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Flipping spin of a quasiparticle
? costs Zeeman energy
?may reduce the interaction         

(Coulomb) energy
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?lowest excitations contain spin flips not only for filling factor 1/3 but also 2/3, 2/5
theory:     more than one spin flip in a clean system (analogy of skyrmions at 1/3)
experiment: spin flips possible but not their number uncertain

?simplified model of disorder: single charged impurity displaced by d from 2DEG
single value of d can explain gap onsets at different filling factors
finite width of the 2DEG has to be considered
basic mechanism of gap collapse: comparing the magnetic length to some fixed  

 disorder-related length scale

remote ionized donors surface roughness
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Scarola et al., PRB ‘00
                [Phys. Rev. B 61, 13064 (2000)]

Pinczuk ‘01
     [Phys. Rev. Lett. 86, 2637 (2001)]

?repeat the measurement         
   at other el. densities
?...tuned by gate

?single electron density
?different excitation than  in transport

?ground state property
n?as filling factor varies from =1,1/3,...

Barrett, PRL ‘95
[Phys. Rev. Lett. 74, 5112 (1995)]

Khandelwal, PRL ‘98
[Phys. Rev. Lett. 81, 673 (1998)]

Jain ‘89 and later
  [Phys. Rev. Lett. 71, 153 (1993)]
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Several alternatives... Several alternatives...

General trend:
?as B decreases, 
   so does d/  or sl0 / and      l0 

finally the gap vanishes
but gaps at 2/3 and 2/5

   vanish at the same B

...
?
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Skyrmions (spin textures) - n = 1 or 1/3

Exact diagonalisation

?finite system
?N single-electron statesm 

?N  electronse
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large Zeeman energy

large interaction energy

only for Heisenberg ferromagnets (filling 1 or 1/3)

Sondhi et al., PRB ‘93
          [Phys. Rev. B 47, 16419 (1993)]

other possibilities:

e.g. torus (rectangle + PBC)

Yoshioka PRL ‘83
     [Phys. Rev. B 29, 6833 (1984)]

sphere

Haldane  PRL ‘83
     [Phys. Rev. Lett. 51, 605 (1983)]

magnetic length:

energy units:         
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Fig. 1

Filling factor 2: polarized and spin-singlet ground state

Idea: - zero resistance at n=2 and zero temperature T
         - magnetoexcitons occur at non-zero T
          - electron-hole distance ® ¥ = current flows
         - activated (non-zero) resistance determined
           by magnetoexcitons
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CF filling factor 2:  magnetoexcitons

What are these states microscopically?

Fig. 2

Fig. 3

But what about 2/5, 2/3...?
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Lowest E magnetoexciton:
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