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Quantum Hall edge physics 
‣ The quantum Hall edge and counter-propagating modes 
‣ Charge conductance insufficient to probe topological order 

Thermal conductance of FQH edges 
‣ Tool to identify edge structures 
‣ What is the thermal conductance and how to measure it? 
‣ How to model? 

Recent experiment and theory 
‣ Experiment at fillings , , ,   
‣ Theoretical modelling of four-point thermal conductance  
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All states are compatible with G = 5e2/(2h)
but differ in their edge structures!
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‣  is known from injected current P IS
‣ Measure  from thermal noise TΩ, T0 SI
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Quantifying bulk contribution



JL
Q

T T0JR
Q

L

C. Nosiglia et al.: Phys. Rev. B 98, 115408 (2018); J. Park et al.: Phys. Rev. B 99, 161302 (2019) 
C. Spånslätt et al.: Phys. Rev. Lett. 123, 137701 (2019) ; J. Park, C. Spånslätt et al.: Phys. Rev. Lett. 125, 157702 (2020) 
C. Spånslätt et al.: Phys. Rev. B 104, 115416 (2021);M. Hein and C. Spånslätt: Phys. Rev. B 107 245401 (2023)

‣ Generic, incoherent circuit model for charge/heat currents, voltages, noise,… 
‣ Characteristic thermal equilibration length , from LL physics 
‣ Generally non-universal due to interactions, disorder

ℓQ ∼ a/gQ ∼ Tα

Theoretical model of equilibration
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Increasing thermal equilibration
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nd + nu ≥ GQ/(κ0T) ≥ |nd − nu |

Increasing thermal equilibration

L ≪ ℓQ L ≫ ℓQ

GQ/(κ0T) = nd

What to expect?
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R. Kumar, S. K. Srivastav, C. Spånslätt et al.: Nat. Commun. 13, 1 (2022)

Experiment in graphene
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ν = 1/3

ν = 2/3

ν = 2/5

ν = 3/5

Full temperature crossover
R. Kumar, S. K. Srivastav, C. Spånslätt et al.: Nat. Commun. 13, 1 (2022)
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What if the full 
crossover cannot 

be accessed?

19



R. A. Melcer et al.: Nat. Phys. 19, 327 (2023) 
R. A. Melcer et al.: Nature 625, 489 (2024) 
A. K. Paul et al.: Phys. Rev. Lett. 133, 076601 (2024)

Four-point measurement

‣ Us and ds conductances were separated at 
: equilibration effects cancel         

     

‣ Generalization to  could unambiguously 
determine the topological order as   

ν = 2/3
GQ

H = GQ
ds − GQ

us ≈ 0

ν = 5/2

GQ
H = (c − c̄)κ0T
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Q

T

Equilibration drops out!
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Distinguishes non-Abelian candidates!
R. A. Melcer et al.: Nat. Phys. 19, 327 (2023) 
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δν = 1
δν = 1

δν = 1/2
γ

Pfaffian GQ
H /(κ0T) = 7/2

δν = 1
δν = 1

δν = 1/2
γ

Particle-hole Pfaffian GQ
H /(κ0T) = 5/2

δν = 1

δν = 1
δν = 1/2

γ

δν = 1

Anti-Pfaffian GQ
H /(κ0T) = 3/2

Puzzle: Not consistent with numerical work!
Disorder, Landau level mixing?
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‣ The FQH edge is a fantastic platform for strongly correlated 

and topological transport
‣ Thermal conductance pin-points generic edge structures
‣ Thermal equilibration may alter the two-point thermal 

conductance 
‣ Four-point measurements can be made independent of 

equilibration

‣ Known edge structure: we can start classifying anyons

‣ Applications to fractional Chern insulators?

Outlook:

S. K. Srivastav et al.: Nat. Commun. 13, 1 (2022)
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Thank you!

https://sites.google.com/view/christianspanslatt
christian.spanslatt@kau.se

Theory: Yuval Gefen, Alexander Mirlin, Jinhong Park, Michael Hein 
Experiment: Saurabh Srivastav, Ravi Kumar, Anindya Das 

      Ron Melcer, Bivas Dutta,  
Materials: Kenji Watanabe, Takashi Taniguchi, Vladimir Umansky

This project has received funding from the European Union's Horizon 2020 research and 

innovation programme under grant agreement No 101031655 (TEAPOT).
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In,j+1 = In,j − ∑m=1
N Iτ

n,m,j,

Jn,j+1 = Jn,j − ∑m=1
N Jτ

n,m,j .

Iτ
n,m,j = gn,m

e2

h (Vn,j − Vm,j)

Jτ
n,m,j = gn,m

e2

2h (V2
n,j − V2

m,j) + γn,mgn,m
k2

Bπ2

6h (T2
n,j − T2

m,j)

S G

V1,jT1,j

V2,jT2,j

Vn,jTn,j

ν1 > ν2

ν2

Details of edge model

‣ Circuit type of model: charge currents, voltages, noise,… 
‣ Characteristic thermal equilibration length  
‣ Non universal: interactions, disorder strength, temperature 

ℓQ ∼ a/gQ ∼ Tα
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T

Four-point thermal conductance: 
proof
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Edge structures similar to 1/3 or 2/3

Complementary experiment at higher fillings
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BUT, charge transport is quantized!

G
e2/h

= ν

Big difference in charge 

and heat equilibration!

ℓC ≪ L ≪ ℓQ

Complementary experiment at higher fillings


