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Probing dynamical signatures in 
continuously monitored systems 
Beyond measurement-induced phase transitions



Usefulness of open quantum systems

• Open quantum systems are essential for our understanding of:


1. Condensed matter and Quantum Optics.


2. Current quantum technologies.


3. High energy physics, fundamental interactions, cosmology: via q. metrology or simulated models.


4. Biological systems.


• Why? 


A. Every system is inherently open


B. Need to measure a system


C. Quantum/classical crossover

Motivation



Motivation

• Open quantum systems are essential for our understanding of:


1. Condensed matter and Quantum Optics.


2. Current quantum technologies.


3. High energy physics, fundamental interactions, cosmology: via q. metrology or simulated models.


4. Biological systems.


• Why? 


A. Every system is inherently open.


B. Need to measure and probe a system.


C. Quantum/classical crossover.

Usefulness of open quantum systems



QT platforms
Different sources of dissipation but a common strategy
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Open quantum systems in QT
Not just improving our description 

Current quantum technologies: 


• Problem: Even with the degree of technological advances in QT we cannot prevent these 
systems from coupling dissipatively to their environment and that can be the limiting factor 
in their operational time.


• Opportunities: Controlled dissipation has emerged as a new tool for engineering quantum 
matter into new exciting phases.


- Quantum optics description: well-known microscopic models and controlled 
approximations, master equations…


- Quantum Optics tools: laser cooling, optical pumping…


- NMR & Quantum Chemistry tools: dissipative quantum control…


- …



Recap on GSKL ME approximations

• Born: The coupling is weak compared with system and environment energy scales.


• Secular: energy non-conserving terms in the interacting Hamiltonian can be 
neglected.


• Markov: the part of the environment that couples to our system rapidly returns to 
equilibrium. The environment is unchanged in time. This also implies that no 
information returns to the system from the environment, so the state of the system 
is independent from its history.

Environment System



• Typical preparation schemes in quantum simulation are 
based on cooling the system into their ground state.


• By tuning the terms of our Hamiltonian we can prepare 
relevant initial states for QT.


+ Adiabatic 

theorem
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 A pure steady state should be a unique eigenstate of H and 
an eigenstate of all c operators with zero eigenvalue, i.e. a 
dark state

E.g., optical pumping (driving to other hyperfine levels by 
photon absorption)

d

dt
⇢ = � i

~ [H, ⇢] + L⇢ ⇢! ⇢ss = | ssih ss|

H| ssi = ↵ss| ssi 8cm, cm| ssi = 0

Hamiltonian engineering           Reservoir engineering 



Dissipative phase transitions



First observed in random circuits, when 
combining entangling and measuring gates. 


Even though increasing the number of 
measurements does not change the steady 
state, it gives rise to different entanglement 
properties in the individual trajectories.

Dynamical phase transitions in monitored systems
The interplay between coherent and dissipative dynamics can generate relevant 
phases of matter.

More recently, this have been also observed in 
continuous systems and not just gate-based ones. 

Y. Li, X. Chen, and M. P. A. Fisher, Phys. Rev.B 98, 205136 (2018).
B. Skinner, J. Ruhman, and A. Nahum, Phys. Rev. X, 9, 031009 (2019).
Y. Li, X. Chen, and M. P. A. Fisher, Phys. Rev. B, 100, 134306 (2019)



The interplay between coherent and dissipative dynamics can generate relevant 
phases of matter.

More recently, these have also been predicted in 
continuous systems in both fermions and bosons. 

First observed in random circuits, when 
combining entangling and measuring gates. 


Even though increasing the number of 
measurements does not change the steady 
state, it gives rise to different entanglement 
properties in the individual trajectories.

Y. Li, X. Chen, and M. P. A. Fisher, Phys. Rev.B 98, 205136 (2018).
B. Skinner, J. Ruhman, and A. Nahum, Phys. Rev. X, 9, 031009 (2019).
Y. Li, X. Chen, and M. P. A. Fisher, Phys. Rev. B, 100, 134306 (2019). Alberton, et al, Phys. Rev. Lett. 126, 170602 (2021).

Dynamical phase transitions in monitored systems



• The nature of these phases is only revealed by measuring quantities that are 
nonlinear in the density operator, requiring in principle to probe a state twice.


E.g.:  entanglement entropy, two-point correlation functions.

Why are these dissipative PT interesting?
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A. J. Daley, Advances in Physics 63, 77 (2014)
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⇢(t ! 1) = I/N

• In an experiment, an individual measurement will occur in an unraveled picture: single random statistical instance 
and not the density matrix. This makes some of these quantities inaccessible as we will show.


• So far the only proposals for their observation require the use of replica methods or the use preselection to 
distinguish both phases.

Jian et al, Phys. Rev. B 101, 104302 (2020), Buchhold et al, arXiv:2208.10506.

• The continuous measurement of the system induces heating that leads to a trivial steady state in the 
average over realizations:

area

law
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Ui

<latexit sha1_base64="Fv8JpYDlpm9M3zaTYU7lG0P7tes=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6oGedYsktu1OQZeJlpAQZqp3iT7sbszRCaZigWrc8NzH+iCrDmcBxoZ1qTCgb0B62LJU0Qu2Ppj8dkxOrdEkYKzvSkKn6NzGikdbDKLDOiJq+ntulSU8hDsaLgYnzv0ArNeG1P+IySQ1KNns9TAUxMZl0QbpcITNiaAllitsDCOtTRZmxjRVsM95iD8ukfl72Lsve/UWpcpN1lIcjOIZT8OAKKnAHVagBgxBe4BXenGfn3flwPmfWnJNlDmEOztcvKH+WBg==</latexit>

a)
<latexit sha1_base64="JRojCdGCvZ713c7xuStsBc32W0E=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6CM46xZJbdqcgy8TLSAkyVDvFn3Y3ZmmE0jBBtW55bmL8EVWGM4HjQjvVmFA2oD1sWSpphNofTX86JidW6ZIwVnakIVP1b2JEI62HUWCdETV9PbdLk55CHIwXAxPnf4FWasJrf8RlkhqUbPZ6mApiYjLpgnS5QmbE0BLKFLcHENanijJjGyvYZrzFHpZJ/bzsXZa9+4tS5SbrKA9HcAyn4MEVVOAOqlADBiG8wCu8Oc/Ou/PhfM6sOSfLHMIcnK9fKhmWBw==</latexit>

b)

<latexit sha1_base64="F0wD9Qx510bL+3KlxNvAWkbmYYI=">AAAB73icbZDNTgIxFIU7+If4h7p000hMXJEZQ9Ql0Y1LTOQngXHSKRdo6LS17ZiQCc+hK6PufBdfwLex4CwUPKuv95wm99xYcWas7395hZXVtfWN4mZpa3tnd6+8f9AyMtUUmlRyqTsxMcCZgKZllkNHaSBJzKEdj69nfvsRtGFS3NmJgjAhQ8EGjBLrRvc0Yj2lpbISi4hF5Ypf9efCyxDkUEG5GlH5s9eXNE1AWMqJMd3AVzbMiLaMcpiWeqkBReiYDKHrUJAETJjNt57ik4HU2I4Az9+/sxlJjJkkscskxI7Mojcb/ud1Uzu4DDMmVGpBUBdx3iDl2NWblcd9poFaPnFAqGZuS0xHRBNq3YlKrn6wWHYZWmfV4Lxau61V6lf5IYroCB2jUxSgC1RHN6iBmogijZ7RG3r3Hrwn78V7/YkWvPzPIfoj7+MbZmeQJQ==</latexit>ci / ni



Different forms of unraveling
Photon counting Homodyne detection

A. J. Daley, Advances in Physics 63, 77 (2014)

• Measuring a photon in the detector implies that the state 
of the system has changed.


• We can describe the evolution of the system in every run 
of the experiment, as coherent evolution plus a set of 
jumps.

Quantum jumps Quantum state diffusion

• We couple the system to an oscillator field to not directly 
perturb the state and produce a weak measurement.


• This leads to an evolution under the presence of a noise 
term, whose properties depend on the bath.

H Wiseman & G Milburn (2009), Quantum Measurement and Control



We consider a 1D chain of interacting hard-core boson 
atoms under continuous monitoring:

The system undergoes a PT as a function of the 
measurement rate, varying from:


• a volume-law phase, where entanglement generated 
by coherent dynamics dominates.


• an area-law phase where the projective measurement 
prevent the build-up of entanglement.

Our system

area

law
<latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="0rS8VDRVwpk3IkaOBuSbm0BEegk=">AAACEXicbVDLSgMxFM34tr6qLt0EiyAuyowI2l3BjUsFa4udQe6ktzU0yQxJxlLG/oVb/RBX4tYv8Dv8AdM6+D4QOJxzLrn3xKngxvr+qzc1PTM7N7+wWFpaXlldK69vXJgk0wwbLBGJbsVgUHCFDcutwFaqEWQssBn3j8d+8wa14Yk6t8MUIwk9xbucgXXSJbhsGFIBg6tyxa/6E9C/JChIhRQ4vSq/hZ2EZRKVZQKMaQd+aqMctOVM4KgUZgZTYH3oYdtRBRJNlE82HtEdp3RoN9HuKUsn6veJHKQxQxm7pAR7bX57Y/E/r53Z7lGUc5VmFhX7+KibCWoTOj6fdrhGZsXQEWCau10puwYNzLqSSqHCAUukBNXZy8M+2lE7iPLbShBqUD13lWsp+Cqn5nB4UJBa8NlSY79aq/pnB5X6blHXAtki22SXBOSQ1MkJOSUNwogid+SePHh33qP35D1/RKe8YmaT/ID38g58l546</latexit>

� = �c
<latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="RajI+eQ4sfiB3ZRh7nEnCcC4Ipk="></latexit>

� < �c
<latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="Jt7JTnQuy5lpjRIKnpOE9og5Gno="></latexit>

� > �c
<latexit sha1_base64="B5FN9yhLJxSysXMvKum8s4ioCz4="></latexit><latexit sha1_base64="B5FN9yhLJxSysXMvKum8s4ioCz4="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit>

critical
<latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="LL1gmE1B4wPkyWA6OlnvcFMBHGo=">AAACD3icbVDLSgMxFM3UV62vqks3g4MgLsqMFGp3RTcuKzi20BlKJr1tQ5PMkGSUMvYnutUPcSVu/QS/wx8wbQffBwKHc+5Nck6UMKq0675ZhaXlldW14nppY3Nre6e8u3ej4lQS8EnMYtmOsAJGBfiaagbtRALmEYNWNLqY+a1bkIrG4lqPEwg5HgjapwRrI7WJpNpw1i07bsWdw/5LvJw4KEezW34PejFJOQhNGFaq47mJDjMszXUMJqUgVZBgMsID6BgqMAcVZvP/Tuwjo/TsfizNEdqeq983MsyVGvPITHKsh+q3NxP/8zqp7p+FGRVJqkGQxUP9lNk6tmfh7R6VQDQbG4IX0W0yxBITbSoqBQLuSMw5Fr2TLBiBnnS8MLt3vEBiMTCpTEveVzl1g1o1J3XvsyX/tFKvuFdVp3Ge11VEB+gQHSMP1VADXaIm8hFBDE3RA3q0ptaT9Wy9LEYLVr6zj37Aev0AhxWd1g==</latexit>
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<latexit sha1_base64="1HbveT5JU6V0eK6wHlVYfExiar0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rAT3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiOOPGw==</latexit>�
<latexit sha1_base64="cNaaGMizfGHG012jwWvGUMOUz9g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/onmM1A==</latexit>

J

<latexit sha1_base64="8hgqfyiFFMleWdjbOlNYhd9J6fE=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KiqYU2lMn0Jh06mYSZiVBCF36AW/0Ed+LWT/EL/A2nbRa29cCFw7nnMHNPkHKmtON8W6WV1bX1jfJmZWt7Z3evun/QUkkmKXo04YlsB0QhZwI9zTTHdiqRxAHHx2B4M9k/PqFULBEPepSiH5NIsJBRoo107/VYr1pz6s4U9jJxC1KDAs1e9afbT2gWo9CUE6U6rpNqPydSM8pxXOlmClNChyTCjqGCxKj8fPrVsX1ilL4dJtKM0PZU/ZvISazUKA6MMyZ6oOZ2WRpJxOF4MTBx/hfoZDq88nMm0kyjoLPXw4zbOrEnZdh9JpFqPjKEUMnMATYdEEmoNpVVTDPuYg/LpHVWdy/q7t15rXFddFSGIziGU3DhEhpwC03wgEIEL/AKb9az9W59WJ8za8kqMocwB+vrFzkMlqM=</latexit>

Ui

<latexit sha1_base64="Fv8JpYDlpm9M3zaTYU7lG0P7tes=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6oGedYsktu1OQZeJlpAQZqp3iT7sbszRCaZigWrc8NzH+iCrDmcBxoZ1qTCgb0B62LJU0Qu2Ppj8dkxOrdEkYKzvSkKn6NzGikdbDKLDOiJq+ntulSU8hDsaLgYnzv0ArNeG1P+IySQ1KNns9TAUxMZl0QbpcITNiaAllitsDCOtTRZmxjRVsM95iD8ukfl72Lsve/UWpcpN1lIcjOIZT8OAKKnAHVagBgxBe4BXenGfn3flwPmfWnJNlDmEOztcvKH+WBg==</latexit>

a)
<latexit sha1_base64="JRojCdGCvZ713c7xuStsBc32W0E=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6CM46xZJbdqcgy8TLSAkyVDvFn3Y3ZmmE0jBBtW55bmL8EVWGM4HjQjvVmFA2oD1sWSpphNofTX86JidW6ZIwVnakIVP1b2JEI62HUWCdETV9PbdLk55CHIwXAxPnf4FWasJrf8RlkhqUbPZ6mApiYjLpgnS5QmbE0BLKFLcHENanijJjGyvYZrzFHpZJ/bzsXZa9+4tS5SbrKA9HcAyn4MEVVOAOqlADBiG8wCu8Oc/Ou/PhfM6sOSfLHMIcnK9fKhmWBw==</latexit>

b)
<latexit sha1_base64="g2P4fZ49Mp77EFxRsHVdRMbZdN0="></latexit>

Hhop = �J

MX

i=1

(a†iai+1 + h.c.),

Hint = U1

MX

i=1

nini+1 + U2

MX

i=1

nini+2

T. Bintener, JYM, M. Buchhold, P. Kirton, S. Diehl, A. Daley, in preparation (2022)

<latexit sha1_base64="fvsyLLQWtzLCFf2mPflYepaHbFs=">AAAB93icbZC7TsMwFIadcivlFi4bS0SFxFQlqAIWpAoWxiLRi9RE0YnrtFZtJ9gOUon6LDAhYOM9eAHeBrdkgJZ/+nz+39I5f5QyqrTrflmlpeWV1bXyemVjc2t7x97da6skk5i0cMIS2Y1AEUYFaWmqGemmkgCPGOlEo+up33kgUtFE3OlxSgIOA0FjikGbUWgf4JBe+upe6twfAOcwESEN7apbc2dyFsEroIoKNUP70+8nOONEaMxAqZ7npjrIQWqKGZlU/EyRFPAIBqRnUAAnKshn20+c4ziRjh4SZ/b+nc2BKzXmkclw0EM1702H/3m9TMcXQU5FmmkisIkYL86YoxNnWoLTp5JgzcYGAEtqtnTwECRgbaqqmPO9+WMXoX1a885q9dt6tXFVFFFGh+gInSAPnaMGukFN1EIYPaJn9IberbH1ZL1Yrz/RklX82Ud/ZH18A8UFkyw=</latexit>

ci =
p
�ni
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<latexit sha1_base64="hgcPG/4eSo3n4D86rzIRXYN56s0=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9CNCdGNS0wskEBDpsMtnTD9yczUhDS8gq6MuvOBfAHfxgG7UPCsvrnnTHLP9VPBlbbtL6u0tr6xuVXeruzs7u0fVA+POirJJEOXJSKRPZ8qFDxGV3MtsJdKpJEvsOtPbud+9xGl4kn8oKcpehEdxzzgjGozct0hv7aH1Zpdtxciq+AUUINC7WH1czBKWBZhrJmgSvUdO9VeTqXmTOCsMsgUppRN6Bj7BmMaofLyxbIzchYkkugQyeL9O5vTSKlp5JtMRHWolr358D+vn+ngyst5nGYaY2YixgsyQXRC5p3JiEtkWkwNUCa52ZKwkErKtLlMxdR3lsuuQuei7jTrjftGrXVTHKIMJ3AK5+DAJbTgDtrgAgMOz/AG71ZoPVkv1utPtGQVf47hj6yPbw40i9Q=</latexit>

Ui = 0

<latexit sha1_base64="svYO/1PKa4SkKkYtXS9Aud046BM=">AAAB6XicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaY9Ql0Y1LTCyQQEOmwy1MmE7rzNSENDyEroy683V8Ad/GAbtQ8Ky+uedMcs8NU8G1cd0vp7Syura+Ud6sbG3v7O5V9w9aOskUQ58lIlGdkGoUXKJvuBHYSRXSOBTYDsc3M7/9iErzRN6bSYpBTIeSR5xRY0cdv897Eh/cfrXm1t25yDJ4BdSgULNf/ewNEpbFKA0TVOuu56YmyKkynAmcVnqZxpSyMR1i16KkMeogn+87JSdRoogZIZm/f2dzGms9iUObiakZ6UVvNvzP62YmugpyLtPMoGQ2Yr0oE8QkZFabDLhCZsTEAmWK2y0JG1FFmbHHqdj63mLZZWid1b2L+vndea1xXRyiDEdwDKfgwSU04Baa4AMDAc/wBu/O2HlyXpzXn2jJKf4cwh85H9+V041V</latexit>

Ui 6= 0

<latexit sha1_base64="irKRWLLijO9HuNNixbCUONQ+T9Y=">AAACHHicbZDLSsNAFIYnXmu8RV26GSxCC7UkUrwshKIbN0JFe4EmhMl00g6dXJiZCCX0VfRldOVtJ/g2TmoQbf1X3zn/P4c5x4sZFdI0P7W5+YXFpeXCir66tr6xaWxtt0SUcEyaOGIR73hIEEZD0pRUMtKJOUGBx0jbG15kfvuOcEGj8FaOYuIEqB9Sn2IkVcs1TnWodFO6clEZnsEDaIskcFOq2BpDm6lJPeRSRWHppyrblYruGkWzak4EZ8HKoQhyNVzjxe5FOAlIKDFDQnQtM5ZOirikmJGxbieCxAgPUZ90FYYoIMJJJyuO4b4fcSgHBE7q39kUBUKMAk9lAiQHYtrLmv953UT6J05KwziRJMQqojw/YVBGMLsU7FFOsGQjBQhzqn4J8QBxhKW6Z7a+Nb3sLLQOq9ZRtXZdK9bP80MUwC7YAyVggWNQB5egAZoAgwfwBN7Au3avPWrP2ut3dE7L3+yAP9I+vgBgpJ02</latexit>

S(Ma) = �
X

i=1

�i ln(�i) ,



We cannot make use of:


• Entanglement entropy: poor scaling.


• Two-point correlations: vanishing non-linear term.

Our search

T. Bintener, JYM, M. Buchhold, P. Kirton, S. Diehl, A. Daley, in preparation (2022)

PRL 109, 020505 (2012), Nature 528, 77-83 (2015) , PRL 120, 050406 (2018).

Recent studies state that standard dynamics might just render chaotic evolution and 
might be blind to the different phases. arXiv:2210.07256



We cannot make use of:


• Entanglement entropy: poor scaling.


• Two-point correlations: vanishing non-linear term.

Our search

T. Bintener, JYM, M. Buchhold, P. Kirton, S. Diehl, A. Daley, in preparation (2022)

PRL 109, 020505 (2012), Nature 528, 77-83 (2015) , PRL 120, 050406 (2018).

Recent studies state that standard dynamics might just render chaotic evolution and might be 
blind to the different phases. arXiv:2210.07256

• Measuring MIPT is a difficult and interesting question and might not be solved in general. 


• However, the underlying competition between coherent and dissipative dynamics occurs 
also at short times and in conditions where we could observe it in an experiment.  


• Our focus is on trying to identify signatures that can characterize this interplay and the 
information scrambling that occurs in the system and are experimentally measurable.



Our results

T. Bintener, JYM, M. Buchhold, P. Kirton, S. Diehl, A. Daley, in preparation (2022)

• We analyze the short-time dynamics of 
the system starting from a CDW state.


• The imbalance, a simple lattice-averaged 
quantity, exhibits clear differences 
between the coherent phase and the 
disentangled one.

area

law
<latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="0rS8VDRVwpk3IkaOBuSbm0BEegk=">AAACEXicbVDLSgMxFM34tr6qLt0EiyAuyowI2l3BjUsFa4udQe6ktzU0yQxJxlLG/oVb/RBX4tYv8Dv8AdM6+D4QOJxzLrn3xKngxvr+qzc1PTM7N7+wWFpaXlldK69vXJgk0wwbLBGJbsVgUHCFDcutwFaqEWQssBn3j8d+8wa14Yk6t8MUIwk9xbucgXXSJbhsGFIBg6tyxa/6E9C/JChIhRQ4vSq/hZ2EZRKVZQKMaQd+aqMctOVM4KgUZgZTYH3oYdtRBRJNlE82HtEdp3RoN9HuKUsn6veJHKQxQxm7pAR7bX57Y/E/r53Z7lGUc5VmFhX7+KibCWoTOj6fdrhGZsXQEWCau10puwYNzLqSSqHCAUukBNXZy8M+2lE7iPLbShBqUD13lWsp+Cqn5nB4UJBa8NlSY79aq/pnB5X6blHXAtki22SXBOSQ1MkJOSUNwogid+SePHh33qP35D1/RKe8YmaT/ID38g58l546</latexit>

� = �c
<latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="RajI+eQ4sfiB3ZRh7nEnCcC4Ipk="></latexit>

� < �c
<latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="Jt7JTnQuy5lpjRIKnpOE9og5Gno="></latexit>

� > �c
<latexit sha1_base64="B5FN9yhLJxSysXMvKum8s4ioCz4="></latexit><latexit sha1_base64="B5FN9yhLJxSysXMvKum8s4ioCz4="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit>

critical
<latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="LL1gmE1B4wPkyWA6OlnvcFMBHGo=">AAACD3icbVDLSgMxFM3UV62vqks3g4MgLsqMFGp3RTcuKzi20BlKJr1tQ5PMkGSUMvYnutUPcSVu/QS/wx8wbQffBwKHc+5Nck6UMKq0675ZhaXlldW14nppY3Nre6e8u3ej4lQS8EnMYtmOsAJGBfiaagbtRALmEYNWNLqY+a1bkIrG4lqPEwg5HgjapwRrI7WJpNpw1i07bsWdw/5LvJw4KEezW34PejFJOQhNGFaq47mJDjMszXUMJqUgVZBgMsID6BgqMAcVZvP/Tuwjo/TsfizNEdqeq983MsyVGvPITHKsh+q3NxP/8zqp7p+FGRVJqkGQxUP9lNk6tmfh7R6VQDQbG4IX0W0yxBITbSoqBQLuSMw5Fr2TLBiBnnS8MLt3vEBiMTCpTEveVzl1g1o1J3XvsyX/tFKvuFdVp3Ge11VEB+gQHSMP1VADXaIm8hFBDE3RA3q0ptaT9Wy9LEYLVr6zj37Aev0AhxWd1g==</latexit>
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<latexit sha1_base64="1HbveT5JU6V0eK6wHlVYfExiar0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rAT3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiOOPGw==</latexit>�
<latexit sha1_base64="cNaaGMizfGHG012jwWvGUMOUz9g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/onmM1A==</latexit>

J

<latexit sha1_base64="8hgqfyiFFMleWdjbOlNYhd9J6fE=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KiqYU2lMn0Jh06mYSZiVBCF36AW/0Ed+LWT/EL/A2nbRa29cCFw7nnMHNPkHKmtON8W6WV1bX1jfJmZWt7Z3evun/QUkkmKXo04YlsB0QhZwI9zTTHdiqRxAHHx2B4M9k/PqFULBEPepSiH5NIsJBRoo107/VYr1pz6s4U9jJxC1KDAs1e9afbT2gWo9CUE6U6rpNqPydSM8pxXOlmClNChyTCjqGCxKj8fPrVsX1ilL4dJtKM0PZU/ZvISazUKA6MMyZ6oOZ2WRpJxOF4MTBx/hfoZDq88nMm0kyjoLPXw4zbOrEnZdh9JpFqPjKEUMnMATYdEEmoNpVVTDPuYg/LpHVWdy/q7t15rXFddFSGIziGU3DhEhpwC03wgEIEL/AKb9az9W59WJ8za8kqMocwB+vrFzkMlqM=</latexit>

Ui

<latexit sha1_base64="Fv8JpYDlpm9M3zaTYU7lG0P7tes=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6oGedYsktu1OQZeJlpAQZqp3iT7sbszRCaZigWrc8NzH+iCrDmcBxoZ1qTCgb0B62LJU0Qu2Ppj8dkxOrdEkYKzvSkKn6NzGikdbDKLDOiJq+ntulSU8hDsaLgYnzv0ArNeG1P+IySQ1KNns9TAUxMZl0QbpcITNiaAllitsDCOtTRZmxjRVsM95iD8ukfl72Lsve/UWpcpN1lIcjOIZT8OAKKnAHVagBgxBe4BXenGfn3flwPmfWnJNlDmEOztcvKH+WBg==</latexit>

a)
<latexit sha1_base64="JRojCdGCvZ713c7xuStsBc32W0E=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6CM46xZJbdqcgy8TLSAkyVDvFn3Y3ZmmE0jBBtW55bmL8EVWGM4HjQjvVmFA2oD1sWSpphNofTX86JidW6ZIwVnakIVP1b2JEI62HUWCdETV9PbdLk55CHIwXAxPnf4FWasJrf8RlkhqUbPZ6mApiYjLpgnS5QmbE0BLKFLcHENanijJjGyvYZrzFHpZJ/bzsXZa9+4tS5SbrKA9HcAyn4MEVVOAOqlADBiG8wCu8Oc/Ou/PhfM6sOSfLHMIcnK9fKhmWBw==</latexit>

b)
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We consider a 1D chain of interacting hard-core boson atoms under 
continuous monitoring:

<latexit sha1_base64="xm+vY9G5/KjjXcvsgH1NksxftXo=">AAACAnicbZDLSsNAGIUn9VbrLerShcEiCGJJpKgboehGdxXsBdoQJtM/7dDJJMxMhBKy05fRlag7H8EX8G2ctllo61kM3/znDMx//JhRqWz72ygsLC4trxRXS2vrG5tb5vZOU0aJINAgEYtE28cSGOXQUFQxaMcCcOgzaPnD67HfegAhacTv1SgGN8R9TgNKsNIjz9y/vewGApOUe2mUnXAPsike6xOyzDPLdsWeyJoHJ4cyylX3zK9uLyJJCFwRhqXsOHas3BQLRQmDrNRNJMSYDHEfOho5DkG66WSRzDoMImGpAViT++9sikMpR6GvMyFWAznrjYf/eZ1EBRduSnmcKOBER7QXJMxSkTXuw+pRAUSxkQZMBNW/tMgA60aUbq2k13dml52H5mnFOatU76rl2lVeRBHtoQN0hBx0jmroBtVRAxH0hF7QO/owHo1n49V4m0YLRv5mF/2R8fkDZmCYCQ==</latexit>

I =
no � ne

no + ne

Our results are consistent with studies on free fermions based on the transport 
properties in the presence of dissipation.

SciPost Phys. 7, 024 (2019).

<latexit sha1_base64="hgcPG/4eSo3n4D86rzIRXYN56s0=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9CNCdGNS0wskEBDpsMtnTD9yczUhDS8gq6MuvOBfAHfxgG7UPCsvrnnTHLP9VPBlbbtL6u0tr6xuVXeruzs7u0fVA+POirJJEOXJSKRPZ8qFDxGV3MtsJdKpJEvsOtPbud+9xGl4kn8oKcpehEdxzzgjGozct0hv7aH1Zpdtxciq+AUUINC7WH1czBKWBZhrJmgSvUdO9VeTqXmTOCsMsgUppRN6Bj7BmMaofLyxbIzchYkkugQyeL9O5vTSKlp5JtMRHWolr358D+vn+ngyst5nGYaY2YixgsyQXRC5p3JiEtkWkwNUCa52ZKwkErKtLlMxdR3lsuuQuei7jTrjftGrXVTHKIMJ3AK5+DAJbTgDtrgAgMOz/AG71ZoPVkv1utPtGQVf47hj6yPbw40i9Q=</latexit>

Ui = 0

<latexit sha1_base64="F5LyVB7tgDoeEYDarqnkfF36E+Q=">AAAB6nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9Ql0Y1LTCxgoCHT4QITZto6MzUhDS+hK6PufBxfwLdxwC4UPKtv7jmT3HPDRHBtXPfLKaysrq1vFDdLW9s7u3vl/YOmjlPF0GexiFU7pBoFj9A33AhsJwqpDAW2wvH1zG89otI8ju7MJMFA0mHEB5xRY0f3fo93I3wgbq9ccavuXGQZvBwqkKvRK392+zFLJUaGCap1x3MTE2RUGc4ETkvdVGNC2ZgOsWMxohJ1kM0XnpKTQayIGSGZv39nMyq1nsjQZiQ1I73ozYb/eZ3UDC6DjEdJajBiNmK9QSqIicmsN+lzhcyIiQXKFLdbEjaiijJjr1Oy9b3FssvQPKt659Xaba1Sv8oPUYQjOIZT8OAC6nADDfCBgYRneIN3RzhPzovz+hMtOPmfQ/gj5+Mb7VyNfw==</latexit>

Ui 6= 0

<latexit sha1_base64="dqvq267c3Et0DGkR2B/39WN3Zvo=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokpagboejGjVDB2kIbymR60wyd/DAzEUroI+hK1J0v5Av4Nk5qFtp6Vt/ccwbuuV4iuNK2/WWVVlbX1jfKm5Wt7Z3dver+wYOKU8mww2IRy55HFQoeYUdzLbCXSKShJ7DrTa5zv/uIUvE4utfTBN2QjiPuc0Z1Prq9bNjDas2u23ORZXAKqEGh9rD6ORjFLA0x0kxQpfqOnWg3o1JzJnBWGaQKE8omdIx9gxENUbnZfNcZOfFjSXSAZP7+nc1oqNQ09EwmpDpQi14+/M/rp9q/cDMeJanGiJmI8fxUEB2TvDIZcYlMi6kByiQ3WxIWUEmZNoepmPrOYtlleGjUnbN6865Za10VhyjDERzDKThwDi24gTZ0gEEAz/AG79bYerJerNefaMkq/hzCH1kf3/uBiyw=</latexit>

M = 20
<latexit sha1_base64="UbP5ErOWlRBvWu87Vc58em8FX9E=">AAAB6HicbZDLTgJBEEVr8IX4Ql26mUhMXJEZJerGhOjGlcFEHglMSE9TQEvPI901JmTCP+jKqDu/xx/wb2xwFgre1em6t5O65cdSaHKcLyu3tLyyupZfL2xsbm3vFHf3GjpKFMc6j2SkWj7TKEWIdRIksRUrZIEvsemPrqd+8xGVFlF4T+MYvYANQtEXnJEZNW+7dHnqON1iySk7M9mL4GZQgky1bvGz04t4EmBIXDKt264Tk5cyRYJLnBQ6icaY8REbYNtgyALUXjpbd2If9SNl0xDt2ft3NmWB1uPAN5mA0VDPe9Phf147of6Fl4owTghDbiLG6yfSpsietrZ7QiEnOTbAuBJmS5sPmWKczG0Kpr47X3YRGidl96xcuauUqlfZIfJwAIdwDC6cQxVuoAZ14DCCZ3iDd+vBerJerNefaM7K/uzDH1kf3/UAjE8=</latexit>

Nt = 300



area

law
<latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="0rS8VDRVwpk3IkaOBuSbm0BEegk=">AAACEXicbVDLSgMxFM34tr6qLt0EiyAuyowI2l3BjUsFa4udQe6ktzU0yQxJxlLG/oVb/RBX4tYv8Dv8AdM6+D4QOJxzLrn3xKngxvr+qzc1PTM7N7+wWFpaXlldK69vXJgk0wwbLBGJbsVgUHCFDcutwFaqEWQssBn3j8d+8wa14Yk6t8MUIwk9xbucgXXSJbhsGFIBg6tyxa/6E9C/JChIhRQ4vSq/hZ2EZRKVZQKMaQd+aqMctOVM4KgUZgZTYH3oYdtRBRJNlE82HtEdp3RoN9HuKUsn6veJHKQxQxm7pAR7bX57Y/E/r53Z7lGUc5VmFhX7+KibCWoTOj6fdrhGZsXQEWCau10puwYNzLqSSqHCAUukBNXZy8M+2lE7iPLbShBqUD13lWsp+Cqn5nB4UJBa8NlSY79aq/pnB5X6blHXAtki22SXBOSQ1MkJOSUNwogid+SePHh33qP35D1/RKe8YmaT/ID38g58l546</latexit>

� = �c
<latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="RajI+eQ4sfiB3ZRh7nEnCcC4Ipk="></latexit>

� < �c
<latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="Jt7JTnQuy5lpjRIKnpOE9og5Gno="></latexit>

� > �c
<latexit sha1_base64="B5FN9yhLJxSysXMvKum8s4ioCz4="></latexit><latexit sha1_base64="B5FN9yhLJxSysXMvKum8s4ioCz4="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit>

critical
<latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="LL1gmE1B4wPkyWA6OlnvcFMBHGo=">AAACD3icbVDLSgMxFM3UV62vqks3g4MgLsqMFGp3RTcuKzi20BlKJr1tQ5PMkGSUMvYnutUPcSVu/QS/wx8wbQffBwKHc+5Nck6UMKq0675ZhaXlldW14nppY3Nre6e8u3ej4lQS8EnMYtmOsAJGBfiaagbtRALmEYNWNLqY+a1bkIrG4lqPEwg5HgjapwRrI7WJpNpw1i07bsWdw/5LvJw4KEezW34PejFJOQhNGFaq47mJDjMszXUMJqUgVZBgMsID6BgqMAcVZvP/Tuwjo/TsfizNEdqeq983MsyVGvPITHKsh+q3NxP/8zqp7p+FGRVJqkGQxUP9lNk6tmfh7R6VQDQbG4IX0W0yxBITbSoqBQLuSMw5Fr2TLBiBnnS8MLt3vEBiMTCpTEveVzl1g1o1J3XvsyX/tFKvuFdVp3Ge11VEB+gQHSMP1VADXaIm8hFBDE3RA3q0ptaT9Wy9LEYLVr6zj37Aev0AhxWd1g==</latexit>
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<latexit sha1_base64="1HbveT5JU6V0eK6wHlVYfExiar0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rAT3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiOOPGw==</latexit>�
<latexit sha1_base64="cNaaGMizfGHG012jwWvGUMOUz9g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/onmM1A==</latexit>

J

<latexit sha1_base64="8hgqfyiFFMleWdjbOlNYhd9J6fE=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KiqYU2lMn0Jh06mYSZiVBCF36AW/0Ed+LWT/EL/A2nbRa29cCFw7nnMHNPkHKmtON8W6WV1bX1jfJmZWt7Z3evun/QUkkmKXo04YlsB0QhZwI9zTTHdiqRxAHHx2B4M9k/PqFULBEPepSiH5NIsJBRoo107/VYr1pz6s4U9jJxC1KDAs1e9afbT2gWo9CUE6U6rpNqPydSM8pxXOlmClNChyTCjqGCxKj8fPrVsX1ilL4dJtKM0PZU/ZvISazUKA6MMyZ6oOZ2WRpJxOF4MTBx/hfoZDq88nMm0kyjoLPXw4zbOrEnZdh9JpFqPjKEUMnMATYdEEmoNpVVTDPuYg/LpHVWdy/q7t15rXFddFSGIziGU3DhEhpwC03wgEIEL/AKb9az9W59WJ8za8kqMocwB+vrFzkMlqM=</latexit>

Ui

<latexit sha1_base64="Fv8JpYDlpm9M3zaTYU7lG0P7tes=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6oGedYsktu1OQZeJlpAQZqp3iT7sbszRCaZigWrc8NzH+iCrDmcBxoZ1qTCgb0B62LJU0Qu2Ppj8dkxOrdEkYKzvSkKn6NzGikdbDKLDOiJq+ntulSU8hDsaLgYnzv0ArNeG1P+IySQ1KNns9TAUxMZl0QbpcITNiaAllitsDCOtTRZmxjRVsM95iD8ukfl72Lsve/UWpcpN1lIcjOIZT8OAKKnAHVagBgxBe4BXenGfn3flwPmfWnJNlDmEOztcvKH+WBg==</latexit>

a)
<latexit sha1_base64="JRojCdGCvZ713c7xuStsBc32W0E=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6CM46xZJbdqcgy8TLSAkyVDvFn3Y3ZmmE0jBBtW55bmL8EVWGM4HjQjvVmFA2oD1sWSpphNofTX86JidW6ZIwVnakIVP1b2JEI62HUWCdETV9PbdLk55CHIwXAxPnf4FWasJrf8RlkhqUbPZ6mApiYjLpgnS5QmbE0BLKFLcHENanijJjGyvYZrzFHpZJ/bzsXZa9+4tS5SbrKA9HcAyn4MEVVOAOqlADBiG8wCu8Oc/Ou/PhfM6sOSfLHMIcnK9fKhmWBw==</latexit>

b)

Our results

T. Bintener, JYM, M. Buchhold, P. Kirton, S. Diehl, A. Daley, in preparation (2022)

� �� �� ��
�

����

���

�

��

�����������

� �� �� ��
�

����

���
��

�����������

<latexit sha1_base64="nUgAEyCwgvDZ3hPXrpU//HabsVs=">AAACDHicbZDNSgMxFIUz9a/Wv6pLN8EitAvLjIi6EYouFFcVrBbaWu7EO20wmRmSjFCGvoK+jK5E3bnyBXwb05+Ftt7Vyf1O4J7jx4Jr47rfTmZmdm5+IbuYW1peWV3Lr29c6yhRDGssEpGq+6BR8BBrhhuB9VghSF/gjX9/OuA3D6g0j8Ir04uxJaET8oAzMHbVzpeCYrMDUkKJHtPdi7ZbBGpKFG/TXdo8GwA64v12vuCW3eHQaeGNRYGMp9rOfzXvIpZIDA0ToHXDc2PTSkEZzgT2c81EYwzsHjrYsDIEibqVDiP16U4QKWq6SIfv394UpNY96VuPBNPVk2yw/I81EhMctVIexonBkFmLZUEiqInooBl6xxUyI3pWAFPcXklZFxQwY/vL2fjeZNhpcb1X9g7K+5f7hcrJuIgs2SLbpEg8ckgq5JxUSY0w8kReyDv5cB6dZ+fVeRtZM874zyb5M87nD26AmKg=</latexit>

f(�) = �J0(at)e
���

<latexit sha1_base64="hgcPG/4eSo3n4D86rzIRXYN56s0=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9CNCdGNS0wskEBDpsMtnTD9yczUhDS8gq6MuvOBfAHfxgG7UPCsvrnnTHLP9VPBlbbtL6u0tr6xuVXeruzs7u0fVA+POirJJEOXJSKRPZ8qFDxGV3MtsJdKpJEvsOtPbud+9xGl4kn8oKcpehEdxzzgjGozct0hv7aH1Zpdtxciq+AUUINC7WH1czBKWBZhrJmgSvUdO9VeTqXmTOCsMsgUppRN6Bj7BmMaofLyxbIzchYkkugQyeL9O5vTSKlp5JtMRHWolr358D+vn+ngyst5nGYaY2YixgsyQXRC5p3JiEtkWkwNUCa52ZKwkErKtLlMxdR3lsuuQuei7jTrjftGrXVTHKIMJ3AK5+DAJbTgDtrgAgMOz/AG71ZoPVkv1utPtGQVf47hj6yPbw40i9Q=</latexit>

Ui = 0
<latexit sha1_base64="F5LyVB7tgDoeEYDarqnkfF36E+Q=">AAAB6nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9Ql0Y1LTCxgoCHT4QITZto6MzUhDS+hK6PufBxfwLdxwC4UPKtv7jmT3HPDRHBtXPfLKaysrq1vFDdLW9s7u3vl/YOmjlPF0GexiFU7pBoFj9A33AhsJwqpDAW2wvH1zG89otI8ju7MJMFA0mHEB5xRY0f3fo93I3wgbq9ccavuXGQZvBwqkKvRK392+zFLJUaGCap1x3MTE2RUGc4ETkvdVGNC2ZgOsWMxohJ1kM0XnpKTQayIGSGZv39nMyq1nsjQZiQ1I73ozYb/eZ3UDC6DjEdJajBiNmK9QSqIicmsN+lzhcyIiQXKFLdbEjaiijJjr1Oy9b3FssvQPKt659Xaba1Sv8oPUYQjOIZT8OAC6nADDfCBgYRneIN3RzhPzovz+hMtOPmfQ/gj5+Mb7VyNfw==</latexit>

Ui 6= 0

<latexit sha1_base64="dqvq267c3Et0DGkR2B/39WN3Zvo=">AAAB5XicbZDNSsNAFIVv6l+tf1WXbgaL4KokpagboejGjVDB2kIbymR60wyd/DAzEUroI+hK1J0v5Av4Nk5qFtp6Vt/ccwbuuV4iuNK2/WWVVlbX1jfKm5Wt7Z3dver+wYOKU8mww2IRy55HFQoeYUdzLbCXSKShJ7DrTa5zv/uIUvE4utfTBN2QjiPuc0Z1Prq9bNjDas2u23ORZXAKqEGh9rD6ORjFLA0x0kxQpfqOnWg3o1JzJnBWGaQKE8omdIx9gxENUbnZfNcZOfFjSXSAZP7+nc1oqNQ09EwmpDpQi14+/M/rp9q/cDMeJanGiJmI8fxUEB2TvDIZcYlMi6kByiQ3WxIWUEmZNoepmPrOYtlleGjUnbN6865Za10VhyjDERzDKThwDi24gTZ0gEEAz/AG79bYerJerNefaMkq/hzCH1kf3/uBiyw=</latexit>

M = 20
<latexit sha1_base64="UbP5ErOWlRBvWu87Vc58em8FX9E=">AAAB6HicbZDLTgJBEEVr8IX4Ql26mUhMXJEZJerGhOjGlcFEHglMSE9TQEvPI901JmTCP+jKqDu/xx/wb2xwFgre1em6t5O65cdSaHKcLyu3tLyyupZfL2xsbm3vFHf3GjpKFMc6j2SkWj7TKEWIdRIksRUrZIEvsemPrqd+8xGVFlF4T+MYvYANQtEXnJEZNW+7dHnqON1iySk7M9mL4GZQgky1bvGz04t4EmBIXDKt264Tk5cyRYJLnBQ6icaY8REbYNtgyALUXjpbd2If9SNl0xDt2ft3NmWB1uPAN5mA0VDPe9Phf147of6Fl4owTghDbiLG6yfSpsietrZ7QiEnOTbAuBJmS5sPmWKczG0Kpr47X3YRGidl96xcuauUqlfZIfJwAIdwDC6cQxVuoAZ14DCCZ3iDd+vBerJerNefaM7K/uzDH1kf3/UAjE8=</latexit>

Nt = 300

We can relate the damping in the oscillatory coherent signal with the role of 
dissipation that dephases the system.

We can obtain a functional form by fitting the signal to a damped exponential. 

• We observe that the damping rate is 
independent of the strength of the interaction.


• The system’s coherent oscillations are initially 
damped up to a maximum rate where the 
contribution from quantum Zeno effect 
becomes relevant leading to the freezing of 
dynamics.



Our results

T. Bintener, JYM, M. Buchhold, P. Kirton, S. Diehl, A. Daley, in preparation (2022)
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An alternative approach is to consider proving short-time information 
spreading in the steady state.

(Preliminary)

We can probe the infinite T state by using randomly 
rotated states sampled from the CUE. <latexit sha1_base64="j2ciSUmKnLdxoaIbBrfttN4wi5A="></latexit>

On(t) =

P
k2En

ckhW (t)iu,|kihVW (t)V iu,|k0iP
k2En

ckhW (t)iu,|kihW (t)iu,|k0i

Phys. Rev. X 9, 021061 (2019).


We observe qualitative differences in the 
information spreading between both 
regimes.



Open questions and beyond:

Conclusions

• We have analyzed the underlying competition between coherent and dissipative dynamics in 
continuously monitored systems.


• We have found signatures in the early time dynamics of certain observables that can distinguish 
different regimes linked to MIPTs.


• More importantly these signatures help characterize this dynamical interplay and the way in which 
information spreads in these systems. 


• This offers new insight in fundamental quantum mechanics and in the systems that QT can 
simulate.

• Introducing feedback in the system, can allow us to harness the information we obtain from probing 
the system and potentially stirring it into specific distinguishable phases.





Extra material



We consider a 1D chain of interacting hard-core boson atoms under 
continuous monitoring:

Our system

area

law
<latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="0rS8VDRVwpk3IkaOBuSbm0BEegk=">AAACEXicbVDLSgMxFM34tr6qLt0EiyAuyowI2l3BjUsFa4udQe6ktzU0yQxJxlLG/oVb/RBX4tYv8Dv8AdM6+D4QOJxzLrn3xKngxvr+qzc1PTM7N7+wWFpaXlldK69vXJgk0wwbLBGJbsVgUHCFDcutwFaqEWQssBn3j8d+8wa14Yk6t8MUIwk9xbucgXXSJbhsGFIBg6tyxa/6E9C/JChIhRQ4vSq/hZ2EZRKVZQKMaQd+aqMctOVM4KgUZgZTYH3oYdtRBRJNlE82HtEdp3RoN9HuKUsn6veJHKQxQxm7pAR7bX57Y/E/r53Z7lGUc5VmFhX7+KibCWoTOj6fdrhGZsXQEWCau10puwYNzLqSSqHCAUukBNXZy8M+2lE7iPLbShBqUD13lWsp+Cqn5nB4UJBa8NlSY79aq/pnB5X6blHXAtki22SXBOSQ1MkJOSUNwogid+SePHh33qP35D1/RKe8YmaT/ID38g58l546</latexit>

� = �c
<latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="8XTkfhBU5ddR/ctwlBjFaij0vRE="></latexit><latexit sha1_base64="RajI+eQ4sfiB3ZRh7nEnCcC4Ipk="></latexit>

� < �c
<latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="D9lDwMRqOPd3n/rd4mJ2p4mF/To="></latexit><latexit sha1_base64="Jt7JTnQuy5lpjRIKnpOE9og5Gno="></latexit>

� > �c
<latexit sha1_base64="B5FN9yhLJxSysXMvKum8s4ioCz4="></latexit><latexit sha1_base64="B5FN9yhLJxSysXMvKum8s4ioCz4="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit><latexit sha1_base64="55JDjFA94Z8J8OGamNCQmXc4dDc="></latexit>

critical
<latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="YhSTrRAXXSsLP53CMMp9TnplZvI=">AAACD3icbVDNSsNAGNz4W+tf1aOXYBDEQ0lEUG9FLx4rGFtoQtlsvrRLdzdhd6OU2JfoVR/Ek3j1EXwOX8Btm4O2DiwMM9+3uzNRxqjSrvtlLS2vrK6tVzaqm1vbO7u1vf0HleaSgE9Slsp2hBUwKsDXVDNoZxIwjxi0osHNxG89glQ0Ffd6mEHIcU/QhBKsjdQmkmrDWbfmuHV3CnuReCVxUIlmt/YdxCnJOQhNGFaq47mZDgsszXUMRtUgV5BhMsA96BgqMAcVFtP/juxjo8R2kkpzhLan6u+NAnOlhjwykxzrvpr3JuJ/XifXyWVYUJHlGgSZPZTkzNapPQlvx1QC0WxoCJ5Ft0kfS0y0qagaCHgiKedYxKdFMAA96nhh8ex4gcSiZ1KZlrz5ThaJf1a/qrt3507juqyrgg7RETpBHrpADXSLmshHBDE0Ri/o1Rpbb9a79TEbXbLKnQP0B9bnD2H+nXs=</latexit><latexit sha1_base64="LL1gmE1B4wPkyWA6OlnvcFMBHGo=">AAACD3icbVDLSgMxFM3UV62vqks3g4MgLsqMFGp3RTcuKzi20BlKJr1tQ5PMkGSUMvYnutUPcSVu/QS/wx8wbQffBwKHc+5Nck6UMKq0675ZhaXlldW14nppY3Nre6e8u3ej4lQS8EnMYtmOsAJGBfiaagbtRALmEYNWNLqY+a1bkIrG4lqPEwg5HgjapwRrI7WJpNpw1i07bsWdw/5LvJw4KEezW34PejFJOQhNGFaq47mJDjMszXUMJqUgVZBgMsID6BgqMAcVZvP/Tuwjo/TsfizNEdqeq983MsyVGvPITHKsh+q3NxP/8zqp7p+FGRVJqkGQxUP9lNk6tmfh7R6VQDQbG4IX0W0yxBITbSoqBQLuSMw5Fr2TLBiBnnS8MLt3vEBiMTCpTEveVzl1g1o1J3XvsyX/tFKvuFdVp3Ge11VEB+gQHSMP1VADXaIm8hFBDE3RA3q0ptaT9Wy9LEYLVr6zj37Aev0AhxWd1g==</latexit>
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<latexit sha1_base64="1HbveT5JU6V0eK6wHlVYfExiar0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Rj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rAT3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiOOPGw==</latexit>�
<latexit sha1_base64="cNaaGMizfGHG012jwWvGUMOUz9g=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix6EU8t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj26nfekKleSwfzDhBP6IDyUPOqLFS/b5XKrsVdwayTLyclCFHrVf66vZjlkYoDRNU647nJsbPqDKcCZwUu6nGhLIRHWDHUkkj1H42O3RCTq3SJ2GsbElDZurviYxGWo+jwHZG1Az1ojcV//M6qQmv/YzLJDUo2XxRmApiYjL9mvS5QmbE2BLKFLe3EjakijJjsynaELzFl5dJ87ziXVa8+kW5epPHUYBjOIEz8OAKqnAHNWgAA4RneIU359F5cd6dj3nripPPHMEfOJ8/onmM1A==</latexit>

J

<latexit sha1_base64="8hgqfyiFFMleWdjbOlNYhd9J6fE=">AAAB/3icbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047KiqYU2lMn0Jh06mYSZiVBCF36AW/0Ed+LWT/EL/A2nbRa29cCFw7nnMHNPkHKmtON8W6WV1bX1jfJmZWt7Z3evun/QUkkmKXo04YlsB0QhZwI9zTTHdiqRxAHHx2B4M9k/PqFULBEPepSiH5NIsJBRoo107/VYr1pz6s4U9jJxC1KDAs1e9afbT2gWo9CUE6U6rpNqPydSM8pxXOlmClNChyTCjqGCxKj8fPrVsX1ilL4dJtKM0PZU/ZvISazUKA6MMyZ6oOZ2WRpJxOF4MTBx/hfoZDq88nMm0kyjoLPXw4zbOrEnZdh9JpFqPjKEUMnMATYdEEmoNpVVTDPuYg/LpHVWdy/q7t15rXFddFSGIziGU3DhEhpwC03wgEIEL/AKb9az9W59WJ8za8kqMocwB+vrFzkMlqM=</latexit>

Ui

<latexit sha1_base64="Fv8JpYDlpm9M3zaTYU7lG0P7tes=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6oGedYsktu1OQZeJlpAQZqp3iT7sbszRCaZigWrc8NzH+iCrDmcBxoZ1qTCgb0B62LJU0Qu2Ppj8dkxOrdEkYKzvSkKn6NzGikdbDKLDOiJq+ntulSU8hDsaLgYnzv0ArNeG1P+IySQ1KNns9TAUxMZl0QbpcITNiaAllitsDCOtTRZmxjRVsM95iD8ukfl72Lsve/UWpcpN1lIcjOIZT8OAKKnAHVagBgxBe4BXenGfn3flwPmfWnJNlDmEOztcvKH+WBg==</latexit>

a)
<latexit sha1_base64="JRojCdGCvZ713c7xuStsBc32W0E=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIugmzIjoi6LblxWsQ9oh5JJ77ShmcyQZIRSCn6AW/0Ed+LWX/EL/A3Tdha29cCFw7nnkNwTJIJr47rfTm5ldW19I79Z2Nre2d0r7h/UdZwqhjUWi1g1A6pRcIk1w43AZqKQRoHARjC4newbT6g0j+WjGSboR7QnecgZNVZ6CM46xZJbdqcgy8TLSAkyVDvFn3Y3ZmmE0jBBtW55bmL8EVWGM4HjQjvVmFA2oD1sWSpphNofTX86JidW6ZIwVnakIVP1b2JEI62HUWCdETV9PbdLk55CHIwXAxPnf4FWasJrf8RlkhqUbPZ6mApiYjLpgnS5QmbE0BLKFLcHENanijJjGyvYZrzFHpZJ/bzsXZa9+4tS5SbrKA9HcAyn4MEVVOAOqlADBiG8wCu8Oc/Ou/PhfM6sOSfLHMIcnK9fKhmWBw==</latexit>

b)

One could think, that it is possible to infer the 
correlations from the homodyne currents:


However, the nonlinear term that are the 
relevant ones to detect the transition, cancel 
out,  as the current gets integrated over time 
those terms average to approx. zero.

<latexit sha1_base64="7Zy4nc4DwndtD6FvHnXyXwL441I=">AAACCnicbVDLSgNBEJyN7/ha9ehlMIgRIexKUC+C6EU8KRgVsiHMjp3skNmdZaZXDEv+QH9GT6LePPoD/o2TmIMm1qm6qxq6KkylMOh5X05hYnJqemZ2rji/sLi07K6sXhmVaQ41rqTSNyEzIEUCNRQo4SbVwOJQwnXYOenr13egjVDJJXZTaMSsnYiW4AztqulunTXzSMW9w0CypC2BBhHDXPUC/TPu0OBelHG76Za8ijcAHSf+kJTIEOdN9zO4VTyLIUEumTF130uxkTONgkvoFYPMQMp4h7WhbmnCYjCNfBCoRzdbSlOMgA7m396cxcZ049B6YoaRGdX6y/+0eoatg0YukjRDSLi1WK2VSYqK9nuht0IDR9m1hHEt7JeUR0wzjra9oo3vj4YdJ1e7FX+vUr2olo6Oh0XMknWyQcrEJ/vkiJySc1IjnDySZ/JG3p0H58l5cV5/rAVneLNG/sD5+Aaie5oi</latexit>

Jhom = hôi+ ⇠(t)
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<latexit sha1_base64="fZHp8EZALByFq1neTEZ8HyepaI4=">AAAB63icbZDNSgMxFIXv1L9a/6ou3QwWwdUwI0XdCEU3LivYH2yHkklv29AkMyQZoQx9Cl2JuvNtfAHfxrTOQlvP6ss9J3DPjRLOtPH9L6ewsrq2vlHcLG1t7+zulfcPmjpOFcUGjXms2hHRyJnEhmGGYztRSETEsRWNb2Z+6xGVZrG8N5MEQ0GGkg0YJcaOHrpDIgS58r2gV674nj+XuwxBDhXIVe+VP7v9mKYCpaGcaN0J/MSEGVGGUY7TUjfVmBA6JkPsWJREoA6z+cZT92QQK9eM0J2/f2czIrSeiMhmBDEjvejNhv95ndQMLsOMySQ1KKmNWG+QctfE7qy422cKqeETC4QqZrd06YgoQo09T8nWDxbLLkPzzAvOvepdtVK7zg9RhCM4hlMI4AJqcAt1aAAFCc/wBu+OcJ6cF+f1J1pw8j+H8EfOxzdCRI2n</latexit>

� = 0.1
<latexit sha1_base64="LNXXVgvoSOydkjONzaa0u6XykYw=">AAAB63icbZDLSsNAFIZP6q3WW9Wlm2ARXJVEvG2EohuXFewF21Am05N26MwkzEyEEvoUuhJ159v4Ar6N05qFtv6rb87/D5z/hAln2njel1NYWl5ZXSuulzY2t7Z3yrt7TR2nimKDxjxW7ZBo5ExiwzDDsZ0oJCLk2ApHN1O/9YhKs1jem3GCgSADySJGibGjh+6ACEGuvOpZr1zxqt5M7iL4OVQgV71X/uz2Y5oKlIZyonXH9xITZEQZRjlOSt1UY0LoiAywY1ESgTrIZhtP3KMoVq4Zojt7/85mRGg9FqHNCGKGet6bDv/zOqmJLoOMySQ1KKmNWC9KuWtid1rc7TOF1PCxBUIVs1u6dEgUocaep2Tr+/NlF6F5UvXPq6d3p5XadX6IIhzAIRyDDxdQg1uoQwMoSHiGN3h3hPPkvDivP9GCk//Zhz9yPr4BSDyNqw==</latexit>

� = 0.5

<latexit sha1_base64="vwQ9DT31sWs+/6XV0Eo7gGq5Hqs=">AAAB6XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJ1MtGKLpxWcFeoA3lZDpph84kYWYilNCH0JWoO1/HF/BtnNYstPVffXP+f+D8J0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VZQ1aSxi1QlQM8Ej1jTcCNZJFEMZCNYOxrczv/3IlOZx9GAmCfMlDiMecorGjjq9IUqJ1+f9csWtunORZfByqECuRr/82RvENJUsMlSg1l3PTYyfoTKcCjYt9VLNEqRjHLKuxQgl034233dKTsJYETNiZP7+nc1Qaj2Rgc1INCO96M2G/3nd1IRXfsajJDUsojZivTAVxMRkVpsMuGLUiIkFpIrbLQkdoUJq7HFKtr63WHYZWmdV76Jau69V6jf5IYpwBMdwCh5cQh3uoAFNoCDgGd7g3Rk7T86L8/oTLTj5n0P4I+fjG2xJjTk=</latexit>

� = 5
<latexit sha1_base64="pVOqYVUQpdGIIxq6FRE1it4/Qc0=">AAAB6nicbZDNSgMxFIXv1L9a/6ou3QSL4KrMSFE3QtGNywr2R9qhZNI7bWgyMyQZoQx9CV2JuvNxfAHfxrTOQlvP6ss9J3DPDRLBtXHdL6ewsrq2vlHcLG1t7+zulfcPWjpOFcMmi0WsOgHVKHiETcONwE6ikMpAYDsY38z89iMqzePo3kwS9CUdRjzkjBo7eugNqZT0ynP75Ypbdeciy+DlUIFcjX75szeIWSoxMkxQrbuemxg/o8pwJnBa6qUaE8rGdIhdixGVqP1svvCUnISxImaEZP7+nc2o1HoiA5uR1Iz0ojcb/ud1UxNe+hmPktRgxGzEemEqiInJrDcZcIXMiIkFyhS3WxI2oooyY69TsvW9xbLL0DqreufV2l2tUr/OD1GEIziGU/DgAupwCw1oAgMJz/AG745wnpwX5/UnWnDyP4fwR87HN9WqjW8=</latexit>

� = 10

<latexit sha1_base64="HDIOEgcJixeq4hamMxTTaDw1hr8=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJFHUjFN24ESrYC7ShTKYnzdDJhZmJUEIfQVei7nwhX8C3cVKz0NZ/9c35/4HzHy8RXGnb/rJKK6tr6xvlzcrW9s7uXnX/oKPiVDJss1jEsudRhYJH2NZcC+wlEmnoCex6k5vc7z6iVDyOHvQ0QTek44j7nFGdj+6uGvawWrPr9lxkGZwCalCoNax+DkYxS0OMNBNUqb5jJ9rNqNScCZxVBqnChLIJHWPfYERDVG4233VGTvxYEh0gmb9/ZzMaKjUNPZMJqQ7UopcP//P6qfYv3YxHSaoxYiZiPD8VRMckr0xGXCLTYmqAMsnNloQFVFKmzWEqpr6zWHYZOmd157zeuG/UmtfFIcpwBMdwCg5cQBNuoQVtYBDAM7zBuzW2nqwX6/UnWrKKP4fwR9bHN/5/iy4=</latexit>

M = 40
<latexit sha1_base64="A3iA4quUKhWOQEsBr13Naqvv2vM=">AAAB6XicbZDLTgJBEEVr8IX4Ql26mUhMXJEZQ9CNCdGNK4OJPBIYSU9TQIeeR7prTMiEj9CVUXf+jj/g39jgLBS8q9N1byd1y4+l0OQ4X1ZuZXVtfSO/Wdja3tndK+4fNHWUKI4NHslItX2mUYoQGyRIYjtWyAJfYssfX8/81iMqLaLwniYxegEbhmIgOCMzat/26NJ1Hqq9YskpO3PZy+BmUIJM9V7xs9uPeBJgSFwyrTuuE5OXMkWCS5wWuonGmPExG2LHYMgC1F4633dqnwwiZdMI7fn7dzZlgdaTwDeZgNFIL3qz4X9eJ6HBhZeKME4IQ24ixhsk0qbIntW2+0IhJzkxwLgSZkubj5hinMxxCqa+u1h2GZpnZbdartxVSrWr7BB5OIJjOAUXzqEGN1CHBnCQ8Axv8G6NrSfrxXr9ieas7M8h/JH18Q2uToy7</latexit>

Nt = 106

H Wiseman & G Milburn (2009), Quantum 
Measurement and Control T. Bintener, JYM, M. Buchhold, P. Kirton, S. Diehl, A. Daley, in preparation (2022)



We consider a 1D chain of interacting hard-core boson atoms under 
continuous monitoring:

Our system

area

law
<latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="NbASu2bIVBnSCHY2RKNSSpDygmM=">AAACEXicbVDLSgMxFM34rPVVdekmWARxUWZEUHeCG5cVrBU7g9zJ3KmhSWZIMpYy9i/c6oe4Erd+gd/hD5g+Fr4OBA7nnEvuPXEuuLG+/+HNzM7NLyxWlqrLK6tr67WNzSuTFZphi2Ui09cxGBRcYctyK/A61wgyFtiOe2cjv32P2vBMXdpBjpGEruIpZ2CddAMuG4ZUQP+2Vvcb/hj0LwmmpE6maN7WPsMkY4VEZZkAYzqBn9uoBG05EzishoXBHFgPuthxVIFEE5XjjYd01ykJTTPtnrJ0rH6fKEEaM5CxS0qwd+a3NxL/8zqFTY+jkqu8sKjY5KO0ENRmdHQ+TbhGZsXAEWCau10puwMNzLqSqqHCPsukBJXsl2EP7bATROVDPQg1qK67yrUU/O7kL2kdNE4a/sVh/XRvWleFbJMdskcCckROyTlpkhZhRJFH8kSevUfvxXv13ibRGW86s0V+wHv/AleAnd8=</latexit><latexit sha1_base64="0rS8VDRVwpk3IkaOBuSbm0BEegk=">AAACEXicbVDLSgMxFM34tr6qLt0EiyAuyowI2l3BjUsFa4udQe6ktzU0yQxJxlLG/oVb/RBX4tYv8Dv8AdM6+D4QOJxzLrn3xKngxvr+qzc1PTM7N7+wWFpaXlldK69vXJgk0wwbLBGJbsVgUHCFDcutwFaqEWQssBn3j8d+8wa14Yk6t8MUIwk9xbucgXXSJbhsGFIBg6tyxa/6E9C/JChIhRQ4vSq/hZ2EZRKVZQKMaQd+aqMctOVM4KgUZgZTYH3oYdtRBRJNlE82HtEdp3RoN9HuKUsn6veJHKQxQxm7pAR7bX57Y/E/r53Z7lGUc5VmFhX7+KibCWoTOj6fdrhGZsXQEWCau10puwYNzLqSSqHCAUukBNXZy8M+2lE7iPLbShBqUD13lWsp+Cqn5nB4UJBa8NlSY79aq/pnB5X6blHXAtki22SXBOSQ1MkJOSUNwogid+SePHh33qP35D1/RKe8YmaT/ID38g58l546</latexit>
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Are these correlations, even if experimentally 
hard to access, robust again other dissipation 
sources?


• Additional dephasing does affect the system. 


• Other dissipation, e.g. particle loss, produces 
decay of corr. in moderate times.

T. Bintener, JYM, M. Buchhold, P. Kirton, S. Diehl, A. Daley, in preparation (2022)
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Quantum trajectories: 

Stochastic unraveling

H. Carmichael, An Open Systems Approach to Quantum Optics, Springer, Berlin, 1993. 

K. Mølmer, J. Dalibard, Y. Castin, JOSA B 10, 524 (1993).


R. Dum, A. S. Parkins, P. Zoller, and C. W. Gardiner, PRA 46, 4382 (1992).



What is stochastic unraveling
… and why it is important

• When describing theoretically quantum systems, we have to consider ways to 
cope with exponentially increasing Hilbert space dimensions.


• This problem gets exacerbated in the case of open quantum systems, when our 
description typically requires the use of the density matrix. This meaning that our 
mathematical objects grow as           .


• However, we can take advantage of the way that the interaction between system 
and environment occurs to avoid using the density operator.


• Stochastic unraveling allows to describe the evolution of our mixed state as a 
sum of pure state evolutions in the presence of random dissipative events. 

• This way, we can interpret the master equation as the average evolution over these 
events occurring at every possible time and location.
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Different forms of unraveling
Photon counting Homodyne detection

A. J. Daley, Advances in Physics 63, 77 (2014)

• Measuring a photon in the detector implies that the state 
of the system has changed.


• We can describe the evolution of the system in every run 
of the experiment, as coherent evolution plus a set of 
jumps.

Quantum jumps Quantum state diffusion

• We couple the system to an oscillator field to not directly 
perturb the state and produce a weak measurement.


• This leads to an evolution that under the presence of a 
noise term, whose properties depend on the bath.

H Wiseman & G Milburn (2009), Quantum Measurement and Control
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• Measuring a photon in the detector implies that the state 
of the system has changed.


• We can describe the evolution of the system in every run 
of the experiment, as coherent evolution plus a set of 
jumps.

Quantum jumps Quantum state diffusion

• We couple the system to an oscillator field to not directly 
perturb the state and produce a weak measurement.


• This leads to an evolution that under the presence of a 
noise term, whose properties depend on the bath.

H Wiseman & G Milburn (2009), Quantum Measurement and Control

Let us discuss this 
case in detail



Quantum jumps: photodetection
In a time t, we have two options: I) No photon detected, II) We detect a photon and so the 
system has undergone a jump.


If we recall the GSKL master equation


Then, a pure state           sampled from     would evolve under (if no jump occurs):


As this Hamiltonian is not hermitian, the norm of the state would decrease:


We can associate this norm decrease with the probability leakage to another pure state from 
our density matrix, i.e. the probability that a jump has happened.
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| (t)i  Recycling term



Then, we can simply evolve our system in a given timestep as:


It is easy to see that if we take the average over pure states:
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A. J. Daley, Advances in Physics 63, 77 (2014)

Example: heating of hard-core bosons with radiation field

When a photon scatters from an atom, the environment learns about its position, 
thus, the jump operator is proportional to the number operator.

We observe that individual trajectories are noisy and exhibit numerous jumps but their 
average reproduce the exact results.



Example: two-level atom and spontaneous emission
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Results for fermions



We consider a 1D chain of interacting fermionic boson atoms under 
continuous monitoring:

Our system

T. Bintener, JYM, M. Buchhold, P. Kirton, S. Diehl, A. Daley, in preparation (2022)
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Link to scrambling and 
black hole models


