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Fractional quantum Hall system, ν = 2/3
Longitudinal Exact diagonalization (ED)

magnetoresistance [1] spectrum
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Quasicontinuum

Two competing ground states:
• polarized (↑↑)
• singlet (↑↓)

What are these ground states?

• many–body, highly cor-
related

• incompressible
isotropic liquid

Interpretation in terms of composite fermions
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Correlation functions

g(r) = 〈δ(ri−r j−r)〉

Example: ν = 2
(0,↑) and (0,↓)
filled electronic
Landau levels
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Particle–hole conjugate of the Laughlin state
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i

ciA| ji1〉⊗ | ji2〉⊗ | ji3〉⊗ | ji4〉 =

= 0.423556 | · · · • • · · · · • • ·〉
−0.423556 | • • · · · · • • · · · ·〉
+0.335551 | · · • · · • · · • · · •〉
−0.328373 | · · · • • · · · • · · •〉+ . . .
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Model

• rectangle + periodic
boundary conditions with
N ≈ 10 electrons

• lowest Landau level

• exact diagonalization

Yoshioka, PRB 29, 6833 (1984)
Zhang, Chakraborty, PRB 30, 7320
(1984)
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︸ ︷︷ ︸

spatially varying
Zeeman

• (homogeneous) Zeeman term: shifts the two incompress-
ible ground states with respect to each other

• third term: magnetic inhomogeneity

Homogeneous systems

ν = 1
3 . . . . . . Laughlin state Correlation functions plotted
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• one el. sits in the corner

• g(~r) = conditional probabil-
ity to find another electron
at~r
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Filling factor 2
3

Singlet state (↑↓) Polarized state (↑↑)
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Spin singlet

Density–density correlation (spin–unresolved),
correction for finite–size counting

g∗(r) = 2
1

N↑(N↑−1)
g↑↑(r)+

1
N↑N↓

g↑↓(r)
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For Ne electrons: very good fit by

gν=1(r) = 1− exp(−r2/4`2
0) ,

i.e. the lowest Landau level filled by Ne/2 particles.

Interpretation

• Electrons form pairs
of unlike spin (r↑↓ ≈ 3.3`0)

• These pairs form
a ν = 1 state

Filling factor 2
5

Singlet state (↑↓) Polarized state (↑↑)
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Summary

• contrary to what could be (wrongly!) inferred
from CF picture: correlation functions of in-
compressible states at ν = 2

3 and 2
5 (νCF =±2)

differ strongly from each other and also from
ν = 2 systems

• the singlet state at ν = 2
3 consists of ↑− ↓ pairs

which together form a state resembling com-
pletely occupied lowest Landau level

• compared to the polarized state, the sin-
glet state (ν = 2

3 ) responds more sensibly to
changes of the aspect ratio

• the singlet state is much more rigid against in-
homogeneities. . .

• . . . but can be easily (spin) polarized by mag-
netic inhomogeneities

Inhomogeneous systems
Types of inhomogeneities What to expect
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A δ–line along y,

• non–magnetic: ∑i Bz(xi)

• magnetic: ∑i Bz(xi)σz
i
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Filling factor 2
3 : response to inhomogeneities

The polarized state The singlet state
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• ↑↑: ’incompressible’ response

• ↑↑: nearly independent on sys-
tem size

• ↑↓: much weaker response

• ↑↓: probably decaying with sys-
tem size

The singlet state
Density Polarization
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g. • density: weaker response than
for non-mag. impurity

• polarization: rather strong re-
sponse,

• . . . not decaying with system size
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Homogeneous systems in stretched elementary cell (a : b > 1)
Spin singlet (Sz = 0) Spin polarized (Sz = Ne/2)
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Aspect ratio

• incompressible states
respond weakly to
variation of a : b

• singlet state more sen-
sitive

• structures in correlation
functions remain pre-
served
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Correlation functions (spin singlet, g↑↓)
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