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Abstract

In this note,we describehe beamstudiesdoneduringthethird weekof commissioningf
the PreliminaryPhaseof CTF3,from October29™ to November2™ 2001.Detailedoptics
studieswere performedin the linac, with quadrupolescansjrajectorymeasurementand
enegy measurementslhe beamwas thentransportedn the transferline for hardware
commissioningandsomepreliminarybeammeasurements.
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1 Goals

Thegoalof thisweekwasto studythe opticsin thelinac andto begin thecommissioning
of the transferline HIE. We performedoptics measurementat variouslocationsin the linac
with quadrupolescansandtrajectorymeasurementdVe injectedthe beamin HIE andstarted
preliminaryopticsstudies.Thetransporin theinjectionline wasdoneup to the septummagnet
HIE.SMH33.Dueto hardwarefailuresof the gun, the studiesof bunchlengthusingthe TCM
monitorswerepostponed.

2 Start-Up

The machinewasclosedon Mondaymorning,andhardwareteststook placeright after
wards.Thesecuritychainwaschecled,with emphasi®ntheinterlockconditiononthecurrent
of HIE.SMH33.If the currentis lowerthan1200A, thebeamstoppeWL.STP37shutsdown.

Onthefirst day, we checledthe polarity of themagnetsn theinjectionline. They all had
theright polarity andno modificationwasmandatoryThe MIN/MAX valuesin theworking set
wereupdatedor the HIE magnetsaccordingo the equipmentimits.

Thebeamwastransportedn thetransfedine on Monday However, thediagnosticsn the
matchingsection(WL.MSH36 and WL.WBS37),andin thetransferline (HIE.WBS21)were
notworking properlyon thisfirst day andneitheroptimisationnor measurememwaspossible.

During the night from Mondayto Tuesdaythe modulatorswvereleft in pulsingmodeat
their nominal PFN values,following the specialists’advice.However, MDK27 and MDK31
fell down aftera few minutes.Thefollowing days,we let thempulsingduringthe night, but at
lower PFNvalues.

On Tuesdaythe first beamwas obsenred in the SEM-grid HIE.MSH23 locatedin the
straightpart of the transferline. Figure 1 shows the first beamprofile in HIE.MSH23. The
calibrationfactorsusedto computethe beamenepgy anddispersiorwerenot yetimplemented
in the software.
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Figurel: First profile of thebeamin thetransferine HIE usingthe SEM-gridHIE.MSH23.

3 Modulators instability

Duringthewholeweek,the modulatordViDK27 andMDK31 shavedmary instabilities,
asseenn Figure2 which shavsthe history of the outputpower of MDK27 overafew minutes.
Sincethereis only oneacquisitionperbasicperiod(1.2s) onthisgraph,we hadevenmoretrips
in the powerthanrecordedon this plot.
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Figure2: History of the outputpower of MDK27. Eachspike correspond$o atrip.

We recordedhe power signalsat the outputof the klystron-modulatorsasshavn in Fig-
ure 3. We noticedtwo instabilities.First, we could distinguishtwo differentlevels of poweron
all the threesignals.Thesejumpshadperiodsin the rangeof a few minutesandwere corre-
spondingto randomtrigger jumpsfrom positive to negative slopeat the zero crossingof the
50 Hz signalfrom themains.This problemwill notoccurnext yearwith thenew CTF3timing.
Meanwhile,it was solved by modifying the centraltiming electronics(seedetailsin the fol-
lowing commissioningnotes).In addition,we obsenedthatevery drop of the MDK27 power
wasprecededy a sharpincreaseof the PKI27 signal. An internal protectionwas makingthe
Klystrontrip becausef someoscillationsin the D’Quing system After changinga thyratron,
this problemdisappeared.
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Figure3: Outputpower signalsof the Boosterandthe threeklystron-modulatorswWe obsened
two differentstatesn the power becausef the zerocrossingumps,andalsotheinstability on
PKI27 dueto the D’Quing instability.

While investigatingheseinstabilities, we noticedthatthethreeMDKs werenotsaturated
with the power of 13 kW from thebabyklystron.This powerwasthereforencreasedo 18 kW.
With suchapower, MDK27 andMDK31 weresaturatecandMDK25 (which hasa muchlower
PFN value) was at the limit of saturation.In addition, the baby klystron was changedfrom
Numberl to Number2, andthelocal RF sourcewasreplacedy a synthesiseatthefrequeng
fo = 2.99855 GHz + 5 Hz for a power of 15.5kW (the saturatiorof the modulatorsvasthen
verifiedagain).
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4 Radiation levels

The backgroundradiationlevels were checled by TIS on Monday without beamand
with the modulatorgunningat their nominalpower, in orderto have areferenceraluefor later
measurement©n the controlroom alarmdisplay all radiationmonitorsshaved levels below
1 uSvih.

On Tuesdaywe madethe samerecordingwhile sendingthe beamin the spectrometer
line, in the dumpline andin the injection line with onepulse,100x 10® electronsper pulseat
arepetitionrateof 50 Hz. As seenin Figure4, the highestlevel wasreachedvhensendingthe
beamin the injection line, but wasbelown 5 . Sv/h. Laterin the week,with differentmachine
settingsalevel of 7 uSv/hwasreachedn the samemonitorwith the beamin thetransferine.

During anaccessnadeon WednesdayM. Rettingfrom TIS measure®0 ;. Sv/hcloseto
WL.UMAS37, and5 pSv/hcloseto HIE.MTV23.
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Figure4: Recordingof radiationlevels. Thefirst plateauwbaseline betweenl5 and25 minutes
on the horizontalaxis) correspondso the beaminto the spectrometeline, the secondplateau
(betweeril5 and11 minutes)to the beaminto theinjectionline, andthethird plateau(between
9 and1 minutes)to thebeaminto the HIP dumpline.

5 Beamenemy
5.1 Beamenemy at the exit of the bunching system

The enepgy at the buncheroutput was measuredor a klystron power of 4.3 MW, as
readby peakpower meter The quadrupole®f thefirst triplet WL.QSA271,WL.QLA27 and
WL.QSA272wereswitchedoff. Thecurrentwaschangedn thesteeringcoils WL.DQSA272H
andWL.DQLA27V andthebeampositionwasobseneddownstreanonUMA27. Theobsered
positionchangds inverselyproportionalto the beammomentum.

Figure5 shavs thatthe UMA responsaes linearin both casesThe positiondifferences
dueto hysteresieffectswereof the sameorderastheresolutionof the UMAs (0.1 mm). With
thiserror, alinearfit resultedn (1.76 £0.01) mm/Ain thecaseof WL.DQSA272Hand(4.62+
0.02) mm/A for WL.DQLA27V. Themomentunwascalculatedusingthe excitation constants
of

or WL.DQLA27V o
7 )1 066-104Tm/A " WL.DQSA272H -

This ledto amomentumatthe buncherexit of 5.2 and5.3 MeV/c for thetwo measurements.

[ Bdl _{ 1.14-107* Tm/A
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Figure 5: Variation of the beam position on WL.UMA27 as a function of the currentin
WL.DQSA272H(top) andWL.DQLA27V (bottom).

5.2 Beamenemy at the end of the linac

The first measuremendf the beamenepy after the acceleratiorsectionstook placein
thespectrometeline, usingthespectrometemagneWL.BHZ36 describedn [1]. Thismethod
gave anenegy of 350MeV.

Anotherwayto measureéhebeamenegy attheendof thelinacis to usetheinjectionline
asaspectrometeusingthe dipolemagnetdHl.BSHOOandHIE.BHZ10,which areof thesame
type. Equation(2) givesthe integratedfield in HI.BSHOO or HIE.BHZ (in T.m) asa function
of the currentin the magnet(in A). Figure 6 shons the magneticmeasuremenointsandthe
calibrationcurve asafunctionof the currentin HL.BSHOOor HIE.BHZ.
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Figure6: Magneticmeasurementandcalibrationcurve for the dipole magnetsn theinjection
line H.BSHOOandHIE.BHZ.

The principle of the measuremenis to rely on the geometricaldesignof the injection
line with afirst angleof 9 degreesgivenby HI.BSHOOanda secondangleof 20 degreesgiven
by HIE.BHZ10. First, the steeringat the end of the linac was adjustedsuchthat the beam
enteredhe first magneton the centralorbit. Then,by looking at the beamin HIE.MTVO01, we
adjustedhe currentin HI.BSHOOto be centredin WL.MTVO01. The currentwasthenlgsy =
115.5 A, thuscorrespondindo a beamenegy of 332 MeV. We checled that this settingwas
alsovalid for the HIP dump line which hasthe samegeometry:we invertedthe polarity in
HI.BSHOOandobseredthebeamcentredn HIP.MTVO0L1. SincethedipolemagnetdHl.BSHOO
andHIE.BHZ10 are of the sametype, the ratio of the currentsin the magnetss the ratio of
the deflectionangles,say Ipsy/Isnz = 9/20 = 0.45. We then poweredHIE.BHZ10 with
the new currentvalue Iz, = 115.5/0.45 = 256.7 A, and obsered that the beamwasalso
centredn thefollowing screerHIE.MTV23. All thequadrupolesvereon stand-byduringthese
manipulations.

Thisdiscrepang of 5%in thefinal enegy betweerthespectrometeine andtheinjection
line remaingo beclarified.

6 BeamDiagnostics
During the week, a systematiccheckof the instrumentatiortook place,andwe noticed
thefollowing points:

— WL.WBS28hadhorizontalandverticalplanesnverted.

— WL.WBS31hadhorizontalandvertical planesnverted.We obsenedthatthe horizontal
profile wasmoving whenpowering the steeretWL.DQNF301V This wasconfirmedby
usingthemagnetWL.DQNF302Hin theotherplane.

— WL.WBS37 was successfullytestedin both planesusingthe steerersSV\L.DQNF353V
and WL.DQNF352H. However, WL.WBS37 is mountedreversedbecauseof limited
spaceandthehorizontalplaneis inverted.

— HIE.WBS21only shaved a very small signalin the vertical planeandno signalin the
horizontalplane.However, the beamconditionswere far from being optimisedin the
injectionline during this test. The wire displacementvasonly 5 mm insteadof 10 mm
ontheotherwire beamscanners.

— WL.MSH36 hadthe high enegiesdisplayedon theleft-handsideof the profile.



— HIE.MSH23worked properly althoughthe enegy readingwasnot correctbecausehe
calibrationfactorsweremissingin the software.
— All the MTVs were adjustedto copewith the nominal beamintensity An accessvas
madein orderto reducesomeof thediaphragmsTheopticsonHIE.MTV30 waschanged.
All themandatorymodificationson the diagnostidools weremadeduringthe week.

7 Transversebeamdynamicsin the linac
7.1 Description of the linac geometry

In the CTF3preliminaryphasethe linac consistof eightacceleratingectionsyeferred
to asACS27to ACS34.Quadrupolesreinstalledon andbetweentheseacceleratingections
in orderto focusthe beamonits path.At the endof thelinac, the electronbeamis matchedo
the conditionsrequiredby the HIE line andby the EPA ring [2]. Five independenguadrupoles
areusedfor this purpose Also, someinstrumentations installedat variouslocationsalongthe
linacin orderto measurdghe Twiss parameterghe positionandtheenepgy of thebeam.In this
sectionwe shallfocuson the measuremendf the lattice parameterdy performingquadrupole
scansandobservingthe trans\ersebeamsizein the wire beamscannerdVL.WBS31 (located
betweemACS30andACS31)andWL.WBS37(locatedin the matchingsection).

7.2 Quadrupole scansin the matching section

Oneof thefirst purpose®f thetrans\ersemeasuremenis thelinacis to checkthe Twiss
parameterat the exit of the lastacceleratiorsection.One canthen calculatethe normalised
gradientsin the quadrupole®f the matchingsection,in orderto have a matchedbeamat the
entranceof theinjectionline.

As describedn Section5.2,two differentmethodgor the enegy measuremenesulted
in differentvalues(332MeV and350MeV). In thefollowing, theresultsarepresentedor both
enegies.

In orderto measurehermstrans\ersebeamsize,we fit the beamprofile with afunction
whichis either f1(d) = cste + G1(d) or fo(d) = este + G1(d) + Go(d), whereG is aGaussian
functionandd is the displacemenbf the wire throughthe beam.After removing the constant
term,onecaneasilyobtainthermsbeamsizeof the profilein agivendirection,asa functionof
thecurrentin aquadrupole) upstreamA threeparametefunctionis thenusedto fit this scan
in orderto derivethe Twissparameterandtheemittancesttheentranceof (). Fourquadrupole
scanswere performedin WL.WBS37 after having optimisedthe acceleratiorphasedor peak
power meterreadingsof 4.2,34.0and34.6 MW on MDK25, MDK27 and MDK31. Table1
summariseshe quadrupoleonditionsusedfor thescansn WL.WBS37.

Ionrssi [A]l | Tonrsse [A] | Ionrsss [A]
HorizontalandVertical Scan 15to 100(H) 73.2 54.6
usingWL.QNF351 -50t0 10 (V)
HorizontalScanusingWL.QNF352 35.5 5t095 54.6
Vertical ScanusingWL.QNF352 -45 10to 90 54.6

Tablel: Quadrupolecurrentsin thetriplet of the matchingsectionduringthe quadrupolescans
in WL.WBS37.

TheTwissparameterandthe normalisedmsemittancesttheentranceof WL.QNF351
that we derved from thesemeasurementare given in Table 2. The function usedto fit the
trans\ersebeamprofilesdoesnot have a significantinfluenceon our results.
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Lattice parameters Fit with oneGaussiar| Fit with two Gaussians

HorizontalScanusingWL.QNF351
B, (M) 19.8 18.2
Qy +0.95 +1.15
¢, (mm.mrad) 24 27
HorizontalScanusingWL.QNF352
B, (M) 25.0 17.4
oy +1.22 +1.11
¢, (mm.mrad) 31 25
Vertical ScanusingWL.QNF351
By (M) 16.2 13.5
ay -2.06 -1.69
¢, (MmM.mrad) 18 25
Vertical ScanusingWL.QNF352
By, (M) 21.2 17.2
ay -2.77 -2.28
€, (Mm.mrad) 18 26

Table2: Twiss parameterandnormalisedrms emittancesat the entranceof WL.QNF351de-
rivedfrom quadrupolescandn WL.WBS37.Theenepy is here350MeV.

| Quadrupole | Reference850MeV | 350MeV | 332MeV |
WL.QNF351] 3, [M] 9.0 17.4 16.5
Oy +1.7 +1.11 +0.94
B, Tm] 121 21.2 19.7
Qy -2.5 -2.77 -2.92
WL.QLB29 | 3, [m] - 37.8 33.2
Qy - -3.28 -4.03
3, Tm] - 27.1 17.6
ay . -2.20 -1.63

Table 3: Twiss parameterat the entranceof WL.QNF351andWL.QLB29 for two different
enegies. The reference350 MeV columngivesthe nominal valuesof the theoreticaloptics.
The350MeV and332MeV columnsarethe values which bestfit the measuremergoints.

Table 3 displaysthe Twiss parametergound at two differentlocationsfor two different
enegiesat the endof thelinac. In all thesecasesthe normalisedrms emittancesare closeto
20r mm.mradin both planes.Figure 7 is an exampleof the variationsof the horizontaland
vertical rms beamsize measuredn WL.WBS37 asa function of the currentin the upstream
quadrupoleNL.QNF352.Thesolid linesshav theresultof thefit usedto derive the emittance
andthe Twissparameters.
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Figure7: Quadrupolescansn WL.WBS37usingWL.QNF352.Thefit is donewith anenepgy
of 332MeV.

7.3 Quadrupole scanswith WL.WBS31

Sincethe lattice parameterst the entranceof WL.QLB29 could be derived from the
guadrupolescansin the matchingsection,a secondseriesof trans\ersemeasurementsnore
upstreamn thelinac, wasperformedn orderto checkthe consisteng of our results.

— The currentin the quadrupoleof the QNFB family was setto 27 A, andwe madea
horizontalandverticalscanin WL.WBS31usingWL.QLB29.

— The currentin the quadrupoleof the QNFB family was setto 20 A, andwe madea
verticalscanin WL.WBS31usingWL.QLB29.

Figure8 shaws thatthereis a goodagreemenbetweenthe experimentaland simulated
quadrupolescangwith both332and350MeV for theenegy in the matchingsection) We are
thusconfidentthatthe modelusedin orderto simulatethe opticsin thelinac andto predictthe
behaiour of thebeamin thetrans\erseplaneis reliable.
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Figure8: Trans\ersebeamsizein WL.WBS31asa functionof the currentin WL.QLB29: the
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7.4 Comparisonwith previous weekquadrupole scansin WL.WBS31

During the previous week of operation.the samequadrupolescanin WL.WBS31 was
performedn bothplanesusingthe quadrupoleNL.QLB29. Thebeamconditionsweresimilar
to the onesusedthis week(peakpower meterreadingsof 4.5, 33.2and34.9MW on MDK25,
MDK27 andMDK31 andsamebeamcurrent).It is thereforeinterestingto comparetheresults
in orderto assesshe reproducibilityof the transwerseconditions.Figure9 shows the scansn
the horizontaland vertical planes.They are comparedo the resultsof this week. The points
arethedatameasurediastweek,andthelinesarethe scansimulatedoy MAD usingtheinitial
Twiss parametersound this weekin WL.QLB29 for anenegy of 332 MeV atthe endof the
linac (SeeTable 3). In the vertical plane,the scansarevery similar, whereasn the horizontal
plane,we obsene a discrepang. Suchmeasurementshouldbe repeatedo make surethatthe
opticswe usein the matchingsectionis well adaptedo the opticsin thelinac.
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Figure9: Horizontalandverticalquadrupolescangperformedn WL.WBS31duringthe previ-
ousweek.Thedataarethe pointsandthelinesarethe simulatedscansusingthe Twiss param-
etersfoundthis week.
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7.5 The matching section

The measurediwiss parameterst the entranceof WL.QNF351 are differentfrom the
referenceoptics.In orderto obtainthe correctTwiss valuesat the referencdocation(point 0),
oneneeddo adjustthe five quadrupolesn the matchingsection.This wasdonefor enepgiesof
350and332MeV with therespectie initial conditionsfrom Tah 3. Theresultsin Tah 4 shov
thatamatchingcaneasilybe obtainedwith currentghatarenot muchdifferentfrom thedesign
values.n the caseof 332 MeV, analternatve matchingwith lower currentss alsogiven.

designoptics | rematched rematched alternatve
Quadrupole| 350MeV 350MeV | 332MeV | 332MeV
WL.QNF351 70.0 87.7 86.8 68.2
WL.QNF352 72.6 87.5 85.6 37.0
WL.QNF353 54.3 54.3 51.5 0
WL.QNF371 162.8 159.8 151.7 145.2
WL.QNF372 198.0 199.3 188.8 186.8

Table 4: Quadrupolecurrents(in Ampere)in the matchingsectionfor the designopticsand
rematchedvith the initial conditionsmeasuredt the entry of WL.QNF351for an enegy of
350MeV and332MeV. In addition,analternatve matchingwith lower currentsat 332MeV is
shawn.

During our studies we noticedthatthe quadrupoleNL.QNF351seemedo be off-axis.
Indeedthebeamwasfirst alignedin the UMAs 34, 35,and36, with all thequadrupolesndthe
correctorsof the matchingsectionon stand-byWhenswitchingon WL.QNF351,we obsered
a displacemenof -3 mmin UMA36. This is to be checled by surwey people.In addition,we
sav thatthe spectrometemagnetWL.BHZ36 hasanonzeroremanenfield. Its effect prevents
usfrom having a straightalignmentof thebeamin the matchingsection.Unfortunatelyit is not
possibleto cycle the currentin thatbendingmagnetfor thetime being.

8 Trajectory Measurements

Trajectorymeasurementallow to comparethe machinebehaiour to the designoptics.
In the caseof changingenepgy alonga linearacceleratqrthetrajectoryresponse\z(s) down-
streama deflectionby anangle Af atlocation s, dependsn the Twiss functionsandon the
particleenegy F as

E(so)
E(s)

Ax(s) = v/ B(s) B(so) sin[u(s) — u(s0)] - Af

3)

where and ;. arethe betafunction and betatronphase respectrely. The betafunction and
the phasealsodependon the enegy sincethe normalisedgradientsor a givenmagnetcurrent
changeanverselyproportionalto the particlemomentumSothetrajectoryresponse€anbeused
to estimatehe enenpy.

The measurementvas done after having optimisedthe accelerationphasesfor peak
power meterreadingsof 4.3, 33.1 and34.5 MW on MDK25, MDK27 and MDK31, respec-
tively. We usedthe correctioncoils WL.DQLA27V, WL.DQSA27.2H,WL.DQNF30.2Hand
WL.DQNF34.2H.For eachof thesecorrectiontrims areferencdrajectorywasmeasuredby the
UMA beampositionmonitors.The settingwaschangedwhile verifying that the transmission
wasnot affected,andthedifferenceto thereferencavascalculated An exampleof a difference
trajectoryis shovn in Figure10.
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Figure 10: Horizontal differencetrajectory(openbars)in the caseof a 1 A currentchangeon
WL.DQNF30.2H.Theexpectedrajectorychangdgor anenegy of 332MeV atthelinac exit is
subtractedrom this data.The residualdifference(filled bars)hasan RMS spreadof 190 ym
thatis consistentvith the noiseof the UMAs.

The CTF3 machinewasmodelledwith MAD takinginto accountthe now known devi-
ationsfrom the designmachinedueto cablingerrorsand polarity inversionson the magnets.
Thesemadethe horizontalbetafunction blow up betweenUMA36 and UMA37 so that the
transmissiorwaspoorthere.ThereforeUMA37 wasexcludedfrom theanalysis.

Themeasurediatawerecomparedo thetheoreticatrajectoryresponséor differentfinal
enepiesattheendof thelinac. Thedeflectionangleof thetrim wasleft asafreeparametesince
thecalibrationof the correctioncoils is probablynotvery precise TheresidualRMS difference
shows the discrepang betweenmodelanddata.Figure 11 shaws this residualfor the caseof
WL.DQNF30.2H.It is obviousthatthe modeldoesnot agreevery well for anassumeanegy
of 350 MeV at the linac exit. The optimum correspondencendicatesa final beamenengy of
about331MeV. This agreesvery well with the beamenegy measuremenh the HIP andHIE
lines (seeSection5.2). The influenceof the enegy at the trim location on the analysiswas
testedby varyingthe enepy afteracceleratingectionACS30(onwhichthetrim is located)by
+5 MeV. This sensitvity is smallerthanfor thefinal enegy, ascanbeseenn Figurell.

Thetrajectorychangeby WL.DQNF34.2Halsocorrespondso the model. The patternis
thoughnot very sensitve to the enegy in this casebut the calculateddeflectionanglepointsto
anenegy of 331MeV, aswell.

Two measurementsy WL.DQSA27.2Hshaw adifferentphaseadvancefor thetwo cases
(probablyrelatedto the network zerocrossingumps,seesection3) andwerenot furtheranal-
ysed.

The analysisof WL.DQLA27V is very sensitve to the initial enegy after the buncher
Unfortunately UMA27 which s vital for this wasnot working duringthe measurementJsing
theremainingUMAs, the comparisorto the modelwasperformedfor differentinitial enegies
assuminga final enegy of 332 MeV. This analysisshavs the bestagreemenbetweenmodel
anddatafor aninitial enegy of about2.8 MeV. Dueto the UMA27 problemthough,theresult
is notvery conclusve andthe measurememwill have to beredone.
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Figurell:Residuatrajectorydifferencebetweerdataandmodelasafunctionof thefinal beam
enegy attheexit of thelinac. Thetwo datasetscorrespondo two differentcurrentchange of
WL.DQNF30.2H.Thetwo smalldatapointsat the minimumof the black curve show the effect
of avariationof theenegy afterACS30by +5 MeV. Thebestcorrespondenceuggestabeam
enepgy of 331 MeV.

9 Gun tests

During the week, we had problemsstartingthe gun after an accessand the following
days,thegunwasfrequentlygoingto Off Pulsing.At theendof theweek,new electroniccards
wereputin operationby the gunspecialistsTwo dayswerededicatedo performthenecessary
tests.The currentcannow be variedbetween50 mA and1.8 A, with a variablepulselength
between2 ns and 10 ns, asrequiredin the specificationsThe detailsof the gun studiesare
availablein thegunpaperog-book.

10 Various Statements
During this weekof operationthefollowing pointshave beennoticed:

— The power supply WL.QNF371droppedmary timesduring the week. This wasdueto
thecontrolsystemwhichwassendinga valueto thesingletranscever every basicperiod.
Thiswasfixed.

— The power supply HIE.QFW30wasdroppingvery often becausef unstableelectronic
regulation.Thiswassolvedby PO.

— A preliminarymeasurementf the dispersionin the injectionwascarriedout this week.
Its analysiswill be givenin next weekreport,togetherwith otherdispersionmeasure-
mentsin HIE.
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