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• The RME interpolates between the local and global approaches and remains 
valid for moderate coupling with the baths.

• We identify different thermal machine behaviors such as heat engine and 
refrigerator by tuning the intercoupling parameter.

• Adding a self-interacting term brings new phenomena that are worth exploring 
in the purpose of designing quantum thermodynamics devices such as 
transistors.

• Our methods give access to the measurable bath transport spectrum.

• Accurate descriptions of quantum transport in junction connecting 
reservoirs is key for new quantum thermodynamic and directional 
devices (e.g., heat engines, batteries or transistors) [1].

• There exists a debate on which reduced approach should be preferred 
to study the junction dissipative dynamics [2].

• It has been suggested that systems with many-body interactions (e.g., 
self-interactions) may exhibit a quantum advantage regarding thermal 
machines [3].

• Dealing with both self-interaction         and strong system bath coupling             
eei is challenging.

• Our goals: 
• show that the Redfield Master Equation (RME) is the most suitable 

reduced approach
• Understand how the self-interactions affect the efficiency of the heat 

engine and how they induce non-reciprocal transport

We use the Hierarchy of 
Pure State (HOPS) method 
[4]:
• Quantum trajectories in 

the non-Markovian 
case;

• Numerically exact;
• Access to the system 

and environment d.o.f. 

2.1 Weak bath-system coupling 2.2 Strong bath-system 

coupling

 

3. Method

The fidelity is great, even for 
moderate coupling with the 

baths!

3.1 Non-interacting two-site junction 3.2 Self-interacting two-site junction

The self-interactions 
tunes the 

thermodynamics 
quantities!
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