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RHall = h / (e2 ν)

Filling factor ν = ns/nΦ
nΦ = eB/h

nS ~ 1011 cm-2  ; μ ~ 106 cm2/VS
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Transport in the Quantum Hall regime

Semi-classical approach
Drift of cyclotron orbitals

Quantum approach
Edge states
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Grangier et al., EPL 1986

SUB-POISSONIAN SOURCE

Henny et al., Science 1999

EASY ? 

HARD ? 

INTERFERENCES

EASY  

Fabry-Pérot interferometer

HARD  (few μm, few mK, few  Tesla & few 105 €)

INTRINSIC LIMITATION : FINITE COHERENCE LENGTH
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Lϕ is limited by e-e interaction (Altshuler-Aronov-Khmelnitsky 1982)

T-1/3

From Quantronics group, Saclay
F. Pierre et al. (2004)

T-1/3

Diffusive metallic quasi 1D wire (6N Silver) Square network in GaAs/GaAlAs 2DEG
From Ferrier et al.  (2004)

~3 μm @ 25 mK

COHERENCE LENGTH Lϕ in diffusive wires

~ 25 μm @ 25 mK

Hansen et al (2001)

T-1

COHERENCE LENGTH Lϕ in quasi 1D ballistic wires

Lϕ is limited by the thermal charge fluctuations 
Lϕ -1~ kBT Re(dIA/dVA)

Seelig and Buttiker (2001)
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COHERENCE LENGTH in Chiral 1D Wire*
*Edge states of the IQHE

* Bird et al. (PRB 1994)

Thermal Smearing ?*
TS  always present for Fabry-Pérot type interferometer

OUTLINE

1. Measurement of Lϕ at filling factor 2

2. Dephasing due to Thermal noise in the neighboring edge state

3. (Theory & Comparison with experimental results )

4. Conclusion
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Optical Mach-Zehnder Interferometer

Amplitude : A ~ (T1T2)1/2. exp[i.k.Lup] + (R1R2)1/2 exp[i.k.Ldown]

IT ~ A2 ~ 1 + ν . cos [k. (Lup – Ldown)]   
Visibility : ν = (T1T2R1R2)1/2 / (T1T2+R1R2)
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Filling factor nsh/eB = 2 
B ~ 4 Tesla for nS = 2 10 11 cm-2
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*Note that the inner edge state, fully reflected by all the QPCs is not represented.

CNRS / LPN
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Our samples : up to 65 % visibility at 15 mK

2.8 μm

Ji et al. (Nature 2003) – Litvin et al. (PRB 2007) Record : Neder et al. Nature (2007) ~ 90 % @ 10 mK
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TEMPERATURE DEPENDENCE 
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Thermal Smearing

ΔL ~ 5 , 6 , 8 μm from Small to Large ?

Fits with Thermal Smearing give :
TS = 66, 56 , 41 mK

2.8 – 4 – 5.6 μm

Not compatible with 
the lithography precision !

vD ~ 5 104 ms-1
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PROOF FOR ABSENCE OF THERMAL SMEARING

Phase rigidity checked for the 3 studied samples !
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1- DETERMINATION OF Lϕ
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Lϕ = 22 μm at 20 mK

ν ~exp[- T / Tϕ(L)] =  exp[- 2L / Lϕ] Lϕ= 2LTϕ(L)/TB
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OUTLINE

1. Measurement of Lϕ at filling factor 2

2. Dephasing due to Thermal noise in the neighboring edge state

3. (Theory & Comparison with experimental results)

4. Conclusion

2- DECOHERENCE GENERATED BY THERMAL NOISE* 

U1(t)

δI2

Q1(t) , 

Q2(t) , U2(t)

δI2

* Seelig and Buttiker (PRB 2001)
WHITE NOISE           & GAUSSIAN NOISE
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Determination of the coupling : ϕ = 2π V2 / V0 (T0=1)

First coupling exp. in MZI (Neder et al. PRL 2006)
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ν α exp [-T / Tϕ] 

S22 = 2 x 4kBT RQ

4kBTϕ = eVϕ
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S22 = 2eRQ T0(1-T0) V2

ν α exp[-V2T0(1-T0) / Vϕ]  

δϕ2/2 = 2π2 δV2
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2
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EXPERIMENTAL PROOF
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Exponential decrease of the visibility : exp[-V2T0(1-T0)/Vϕ]

Non-Gaussian noise in  Neder et al. (2006)
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2

Gaussian approx : 
hΔν ~ 3 to 7 μeV < max(eV2,2kBT) 
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OUTLINE

1. Measurement of Lϕ at filling factor 2

2. Dephasing due to Thermal noise in the neighboring edge state

3. (Theory & Comparison with experimental results) 

4. Conclusion

generated by δI2

Seelig and Büttiker approach  ( 2001)

Δν ∼ τ−1

3- Why eV0 ~  4kBTϕ (which means hΔν α eV0 ) ?  

δϕ = e U1 τ 2π / h 

δϕ = 2π for eV0 ~ h τ-1

Finite frequency

V2

U1

Zero frequency

U1 ~ V2
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CONCLUSION

High visibility Mach-Zehnder Interferometer. Up to
65 % @ 15 mK on the Hall plateau at ν = 2
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Exponential decrease of ν with temperature 
Scaling with the sample size

Finite Lϕ arises from Johnson-Nyquist
Noise in the neighboring edge state

B change the coupling 
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