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Introduction 1/3 – N/SC interface

• This mechanism is 
called Andreev 
reflection



Introduction 2/3 – Magnetic fields

Parabolic dispersion

𝜔𝑐 = 𝑞𝐵/𝑚∗



Introduction 3/3 – SC/QH

What happens here?



Transport of charge in QH/SC interfaces

normal reflections

Sample boundary

Superconductor

Insulating bulk

Tunnel into vortex statesback-scattering
 protection

End of intro



Device and experimental setup

Cr/Au (1/90 nm)
normal contacts

graphite back-gate
 ~5-10 nm

MoRe 
superconducting strip

hBN flakes

SC/QH interfaces

1.5 MHz 
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• The quantity of interest is the noise spectral density of the amplifier, 𝑆
• Length of the interfaces: 1 µm

Interfaces, edge states, and amplifier



Temperature calibration

• The linear relation between 𝑆 and 
𝑇𝑏𝑎𝑡ℎ serves as calibration

• For each 𝜈, 𝑆 𝑇

𝑉2 = ∫ 𝑑𝑓 4𝑘𝐵𝑇ℜ 𝑍 𝑓 = 4𝑘𝐵𝑇𝑅 ⋅ Δ𝑓
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Current bias 𝐼 effect on SC temperature at 𝝂 = 𝟐

• Applied power 𝑃 ∝ 𝐼2

• 𝑃𝑒 =
𝜋2𝑘𝐵

2

6ℎ
(𝑇2 − 𝑇𝑏𝑎𝑡ℎ

2 )  
WF law for a single channel



𝜈 = 2 & 𝜈 = 6

• 𝜈 = 6 hotter than 𝜈 = 2 
→no more cooling with 
more edge states

• 𝑃𝑒−𝑝 ∝ (𝑇5 − 𝑇𝑏𝑎𝑡ℎ
5 )

1. Overlap at low P;
2. Separation between 𝜈 = 2 & 𝜈 = 6 increasing with 𝑇5 Not clear why



Heat conduction
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Heat transport from bottom to top



Take home message s

• Metals in superconducting phase are not always thermal 
insulators, and they can conduct heat

• The heat conduction is due to overlapping vortices : tunnelling of 
quasiparticles between vortex cores
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