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Electron optics: the Mach-Zehnder interferometer

P. Roulleau et al. Phys. Rev. Lett. 100, 126802 (2008)
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Interferences with single electrons: electronic HOM
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S. Ol’khovskaya et al., PRL 101, 166802 (2008)



The electronic HOM dip
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A. Marguerite et al., PRB 94, 115311 (2016).

E. Bocquillon et al., Science 339, 1054 (2013).



Electron quantum optics: 
first order coherence of Fermion field
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C. Grenier et al., New J. Phys. 13, 093007 (2011)

G. Haack et al., Phys. Rev. B 84, 081303 (2011). 
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• single electron state

•Hong-Ou-Mandel interferometer:

Δ𝑁2 = Δ𝑁𝑐𝑙𝑎𝑠𝑠
2 −4𝑒2𝑓 𝐷(1 − 𝐷) 𝑑𝑡𝑑𝑡′Δ𝐺1

1
𝑡, 𝑡′ Δ𝐺2

1
(𝑡′, 𝑡)

Classical random

partitioning

Generalized overlap between sources-sign for fermions
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Bosonic representation

a.c. regime

Bosonic field 𝜙(𝑥, 𝑡) related to charge density: 

Without interactions, the propagation speed is the fermi velocity (drift velocity)

: Ψ+ 𝑥, 𝑡 Ψ 𝑥, 𝑡 ≔ 𝜌 𝑥, 𝑡 =
1

2𝜋
𝜕𝑥𝜙

𝜔

𝜙𝜔,𝑖 𝑥, 𝑡 = 𝐴𝑖𝑒
𝑖𝜔(

𝑥
𝑣𝐷

−𝑡)

charge density waves,

edge magnetoplasmons
𝜌𝜔,𝑖 𝑥, 𝑡 = 𝜌0,𝑖𝑒

𝑖𝜔(
𝑥
𝑣−𝑡)



Coulomb interaction
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Interactions: the n=2 case

Short range interaction: )()(),( 1 yxCyxV ijij   
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Bosonic representation: chiral Lüttinger liquid



Spin-charge separation at filling factor n=2
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𝐻 = ℏ

𝑖,𝑗

න𝑑𝑥 𝜕𝑥𝜙𝑖 𝑣𝑖𝑗 𝜕𝑥𝜙𝑗
Velocity matrix renormalized by interactions

𝑣𝑖𝑗= 𝑣𝐷𝛿𝑖𝑗 + (𝐶−1) 𝑖𝑗
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Charge mode propagation

N. Kumada et al., Phys. Rev. B 84, 045314 (2011)
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In the "frequency domain": charge oscillations

• Sine wave induced in outer edge channel

Interchannel coupling in the frequency domain



In the "frequency domain": charge oscillations

• Sine wave induced in outer edge channel

• Phase shift between both modes:

Interchannel coupling in the frequency domain



After propagation

length l
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Interchannel coupling in the frequency domain
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Time domain : electron fractionalization E. Berg et al., Phys. Rev. Lett.  102, 236402 (2009)

Electron fractionalization and decoherence/relaxation

Emitted state After interaction

relaxation

e/h pairs

Energy domain: electron relaxation 

After strong interaction

D

P. Degiovanni et al., Phys. Rev. B 80, 241307R (2009) 
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Decoherence in Wigner representation
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D. Ferraro et al., Phys. Rev. Lett. 113 166403  (2014) 
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Charge fractionalization and decoherence
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Short range interaction

C. Wahl et al., Phys. Rev. Lett. 112, 
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Conclusion

• control of electronic coherence/decoherence
see presentation of Benjamin Roussel

• Charge fractionalization in counter-propagating edge channels (non-chiral 
Lüttinger liquid)

• Visualization of single electron/hole states using HOM interferometry
poster of Pascal Degiovanni

A. Marguerite et al arXiv:1710.11181 (2017).

C. Grenier, et al., New J. Phys. 13, 093007 (2011)

T. Jullien et al., Nature 514, 603–607 (2014)

H. Kamata et al., Nat. Nanotechnol. 9, 177 (2014)

C. Cabart et al., PRB 98, 155302 (2018)


