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Abstract. Thefirst phaseof theATHENA (AnTiHydrogEN Apparatus)experimentis devotedto
thestudyof cold antihydrogenproduction.

Theapparatusincludesanantiprotoncapturetrapdesignedto trapandto coolantiprotonscoming
from theCERNAntiprotonDecelerator(AD). Theantiprotoncooling is achievedby meansof the
collisional interactionwith a cold cloudof trappedelectrons.Theelectronplasmais loadedin the
trap beforethe antiprotoncaptureby meansof a small-sizeheatedfilamentandcooledto sub-eV
temperaturesby cyclotronradiation.

We report somemeasurementsdevoted to the characterizationof the electronplasma.The
ATHENA apparatusdesigndoesnot allow the useof complex diagnostic;thereforethe plasma
propertiesareobtainedusingelectrostaticwall probes,radio-frequency diagnostic,anddumping
the electronsonto a charge collector. A simpleexperimentalmethodto obtainan estimateof the
electronplasmaradiusis discussed.

INTRODUCTION

Theaimof theATHENA experiment[1, 2] is thecoldantihydrogenproductionfor high
resolutionlaserspectroscopy studies.The first phaseof the experimentis focusedon
theproductionof low temperatureantihydrogenatomsfrom the interactionof severals
thousandsantiprotonswith adensepositronplasma.Thetwo antihydrogencomponents
areproducedandaccumulatedin two differentelectromagnetictrapsandthenthey are
transferredin anested-wellplasmamulti-ring trap.

Thepositronplasmais producedin a modifiedPenning-Malmberg trapbasedon the
designdescribedin Refs.3 and4 (seealsoRef.5).

Theantiprotonsaredeliveredby theAntiprotonDecelerator(AD) [6] at CERNwith
a kineticenergy around5 MeV. TheAD antiprotonsbunchpassthroughsomedegrader
foils and up to 1 � 6 � 104 antiprotonsare routinely caughtin a high voltagetrap. The
trappedantiprotonsarethencooledby theinteractionwith acolddenseelectronplasma.
Onceantiprotonsarecooled,they aretransferredinto therecombinationtrap.

In thiswork wewill focusourattentionontheelectronplasmausedto slow down the
antiprotonbunch.In the following, we presentthe structureof the antiprotoncatching
trapandtheelectronplasmadiagnosticsystem.We alsoreportanddiscussour experi-
mentalinvestigationson electronplasmaproperties.



FIGURE 1. Configurationof theantiprotoncatchingtrapelectrodes

ANTIPROTONS CATCHING TRAP

The antiprotoncatchingtrap is composedby 12 cylindrical electrodes(Fig. 1). The
internaldiameterof theelectrodesis 2.5cm while theelectrodeslengthsvary from 0.5
cm to 13 cm.Thetrapis mountedin a cryogenicultra-highvacuumsystemplacedin a
magneticfield of 3 T.

The two externalelectrodes(HVR andHVL) areusedto trap the antiprotonsbeam
comingfrom theAD. Somefoils actingasenergy degradersaremountedin front of the
HVL electrodeandthey aretraversedby theantiprotonbeam.Amongthesefoils thereis
asilicon sensor(67 µm thick) usedasbeamcounteranda80 µm aluminumfoil closing
theexternalsideof theentranceelectrode(HVL).

Beforetheantiprotonsarrival, thefar awayelectrode(HVR) is polarizedapplyingup
to -10kV. After asuitabledelay(few hundredsof ns)from thetimewhentheantiprotons
hit thesilicon detector, theHVL voltageis rapidly (in a few tenthson ns)switchedon
andtheparticlesexiting from thedegraderandlying in tail of theenergy distributionare
capturedinto thetrap.

Thecentralsection,composedby 10electrodes,is usedto confinetheelectronplasma
andthecoldantiprotons.Theelectrodeshavedifferentlengthsandcanbeseparatelypo-
larizedin orderto haveagoodflexibility in theexternalelectrostaticfield configuration.
Theappliedpotentialscanbechosenin orderto shapethetrapregionwith harmonicor
flat electrostaticfield. Thecentralelectrode(RING) is sectoredin 4 azimuthalpartsto
detectanddrivediocotronmodes.

DIAGNOSTIC SYSTEMS

Two differentkind of diagnosticareimplemented[7]: a destructivediagnosticbasedon
thedumpingof theelectronson thedegraderfoil connectedwith HVL electrode,anda
non-destructivediagnosticof theplasmacollectivemodes.

The destructive diagnosticconsistsin dumping the electronson the degraderand
measuringthe collectedcharge by meansof an high-impedancelow-noiseamplifier.
The measurementof the total numberof the electronsextractedvarying the confining
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FIGURE 2. Exampleof thedependenceof thenumberof loadedelectronson theconfiningtime. The
potentialappliedto thetwo confiningelectrodesis -35 V.

potential gives different information on the plasma.It can be usedto measurethe
longitudinal plasmatemperature[8] or, assuminga plausibletemperaturevalue, it is
usefulto haveanindicationof theradialextensionof theplasma.

A fastroughestimateof theplasmaradiuscanbeobtainby thefollowing procedure.
Assuminga zero-temperaturemodel,the electronscloud shapeis approximatedby an
infinite plasmacolumnof radiusRp andconstantline densityn0 
 Ni � LT , whereLT
is the trap length.On the axis of the trap, the spacecharge potentialΦ � Ni 
 Rp 
 LT � is
lessthanthe externalappliedpotentialVT andthis conditionassuresthe confinement
of the plasma.If the confining potential is loweredby a suitablevalue ∆V, a small
amountof particlesleavesthetrapon theaxis,reducingthespacechargepotentialuntil
theconfiningconditionis againsatisfied.Thenumberof escapingelectronsNe canbe
thoughtasthenumberof extractedparticlesnecessaryto leaveanhollow cylindercharge
distribution having, externalradiusRp, internalradiusRh 
 Rp � Ne� Ni � 1� 2, anda space
charge potentialon the trap axis Ψ � Ni 
 Ne 
 Rp 
 LT � equalto VT � ∆V. The measureof
the total initial electronsnumber, andthedetectionof numberof escapingparticlesas
function of ∆V, combinedwith the analyticexpressionof Ψ � Ni 
 Ne 
 Rp 
 LT � , permit to
easilyobtaintheradiusRp andline densityn0 of theplasma.
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FIGURE 3. Dependenceof confinementtime on trap length.Theconfinementtime is definedlike the
requiredtime for one-halfof theinjectedelectronsto belost.

The non-destructive diagnosticis basedon the measureof the inducedsignalson
electrodesdueto electronsand/orantiprotonscollectivemodes.

Oneof the collective modesmonitoredis the m=1 diocotronmodeof the electron
plasma.This diagnosticusesthesectorsof theRING electrode.Thewave is excite by
applyinga suitablepulseto two oppositesectors,the inducedsignalson theothertwo
sectorsgivestheinformationon thefrequency andtheamplitudeof theresultingmode.
After thedetection,themodeis dampedby negativefeedback[9]: thesignalreceivedon
onewall sectoris amplified,phaseshiftedandthenappliedto a secondsectormaking
them=1modeto damp.

When the confining electrostaticfield is harmonic,is possibleto extract the total
numberof boththeelectronsandtheantiprotonsby detectingthecentermassoscillation.
In an harmonictrap, the particlesmotion along the axis is characterizedby a fixed
frequency ωz, dependenton externalappliedfields.A centerof massoscillationcanbe
excitedby applyingononetrapelectrodeadrivepotentialhaving frequency closeto ωz.
Theresultingcollectiveoscillationis detectedby aresonantcircuit connectedto another
electrode.Two different resonantcircuits, characterizedby two different resonance
frequencies( � 14 MHz and � 1 � 4 MHz), areusedfor electronsandantiprotons.The
amplitudeof theinducedvoltagesignalis proportionalto thenumberof storedparticles.
An independentmeasureof thetotal numberof particlesis alsogivenby thefrequency
shift betweenthecollectivemodeandthesingleparticleoscillation.
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FIGURE 4. Timeevolutionof thetotalelectronnumberandof theplasmaradiusfor two differentinitial
conditions.

ELECTRON PLASMA LOADING AND CONFINEMENT

The electronsare loadedin the trap usinga small-sizetungstenheatedfilament.The
electronsourceis locatedabout2 m away from the antiprotontrap in a low-magnetic
field zone(B � 0.01T). To reachtheantiprotontraptheelectronbeampassesthrough
severalgroundedcylindrical electrodescomposingthe nested-wellmulti-ring trap that
will be usedfor the recombinationstudies[1, 2]. The typical sourceemittedcurrent
is about200 µA while the electroncurrentthat reachesthe aluminumfoil is lessthan



20µA. Theloadingprocedureconsistsin preparingapotentialwell of variabledepth(up
to 50V) andlengthandleaving thefilamentswitchedon for few seconds.Plasmaswith
differenttotalnumberof electrons(up to 109) andradialextension(from few millimeter
to theelectrodesradius)canbeloadedchangingtheintensityof theprimarybeamor the
shapeof theelectrodespotentials(Figs.2,3and4).

The plasmaconfinementtime is shortrespectto the expectedtime dueto the inter-
actionwith theresidualgas(thetypicalworkingpressureis lessthan10� 12 mbar).As it
hasbeenobservedin similarapparatus,thelossof theplasmais dueto aradialexpansion
connectedto systemasymmetries.The measureddependenceof the confinementtime
on the plasmalength is shown in Figs. 2 and3. The lifetime of the plasmadoesnot
follow a simple length scaling,different trap regions with similar lengthsshow very
differentcontainmenttimes.Applying themethoddescribedin theprevioussection,it
is alsopossibleto follow thetimeevolutionof theplasmaradius(Fig. 4).
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