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An overview of our experimentsandtheir resultsconcerninghe electronscreeningeffects
in metallic ervironmentsare presented.The measurementsf the reactions?H(d,p)*H and
2H(d,n)*He wereperformedwith anelectrostatiacceleratoatincidentdeuterorenegiesbe-
tween5 and60keV atdifferentself-implantedargetmaterials. Theresultingscreeningenegy
valuesareaboutoneorderof magnituddargercomparedo gastargetexperimentsandexceed
significantlythetheoreticapredictions A thoroughinvestigatiorof theprocessem thetargets
underion irradiationshows thattherearemulti-parametecollateraleffectswhich arecrucial
for thecorrectinterpretatiorof the obsenedenhancement§ hey mainly originatefrom target
surfacecontaminationglueto residualgasesn the vacuumaswell asfrom inhomogeneities
in the deuterordensitydistribution in heterogeneousrgets. For the specialsituationof deu-
teriumin the metallic environmentanimproved analysismethodhasbeendevelopedbeyond
the standardproceduresExperimentakvidencefor the influenceof sucheffectsanda math-
ematicalmodelfor their assessmeraregivenandcomparedvith theresultsof othergroups.
We alsopresenta numericalmodelof the electronscreeningeffectin metallic latticesbased
onanab-initio Hartree-ck simulation.

1 Introduction

A wayfor thein depthexplorationof thecold fusionphenomenés thereductionof theunknovn numberof
free parametersleterminingthe standarcelectrolysisandgascell experimentsby the ascriptionto known
andmore controlledconditions. Suchis doneherewith acceleratoexperimentsat known enegiesin a
bettercontrollableervironment. Theravith, we werefirst ableto demonstratehatthe screeningenegies
in deuteratednetaltargetsareoneorderof magnituddargerthanin gaseousargetsandhenceto providean
initial explanationfor the adoptechuclearreactionrateenhancemerit cold fusioncells by the screening
effect[1, 2, 3]. Meanwhileour resultsrecevedconfirmationfrom othergroups(4, 5, 6, 7, 8, 9]. However,
thereare particularitiesand pitfalls in this kind of experimentsmaking them specialcomparedo usual
nuclearphysicsproceduresTakingthis notinto accountresultsin fatal misinterpretationgf the obtained
raw data.Thisis discussedn comparisorwith resultsfrom othergroups.Theacceleratoexperimentan
furthermoreprovide accesdo the branchingratio of the channelf the fusionreactionsvhosealteration
could be obsened,too [10]. Additionally to analyticmodelsin [11] a numericalsimulationis presented
for thepre-reactionimpactof the deuteronsn the crystallattice.



2 Accelerator experiments

2.1 Set-up and data acquisition and analysis

The experimentshave beencarriedout at an acceleratooptimizedfor low enegy beams. Fig. 1 illus-
tratesthe principal set-upandthe dataacquisitionsystem. The acceleratorconsistsof a radio frequeny
ion source,an accelerationline poweredby a highly stabilized60kV supply and subsequentlectric
guadrupolegor focusinganda magneticdipole for beamanalyzation.The beamimpingesontoa Faraday
cup just inside the target chambemwherebeamadjustmenican be donewithout disturbingthe deuteron
densityin thetargets. A horizontalmagneticsteereiis thenusedto deflectthe beamonto the targetand
removes neutral particlesand contaminationscarriedalong by the beam. A cylinder box setto a neg-
ative potentialsurroundsthe targetin orderto suppressecondaryelectrons. The isolatedtarget holder
is connectedo a currentintegrator The targetswere disks madefrom different pure metalsbecoming
self-implanteddeuteriumtargetsunderthe beamirradiation. Four Si-detectorsat the laboratoryanglesof
90°, 11, 130 and 150° wereusedfor the detectionof all chagedparticles,p, t, 3He, of the reactions
2H(d,p)tand?H(d,n)*He. The detectormeededo be shieldedfrom the backscatteredeuteronsn order
to preventa congestiorof themandthe dataacquisitionsystem. ThereforegroundedAl-foils of thick-
nessesrom 120— 150ug/cn? were placedin front of the detectors. The thicknessis sufficient in order
to block deuteronaup to 60keV andlet passall otherejectiles. The detectorvoltagepulsestravel through
pre-amplifiersandspectroscopiamplifiers. Thesignalsaredigitizedby four ADC’sin anembedde& ME
systemconnectedo a computemwhich automaticallyintegrateshe protonlinesof the spectran fixedtime
intervals' andrecordsthefour differentialcountingnumbersN (8) andthe chageq of theintegratedbeam
currentatthetargetin afile which thencanbe furtherprocessedAn examplespectrumis shavn in fig 1;
all ejectilelines areclearly identifiable. Due to the anisotropicangulardistribution of the ejectilesof the
d+d fusion reactionseven at the lowestenepies, a total countingnumberN is calculated providing the
takulatedfunctionN (q) whichis thebasicquantityfor thefurtherdataanalysis.

Correspondinglytheyield from the experimentis givenby

zedN
Y(E)=—— 1
€)= g ®
wherethe numberof impactingprojectilesis alreadysubstitutedy theirchage,¢ is thedetectorefficiengy
andzthechagestateof theprojectile.Ontheotherhandtheyield is calculatedor aninfinitely thick target
(regardingthe projectilerangeR) from scatteringheoryby

R
Yieo(E) = [ -0 (E () dx (2)
0

with the numberdensityof the targetnuclein andthe cross-sectiow. Unlike otherchemicalcompounds
the small hydrogenatomsare not trappedin firm chemicalbondswith metals. The hydrogendensityis
not boundto a fixed stoichiometricratio andcanandindeeddoeschangeunderion irradiation. Changes
in the yield may now originatefrom both the densityandthe cross-sectiomndneedto be discriminated.
The densityis herea function of the depth,the projectileenegy, theimplantedchage, the beamflux and
othermaterialdependenandervironmentalconditions.ThetatulatedfunctionN (q) providedby our data
acquisitionsystemmakesit possibleto retainthedifferentiationin (1) andtherebygaininformationonthe
chage developmentof a depthaverageddensityn(q). Soassumingdepthhomogeneityof the deuteron
densityin (2) the depthx canbesubstitutedy the projectileenegy E with the stoppingpower differential

equation12] o
Pt (CM+%)CD>¢E (3)

1down to 10s limited by the serialline
2seealso[10]
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Figurel: Experimentaket-up



wherecy andcp are the stoppingpower coeficientsin the metalandin hydrogen,np the appendant
hydrogendensity Onearriveswith this substitutionata motivationandaninterpretatve expressiorfor the
heredefinedreduced yield

y(E;q)i= ———— = x F(E) . 4)

Sinceboththe crosssectionin the metallic environmentandthe deuterondensityare unknavn the yield
needto besetin relationto aknown gastargetcrosssection.We thereforechosethe parameterizatiofrom
[13] becausehey have the highestprecision. It formstogetherwith the low enegy function (vE) of the
stoppingpower (3) theintegralin thedenominatoontheright handside. Thegrayprintedexpressioris per
seaconstantSoif thereducedyield is not constanit is basedon deviationsof the prescribedrogression
in the cross-sectiomr the functionaldependeng of the stoppingpowersor changesn thedensity It is a
sensitve measurdor suchdeviationsbut the distinctionof the possiblereasonss a matterof reasonable
interpretation. Fig. 2 shaws plots of the reducedyield at two differentenegies. One canseelong term
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Figure2: Analysisproceduretthe exampleof Zirconiumat10keV

changesn theindividual measurementsdicatedby the straightlines. Theseareattributedto changesn
the densityprofilesscatteredy the countingstatistics,of course.In contrastthelarge discontinuitiesof
thereducedyield atthe switchingof the beamenegy resultfrom a modificationof the crosssection.This
is takeninto accountby the enhancemerfiactorF (E) in (4). Sincethe absolutequantity of the deuteron
densityis unknown for the practicalanalysisa normalizedenhancemerfectoris defined
Y(E) _ F(E)

¥(Eo)  F(Eo)

with the normalizationenegy Eg which is chosernto be 25keV for the monitor measurementsThe gray
rectanglesndicatethe points from which the error for Fnom is inferred. Thusnot only errorsfrom the
countingstatisticsbut alsofrom long term changesf the densityareincluded. Resultsare displayedin
fig. 3. Assumingelectronscreeningasthereasorfor the enhancemerdandadoptingUe asakinetic enegy

Frorm(E) := (5)
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Figure3: Exemplaryresultsfor the enhancemerfactorFyom. Screeninggnhancemerfor Zr theoretically
describedy the curve with the singleparametelde. No enhancemerfor carbon.

shift parametein the cross-sectiofil4] of theyield onereceves

FE) =—F—— (6)

for the screeningenhancemerfiactor of thick tametyields®. The correspondingurve in fig. 3 fits well
to the datasupportingthe screeninghypothesis.Our dataanalysisprocedures thusindependentbf the
absolutevalueof the deuterondensitiesnsidethe targetsandthe stoppingpower coeficientswith errors
from 10— 20%. Thefunctionaldependengof the stoppingpowerson theenegy +/'E hasbeenrepeatedly
confirmed,see[16] andreferencesherein. Thereducedyield canbe usedto calculatea deuterondensity
estimateby solving (4) towardsn(q) and supposing- = 1. Only for this purposethe stoppingpower
coeficientsareexplicitely required.A correspondinglensityplot for aninitial implantationin Al is shovn
in fig. 1. Thenumbersabove thegrayboxesin fig. 2 aredensityestimatedor thatareas.

2.2 Experimental specialties and pitfalls

The investigationof nuclearreactioncross-sectionsn deuteriumin metalsshouldbe performedat the
lowestpossibleenegies. This meansthat the compositionof the topmostatomic layersof the metallic
targetis of crucialimportancebecausef thequickly decreasingangeof thebeamions,considerablyelov

1um. This exactly is unusuaffor experimentahuclearphysics.The usualset-upsn experimentahuclear
physicsareconstructedn high vacuumtechnology But herethe containedvatervapourfrom thesurfaces

3Thescreeningenegy Ue shouldonly beappliedto the Coulombbarrierpenetrationin o, see[11, 15]. Thecorrectionbecomesnly
importantfor farlower beamenepies.



of all materialsleadsunderion impactto a progressingoxidation of the metal becauseof the stronger
electronnegativity of oxygenin comparisorto hydrogen. Hencehydrogenis containedin metal oxides
only in seggregationat low andunstabledensities.Consequentlyhe oxidationdiminishesand eventually
destrgs the screeningeffect with the growth of the metaloxide layer. Carbonhydridescontainedn HV
systemgoseanotherproblemleadingto carbonlayerson thetargetaswill be discussedelow. In sucha
way generatedlterationsn thedepthprofile of thedeuterordensitydistributionin thetargetis thesingular
dominatingerror sourcefor the obsened enhancemerdndthe inferredscreeningenegies. Our vacuum
systemis madeof aluminiumwith elastomegasletspumpedby turbomolecularpumpswith auxiliary oil
lubricatedtwo stagerotary vanepumpsandLN» cooledcryogenictraps. A residualgasanalyzenfRGA)
was usedin orderto monitor the compositionof the residualgasin the vacuum. In accordanceo the
literatureaboutHV systemsthe main constituentof the residualgasis water Water vapouris dueto
its extraordinarilyhigh dipole momentvery adhesie to solidsandis hencechemisorbedo surfaces.Now
undertheionirradiationseveralprocesseareenabled Via heatingandphononexcitationatthe surfacethe
beamprovidesthe activationenegy for dissociatve chemisorptiorof the watermolecule,i.e. the protons
aresplittedoff andtheremainingoxygenradicalformsachemicabondto the metalatoms.Essentiallythe
samehappensy directimpactexcitation of the watermoleculeby theions. The hydrogenimplantation
into themetalcausessidefrom theusualsurfacedeterioratiorain depthdestructiorof thecrystalintegrity
of thematerialknown asembrittiementvhich alwaysoccursf thehydrogernoadingrateis too highandnot
proceedingn thermalequilibrium[10, 17]. Thusthe surfaceis fractalizedandthe oxidationcanprogress
into the bulk of the metalquickly creatinga thick metaloxidelayer Fig. 4 containsasanexamplefor it a
pictureof the surfaceof an Al targetwhich turnedinto a spongdik e structure. The rate of the oxidation
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Figure4: Scanningelectronmicroscopicpicturesof targetsurfaces.Left: Symptomsof embrittlementor
Al. Right: Beginninglayerformationfor Tain islandgrowth mode.

processdependson the concreteform of the mutual interactionpotential betweenthe water molecule
andthe surfaceatoms,establishinga materialdependeng The enegy supplyof the beamenableghese
processesvenfor the noblemetals.Albeit generallyspolken, morereactve metalsapt moreto oxidation
and embrittlementwhile for the latter the structuraldifferencebetweenthe metaland the metal hydride
is moreimportant. Aside from the overall beamheatingthe enegy of the projectilesis alsoimportant
becausdower enegy projectilesare more effective at the surface[18]. The partial pressureof waterin
HV is so high that thereare ample suppliesfor the surfacereactions. The hit rate of water molecules
with a sticking coeficient of almostoneis in comparableordersof magnitudeasusualbeamcurrentsof
10— 100pA. This implies a dependeng on the ion flux, too. Therearetwo counteractingprocesses:
Sputteringandthermalor ion stimulateddesorption.The sputteringyield of the lightweight deuteronss
far too low in orderto keepthe surfacecleanwith the resultingsputteringrate. Onewould expectthat
an increasedemperatureof the surfacewould increasethe desorptionrate of the water molecules. If
the activation enegy barrierfor dissociatve chemisorptiorof wateris positive anincreasedemperature



yet proliferatesthe oxidatiorf. Similar is valid for ion stimulateddesorption/chemisorptiorSuchagain
dependson the interactionpotentialbut usually oxidation prevails. UnlessUHV systemsequippedfor
entire baking are usedthe oxidation cannotbe avoided. A deuteronirradiationof only 1C is enoughto
producea considerablenetaloxide layer, see[20, fig. 1]. Thereis, however, a procesghatis nonetheless
ableto preventoxidation: large carbonhydridemoleculesg.g.backstreamindgrom the forepumpsgcanbe
physisorbedat the surface,craclked up andthe carbonatomscanreactwith the oxygenradicalsto carbon
monoxidekeepingn thatwaythesurfaceclean.Differentlyfrom water, carborhydridesarephysisorbedo
surfaces.Thestrengthof thisweaker bondincreasesvith growving moleculamass.Theratio of absorption
anddesorptiorundertheion irradiationhassimilar dependenciesAn evidencefor this chemicalsurface
reactionis thedetectiorof aconsiderabl€O fractionby theRGA whichwasbelow thedetectiorthreshold
without beamirradiation. Theseprocessesverethoroughlyexploredby the regulatedinfusion of decane
with monitoringfeedback Thesurfacecanonly bekeptcleanif thefractionof waterandcarborhydridesn
theresidualgasarein anequilibriumwhichis of coursealsodependentn prementionegharametersif the
fractionof carbonhydridesis too low the surfacewill oxidize. If it is too high acarbonlayerwill build up.
Bothis essentiallyirreversible.Fig. 5 shavs someof the resultsof theseexperimentdor Tademonstrating
thehighspreadn theinferredscreeningenegiesdependingnthesurfacecompositionwhichwereverified
by EDX5. In orderto limit the layerformationthetotally implantedchage wasreduced.For the analysis
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Figure5: Effectsof differentsurfacecompositionson the inferred screeningenegy for Ta. Ta-A hasa
smallC-excess,Ta-E hasslight C-traces;Ta-Cathick C-layer, Ta-D athick MOy-layer.

a moresophisticateaxpressiorfor theyield in (4, 5) wasusedbasedon a modelof the targetwith three
stacledlayers[20]: Thetoplayerconsistingof eithermetaloxideor carbonadeuterizedzoneof themetal
andthe bulk of the metal containingessentiallyno hydrogen. Eachcan have differentthicknessesand
relative deuteriumcontents. The resultsfor Ug in fig.5 were obtainedwith only the additionalparameter
&w for the thicknessof the deuteratedzonein the metalin enegy equialentunits of the stopping. The
differencedor Ta-A and Ta-E arealreadyconsiderablehoughthe thicknesse®f the surfacelayerswere
small andjust startedforming. Fig. 4 shows the beginning of the formation of a carbonlayer starting
from islandswhichwill eventuallycoverthewholesurfacein concordancevith experiencesrom thin film
technology[18]. Ta-C hasalreadya relatively thick carbonlayer which strongly reducedthe screening
enegy. Justasthe metaloxide layer doesin Ta-D. Thoselayerswerejust thick enoughin orderto be
includedin themodelandinfer theirthickness Thethicknesf themetaloxidelayeris 0.09+/keV, which

4seee.q.[19] or ary surfacephysicstextbook
SElectrondispersie X-ray micro analysis.



conformsto about7nm. The correspondingcreeningenegy would be 433eV. 15nm areenoughto let
the screeningenhancementompletelyvanish. Much thinner surfacelayersalreadyreducethe inferred
screeninggnegy considerablySotherealvaluefor the screeningenegy of Tais possiblyaround400eV.
Carboncan achieve high densitiesbut it doesnot shav the electronscreeningeffect as fig. 3 proves.
Thin deuterateadarbonlayerscan,however, simulatea screeninggnhancemerdasinhomogeneoudensity
profilescando [20]. As alreadysaid,the metaloxide containsonly few deuteriumin segregation. Those
low densitiesareunstableandchangeainderdifferentconditions.At theexampleof a Natargetwith avery
thick metal oxide layer the developmentof the densityis illustratedin fig. 6. The densityestimatesare
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Figure6: Developmentof low deuterordensitiesLeft: Natargetwith athick metaloxidelayer. Right: A
beamheatedhin Tafoil.

calculatedfrom the reducedyield as previously described.Before the monitor measuremenrdt 25keV a
measuremendt a low enegy hadbeentaken. The densityquickly decreasedhenat 25keV. Thereafter
ameasuremerdt 12keV werestarted. The densityvery quickly increasedeachinga higherlevel thanat
25keV. But thediscontinuityat the beginningwasin thewrongdirection. The densityfor the sequencing
monitor measuremerdtartedonceagainat a high densitywhich quickly decreasedThe discontinuityat
the beginningwasonceagainin thewrongdirection. Sothereis definitely no screening.The quick shifts
in the densitiesafter the changeof the implantationenegy going to a 'saturation’level originatefrom a
shift of the deuterondistribution depthprofile in the metaloxidelinkedto the differentrangesf theions.
With our methodof recordinga yield function Y(q) over the implantedchage we canrecognizethose
shifts andrejectthem. If, however, only the total yields of the long time measurementare regardedas
in the standardnethodtheir comparisorwould erroneouslyjeadto a screeningnterpretation.The same
problemarisesvhenworking with low implantationdensitiesdelow the stoichiometriaatioevenwhenthe
metaloxidelayeris negligible. Exceptfor insufficientimplantationthe densityremainsow if thethermal
enepy of thedeuteronss higherthantheir chemicabindingenegy to themetalsothatthey canfloat. This
appliesmainly to transitionmetalswith low ability to bind hydrogen(groups6A-8A, 1B) or if the metals
are heated. An examplefor the consequencesf heatingis shawvn in fig. 6 for a Ta-foil of 7um which
was heatedby the beampower. One obsenesthe samebehaiour and no real screeningenhancement.
Thedensityreturnsto anequalsaturatiorlevel if the surroundingconditionsarethe samej.e. samebeam
enegy, current targetheatflow etc. The mosteffective heattransportatioimechanismn solidsis the free
electrongas. Cooling the target holder haslittle effect sincethe thermalresistanceat the connectionis
very high. Besidesfrom heatingthe densityprofile of the deuteronsn target materialswith low binding
ability for deuterongmetal oxides,metalswith low affinity to hydrogenmetalsat high temperaturesis
alsochangedy directprojectilehits andclosephonongeneratiorat thetargetdeuteronslependingn the
beamenepy. Furthermorethe metaloxide asathermalinsulatorwill be considerabljheatedoy thebeam
power. It is thereforepreferableto usethick target disks at moderatetemperaturesvith high densities.
On the other side, cooling a target to very deeptemperaturesvould transformit into a cryogenictrap

accumulatingvaterin thick layersonits surfaceprior to irradiationpromotingthe oxidation. The detailed
investigations coveredin [3].



2.3 Comparison

Paying attentionto all the above discussedxperimentalproblemswe canstatethat our resultsrepresent
lower limits to the real screeningenegy values: (190+ 15) eV for Al, (297+8) eV for Zr, (313+2) eV
for Pdand(322+ 15) eV for Ta. Dueto our monitoringmethodwe estimatethe upperlimit of Ue to be
probablynot larger than additional100eV. The value for Sr rangesbetween350 and 800eV sincethe
measuremenivas impairedby layer formation, even morefor Li whereonly an upperboundof 150eV
could be determinedand no screeningor Na (fig. 6). Two testswith Y andEr led to thick metaloxide
layers,too. In fig. 7 anoverview of screeningesultsfrom otherexperimentss plotted. Historically the
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Figure7: Overview of screeningxperimentresults. Bottom: ScreeningenegiesUe. Top: Deuteriumto
metalratiox. Thevaluesfor x of [5] wereestimatedrom fig. 2 therein.Thevaluesof [9] arethedatabase;
datapointsfrom [8, 7] areincludedif they differ, only.

two elementdPdandTi wereof specialinterest.Sooneof thefirst acceleratoexperimentsvasdoneon Ti
[21]. Theauthorsmadeno effort to determinehe deuterordensitybut useda literaturevalueandobtained
no enhancementAll further measurementsn Ti resultedin very low screeningvalues. The higherthe
deuterondensity the lower the screeningvalue. Ti is chemicallyvery similar to Zr, both belongto the
group4A. From our experienceZr oxidizesreadily So a relatively thick metaloxide layer explainsthe
resultsandthe discrepang to thevaluein [22]. It wasobtainedwith aglow dischageof ~ 0.5A deuteron
current. Despiteof the low sputteringyield of the deuteronghe high currentpermitsa sputteringrate
which is so high thatit canimpair the oxidationenough.A deliberatelyproduced30nm thick PdOlayer
onaPdtargetin [5] yieldedanespeciallyhigh screeningenegy with alow densityobtainedrom thetotal
yield only. Suchathick PdOlayerwould shov quick shiftsin the densityprofileswith higheraveraged
densitiesat lower projectileenepieslike in the Na examplein fig. 6 whenchangingthe projectileenegy
andusingthe differentialanalysismethod. So this screenings simulatedby the densityalterationin the
total yield. The sameappliesto the extraordinaryhigh screeningvalue for Pd of [9] at a low density
The screeningenepgiesfor Pd of [4] and[5] agreewithin their errorsthoughobtainedat very different
densitiesandbothat deeptemperaturesThevaluein [5] is in concordancevith our result. For Au thereis
adiscrepang between4] and[5] in the densitiesat low screeningenepgy valuesanddeeptemperatures.



We madea testwith a thin Au foil and obsened a behaviour like for the Ta foil in fig. 6 without the
screeningenhancemendiscontinuities. While the targetsas describedn [5] arethick enough~ 1mm
to guarantean effective heattransportin the bulk of the materialby the electrongas,the heterogeneous
target Au/Pd/PdOwith a total thicknessof only 60um (thereof0.1um Au) is too thin thereforeleading
to aconsiderabléemperaturéncreasan the beamstoppingvolumewhichis to this extendnot detectable
by an outsidemountedthermocouple. So the obsered high screeningenegy of (602+ 23)eV canbe
explainedby the shifts in the densityprofile due to elevatedtemperaturesind the heterogeneityof the
targetandaccordinglythe density In orderto explain the relationbetweenthe screeningenegy andthe
densitythe conceptof a deuteronfluidity’ wasintroducedin [5] wherefluid deuteronsand conduction
electronsareto behave like a hot plasma. But in palladiumoxide thereare no conductionelectrons.In
view of the stateddensitydynamicsthis explanationis decrepit. The explanationby densitydynamics
is alsosustainedy the significantly larger standarddeviations of the repeateddensitymeasurementat
10keV for targetswith low densitiedn [5, fig. 2]. Indeedthe saturatiordensityin our experimentgeturns
to the samelevel for the sameconditionsbut with higher deviations. The largestdatasetof screening
enegiesis providedby [9, 8, 7]. They only obsenedthetotal yield of the measurementpo. The density
is determinedby a global fit to the previously extractedrelative cross-sectiond®y using the unprecise
stoppingpower coeficientsto aknown cross-sectioat 30keV andconsequentlpbtainsa densityestimate
which is valid at 30keV only [6]. Theintentionis to find a connectionbetweenthe obsened screening
enegy andsomeelectronicpropertiesof the elementsThe authorsproposehe Hall coeficientto bethis
guantitystatingthatthe free chage carriers,.e. electronsaandholeslik ewise,form a Debyespherearound
the deuteronsandthus generatehe screeningpotential. The classicalDebyescreenings, however, not
applicablefor low temperaturegelectronenepgiesbelon theFermienegy) anddenseplasmagsolid states)
wherethe quantummechanicalkeffects dominateand the screeningeffect dependsonly on the chaged
particledensityandnotonthetemperaturg23]. Additionally themotionof theboundelectronssimulating
the hole is not free but governedby quantummechanicakunnelingbetweenneighboratoms. The fact
thatthe screeningenegy is vanishingfor high deuterondensitiess explainedby the assertiorthatthese
metalhydridesareinsulators.This is not right for the majority of the metalhydrideswhich aremetallicly
or covalentlyboundandretaintheir metallic properties.The Baranavsky-curve of the electricresistance
of metal hydridesshaws that the resistanceat the chemicalstoichiometricratio is even lower than for
somevhatlower densitiesandcomparableo the metal. Using a >He beamon a deuteratedgPt targetvia
the reactiond(®He,pY'He a screeningenegy was inferred abouttwice as high asfor the d beamwhich
was regardedas a confirmationof the Z dependeng of the Debyehypothesiq8]. In [9] however the
screeningenegiesfor 3He andd beamsat Pt becameequal. The homogeneityof the depthdistribution
of the deuteronsn the targetswas reconfirmedby a subsequenoff-line ERDA® with a 4MV tandem
acceleratof7]. Pointedto the problemof oxidation RBS’ analysiswas performedon the targetswith
the resultthat therewere 'no detectablesurface contaminationswith the exceptionof Al wherethere
was an Al,03 layer with a thicknessof about150 monolayers. Thena Kr ion sputteringtreatmentat
15 or 35keV wasappliedprior to the implantationmeasurement® orderto remove naturalmetal oxide
layerswhich is the main differencefrom [7] to [8] and[9]. This proceduredoesnot take into account
thatthe majorcauseof the oxidationis contributedby thewaterin HV systemsunderdeuterorirradiation.
For both ERDA andRBS it is valid that light projectileionswith a kinetic enegy of someMeV cannot
provide awide enegy spectrunof the ejectileswhich would be necessarin orderto resohe singleatomic
layers. Thereforea HIERDA® with incidentenegiesof the heary ionsin the 0.1GeV orderof magnitude
would berequiredwith sophisticateanagneticanalyzingsystemsThis is additionallycomplicatecby the
circumstancehat thesemethodsdeliver expressve resultsonly if heterogeneousamplesare madeup of
well definedlayers. Thisis notfulfilled for theimplantationtargetswith indistinctchemicalcomposition
and surfacesfractalizedby embrittlementand beamdeterioration. So the appliedmethodsare not able
to detectmetal oxideswith a thicknessof a few tensmonolayers(somenanometersjvhich is already
sufficient to obliteratethe screeningenhancementvhile they are not thick enoughto affect the density
determinatiorat 30keV significantly While the high sputteryield of the Kr ions may allow for a surface

6ElasticRecoil DetectionAnalysis
"RutherfordBack Scattering
8Heavy lon ElasticRecoil DetectionAnalysis
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cleaningthe large Kr atomsthoroughlydestrg the crystal structureof the target and get trappedin the
materialfractalizingthe surfaceandthuspossiblyeven promotingthe oxidationprocessindersubsequent
deuteronirradiation sincethe necessanannealingis omitted. The deviationsin the screeningenegies
betweer7], [8] and[9] arein bothdirections,anyhow giving anindicationfor the magnitudeof thetrue
errorin the determinatiorof the screeningenegiesin this way similar to our dedicatedexperimentson
Ta (fig. 5). Like in the dataof [4, 5] thereis a clear connectionbetweenthe densityand the screening
enegy. High densitiesarelinkedto low screeningnegiesbecaus®f moderatelythick metaloxidelayers.
Examplesarethe elementf the groups3A (21Sc,39Y andthelanthanoide¥ = 57— 71) and4A (Ti, Zr
and2Hf) emphasizinghe chemicalkinshipwith regardto the describedsurfacereactions.Low densities
generaténigh screeningnegy findingsdueto shiftsin thedensityprofile eitherin thick metaloxidelayers
or materialswith low hydrogenbinding ability. Suchcanbe recognizecat the transitionmetals(groups
B6A-8A: Z = 24— 28,42— 46, 74— 78) for example.In contradistinctiortheretoour high screeningenegy
resultswereobtainedat high densitiexloseto thechemicalstoichiometriaatios. Usingthe dataof [9, tah
1] a Spearmamank correlationcalculationcanbe done. For the testof a correlationbetweenJe andthe
deuteriunratio x oneobtainsrs = —0.800andP = 5.1-10~14, which meansaratherhigh correlationwith
a very high significance.On the otherside, the resultfor a correlationtestbetweenU, andthe effective
chage carrierconcentratiomgs calculatedrom the Hall coeficientis rs = 0.489 andP = 0.013, which
is a medial correlationwith a weaksignificance. This is not enoughin orderto rule out the testingnull
hypothesif no correlationthusdeprecatindhe Debyehypothesistoo.

3 Numerical Simulation

In [11, 15 we presentech analyticalmodelbasedon the dielectricfunction theoryfor the descriptionof
the screeningeffect and extrapolationto room temperatures.It remains,however, belov the measured
screeningenegiesby a factor of 2 thoughbetterthan other approachegited therein. Thereforea first
effort wasundertalento simulatethe pre-reactionimpactwith an ab-initio qguantummechanicaHartree-
Fock calculationwhich is able to considerthe actualcrystal structurewhile the analyticalmodel only
operate®n averagednaterialproperties The concretdform of the electrondensitydistribution aroundthe
nucleusindeedinfluencesthe screeningenegy to a greatextendaswasshawn in [24] on a D, molecule
with atime dependentartree-fock calculation. Sinceonly workstationclasscomputationapower was
availableseveraltoo farreachingsimplificationsneededo be implemented.The motion of the projectile
neededo be abandonedor anadiabatidimit. Only avery smallLiD crystalconsistingof 6 Li atomson
alimited setof basisfunctionswerefeasiblefor the calculationwhich lastedl.6a netto. The calculations
weredonewith thequantumchemicalprogramGAUSsIAN [25]. An intersectiorof theelectronprobability
densitiess plottedin fig. 8. It is actuallythedifferencebetweerthe moleculardensityandthatof thesingle
atomsthusexposingelectrontransfersatthechemicalbond.Onecanclearlyseeanincreasef theelectron
densityat the deuteriumon the expenseof the Li atomsin concordancevith theionic natureof this bond.
Thisis evenenlagedduringthe approactof the colliding deuteronsTheelectronicforce betweerthetwo
deuteronss plottedin fig. 8. Its integrationyieldsthescreeningnegy whichis with 43.4eV twice ashigh
asfrom the simplemodel[14] but still far belov the measuredialues.Usingenhancedbasissetsleadsto
anincreaseof the calculatedscreeningenegy. A completetreatisecanbefoundin [3].

4 Conclusion

We developeda differentialdataanalysismethodwhich gainsthemaximuminformationfrom theraw data.
The methodis independenbf the unprecisestoppingpower coeficientsandthe actualabsolutevalue of
the deuteronnumberdensityin the targets. It allows for the recognitionand rejectionof measurements
with unwantedshiftsin thedensitydepthdistribution profile thuspreventingthe erroneougxtractionof an
artificial screeningenhancemerih contrastto the standardanalysisbasedon the total yield measurement
usedby [4, 5, 7, 8, 9]. Thoseundesirabledensity profile changesoccurin targetswith low hydrogen
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bindingability, like mary of thetransitionmetals at elevatedtemperatureandheterogeneousrgetswith
metaloxide or carbonlayersor different(relatively) thin metallayers. The fatal alterationof the inferred
screeningenegies dueto layer formation underbeamirradiation dependson mary parametersand is
inevitablein high vacuumsystemghatareusedby all groups. The deviation from the 'real’ value of the
screeningenepgy is probablyaround1l00eV. Soary conclusiorbasedntheobsernedmaterialdependence
of thescreeningenegiesis premature Onthe otherhand thetheoreticakalculationgperformedwithin an
improveddielectricfunctiontheory[11, 15] predictonly aweakmaterialdependencef U in contradiction
to the experimentalresultsof [7, 8, 9]. Furthermorean error of 100eV implies an errorin the reaction
rate of mary ordersof magnitudewhenextrapolatingto roomtemperaturei.e. the cold fusion condition
[11, 15). Consequentlyasidefrom the sustainedactthatthereis a greatscreeningenhancement this
time no further assertioncanbe made. For a precisedeterminatiorof the screeningenegiesultra high
vacuumsystemswith pressuresvell below 10-1%hPa, whereonly hydrogenand noble gasesarein the
residualgas,andequippedwith in-situ targetdiagnosigechniquesaremandatory

The presentechumericalsimulationbaseon a too simplified modeldueto limited computationapower
hencefailing to reproducethe obsened screeningenegieswhile alreadyexposingshiftsin the electron
distribution. An extendedmodel capableof describingthe situationrealistically would require massve
parallelsupercomputerghoughvery instructive insightsinto the electrondynamicsfor the understanding
of themechanisntanbe expected.
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