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Formationof domainsin highly correlatedfractionalquantumHall statesis theanticipatedexpla-
nationof thehugelongitudinalmagnetoresistance(HLM) phenomenon.We usea finite sizemodel
employing exactdiagonalizationto seehow domainsbuild upandto studytheirproperties.Although
therehasbeentremendousexperimentaleffort to investigateHLM andits applications[1] thereis, to
ourknowledge,noestablishedtheoreticalmodelwhichallowsfor understandingthefundamentalsof
theHLM.

The HLM phenomenon[2] can be usedto measureindirectly polarizationof nuclearspinsin
GaAs/GaAlAsheterostructuresby meansof conductivity measurementsratherthanby e.g.NMR [3];
applicationsin quantumcomputingarenot far to seek.TheHLM hasbeenexperimentallystudiedon
high–mobility two–dimensionalelectrongasesin the fractionalquantumHall regime (filling factor�� ) wherethe groundstateis known to be unpolarizedin the total spin for lower magneticfields
andspin polarizedfor highermagneticfields [4]. If inhomogeneityis introduceddomainsarethus
likely to form at fieldsnearto thegroundstatetransition(Fig. 1). Note that thedomainsshouldbe
distinguishedin termsof the total spin (a two–particleobservable)ratherthane.g. � –componentof
thetotal spinor polarization[ �����	��
�������������������������� ; i.e. one–particleobservables].

We extend the standardmodeldevelopedby Yoshiokaet al. [5] (finite sizesystemin toroidal
geometry)by addingmagneticmodulation(mimicing an underlyingfield of nuclearspins). The
inhomogeneousmagneticfield (actingonly onspins;i.e. spatiallyvaryingZeemansplitting) is taken
to have both perpendicularandin–planecomponents,this is necessaryto make the crossingstates
mix. Electronsthuseffectively experiencedifferentmagneticfields in differentpartsof the system
andthelocal expectationvalueof thetotal spin ���� !�"�	� is not spatiallyconstant(seeFig. 2). We find
that ���� !�"�	� resemblesthemodulationprofilenearthegroundstatecrossing(alsoin Fig. 2), evenin a
systemwith long–rangecorrelations;this shows a tendency to build domains.Thelocal expectation
valueof �$# followsapproximatelly���� !���	� while thepolarization�����	� showsnoremarkablefeatures.
Particledensitiesalsobecomeinhomogeneousfar beyond the level of finite sizeeffects. Theshape
of the modulation(hard–wall or cosine–like, variousalignmentof the perpendicularand in–plane
part) hasno dramaticeffect on theobserved structures.The amplitudeof ���� !���	� is proportionalto
theamplitudeof themagneticmodulationprovidedtheinhomogeneityis weak.Wealsoinvestigated
systemswith short–rangeinteractioninsteadof Coulombinteractionwherefinite size effects are
suppressed.
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Figure1: Homogeneoussix– andeight–electronsystemat filling factor
�� . Transitionfrom thespin

unpolarized( �&
(' ) to spinfully polarizedgroundstate( ��
*),+-�/. , )0+ is thenumberof electronsin
thefinite system)whentheZeemansplitting increases.Energy unitsare 1 � �2��3/46587!� , 7 � 
:9; ����18<=� .
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Figure2: Local expectationvalueof thetotal spin (averagedover 3-fold nearlydegeneratedground
state), >�?�@!A"B	C for a six electronsystemwhereZeemansplitting variesalong B –direction(Zeeman
splittingis largerat BEDGF0HJI andsmallerat BKDGF2LNM ). >�?�@!A"B	C approachesthevaluesof homogeneous
systemwhen O is far from OQPSRUTWV8X (groundstatecrossingat Fig. 1). Fluctuationsareenhancedat
OJDGOYPSRUTZV!X andthey mimic thespatialvariationsof theZeemansplitting.


