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Continuous Quantum Measurements
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Photons in a cavity
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Superconducting circuits

a To further
amplification

0 =mn/2

Pump

o)

" oz -
r 0.0 04 08 A

_ A
\v -02 -01 00 01 02 03 04

[1) 2~9 1y 29 V. (r=1.8ps) (V)

P(V._|i)
S
N

K. Murch et al., Nature 502, 211 (2013)



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

al.

Stochastic master equation Measurement record

1
dp)= Lpcdt + ND[AJpJit + VIA — (A)c, p.YdW) 2(t) = (A - \/ﬁ
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Conditional density matrix Stochastic part




Charge Resolved Approach
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Fokker-Planck Equation Cimiting cases

t
D(t) = / dt’ ~e ) (¢
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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
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Charge Resolved Approach Applications

Measurement Statistics

#$¢
#$' a
A#$( )
9/#$ 0
R sl
#$'
eyl

#E%—

#$q#
#$!' Hc)
Q #$l4

S
#5441
HE#E

Quantum system

#$
b
a#$ (() )
:E:#$!
_ #$'
HEA : :
| I # '
D
- . : : H$4 . .
//\ #$4d) \ .
\\W\\\\h'fi#$! -
1
| '
" " ! e # " !
D

Feedback Dynamics

Measurement S(t)

_— ~—— Detector
D
A (7
Bandwidth 7
\__/
Backaction
Feedback D(t)

Metrology
P.(D) 4

.,

dDP, (D) |! . In Py (D)2

F

Growth of Correlations
"4

Il
[ ~
[]
L
L o &
= ~

Cov(o,)

g




Qubit Example

Hamiltonian

Observable

Distribution Construction

Cnm = Tr( M)
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Measurement Statistics

Statistical Moments Two-Time Correlation function
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System-Detector Correlations

Information Quantities
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Quantum Metrology

Fisher Information

Fi = dDPy(D)|!, InPy(D)J’

outcomes histogram = empirical distribution
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Multi-Qubit Systems

Ising model Lipkin-Meskov-Glick model
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Feedback Control

Thermal bath
Lo=!ngD["+]+ ! (ng +1)D[", ]
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Excitation gain Excitation loss

Feedback correction
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C. Elouard et. al Phys. Rev. Lett. 118, 260603 (2017)
J. Prech et. al arXiv:2505.16615 (2025) 14

Ground State Probability

Po — !O“\/lo ‘O"

IIIIIIIIIIIIIIIIIIII

- 104
-1"$

1"




Weak Feedback Solution

Weak feedback Q= Qy + 'Oy,

e
Perturbative solution M | SRV
j =0
First order solution QoM © =0

Higher orders iteratively

SN () = | @M ()
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Comparison with exact solution

HOl] e e m e = = e
!II(* V’\‘\‘
n \“
! () i .
: \,

(& -
I \]
!II($ :_' [
o |

!II(! T 1
!II !II# !||$ !II% !II& |

€



Summary

o Steady state solutions of charge resolved master equation

» Easily extract signal-detector statistics

e Perturbative solutions for feedback control X, 0 0 - 0
Yi Xo 0 - 0

Fidelity
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