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Outline
• Introduction

• Quantum Hall effect (QHE)
• Fractional quantum Hall effect
• Charge density wave (CDW) in the QHE
• The second Landau level
• Hall bar and Corbino geometry

• Low frequency noise measurement
• Noise and transport measurement in the FQHE and CDW
• The second Landau level



Landau level (LL) for Schrödinger electrons:

Quantum Hall effect in  conventional 2DEG

ν = 1

Landau level filled when there 
is one electron per flux quanta: 

𝜙𝜙0 = ℎ/𝑒𝑒 (𝜙𝜙 = 𝐵𝐵. 𝑆𝑆) 𝜈𝜈 represents the filling factor: the 
number of filled Landau Level

𝐸𝐸𝑁𝑁 = ℏ𝜔𝜔𝐶𝐶 𝑛𝑛 +
1
2

𝜔𝜔𝐶𝐶 = 𝑒𝑒𝑒𝑒/𝑚𝑚



Fractional quantum Hall effect: 
the composite fermion picture

ν < 1



Composite Fermions
𝜈𝜈 = 1/2

Fractional quantum Hall effect: 
the composite fermion picture



Composite Fermions
𝜈𝜈 = 1/2

Fractional quantum Hall effect: 
the composite particle picture

= +

1 CF   = 1 𝑒𝑒− + 2 𝜙𝜙0



Composite Fermions
1𝑒𝑒− + 2 𝜙𝜙0

𝜈𝜈∗ = 1 ⇒ 𝜈𝜈 = 1/3

Fractional quantum Hall effect: 
the composite fermion picture

= +

1 CF   = 1 𝑒𝑒− + 2 𝜙𝜙0



𝜈𝜈 =
𝑝𝑝

2𝑚𝑚𝑚𝑚 ± 1
𝑚𝑚,𝑝𝑝 are integer

In general:

Fractional quantum Hall effect: 
the composite fermion picture

Composite Fermions
1𝑒𝑒− + 2 𝜙𝜙0

𝜈𝜈∗ = 2 ⇒ 𝜈𝜈 = 2/5

= +

1 CF   = 1 𝑒𝑒− + 2 𝜙𝜙0



Charge density wave at higher Landau Level

R. Côté, et al
PRB 68, 155327

Landau Level mixing:

𝜅𝜅 = 𝑒𝑒2/𝜖𝜖𝜖𝜖
ℏ𝜔𝜔𝐶𝐶

(𝑙𝑙 is the distance between electron
and 𝜔𝜔𝐶𝐶 = 𝑒𝑒𝑒𝑒/𝑚𝑚)

Ratio of the Coulomb interaction to 
the cyclotron energy

Charge density wave (CDW) measured in 
stripe and bubble phases

Stripe phase observed in anisotropy of 
transport 

Stripe phase
𝜈𝜈∗ = 1/2

Bubble phase
𝜈𝜈∗ = 1/4 & 3/4



The second Landau Level: competition between phases

RIQHE

7/3

8/3

FQH state 5/2



Hall Bar vs Corbino

• Acces to 𝜎𝜎𝑥𝑥𝑥𝑥 without aspect ratio 
factor

• Bulk measurement, edges states 
don’t participate to transport.

𝑉𝑉 =
𝐼𝐼

2𝜋𝜋𝜎𝜎𝑥𝑥𝑥𝑥
ln
𝑟𝑟0
𝑟𝑟1

2DEG

Ohmic contacts

𝑟𝑟0

𝑟𝑟1

𝜎𝜎𝑥𝑥𝑥𝑥 = 𝜌𝜌𝑥𝑥𝑥𝑥
𝜌𝜌𝑥𝑥𝑥𝑥2 +𝜌𝜌𝑥𝑥𝑥𝑥2

𝜎𝜎𝑥𝑥𝑥𝑥 = 𝜌𝜌𝑥𝑥𝑥𝑥
𝜌𝜌𝑥𝑥𝑥𝑥2 +𝜌𝜌𝑥𝑥𝑥𝑥2

Access to 𝑅𝑅𝑥𝑥𝑥𝑥 𝑎𝑎𝑎𝑎𝑎𝑎 𝑅𝑅𝑥𝑥𝑥𝑥 = 𝑅𝑅𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻

Giving access to conductivities:



Quantum Hall effect in Corbino geometry

B.A Schmidt, K. Bennaceur, S. Bilodeau, G. Gervais, L. N. Pfeiffer, K. W. West, Solid state Comm 217 (2015) 

2DEG

Ohmic contacts

𝑟𝑟0

𝑟𝑟1

N=1  SLLN=2  TLL



Noise and transport measurements in Corbino

3 Corbinos in a  sample with 
distance between contact:
∆R1=550 µm
∆R2=40 µm
∆R3=100 µm Base T= 7mK

Electron T~15-20mK



Current noise

𝑆𝑆𝐼𝐼(𝜔𝜔) = 𝛿𝛿𝛿𝛿 𝜔𝜔 2 = 𝛿𝛿𝛿𝛿 𝜔𝜔 2
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 +

𝛿𝛿𝛿𝛿 𝜔𝜔 2
𝑎𝑎𝑎𝑎𝑎𝑎

𝑍𝑍 𝜔𝜔 + 𝑅𝑅𝑎𝑎𝑎𝑎𝑎𝑎
2 + 𝛿𝛿𝛿𝛿 𝜔𝜔 2

amp

𝛿𝛿𝐼𝐼2 ≈ 335 ⁄𝑓𝑓𝑓𝑓 𝐻𝐻𝐻𝐻

𝛿𝛿𝑉𝑉2 ≈ 2.6 ⁄𝑛𝑛𝑉𝑉 𝐻𝐻𝐻𝐻

Ampli NF, gain 1e7

𝑍𝑍(𝜔𝜔) = 𝑅𝑅𝑒𝑒𝑒𝑒𝑒//𝐶𝐶𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐



Noise in Crystal phase

𝜈𝜈 = 5 𝜈𝜈 = 4𝜈𝜈 = 6

1/4

1/2

3/4
1/4

1/2

3/4

1/2 = stripe phase
1/4 = bubble phase

𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 40 𝜇𝜇𝜇𝜇



𝜈𝜈 = 5 𝜈𝜈 = 4𝜈𝜈 = 6

1/4

1/2

3/4 1/4

1/2

3/4

Noise in Crystal phase

1/2 = stripe phase
1/4 = bubble phase

𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 220 𝜇𝜇𝜇𝜇

𝑉𝑉𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 40 𝜇𝜇𝜇𝜇



Transport and noise in the second Landau level

𝜈𝜈 = 5/2

𝜈𝜈 = 7/3
𝜈𝜈 = 8/3

RIQHE ?



Non linear transport in the second Landau level

𝜈𝜈 = 5/2
𝜈𝜈 = 7/3

𝜈𝜈 = 8/3

RIQHE

Differential conductance ( ⁄𝜕𝜕𝜕𝜕 𝜕𝜕𝑉𝑉)

?

𝜎𝜎(
𝑒𝑒2

ℎ )



Differential conductance ( ⁄𝜕𝜕𝜕𝜕 𝜕𝜕𝑉𝑉)

Non linear transport in the 5/2 state

𝜈𝜈 = 5/2



Differential conductance ( ⁄𝜕𝜕𝜕𝜕 𝜕𝜕𝑉𝑉)

𝜈𝜈 = 5/2

Non linear transport in the 5/2 state



Differential conductance ( ⁄𝜕𝜕𝜕𝜕 𝜕𝜕𝑉𝑉)

Non linear transport in the 5/2 state

𝜈𝜈 = 5/2



Non linear transport in the 5/2 state
Differential conductance ( ⁄𝜕𝜕𝜕𝜕 𝜕𝜕𝑉𝑉)

𝜈𝜈 = 5/2



Noise in the 5/2 state



Noise in the 5/2 state



Noise in the 5/2 state



Summary 

F~100F~1 F~-200

F~-100F~-50

𝜈𝜈 = 5
𝜈𝜈 = 4

𝜈𝜈 = 7/2
𝜈𝜈 = 5/2𝜈𝜈 = 8/3 𝜈𝜈 = 7/3

𝜈𝜈 = 3

CDW CDW and FQHCDW and FQH

N=1N=2F=fano factor

Stripe phase

RIQHE
Hopping
Noise

Avalanche
Noise



Conclusion

• First differential conductance and noise measured in FQHE in Corbino 
geometry

• crystal phases have a special signature in noise
• Evidence that there is a cohabitation between crystal phases and 

fractional phases in the SLL from the differential conductance and 
noise measurements

Thank you for your attention!



Second Landau level at different temperatures

20mK 𝛿𝛿𝐼𝐼2
𝜎𝜎



Second Landau level at different temperatures

20mK
30mK 𝛿𝛿𝐼𝐼2

𝜎𝜎



Second Landau level at different temperatures

20mK
30mK
75mK

𝛿𝛿𝐼𝐼2
𝜎𝜎
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