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Abstract. Thefirst phaseof the ATHENA (AnTiHydrogEN Apparatuskexperimentis devotedto
the studyof cold antihydrogerproduction.

Theapparatuscludesanantiprotoncapturdrapdesignedo trapandto cool antiprotongoming
from the CERN Antiproton DeceleratofAD). The antiprotoncoolingis achiezed by meansof the
collisionalinteractionwith a cold cloud of trappedelectrons.The electronplasmais loadedin the
trap beforethe antiprotoncaptureby meansof a small-sizeheatedfilamentand cooledto sub-eV
temperatureby cyclotronradiation.

We report some measurementslevoted to the characterizatiorof the electronplasma.The
ATHENA apparatugdesigndoesnot allow the use of complex diagnostic;thereforethe plasma
propertiesare obtainedusing electrostatiovall probes,radio-frequeng diagnostic,and dumping

the electronsonto a chage collector A simple experimentalmethodto obtainan estimateof the
electronplasmaradiusis discussed.

INTRODUCTION

Theaim of the ATHENA experiment1, 2] is thecold antihydrogerproductionfor high
resolutionlaserspectroscop studies.The first phaseof the experimentis focusedon
the productionof low temperatureantihnydrogeratomsfrom the interactionof severals
thousandsntiprotonswith a densepositronplasma.Thetwo antihydrogercomponents
areproducedandaccumulatedn two differentelectromagnetitrapsandthenthey are
transferredn a nested-welplasmamulti-ring trap.

The positronplasmais producedn a modifiedPenning-Malmbeg trap basedon the
designdescribedn Refs.3 and4 (seealsoRef.5).

Theantiprotonsaredeliveredby the Antiproton DeceleratoAD) [6] at CERNwith
akineticenegy around5 MeV. The AD antiprotonsounchpassthroughsomedegrader
foils andup to 1.6- 10* antiprotonsare routinely caughtin a high voltagetrap. The
trappedantiprotonsarethencooledby theinteractionwith a cold denseelectronplasma.
Onceantiprotonsarecooled,they aretransferrednto therecombinatiortrap.

In thiswork we will focusour attentiononthe electronplasmausedto slowv down the
antiprotonbunch.In the following, we presenthe structureof the antiprotoncatching
trap andthe electronplasmadiagnosticsystem We alsoreportanddiscussour experi-
mentalinvestigation®n electronplasmaproperties.
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FIGURE 1. Configurationof theantiprotoncatchingtrapelectrodes

ANTIPROTONS CATCHING TRAP

The antiprotoncatchingtrap is composedby 12 cylindrical electrodeqFig. 1). The
internaldiameterof the electrodess 2.5 cm while the electrodesengthsvary from 0.5
cmto 13 cm. Thetrapis mountedin a cryogenicultra-highvacuumsystemplacedin a
magneticfield of 3 T.

The two externalelectrode§HVR andHVL) areusedto trap the antiprotonsbeam
comingfrom the AD. Somefoils actingasenegy degradersaremountedn front of the
HVL electrodeandthey aretraversedoy theantiprotonbeam Amongthesefoils thereis
asilicon sensoi(67 um thick) usedasbeamcounteranda 80 um aluminumfoil closing
theexternalsideof theentranceslectrodg HVL).

Beforetheantiprotonsarrival, thefar away electrodgHVR) is polarizedapplyingup
to-10KkV. After asuitabledelay(few hundredof ns)from thetime whentheantiprotons
hit the silicon detectoythe HVL voltageis rapidly (in a few tenthson ns) switchedon
andtheparticlesexiting from thedegraderandlying in tail of theenegy distributionare
capturednto thetrap.

Thecentralsectioncomposedy 10 electrodesis usedto confinetheelectronplasma
andthecold antiprotonsTheelectrodehave differentlengthsandcanbe separatelyo-
larizedin orderto have agoodflexibility in theexternalelectrostatidield configuration.
Theappliedpotentialscanbe chosenn orderto shapethetrap region with harmonicor
flat electrostatidield. The centralelectrode(RING) is sectoredn 4 azimuthalpartsto
detectanddrive diocotronmodes.

DIAGNOSTIC SYSTEMS

Two differentkind of diagnosticareimplemented7]: a destructve diagnostichasedn
the dumpingof the electronson the degraderfoil connectedvith HVL electrodeanda
non-destructie diagnosticof the plasmacollectve modes.

The destructve diagnosticconsistsin dumping the electronson the degraderand
measuringthe collectedchage by meansof an high-impedancdow-noise amplifier.
The measurementf the total numberof the electronsextractedvarying the confining
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FIGURE 2. Exampleof thedependencef the numberof loadedelectronson the confiningtime. The
potentialappliedto thetwo confiningelectrodess -35V.

potential gives different information on the plasma.lt can be usedto measurethe
longitudinal plasmatemperaturg8] or, assuminga plausibletemperaturevalue, it is
usefulto have anindicationof theradial extensionof the plasma.

A fastroughestimateof the plasmaradiuscanbe obtainby thefollowing procedure.
Assuminga zero-temperaturenodel, the electronscloud shapeis approximatedy an
infinite plasmacolumnof radiusR, and constantine densityng = N; /Ly, whereLy
is the trap length. On the axis of the trap, the spacechage potential ®(N;, Rp,Lt) is
lessthanthe external appliedpotential\V/r andthis condition assureghe confinement
of the plasma.If the confining potentialis loweredby a suitablevalue AV, a small
amountof particlesleavesthetraponthe axis, reducingthe spacechage potentialuntil
the confiningconditionis againsatisfied. The numberof escapingelectronsNe canbe
thoughtasthenumberof extractedparticlesnecessaryo leave anhollow cylinderchage
distribution having, externalradiusRy, internalradiusR, = Ry(Ne/Ni)Y/2, anda space
chage potentialon the trap axis W(Ni, Ne, Rp, L1) equalto Vr — AV. The measureof
thetotal initial electronsnumber andthe detectionof numberof escapingparticlesas
function of AV, combinedwith the analyticexpressionof W(Ni, Ne, Ry, L1), permitto
easilyobtaintheradiusR, andline densityng of the plasma.
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FIGURE 3. Dependencef confinementime on traplength.The confinementime is definedlik e the
requiredtime for one-halfof theinjectedelectrongo belost.

The non-destructie diagnosticis basedon the measureof the inducedsignalson
electrodeslueto electronsand/orantiprotonscollectve modes.

One of the collectve modesmonitoredis the m=1 diocotronmode of the electron
plasma.This diagnosticusesthe sectorsof the RING electrode The wave is excite by
applyinga suitablepulseto two oppositesectorsthe inducedsignalson the othertwo
sectorgyivestheinformationon thefrequeny andthe amplitudeof the resultingmode.
After thedetectionthemodeis dampedy negative feedbacK9]: thesignalrecevedon
onewall sectoris amplified,phaseshiftedandthenappliedto a secondsectormaking
them=1modeto damp.

When the confining electrostaticfield is harmonic,is possibleto extract the total
numberof boththeelectronsaandtheantiprotondy detectinghecentemrmassoscillation.
In an harmonictrap, the particlesmotion along the axis is characterizedy a fixed
frequeny w,, dependenobn externalappliedfields. A centerof massoscillationcanbe
excitedby applyingon onetrapelectrodea drive potentialhaving frequeng closeto w;.
Theresultingcollective oscillationis detectedy aresonantircuit connectedo another
electrode.Two different resonantcircuits, characterizedoy two different resonance
frequencieq~ 14 MHz and~ 1.4 MHz), areusedfor electronsand antiprotons.The
amplitudeof theinducedvoltagesignalis proportionalto thenumberof storedparticles.
An independenimeasuref the total numberof particlesis alsogivenby thefrequeng
shift betweerthe collectve modeandthe singleparticleoscillation.
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FIGURE 4. Timeevolutionof thetotalelectrornumberandof theplasmaradiusfor two differentinitial
conditions.

ELECTRON PLASMA LOADING AND CONFINEMENT

The electronsare loadedin the trap using a small-sizetungstenheatedfilament. The
electronsourceis locatedabout2 m away from the antiprotontrap in a low-magnetic
field zone(B ~ 0.01T). To reachthe antiprotontrap the electronbeampasseshrough
several groundedcylindrical electrodescomposingthe nested-welimulti-ring trap that
will be usedfor the recombinationstudies[1, 2]. The typical sourceemitted current
is about200 pA while the electroncurrentthat reachedhe aluminumfoil is lessthan



20pA. Theloadingprocedureconsistsn preparingapotentialwell of variabledepth(up
to 50V) andlengthandleaving thefilamentswitchedon for few secondsPlasmasvith
differenttotal numberof electrongup to 10°) andradialextension(from few millimeter
to theelectrodesadius)canbeloadedchangingheintensityof theprimarybeamor the
shapeof theelectrodegotentialgFigs.2,3and4).

The plasmaconfinementime is shortrespectto the expectedtime dueto the inter-
actionwith theresidualgas(thetypical working pressurés lessthan10-12 mbar).As it
hasbeenobseredin similarapparatusghelossof theplasmas dueto aradialexpansion
connectedo systemasymmetriesThe measurediependencef the confinementime
on the plasmalengthis shavn in Figs. 2 and 3. The lifetime of the plasmadoesnot
follow a simple length scaling, different trap regions with similar lengthsshaw very
differentcontainmentimes. Applying the methoddescribedn the previous section,it
is alsopossibleto follow thetime evolution of the plasmaradius(Fig. 4).
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