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Interferometers in quantum Hall edge channels



Electrons interact: dissipation / loss of coherence

Transfer QPC  QD: not all of the injected energy reaches QD, unknown loss mechanism



Electrons interact: dissipation / loss of coherence

RF injection: channels are dissipative, unknown mechanism



Introduction

• Experiment: energy resolved transfer along quantum Hall edge

• Distinct transfer processes show distinct signatures in energy landscape

• Theory: relate signatures to underlying physical processes by 
diagrammatic approach to identify relaxation mechanisms
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Non-interacting case

• Landauer-Büttiker result:
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Interactions in the reservoir region

• 2nd order diagrams

• One transmission event per quantum dot (neglecting reflections)

• Finite-ranged model interaction
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Inelastic current



Dressing interaction diagrams with tunneling 
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Dressing interaction diagrams with tunneling 

𝑅 𝑅

L/I/R

• 27 distinct relaxation processes

• For one transfer event per quantum dot, 3 processes contribute to triangles 
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Keldysh component of Green’s functions 
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Direct electron current
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Exchange diagrams

• Interference between direct and swap process:
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Inverted triangles

• Auger-like process?

2.

1.

3.

4.

adapted from T. Krähenmann, M. Röösli, T. Ihn, K. Ensslin, private communication
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Interactions between reservoir and source



• Simplified model: parallel channels

• additional distance d for interactions,

taken into account phenomenologically

Interactions between reservoir and source
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Inverted triangle electron current
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Inverted triangle hole current
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All contributions, including elastic current

• 2nd order interactions not sufficient to capture absence of elastic current

• Quantitative agreement requires taking into account: higher interaction orders, sample 
geometry, more channels, realistic interaction, non-zero temperature, interactions 
between channels and dots… 

+Γ ⋅ 10−3

+Γ ⋅ 10−2

+Γ ⋅ 10−1

±Γ ⋅ 10−4

−Γ ⋅ 10−1

−Γ ⋅ 10−2

−Γ ⋅ 10−3

𝐼𝐷𝐸𝑇



Direct evidence for Auger-like recombination

T. Krähenmann, SGF, M. Röösli, T. Ihn, C. Reichl, W. Wegscheider, K. Ensslin, Y. Gefen, Y. Meir, arXiv:1902.10065
𝜇Sens



Relevance for unexpected energy loss?

Le Sueur et al., PRL 105, 056803 (2010) Bocquillon et al., Nat Comm 4, 1839 (2013)



Conclusions

• Distinct contributions to measured current are captured by diagrammatic 
approach 

• Interactions between spatially separated parts of the sample confirmed as 
origin of inverted triangles

• 2nd order interactions not sufficient to qualitatively capture predominant 
absence of elastic current
 bosonization

• Quantitative agreement (currently?) out of reach


