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Parameter estimation in open quantum systems

Continuously monitored open quantum systems are 
emerging as promising platforms for quantum 

metrology:

It exploits the emission signal of a dissipative 
quantum system to perform parameter 

estimation 

Setup
• Sensor is coupled to an environment

(driven-dissipative scenario)

• Radiation into environment is continuously

monitored.

Task

• Estimate unknown parameters that govern
the dynamics of the sensor

Relevance
• Metrology with non isolated systems

• Metrology of time-varying signals
• Magnetometry, spectroscopy, 

fluorescence microscopy…
• Device characterization
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Parameter estimation in open quantum systems

Challenge: Information retrieval 

Proposal

Incorporate ancillary systems that interact with 
the system and extract information from the 

radiated field.

Design measurement strategies that efficiently 
extracts the full information content

Efficient Information Retrieval for Sensing via Continuous
Measurement.
D. Yang, S.F. Huelga, and M. B. Plenio; PRX 13, 031012.
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These theories have been extensively applied in different 
quantum optical systems to study the properties of the emitted 

light, such as

CS Muñoz et al, Violation of classical inequalities by photon 

frequency filtering. PRA 90, 052111 (2014)

González-Tudela et al , Two-photon spectra of quantum emitters. 

New Journal of Physics, 15, 033036 (2013)

López Carreño, et al. Entanglement in Resonance Fluorescence. 

npj Nanophotonics 1, 3 (2024).

J. Yang, et al. Entanglement of photonic modes from a 

continuously driven two-level system. npj Quantum 
Information 11, 69 (2025)

• Two-photon correlations 

• Violation of Cauchy-Schwarz and Bell inequalities

• Entanglement between different frequency modes

Our proposal: Frequency-filtering for metrology

To analyze the properties of the emitted light from a 
given quantum source, we capture the radiation by 

selecting modes from the output.

Theoretical descriptions of filtered light:

• Elena del Valle’s method (sensor method)

 

Sensors ~ Lorentzian filters
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• Klaus Mølmer’s method (quantum pulses)

Sensors ~ Lorentzian filters

Quantum state of the fiducial cavity

=

Quantum state of the filtered mode 



Nonclassical 
correlations?

Experiment in SC: reconstructing entangled state
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• Metrological gain from frequency filtering?

• Metrological gain from quantum fluctuations within a filtered mode?

• Metrological gain from quantum correlations across different filtered 
modes?

Frequency-filtering for metrology: Questions
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Quantum emitter

Coherent drive
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Model – Testbed of quantum optics: a coherently driven TLS

Master equation (rotating frame)

JC López Carreño, E del Valle, FP Laussy.
Photon correlations from the Mollow triplet.

Laser & Photonics Reviews 11 (5), 1700090 (2017)



Metrological setup

12



Figures of merit:

• Quantum Fisher information (QFI)
• Classical Fisher Information (FI)
• Signal-to-noise ratio (SNR)

Observable: Photon counting

Precision set by the Cramér-Rao Bound

Metrological setup – one sensor
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Frequency-resolved Fisher Information

Importance of selectively resolving the spectral components 

of radiation.

Estimation of qubit-laser detuning, 
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Frequency-resolved Fisher Information

Importance of selectively resolving the spectral components 

of radiation.

Estimation of qubit-laser detuning, 

Nontrivial interplay of the

derivatives of all higher-order
correlators with respect to the

parameter to be estimated



• Metrological gain from frequency filtering?

• Metrological gain from quantum fluctuations within a filtered mode?

• Metrological gain from quantum correlations across different filtered 
modes?

Frequency-filtering for metrology: Questions
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Mean-field engineering to improve sensitivity
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Mean-field engineering to improve sensitivity

Mean-field engineering offers a route towards saturating the QFI 
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• Metrological gain from frequency filtering?

• Metrological gain from quantum fluctuations within a filtered mode?

• Metrological gain from quantum correlations across different filtered 
modes?

Frequency-filtering for metrology: Questions

19



SOURCE

Metrological setup – two sensors
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Simultaneous detection:
Coincidence measurements

SOURCE

Correlated vs Independent Fisher
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SOURCE

…

Independent detection (e.g. sequential):
Factorized distribution

Correlated vs Independent Fisher
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Two-mode Fisher information

Two-photon correlations Fisher information
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Two-mode Fisher information

4-5 orders 

of magnitude
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Conclusions

Framework to study metrology with frequency-
resolved modes of the output of an open quantum

system.

Filtering and counting coincidences improve
precisión..

Mean-field engineering technique: by
appropriately tuning the displacement, the

CFI can saturates the quantum Fisher

information

Photon-photon correlations can significantly enhance estimation
precision.

Outlook

Extend to more complex systems (nonlinear cavity QED, critical dynamics ,…).

Explore the role of higher-order correlations beyond second order.

Develop inference protocols (e.g. Bayesian).
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Thank you for your attention!
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