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Most quantum technologies and protocols rely on the use of pure quantum states. One approach to increase the purity of a
quantum state is to apply purification protocols, which aim to reduce the entropy of an initially mixed state. Generally these
protocols rely on measurements and feedback in order to reduce entropy. Even though multiple protocols [1–4] and bounds
[5, 6] have been proposed for quantum state purification, the fundamental mechanisms underlying these processes have yet to
be uncovered. In this work, we identify two fundamental mechanisms underlying a purification process. The first, that we dub
classical purification, alters the probability distribution of the mixed state in order to reduce its entropy [2, 3]. A prime example
of a process solely using classical purification is the Maxwell’s demon experiment [7], where the demon sorts out high energy
gas particles from lower energy ones, thereby reducing the entropy of the gas. The second, that we dub quantum purification,
generates quantum indistinguishability between the quantum states which make up the mixture. This is as if the demon was to
superpose the gas particles making them partially indistinguishable rather than sorting them. This process decreases the entropy
of the gas solely using quantum purification. Concretely, we consider the purification of optical systems via a qubit (counterpart
of the demon) where we illustrate our ideas on experimentally viable processes such as the preparation of Schrödinger cats,
where both quantum and classical purification can be observed and SNAP [8] operations where solely quantum purification can
be observed. Finally, we provide a pathway towards quantum cooling processes where both the entropy and energy of a state is
lowered by generation of quantum indistinguishability.
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