefluctuationswerestill visible.

— Thetemperaturef the coolingwaterof the acceleratingavities wasalsomonitoredfor
sometime. However, the temperaturdluctuationsare much slower than the obsered
enegy variationsandcannotberesponsibldor the enegy variations.

— We thenstudiedin detail the klystron-modulatorsignals.We looked at the PKI power
signal at the output of the kisytrons. Somesmall amplitudevariationsof the order of
AV/V ~ 1% wereobsenedon a signalof 4 V, andwith a time scaleof the orderof a
few secondsThiswasnotrelatedto theenegy fluctuations We thenmeasuredhe phase
errorson the threemodulators. The measurementvas donefirst betweenthe input and
outputsignalsof the”A box” andthenbetweertheinputandoutputsignalsof the MDK
itself. The resultsare summarisedn Table 2. The phaseerrorsare small in amplitude

andthe variationsin time are fast. As a consequencehey cannotexplain the enegy
instabilities.



Ad A box | A MDK
MDK25 || < 1° < 4°
MDK27 | < 1° < 3°
MDK31 || <1° < 3°

Table2: Phaseerrorsbetweerthe input andoutputsignalsof the”A box” andof the klystron-
modulator

6 Streak camerameasuementusing TCM37

Duringonesessionye usedthe Cherenkv andTransitionMonitorsWL. TCM37 located
in the matchingsectionat the end of the linac with a beamenegy of 330 MeV, andwith the
nominalcurrent.

Thefirst goalwasto make achromaticanalysisof thelight transportine by usingvarious
colourfilters in front of the streakcamera\We first optimisedthe positionof the streakcamera
in orderto have a goodimageof the beamon the CCD camerain focusmode.Going to the
sweepmodeatthe highestsweepspeed50 ps/mm),we obsenedthe bunchimageswith colour
filters rangingfrom 400 nm to 600 nm. For the 600 nm filter, the bunchesare hardly visible
andthis wavelengthis thereforethe limit. The bestresultcorrespondso the shortestounches
andwasobtainedwith a 550 nmfilter. Figure6 shows the streakcameramageobtainedfrom
the Cherenkv screenwhenusinga 550 nm filter. In thatcasethe bunchlengthis shorterthan
without thefilter, andis of the orderof 7.5 psrms, which is the lowestvalue measuredo far
usingthe streakcamera.
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Figure6: Bunchprofilesfrom theimageof the Cherenkv monitorWL. TCM37. Theimagewas
takenatthe highestsweepspeedandwith a 550nm colourfilter. The measuredbunchlengthis
7.5psrms (18 psFWHM).

We alsotestedhe Transitionscreerandwe noticedthattheintensitywaslowerthanwith
the Cherenkyv radiator Becausef the 45 degreetilt of the Transitionscreentheimageof the
beamis stretchedn onedirection. However, more set-uptime will be neededo extractgood

resultsfrom thetransitionscreen.
During operationthe CCD camerasuddenlybroke down, preventingusfrom furtheruse

duringtheweek.
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7 First beamin EPA

At the end of the week,the beamwasinjectedinto the EPA ring. The efficiengy of the
injection was obviously badly affectedby the enegy fluctuations,andlosseswereimportant.
However, the beamsignalis clearly visible in the pick-upsHR.UMA83 andHR.UMA91, as
seenon Figure5. Sincethe magnetswere off in the ring, the beamcould not be transported
furtherthantheinjectionstraightline.

Usingtheinjectedbeam we testedthewire scanneHR.WBS82by changingthe current
in the septumHIE.SMH33 and observingthat the beamwas moving in the horizontalplane
with theright signcorvention.

8 Timing modifications

Fromthebeginning of thecommissioningwe have experiencedsomeinstabilitiesonthe
RF signals(seepreviouscommissioningiote[1]) dueto randomtriggerjumpsfrom positive to
negative slopeatthezerocrossingof the50 Hz signalfrom themains.This problemwassolved
by modifying the centraltiming electronicsNew connectionsarenow availableto switchfrom
a centraltiming at 100 Hz (LPI normalmode)to a centraltiming at 50 Hz, thusavoiding the
jumpsfrom oneslopeto the other The TPGsignalis now synchronisedvith the positive slope
of the mainssignal,asseenon Figure7. Thesetiming modificationswereimplementecn the
eveningof the last day of operation,and were thereforetestedon the machinethe following
week.
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Figure7: Centraltiming at 50 Hz.
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