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Continuous Quantum Measurements
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Photons in a cavity
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Superconducting circuits
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Motivation

Quantum Clock Experiment Continuous Quantum Error Correction
X. He et al., Phys. Rev. Applied 20, 034038 (2023) W.P. Livingston et al., Nat. Commun. 13, 2307 (2022)
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Standard Mathematical Description
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Stochastic master equation Measurement record
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Charge Resolved Approach
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Fokker-Planck Equation Cimiting cases
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Orpt(D) = L(D)pe(D) + AD |A] pe(D) — vOp A(D)pt(D) A gj\ﬁz%ﬂt(D)

H—J W—/ W—J W—J ¥ — OO Instantaneous Current

Phys. Rev. Lett. 70, 548 (1993)

Feedback Liouvilllan Measurement Drift
Backaction

Diffusion
v — 0 Integrated Current

Phys. Rev. A 109, L050202 (2024)

cc Linear Equation
However, solving Eq. (398)
[the Fokker-Planck equation] is
generally challenging

— PRX Quantum 5, 020201 (2024)




Efficient Numerical Solutions

. Forward Substitution
Assumptions

Steady state 9, N\ = QM = 0 (Lo + AD|A|) My =0

No feedback L(D) = Ly XniiMy, ==Y, M,
n n — mn T —

Block Structure
X, 0 0
Y1 X5 O
0 Y Xj

Reconstruct Characteristic Function

(iK)mO'm/Q
vm)!

M
/ AD " Pp(D) = e~ F70/2 Y " M,

m=0




Charge Resolved Approach Applications

Measurement Statistics
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Comparison with trajectories
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Measurement Statistics

Statistical Moments Two-Time Correlation function
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System-Detector Correlations

Information Quantities

Mutual Information
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Covariance

cov(B) = Tr/dDBDp(D) — (D)(B)

= /o [Tr(M; B) — Tr(M;)Tr(MyB)]

M. M. Wolf et al., Phys. Rev. Lett. 100, 070502 (2008)
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Quantum Metrology Driven qubit - H, = (Q + p)o,

Observable A=o0.
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Multi-Qubit Systems

Ising model Lipkin-Meskov-Glick model
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Feedback Control

Thermal bath Ground State Probability
W—J W_/ Or

Excitation gain Excitation loss

Feedback correction
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Weak Feedback Solution

A A A Comparison with exact solution
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