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Abstract. Thedevelopmenbf clusterjet targetsof Minstertypeis presentedStartingwith the rst
tagetinstalledatthe COSY-11 experimentthe progresss describedvhichwasmadeataclusterjet
targetfacility installedin Minsterleadingto a prototypefor a clusterjet tamget for the upcoming
PANDA experimentat FAIR.
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THE CLUSTER-JET TARGET FOR COSY-11

The COSY¥-11 experiment[1] is aninternalstoragering experimentat the coolersyn-
chrotronCOSY at the FZ Jilich. Its main purposewasthe investigation of the meson
productioncloseto the productionthresholdin proton-protorandproton-deuterorol-
lisions.

Several designgoals had to be achieved during the developmentof the target for
COS¥11.At rst thetagethadto provide a smallandpreciselyknowvn interactionre-
gionwith theacceleratobeamin orderto allow for a precisemomentunreconstruction
of theejectiles.Thisimplied directly thatthein uence of thevacuumin the storageing
hadto be smallandcon ned to the targetregion. The target thicknesshadto be small
enoughin orderto achieve beamlifetimesin the orderof 10 min to 1h but on the other
handit hadto be large enoughin orderto provide acceptablyhigh eventrates.These
constraintguled out the useof gas-jettargetsor solid targetsleadingto the decisionto
build a clusterjet target. In suchtamgetshydrogenor deuteriumgasis cooleddown to
temperaturesf ~30K andis pressedhroughathin laval nozzle. Thegasexpandsnto a
vaccuumchambemherea smallfraction of the gascondensatet nanopatrticlegalled
clusters.Using several skimmersa clusterjet is formedwhich traverseshe accelerator
beamwith a smallangulardivergencegivenby the skimmergeometry

Sincethetargetfacility hadto beinstalledinto a gap of 30 cm betweera dipole and
a quadrupolemagnetof the storagering, it was not possibleto useclusterjet designs
which werein operationat otherstoragerings at thattime. The clusterjet target of the
Munstertype [2] usesan innovative pumpingschemewith speciallydesignedcryop-
umpsin orderto meetthesespacerequirementsAfter the constructionandsuccessful
testsin Munsterit wastransferredo Julich whereit wasreassembledn 1995it was
installedatthe COSY-11 placewhereit workedvery reliableandmetall demandsip to
theendof theexperimentin 2006.



TABLE 1. Typical operationparametersf hydrogenclusterjet targets.

E835 ANKE
CELSIUS FERMILAB COSY-11 Munster
nozzlediameter 100pm 37um 11-16um 16-28um
gastemperature 20-35K 20-32K 22-35K 20-35K
gaspressure 1.4bar < 10bar 18bar > 18bar
distanceéfrom nozzle 0.32m 0.26m 0.65m 2.1m
targetthickness 1:3 10%cm 2 3 10%cm 2 >10%cm 2 >4 10%cm 2
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FIGURE 1. Tamet thicknessof the tamget facility in Minster as function of the gas pressureand
temperatureShovn are alsothe regionsof operationfor corventionaltargetscomparedo the Miinster

type.

CLUSTER-JET TARGET FACILTY IN MUNSTER

Sincethe distanced betweennozzle and interactionpoint is connectedo the target

thicknessr viatheformulant p d 2 it is remarkabléhatthetametthicknessof targets
listedin the rst threecolumnsof tablel arein the samerangealthoughthe distance
at ANKE and COSY:11 is enlaged by a factor of two. This shavs the advantages
of the Minstertype targets which are operatedin a regime where the hydrogenis

supersaturateeforethe nozzle (see gure 1) leadingto a drasticincreasein target

thickness. _

Futureexperimentsin hadronphysicslike the PANDA experimentat FAIR [3] will
usedp-detectordeadingto adrasticincreasean thedistancebetweertargetandinterac-
tion point. In thecaseof the PANDA experimentthedistancewill beapproximatelytwo
metersin orderto have thesametargetthicknessaasusedin theestablishe@xperiments
it is necessaryo increasdhetargetthicknesdy atleastoneorderof magnitudeln or-
derto testthefeasibility of suchanincreasen tamgetthicknessa completetargetfacility
wasbuild up in Minsterwhich hasa distanceof 2.1 m betweemozzleandinteraction
point. Thisdistancaepresenttheworstcasescenaridor the PANDA detectorFigure?2
shavs a CAD drawing of the currentsetupin Munster The clusterjet producedn the
clustersourcetraversesa vacuumchambemwhich is placedat the distancewherethe
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FIGURE 2. CAD drawing of theclusterjet tamgetusedin Minster

beam-tagetinteractionwould take placein the PANDA detectorandis nally collected
andpumpedn thebeamdump.

There are two parametersvhich can be changedwhen the clusterjet target is in
operation,namelythe gastemperatureand gas pressurebeforethe nozzle.In gure 1
the target thicknessmeasuredn the scatteringchamberis shovn asfunction of these
two parametersThetargetthicknessncreasesvith increasingpressureanddecreasing
temperatureAfter detailedstudiesseveralimprovementshadbeenmadein orderto be
ableto operateatthepointof highesthicknesse.g.thepumpingspeedsitthecollimator
andthe skimmerchambethave beenincreasedndthe gassystemhasbeenmodi ed to
reduceheatlosses.

The target thicknessis measuredy insertinga small rod into the clusterjet beam
stoppingthe clusterscolliding with the rod which leadsto a pressurencreasen the
scatteringchamber From the measuredoressureincreasethe clusterjet ow F can
be calculated.Togetherwith the crosssectionA betweenrod and clusterjet and the
velocity vje thearealtargetthicknessr canbecalculated
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Up to theendof lastyeartheclustervelocity wascalculatedrom thetheoreticallyes-
timatedmaximumvelocity of thegasleaving thelaval nozzle.Measurementgerformed
atthe E835experimentat FERMILAB con rmed this assumptiorj4] for the operation
regimein thegaseougpartabove thevaporpressureurve. Sincethe Minstertypetarget
operatesat muchhigher pressuresndlower temperature# hadto be testedwhether
this assumptionsolds also for the target setupusedin Munster Therefore,velocity
measurementsereperformedusingatime-of- ight techniquenvherethe clusterswere
lonizedusinga pulsedelectrongun situatednearthe exit of the clustersourceandde-
tectedwith a channeltrorat the endof the clusterjet dump.First preliminaryresultsof
thesemeasurement@reshav in gure 3 wheretheclustervelocityis plottedasfunction
of thegastemperatureta constangaspressureln theregion above the vaporpressure
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FIGURE 3. Velocity of theclusterameasuredisinga TOF techniqueasfunctionof the gastemperature
ataconstangaspressuref 8 bar

curve the measuredrelocity agreeswell with the maximumagasvelocity, but at lower
temperaturethe measuredelocity is by afactor2 to 3 lower thanthe prediction.This
leadsto anincreaseof therealtargetthicknesshy the samefactor

The maximumtargetthicknessshovn in gure 1 wascalculatedusingthe maximum
gas velocity as cluster velocity. Consideringthe measuredvelocities the real target
densityat the interactionpoint turns out to be larger by a factor of 2-3. Due to this
a target thicknessof at least4 10 atoms/cm was achiered at a distanceof 2.1 m
betweemozzleandinteractionpoint. Furtherdensityincreasesrecurrentlylimited by
the nite coolingpower of the presensetup.

PROTOTYPE FOR PANDA

After achiezing the rst goal of increasingthe clusterjet target thicknessby a factor
of 10 a new clustersourceis currentlybuild up which shouldbe ableto achiere lower
temperatureandthereforehighertargetthicknessesrThis new setupis atthe sametime
aprototypefor aclusterjet targetwhich canbeinstalledat PANDA. Thenew setupwill

have amuchmorepowerful coldheador thegascoolingandwill haveimprovementsn
theheatinsulationslt will be possibleto move the skimmerandthe collimatorin order
to optimizethe beamoptics.Densitiesof 101> atoms/cm in combinatiorwith PANDA
geometryareexpected.
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