
Developmentof cluster-jet targets:From
COSY-11 to FAIR.

A. Täschner,S.General,J.Otte,T. RausmannandA. Khoukaz

Institut für Kernphysik,Wilhelm-Klemm-Str. 9, D-48149Münster, Germany

Abstract. Thedevelopmentof cluster-jet targetsof Münstertypeis presented.Startingwith the�rst
targetinstalledat theCOSY-11experimenttheprogressis describedwhichwasmadeatacluster-jet
target facility installedin Münsterleadingto a prototypefor a cluster-jet target for the upcoming
PANDA experimentatFAIR.
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THE CLUSTER-JET TARGET FOR COSY-11

The COSY-11 experiment[1] is an internalstoragering experimentat the coolersyn-
chrotronCOSY at the FZ Jülich. Its main purposewasthe investigation of the meson
productioncloseto theproductionthresholdin proton-protonandproton-deuteroncol-
lisions.

Several designgoalshad to be achieved during the developmentof the target for
COSY-11.At �rst thetargethadto provide a smallandpreciselyknown interactionre-
gionwith theacceleratorbeamin orderto allow for aprecisemomentumreconstruction
of theejectiles.This implieddirectly thatthein�uence of thevacuumin thestoragering
hadto besmall andcon�ned to the target region. The target thicknesshadto besmall
enoughin orderto achieve beamlifetimesin theorderof 10 min to 1h but on theother
handit hadto be large enoughin orderto provide acceptablyhigh event rates.These
constraintsruledout theuseof gas-jettargetsor solid targetsleadingto thedecisionto
build a cluster-jet target. In suchtargetshydrogenor deuteriumgasis cooleddown to
temperaturesof ~30K andis pressedthroughathin laval nozzle.Thegasexpandsinto a
vaccuumchamberwherea smallfractionof thegascondensatesto nanoparticlescalled
clusters.Usingseveralskimmersa cluster-jet is formedwhich traversestheaccelerator
beamwith asmallangulardivergencegivenby theskimmergeometry.

Sincethetarget facility hadto beinstalledinto a gapof 30 cm betweena dipoleand
a quadrupolemagnetof the storagering, it wasnot possibleto usecluster-jet designs
which werein operationat otherstorageringsat that time. Thecluster-jet targetof the
Münstertype [2] usesan innovative pumpingschemewith speciallydesignedcryop-
umpsin orderto meetthesespacerequirements.After theconstructionandsuccessful
testsin Münsterit wastransferredto Jülich whereit wasreassembled.In 1995it was
installedat theCOSY-11placewhereit workedvery reliableandmetall demandsup to
theendof theexperimentin 2006.



TABLE 1. Typicaloperationparametersof hydrogencluster-jet targets.

CELSIUS
E835

FERMILAB
ANKE

COSY-11 Münster

nozzlediameter 100µm 37µm 11-16µm 16-28µm
gastemperature 20-35K 20-32K 22-35K 20-35K
gaspressure 1.4bar < 10bar 18bar > 18bar
distancefrom nozzle 0.32m 0.26m 0.65m 2.1m
targetthickness 1:3� 1014 cm� 2 3� 1014 cm� 2 > 1014 cm� 2 > 4� 1014 cm� 2
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FIGURE 1. Target thicknessof the target facility in Münster as function of the gas pressureand
temperature.Shown arealsothe regionsof operationfor conventionaltargetscomparedto the Münster
type.

CLUSTER-JET TARGET FACILTY IN MÜNSTER

Sincethe distanced betweennozzleand interactionpoint is connectedto the target
thicknessnT via theformulanT µ d� 2 it is remarkablethatthetargetthicknessof targets
listed in the �rst threecolumnsof table1 arein the samerangealthoughthe distance
at ANKE and COSY-11 is enlarged by a factor of two. This shows the advantages
of the Münster type targets which are operatedin a regime where the hydrogenis
supersaturatedbeforethe nozzle(see�gure 1) leadingto a drastic increasein target
thickness.

Futureexperimentsin hadronphysicslike the P̄ANDA experimentat FAIR [3] will
use4p-detectorsleadingto adrasticincreasein thedistancebetweentargetandinterac-
tion point.In thecaseof theP̄ANDA experimentthedistancewill beapproximatelytwo
meters.In orderto havethesametargetthicknessasusedin theestablishedexperiments
it is necessaryto increasethetargetthicknessby at leastoneorderof magnitude.In or-
derto testthefeasibilityof suchanincreasein targetthicknessacompletetargetfacility
wasbuild up in Münsterwhich hasa distanceof 2.1 m betweennozzleandinteraction
point.Thisdistancerepresentstheworstcasescenariofor theP̄ANDA detector. Figure2
shows a CAD drawing of thecurrentsetupin Münster. Thecluster-jet producedin the
clustersourcetraversesa vacuumchamberwhich is placedat the distancewherethe
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FIGURE 2. CAD drawing of thecluster-jet targetusedin Münster.

beam-targetinteractionwould takeplacein thePANDA detectorandis �nally collected
andpumpedin thebeamdump.

Thereare two parameterswhich can be changedwhen the cluster-jet target is in
operation,namelythe gastemperatureandgaspressurebeforethe nozzle.In �gure 1
the target thicknessmeasuredin the scatteringchamberis shown asfunction of these
two parameters.Thetarget thicknessincreaseswith increasingpressureanddecreasing
temperature.After detailedstudiesseveral improvementshadbeenmadein orderto be
ableto operateatthepointof highestthickness,e.g.thepumpingspeedsatthecollimator
andtheskimmerchamberhave beenincreasedandthegassystemhasbeenmodi�ed to
reduceheatlosses.

The target thicknessis measuredby insertinga small rod into the cluster-jet beam
stoppingthe clusterscolliding with the rod which leadsto a pressureincreasein the
scatteringchamber. From the measuredpressureincreasethe cluster-jet �o w F can
be calculated.Togetherwith the crosssectionA betweenrod and cluster-jet and the
velocityv jet thearealtargetthicknessnT canbecalculated

nT =
F

A� v jet
: (1)

Up to theendof lastyeartheclustervelocitywascalculatedfrom thetheoreticallyes-
timatedmaximumvelocityof thegasleaving thelaval nozzle.Measurementsperformed
at theE835experimentat FERMILAB con�rmed this assumption[4] for theoperation
regimein thegaseouspartabovethevaporpressurecurve.SincetheMünstertypetarget
operatesat muchhigherpressuresandlower temperaturesit hadto be testedwhether
this assumptionsholds also for the target setupusedin Münster. Therefore,velocity
measurementswereperformedusinga time-of-�ight techniquewheretheclusterswere
ionizedusinga pulsedelectrongunsituatedneartheexit of theclustersourceandde-
tectedwith a channeltronat theendof thecluster-jet dump.First preliminaryresultsof
thesemeasurementsareshow in �gure 3 wheretheclustervelocity is plottedasfunction
of thegastemperatureataconstantgaspressure.In theregionabove thevaporpressure
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FIGURE 3. Velocityof theclustersmeasuredusingaTOFtechniqueasfunctionof thegastemperature
ataconstantgaspressureof 8 bar.

curve the measuredvelocity agreeswell with the maximumgasvelocity, but at lower
temperaturesthemeasuredvelocity is by a factor2 to 3 lower thantheprediction.This
leadsto anincreaseof therealtargetthicknessby thesamefactor.

Themaximumtargetthicknessshown in �gure 1 wascalculatedusingthemaximum
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 � 1014 atoms/cm2 was achieved at a distanceof 2.1 m
betweennozzleandinteractionpoint.Furtherdensityincreasesarecurrentlylimited by
the�nite coolingpowerof thepresentsetup.

PROTOTYPE FOR P̄ANDA

After achieving the �rst goal of increasingthe cluster-jet target thicknessby a factor
of 10 a new clustersourceis currentlybuild up which shouldbeableto achieve lower
temperaturesandthereforehighertargetthicknesses.Thisnew setupis at thesametime
aprototypefor acluster-jet targetwhichcanbeinstalledat P̄ANDA. Thenew setupwill
haveamuchmorepowerful coldheadfor thegascoolingandwill have improvementsin
theheatinsulations.It will bepossibleto move theskimmerandthecollimatorin order
to optimizethebeamoptics.Densitiesof 1015 atoms/cm2 in combinationwith P̄ANDA
geometryareexpected.
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