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Parameter estimation in open quantum systems

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

Setup
« Sensoris 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
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Design measurement strategies that efficiently Continuous measurement

extracts the full information content

(e.g., Photon counting)

Proposal w
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Incorporate ancillary systems that interact with
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Efficient Information Refrieval for Sensing via Continuous
Measurement.
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Our proposal: Frequency-filtering for meirology

To analyze the properties of the emitted light from @ (a) —
given quantum source, we capture the radiation by I“‘”

selecting modes from the output.

Theoretical descriptions of filtered light:

« Elena del Valle’s method (sensor method)
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Our proposal: Frequency-filtering for meirology

To analyze the properties of the emitted light from @ (a) —
given quantum source, we capture the radiation by £, _;,&Im Sensors ~ Lorentzian filters

selecting modes from the output. ,
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Experiment in SC: reconstructing entangled state
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continuously driven two-level system

Entanglement of photonic modes from a
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Our proposal: Frequency-filtering for meirology
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Frequency-filtering for metrology: Questions

* Metrological gain from frequency filteringe

« Meftrological gain from quantum fluctuations within a filtered mode?

« Metrological gain from quantum correlations across different filtered
modes?
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* Metrological gain from frequency filteringe
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Model - Testbed of quantum optics: a coherently driven TLS

Coherent drive

<

Quantum emitter

Master equation (rotating frame)
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Photon correlations from the Mollow friplet.
Laser & Photonics Reviews 11 (5), 1700090 (2017)
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Metrological setup

Detector 2 . Estimation @
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Metrological setup — one sensor

101 Observable: Photon counting
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Frequency-resolved Fisher Information

Estimation of qubit-laser detuning, § = A

104" 10!

1077}
Importance of selectively resolving the spectral components
of radiation.

Fisher information
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Frequency-resolved Fisher Information

Estimation of qubit-laser detuning, § = A
' 10~

1074

1077
Importance of selectively resolving the spectral components
of radiation.
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Nontrivial interplay of the
derivatives of all higher-order
correlators with respect to the
parameter to be estimated
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Frequency-filtering for metrology: Questions

« Meftrological gain from quantum fluctuations within a filtered mode?
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Mean-field engineering to improve sensitivity
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Mean-field engineering to improve sensitivity

Unlocking multiphoton emission from a single-photon source
through mean-field engineering
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Mean-field engineering offers a route towards saturating the QFl



Frequency-filtering for metrology: Questions

« Metrological gain from quantum correlations across different filtered
modes?
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Metrological setup — two sensors

p(n1]0)

0+ o0

L
O
oc
)
O
N

20



Correlated vs Independent Fisher

SOURCE

Simultaneous detection:
Coincidence measurements
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Correlated vs Independent Fisher

SOURCE

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

Fr

(wQ : t3 ) P)

T\
[N
N
LA
v, ‘,
.
Ea)

p(n1)p(n2)

22



Two-mode Fisher information

Two-photon correlations Fisher information
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Two-mode Fisher information
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—> Framework to study metrology with frequency- < 2 12_“
resolved modes of the output of an open quantum | o
system. o
~ -5 -2 5 7.5
—> Filtering and couniing coincidences improve S
precision.. o

Quantum| MF-engineered
source signal

E i Oflyct ® Y(y Local oscillator
" B~ =—>» Mean-field engineering technique: by é_?
B o0, 109 appropriately tuning the displacement, the Y=
Y SRy CFl can saturates the quantum Fisher =01y @—o/2/2
10-13 information 2 3
10~
1 == Photon-photon correlations can significantly enhance estimation
10 precision.
10
Outlook
0!

—>» 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).
25
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