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Multiple paths 
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Interference and dephasing  

Source Collector 

Nano junction φ 
2 

Source Collector 

Nano junction 

  
T

u
n

n
e

lli
n
g
 b

a
rr

ie
r 

  
T

u
n

n
e

lli
n
g
 b

a
rr

ie
r 

φ 

1 
φ 



  

Dresden – qctmbs17 - 13.02.2017 

Symmetric triple quantum dot 

Chemical potential 
 

Temperature 
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Spectrum of the TQD 
The single particle component of              is diagonalized  

by the angular momentum states    

The many-body states can be written in the basis     

               commutes with the operators   

By exploiting these symmetries 

we diagonalize analytically  

and obtain the eigenstates  

Symmetry protected degeneracies are 

associated to the group of the Hamiltonian    
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Spectrum of the TQD 

M. Niklas, A. Trottmann, AD, M. Grifoni, arXiv:1610.08447  
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Current stability diagram 
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AD, G. Begemann, and M. Grifoni, Nano Lett. 9, 2897 (2009) 
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Many-body tunnelling amplitudes 
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Dark state 

AD, G. Begemann and M. Grifoni  Phys. Rev. B, 82, 125451 (2010)  

is a dark state for the system: it suppresses transport.  

is the degenarate coupled state. It does not lift the blockade  

due to Coulomb interaction.   
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Dark states in the TQD 

Proof: 

The generic DS in a triple quantum dot 
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Dark states in a TQD 

The form of the dark states in the position basis   

The right coupled dot CAN be occupied. The DS is antisymmetric with respect to  
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Excited dark states 
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Excited dark states 

N=1 N=2 

Source transition 

Drain transition 

1x1 

2x3 

1x2 

N = 2 

Interference Blockade 

Three linear combinations of 2-particle excited states are coupled ONLY to the 

source: excited dark states. 

System 
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Reduced density matrix approach 

We use a master equation approach for the generalized reduced density 

matrix 

Counting field   

Number operator of the right lead   

Total density matrix  

A truncation to the second order in the            yields the generalized master 

equation  

Liouvillean R-increasing  

jump  

superoperator 

R-decreasing  

jump  

superoperator 
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Reduced density matrix approach 

The stationary current and the zero frequency noise can be written as  

Where  

Stationary limit  

of the first moment  

Fano factor 

It is sufficient to solve the set of coupled equations  
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Transport statistics 

Fano factor 

1 

Independent  

Tunnelling  

events 

Poissonian noise 

Bunching  

Super-poissonian  

noise 

Anti-bunching  

Sub-poissonian  

noise 
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Fano stability diagram 

M. Niklas, A. Trottmann, AD, and M. Grifoni, arXiv:1610.08447  
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Fano stability diagram 

M. Niklas, A. Trottmann, AD, and M. Grifoni, arXiv:1610.08447  
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Blockade mechanisms 

Coulomb  

blockade 

Channel  

blockade 

Interference   

blockade 

In both cases a two effective  

channels model provides the 

Fano factor  

M. Niklas, A. Trottmann, AD, and M. Grifoni, arXiv:1610.08447  
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Different bunching mechanisms  

= 
? 

Assuming  

M. Niklas, A. Trottmann, AD, and M. Grifoni, arXiv:1610.08447  
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Dark state basis   

Fingerprints of interference  

Let us consider the                   resonance. For unidirectional transport with   

Angular momentum basis   

M. Niklas, A. Trottmann, AD, and M. Grifoni, arXiv:1610.08447  
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Interfernce + interaction 
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AD, G. Begemann, M. Grifoni, Phys. Rev. B 82, 125451 (2010)  
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Conclusions 

Interference does occur in the single-electron tunnelling regime  

when energetically equivalent paths involving degenerate 

states contribute to the dynamics 

 

Interference blockade of the current appears 

due to the existance of many-body dark states 

Fingerprints of the interference effects  are  

super-Poissonian Fano factors (e.g. F = 5/3) which 

indicate a characteristic bunching dynamics. 
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Thank you for your attention ! 

Particle number 

N N-1 N+1 

G
ra

n
d
 c

a
n
o
n
ic

a
l 
e
n
e
rg

y
 



  

Dresden – qctmbs17 - 13.02.2017 

Interference dynamics  
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Robustness 
We tested the robustness of the interference effects on the               transition 

against the perturbation  

and kept                         to neglect modification of the tunnelling Liouvillean 


