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Quantum Hall Effect – the essentials 

• bulk is insulating (Rxx=0) 

• Rxy is quantized 
ℎ

𝑒2𝜈
 

• current runs along the edges in a chiral fashion 

• edges can have fractional conductance 



upstream neutral 
mode 

disorder and interactions 

Kane, Fisher & Polchinski, PRL 72, 4129-4132 (1994) 
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Edge structure in ν=2/3 

𝜎2𝑃 =  
4𝑒2
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MacDonald, PRL 64, 220-223 (1990) 



How can you  
measure  

neutral modes ? 



QPC – an electronic beam splitter 

shot noise = 2𝑒∗𝐼𝑡(1 − 𝑡) 
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Detection of neutral modes via noise 

zero net current 
but what about current fluctuations? 
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Detection of neutral modes via noise 

observable current fluctuations with zero net current 

Bid, Ofek, et al., Nature 466, 585-590 (2010) 
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Moving from QPC to QD 

Viola, Das, Grosfeld & Stern, PRL 109, 146801 (2012)  



Coulomb Blockade 
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The Neutral Mode Heats the QD 
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Neutral modes broaden the CB 

Venkatachalam et al, Nature Physics 8, 676-681 (2012) 

co
n
d
u
ct

a
n
ce

 

plunger voltage 

in
p
u
t’
s 

te
m

p
e
ra

tu
re

 [
m

K
] 

neutral voltage [µV] 

plunger voltage 

n
e
u
tr

a
l 
v
o
lt
a
g
e
 [

µ
V
] 



Linear dependence on Neutral voltage 

𝑉N = 𝑉N,DC + 𝑉N,AC cos 𝜔𝑡  

𝐼 ∝ 𝑉𝑁  

𝐼 ∝ 𝑉𝑁  

𝐼 ∝ 𝑉𝑁
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Takei & Rosenow, PRB 84, 235316 (2011) 

-10 -5 0 5 10
DC offset

 

 

1st harmonic 

-10 -5 0 5 10
DC offset

 

 

2nd harmonic 
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Neutral modes decay with temperature 

𝑇in = 𝑇MC + 𝛼𝑒
−

𝑇MC
𝑇0

2

 
Kane & Fisher, PRB 51, 13449-13466 (1995) 



Summary 

• quantum dots are good neutral mode detectors 

• impinging neutral modes on a QD heats its input  

thermo-electric current is created 

• theoretical predictions were verified via thermo-electric 

current 

• further work - 𝜈 = 5/2 

      - observation of unique energy levels 
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