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Spin Structure of Fcc-Fe/Cu(001) Superlattices

Theaimof thisexperimentwastheinvestigationof magneticorderingin � - Fefilms
onCu(001)at low temperaturesby nuclearresonantscattering(NRS)andto search
for antiferromagnetismin � - Feby looking for magneticsuperlatticereflections.
To stabilizea sufficiently largeamountof fcc - Fewe have grown Fe/Cusuperlat-
ticeswith a largenumberof bilayerswheretheindividualFelayerthicknessdid not
exceedthe critical thicknessfor transformationinto the bcc phase.The crytalline
quality of the samplewaschecked in our labsandappearedto be very promising
for this experiment.
Fromthisobservationwehavederivedthecountrateestimatesgivenin theproposal
thatwerein therangeof 1 Hz. However, we couldnot achieve thesevaluesin the
experiment. This is mostprobablyrelatedto the surfaceroughnessof the sample
thatpartiallydestroyedthespatialphasecoherencebetweentheindividualFelayers
in themultilayer. This, however, is mandatoryfor a superlatticereflectionto build
up. Thepreviousx-ray diffractionexperimentsin the lab just showedthe average
structurefactorof the individual Fe layers. Due to this effect, we couldnot reach
a resonantcountratefrom thesamplethatallowed to obtaininformationaboutthe
magneticstructureof fcc Fe.
Instead,we investigateda relatedsystem. � - Fe and � - Fe� O� canbe stabilized
in nanoparticleprecipitatesin a Cu matrix [1]. We have preparedthe latter sam-
ple for comparative studies. In the remainingbeamtimewe could performa for-
wardscatteringexperiment,investigatingthesuperparamagneticrelaxationof these
nanoparticles.Theexperimentaldataareshown in thesubsequentpictures.Fig. 1
shows time spectraof NRSasa functionof temperature,showing thetransitionto
a magneticallyorderedstateat a temperatureof about10 K, which is theblocking
temperatureof theparticles.Fig. 2 shows the time-integral delayedintensityasa
functionof temperature,obtainedduringa periodof 30 min while thesamplewas
cooleddown. Theblockingtemperatureis markedby astrongdropin thecountrate
over two ordersof magnitudewith decreasingtemperature.
In conclusion,theexperimenthasshown thatNRSis averysensitiveprobeof mag-
netic relaxationphenomena,especiallyin the thermal-scanmode. This is an im-
portantadvantageover conventionalMössbauerspectroscopy, wherecomparable
informationfrom suchdilutesystemscanbeobtainedonly over aperiodof several
days.Thus,NRShasthepotentialto investigatethemagneticrelaxationbehaviour
asa functionof externalparameters.This is very importantfor theinvestigationof
nanoparticleswith respectto applications,e.g.,in thefield of magneticdatastorage.
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Figure1: Timespectraof nuclearresonantforwardscatteringfrom � - Fe� O� precipitatesin Cu.

Figure2: Time integrateddelayedsignalasfunctionof temperature


