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Overview

• The optimal unitary operator for probabilistic 
information erasure

• Examples: Maximally erasing a qubit with no a 
priori information

• Self-consistent Information erasure “beyond 
Landauer”



THE OPTIMAL UNITARY OPERATOR FOR 
PROBABILISTIC INFORMATION ERASURE



Information erasure as purification

Classical Physics Quantum Physics

Information erasure Many-to-one mapping on 
configuration space

Many-to-one mapping on 
Hilbert space

Landauer’s limit
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The physical setting



Maximising the probability of 
information erasure



Minimising the heat dissipation



Minimising the heat dissipation for 
maximal information erasure



Trade-off between probability of 
information erasure and heat dissipation 





Effect of energy conserving, Markovian 
dephasing



EXAMPLES: MAXIMALLY ERASING A 
QUBIT WITH NO A PRIORI 

INFORMATION



The set-up



Example 1: Reservoir as a spin chain



Example 2: Reservoir as d lowest 
energy levels of a single-mode 

harmonic oscillator of frequency ω



Comparison between two models: 
Unitary case



Comparison between two models: 
dephasing case



SELF-CONSISTENT INFORMATION 
ERASURE “BEYOND LANDAUER”



Change the conceptual framework



Object, auxiliary and reservoir



Object as subsystem of reservoir





Conclusions

• Determined the unitary operator that purifies an object with a desired 
probability, with the minimal consequent heat dissipation

• For a reservoir composed of  a harmonic oscillator, minimal heat 
dissipation of full qubit erasure is the thermal energy of the reservoir, 
achieved when the frequency becomes vanishingly small.

• For a reservoir composed of a spin chain of length N, can achieve the 
same probability of qubit erasure as with a harmonic oscillator, but with a 
smaller heat cost. 

• Harmonic oscillator most robust to dephasing when it is “like” a spin chain

• Enumerated two alterations to the set-up of information erasure so as to 
dissipate less heat than required by Landauer’s principle, but in such a way 
that we do not make a category error regarding heat and temperature. 
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