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ä Ú
Ü ã ß é
Ü à#ã Ù ã ß á à#Þ
à Ú ã#ä Ù é
Ü#â å à î Þ Û è Ý/à Û�ä à#á ß	Ý�ß é è ø Û à	â Ú è ñ ß é ã à/ù
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FIG.
þ

4(color). The spin trajectory is shown for electrical
carriersin transit throughdomainwalls in a ferromagnet. The
spin orientation is shown in red; the local exchangefield
variation is shownin blue. (a) The spin precessionalbehavior
for a nickel domain wall while (b) shows the equivalent
behavior
ÿ

for cobalt. The exchange energies used in the
simulationwere1.0 eV for Co and0.3 eV for Ni, therespective
wall thicknesseswere 150 and 1000Å, and the majority spin
Fermi
þ

velocitiesemployedwere106 m s, giving the respective
tracking parametersas and . It should
be
ÿ

noted that the higher value of gives rise to betterspin
tracking,hencesmallerdeviationangleand lower domainwall
resistivity in nickel thanin cobalt.

lengthin the ferromagneticmetal: This conditionobtains
for thetwo materialsdiscussedin this paper.

Incidentally, in the diffusive limit it follows that the
“CPP-like” geometry is not essential to observe this
effect, and this is indeedwhat we find experimentallyas
is apparentfrom thescansof Fig. 3(b).

This simplemodelexplainssatisfactorilyour measured
value which agreeswith the ratio

within the uncertaintyof the parame-
ters usedto estimate and reflects the respectivemis-
tracking of the cobalt and nickel spins as illustrated in
Fig. 4. As discussedabove,the model is alsocapableof
predicting� the right order of magnitudefor the absolute
valuesof the magnetoresistanceaswell as their ratio for

the two materials;however,attemptingclosequantitative
agreementbetweendomainwalls and trilayers involving
the sameferromagneticmaterialis difficult sincemodel-
ing this numericallyinvolvesrathermorevariableswhich
dependcritically on film preparation,etc.

In conclusion,we believethis to be the first direct ob-
servationof domainwall scatteringand,by inference,of
the GMR effect in a film of pure ferromagneticelement.
It underlinesthe importanceof carrierspin precessionin
determiningtheelectricaltransportpropertiesof magnetic
metal interfaces. The effect haspotential for spin com-
mutation in the nascentfield of spin electronicdevices
[14,15] in which electric currentsare injected and ma-
nipulatedby labeling them with different electronicspin
states.
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