
On memory effects and molecular switches
Susana F. Huelga (ZQB, ITP, Universität Ulm) 

1

Ulm University

Collaboration: Giovanni Spaventa and Martin Plenio – arXiv:2103.14534 

Zentrum für Bio- und Quantenwissenschaften (ZQB)



• Motivation: Light induced reactions in chemistry/biology
• Ultrashort recap on resource theories
• Application: Photo-isomers, optimal yield and memory
• Lessons/prospects
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Photosynthesis in plants, algae and bacteria
Radical pair formation (magnetic compass, 
bird navigation)
Retinal isomerization (vision)

Ligth induced radiations
in membrane proteins

Ultrafast processes
High quantum yield



Crystal structure of Rh 
(Protein Data Bank record 1U19, chain A)

All-trans retinal

Cys-retinal 

Isomerization
(stereoselective)

Yield is 67% versus a few percent (non selective) in solution

How does the protein environment steer this ultrafast single-product, high yield process? 
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Quantum
Heat Engine
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Colloquium: Quantum coherence as a resource
Alexander Streltsov, Gerardo Adesso, and Martin B. Plenio
Rev. Mod. Phys. 89, 041003 (2017)

Getting rid of specific dynamics: Quantum resource theories

Some states and/or operations

Canonical example: resource theory of entanglement

States and/or operations out 
of the free set can become resources
for non-free accessible tasks



Thermodynamics as a resource theory

Resource Theory of Quantum Thermodynamics: Thermal Operations and Second Laws
N. Ng and M. P. Woods, in Thermodynamics in the Quantum Regime. Fundamental Aspects and New Directions
Felix Binder, Luis A. Correa, Christian Gogolin, and Janet Anders Eds. Springer 2018
An introductory review of the resource theory approach to thermodynamics
Matteo Lostaglio,, Rep. Prog. Phys. 82, 114001 (2019)

Free access to thermal baths

Trace out subsystems

Implement global energy-conserving unitaries

TO

Thermal operation (TO)

On quasiclassical states, action of TO characterized by a Gibbs stochastic matrix



Thermomajorization curves

Thermomajorization:

M. Horodecki and J. Oppenheim, Nat.Comm. 4, 2059 (2013)
F.G.L.S. Brandao et al, PNAS 112, 3275 (2015) 







TO1 TO2 TO3

Concatenation of thermal operations: Photoexcitation, rotation, thermalization



Non-Markovianity boosts the efficiency of bio-molecular switches, arXiv2103.14534

Optimal yield achievable under thermal operations

=

Next step: Optimal yield cannot be achieved without memory



From operations to processes:

Adopted notion of Markovianity relies on divisibility (Rivas et al PRL 2010)
Definition of MTO uses concept of infinitely divisible process (Wolf and 
Cirac, Comm.Math.Phys. 2008)



K. Korzekwa and M. Lostaglio, Quantum advantage in simulating stochastic processes, arXiv:2005.02403 V1

Equivalent classification on Gibbs stochastic matrices







M. Mewly et al, Struct. Dyn. 4, 061707 (2017)

Experimental results
Cerullo et al., Nature 467, 440 (2010)
Nogly et al., Science 361, 145 (2018)
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Conclusions/Prospects/Open questions

Giovanni Spaventa, SH and Martin Plenio
Non-Markovianity boosts the efficiency of bio-molecular switches, arXiv2103.14534

• Resource theories (continuum formulation) can be useful to bound the 
capabilities of classes of processes

• Design of artificial systems with enhanced capabilities
• Sources of memory. Coherence revisited.
• Beyond thermal operations: phase-covariance is removed. Trade off 

between NPC and Memory effects


