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Several phenomena 
Hybrid SC quantum dot devices in the Coulomb Blockade regime show several 
transport phenomena: 
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A specific transport regime 

A few energy scales define the hybrid junction:  

Temperature 
Lead-dot  (bare) tunnelling rate 
Superconducting gap 
Charging energy  

Suppression of Andreev reflection 

Thermal excitation of quasiparticles 

Suppression of multiple quasiparticle tunnelling 
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Sequential tunnelling and cotunnelling processes  
suffice for the description of the system dynamics 

0.26  (1.2) meV 
15 meV 

0.1 meV 
24 – 1700 mK 



Motivation 

Nb 

Nb 

Cotunnelling lines are  
visible  at: 

 cotunnelling  

 cotunnelling  

is the set of excitation energies for the quantum dot with N particles 



Thermallly induced effects 

Standard sequential tun. 

Standard cotunnelling 

Therm. induced sequential tun. 

Therm. induced cotunnelling. 
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Cotunnelling processes 
Low temperature 
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High temperature 



Model 
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Single shell 
+ spin orbit  

and KK‘ mixing 

Constant  
interaction 

Gate shift 
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Quasiparticle  
excitations 

The gap equation  Bogolioubov – Valatin  
particle conserving transformation 



Transport calculation 
The dynamics is described by the generalized master equation  

Exemplarily, one elestic cotunnelling contribution to the evolution kernel reads:  



Theory vs. Experiment 



Conclusions and outlook 

• We report on new transport properties of a CNT contacted with two 
superconducting Nb leads.  

 

• Thermal replicas of the elastic and inelastic cotunnelling resonances are observed 
for a temperature above 600 mK (                ) :  i.e. an extra zero-bias peak and 
inelastic peak corresponding to the lower excitation energy. 

 

• We develope a generalized master equation for the reduced density matrix in the 
charge-conserved regime applicable to any intradot interaction and finite 
superconducting gap.   

 

• A model of the CNT with a low energy interacting spectrum gives remarkable 
agreement with the experimental results. 

 

• Further developments of the theory to include multiple Andreev reflections and 
supercurrent transport carried by Cooper pairs is envisaged. 

 

 

 


