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Motivation

• non-Abelian sates of matter
• Topological quantum computation
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Motivation
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Topological states
topological invariants = quantized physical quantities

Electrical Hall
conductance

fractional charge, anyonic statistic

Thermal Hall
conductance

non-Abelian state, ν = 5/2
degenerate ground state

Abelian non-Abelian

3D: fermions (-1) or bosons (1)
2D: anyons (𝑒𝑒𝑖𝑖𝜃𝜃)

=   topological quantum 
computation



ν = 5/2 background

Willett et al. PRL. 59, 1776–1779 (1987)

First observation

G. Moore, N. Read
Nucl. Phys. B 360, 362–396 (1991)

Nonabelions in the fractional 
quantum Hall effect

Dovel et al. Nature 452, 829–834 (2008) Radu et al. Science 320, 899–902 (2008) Bid et al. Nature 466, 585–590 (2010)

Quasiparticle charge e/4 Upstream-propagating neutral 
mode

Quasiparticle charge e/4

Abelian non-Abelian

integer half−integer

𝐾𝐾/κ0
𝐾𝐾 - thermal conductance

κ0 = 𝜋𝜋2𝑘𝑘𝐵𝐵
2 /(3ℎ)

𝑑𝑑𝐽𝐽𝑄𝑄/𝑑𝑑𝑑𝑑 = 𝐾𝐾𝐾𝐾

𝐽𝐽𝑄𝑄 - heat current

integer half-integer
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Device
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• GaAs/AlGaAs heterostructure
• 𝜇𝜇 = 20 × 106 𝑐𝑐𝑐𝑐2𝑉𝑉−1𝑠𝑠−1
• 𝑛𝑛 = 2.8 × 1011 𝑐𝑐𝑐𝑐−2

• 𝑇𝑇 < 50 𝑚𝑚𝑚𝑚



Experiment
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Continuous gate vs QPCν = 5/2, 7/3, 8/3 ν = 3, 4

Jezouin at al. Science 342, 601–604 (2013)



Heat model
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Jezouin at al. Science 342, 601–604 (2013)

• 𝐽𝐽𝑄𝑄- Joule power
• 𝐽𝐽𝑄𝑄𝑒𝑒−𝑝𝑝𝑝 - electron-phonon cooling
• 𝑛𝑛𝐽𝐽𝑄𝑄𝑒𝑒 - across n ballistic quantum channels

Heat balance:

𝑛𝑛 = 𝑛𝑛1 + 𝑛𝑛2

𝒏𝒏𝟐𝟐 = 𝟐𝟐

𝒏𝒏𝟏𝟏 = 𝟏𝟏



Heat model
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Jezouin at al. Science 342, 601–604 (2013)
Heat balance:

𝑛𝑛 = 𝑛𝑛1 + 𝑛𝑛2

Measere 𝑇𝑇Ω using
excess current noise spectral density

• 𝐽𝐽𝑄𝑄- Joule power
• 𝐽𝐽𝑄𝑄𝑒𝑒−𝑝𝑝𝑝 - electron-phonon cooling
• 𝑛𝑛𝐽𝐽𝑄𝑄𝑒𝑒 - across n ballistic quantum channels



Temperature measurements
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Jezouin at al. Science 342, 601–604 (2013)

𝑛𝑛 = 𝑛𝑛1 + 𝑛𝑛2

Heat balance:

Measere 𝑇𝑇Ω using
excess current noise spectral density



Single heat channel
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Jezouin at al. Science 342, 601–604 (2013)

𝑛𝑛 = 𝑛𝑛1 + 𝑛𝑛2

Heat balance:

Measere 𝑇𝑇Ω using
excess current noise spectral density



Conductance heat quantum
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Heat balance:

Measere 𝑇𝑇Ω using
excess current noise spectral density



ν = 5/2 heat conductance

increased equilibration length

Abelian non-Abelian



ν = 7/3, 8/3
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Above 30 mK
• phonon contribution
• non-equilibrated heat transport
• bulk transport, 𝑅𝑅𝑥𝑥𝑥𝑥 ≠ 0



Conclusion
• ν = 5/2 particle-hole Pfaffian liquid
• non Abelian state, 𝐾𝐾 fractional
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