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EXPERIMENTAL STUDY OF SPIN ALIGNED ATOMIC HYDROGEN CONDENSED ON SURFACES
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A studyis madeof spin alignedatomichydrogen(Ht) condensedon Ar andH
2 surfacesin orderto studythestability

of Fl in a condensedphaseatheliumtemperaturesin a magneticfield. Resultsareconsistentwith a picture ofrapid spin
depolarizationon thesurfacefollowed by desorptionorrecombination.

Atomic hydrogen(H) is predictedto havea number The triplet ~ stateis non-bindingand is represen-
of spectacularpropertiesin the low temperaturecon- tative for interactionsamongstHt atoms,andif the
densedphase,howeververylittle experimentalinfor- spinsdo notflip thecondensateshouldbestabilized.
mationis availablebecauseof its instability toward The objectiveof the measurementsdescribedherewas
recombinationto themolecularstate.At low densities to investigatetheuseof spinpolarizationand small
(p~>50 cm

3/mole)it hasbeenspeculatedthat it magneticfields on thebuild-up of a surfacecondensate.
canbe stabilizedby imposinga largemagneticfield to The resultsare thatno measurablecondensatehasbeen
align thespins,forcing theatomsto interactin the built up.Themost likely causeis spindepolarization
nonbinding~I~potential.In this caseonecanpredict on thesurfacefollowed by desorptionor rapid recom-
Bose condensationof the spinalignedhydrogen(Hf) bination.Knowledgeof thephenomenastudiedare of
asa magneticsuperfluidgas.Forthe pastseveralyears interestfor H—surfaceinteractionsandvital for the
we havebeendevelopinga numberof ideasfor the pro- attemptsbeing carriedout in this andother laboratories
duction,stabilizationandstudyof H [1]. In this letter to stabilizeHf in a gasform,surroundedby surfaces.
wedescribeexperimentsin which H is producedby NeutralH, possessingan electronspin S= ~ and
dissociationof 112 in a microwavedischarge,formed nuclearspinI = ~ (F= 1+ S = 0, 1), is a compositeboson
into anatomicbeam,spinpolarizedanddepositedon (ashelium)howeverfor reasonsof stability,only Hf
ahelium cooledsubstratein a weak magneticfield. is of interest.Thepossibilityof superfluidity andthe

The surfaceis usedto localize theatomsin space non-existenceof a solid or liquid phasewas first dis-
enablingthe build up of a useful densityin a relatively cussedby Hecht [3]; morerecentlytherehasbeena
shorttime. Forcertaintypesof surfaces(consistingof newly borninterestfor calculationsof thethermody-
closedshell atomsor molecules),theadsorbedH atoms namic properties[4,1] andconsiderationof the elemen-
will remainneutral,the substratepotential servingto tary excitations[5]. Theexperimentalwork thathas
bind theatomsto the surface.In this casespin polari- beendonein this field canberoughly dividedinto
zationof the atomscanbemeaningfulasthe single matrix isolation andatomicbeamwork. In the former
atompropertiesare notexpectedto beseverelymodi- H is createdin a dischargeand condensed,alongwith
fled by the surface.The H atom—atominteractions a largepercentageH

2, in a cold region,possibly in a
shouldbewell describedby thespindependentpoten- largemagneticfield [6] or is createdat latticesitesin
tials calculatedby KotosandWolniewicz [2]. The solid 112 by a radioactivedecayscheme[7]. Small
potentialcorrespondingto theelectronspinsinglet, amountsof H are apparentlystabilizedby matrix iso-
1 ~, is bindingandrepresentativefor unpolarized lation,howeverthis type of experimentdoesnot appear
condensedH which shouldrapidly recombineto 112. to enablethe studyof theweaklyinteractingH system
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Fig. 1. Apparatusfor polarizationmeasurements. •0 1 2

asthe matrix imposesdominatingboundaryconditions
onthe H atoms.The secondtypeof experiments :6 b E~-E~

carriedouthavebeenwith atomicbeams[8,9]. Here
unpolarizedbeamsof purity ~80—90%H (H2 impurity) 4

aredepositedon cold substrates(‘—4 K). The conclu-
sionsdrawnare thatonly a smallamountof theH I I (GAUSS) —~

condenseson thesubstrateandthat this rapidly recom- 1000 2000

bines,theresulting112 moleculesdesorbingto carryoff Fig. 2. (a) Hyperfinelevel diagramfor H. Theelectronic(t)
the largerecombinationenergy(4.5 eV). Herematrix andnuclear(4) high field spinstatesareshown.(b) Points:
• • acbolometersignalasfunctionof field for Ar surface;line:
isolationcanalso occurif the 112 contentof the beam fit of hyperfinesplitting to data.
is highandthe H is only a smallfractionof the adsorbed
particles,or if the surfacehasdeeptrappingsitesfor
the H atoms. It is thenpolarizedby meansof a hexapolemagnet

In our experimentswe work with an ultrahighpu- (HM1) which focusesatomsin hyperfinestates3 and
rity roomtemperatureH beamthatcanbeplacedin 4 (shownin fig. 2a)on thebolometer,while atoms
variousstatesof spin polarization.The H is deposited in states1 and2 arebent outof thebeam.Thepolari-
on a cold (1.8—4.2K) non-magneticsurfaceof argon zationis definedasP= (pt — p4~)/(pf+p.1~)wherept
or otherclosedshell atomicor molecularspecies.Such andp.l~arethe probabilitiesof finding an electron
surfacescanweaklybindthe H atomsby virtue of the spin up or down.By maskingoff theaxis of HM1,
van derWaalsattraction;if the potentialhasweak mostof the moleculescanberemovedto achievea
variationsin the surfaceplane,H atomswill notbe beampurity of 0.9994,whichto our knowledgeex-
localized.Thus,in a simplifiedpicturewe envisage ceedspreviousH beampurities by abouttwo ordersof
adsorbedH tobehaveasa quasitwo-dimensionalgas magnitude.A flux of 1014atoms/cm

2/sis incident
interactingaccordingto theKotos—Wolniewiczpoten- on thesubstrate.Themeanvelocity of the H atoms
tials. Thesesystemshavethenice propertythat recom- wascalculated[12] to be2.7 X l0~cm/swith a 10%
binationof H doesnot lead to 112 impuritieson the spread.
surfaceasthelatter is expectedto desorbdueto the The beamcanbedepolarizedby inverting thepopu-
largerecombinationenergy [8,10]. The main experi- lationsof states3 and2 by anadiabaticfast passage
mentaldifficulty is theextremelysmallamountof [13] (AFP)scheme.This is accomplishedby passing
sample(asmallfraction of a monolayer)thatonehas thebeamthroughanrf loopin a magneticfield gradient.
to study.As a resultwedo nothavea directmethod Wehavemeasured~P 0.85.By modulatingthe rf
to measuretheH coverageon the surface.Insteadwe poweron andoff, P canbevariedwithoutaffecting
measuretheheatflux to thesurfacedue to the H beam thebeamintensity.Thebolometeris insidethebore
by meansof a siliconbolometer(5 X 5 mm2), sensitive of a small superconducting(SC)magnetwhichhasa
to an H atomflux of ‘~ 108 per second.The bolometer maximumoperationalfield of ‘-‘2.5 kG. Themagnet
canbe precoatedin situ with argon,etc.,to providea canbe usedto placethe atomsin thehighfield limit
cleansurface. with respectto thehyperfmefield (B ~‘- 507 G) so

A schematicdiagramof the experimentis shownin thatstates1 and3 arealmostpureelectronspindown
fig. 1. The H beamis formedby meansof amicrowave andup states.Schutteet al. [8] haveshownthat
discharge[111yielding a degreeof dissociationof ‘—85%. changesin surfacecompositioncanbe studiedby
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measuringthe powerdissipatedin a bolometerby a awayby desorbingH2 thusar� 0.01. ForanH2
beam.We haveusedthis techniqueto studytheeffect surface,the H beamatomsareeasily accommodated
of spin polarizationon the condensationpropertiesof dueto thesimilarmasses.Roughly,we expects
H on Ar andH on H2 surfaces.ForH on Ar we meas- a8~ 1, resultingin W~ W5. Whenmodulatingbe-
ureda small (ac)signaldueto modulatingthepolariza- tweenstates3,4and2,4, themodulationsignalis
tion of thebeam,on top of a large(dc)signal. This ~ W = W

3 — W2. In this case~ W= 0 due to eq. (2),
ac signalcorrespondedto an increasedheatingof the i.e. an atomthat comesinto thermalequilibrium
bolometerupon polarizingthebeamandwasabout with the surfacecannotcontributetoz~W. This appa-
linearly dependenton the SC magneticfield as shown rently explainstheexperimentalresult for H

2 sur-
in fig. 2b. The signalincreasedto ~0.8%of the dc faces.For H on Ar we are in the otherlimit with
signalat B 2kG. Thisac signalvanishedfor H on H2 W~W1_5.In orderto explain thesignalweareled
surfaces.Thesignalwasindependentof modulation to assumethat ~ 1 and a1_5~ 1. Thismeansthat
frequencyin the rangeof 5—10~Hz aslimited by the nonadsorbingatomshave sufficient residencetime
bolometerresponse.The observationscanbe understood on the surfaceto spinthermalize(depolarizefor
if we assumethatwe are detectinga differencein kT ~ i~E~),howeverinsufficienttime for translational
Zeemanenergybetweenthe two polarizationstatesof accommodation.Wethen find
the beam.l’his small effectis intrinsic to themethod, ~ ~o— )~( — ) [E

3(B~—E2B 3
showstheobservedfield dependenceand canaccount 2 S 0 a~ al_s z / z
for anacheatingof ~~l0—1lW, roughly the order of A scaledform of eq.(3) is shownasthe solid line in
thesignalthat wasobservedfor an SC field B 2 kG fig. 2b, comparingfavorably with experiment.A diffi-
andan estimatedcollimatedflux 4~ 6 x 1012 culty that ariseshereis the scale.ForAr we have
atoms/s.Usingthis modelthebolometersignalis pro- measuredW/L~W~ 125 forB = 2kG.UsingE~—

portionalto W= ~ Wi” whereW~’= W~’+ W~_
5denotes 0.24K wefind amaximumvalueof E1 W/~0=

thethermalflux dueto particlesin hyperfinestatev: 15 K/atom. Schutteet al. measuredE1 ~ 1100K/atom
H for H on H2. WehavealsomadeabsolutemeasurementsW = s~ {a [E1+ E1. (B)] +E + E (B) . . •s a z of W undersimilarconditions(withoutHM 1) and fmd

+ arEr — a~{2} 2900K/atom.However,usingHM1 we find ~

~ 370 K/atom for H on 112 andE1 123 K/atom+(l—s)~0{a1 [Ek+Ek(B)]+a E(B)}. (1) •—s Z Z for H on Ar. Themain differencein usmga hexapole

Here scF~is thefraction of the incidentflux I~of is thechangein velocity distribution from a broad
atomsin statep that adsorband recombineor remain velocity weightedmaxwellianof 500—600K to a very
as H atoms;thesecondtermrepresentsthe fraction peakeddistributionaround443 K. Thus theaccommo-
(1 — s)II~thathaveinelasticcollisionsbutdo not dationhas a remarkablystrongdependenceon Ek.
adsorb.Ek is thekinetic energyof a beamparticlefor A discrepancyof about8 existsfor Wdeterminedfrom
B = 0 andE~(B)is the incrementalchangeof Ek for magneticconsiderationsandby absolutecalibration.
a particlein statev acceleratedinto the field B;E~(B) We note that contributionsto ~W canalso arisefrom
is the correspondingZeemanenergy.Note that W5 sincea5 canbelessthan one.
E~(B)= EL~(0)— EV(B) ~ Wethusvisualizethe processasone in whichhydrogen

k z z ‘ / atomsthat impingeon the surfacerapidly depolarize,

Er is the recombinationenergyandE~andE~I2are possiblyvia magneticdipole—dipole(with H or mag-
adsorptionenergies,andthe coefficientsaare frac- neticimpurities)or hyperfmeinteractionsassuggested
tional amountsof thecorrespondingenergiesdissipated by the calculationsof Berlinsky et al. [14]. The atoms
in thesurface.Quantitiesnotindexedby v are assumed
to havea negligibledependenceon thepolarization.
Eq. (1)is valid for kT~ ~ thehyperfinesplitting. * The influenceof HM1 on beamproperties hasbeen deter-

Onemight expectW to be dominatedbyE 52000K minedby phasespacecalculations(seeAudoin et al. [12]).s r The intensitydetermination with HM1 in thebeammust be
outasitasbeenshownby Schutteet al.and reconfirmed consideredasa reasonableestimateratherthan anabsolute

by us [I] ,Er is notdissipatedin thesurfacebut carried measurementdueto this calculationalstep.
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