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Speed Limits: From Thermodynamics to Annealing

Luis Pedro García-Pintos

Los Alamos National Laboratory



Isolated Quantum Systems          vs   Open Quantum Systems

Quantum advantages over 
classical processes

Quantum advantages over 
classical processes

entanglement

coherence
coherence

entanglement
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Ideally: In practice:



Dynamics of a Realistic Quantum System: How do we usually solve it?

Today – alternative first-principles analysis:

general traits of dynamics from minimal assumptions

Insight? 3

Simulations   of   master equations

approximations 
(weak coupling, Markov)

memory constraints



I. Introduction: Quantum Speed Limits

II. Speed Limits on Observables

III. An application : Quantum Annealing
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Bounds to the speed of 
evolution of a quantum system

Quantum Speed Limits

Mandelstam-Tamm’s Uncertainty Relation:
limits to the speed of any physical process on isolated quantum systems

standard deviations

For isolated systems:

expectation value
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Quantum Speed Limits

For isolated systems:

Aim: speed limits on observables for open quantum systems

Lots of posterior work: 
speed limits on the state

of an open quantum system

Shortcoming: speed of observables 
can be very different!



I. Introduction: Quantum Speed Limits

II. Speed Limits on Observables

III. An application : Quantum Annealing



Classical system with ‘states’ 𝑗 that 
occur with probabilities 𝑝𝑗

(e.g., 𝑗 denotes a point in phase space)

The distribution                                            represents 
the state of the system

Classical Stochastic Systems

Dynamics:
Classical observable          

takes values  𝑎𝑗 for state 𝑗
(e.g., particle density, energy)



Classical speed limit on observables

Uncertainty relation bounds the speed 
of classical stochastic processes

Compare: quantum bound

(Classical) Fisher Information (~ measure of speed of  𝑝𝑗)

Classical Speed Limits
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Applications to stochastic 
thermodynamics:

heat flow     

entropy rates



coherent evolution

incoherent evolution
(dephasing, errors, environment)

coherent
“quantum”

incoherent
“classical”

(changes in probabilities)

Any open quantum system evolves following

density matrix

If

Classical stochastic dynamics If

‘Ideal’ isolated quantum dynamics

~ bound similarly to 
Mandelstam-Tamm 1945

~ bound similarly to Nat Phys 2020 
(classical speed limits)

Dynamics of Open Quantum Systems
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Speed Limits for Open Systems

coherent
“quantum”

incoherent
“classical”

Coherent Fisher Information

Incoherent Fisher Information
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Speed Limits for Open Systems

coherent
“quantum”

incoherent
“classical”
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Speed Limits for Open Systems

coherent
“quantum”

incoherent
“classical”

Coherent Fisher Information

Incoherent Fisher Information
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So, how are these bounds useful anyways?

Can they accurately reflect timescales of evolution?

Speed limits are saturated in a range of problems!
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Classical and quantum thermodynamics

Quantum-t0-classical transition

Evolutionary biology*

Quantum annealing*



I. Introduction: Quantum Speed Limits

II. Speed Limits on Observables

III. An application : Quantum Annealing
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Adiabatic quantum annealing

Annealing:

Adiabatic theorem: if the process is slow enough the system ends close to the target state

sufficient condition 
for annealing

But, annealing need not be adiabatic! How fast can it be?

aim:

if

Jansen, Ruskai, Seiler, “Bounds for the adiabatic approximation with applications to quantum computation”, J. Math. Phys. 2007
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Lower bounds on annealing times

How fast can annealing be?

Necessary conditions for annealing:

Defining

measure of coherence 
in eigenbasis of      
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Lower bounds on annealing times

How fast can annealing be?

Necessary conditions for annealing:



Summary

I. General framework to derive bounds on rates                  and when they are saturated

II. Speed limits reflect actual dynamics in a range of problems

III. Saturable lower bounds on annealing times

Luis Pedro García-Pintos

Los Alamos National Laboratory Thank you!
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