Spin structur esin inhomogeneoudractional quantum Hall systems
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Formationof domaingn highly correlatedractionalquantumHall statess theanticipatedexpla-
nationof the hugelongitudinalmagnetoresistand@&lLM) phenomenonWe usea finite sizemodel
employing exactdiagonalizatiorto seehow domainsbuild up andto studytheir properties Although
therehasbeentremendougxperimentakffort to investigateHLM andits applicationd1] thereis, to
our knowledge,no establishedheoreticaimodelwhich allows for understandinghe fundamentalf
the HLM.

The HLM phenomenor2] canbe usedto measureandirectly polarizationof nuclearspinsin
GaAs/GaAlAsheterostructurelsy meansf conductvity measurementsitherthanby e.g.NMR [3];
applicationgn quantumcomputingarenotfarto seek.TheHLM hasbeenexperimentallystudiedon
high—mobility two—dimensionaklectrongasesn the fractionalquantumHall regime (filling factor
%) wherethe ground stateis known to be unpolarizedin the total spin for lower magneticfields
andspin polarizedfor highermagneticfields [4]. If inhomogeneityis introduceddomainsarethus
likely to form at fields nearto the groundstatetransition(Fig. 1). Note thatthe domainsshouldbe
distinguishedn termsof the total spin (a two—particleobsenable)ratherthane.g. z—componenbf
thetotal spinor polarization[p(z) = (n+ — n;)/(n+ + ny); i.e. one—particleobsenables].

We extendthe standardmodel developedby Yoshiokaet al. [5] (finite size systemin toroidal
geometry)by addingmagneticmodulation(mimicing an underlyingfield of nuclearspins). The
inhomogeneoumagnetidield (actingonly on spins;i.e. spatiallyvaryingZeemarsplitting) is taken
to have both perpendiculaiandin—planecomponentsthis is necessaryo make the crossingstates
mix. Electronsthuseffectively experiencedifferentmagneticfieldsin differentpartsof the system
andthelocal expectationvalueof thetotal spin (S)(z) is not spatiallyconstan{seeFig. 2). We find
that(S)(z) resembleshe modulationprofile nearthe groundstatecrossing(alsoin Fig. 2), evenin a
systemwith long—rangecorrelationsthis shovs atendeng to build domains.Thelocal expectation
valueof S, follows approximatelly(S)(z) while the polarizationp(x) shovs noremarkabldeatures.
Particle densitiesalsobecomeinhomogeneougar beyond the level of finite sizeeffects. The shape
of the modulation(hard—vall or cosine—lile, variousalignmentof the perpendiculaand in—plane
part) hasno dramaticeffect on the obsened structures.The amplitudeof (S)(z) is proportionalto
theamplitudeof the magnetianodulationprovidedthe inhomogeneitys weak.We alsoinvestigated
systemswith short—ranganteractioninsteadof Coulomb interactionwherefinite size effects are
suppressed.
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Ne=6, Nm=9, ground states for different spins

Ne=8, Nm=12, ground states for different spins
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Figurel: Homogeneousix—andeight—electrorsystemat filling factor%. Transitionfrom the spin
unpolarized S = 0) to spinfully polarizedgroundstate(S = N, /2, N, is thenumberof electrondn
thefinite system)whenthe Zeemarsplitting increasesEnegy unitsaree?/(4wef), £> = h/(eB).
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Figure2: Local expectationvalueof thetotal spin (averagedover 3-fold nearlydegeneratedyround
state),(S)(z) for a six electronsystemwhere Zeemansplitting variesalong z—direction(Zeeman
splittingis largeratz ~ 0 = 1 andsmalleratz ~ 0.5). (S)(z) approachethevaluesof homogeneous
systemwhen B is far from B,,.,s (groundstatecrossingat Fig. 1). Fluctuationsare enhancedht
B ~ By,.,s andthey mimic the spatialvariationsof the Zeemarsplitting.



