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Needed approximations:

Weak coupling 

Born approximation

Markov approximation

Secular approximation
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1) Simple structure

3) Versatility:

adding coherence

memory effects

more that one bath

multi-partite system
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Collision models

2) No weak coupling, secular
approximation

Ciccarello, Francesco, et al. Physics Reports 954 (2022): 1-70.
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On-site energy
+ interaction between sites
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Random
arrival time

Guarnieri, et al.  Physical Review
A 106.2 (2022): 022209.

Campbell et al.  New Journal of
Physics 27.2 (2025): 023001.
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n repetitions

Only the generalised eigenvectors in the peripheral spectrum survive

Guarnieri, et al.  Physical Review
A 106.2 (2022): 022209.
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3) Characterisation of the thermodynamic cost
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What about TRANSPORT
PROPERTIES between two thermal

baths?

What happens when we scale up the system?

...

PROBLEM: Computational complexity is too high
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Number Vector Matrix Tensor

...

Basic elements

Basic operation: contraction

=
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TOTAL Hilbert space
RELEVANT PORTION of the

Hilbert space

This automatically limits entanglement growth across sites in the lattice → it is
possible to identify

The gain comes from the physics itself!

Typical Hamiltonian terms:

Schollwöck Annals of physics
326.1 (2011): 96-192.
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Collision models:

Problem: can  systems that exchange particles be characterised?

good description of the dynamics

successful at capturing energy
exchanges
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Standard Lindblad dynamics :
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Introducing an average lifetime for the auxiliary units attached to the
cluster:

S

Laineet al. Physical Review A—Atomic, Molecular, and
Optical Physics 81.6 (2010): 062115.
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Clustering collision modelsHeisenberg spin ring
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Dynamics and thermodynamics

TN version of the system

Dynamics of the cluster

Goal: fully characterising
energy exchanges 
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