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Decoherence in quantum active particles:
towards classical active particles?

How to define
active matter (well 
studied in classical 
systems) in a 
quantum system?

? In a quantum system,
ü Obtain similar results 

with a previous research 
in a classical system

ü Observe unique features

!
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Our “Quantum active matter”
1. System without energy
      nor momentum conservation
2. Particle moves depending on
      its internal state

Systems w/o energy conservation

Momentum conserved Momentum not conserved

Classical Dissipative system Active matter

Quantum Non-Hermitian physics Quantum active matter

Ordinary

Active

New research field
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ØUsing non-unitary quantum walks…

(a)&(b): Ordinary 𝑔 = 0 ,
(c)&(d): Active 𝑔 = 1

Under effective harmonic potential

🤔 Classical limit?
ØNumerically introduce 

decoherence in the form 
of

𝜌!"# = 1 − 𝑝 𝑈𝜌𝑈$

                  +𝑝	diag 𝑈𝜌𝑈$
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