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Motivation� huge longitudinal mag-
netoresistance (HLM)
phenomenon [1]) occurs in the ν = 2=3

FQHE state) allows to measure
indirectly nuclear
spin polarization in
GaAs/GaAlAs het-
erostructures [2],[3]� the HLM is not theoretically

fully understood

Suggested explanation:� two concurrent correlated ground states: unpolarized and fully polar-
ized [4]� domains are built up� scattering on domain walls ) increased resistance

Model (homogeneous systems)� homogeneous infinite 2D electron gas� strong perpendicular magnetic field B� electrons interact via Coulomb interaction (`2 = ~=(eB))
H = Hkin+HCoul = e2

4πε` ∑
i< j

1j~ri=`|{z}~ρi

�~r j=`|{z}~ρ j

j + 1
2m� ∑

i
(~p�e~A)2

How to treat it (Yoshioka et al. [5])� choose a finite basis (� approximation)� calculate matrix elements of H in this basis� diagonalize (! spectra, eigenstates)

Choosing the basis = approximation

Restriction to the lowest Landau
level (LLL)

Periodic boundary condition ()
torus geometry)
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Only m allowed one–electron wavefunctions

( j = 0;1; : : :m�1); j =�
momentum (jjy)
position (jjx)

m= # of flux quanta in the rectangle
n= # of particles in the rectangle

�
filling factor: n

m = ν

Homogeneous n=m= 6=9 system
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Energy levels sorted by spin
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� The absolute ground
state occurs at S= 0.� Ground states at S= 0
and S= 3 have the same
structure.

Particle densities
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� to filter out finite size effects: average triply (nearly) degenerate ground state

6 electrons, ground state, hHMIi= 0:0005p.p., hHIMIi= 0:0005p.p.
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ground state, hHMIi= 0:002p.p., hHIMIi= 0:0005, 6 electrons, 8 electrons
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8 electrons, aspect ratio 2:1, ground state, hHMIi= 0:0005p.p., hHIMIi= 0:0005p.p.
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Summary� A model inhomogeneity was proposed which makes the crossing states mix ) hSi of
the ground state varies smoothly from 0 to n=2 as B passes through Bcrit.� Finite size effects: suppressed by averaging the densities over the three nearly degen-
erated lowest lying states� Local expectation values of hSi and hSzi: response to inhomogeneity� mimics the underlying inhomogeneous magnetic field� proportional to inhomogeneity strength� weak (∆hSi=hSi . 0:001) for inhomogeneities which do not drastically change the

spectrum� weaker in systems with 8 particles compared to system with 6 particles� stronger when the aspect ratio of primitive cell is 2:1� Local expectation values of hSxi� response to inhomogeneity much stronger (χx=χz� 40 at crossing)� do not react to the ground state change� Domain state cannot be build solely with the S= 0 and S= Ne=2 incompressible state.

Homogeneous system + Zeeman term

H = HCoul +(�µBgBz) n

∑
i=1

si
z| {z }

HZeeman
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unpolarized polar.S=0
S=1
S=2
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S=0
S=1
S=2
S=3
S=4
S=5� There is a transition from a spin unpolarized (S= 0;Sz= 0) state to a

fully spin polarized state (S= Ne=2;Sz= Ne=2).� Spin polarization changes abruptly at the transition (crossing).� finite gap at the crossing

Inhomogeneities

Weak fluctuating magnetic field perpendicular to the 2D gas (HMI) and jj x
(HIMI).

H = HCoul +HZeeman+µBg
n

∑
i=1

Bz(xi)si
z| {z }

HMI

+µBg
n

∑
i=1

Bx(xi)si
x| {z }

HIMI

Consider Bz(x) ∝ cos(2πx=a) and B at the ground state transition.� HMI favours� the polarized states near to x= 0 and x= a (B "" Bz)� the unpolarized states near to x= a=2 (B "# Bz)� HIMI: necessary to make the crossing states mix

Quantities to evaluate� Particle density: n(x) =∑n
i=1 δ(xi �x).� Density of total spin z–component (spinZ density): nSz(x) = (n(x)


Sz)=n(x). For example at n= 2, Sz=�1;0;1:hψjn(x)
Szjψi = 1 � hψ1jn(x)jψ1i+0 � hψ0jn(x)jψ0i�1 � hψ�1jn(x)jψ�1i :
Where jψ1i is a projection of jψi to the subspace of all states with
Sz= 1.� Density of total spin x–component� Density of total spin (spin density):
nS(x) = (n(x)
S2)=n(x).� Density of particles with spin down (spinDown density; ’polarization’):
n#(x) = (n(x)
P#)=n(x).
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