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The electronattachmentfrequencyto 02 moleculesin densehelium gasshowsa sharppeakata temperature-
dependentdensityN~.The shapeof thepeakis simply relatedto theenergydistributionfunction, andgivesinforma-
tion on thetail states.

We havestudiedtheresonantattachmentof ex- ~--------~~

cesselectronsto 02 moleculesin denseheliumgas,
with the aim of gaininginformationon the electron -~ -+~ I I
energydistribution function.Thecapturevia non-dis-
sociativeattachmenthasbeenwell studiedin thepast, I j I
and it canbe describedasa two-stageprocess[1]. 01 02

The electronis first capturedto form a vibrationally
excitedtemporaryion, which is latercollisionally
stabilizedinto thegroundstate. ~ ~

Thefirst stageis a resonantcapture,which occurs f
only whenthe colliding electronhassomediscrete Fig. 1. The collectorcurrentasa function of frequencyfor
energiesE~.In the presentexperimentwe are dealing thephysicalsituationspecified in the text. In theupper

with the first accessibleresonanceER 0.091eV. inseta schematicofthe measuringcell.
The measurementswere madein thetemperature
range50—100 K, andat heliumnumberdensitiesN the first grid G1 (fig. 1). Thiselectrodeis reachedby
in therange(2—5) X 1021 cm— ~. The oxygencon- thenegativechargesextractedfrom the ionization
centrationC wasveiy low, C 3 X 10—8,and the region (bothfree electronsand0~ionsproducedin
excesselectronnumberdensityn wasabout 1 X i0

4 betweenS and G
1 by the attachmentprocess).The

cm—
3. grid G

1 is drivenwith respecttot thesecondgrid G7
The methodof measurementof the attachment by a square-wavesignal V1 at a frequencyf1 such

frequency~A is derivedfrom a modified versionof thatonly the electronscanreachG2, while themuch
thesquare-wavemethod(SWM) usedin the pastfor slowerionsenteringthroughG1, andthose
themeasurementof the ionic mobility [2]. A radio- createdbetweenG1 andG2, are left behind.Thegrid
activesource(5 mCi,

63Ni, RadiochemicalCentre G
2 actsasa pulsedpureelectroninjector of a mean

Amersham)ionizesthe fluid nearthe emitterelectrode current‘o [3]. Thegrid G2 is driven, with respectto
S,which is kept at negativepotentialwith respectto the collectorC, by a positiveand negativesquare-wave

voltage V2 of frequencyf, as in SWM [2].
~ Work sponsoredby ConsigiloNazionaledde Ricerche, The meancurrentT collectedat C is a function of

Rome,Italy. the frequencyf, and the behaviourdependsstrongly
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onthe ratioR = PeIPjbetweenelectronicand ionic I I I

mobiities,andon the efficiencyof the attachment 12 -

process.A sketchof thecalculatedI as a functionof 8
fis shownm fig. 1, for a situationsuchthatR=100, 1=44.5K
andtML = te,wheretML 1/PA is themeanlife of 1/

the free electrons,andte is their time of flight from -
G

2 to C. At zerofrequencyi I~/2,wherethemean / ~
injectedelectroniccurrentI~is measureddriving G2
with a dcvoltage V0 exactlyequalto the negative /
amplitudeof thesquarewaveV2. At highfrequency, 4.
I is linearwithf, I 1*(1 f/fe) asin thesquare-wave
method,andthecutoff frequencyfe givestheelec- /0

tronic timeof flight, te = “
21e The electroniccon- I

tributionl* to thecollectedcurrentat zero frequency 20 30 40 N(1020ci131
is smallerthanI~/2becausethebeamis attenuated Fig. 2. Theattachmentfrequency~‘Aversusthehelium
by theattachmentprocess.It iseasyto showthatthe densityN, measuredatT44.5 K asexplainedin thetext.
attachmentfrequencyis givenby

1’A = 2fe ln(1
0/21*) length [5]. We shouldexpecta maximum~A when

The ionic chargesbetweenG2 andCaresweptback E0 I~ER,at a densityNR1~ER/b.Theresultsob-
to G2 by asuitablepolarizationof thesquarewave tamedat T 77 K [4] arewell explainedby thisqual-
V2 [3]. itative picture,butour measurementsat lowerand

Weusedsmallelectric fields,typically 100 V/cm, highertemperaturesshowa morecomplicatedstitua-
sothat thedrift velocity wastypically UD 5 X 10~ tion.
cm/s.In suchaconditionour methodrequires02 It is easilyshownby elementarykinetic calcula-
concentrationsof the orderof 10—8 [3]. At this low tions,that
levelit wasimpossibleto usean impurity content

PA N2p a U(ER)F(ER,N)
measuredwith enoughconfidence.The“high purity” S

gaswasthereforeintroducedinto thecell via acold whereN2 isthe02 numberdensity, ~ the integrated
charcoaltrapto removetheoxygencontentdownto capturecrosssection,v(ER)andF(ER,N) arethe
the appropriatevalue,andthe measurementswere electronvelocity andtheenergydistributionfunction
takenwhile decreasingthepressure.In this waywe atE= ER [3], andp5 is theprobabilityfor thetern-
workedwith an unknownbutconstantimpurity con- poraryion tobe collisionally stabilizedinto theground
centration.The valuesof ~A measuredat T= 44.5K state.Theeffectiveintegratedattachmentcrosssec-
areplottedin fig. 2 versusthe heliumnumberdensity tion GA p5a~isbelievedto be proportionaltoN [1,
N. Theattachmentfrequencyshowsthecharacteristic 41. In our experimentsN2 = CN,wheretheconcentra-
peakfirst discoveredat 77 K by Bartels [4], whose tion Cis kept constant,andthereforePA/N

2 hasthe
resultsarein very goodagreementwithour measure- samedensitydependenceasF(E, N) atE ER.The
mentsat the sametemperature. quantityv&/N2, whenplottedversusN, showsapeak

Theexistenceof thepeakis easily understoodif with amaximumat a densityN~,which increases
weremind that themain contributionto the electron with temperature.The datain the temperaturerange
energyis theself energyE

0,dueto electron-scatterers 45—100K arewell fitted by thelinearrelation
interaction,while thethermalenergyis only a minor N =(236 + 8 8 < 1o—

3T)x1021 ~—3
part.At low densititesE

0 isapproximatedby the P -

Fermishift relation, This is surprisingbecauseweexpecta smallercontri-
butionto be neededwhenthethermalcontribution

E0=(2irh/m)iVabN, is greater.If wecalculatetheself energyE0 withthe
wherem is theelectronmassanda is thescattering Wigner—Seitzmodel [6], usinga 0.62 A for the
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scatteringlength,we find thatE0 reachesthevalue D = (2if “
2)(kBI)312

ER at a densityN~= 2.37 X 1021 cm3, thesame It is the free electrondistribution function,simply
valueone obtainsextrapolatingthemeasuredN~at shiftedby an amountE

0. It has a sharpedgeat E
zerotemperature.At Tr�~0 one needsa meanden- ~E0, an unrealisticpicture.Thehelium densityin
sityN greaterthanNR to bring the extraelectroninto fact is sensedin a rathersmallvolume V * (~~)3

resonance.This suggestsa local densitydecrease where& is thespatialextentof the electronwave
aroundthe electron,asa result of the elecron—helium packet,& 40 A at E = ER.Theself energyfluctu-
interaction,an effectlinearly increasingwith temper- atesthereforearounda meanvaluebecauseof the
ature. densityfluctuations,andg(E)musthavea tail around

Theresonancepeakhas a characteristictemper- E0, a typical featureof the disorderedsystems.
ature-dependentshaperelatedto thedensityof states Neverthelesswe found that this simple energydis-
g(E,N). In thetemperaturerangeinvestigated,the tribution, at the lower-densityside of thepeak, fits
peakwidth ~.iV,takenfor exampleat half height,is well the dataup to the maximum,whereafterit falls
proportionalto T. The resultsarefitted by the rela- rapidly to zero becauseit neglectsthe densityfluctu-
tion ~ = (8.8X 10

18fl cm 3, or in termsof energy ations.This showsthatat the lowerside of the peak
(usingtherelationz~.E= bLVV) ~E = 3.0kBT, where we are dealingwith essentiallyextendedstates,while
kB is theBoltzmanconstant.The most simple density thehigh-densityside is representativeof the tail states
of stateswe canuseto get a peakshape,is relatedto the fluctuationsof theWigner—Seitzpoten-

g(E)= A(E — E
0)~’

2, tial. The resonantcaptureby molecularimpuritiescan
thereforebe usedto get unique informationson the

with densityof states,and it canbe animportantand direct

A = (V/2ir2)(2m/h2)312, testfor the theories,anda meansfor a deeperunder-
standingof the disorderedsystems.

whereV isthe volume of thesample,andE
0 = bN

is the electronselfenergy.The energydistribution References
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