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Initial states rewrite quantum
dynamics

New formalism reveals how system-environment states shape non-Markovian
behawvior
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integro-ditferential
equations

Master equation complexity

The core mathematical challenge in modeling non-Markovian
guantum dynamics is converted into a solvable system via
transformation.

The research introduces a variational polaron master equation that
transforms intractable integro-differential equations into coupled
ordinary differential equations. This breakthrough enables efficient
computation of quantum system evolution under arbitrary
factorized initial states, especially in regimes beyond weak coupling
where traditional methods fail.
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Transformed initial states matter

The study demonstrates that transforming a factorized initial system-environment state into the
variational polaron frame introduces essential inhomogeneous terms. These terms are not artifacts—
they are fundamental to capturing accurate non-Markovian dynamics, especially in intermediate
coupling regimes where memory effects dominate. This shifts the focus from pure Hamiltonian design

to initial state engineering as a control mechanism.



Coherence and population

unify

For the first time, the framework allows simultaneous
treatment of both coherence and population dynamics
through general observables, even when they don't commute
with the polaron transformation. This removes a long-standing
barrier in open quantum system simulations. The ability to
compute non-commuting observables in real time suggests
new pathways for quantum control protocols in quantum
computing and quantum sensing.
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