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[…] the fractional quantum Hall effect, and new 

interaction phenomena will be more important, not 

to mention that a microscopic picture of the 

quantum Hall effect for real devices […] is still 

missing.

--- Klaus von Klitzing, 2019

K. von Klitzing, Phys. Rev. Lett. 122, 200001 (2019)



Fractional quantum Hall effect – quasi-particles
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Laughlin (1983)  →  fractionally charged quasiparticles

ν = 1/3 ν = 1/3



Interferometry of quantum Hall states
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Quantum dots in the quantum Hall regime

3 > ν > 2
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Single particle spectrum
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Cyclic depopulation

Modified Coulomb oscillations
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Interaction and spin important



Idea

Van der Vaart et al.(1997),TU Delft;

Baer et al. (2014), ETH Zürich

Goal: (time-resolved) tunneling of fractional quasiparticles

Previous work: 

 large quantum dot → energy quantization

 Quantum dot as charge detector for 

charging processes in the dot itself                       

→ (time-resolved) detection of tunneling 

between Landau levels



Overview

Gate voltage and magnetic 

field dependence

Evolution for different 

filling factor ν = 2 to ν = 1

ν ≈ 2 ν ≈ 1.24

Interferometer:

open QD barriers

ν < 2/3

QD in fractional QH regime
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Quantum Hall states exist in the QD

Quantum Hall regime 2 > ν > 1:

two compressible regions separated by incompressible stripe



Forming a single quantum dot
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Magnetic field vs plunger gate

1.9 1.61.75
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Split Coulomb oscillations
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Split Coulomb oscillations

N. C. van der Vaart et al. Phys. Rev. B 55, 9746 (1997)
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Coulomb resonance



Split Coulomb oscillations
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Split Coulomb oscillations

N. C. van der Vaart et al. Phys. Rev. B 55, 9746 (1997)
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Split Coulomb oscillations

N. C. van der Vaart et al. Phys. Rev. B 55, 9746 (1997)
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Magnetotransport

N N-1

Total electron 

number

1.9 1.61.75
ν



Magnetotransport
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Magnetic field vs plunger gate
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Magnetic field vs plunger gate
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Charge stability diagram

Standard

double quantum dot

R. Hanson et al., Rev. Mod. Phys. 79, 1217 (2007)
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Charge stability diagram
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R. Hanson et al., Rev. Mod. Phys. 79, 1217 (2007)
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field dependence
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QD in fractional QH regime
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Evolution from ν = 2 to ν = 1



Overview

Gate voltage and magnetic 

field dependence

Evolution for different 

filling factor ν = 2 to ν = 1

ν ≈ 2 ν ≈ 1.24

Interferometer:

open QD barriers

ν < 2/3

QD in fractional QH regime



Quantum dot as an interferometer

νbulk = 2, νQPC ≈ 0 



Quantum dot as an interferometer

νbulk = 2, νQPC ≈ 1 

𝑡 =
𝑡𝐿𝑡𝑅

1 − (1 − 𝑡𝐿)(1 − 𝑡𝑅)

Expected classical transmission t 

through interferometer:

tL tR

Interference pattern around classically expected transmission

ν ≈ 1.9



Quantum dot as an interferometer

tL tR

νbulk = 2, νQPC ≈ 1 
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CoulombmixedAharanov-
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Adapted from B. I. Halperin et al., Phys. Rev. B 83, 155440 (2011)

Aharanov-Bohm interference mixed with Coulomb effects

ν ≈ 1.9



Interferometry: from ν = 2 to ν = 1

Charging of the inner QD changes interference 

ν = 2 ν = 1 

ν ≈ 2 ν ≈ 1.55 ν ≈ 1.24



Interferometry: comparison to QD

ν ≈ 2 ν ≈ 1.55 ν ≈ 1.24

ν ≈ 1.55 ν ≈ 1.24ν ≈ 2
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Integer Landau level tunneling - some remarks

 Time-resolved Landau level tunneling

→ counting statistics

 Additional charge detector:

→ different charging lines in CSD

ICD

 Influence of Spin ?

→ each tunneling event flips spin
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Quantum dot in the fractional QH regime
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Quantum dot in the fractional QH regime
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Modulated Coulomb peaks for ν < 2/3 

 No split Coulomb peaks in VPG

 Sawtooth pattern in B

 Coulomb peaks modulated 

similarly to integer QH regime

Non-trivial fractional QH state in the quantum dot

ν ≈ 0.55



Fractional quasi-particle charge?

𝜙∗

Magnetic field period suggests electron charge

𝒆∗

𝒆
=
𝜙0

𝜙∗ =
ℎ/𝑒

ℎ/𝑒∗
=

ℎ/𝑒

ΔB A

ΔB ≈ 11.8 mT
A = 0.36 µm2 (a = 600nm)

 Consistent with MacDonald 

edge state picture: 

A. H. MacDonald, Phys. Rev. Lett. 64, 220 (1990)

J. Nakamura et al., Nature Physics 15, 563 (2019)

A. Bid et al., Phys. Rev. Lett. 103, 236802 (2009)

 Previous results:

ν ≈ 0.55
ν = 2/3 
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Conclusion / Outlook Marc P. Röösli, marcro@phys.ethz.ch

Tunneling between Landau levels in the integer QH regime

 Evolution for different 

regimes

 Transition to 

interferometer

First observation of modulated Coulomb 

blockade in the fractional QH regime

Better understanding of fractional effectν < 2/3

ν ≈ 2

ν ≈ 1.9


