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Part I: Anti-levitation of Landau levels in vanishing 

magnetic fields (Pan et al, PRB (2016))

Part II: Collapse of spin splitting in the quantum Hall 

regime (Pan et al, PRB (2011))



part I outline

• Background

• Sample
– HIGFET (Heterojunction Insulated-Gate Field-Effect Transistor)

• Results
– Anti-levitation is observed at low Landau level fillings n=4,5,6.

– This observation is in good agreement with a recent theoretical 
prediction (C. Wang et al, PRB 89, 045314 (2014)).
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So ugly and yet so preciseSo ugly and yet so precise
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(source: www.nobelprize.org)



(by Kwon Park)
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Chern number never disappears by itself
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Floating of Landau levels in vanishing B field 
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Global phase diagram
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However, transition from insulator to high order quantum Hall 

states has been observed in experiments …

Insulator to N=4 transition

S.T. Lo, et al, C.-T. Liang, Solid State 

Commun. (2010) 
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non-floating behavior
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Anti-levitation of Landau levels
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Very large density range

~ 1x109 to ~ 7.5x1011 cm-2



Linear I-V at very low densities
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n = nh/eB n = ne/h × B

B = 500 mT
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Observation of anti-floating in vanishing B field
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part I conclusion

In a high-quality HIGFET, anti-levitation of Landau 

levels is observed in vanishing magnetic fields. 

This observation is in a good agreement with the 

theoretical prediction (C. Wang et al, PRB 2014).



part II outline
(Collapse of spin splitting in the quantum Hall regime)

• Background

• Sample
– HIGFET (Heterojunction Insulated-Gate Field-Effect Transistor)

• Result
– Landau level number N displays a power-law dependence on 2DEG 

density n, where the spin splitting collapses. 
• N = 11.47 × n0.64±0.01 (n is in units of 1011 cm−2).

– This power-law dependence is in good agreement with the theoretical 
prediction in the low-density regime.
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odd Landau level filling states –  ~ gmBB
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However, odd Landau level filling states –  >> gmBB

gmBB

Huang et al, Physica E 12 (2002) 424 – 427



g factor enhancement

Eex is the exchange parameter 

n↑, n↓ are the occupation factors of the spin levels.

n = 2 

n↑ = n↓

n = 3 

n↑ > n↓



disorder-induced destruction of 

exchange enhancement
Fogler and Shklovskii [PRB 52, 17366 (1995)]
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a second-order phase transition
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theoretical prediction

In high mobility GaAs/AlGaAs heterostructures: 

low density regime:  Nc  n2/3

Fogler and Shklovskii [PRB 52, 17366 (1995)]



previous experimental work
Wong, Jiang, Palm, and Schaff, PRB 55, R7343 (1997).

sample peak mobility < 106 cm2/Vs
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(theoretical prediction)
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part II conclusion

In a high-quality HIGFET, the Landau level number N 

follows a power-law dependence on the 2DEG electron 

density n, where the spin splitting collapses. 

N = 11.47 × n0.64±0.01

This power-law dependence is in a good agreement 

with the theoretical prediction in the low-density regime.
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