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Transport experiments and signal-to-noise ratio

Bad signal-to-noise ratio Good (better) signal-to-noise ratio

Wadhia et al., arXiv:2502.00096 Ares lab, Oxford

Model for an open quantum system



Signal-to-noise ratio (SNR) in quantum systems

Bartolomei et al., Science 368 (2020), Fève lab, Paris
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Signal-to-noise ratio (SNR) in quantum systems

Meier et al., Nat. Phys. (2025) Wadhia et al., arXiv:2502.00096 Ares lab, Oxford

Macklin  et al., Science 350  (2015), Siddiqi Lab, Berkeley Bartolomei et al., Science 368 (2020), Fève lab, Paris

A Josephson junction parametric amplifier

Quantum clocks, quantum metrology Detection of anyons through their 
fractional statistics

Quantum batteries

Quantum thermal 
machines

Quantum state 
tomography



Uncertainty relations for signal-to-noise ratio

• General fluctuation-dissipation inequality

Dechant, Sasa, J. Stat. Mech. 063209 (2018)
Dechant, Sasa, PNAS 117, 6430 (2020)
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• Kinetic Uncertainty Relations (KUR) -> bound as a function of «dynamical activity»

Terlizzi, Baiesi, J. Phys. A 52, 02LT03 (2018)

What is activity ? We need to assess the dynamics of open quantum systems.

Barato, Seifert, Phys. Rev. Lett. 114, 158101 (2015)
Gingrich et al., Phys. Rev. Lett. 116, 120601 (2016)

Review: Horowitz, Gingrich, Nat. Phys. 16, 15 (2019)
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Generic open quantum system

Particle current:

Energy current:

Noise:

Exact approach 
Heisenberg equations

Theoretical frameworks for assessing the dynamics of open quantum systems
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Exact approach 
Heisenberg equations

Theoretical frameworks for assessing the dynamics of open quantum systems

Weak-coupling limit
Master equation approach

Steady state
Landauer-Büttiker approach

Blasi, Khandelwal, Haack, Phys. Rev. Res. 6 (2024)



Blasi, Khandelwal, Haack, Phys. Rev. Res. 6 (2024)

Theoretical frameworks for assessing the dynamics of open quantum systems



Blasi, Khandelwal, Haack, Phys. Rev. Res. 6 (2024)

Exact expressions (Heisenberg equations) for the noise at all times for paradigmatic (and simple) open quantum systems

Theoretical frameworks for assessing the dynamics of open quantum systems
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Activity = Total rate of jumps
Only defined within the master equation approach,

e.g. at weak coupling

• Thermodynamic Uncertainty Relations (TUR)

• Kinetic Uncertainty Relations (KUR) 

• Upper bound for the Signal-to-Noise Ratio (SNR)

Uncertainty relations for signal-to-noise ratio



When the notion of quantum jumps is challenged …

Breakdown of the master 
equation approach

• What is the activity beyond the weak-coupling regime ?

• Can we define KUR-type relations in the strong coupling regime ?



Outline for the rest of this talk

1. Generalized definition of activity

❖ valid at arbitrary coupling strength
❖ beyond master equation approach
❖ Explicit expressions in the steady-state regime

2. Quantum KUR valid at arbitrary coupling strengths

3. Paradigmatic examples

❖ Double quantum dot
❖ Quantum point contact in a two-terminal device

 



Generalized activity valid at arbitrary coupling strength

Generic open quantum system

Generalized activity corresponds to the zero-frequency component of spectrum of exchange rate fluctuations.

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)



Generalized activity valid at arbitrary coupling strength

Generic open quantum system

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)

Generalized activity corresponds to the zero-frequency component of spectrum of exchange rate fluctuations.

How did we arrive to this definition ? Where does it come from ?



Interlude : derivation of the definition of the generalized activity (via identification)

• Start from the model of a single-level quantum dot

• Compute the exact expression of the noise from Heisenberg equations

❖ Hamiltonian

❖ Heisenberg equations

Solvable

Blasi, Khandelwal, Haack, Phys. Rev. Res. 6 (2024)
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New definition: Generalized activity

Generic open quantum system

Blasi, Khandelwal, Haack, Phys. Rev. Res. 6 (2024)

• This result could not have been derived without the analytical results we got for the noise.

• Benchmark:  

Exchange-rate fluctuations Rate of jumps

Strong-coupling Weak-coupling

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)

Generalized activity corresponds to the zero-frequency component of spectrum of exchange rate fluctuations.



Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)

• Explicit expressions in the steady-state regime

• Using Green function’s approach and scattering-matrix approach: Valid for quadratic Hamiltonians

New definition: Generalized activity



Definitions

(Green functions 
formalism)

Crepieux, Duong, Lavagna, J. of Physics:
Condensed Matter 37, 075302 (2024). 

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)

• Explicit expressions in the steady-state regime

• Using Green function’s approach and scattering-matrix approach: Valid for quadratic Hamiltonians

New definition: Generalized activity
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In terms of scattering amplitudes

Fisher, Lee, Phys. Rev. B 23 (1981)

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)
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• We can distinguish different types of contributions, similar to the contributions to the noise.

Shot partThermal part

One reservoir Two reservoirs

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)

• Explicit expressions in the steady-state regime

• Using Green function’s approach and scattering-matrix approach: Valid for quadratic Hamiltonians

New definition: Generalized activity



Outline for the rest of this talk

1. Generalized definition of activity

❖ valid at arbitrary coupling strength
❖ beyond master equation approach
❖ Explicit expressions in the steady-state regime

2. Quantum KUR valid at arbitrary coupling strengths

3. Paradigmatic examples

❖ Double quantum dot
❖ Quantum point contact in a two-terminal device

 

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)



Weak coupling Strong coupling

with

Quantum Kinetic Uncertainty Relations

Single level Quantum Dot
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Weak coupling Strong coupling

with

Quantum Kinetic Uncertainty Relations

Single level Quantum Dot

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)

Conclusion: The generalized activity is not a good bound.

Can we find a valid bound at strong coupling ?



with

Quantum Kinetic Uncertainty Relations

Single level Quantum Dot

NEW BOUND

Weak coupling Strong couplingProof in the paper
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Quantum Kinetic Uncertainty Relations

NEW BOUND

Proof in the paper

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)

Remark: the KUR bound recently derived by Splettstoesser’s 
group corresponds to our bound under equilibrium conditions.

Palmqvist et al., Phys. Rev. Lett. 135 (2025)
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with

Quantum Kinetic Uncertainty Relations

NEW BOUND

Proof in the paper

Strong coupling

Quantum Point Contact
Vg

• QKUR tight far from equilibrium
• QTUR tight close to equilibrium

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)



Quantum Kinetic Uncertainty Relations

Double quantum dot

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)



Take-home message & Perspectives

• Generalized activity captures the physics contains in the interaction between system and environment

• Derivation of a novel kinetic uncertainty relation, valid in the fully quantum regime (strong coupling, zero 
temperature)

• Illustrations with paradigmatic quantum transport setups, showing how the bound can be saturated.

Blasi, Rodriguez, Moskalets, Lopez, Haack, arXiv:2505.13200 (2025)

Quantum kinetic uncertainty relation

Follow-ups: Role of quantum statistics, role of quantum coherence, role of many-body interactions, 
   non-Markovian effects, interplay with TUR (link with entropy production), ….

Novel theoretical framework for investigating uncertainty 
relations in quantum coherent transport setups
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