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Background
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• Quantum computing


• Quantum machine learning 


• Open quantum systems


• Quantum thermodynamics 



Outline
• Motivations. 

• Open quantum systems - Markov approximation.


• Markovianity in classical stochastic processes.


• Quantum non-Markovianity - divisibility, distinguishability.


• Example: Spontaneous emission of two-level system.


• Collision models.
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Motivation
Open quantum systems - a quantum system that interacts with a surrounding 
environment.


<latexit sha1_base64="2lNYSehUpFBONj8MtrVCyBm9sZ8=">AAAB+3icjVBNSwMxFMzWr1q/1nr0EiyCp7IrRT0WRfBYwdZCu5Rsmm1Ds8mSvC0tS/+KFw+KePWPePPfmG17UFFw4MEw84b3mDAR3IDnfTiFldW19Y3iZmlre2d3z90vt4xKNWVNqoTS7ZAYJrhkTeAgWDvRjMShYPfh6Cr378dMG67kHUwTFsRkIHnEKQEr9dxyF9gEsms55lrJmEmY9dyKX/XmwH+TClqi0XPfu31F0zxMBTGm43sJBBnRwKlgs1I3NSwhdEQGrGOpJDEzQTb/fYaPrdLHkdJ2JOC5+jWRkdiYaRzazZjA0Pz0cvE3r5NCdBFkXCYpMEkXh6JUYFA4LwL3uWYUxNQSQjW3v2I6JJpQsHWV/ldC67Tqn1Vrt7VK/XJZRxEdoiN0gnx0juroBjVQE1E0QQ/oCT07M+fReXFeF6sFZ5k5QN/gvH0CCMyVGQ==</latexit>

Environment

<latexit sha1_base64="EcFZlpp4GIgsK3H2Pv7TatB6K9o=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuBPUY9OIxARMDSQizk04yZGZ2mekVwxLwV7x4UMSr3+HNv3HyOGhiQUNR1U13VxhLYdH3v73Myura+kZ2M7e1vbO7l98/qNsoMRxqPJKRaYTMghQaaihQQiM2wFQo4T4c3kz8+wcwVkT6DkcxtBXra9ETnKGTOvmjFsIjptWEaUwUtSOLoMadfMEv+lPQZRLMSYHMUenkv1rdiCcKNHLJrG0GfoztlBkUXMI410osxIwPWR+ajmqmwLbT6fljeuqULu1FxpVGOlV/T6RMWTtSoetUDAd20ZuI/3nNBHtX7VToOEHQfLaol0iKEZ1kQbvCAEc5coRxI9ytlA+YYRxdYjkXQrD48jKpnxeDi2KpWiqUr+dxZMkxOSFnJCCXpExuSYXUCCcpeSav5M178l68d+9j1prx5jOH5A+8zx83+JZP</latexit>

Quantum system

Theory of open quantum systems - framework to describe the time-dependent 
behavior of the system.



Motivation
Open quantum systems - a quantum system that interacts with a surrounding 
environment.


<latexit sha1_base64="2lNYSehUpFBONj8MtrVCyBm9sZ8=">AAAB+3icjVBNSwMxFMzWr1q/1nr0EiyCp7IrRT0WRfBYwdZCu5Rsmm1Ds8mSvC0tS/+KFw+KePWPePPfmG17UFFw4MEw84b3mDAR3IDnfTiFldW19Y3iZmlre2d3z90vt4xKNWVNqoTS7ZAYJrhkTeAgWDvRjMShYPfh6Cr378dMG67kHUwTFsRkIHnEKQEr9dxyF9gEsms55lrJmEmY9dyKX/XmwH+TClqi0XPfu31F0zxMBTGm43sJBBnRwKlgs1I3NSwhdEQGrGOpJDEzQTb/fYaPrdLHkdJ2JOC5+jWRkdiYaRzazZjA0Pz0cvE3r5NCdBFkXCYpMEkXh6JUYFA4LwL3uWYUxNQSQjW3v2I6JJpQsHWV/ldC67Tqn1Vrt7VK/XJZRxEdoiN0gnx0juroBjVQE1E0QQ/oCT07M+fReXFeF6sFZ5k5QN/gvH0CCMyVGQ==</latexit>

Environment

<latexit sha1_base64="EcFZlpp4GIgsK3H2Pv7TatB6K9o=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuBPUY9OIxARMDSQizk04yZGZ2mekVwxLwV7x4UMSr3+HNv3HyOGhiQUNR1U13VxhLYdH3v73Myura+kZ2M7e1vbO7l98/qNsoMRxqPJKRaYTMghQaaihQQiM2wFQo4T4c3kz8+wcwVkT6DkcxtBXra9ETnKGTOvmjFsIjptWEaUwUtSOLoMadfMEv+lPQZRLMSYHMUenkv1rdiCcKNHLJrG0GfoztlBkUXMI410osxIwPWR+ajmqmwLbT6fljeuqULu1FxpVGOlV/T6RMWTtSoetUDAd20ZuI/3nNBHtX7VToOEHQfLaol0iKEZ1kQbvCAEc5coRxI9ytlA+YYRxdYjkXQrD48jKpnxeDi2KpWiqUr+dxZMkxOSFnJCCXpExuSYXUCCcpeSav5M178l68d+9j1prx5jOH5A+8zx83+JZP</latexit>

Quantum system

Theory of open quantum systems - framework to describe the time-dependent 
behavior of the system.

<latexit sha1_base64="qf/ugUjI4w9gGvEUE6s/a//tJbE=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiDES5gRiR4DHvQY0SySDKGn05M06WXo7hFCCPgPXjwo4tXP8ebf2FkOmvig4PFeFVX1ooQzY33/28usrK6tb2Q3c1vbO7t7+f2DulGpJrRGFFe6GWFDOZO0ZpnltJloikXEaSMaXE38xiPVhil5b4cJDQXuSRYzgq2THtq6rzp3Rf+0ky/4JX8KtEyCOSnAHNVO/qvdVSQVVFrCsTGtwE9sOMLaMsLpONdODU0wGeAebTkqsaAmHE0PHqMTp3RRrLQradFU/T0xwsKYoYhcp8C2bxa9ifif10ptfBmOmExSSyWZLYpTjqxCk+9Rl2lKLB86golm7lZE+lhjYl1GORdCsPjyMqmflYJyqXx7XqhcP83iyMIRHEMRAriACtxAFWpAQMAzvMKbp70X7937mLVmvHmEh/AH3ucP3/2QPA==</latexit>

⇢S(0)

<latexit sha1_base64="D1d9JQvaysvz0jg+A5lmez6GFxQ=">AAAB8HicbVDJSgNBEO2JW4xb1KOXxiDES5gRiR4DHvQY0SySDKGn05M06WXorhFCCPgPXjwo4tXP8ebf2FkOmvig4PFeFVX1okRwC77/7WVWVtfWN7Kbua3tnd29/P5B3erUUFajWmjTjIhlgitWAw6CNRPDiIwEa0SDq4nfeGTGcq3uYZiwUJKe4jGnBJz00DZ93bkrwmknX/BL/hR4mQRzUkBzVDv5r3ZX01QyBVQQa1uBn0A4IgY4FWyca6eWJYQOSI+1HFVEMhuOpgeP8YlTujjWxpUCPFV/T4yItHYoI9cpCfTtojcR//NaKcSX4YirJAWm6GxRnAoMGk++x11uGAUxdIRQw92tmPaJIRRcRjkXQrD48jKpn5WCcql8e16oXD/N4siiI3SMiihAF6iCblAV1RBFEj2jV/TmGe/Fe/c+Zq0Zbx7hIfoD7/MHR2CQgA==</latexit>

⇢S(t)

??



Motivation
Non-Markovian open quantum systems - time-dependent behavior influenced by 
memory effects.


<latexit sha1_base64="2lNYSehUpFBONj8MtrVCyBm9sZ8=">AAAB+3icjVBNSwMxFMzWr1q/1nr0EiyCp7IrRT0WRfBYwdZCu5Rsmm1Ds8mSvC0tS/+KFw+KePWPePPfmG17UFFw4MEw84b3mDAR3IDnfTiFldW19Y3iZmlre2d3z90vt4xKNWVNqoTS7ZAYJrhkTeAgWDvRjMShYPfh6Cr378dMG67kHUwTFsRkIHnEKQEr9dxyF9gEsms55lrJmEmY9dyKX/XmwH+TClqi0XPfu31F0zxMBTGm43sJBBnRwKlgs1I3NSwhdEQGrGOpJDEzQTb/fYaPrdLHkdJ2JOC5+jWRkdiYaRzazZjA0Pz0cvE3r5NCdBFkXCYpMEkXh6JUYFA4LwL3uWYUxNQSQjW3v2I6JJpQsHWV/ldC67Tqn1Vrt7VK/XJZRxEdoiN0gnx0juroBjVQE1E0QQ/oCT07M+fReXFeF6sFZ5k5QN/gvH0CCMyVGQ==</latexit>

Environment

<latexit sha1_base64="EcFZlpp4GIgsK3H2Pv7TatB6K9o=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuBPUY9OIxARMDSQizk04yZGZ2mekVwxLwV7x4UMSr3+HNv3HyOGhiQUNR1U13VxhLYdH3v73Myura+kZ2M7e1vbO7l98/qNsoMRxqPJKRaYTMghQaaihQQiM2wFQo4T4c3kz8+wcwVkT6DkcxtBXra9ETnKGTOvmjFsIjptWEaUwUtSOLoMadfMEv+lPQZRLMSYHMUenkv1rdiCcKNHLJrG0GfoztlBkUXMI410osxIwPWR+ajmqmwLbT6fljeuqULu1FxpVGOlV/T6RMWTtSoetUDAd20ZuI/3nNBHtX7VToOEHQfLaol0iKEZ1kQbvCAEc5coRxI9ytlA+YYRxdYjkXQrD48jKpnxeDi2KpWiqUr+dxZMkxOSFnJCCXpExuSYXUCCcpeSav5M178l68d+9j1prx5jOH5A+8zx83+JZP</latexit>

Quantum system

<latexit sha1_base64="qf/ugUjI4w9gGvEUE6s/a//tJbE=">AAAB8HicbVDJSgNBEK2JW4xb1KOXxiDES5gRiR4DHvQY0SySDKGn05M06WXo7hFCCPgPXjwo4tXP8ebf2FkOmvig4PFeFVX1ooQzY33/28usrK6tb2Q3c1vbO7t7+f2DulGpJrRGFFe6GWFDOZO0ZpnltJloikXEaSMaXE38xiPVhil5b4cJDQXuSRYzgq2THtq6rzp3Rf+0ky/4JX8KtEyCOSnAHNVO/qvdVSQVVFrCsTGtwE9sOMLaMsLpONdODU0wGeAebTkqsaAmHE0PHqMTp3RRrLQradFU/T0xwsKYoYhcp8C2bxa9ifif10ptfBmOmExSSyWZLYpTjqxCk+9Rl2lKLB86golm7lZE+lhjYl1GORdCsPjyMqmflYJyqXx7XqhcP83iyMIRHEMRAriACtxAFWpAQMAzvMKbp70X7937mLVmvHmEh/AH3ucP3/2QPA==</latexit>

⇢S(0)

<latexit sha1_base64="D1d9JQvaysvz0jg+A5lmez6GFxQ=">AAAB8HicbVDJSgNBEO2JW4xb1KOXxiDES5gRiR4DHvQY0SySDKGn05M06WXorhFCCPgPXjwo4tXP8ebf2FkOmvig4PFeFVX1okRwC77/7WVWVtfWN7Kbua3tnd29/P5B3erUUFajWmjTjIhlgitWAw6CNRPDiIwEa0SDq4nfeGTGcq3uYZiwUJKe4jGnBJz00DZ93bkrwmknX/BL/hR4mQRzUkBzVDv5r3ZX01QyBVQQa1uBn0A4IgY4FWyca6eWJYQOSI+1HFVEMhuOpgeP8YlTujjWxpUCPFV/T4yItHYoI9cpCfTtojcR//NaKcSX4YirJAWm6GxRnAoMGk++x11uGAUxdIRQw92tmPaJIRRcRjkXQrD48jKpn5WCcql8e16oXD/N4siiI3SMiihAF6iCblAV1RBFEj2jV/TmGe/Fe/c+Zq0Zbx7hIfoD7/MHR2CQgA==</latexit>

⇢S(t)

<latexit sha1_base64="/j6GZtkapayJWXTahAm7TRq2HMo=">AAAB6nicdVDLSgNBEJz1GeMr6tHLYBA8LbPBJHoLCOIxonlAsoTZyWwyZHZ2mekVwhLwB7x4UMSrX+TNv3HyEFS0oKGo6qa7K0ikMEDIh7O0vLK6tp7byG9ube/sFvb2myZONeMNFstYtwNquBSKN0CA5O1EcxoFkreC0cXUb91xbUSsbmGccD+iAyVCwShY6QZ6Xq9QJO45IWWvhIlLZpiScrnqVbC3UIpogXqv8N7txyyNuAImqTEdjyTgZ1SDYJJP8t3U8ISyER3wjqWKRtz42ezUCT62Sh+HsbalAM/U7xMZjYwZR4HtjCgMzW9vKv7ldVIIz/xMqCQFrth8UZhKDDGe/o37QnMGcmwJZVrYWzEbUk0Z2HTyNoSvT/H/pFlyvYpbuT4t1i7v53Hk0CE6QifIQ1VUQ1eojhqIoQF6QE/o2ZHOo/PivM5bl5xFhAfoB5y3T2t5jlQ=</latexit>

t1

<latexit sha1_base64="K+a9uk5KGRcLGCDUs8KcIgPApww=">AAAB6nicdVBNSwMxEM36WetX1aOXYBE8LdliW70VBPFY0X5Au5Rsmm1Ds9klmRVKKfgHvHhQxKu/yJv/xmxbQUUfDDzem2FmXpBIYYCQD2dpeWV1bT23kd/c2t7ZLeztN02casYbLJaxbgfUcCkUb4AAyduJ5jQKJG8Fo4vMb91xbUSsbmGccD+iAyVCwShY6QZ6pV6hSNxzQspeCROXzJCRcrnqVbC3UIpogXqv8N7txyyNuAImqTEdjyTgT6gGwSSf5rup4QllIzrgHUsVjbjxJ7NTp/jYKn0cxtqWAjxTv09MaGTMOApsZ0RhaH57mfiX10khPPMnQiUpcMXmi8JUYohx9jfuC80ZyLEllGlhb8VsSDVlYNPJ2xC+PsX/k2bJ9Spu5fq0WLu8n8eRQ4foCJ0gD1VRDV2hOmoghgboAT2hZ0c6j86L8zpvXXIWER6gH3DePgFs/Y5V</latexit>

t2

<latexit sha1_base64="lBFcwlfkS9EQ+3R2o6P3lmgr7+E=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqbfVWEMRjRfsBbSib7aZdutmE3YlQQsE/4MWDIl79Rd78N27aCir6YODx3gwz8/xYcA2O82HllpZXVtfy64WNza3tneLuXktHiaKsSSMRqY5PNBNcsiZwEKwTK0ZCX7C2P77I/PYdU5pH8hYmMfNCMpQ84JSAkW6gf9Ivlhz73HEqbhk7tjNDRiqVmlvF7kIpoQUa/eJ7bxDRJGQSqCBad10nBi8lCjgVbFroJZrFhI7JkHUNlSRk2ktnp07xkVEGOIiUKQl4pn6fSEmo9ST0TWdIYKR/e5n4l9dNIDjzUi7jBJik80VBIjBEOPsbD7hiFMTEEEIVN7diOiKKUDDpFEwIX5/i/0mrbLtVu3p9Wqpf3s/jyKMDdIiOkYtqqI6uUAM1EUVD9ICe0LMlrEfrxXqdt+asRYT76Aest09ugY5W</latexit>

t3
<latexit sha1_base64="spplDcXtTv0/x5kgA53i1jxus+g=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6bYVncFQVxWsA9oh5LJZNrYTDIkGaEMBT/BjQtF3Po/7vwbM20FFT1w4XDOvdx7T5Bwpg1CH87S8srq2npho7i5tb2zW9rbb2uZKkJbRHKpugHWlDNBW4YZTruJojgOOO0E44vc79xRpZkUN2aSUD/GQ8EiRrCxUrtPQmn0oFRG7jlCVa8CkYtmyEm1Wvdq0FsoZbBAc1B674eSpDEVhnCsdc9DifEzrAwjnE6L/VTTBJMxHtKepQLHVPvZ7NopPLZKCCOpbAkDZ+r3iQzHWk/iwHbG2Iz0by8X//J6qYnO/IyJJDVUkPmiKOXQSJi/DkOmKDF8YgkmitlbIRlhhYmxARVtCF+fwv9Ju+J6Nbd2fVpuXN7P4yiAQ3AEToAH6qABrkATtAABt+ABPIFnRzqPzovzOm9dchYRHoAfcN4+ARRHj+c=</latexit>· · ·



Motivation
Non-Markovian open quantum systems - time-dependent behavior influenced by 
memory effects.


• Superconducting qubits:

• Quantum biological systems:

• Cavity quantum electrodynamics:

(Samach et. al., PR App 18, 064056, 2022)
(Zhang et. al., PR App 17, 054018, 2022)

(Chin et. al., Nat Phys 9, 113, 2013)
(Ishizaki and Fleming, Proc Nat. Acad Sci, 106,
17255, 2009)

(Cernotik, et. al., PRL, 122, 243601, 2020)
(Denning, Iles-Smith, Mork, PRB, 100, 214306
2019)



Physical states    :

Open quantum systems
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<latexit sha1_base64="AZTDNzTv7vu09pPPRbNuvFtCr4s=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURqS4LbgpuKtgHNKFMppN26GQSZiZCDUU/xY0LRdz6H+78GydtF9p64MLhnHuZMydIOFPacb6twsrq2vpGcbO0tb2zu2fvH7RUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYyuc799T6VisbjT44T6ER4IFjKCtZF69pGXKIY8JpAXYT0kmGf1Sc8uOxVnCrRM3DkpwxyNnv3l9WOSRlRowrFSXddJtJ9hqRnhdFLyUkUTTEZ4QLuGChxR5WfT9BN0apQ+CmNpRmg0VX9fZDhSahwFZjOPqBa9XPzP66Y6vPIzJpJUU0FmD4UpRzpGeRWozyQlmo8NwUQykxWRIZaYaFNYyZTgLn55mbTOK261Ur29KNdunmZ1FOEYTuAMXLiEGtShAU0g8ADP8Apv1qP1Yr1bH7PVgjWv8BD+wPr8AVGJlZg=</latexit>

 2 H

<latexit sha1_base64="F5LZ4hLNhLrze3Oo37TZwqZWKCs=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWdEqhuhIELdVbQP6AxDJk3b0EwyJBmhDP0MN/6KGxeKuO3OvzHTzqJWDwROzrmXe+8JY0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctJRKJSRMLJmQnRIowyklTU81IJ5YERSEj7XB0k/ntJyIVFfxRj2PiR2jAaZ9ipI0U2GdehPQQI5bWJ/AaLvyCB09oGhG1qN0GdtmpODPAv8TNSRnkaAT21OsJnESEa8yQUl3XibWfIqkpZmRS8hJFYoRHaEC6hnJkJvrp7LAJPDFKD/aFNI9rOFMXO1IUKTWOQlOZLamWvUz8z+smun/lp5THiSYczwf1Ewa1gFlKsEclwZqNDUFYUrMrxEMkEdYmy5IJwV0++S9pnVfcaqV6f1Gu3eVxFMEROAanwAWXoAbqoAGaAINn8ArewYf1Yr1Zn9bXvLRg5T2H4Bes6Q9z7aC1</latexit>

H = HS ⌦HE

(B,HB , ρB)

(S,HS , ρS)

(S + B,HS ⊗HB , ρ)

<latexit sha1_base64="wWswRG+mfoxspmIx/Dmv9LPqvl4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL3qLYB6QLGF2MpsdMo9lZlYIIb/gxYMiXv0hb/6Ns8keNFrQUFR1090VpZwZ6/tfXmltfWNzq7xd2dnd2z+oHh51jMo0oW2iuNK9CBvKmaRtyyynvVRTLCJOu9HkJve7j1QbpuSDnaY0FHgsWcwItrk00IkaVmt+3V8A/SVBQWpQoDWsfg5GimSCSks4NqYf+KkNZ1hbRjidVwaZoSkmEzymfUclFtSEs8Wtc3TmlBGKlXYlLVqoPydmWBgzFZHrFNgmZtXLxf+8fmbj63DGZJpZKslyUZxxZBXKH0cjpimxfOoIJpq5WxFJsMbEungqLoRg9eW/pHNRDxr1xv1lrXlXxFGGEziFcwjgCppwCy1oA4EEnuAFXj3hPXtv3vuyteQVM8fwC97HNyVZjlk=</latexit>⇢
<latexit sha1_base64="RCPMgnvn1EmRHFJTRBcZOM6y/eE=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCCykzItWNUHCjuwr2AZ2xZDKZaWgmGZKMUMYu/BU3LhRx62+482/MtF1o64HLPZxzL7k5Qcqo0o7zbS0sLi2vrJbWyusbm1vb9s5uS4lMYtLEggnZCZAijHLS1FQz0kklQUnASDsYXBV++4FIRQW/08OU+AmKOY0oRtpIPXvfk30BL2HR7nMvRHFM5OikZ1ecqjMGnCfulFTAFI2e/eWFAmcJ4RozpFTXdVLt50hqihkZlb1MkRThAYpJ11COEqL8fHz/CB4ZJYSRkKa4hmP190aOEqWGSWAmE6T7atYrxP+8bqajCz+nPM004XjyUJQxqAUswoAhlQRrNjQEYUnNrRD3kURYm8jKJgR39svzpHVadWvV2u1ZpX4zjaMEDsAhOAYuOAd1cA0aoAkweATP4BW8WU/Wi/VufUxGF6zpzh74A+vzB0Dplag=</latexit>

⇢ = ⇢†,
<latexit sha1_base64="MvjfJO2kslbfLJIefSzoLvBr+VY=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCBym7ItVjwYveKtgP6C4lm2bb0GyyJlmhlv4SLx4U8epP8ea/MW33oK0PBh7vzTAzL0o508bzvp2V1bX1jc3CVnF7Z3ev5O4fNLXMFKENIrlU7QhrypmgDcMMp+1UUZxEnLai4fXUbz1SpZkU92aU0jDBfcFiRrCxUtctBWogUaAzQugD8s66btmreDOgZeLnpAw56l33K+hJkiVUGMKx1h3fS004xsowwumkGGSappgMcZ92LBU4oToczw6foBOr9FAslS1h0Ez9PTHGidajJLKdCTYDvehNxf+8Tmbiq3DMRJoZKsh8UZxxZCSapoB6TFFi+MgSTBSztyIywAoTY7Mq2hD8xZeXSfO84lcr1buLcu02j6MAR3AMp+DDJdTgBurQAAIZPMMrvDlPzovz7nzMW1ecfOYQ/sD5/AGg2ZJ0</latexit>

⇢ ⌫ 0,
<latexit sha1_base64="qf66Tii7grBtpUFLoGoqZMCW5W4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVC9CwYveKvQLmlA22227dDcJuxMxhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFtfWNza3idmlnd2//wD48ausoUZS1aCQi1Q2IZoKHrAUcBOvGihEZCNYJJjczv/PAlOZR2IQ0Zr4ko5APOSVgpL5d9oA9gpJZU009NY7wNXb7dsWpOnPgVeLmpIJyNPr2lzeIaCJZCFQQrXuuE4OfEQWcCjYteYlmMaETMmI9Q0Mimfaz+fFTfGqUAR5GylQIeK7+nsiI1DqVgemUBMZ62ZuJ/3m9BIZXfsbDOAEW0sWiYSIwRHiWBB5wxSiI1BBCFTe3YjomilAweZVMCO7yy6ukfV51a9Xa/UWlfpfHUUTH6ASdIRddojq6RQ3UQhSl6Bm9ojfryXqx3q2PRWvBymfK6A+szx9FMpSM</latexit>

Tr⇢ = 1

System-environment composite              :
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<latexit sha1_base64="AZTDNzTv7vu09pPPRbNuvFtCr4s=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURqS4LbgpuKtgHNKFMppN26GQSZiZCDUU/xY0LRdz6H+78GydtF9p64MLhnHuZMydIOFPacb6twsrq2vpGcbO0tb2zu2fvH7RUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYyuc799T6VisbjT44T6ER4IFjKCtZF69pGXKIY8JpAXYT0kmGf1Sc8uOxVnCrRM3DkpwxyNnv3l9WOSRlRowrFSXddJtJ9hqRnhdFLyUkUTTEZ4QLuGChxR5WfT9BN0apQ+CmNpRmg0VX9fZDhSahwFZjOPqBa9XPzP66Y6vPIzJpJUU0FmD4UpRzpGeRWozyQlmo8NwUQykxWRIZaYaFNYyZTgLn55mbTOK261Ur29KNdunmZ1FOEYTuAMXLiEGtShAU0g8ADP8Apv1qP1Yr1bH7PVgjWv8BD+wPr8AVGJlZg=</latexit>

 2 H

<latexit sha1_base64="F5LZ4hLNhLrze3Oo37TZwqZWKCs=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWdEqhuhIELdVbQP6AxDJk3b0EwyJBmhDP0MN/6KGxeKuO3OvzHTzqJWDwROzrmXe+8JY0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctJRKJSRMLJmQnRIowyklTU81IJ5YERSEj7XB0k/ntJyIVFfxRj2PiR2jAaZ9ipI0U2GdehPQQI5bWJ/AaLvyCB09oGhG1qN0GdtmpODPAv8TNSRnkaAT21OsJnESEa8yQUl3XibWfIqkpZmRS8hJFYoRHaEC6hnJkJvrp7LAJPDFKD/aFNI9rOFMXO1IUKTWOQlOZLamWvUz8z+smun/lp5THiSYczwf1Ewa1gFlKsEclwZqNDUFYUrMrxEMkEdYmy5IJwV0++S9pnVfcaqV6f1Gu3eVxFMEROAanwAWXoAbqoAGaAINn8ArewYf1Yr1Zn9bXvLRg5T2H4Bes6Q9z7aC1</latexit>

H = HS ⌦HE

<latexit sha1_base64="lTc7fhdck0zOdOF3MIRIw31uYUU=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1ScCPiooJ9QKeUTJppQzPJkNxRStu/ceOvuBFURJf+ieljYVsvhHs451xu7gliwQ247reTWlpeWV1Lr2c2Nre2d7K7exWjEk1ZmSqhdC0ghgkuWRk4CFaLNSNRIFg16F6N9OoD04YreQ+9mDUi0pY85JSApZrZy4EfG+5rItuC+bdq1ELQvN0BorV69HVH4Qs84xKTZplBM5tz8+648CLwpiCHplVqZt/8lqJJxCRQQYype24MjT7RwKlgw4yfGBYT2iVtVrdQkoiZRn985xAfWaaFQ6Xtk4DH7N+JPomM6UWBdUYEOmZeG5H/afUEwvNGn8s4ASbpZFGYCAwKj0LDLa4ZBdGzgFDN7V8x7RBNKNhoMzYEb/7kRVA5yXuFfOHuNFe8mcaRRgfoEB0jD52hIrpGJVRGFD2hF/SOPpxn59X5dL4m1pQzndlHM+X8/AJHU6gR</latexit>

| i () ⇢ = | ih |
<latexit sha1_base64="covXv0x8WOPJzmF51ZZ0cl19TUU="></latexit>

{pj , | ji} () ⇢ =
X

j

pj | jih j |

Pure states:

Mixed states:
(B,HB , ρB)

(S,HS , ρS)

(S + B,HS ⊗HB , ρ)

<latexit sha1_base64="wWswRG+mfoxspmIx/Dmv9LPqvl4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL3qLYB6QLGF2MpsdMo9lZlYIIb/gxYMiXv0hb/6Ns8keNFrQUFR1090VpZwZ6/tfXmltfWNzq7xd2dnd2z+oHh51jMo0oW2iuNK9CBvKmaRtyyynvVRTLCJOu9HkJve7j1QbpuSDnaY0FHgsWcwItrk00IkaVmt+3V8A/SVBQWpQoDWsfg5GimSCSks4NqYf+KkNZ1hbRjidVwaZoSkmEzymfUclFtSEs8Wtc3TmlBGKlXYlLVqoPydmWBgzFZHrFNgmZtXLxf+8fmbj63DGZJpZKslyUZxxZBXKH0cjpimxfOoIJpq5WxFJsMbEungqLoRg9eW/pHNRDxr1xv1lrXlXxFGGEziFcwjgCppwCy1oA4EEnuAFXj3hPXtv3vuyteQVM8fwC97HNyVZjlk=</latexit>⇢
<latexit sha1_base64="RCPMgnvn1EmRHFJTRBcZOM6y/eE=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCCykzItWNUHCjuwr2AZ2xZDKZaWgmGZKMUMYu/BU3LhRx62+482/MtF1o64HLPZxzL7k5Qcqo0o7zbS0sLi2vrJbWyusbm1vb9s5uS4lMYtLEggnZCZAijHLS1FQz0kklQUnASDsYXBV++4FIRQW/08OU+AmKOY0oRtpIPXvfk30BL2HR7nMvRHFM5OikZ1ecqjMGnCfulFTAFI2e/eWFAmcJ4RozpFTXdVLt50hqihkZlb1MkRThAYpJ11COEqL8fHz/CB4ZJYSRkKa4hmP190aOEqWGSWAmE6T7atYrxP+8bqajCz+nPM004XjyUJQxqAUswoAhlQRrNjQEYUnNrRD3kURYm8jKJgR39svzpHVadWvV2u1ZpX4zjaMEDsAhOAYuOAd1cA0aoAkweATP4BW8WU/Wi/VufUxGF6zpzh74A+vzB0Dplag=</latexit>

⇢ = ⇢†,
<latexit sha1_base64="MvjfJO2kslbfLJIefSzoLvBr+VY=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCBym7ItVjwYveKtgP6C4lm2bb0GyyJlmhlv4SLx4U8epP8ea/MW33oK0PBh7vzTAzL0o508bzvp2V1bX1jc3CVnF7Z3ev5O4fNLXMFKENIrlU7QhrypmgDcMMp+1UUZxEnLai4fXUbz1SpZkU92aU0jDBfcFiRrCxUtctBWogUaAzQugD8s66btmreDOgZeLnpAw56l33K+hJkiVUGMKx1h3fS004xsowwumkGGSappgMcZ92LBU4oToczw6foBOr9FAslS1h0Ez9PTHGidajJLKdCTYDvehNxf+8Tmbiq3DMRJoZKsh8UZxxZCSapoB6TFFi+MgSTBSztyIywAoTY7Mq2hD8xZeXSfO84lcr1buLcu02j6MAR3AMp+DDJdTgBurQAAIZPMMrvDlPzovz7nzMW1ecfOYQ/sD5/AGg2ZJ0</latexit>

⇢ ⌫ 0,
<latexit sha1_base64="qf66Tii7grBtpUFLoGoqZMCW5W4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVC9CwYveKvQLmlA22227dDcJuxMxhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFtfWNza3idmlnd2//wD48ausoUZS1aCQi1Q2IZoKHrAUcBOvGihEZCNYJJjczv/PAlOZR2IQ0Zr4ko5APOSVgpL5d9oA9gpJZU009NY7wNXb7dsWpOnPgVeLmpIJyNPr2lzeIaCJZCFQQrXuuE4OfEQWcCjYteYlmMaETMmI9Q0Mimfaz+fFTfGqUAR5GylQIeK7+nsiI1DqVgemUBMZ62ZuJ/3m9BIZXfsbDOAEW0sWiYSIwRHiWBB5wxSiI1BBCFTe3YjomilAweZVMCO7yy6ukfV51a9Xa/UWlfpfHUUTH6ASdIRddojq6RQ3UQhSl6Bm9ojfryXqx3q2PRWvBymfK6A+szx9FMpSM</latexit>

Tr⇢ = 1

System-environment composite              :
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<latexit sha1_base64="AZTDNzTv7vu09pPPRbNuvFtCr4s=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyURqS4LbgpuKtgHNKFMppN26GQSZiZCDUU/xY0LRdz6H+78GydtF9p64MLhnHuZMydIOFPacb6twsrq2vpGcbO0tb2zu2fvH7RUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYyuc799T6VisbjT44T6ER4IFjKCtZF69pGXKIY8JpAXYT0kmGf1Sc8uOxVnCrRM3DkpwxyNnv3l9WOSRlRowrFSXddJtJ9hqRnhdFLyUkUTTEZ4QLuGChxR5WfT9BN0apQ+CmNpRmg0VX9fZDhSahwFZjOPqBa9XPzP66Y6vPIzJpJUU0FmD4UpRzpGeRWozyQlmo8NwUQykxWRIZaYaFNYyZTgLn55mbTOK261Ur29KNdunmZ1FOEYTuAMXLiEGtShAU0g8ADP8Apv1qP1Yr1bH7PVgjWv8BD+wPr8AVGJlZg=</latexit>

 2 H

<latexit sha1_base64="F5LZ4hLNhLrze3Oo37TZwqZWKCs=">AAACGHicbVDLSgMxFM3UV62vUZdugkVwVWdEqhuhIELdVbQP6AxDJk3b0EwyJBmhDP0MN/6KGxeKuO3OvzHTzqJWDwROzrmXe+8JY0aVdpxvq7Cyura+UdwsbW3v7O7Z+wctJRKJSRMLJmQnRIowyklTU81IJ5YERSEj7XB0k/ntJyIVFfxRj2PiR2jAaZ9ipI0U2GdehPQQI5bWJ/AaLvyCB09oGhG1qN0GdtmpODPAv8TNSRnkaAT21OsJnESEa8yQUl3XibWfIqkpZmRS8hJFYoRHaEC6hnJkJvrp7LAJPDFKD/aFNI9rOFMXO1IUKTWOQlOZLamWvUz8z+smun/lp5THiSYczwf1Ewa1gFlKsEclwZqNDUFYUrMrxEMkEdYmy5IJwV0++S9pnVfcaqV6f1Gu3eVxFMEROAanwAWXoAbqoAGaAINn8ArewYf1Yr1Zn9bXvLRg5T2H4Bes6Q9z7aC1</latexit>

H = HS ⌦HE

<latexit sha1_base64="+PqqFoPOg+qwGOKF71iqT6mIpAk=">AAACBXicbZBLSwMxFIUz9VXra9SlLoJFcFVmRKoboSCC4KZiX9AZhkyatqGZB8kdsQwFceNfceNCEbf+B3f+GzNtF9p6IHD4zg3JPX4suALL+jZyC4tLyyv51cLa+sbmlrm901BRIimr00hEsuUTxQQPWR04CNaKJSOBL1jTH1xkefOOScWjsAbDmLkB6YW8yykBjTxz35H9yLvF59gBdg8ySGty5F22M+x6ZtEqWWPheWNPTRFNVfXML6cT0SRgIVBBlGrbVgxuSiRwKtio4CSKxYQOSI+1tQ1JwJSbjrcY4UNNOrgbSX1CwGP6+0ZKAqWGga8nAwJ9NZtl8L+snUD3zE15GCfAQjp5qJsIDBHOKsEdLhkFMdSGUMn1XzHtE0ko6OIKugR7duV50zgu2eVS+eakWLl+mNSRR3voAB0hG52iCrpCVVRHFD2iZ/SK3own48V4Nz4mozljWuEu+iPj8wdPQJjq</latexit>

⇢S = TrE [⇢]

<latexit sha1_base64="lTc7fhdck0zOdOF3MIRIw31uYUU=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK4KjMi1Y1ScCPiooJ9QKeUTJppQzPJkNxRStu/ceOvuBFURJf+ieljYVsvhHs451xu7gliwQ247reTWlpeWV1Lr2c2Nre2d7K7exWjEk1ZmSqhdC0ghgkuWRk4CFaLNSNRIFg16F6N9OoD04YreQ+9mDUi0pY85JSApZrZy4EfG+5rItuC+bdq1ELQvN0BorV69HVH4Qs84xKTZplBM5tz8+648CLwpiCHplVqZt/8lqJJxCRQQYype24MjT7RwKlgw4yfGBYT2iVtVrdQkoiZRn985xAfWaaFQ6Xtk4DH7N+JPomM6UWBdUYEOmZeG5H/afUEwvNGn8s4ASbpZFGYCAwKj0LDLa4ZBdGzgFDN7V8x7RBNKNhoMzYEb/7kRVA5yXuFfOHuNFe8mcaRRgfoEB0jD52hIrpGJVRGFD2hF/SOPpxn59X5dL4m1pQzndlHM+X8/AJHU6gR</latexit>

| i () ⇢ = | ih |
<latexit sha1_base64="covXv0x8WOPJzmF51ZZ0cl19TUU="></latexit>

{pj , | ji} () ⇢ =
X

j

pj | jih j |

Pure states:

Mixed states:
(B,HB , ρB)

(S,HS , ρS)

(S + B,HS ⊗HB , ρ)

Contains all statistical information on system

Partial trace:

<latexit sha1_base64="wWswRG+mfoxspmIx/Dmv9LPqvl4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL3qLYB6QLGF2MpsdMo9lZlYIIb/gxYMiXv0hb/6Ns8keNFrQUFR1090VpZwZ6/tfXmltfWNzq7xd2dnd2z+oHh51jMo0oW2iuNK9CBvKmaRtyyynvVRTLCJOu9HkJve7j1QbpuSDnaY0FHgsWcwItrk00IkaVmt+3V8A/SVBQWpQoDWsfg5GimSCSks4NqYf+KkNZ1hbRjidVwaZoSkmEzymfUclFtSEs8Wtc3TmlBGKlXYlLVqoPydmWBgzFZHrFNgmZtXLxf+8fmbj63DGZJpZKslyUZxxZBXKH0cjpimxfOoIJpq5WxFJsMbEungqLoRg9eW/pHNRDxr1xv1lrXlXxFGGEziFcwjgCppwCy1oA4EEnuAFXj3hPXtv3vuyteQVM8fwC97HNyVZjlk=</latexit>⇢
<latexit sha1_base64="RCPMgnvn1EmRHFJTRBcZOM6y/eE=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCCykzItWNUHCjuwr2AZ2xZDKZaWgmGZKMUMYu/BU3LhRx62+482/MtF1o64HLPZxzL7k5Qcqo0o7zbS0sLi2vrJbWyusbm1vb9s5uS4lMYtLEggnZCZAijHLS1FQz0kklQUnASDsYXBV++4FIRQW/08OU+AmKOY0oRtpIPXvfk30BL2HR7nMvRHFM5OikZ1ecqjMGnCfulFTAFI2e/eWFAmcJ4RozpFTXdVLt50hqihkZlb1MkRThAYpJ11COEqL8fHz/CB4ZJYSRkKa4hmP190aOEqWGSWAmE6T7atYrxP+8bqajCz+nPM004XjyUJQxqAUswoAhlQRrNjQEYUnNrRD3kURYm8jKJgR39svzpHVadWvV2u1ZpX4zjaMEDsAhOAYuOAd1cA0aoAkweATP4BW8WU/Wi/VufUxGF6zpzh74A+vzB0Dplag=</latexit>

⇢ = ⇢†,
<latexit sha1_base64="MvjfJO2kslbfLJIefSzoLvBr+VY=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCBym7ItVjwYveKtgP6C4lm2bb0GyyJlmhlv4SLx4U8epP8ea/MW33oK0PBh7vzTAzL0o508bzvp2V1bX1jc3CVnF7Z3ev5O4fNLXMFKENIrlU7QhrypmgDcMMp+1UUZxEnLai4fXUbz1SpZkU92aU0jDBfcFiRrCxUtctBWogUaAzQugD8s66btmreDOgZeLnpAw56l33K+hJkiVUGMKx1h3fS004xsowwumkGGSappgMcZ92LBU4oToczw6foBOr9FAslS1h0Ez9PTHGidajJLKdCTYDvehNxf+8Tmbiq3DMRJoZKsh8UZxxZCSapoB6TFFi+MgSTBSztyIywAoTY7Mq2hD8xZeXSfO84lcr1buLcu02j6MAR3AMp+DDJdTgBurQAAIZPMMrvDlPzovz7nzMW1ecfOYQ/sD5/AGg2ZJ0</latexit>

⇢ ⌫ 0,
<latexit sha1_base64="qf66Tii7grBtpUFLoGoqZMCW5W4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVC9CwYveKvQLmlA22227dDcJuxMxhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCAWXIPjfFuFtfWNza3idmlnd2//wD48ausoUZS1aCQi1Q2IZoKHrAUcBOvGihEZCNYJJjczv/PAlOZR2IQ0Zr4ko5APOSVgpL5d9oA9gpJZU009NY7wNXb7dsWpOnPgVeLmpIJyNPr2lzeIaCJZCFQQrXuuE4OfEQWcCjYteYlmMaETMmI9Q0Mimfaz+fFTfGqUAR5GylQIeK7+nsiI1DqVgemUBMZ62ZuJ/3m9BIZXfsbDOAEW0sWiYSIwRHiWBB5wxSiI1BBCFTe3YjomilAweZVMCO7yy6ukfV51a9Xa/UWlfpfHUUTH6ASdIRddojq6RQ3UQhSl6Bm9ojfryXqx3q2PRWvBymfK6A+szx9FMpSM</latexit>

Tr⇢ = 1

System-environment composite              :

<latexit sha1_base64="R4GKOGNT0sYF0MQiylFaA8coWfg=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL3pL0DwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mHGCfkQHkoecUWOl+n2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUq5Ur8sVe+yOPJwAqdwDh5cQRVuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A7PSjOk=</latexit>

S



Open quantum systems

(B,HB , ρB)

(S,HS , ρS)

(S + B,HS ⊗HB , ρ)
<latexit sha1_base64="Ye987yV8bMP3W/XvvlRYbjhP51s=">AAACKnicbVDLSsNAFJ34rPEVdelmsAiCUJIuqhuhIkLqqqJ9QBPCZDpth04ezEyEEvo9bvwVN10oxa0f4qSNUFsvDJw551zuvcePGRXSNKfa2vrG5tZ2YUff3ds/ODSOjpsiSjgmDRyxiLd9JAijIWlIKhlpx5ygwGek5Q/vMr31QrigUfgsRzFxA9QPaY9iJBXlGbdOB+o2vIG29+REkgZEOAGSA99Pa2PvHl7Che+vQ5kzxfZquuN6RtEsmbOCq8DKQRHkVfeMidONcBKQUGKGhOhYZizdFHFJMSNj3UkEiREeoj7pKBgiNdFNZ6eO4bliurAXcfVCCWfsYkeKAiFGga+c2d5iWcvI/7ROInvXbkrDOJEkxPNBvYRBGcEsN9ilnGDJRgogzKnaFeIB4ghLla6uQrCWT14FzXLJqpQqj+Vi9SGPowBOwRm4ABa4AlVggzpoAAxewTv4AJ/amzbRptrX3Lqm5T0n4E9p3z8/nKTB</latexit>

H = HS ⌦ IE + IS ⌦HE +HI

Hamiltonian:
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<latexit sha1_base64="qbLRdZmsmVTjqTpsLIikVvF5M14=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEg2FXRL0Igpd4i2ASIYlhdtKJY2Znl5leIaz5Ci/+ihcPingVb/6Nk4eg0YKGoqqb7q4glsKg5306U9Mzs3PzmYXs4tLyyqq7tl4xUaI5lHkkI30ZMANSKCijQAmXsQYWBhKqQfd04FdvQRsRqQvsxdAIWUeJtuAMrdR0d+/qsRHNmzzu1DVTHQn0mMJVuiuK2P/2vG+v6ea8gjcE/Uv8McmRMUpN96PeingSgkIumTE134uxkTKNgkvoZ+uJgZjxLutAzVLFQjCNdPhWn25bpUXbkbalkA7VnxMpC43phYHtDBlem0lvIP7n1RJsHzVSoeIEQfHRonYiKUZ0kBFtCQ0cZc8SxrWwt1J+zTTjaJPM2hD8yZf/kspewT8oHJzv507OxnFkyCbZInnik0NyQoqkRMqEk3vySJ7Ji/PgPDmvztuodcoZz2yQX3DevwA6Vp7T</latexit>

| j(t)i = e�iHt| j(0)iTime evolution:



Open quantum systems

(B,HB , ρB)

(S,HS , ρS)

(S + B,HS ⊗HB , ρ)

<latexit sha1_base64="grJDc+7DY1mD7zsOgMevZE/GUZ0=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoMQm3gnEm0EwcZ0Ebwo5GLY25ski3sf7M4J4cjPsPGv2FgoYpvOf+NecoVGX1h4eWaG2Xn9RAqNtv1lzc0vLC4tr6yW1tY3NrfK2zstHaeKg8tjGas7n2mQIgIXBUq4SxSw0Jdw6z9c5vXbR1BaxNENDhPohKwfiZ7gDA3qlo88FDKAzFODeFTFQ3pO3W7DmBxU7UP3PvMC1u+DGk1wt1yxa/ZE9K9xClMhhZrd8tgLYp6GECGXTOu2YyfYyZhCwSWMSl6qIWH8gfWhbWzEQtCdbHLYiB4YEtBerMyLkE7oz4mMhVoPQ990hgwHeraWw/9q7RR7Z51MREmKEPHpol4qKcY0T4kGQgFHOTSGcSXMXykfMMU4mixLJgRn9uS/pnVcc+q1+vVJ5aJRxLFC9sg+qRKHnJILckWaxCWcPJEX8kberWfr1fqwPqetc1Yxs0t+yRp/AzL5nqY=</latexit>

⇢̃(t) = UI(t)⇢(0)U
†
I (t)

<latexit sha1_base64="Ye987yV8bMP3W/XvvlRYbjhP51s=">AAACKnicbVDLSsNAFJ34rPEVdelmsAiCUJIuqhuhIkLqqqJ9QBPCZDpth04ezEyEEvo9bvwVN10oxa0f4qSNUFsvDJw551zuvcePGRXSNKfa2vrG5tZ2YUff3ds/ODSOjpsiSjgmDRyxiLd9JAijIWlIKhlpx5ygwGek5Q/vMr31QrigUfgsRzFxA9QPaY9iJBXlGbdOB+o2vIG29+REkgZEOAGSA99Pa2PvHl7Che+vQ5kzxfZquuN6RtEsmbOCq8DKQRHkVfeMidONcBKQUGKGhOhYZizdFHFJMSNj3UkEiREeoj7pKBgiNdFNZ6eO4bliurAXcfVCCWfsYkeKAiFGga+c2d5iWcvI/7ROInvXbkrDOJEkxPNBvYRBGcEsN9ilnGDJRgogzKnaFeIB4ghLla6uQrCWT14FzXLJqpQqj+Vi9SGPowBOwRm4ABa4AlVggzpoAAxewTv4AJ/amzbRptrX3Lqm5T0n4E9p3z8/nKTB</latexit>

H = HS ⌦ IE + IS ⌦HE +HI

<latexit sha1_base64="LQ2hGiAaT/sRP2DGKkfm6knJErI=">AAACHXicbVDLSsNAFJ34tr6qLt0MFkFBSyKluhEEN+pKoVWhqWEyudWhk0mYuRFKyI+48VfcuFDEhRvxb5w+Fr4ODBzOOZc794SpFAZd99MZG5+YnJqemS3NzS8sLpWXVy5MkmkOTZ7IRF+FzIAUCpooUMJVqoHFoYTLsHvU9y/vQBuRqAb2UmjH7EaJjuAMrRSUa83gZBO36AH1Y4a3nMm8UcB1viN8ofAaAzcy/raPQkaQHxc2bLaKoFxxq+4A9C/xRqRCRjgLyu9+lPAsBoVcMmNanptiO2caBZdQlPzMQMp4l91Ay1LFYjDtfHBdQTesEtFOou1TSAfq94mcxcb04tAm+yeY315f/M9rZdjZb+dCpRmC4sNFnUxSTGi/KhoJDRxlzxLGtbB/pfyWacbRFlqyJXi/T/5LLnarXr1aP69VDk9HdcyQNbJONolH9sghOSZnpEk4uSeP5Jm8OA/Ok/PqvA2jY85oZpX8gPPxBQqjoVk=</latexit>

UI(t) = T e�i
R t
0 ds H̃I(s)

Hamiltonian:

Interaction picture:

12

<latexit sha1_base64="qbLRdZmsmVTjqTpsLIikVvF5M14=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEg2FXRL0Igpd4i2ASIYlhdtKJY2Znl5leIaz5Ci/+ihcPingVb/6Nk4eg0YKGoqqb7q4glsKg5306U9Mzs3PzmYXs4tLyyqq7tl4xUaI5lHkkI30ZMANSKCijQAmXsQYWBhKqQfd04FdvQRsRqQvsxdAIWUeJtuAMrdR0d+/qsRHNmzzu1DVTHQn0mMJVuiuK2P/2vG+v6ea8gjcE/Uv8McmRMUpN96PeingSgkIumTE134uxkTKNgkvoZ+uJgZjxLutAzVLFQjCNdPhWn25bpUXbkbalkA7VnxMpC43phYHtDBlem0lvIP7n1RJsHzVSoeIEQfHRonYiKUZ0kBFtCQ0cZc8SxrWwt1J+zTTjaJPM2hD8yZf/kspewT8oHJzv507OxnFkyCbZInnik0NyQoqkRMqEk3vySJ7Ji/PgPDmvztuodcoZz2yQX3DevwA6Vp7T</latexit>

| j(t)i = e�iHt| j(0)iTime evolution:

<latexit sha1_base64="y120EPbsFOtmMg3HASo9XAISP8k=">AAACHHicbZBNSwMxEIazftb6VfXoJViEFrHsqqgXoSDC1lNFW4W2Ltl0qsHsB8msUJb+EC/+FS8eFPHiQfDfmNYetPWFwMszM0zm9WMpNNr2lzUxOTU9M5uZy84vLC4t51ZW6zpKFIcaj2SkrnymQYoQaihQwlWsgAW+hEv/7rhfv7wHpUUUXmA3hlbAbkLREZyhQV5ut4lCtiF1e16lgEV6ROE6FQXXO99yvZMi9lyvYsj2b+Tl8nbJHoiOG2do8mSoqpf7aLYjngQQIpdM64Zjx9hKmULBJfSyzURDzPgdu4GGsSELQLfSwXE9umlIm3YiZV6IdEB/T6Qs0Lob+KYzYHirR2t9+F+tkWDnsJWKME4QQv6zqJNIihHtJ0XbQgFH2TWGcSXMXym/ZYpxNHlmTQjO6Mnjpr5TcvZL+2d7+fLpMI4MWScbpEAcckDKxCVVUiOcPJAn8kJerUfr2Xqz3n9aJ6zhzBr5I+vzG91Xn2U=</latexit>

H̃I(t) = e
i(HS+HE)t

HIe
�i(HS+HE)t



Open quantum systems

(B,HB , ρB)

(S,HS , ρS)

(S + B,HS ⊗HB , ρ)

<latexit sha1_base64="grJDc+7DY1mD7zsOgMevZE/GUZ0=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoMQm3gnEm0EwcZ0Ebwo5GLY25ski3sf7M4J4cjPsPGv2FgoYpvOf+NecoVGX1h4eWaG2Xn9RAqNtv1lzc0vLC4tr6yW1tY3NrfK2zstHaeKg8tjGas7n2mQIgIXBUq4SxSw0Jdw6z9c5vXbR1BaxNENDhPohKwfiZ7gDA3qlo88FDKAzFODeFTFQ3pO3W7DmBxU7UP3PvMC1u+DGk1wt1yxa/ZE9K9xClMhhZrd8tgLYp6GECGXTOu2YyfYyZhCwSWMSl6qIWH8gfWhbWzEQtCdbHLYiB4YEtBerMyLkE7oz4mMhVoPQ990hgwHeraWw/9q7RR7Z51MREmKEPHpol4qKcY0T4kGQgFHOTSGcSXMXykfMMU4mixLJgRn9uS/pnVcc+q1+vVJ5aJRxLFC9sg+qRKHnJILckWaxCWcPJEX8kberWfr1fqwPqetc1Yxs0t+yRp/AzL5nqY=</latexit>

⇢̃(t) = UI(t)⇢(0)U
†
I (t)

<latexit sha1_base64="Ye987yV8bMP3W/XvvlRYbjhP51s=">AAACKnicbVDLSsNAFJ34rPEVdelmsAiCUJIuqhuhIkLqqqJ9QBPCZDpth04ezEyEEvo9bvwVN10oxa0f4qSNUFsvDJw551zuvcePGRXSNKfa2vrG5tZ2YUff3ds/ODSOjpsiSjgmDRyxiLd9JAijIWlIKhlpx5ygwGek5Q/vMr31QrigUfgsRzFxA9QPaY9iJBXlGbdOB+o2vIG29+REkgZEOAGSA99Pa2PvHl7Che+vQ5kzxfZquuN6RtEsmbOCq8DKQRHkVfeMidONcBKQUGKGhOhYZizdFHFJMSNj3UkEiREeoj7pKBgiNdFNZ6eO4bliurAXcfVCCWfsYkeKAiFGga+c2d5iWcvI/7ROInvXbkrDOJEkxPNBvYRBGcEsN9ilnGDJRgogzKnaFeIB4ghLla6uQrCWT14FzXLJqpQqj+Vi9SGPowBOwRm4ABa4AlVggzpoAAxewTv4AJ/amzbRptrX3Lqm5T0n4E9p3z8/nKTB</latexit>

H = HS ⌦ IE + IS ⌦HE +HI

<latexit sha1_base64="LQ2hGiAaT/sRP2DGKkfm6knJErI=">AAACHXicbVDLSsNAFJ34tr6qLt0MFkFBSyKluhEEN+pKoVWhqWEyudWhk0mYuRFKyI+48VfcuFDEhRvxb5w+Fr4ODBzOOZc794SpFAZd99MZG5+YnJqemS3NzS8sLpWXVy5MkmkOTZ7IRF+FzIAUCpooUMJVqoHFoYTLsHvU9y/vQBuRqAb2UmjH7EaJjuAMrRSUa83gZBO36AH1Y4a3nMm8UcB1viN8ofAaAzcy/raPQkaQHxc2bLaKoFxxq+4A9C/xRqRCRjgLyu9+lPAsBoVcMmNanptiO2caBZdQlPzMQMp4l91Ay1LFYjDtfHBdQTesEtFOou1TSAfq94mcxcb04tAm+yeY315f/M9rZdjZb+dCpRmC4sNFnUxSTGi/KhoJDRxlzxLGtbB/pfyWacbRFlqyJXi/T/5LLnarXr1aP69VDk9HdcyQNbJONolH9sghOSZnpEk4uSeP5Jm8OA/Ok/PqvA2jY85oZpX8gPPxBQqjoVk=</latexit>

UI(t) = T e�i
R t
0 ds H̃I(s)

Hamiltonian:

Interaction picture:

Von Neumann equation: 
<latexit sha1_base64="yohCqXK6oY9vYewsvpzg02EOjtc=">AAACKXicbVDLSsNAFJ3UV62vqks3g0WooCURqW6EgpvqqoKtQhPKZDJph04ezNwIJeR33PgrbhQUdeuPOG2z0NYDA4dzzuXOPW4suALT/DQKC4tLyyvF1dLa+sbmVnl7p6OiRFLWppGI5L1LFBM8ZG3gINh9LBkJXMHu3OHl2L97YFLxKLyFUcycgPRD7nNKQEu9csP2JaGpl6UeZDZw4bHUloMoq8IhvsDHvJuLzax3pbWjmYzTK1fMmjkBnidWTiooR6tXfrW9iCYBC4EKolTXMmNwUiKBU8Gykp0oFhM6JH3W1TQkAVNOOrk0wwda8bAfSf1CwBP190RKAqVGgauTAYGBmvXG4n9eNwH/3El5GCfAQjpd5CcCQ4THtWGPS0ZBjDQhVHL9V0wHRFcHutySLsGaPXmedE5qVr1WvzmtNK7zOopoD+2jKrLQGWqgJmqhNqLoET2jN/RuPBkvxofxNY0WjHxmF/2B8f0DAIKnFA==</latexit>

d

dt
⇢̃(t) = �i[H̃I(t), ⇢̃(t)]
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<latexit sha1_base64="qbLRdZmsmVTjqTpsLIikVvF5M14=">AAACFnicbVDLSgNBEJz1GeNr1aOXwSDEg2FXRL0Igpd4i2ASIYlhdtKJY2Znl5leIaz5Ci/+ihcPingVb/6Nk4eg0YKGoqqb7q4glsKg5306U9Mzs3PzmYXs4tLyyqq7tl4xUaI5lHkkI30ZMANSKCijQAmXsQYWBhKqQfd04FdvQRsRqQvsxdAIWUeJtuAMrdR0d+/qsRHNmzzu1DVTHQn0mMJVuiuK2P/2vG+v6ea8gjcE/Uv8McmRMUpN96PeingSgkIumTE134uxkTKNgkvoZ+uJgZjxLutAzVLFQjCNdPhWn25bpUXbkbalkA7VnxMpC43phYHtDBlem0lvIP7n1RJsHzVSoeIEQfHRonYiKUZ0kBFtCQ0cZc8SxrWwt1J+zTTjaJPM2hD8yZf/kspewT8oHJzv507OxnFkyCbZInnik0NyQoqkRMqEk3vySJ7Ji/PgPDmvztuodcoZz2yQX3DevwA6Vp7T</latexit>

| j(t)i = e�iHt| j(0)iTime evolution:

<latexit sha1_base64="y120EPbsFOtmMg3HASo9XAISP8k=">AAACHHicbZBNSwMxEIazftb6VfXoJViEFrHsqqgXoSDC1lNFW4W2Ltl0qsHsB8msUJb+EC/+FS8eFPHiQfDfmNYetPWFwMszM0zm9WMpNNr2lzUxOTU9M5uZy84vLC4t51ZW6zpKFIcaj2SkrnymQYoQaihQwlWsgAW+hEv/7rhfv7wHpUUUXmA3hlbAbkLREZyhQV5ut4lCtiF1e16lgEV6ROE6FQXXO99yvZMi9lyvYsj2b+Tl8nbJHoiOG2do8mSoqpf7aLYjngQQIpdM64Zjx9hKmULBJfSyzURDzPgdu4GGsSELQLfSwXE9umlIm3YiZV6IdEB/T6Qs0Lob+KYzYHirR2t9+F+tkWDnsJWKME4QQv6zqJNIihHtJ0XbQgFH2TWGcSXMXym/ZYpxNHlmTQjO6Mnjpr5TcvZL+2d7+fLpMI4MWScbpEAcckDKxCVVUiOcPJAn8kJerUfr2Xqz3n9aJ6zhzBr5I+vzG91Xn2U=</latexit>

H̃I(t) = e
i(HS+HE)t

HIe
�i(HS+HE)t



Open quantum systems
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<latexit sha1_base64="yohCqXK6oY9vYewsvpzg02EOjtc=">AAACKXicbVDLSsNAFJ3UV62vqks3g0WooCURqW6EgpvqqoKtQhPKZDJph04ezNwIJeR33PgrbhQUdeuPOG2z0NYDA4dzzuXOPW4suALT/DQKC4tLyyvF1dLa+sbmVnl7p6OiRFLWppGI5L1LFBM8ZG3gINh9LBkJXMHu3OHl2L97YFLxKLyFUcycgPRD7nNKQEu9csP2JaGpl6UeZDZw4bHUloMoq8IhvsDHvJuLzax3pbWjmYzTK1fMmjkBnidWTiooR6tXfrW9iCYBC4EKolTXMmNwUiKBU8Gykp0oFhM6JH3W1TQkAVNOOrk0wwda8bAfSf1CwBP190RKAqVGgauTAYGBmvXG4n9eNwH/3El5GCfAQjpd5CcCQ4THtWGPS0ZBjDQhVHL9V0wHRFcHutySLsGaPXmedE5qVr1WvzmtNK7zOopoD+2jKrLQGWqgJmqhNqLoET2jN/RuPBkvxofxNY0WjHxmF/2B8f0DAIKnFA==</latexit>

d

dt
⇢̃(t) = �i[H̃I(t), ⇢̃(t)]

<latexit sha1_base64="IzSkd/D8vRfU4vl082QZsQ36Jg0="></latexit>

⇢̃(t) = ⇢(0)� i

Z t

0
ds[H̃I(s), ⇢̃(s)]

Second-order master equation:

where
<latexit sha1_base64="zPvL5qYmcyCDeTmgbnJtJKTjnrU=">AAACEHicbVDLSsNAFJ34rPUVdekmWMQWpCQi1Y1QEKHdVegLmhAmk0k7dPJg5kYooZ/gxl9x40IRty7d+TdOHwttPXDhcM693HuPl3AmwTS/tZXVtfWNzdxWfntnd29fPzhsyzgVhLZIzGPR9bCknEW0BQw47SaC4tDjtOMNbyd+54EKyeKoCaOEOiHuRyxgBIOSXP3MDjEMRJg1xdi969nAuE+z2titF6F0botBXDRLzo3p6gWzbE5hLBNrTgpojoarf9l+TNKQRkA4lrJnmQk4GRbACKfjvJ1KmmAyxH3aUzTCIZVONn1obJwqxTeCWKiKwJiqvycyHEo5Cj3VOTlfLnoT8T+vl0Jw7WQsSlKgEZktClJuQGxM0jF8JigBPlIEE8HUrQYZYIEJqAzzKgRr8eVl0r4oW5Vy5f6yUK3P48ihY3SCishCV6iKaqiBWoigR/SMXtGb9qS9aO/ax6x1RZvPHKE/0D5/AE3+nBw=</latexit>

TrE [H̃I(t), ⇢(0)] = 0

<latexit sha1_base64="pW2dnivyBE01BusmoqtIfoZqZlI="></latexit>

d

dt
⇢̃S(t) = �

Z t

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃(t� ⌧)]]



Markovian master equation

15

<latexit sha1_base64="yohCqXK6oY9vYewsvpzg02EOjtc=">AAACKXicbVDLSsNAFJ3UV62vqks3g0WooCURqW6EgpvqqoKtQhPKZDJph04ezNwIJeR33PgrbhQUdeuPOG2z0NYDA4dzzuXOPW4suALT/DQKC4tLyyvF1dLa+sbmVnl7p6OiRFLWppGI5L1LFBM8ZG3gINh9LBkJXMHu3OHl2L97YFLxKLyFUcycgPRD7nNKQEu9csP2JaGpl6UeZDZw4bHUloMoq8IhvsDHvJuLzax3pbWjmYzTK1fMmjkBnidWTiooR6tXfrW9iCYBC4EKolTXMmNwUiKBU8Gykp0oFhM6JH3W1TQkAVNOOrk0wwda8bAfSf1CwBP190RKAqVGgauTAYGBmvXG4n9eNwH/3El5GCfAQjpd5CcCQ4THtWGPS0ZBjDQhVHL9V0wHRFcHutySLsGaPXmedE5qVr1WvzmtNK7zOopoD+2jKrLQGWqgJmqhNqLoET2jN/RuPBkvxofxNY0WjHxmF/2B8f0DAIKnFA==</latexit>

d

dt
⇢̃(t) = �i[H̃I(t), ⇢̃(t)]

<latexit sha1_base64="IzSkd/D8vRfU4vl082QZsQ36Jg0="></latexit>

⇢̃(t) = ⇢(0)� i

Z t

0
ds[H̃I(s), ⇢̃(s)]

Second-order master equation:

where
<latexit sha1_base64="zPvL5qYmcyCDeTmgbnJtJKTjnrU=">AAACEHicbVDLSsNAFJ34rPUVdekmWMQWpCQi1Y1QEKHdVegLmhAmk0k7dPJg5kYooZ/gxl9x40IRty7d+TdOHwttPXDhcM693HuPl3AmwTS/tZXVtfWNzdxWfntnd29fPzhsyzgVhLZIzGPR9bCknEW0BQw47SaC4tDjtOMNbyd+54EKyeKoCaOEOiHuRyxgBIOSXP3MDjEMRJg1xdi969nAuE+z2titF6F0botBXDRLzo3p6gWzbE5hLBNrTgpojoarf9l+TNKQRkA4lrJnmQk4GRbACKfjvJ1KmmAyxH3aUzTCIZVONn1obJwqxTeCWKiKwJiqvycyHEo5Cj3VOTlfLnoT8T+vl0Jw7WQsSlKgEZktClJuQGxM0jF8JigBPlIEE8HUrQYZYIEJqAzzKgRr8eVl0r4oW5Vy5f6yUK3P48ihY3SCishCV6iKaqiBWoigR/SMXtGb9qS9aO/ax6x1RZvPHKE/0D5/AE3+nBw=</latexit>

TrE [H̃I(t), ⇢(0)] = 0

Born (factorization) approximation:
<latexit sha1_base64="b6h2+huxuYUpH8nFbfiyNWGbwDk=">AAACDnicbVDLSgMxFM34rPU16tJNsBTqpsyIVJcFEXRX0T6gHYZMmrahmcmQ3BFL6Re48VfcuFDErWt3/o2ZaRfaeiBw7jn3cnNPEAuuwXG+raXlldW19dxGfnNre2fX3ttvaJkoyupUCqlaAdFM8IjVgYNgrVgxEgaCNYPhReo375nSXEZ3MIqZF5J+xHucEjCSbxc7aiBLcNwhcazkA05L/zYVJPCQ6ay+9O2CU3Yy4EXizkgBzVDz7a9OV9IkZBFQQbRuu04M3pgo4FSwSb6TaBYTOiR91jY0ImaVN87OmeCiUbq4J5V5EeBM/T0xJqHWozAwnSGBgZ73UvE/r51A79wb8yhOgEV0uqiXCAwSp9ngLleMghgZQqji5q+YDogiFEyCeROCO3/yImmclN1KuXJzWqhez+LIoUN0hErIRWeoiq5QDdURRY/oGb2iN+vJerHerY9p65I1mzlAf2B9/gDPeZwB</latexit>

⇢(t) ⇡ ⇢S(t)⌦ ⇢E

<latexit sha1_base64="pW2dnivyBE01BusmoqtIfoZqZlI="></latexit>

d

dt
⇢̃S(t) = �

Z t

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃(t� ⌧)]]

<latexit sha1_base64="jeb70UMe+6tw+3PqjdTpuCKBycE="></latexit>

d

dt
⇢̃S(t) = �

Z t

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t� ⌧)⌦ ⇢E ]]



Markovian master equation
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Second-order master equation:

Markov approximation(s):

(i) 

(ii)

<latexit sha1_base64="f5W1CGpF4W4P19tRVG7ZJqp+MGo=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEpLosiKC7KvYCTQiT6SQdOrkwc1IooW/ixoUibn0Td76N0zQLbf1h4OM/53DO/H4quALL+jYqa+sbm1vV7drO7t7+gXl41FVJJinr0EQksu8TxQSPWQc4CNZPJSORL1jPH9/M670Jk4on8RNMU+ZGJIx5wCkBbXmm6QDJvEcnDHFBt55ZtxpWIbwKdgl1VKrtmV/OMKFZxGKggig1sK0U3JxI4FSwWc3JFEsJHZOQDTTGJGLKzYvLZ/hMO0McJFK/GHDh/p7ISaTUNPJ1Z0RgpJZrc/O/2iCD4NrNeZxmwGK6WBRkAkOC5zHgIZeMgphqIFRyfSumIyIJBR1WTYdgL395FboXDbvZaD5c1lv3ZRxVdIJO0Tmy0RVqoTvURh1E0QQ9o1f0ZuTGi/FufCxaK0Y5c4z+yPj8Af5Uk0g=</latexit>

⌧R � ⌧E where

<latexit sha1_base64="9m5TUFihLbJj/IAcbeu9otF4o64=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK4KjMi1ZUU3Ci4qGAf0Kklk2ba0EwyJHeUMvRv3PgrbgQV0aV/YvpY2NYLCYfzILkniAU34LrfTmZpeWV1Lbue29jc2t7J7+7VjEo0ZVWqhNKNgBgmuGRV4CBYI9aMRIFg9aB/OdLrD0wbruQdDGLWikhX8pBTApZq5y98LuEe2m7HB5L4HQVGYf9Gya7m3R4QrdUjHntSe4cwGM5Y2/mCW3THgxeBNwUFNJ1KO/9mgzSJmAQqiDFNz42hlRINnAo2zPmJYTGhfdJlTQsliZhppeM9h/jIMh0cKm2PBDxm/yZSEhkziALrjAj0zLw2Iv/TmgmE562UyzgBJunkoTARGBQelYY7XDMKYmABoZrbv2LaI5pQsNXmbAne/MqLoHZS9ErF0u1poXw9rSOLDtAhOkYeOkNldIUqqIooekIv6B19OM/Oq/PpfE2sGWea2Ucz4/z8AtyVp9Y=</latexit>Z t

0
d⌧ . . . =)

Z 1

0
d⌧ . . .

<latexit sha1_base64="4tZ8mpnsBMKctonskYipvwOZKKs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwIveopiHJEuYnUySITO7y0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRtdTv/nEtRFR+IDjmPuKDkLRF4yilR47SJPuPbki3WLJLbszkGXiZaQEGWrd4lenF7FE8RCZpMa0PTdGP6UaBZN8UugkhseUjeiAty0NqeLGT2cHT8iJVXqkH2lbIZKZ+nsipcqYsQpsp6I4NIveVPzPayfYv/RTEcYJ8pDNF/UTSTAi0+9JT2jOUI4toUwLeythQ6opQ5tRwYbgLb68TBpnZa9Srtydl6q3WRx5OIJjOAUPLqAKN1CDOjBQ8Ayv8OZo58V5dz7mrTknmzmEP3A+fwC0g4+6</latexit>⌧R =
<latexit sha1_base64="jwd0zuWbpIOt1ex2AF4tYFYT66s=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQAS9RTAPSZYwO5kkQ2Znl5leISz5Ci8eFPHq53jzb5wke9DEgoaiqpvuriCWwqDrfju5ldW19Y38ZmFre2d3r7h/0DBRohmvs0hGuhVQw6VQvI4CJW/FmtMwkLwZjK6nfvOJayMi9YDjmPshHSjRF4yilR47SJPuDbki3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2cHT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0+9JT2jOUI4toUwLeythQ6opQ5tRwYbgLb68TBpnZa9Srtyfl6p3WRx5OIJjOAUPLqAKt1CDOjAI4Rle4c3Rzovz7nzMW3NONnMIf+B8/gCgqI+t</latexit>⌧E =

System relaxation time

Environment correlation time<latexit sha1_base64="KK7Fjd1Wc4828Y5dfl1nQpVeeJE=">AAACIXicbVDLSgMxFM34rPVVdekmWIR2YZkRqV0W3Ci4qGgf0Cklk6ZtaCYZkjtKGforbvwVNy4U6U78GdPHQlsPBA7nnMvNPUEkuAHX/XJWVtfWNzZTW+ntnd29/czBYc2oWFNWpUoo3QiIYYJLVgUOgjUizUgYCFYPBlcTv/7ItOFKPsAwYq2Q9CTvckrASu1MyQcuOizxdV+N2vc5OPOBxHns3yrZ07zXB6K1esKLsXw7k3UL7hR4mXhzkkVzVNqZsd9RNA6ZBCqIMU3PjaCVEA2cCjZK+7FhEaED0mNNSyUJmWkl0wtH+NQqHdxV2j4JeKr+nkhIaMwwDGwyJNA3i95E/M9rxtAttRIuoxiYpLNF3VhgUHhSF+5wzSiIoSWEam7/immfaELBlpq2JXiLJy+T2nnBKxaKdxfZ8s28jhQ6Ricohzx0icroGlVQFVH0jF7RO/pwXpw359MZz6IrznzmCP2B8/0DQ7ykOQ==</latexit>

⇢̃S(t� ⌧) =) ⇢̃S(t)

<latexit sha1_base64="jeb70UMe+6tw+3PqjdTpuCKBycE="></latexit>

d

dt
⇢̃S(t) = �

Z t

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t� ⌧)⌦ ⇢E ]]
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Second-order master equation:

Markov approximation(s):

(i) 

(ii)

<latexit sha1_base64="f5W1CGpF4W4P19tRVG7ZJqp+MGo=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEpLosiKC7KvYCTQiT6SQdOrkwc1IooW/ixoUibn0Td76N0zQLbf1h4OM/53DO/H4quALL+jYqa+sbm1vV7drO7t7+gXl41FVJJinr0EQksu8TxQSPWQc4CNZPJSORL1jPH9/M670Jk4on8RNMU+ZGJIx5wCkBbXmm6QDJvEcnDHFBt55ZtxpWIbwKdgl1VKrtmV/OMKFZxGKggig1sK0U3JxI4FSwWc3JFEsJHZOQDTTGJGLKzYvLZ/hMO0McJFK/GHDh/p7ISaTUNPJ1Z0RgpJZrc/O/2iCD4NrNeZxmwGK6WBRkAkOC5zHgIZeMgphqIFRyfSumIyIJBR1WTYdgL395FboXDbvZaD5c1lv3ZRxVdIJO0Tmy0RVqoTvURh1E0QQ9o1f0ZuTGi/FufCxaK0Y5c4z+yPj8Af5Uk0g=</latexit>

⌧R � ⌧E where

<latexit sha1_base64="9m5TUFihLbJj/IAcbeu9otF4o64=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK4KjMi1ZUU3Ci4qGAf0Kklk2ba0EwyJHeUMvRv3PgrbgQV0aV/YvpY2NYLCYfzILkniAU34LrfTmZpeWV1Lbue29jc2t7J7+7VjEo0ZVWqhNKNgBgmuGRV4CBYI9aMRIFg9aB/OdLrD0wbruQdDGLWikhX8pBTApZq5y98LuEe2m7HB5L4HQVGYf9Gya7m3R4QrdUjHntSe4cwGM5Y2/mCW3THgxeBNwUFNJ1KO/9mgzSJmAQqiDFNz42hlRINnAo2zPmJYTGhfdJlTQsliZhppeM9h/jIMh0cKm2PBDxm/yZSEhkziALrjAj0zLw2Iv/TmgmE562UyzgBJunkoTARGBQelYY7XDMKYmABoZrbv2LaI5pQsNXmbAne/MqLoHZS9ErF0u1poXw9rSOLDtAhOkYeOkNldIUqqIooekIv6B19OM/Oq/PpfE2sGWea2Ucz4/z8AtyVp9Y=</latexit>Z t

0
d⌧ . . . =)

Z 1

0
d⌧ . . .

<latexit sha1_base64="4tZ8mpnsBMKctonskYipvwOZKKs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwIveopiHJEuYnUySITO7y0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRtdTv/nEtRFR+IDjmPuKDkLRF4yilR47SJPuPbki3WLJLbszkGXiZaQEGWrd4lenF7FE8RCZpMa0PTdGP6UaBZN8UugkhseUjeiAty0NqeLGT2cHT8iJVXqkH2lbIZKZ+nsipcqYsQpsp6I4NIveVPzPayfYv/RTEcYJ8pDNF/UTSTAi0+9JT2jOUI4toUwLeythQ6opQ5tRwYbgLb68TBpnZa9Srtydl6q3WRx5OIJjOAUPLqAKN1CDOjBQ8Ayv8OZo58V5dz7mrTknmzmEP3A+fwC0g4+6</latexit>⌧R =
<latexit sha1_base64="jwd0zuWbpIOt1ex2AF4tYFYT66s=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQAS9RTAPSZYwO5kkQ2Znl5leISz5Ci8eFPHq53jzb5wke9DEgoaiqpvuriCWwqDrfju5ldW19Y38ZmFre2d3r7h/0DBRohmvs0hGuhVQw6VQvI4CJW/FmtMwkLwZjK6nfvOJayMi9YDjmPshHSjRF4yilR47SJPuDbki3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2cHT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0+9JT2jOUI4toUwLeythQ6opQ5tRwYbgLb68TBpnZa9Srtyfl6p3WRx5OIJjOAUPLqAKt1CDOjAI4Rle4c3Rzovz7nzMW3NONnMIf+B8/gCgqI+t</latexit>⌧E =

System relaxation time

Environment correlation time<latexit sha1_base64="KK7Fjd1Wc4828Y5dfl1nQpVeeJE=">AAACIXicbVDLSgMxFM34rPVVdekmWIR2YZkRqV0W3Ci4qGgf0Cklk6ZtaCYZkjtKGforbvwVNy4U6U78GdPHQlsPBA7nnMvNPUEkuAHX/XJWVtfWNzZTW+ntnd29/czBYc2oWFNWpUoo3QiIYYJLVgUOgjUizUgYCFYPBlcTv/7ItOFKPsAwYq2Q9CTvckrASu1MyQcuOizxdV+N2vc5OPOBxHns3yrZ07zXB6K1esKLsXw7k3UL7hR4mXhzkkVzVNqZsd9RNA6ZBCqIMU3PjaCVEA2cCjZK+7FhEaED0mNNSyUJmWkl0wtH+NQqHdxV2j4JeKr+nkhIaMwwDGwyJNA3i95E/M9rxtAttRIuoxiYpLNF3VhgUHhSF+5wzSiIoSWEam7/immfaELBlpq2JXiLJy+T2nnBKxaKdxfZ8s28jhQ6Ricohzx0icroGlVQFVH0jF7RO/pwXpw359MZz6IrznzmCP2B8/0DQ7ykOQ==</latexit>

⇢̃S(t� ⌧) =) ⇢̃S(t)

Removal of memory effects

<latexit sha1_base64="jeb70UMe+6tw+3PqjdTpuCKBycE="></latexit>

d

dt
⇢̃S(t) = �

Z t

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t� ⌧)⌦ ⇢E ]]
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Second-order master equation:

Markov approximation(s):

(i) 

(ii)

<latexit sha1_base64="f5W1CGpF4W4P19tRVG7ZJqp+MGo=">AAAB+XicbZDLSsNAFIYn9VbrLerSzWARXJVEpLosiKC7KvYCTQiT6SQdOrkwc1IooW/ixoUibn0Td76N0zQLbf1h4OM/53DO/H4quALL+jYqa+sbm1vV7drO7t7+gXl41FVJJinr0EQksu8TxQSPWQc4CNZPJSORL1jPH9/M670Jk4on8RNMU+ZGJIx5wCkBbXmm6QDJvEcnDHFBt55ZtxpWIbwKdgl1VKrtmV/OMKFZxGKggig1sK0U3JxI4FSwWc3JFEsJHZOQDTTGJGLKzYvLZ/hMO0McJFK/GHDh/p7ISaTUNPJ1Z0RgpJZrc/O/2iCD4NrNeZxmwGK6WBRkAkOC5zHgIZeMgphqIFRyfSumIyIJBR1WTYdgL395FboXDbvZaD5c1lv3ZRxVdIJO0Tmy0RVqoTvURh1E0QQ9o1f0ZuTGi/FufCxaK0Y5c4z+yPj8Af5Uk0g=</latexit>

⌧R � ⌧E where

<latexit sha1_base64="9m5TUFihLbJj/IAcbeu9otF4o64=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK4KjMi1ZUU3Ci4qGAf0Kklk2ba0EwyJHeUMvRv3PgrbgQV0aV/YvpY2NYLCYfzILkniAU34LrfTmZpeWV1Lbue29jc2t7J7+7VjEo0ZVWqhNKNgBgmuGRV4CBYI9aMRIFg9aB/OdLrD0wbruQdDGLWikhX8pBTApZq5y98LuEe2m7HB5L4HQVGYf9Gya7m3R4QrdUjHntSe4cwGM5Y2/mCW3THgxeBNwUFNJ1KO/9mgzSJmAQqiDFNz42hlRINnAo2zPmJYTGhfdJlTQsliZhppeM9h/jIMh0cKm2PBDxm/yZSEhkziALrjAj0zLw2Iv/TmgmE562UyzgBJunkoTARGBQelYY7XDMKYmABoZrbv2LaI5pQsNXmbAne/MqLoHZS9ErF0u1poXw9rSOLDtAhOkYeOkNldIUqqIooekIv6B19OM/Oq/PpfE2sGWea2Ucz4/z8AtyVp9Y=</latexit>Z t

0
d⌧ . . . =)

Z 1

0
d⌧ . . .

<latexit sha1_base64="4tZ8mpnsBMKctonskYipvwOZKKs=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CwIveopiHJEuYnUySITO7y0yvEJZ8hRcPinj1c7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0YzXWSQj3Qqo4VKEvI4CJW/FmlMVSN4MRtdTv/nEtRFR+IDjmPuKDkLRF4yilR47SJPuPbki3WLJLbszkGXiZaQEGWrd4lenF7FE8RCZpMa0PTdGP6UaBZN8UugkhseUjeiAty0NqeLGT2cHT8iJVXqkH2lbIZKZ+nsipcqYsQpsp6I4NIveVPzPayfYv/RTEcYJ8pDNF/UTSTAi0+9JT2jOUI4toUwLeythQ6opQ5tRwYbgLb68TBpnZa9Srtydl6q3WRx5OIJjOAUPLqAKN1CDOjBQ8Ayv8OZo58V5dz7mrTknmzmEP3A+fwC0g4+6</latexit>⌧R =
<latexit sha1_base64="jwd0zuWbpIOt1ex2AF4tYFYT66s=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQAS9RTAPSZYwO5kkQ2Znl5leISz5Ci8eFPHq53jzb5wke9DEgoaiqpvuriCWwqDrfju5ldW19Y38ZmFre2d3r7h/0DBRohmvs0hGuhVQw6VQvI4CJW/FmtMwkLwZjK6nfvOJayMi9YDjmPshHSjRF4yilR47SJPuDbki3WLJLbszkGXiZaQEGWrd4lenF7Ek5AqZpMa0PTdGP6UaBZN8UugkhseUjeiAty1VNOTGT2cHT8iJVXqkH2lbCslM/T2R0tCYcRjYzpDi0Cx6U/E/r51g/9JPhYoT5IrNF/UTSTAi0+9JT2jOUI4toUwLeythQ6opQ5tRwYbgLb68TBpnZa9Srtyfl6p3WRx5OIJjOAUPLqAKt1CDOjAI4Rle4c3Rzovz7nzMW3NONnMIf+B8/gCgqI+t</latexit>⌧E =

System relaxation time

Environment correlation time<latexit sha1_base64="KK7Fjd1Wc4828Y5dfl1nQpVeeJE=">AAACIXicbVDLSgMxFM34rPVVdekmWIR2YZkRqV0W3Ci4qGgf0Cklk6ZtaCYZkjtKGforbvwVNy4U6U78GdPHQlsPBA7nnMvNPUEkuAHX/XJWVtfWNzZTW+ntnd29/czBYc2oWFNWpUoo3QiIYYJLVgUOgjUizUgYCFYPBlcTv/7ItOFKPsAwYq2Q9CTvckrASu1MyQcuOizxdV+N2vc5OPOBxHns3yrZ07zXB6K1esKLsXw7k3UL7hR4mXhzkkVzVNqZsd9RNA6ZBCqIMU3PjaCVEA2cCjZK+7FhEaED0mNNSyUJmWkl0wtH+NQqHdxV2j4JeKr+nkhIaMwwDGwyJNA3i95E/M9rxtAttRIuoxiYpLNF3VhgUHhSF+5wzSiIoSWEam7/immfaELBlpq2JXiLJy+T2nnBKxaKdxfZ8s28jhQ6Ricohzx0icroGlVQFVH0jF7RO/pwXpw359MZz6IrznzmCP2B8/0DQ7ykOQ==</latexit>

⇢̃S(t� ⌧) =) ⇢̃S(t)

Removal of memory effects

time-local

<latexit sha1_base64="jeb70UMe+6tw+3PqjdTpuCKBycE="></latexit>

d

dt
⇢̃S(t) = �

Z t

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t� ⌧)⌦ ⇢E ]]

Markovian master 
equation

<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]
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Interaction Hamiltonian:
<latexit sha1_base64="BUW03oCvPixMs+fMXPZSkz2rRzc=">AAACJnicbZDLSsNAFIYnXmu8VV26GSxC3ZREpLopVN20uwr2Ak0Ik+m0HTq5MHMilNCnceOruHFREXHnozhts9DWHwZ+vnMOZ87vx4IrsKwvY219Y3NrO7dj7u7tHxzmj45bKkokZU0aiUh2fKKY4CFrAgfBOrFkJPAFa/uj+1m9/cSk4lH4COOYuQEZhLzPKQGNvHzFAS56LK1NvHoRLnAFOyoJvFGGbyfeSGMnAh4whTN6t6Cm6eULVsmaC68aOzMFlKnh5adOL6JJwEKggijVta0Y3JRI4FSwiekkisWEjsiAdbUNid7qpvMzJ/hckx7uR1K/EPCc/p5ISaDUOPB1Z0BgqJZrM/hfrZtA/8ZNeRgnwEK6WNRPBIYIzzLDPS4ZBTHWhlDJ9V8xHRJJKOhkZyHYyyevmtZlyS6Xyg9XhWo9iyOHTtEZKiIbXaMqqqEGaiKKntErmqJ348V4Mz6Mz0XrmpHNnKA/Mr5/AMw9pMA=</latexit>

H̃I(t) =
X

k

Ãk(t)⌦ B̃k(t)

<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]

<latexit sha1_base64="EG5uTg6OXvfaZ5XUYuLG1uTbopA=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAZRC8OuSLQRIjbaKZoYSNZldnJihp29MHNWCEsewcZXsbFQxNbSzrdxkmzh7YeBb/5zDjPn9xMpNNr2pzUxOTU9M1uYK84vLC4tl1ZWGzpOFYc6j2Wsmj7TIEUEdRQooZkoYKEv4doPTob16ztQWsTRFfYTcEN2G4mu4AyN5ZW22ihkB7LjgRds4w49onCTiVPvEgfHXmB4d3zxSmW7Yo9E/4KTQ5nkOvdKH+1OzNMQIuSSad1y7ATdjCkUXMKg2E41JIwH7BZaBiMWgnaz0UIDummcDu3GypwI6cj9PpGxUOt+6JvOkGFP/64Nzf9qrRS7h24moiRFiPj4oW4qKcZ0mA7tCAUcZd8A40qYv1LeY4pxNBkWTQjO75X/QmOv4lQr1Yv9cu0sj6NA1skG2SYOOSA1ckrOSZ1wck8eyTN5sR6sJ+vVehu3Tlj5zBr5Iev9C4o3nFI=</latexit>

Ãk(t) = eiHStAke
�iHSt

<latexit sha1_base64="KQKDuN6GSKky58iJVor/rifPn3k=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLqsuqm7ivYCTQiT6aQdOpmEmYlQQtdufBU3LhRx6xO4822ctEG09YeBj/+cw5zz+zGjUlnWl7GwuLS8slpYK65vbG5tmzu7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7w6us3r4nQtKI36lRTNwQ9TkNKEZKW555cOENHcqhEyI1wIill+PyD9fH3u2xZ5asijURnAc7hxLI1fDMT6cX4SQkXGGGpOzaVqzcFAlFMSPjopNIEiM8RH3S1chRSKSbTk4ZwyPt9GAQCf24ghP390SKQilHoa87sy3lbC0z/6t1ExWcuynlcaIIx9OPgoRBFcEsF9ijgmDFRhoQFlTvCvEACYSVTq+oQ7BnT56H1knFrlaqN6el2nUeRwHsg0NQBjY4AzVQBw3QBBg8gCfwAl6NR+PZeDPep60LRj6zB/7I+PgGsXOaTg==</latexit>

Ak 2 B(HS)
<latexit sha1_base64="87A+f9UhmqfJ1gt3OC3lGs+3MEM=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLosFaHuKtgLNCFMppN26GQSZiZCCV278VXcuFDErU/gzrdx0gbR1h8GPv5zDnPO78eMSmVZX8bS8srq2npho7i5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj66yeueeCEkjfqfGMXFDNOA0oBgpbXnmUd0bOZRDJ0RqiBFL65PyDzcm3vWpZ5asijUVXAQ7hxLI1fTMT6cf4SQkXGGGpOzZVqzcFAlFMSOTopNIEiM8QgPS08hRSKSbTk+ZwBPt9GEQCf24glP390SKQinHoa87sy3lfC0z/6v1EhVcuinlcaIIx7OPgoRBFcEsF9ingmDFxhoQFlTvCvEQCYSVTq+oQ7DnT16E9lnFrlaqt+el2k0eRwEcgmNQBja4ADXQAE3QAhg8gCfwAl6NR+PZeDPeZ61LRj5zAP7I+PgGndGaQQ==</latexit>

Bk 2 B(HE)

<latexit sha1_base64="njlYCL44rdKKuDCcWPHMwnJU/GI=">AAACEHicbZDLSgMxFIYzXmu9VV26CRZRF5YZkepGKIqgOwVbC+04ZNJTGyZzITkjlKGP4MZXceNCEbcu3fk2pu0svP0Q+PKfc0jO7ydSaLTtT2ticmp6ZrYwV5xfWFxaLq2sNnScKg51HstYNX2mQYoI6ihQQjNRwEJfwrUfnAzr13egtIijK+wn4IbsNhJdwRkayytttVHIDmTHAy/Yxh16ROEmE2feKQ6OvcDw7vjilcp2xR6J/gUnhzLJdeGVPtqdmKchRMgl07rl2Am6GVMouIRBsZ1qSBgP2C20DEYsBO1mo4UGdNM4HdqNlTkR0pH7fSJjodb90DedIcOe/l0bmv/VWil2D91MREmKEPHxQ91UUozpMB3aEQo4yr4BxpUwf6W8xxTjaDIsmhCc3yv/hcZexalWqpf75dp5HkeBrJMNsk0cckBq5IxckDrh5J48kmfyYj1YT9ar9TZunbDymTXyQ9b7F2IMnDg=</latexit>

B̃k(t) = eiHEtBke
�iHEt
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Interaction Hamiltonian:
<latexit sha1_base64="BUW03oCvPixMs+fMXPZSkz2rRzc=">AAACJnicbZDLSsNAFIYnXmu8VV26GSxC3ZREpLopVN20uwr2Ak0Ik+m0HTq5MHMilNCnceOruHFREXHnozhts9DWHwZ+vnMOZ87vx4IrsKwvY219Y3NrO7dj7u7tHxzmj45bKkokZU0aiUh2fKKY4CFrAgfBOrFkJPAFa/uj+1m9/cSk4lH4COOYuQEZhLzPKQGNvHzFAS56LK1NvHoRLnAFOyoJvFGGbyfeSGMnAh4whTN6t6Cm6eULVsmaC68aOzMFlKnh5adOL6JJwEKggijVta0Y3JRI4FSwiekkisWEjsiAdbUNid7qpvMzJ/hckx7uR1K/EPCc/p5ISaDUOPB1Z0BgqJZrM/hfrZtA/8ZNeRgnwEK6WNRPBIYIzzLDPS4ZBTHWhlDJ9V8xHRJJKOhkZyHYyyevmtZlyS6Xyg9XhWo9iyOHTtEZKiIbXaMqqqEGaiKKntErmqJ348V4Mz6Mz0XrmpHNnKA/Mr5/AMw9pMA=</latexit>

H̃I(t) =
X

k

Ãk(t)⌦ B̃k(t)

<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]

<latexit sha1_base64="EG5uTg6OXvfaZ5XUYuLG1uTbopA=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAZRC8OuSLQRIjbaKZoYSNZldnJihp29MHNWCEsewcZXsbFQxNbSzrdxkmzh7YeBb/5zDjPn9xMpNNr2pzUxOTU9M1uYK84vLC4tl1ZWGzpOFYc6j2Wsmj7TIEUEdRQooZkoYKEv4doPTob16ztQWsTRFfYTcEN2G4mu4AyN5ZW22ihkB7LjgRds4w49onCTiVPvEgfHXmB4d3zxSmW7Yo9E/4KTQ5nkOvdKH+1OzNMQIuSSad1y7ATdjCkUXMKg2E41JIwH7BZaBiMWgnaz0UIDummcDu3GypwI6cj9PpGxUOt+6JvOkGFP/64Nzf9qrRS7h24moiRFiPj4oW4qKcZ0mA7tCAUcZd8A40qYv1LeY4pxNBkWTQjO75X/QmOv4lQr1Yv9cu0sj6NA1skG2SYOOSA1ckrOSZ1wck8eyTN5sR6sJ+vVehu3Tlj5zBr5Iev9C4o3nFI=</latexit>

Ãk(t) = eiHStAke
�iHSt

<latexit sha1_base64="KQKDuN6GSKky58iJVor/rifPn3k=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLqsuqm7ivYCTQiT6aQdOpmEmYlQQtdufBU3LhRx6xO4822ctEG09YeBj/+cw5zz+zGjUlnWl7GwuLS8slpYK65vbG5tmzu7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7w6us3r4nQtKI36lRTNwQ9TkNKEZKW555cOENHcqhEyI1wIill+PyD9fH3u2xZ5asijURnAc7hxLI1fDMT6cX4SQkXGGGpOzaVqzcFAlFMSPjopNIEiM8RH3S1chRSKSbTk4ZwyPt9GAQCf24ghP390SKQilHoa87sy3lbC0z/6t1ExWcuynlcaIIx9OPgoRBFcEsF9ijgmDFRhoQFlTvCvEACYSVTq+oQ7BnT56H1knFrlaqN6el2nUeRwHsg0NQBjY4AzVQBw3QBBg8gCfwAl6NR+PZeDPep60LRj6zB/7I+PgGsXOaTg==</latexit>

Ak 2 B(HS)
<latexit sha1_base64="87A+f9UhmqfJ1gt3OC3lGs+3MEM=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLosFaHuKtgLNCFMppN26GQSZiZCCV278VXcuFDErU/gzrdx0gbR1h8GPv5zDnPO78eMSmVZX8bS8srq2npho7i5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj66yeueeCEkjfqfGMXFDNOA0oBgpbXnmUd0bOZRDJ0RqiBFL65PyDzcm3vWpZ5asijUVXAQ7hxLI1fTMT6cf4SQkXGGGpOzZVqzcFAlFMSOTopNIEiM8QgPS08hRSKSbTk+ZwBPt9GEQCf24glP390SKQinHoa87sy3lfC0z/6v1EhVcuinlcaIIx7OPgoRBFcEsF9ingmDFxhoQFlTvCvEQCYSVTq+oQ7DnT16E9lnFrlaqt+el2k0eRwEcgmNQBja4ADXQAE3QAhg8gCfwAl6NR+PZeDPeZ61LRj5zAP7I+PgGndGaQQ==</latexit>

Bk 2 B(HE)

<latexit sha1_base64="njlYCL44rdKKuDCcWPHMwnJU/GI=">AAACEHicbZDLSgMxFIYzXmu9VV26CRZRF5YZkepGKIqgOwVbC+04ZNJTGyZzITkjlKGP4MZXceNCEbcu3fk2pu0svP0Q+PKfc0jO7ydSaLTtT2ticmp6ZrYwV5xfWFxaLq2sNnScKg51HstYNX2mQYoI6ihQQjNRwEJfwrUfnAzr13egtIijK+wn4IbsNhJdwRkayytttVHIDmTHAy/Yxh16ROEmE2feKQ6OvcDw7vjilcp2xR6J/gUnhzLJdeGVPtqdmKchRMgl07rl2Am6GVMouIRBsZ1qSBgP2C20DEYsBO1mo4UGdNM4HdqNlTkR0pH7fSJjodb90DedIcOe/l0bmv/VWil2D91MREmKEPHxQ91UUozpMB3aEQo4yr4BxpUwf6W8xxTjaDIsmhCc3yv/hcZexalWqpf75dp5HkeBrJMNsk0cckBq5IxckDrh5J48kmfyYj1YT9ar9TZunbDymTXyQ9b7F2IMnDg=</latexit>

B̃k(t) = eiHEtBke
�iHEt

Projection operator:
<latexit sha1_base64="LLPYCA7V2zEX4QaRvxWydpwDNXs=">AAACInicbVDLSgMxFM3UV62vqks3wSLUTZkRqboQCm50V8E+oDOUTHrbhmYyQ5IplLbf4sZfceNCUVeCH2PaDlhbD4ScnHMvN/f4EWdK2/aXlVpZXVvfSG9mtrZ3dvey+wdVFcaSQoWGPJR1nyjgTEBFM82hHkkggc+h5vduJn6tD1KxUDzoQQReQDqCtRkl2kjN7JVbZnm3TyREivFQnOJrPJp7u5KIDgeXz65fY9TM5uyCPQVeJk5CcihBuZn9cFshjQMQmnKiVMOxI+0NidSMchhn3FhBRGiPdKBhqCABKG84XXGMT4zSwu1QmiM0nqrzHUMSKDUIfFMZEN1Vi95E/M9rxLp96Q2ZiGINgs4GtWOOdYgneeEWk0A1HxhCqGTmr5h2iSRUm1QzJgRnceVlUj0rOMVC8f48V7pL4kijI3SM8shBF6iEblEZVRBFj+gZvaI368l6sd6tz1lpykp6DtEfWN8/EWalUw==</latexit>

⇧(") = |"ih"|
<latexit sha1_base64="CzJ1gHNoZYGGuUv1KVsP0OkrFGg=">AAACMnicbZDLSgMxFIYz9VbrbdSlm2ARXJUZkepGKLhpdxXtBTplyKSnbWgmMySZQhn7TG58EsGFLhRx60OYXha19UDIx/+fQ3L+IOZMacd5szJr6xubW9nt3M7u3v6BfXhUV1EiKdRoxCPZDIgCzgTUNNMcmrEEEgYcGsHgduI3hiAVi8SDHsXQDklPsC6jRBvJtytl/x7fYE8loZ96QyIhVoxHYrzAjwvsSSJ6HDw+uxaafDvvFJxp4VVw55BH86r69ovXiWgSgtCUE6VarhPrdkqkZpTDOOclCmJCB6QHLYOChKDa6XTlMT4zSgd3I2mO0HiqLk6kJFRqFAamMyS6r5a9ifif10p097qdMhEnGgSdPdRNONYRnuSHO0wC1XxkgFDJzF8x7RNJqDYp50wI7vLKq1C/KLjFQvHuMl+qzOPIohN0is6Ri65QCZVRFdUQRU/oFX2gT+vZere+rO9Za8aazxyjP2X9/AINhq0u</latexit>

HS =
X

"

"|"ih"|
<latexit sha1_base64="GJJ8CotohoEpk83kM0RIqpkXB/4=">AAACG3icbVDLSgNBEJz1GeMr6tHLYBD0EnZFohdB8BJvikaFbAi9k04cnJ1dZnrFsOY/vPgrXjwo4knw4N84iTn4KhgoqrrpqYpSJS35/oc3Nj4xOTVdmCnOzs0vLJaWls9skhmBdZGoxFxEYFFJjXWSpPAiNQhxpPA8ujoY+OfXaKxM9Cn1UmzG0NWyIwWQk1qlrTAGuhSg8lq/dcL3eEh4QybObQq6v3EbXoPB1EqV6NCA7ircbJXKfsUfgv8lwYiU2QhHrdJb2E5EFqMmocDaRuCn1MzBkBQK+8Uws5iCuIIuNhzVEKNt5sNsfb7ulDbvJMY9TXyoft/IIba2F0ducpDE/vYG4n9eI6PObjOXOs0Itfg61MkUp4QPiuJtaVCQ6jkCwkj3Vy4uwYAgV2fRlRD8jvyXnG1Vgmqlerxd3j8c1VFgq2yNbbCA7bB9VmNHrM4Eu2MP7Ik9e/feo/fivX6NjnmjnRX2A977J043okE=</latexit>

HS = span(|"i)

<latexit sha1_base64="LkAJcEOtBrrCeXLgAenCZDaZMXs="></latexit>

⇧(")| i ! |"i
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Interaction Hamiltonian:
<latexit sha1_base64="BUW03oCvPixMs+fMXPZSkz2rRzc=">AAACJnicbZDLSsNAFIYnXmu8VV26GSxC3ZREpLopVN20uwr2Ak0Ik+m0HTq5MHMilNCnceOruHFREXHnozhts9DWHwZ+vnMOZ87vx4IrsKwvY219Y3NrO7dj7u7tHxzmj45bKkokZU0aiUh2fKKY4CFrAgfBOrFkJPAFa/uj+1m9/cSk4lH4COOYuQEZhLzPKQGNvHzFAS56LK1NvHoRLnAFOyoJvFGGbyfeSGMnAh4whTN6t6Cm6eULVsmaC68aOzMFlKnh5adOL6JJwEKggijVta0Y3JRI4FSwiekkisWEjsiAdbUNid7qpvMzJ/hckx7uR1K/EPCc/p5ISaDUOPB1Z0BgqJZrM/hfrZtA/8ZNeRgnwEK6WNRPBIYIzzLDPS4ZBTHWhlDJ9V8xHRJJKOhkZyHYyyevmtZlyS6Xyg9XhWo9iyOHTtEZKiIbXaMqqqEGaiKKntErmqJ348V4Mz6Mz0XrmpHNnKA/Mr5/AMw9pMA=</latexit>

H̃I(t) =
X

k

Ãk(t)⌦ B̃k(t)

<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]

<latexit sha1_base64="EG5uTg6OXvfaZ5XUYuLG1uTbopA=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAZRC8OuSLQRIjbaKZoYSNZldnJihp29MHNWCEsewcZXsbFQxNbSzrdxkmzh7YeBb/5zDjPn9xMpNNr2pzUxOTU9M1uYK84vLC4tl1ZWGzpOFYc6j2Wsmj7TIEUEdRQooZkoYKEv4doPTob16ztQWsTRFfYTcEN2G4mu4AyN5ZW22ihkB7LjgRds4w49onCTiVPvEgfHXmB4d3zxSmW7Yo9E/4KTQ5nkOvdKH+1OzNMQIuSSad1y7ATdjCkUXMKg2E41JIwH7BZaBiMWgnaz0UIDummcDu3GypwI6cj9PpGxUOt+6JvOkGFP/64Nzf9qrRS7h24moiRFiPj4oW4qKcZ0mA7tCAUcZd8A40qYv1LeY4pxNBkWTQjO75X/QmOv4lQr1Yv9cu0sj6NA1skG2SYOOSA1ckrOSZ1wck8eyTN5sR6sJ+vVehu3Tlj5zBr5Iev9C4o3nFI=</latexit>

Ãk(t) = eiHStAke
�iHSt

<latexit sha1_base64="KQKDuN6GSKky58iJVor/rifPn3k=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLqsuqm7ivYCTQiT6aQdOpmEmYlQQtdufBU3LhRx6xO4822ctEG09YeBj/+cw5zz+zGjUlnWl7GwuLS8slpYK65vbG5tmzu7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7w6us3r4nQtKI36lRTNwQ9TkNKEZKW555cOENHcqhEyI1wIill+PyD9fH3u2xZ5asijURnAc7hxLI1fDMT6cX4SQkXGGGpOzaVqzcFAlFMSPjopNIEiM8RH3S1chRSKSbTk4ZwyPt9GAQCf24ghP390SKQilHoa87sy3lbC0z/6t1ExWcuynlcaIIx9OPgoRBFcEsF9ijgmDFRhoQFlTvCvEACYSVTq+oQ7BnT56H1knFrlaqN6el2nUeRwHsg0NQBjY4AzVQBw3QBBg8gCfwAl6NR+PZeDPep60LRj6zB/7I+PgGsXOaTg==</latexit>

Ak 2 B(HS)
<latexit sha1_base64="87A+f9UhmqfJ1gt3OC3lGs+3MEM=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLosFaHuKtgLNCFMppN26GQSZiZCCV278VXcuFDErU/gzrdx0gbR1h8GPv5zDnPO78eMSmVZX8bS8srq2npho7i5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj66yeueeCEkjfqfGMXFDNOA0oBgpbXnmUd0bOZRDJ0RqiBFL65PyDzcm3vWpZ5asijUVXAQ7hxLI1fTMT6cf4SQkXGGGpOzZVqzcFAlFMSOTopNIEiM8QgPS08hRSKSbTk+ZwBPt9GEQCf24glP390SKQinHoa87sy3lfC0z/6v1EhVcuinlcaIIx7OPgoRBFcEsF9ingmDFxhoQFlTvCvEQCYSVTq+oQ7DnT16E9lnFrlaqt+el2k0eRwEcgmNQBja4ADXQAE3QAhg8gCfwAl6NR+PZeDPeZ61LRj5zAP7I+PgGndGaQQ==</latexit>

Bk 2 B(HE)

<latexit sha1_base64="njlYCL44rdKKuDCcWPHMwnJU/GI=">AAACEHicbZDLSgMxFIYzXmu9VV26CRZRF5YZkepGKIqgOwVbC+04ZNJTGyZzITkjlKGP4MZXceNCEbcu3fk2pu0svP0Q+PKfc0jO7ydSaLTtT2ticmp6ZrYwV5xfWFxaLq2sNnScKg51HstYNX2mQYoI6ihQQjNRwEJfwrUfnAzr13egtIijK+wn4IbsNhJdwRkayytttVHIDmTHAy/Yxh16ROEmE2feKQ6OvcDw7vjilcp2xR6J/gUnhzLJdeGVPtqdmKchRMgl07rl2Am6GVMouIRBsZ1qSBgP2C20DEYsBO1mo4UGdNM4HdqNlTkR0pH7fSJjodb90DedIcOe/l0bmv/VWil2D91MREmKEPHxQ91UUozpMB3aEQo4yr4BxpUwf6W8xxTjaDIsmhCc3yv/hcZexalWqpf75dp5HkeBrJMNsk0cckBq5IxckDrh5J48kmfyYj1YT9ar9TZunbDymTXyQ9b7F2IMnDg=</latexit>

B̃k(t) = eiHEtBke
�iHEt

<latexit sha1_base64="PlIVzwTC3I8bcB7HXbuZ+IO/xcg="></latexit>

Ak(!) =
X

!="0�"

⇧(")Ak⇧("0)

<latexit sha1_base64="78g3pOf7kWhB1B2ZAXesqU/3Tm4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIeNBjBPOAZAmzk04yZHZmmZkVwhLwF7x4UMSr3+PNv3HyOGhiQUNR1U13V5QIbqzvf3srq2vrG5u5rfz2zu7efuHgsG5UqhnWmBJKNyNqUHCJNcutwGaikcaRwEY0vJn4jUfUhiv5YEcJhjHtS97jjFonNdoqxj697hSKfsmfgiyTYE6KMEe1U/hqdxVLY5SWCWpMK/ATG2ZUW84EjvPt1GBC2ZD2seWopDGaMJueOyanTumSntKupCVT9fdERmNjRnHkOmNqB2bRm4j/ea3U9q7CjMsktSjZbFEvFcQqMvmddLlGZsXIEco0d7cSNqCaMusSyrsQgsWXl0n9vBSUS+X7i2Ll9mkWRw6O4QTOIIBLqMAdVKEGDIbwDK/w5iXei/fufcxaV7x5hEfwB97nDz8aj/I=</latexit>! = `energy difference’
<latexit sha1_base64="3GSCh5UkCN1q8u0TmEHzHGbQqC0=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpZrAIrsqMSnVZcKHLCvYB7VAy6Z02NJOMSaZQhoL/wo0LRdz6Y9z5b0wfC209EPg454bcnDDhTBvP+3ZWVtfWNzZzW/ntnd29/cLBYV3LVFGsUcmlaoZEI2cCa4YZjs1EIYlDjo1wcDPJG0NUmknxYEYJBjHpCRYxSoy1gvaQKEw041J0LjqFolfypnKXwZ9DEeaqdgpf7a6kaYzCUE60bvleYoKMKMMox3G+nWpMCB2QHrYsChKjDrLp0mP31DpdN5LKHmHcqfv7RkZirUdxaCdjYvp6MZuY/2Wt1ETXQcZEkhoUdPZQlHLXSHfSgNtlCqnhIwuEKmZ3dWmfKEKN7SlvS/AXv7wM9fOSXy6V7y+LldunWR05OIYTOAMfrqACd1CFGlB4hGd4hTdn6Lw4787HbHTFmVd4BH/kfP4AFdeSvQ==</latexit>"3
<latexit sha1_base64="lmX/MpqWaVzCBCJZsWUhug+ao6k=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV2WmSHVZcKHLCvYB7VAy6Z02NJMZk0yhDAX/hRsXirj1x7jz35g+Ftp6IPBxzg25OUEiuDau++2srW9sbm3ndvK7e/sHh4Wj44aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhjfTvDlCpXksH8w4QT+ifclDzqixlt8ZUYWJ5iKW3XK3UHRL7kxkFbwFFGGhWrfw1enFLI1QGiao1m3PTYyfUWU4EzjJd1KNCWVD2se2RUkj1H42W3pCzq3TI2Gs7JGGzNzfNzIaaT2OAjsZUTPQy9nU/C9rpya89jMuk9SgZPOHwlQQE5NpA6THFTIjxhYoU9zuStiAKsqM7SlvS/CWv7wKjXLJq5Qq95fF6u3TvI4cnMIZXIAHV1CFO6hBHRg8wjO8wpszcl6cd+djPrrmLCo8gT9yPn8AFFOSvA==</latexit>"2

<latexit sha1_base64="wTIHqWDgM8YTu4SNNmuL8njktqA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8EiuCozItVlwYUuK9gHtEPJpHfa0ExmTDKFMhT8F25cKOLWH+POf2P6WGjrgcDHOTfk5gSJ4Nq47reTW1vf2NzKbxd2dvf2D4qHRw0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG+meXOESvNYPphxgn5E+5KHnFFjLb8zogoTzUUsu163WHLL7kxkFbwFlGChWrf41enFLI1QGiao1m3PTYyfUWU4EzgpdFKNCWVD2se2RUkj1H42W3pCzqzTI2Gs7JGGzNzfNzIaaT2OAjsZUTPQy9nU/C9rpya89jMuk9SgZPOHwlQQE5NpA6THFTIjxhYoU9zuStiAKsqM7algS/CWv7wKjYuyVylX7i9L1duneR15OIFTOAcPrqAKd1CDOjB4hGd4hTdn5Lw4787HfDTnLCo8hj9yPn8AEs+Suw==</latexit>"1
<latexit sha1_base64="QksIBgwlqb+yjyUXP+HbosA0mi0=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8EiuCozItVlwYUuK9gHtEPJpHfa0ExmTDKFMhT8F25cKOLWH+POf2P6WGjrgcDHOTfk5gSJ4Nq47reTW1vf2NzKbxd2dvf2D4qHRw0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG+meXOESvNYPphxgn5E+5KHnFFjLb8zogoTzUUsu263WHLL7kxkFbwFlGChWrf41enFLI1QGiao1m3PTYyfUWU4EzgpdFKNCWVD2se2RUkj1H42W3pCzqzTI2Gs7JGGzNzfNzIaaT2OAjsZUTPQy9nU/C9rpya89jMuk9SgZPOHwlQQE5NpA6THFTIjxhYoU9zuStiAKsqM7algS/CWv7wKjYuyVylX7i9L1duneR15OIFTOAcPrqAKd1CDOjB4hGd4hTdn5Lw4787HfDTnLCo8hj9yPn8AEUuSug==</latexit>"0

<latexit sha1_base64="3AiuhSoj0Mf3uIuKthlvGLDelOk="></latexit>!32 = "3 � "2

<latexit sha1_base64="fWkY4poNm7uQs9pU3iyFi0wV/6k="></latexit>!21 = "2 � "1
<latexit sha1_base64="NyJ+UwBf8cJ5pt8Q3L+jWxw3mGM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkWom5IUqS4rIrisYGuhCWEynbRD5xFmJkII9VfcuFDErR/izr9x2mahrQcuHM65l3vviRJKlHbdb6u0tr6xuVXeruzs7u0f2IdHPSVSiXAXCSpkP4IKU8JxVxNNcT+RGLKI4odocj3zHx6xVETwe50lOGBwxElMENRGCu3qVTip+wnzBcMjGOZNb3oW2jW34c7hrBKvIDVQoBPaX/5QoJRhrhGFSg08N9FBDqUmiOJpxU8VTiCawBEeGMohwyrI58dPnVOjDJ1YSFNcO3P190QOmVIZi0wng3qslr2Z+J83SHV8GeSEJ6nGHC0WxSl1tHBmSThDIjHSNDMEIknMrQ4aQwmRNnlVTAje8surpNdseK1G6+681r4p4iiDY3AC6sADF6ANbkEHdAECGXgGr+DNerJerHfrY9FasoqZKvgD6/MHrSeUKw==</latexit>

Ak(±!21)
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Interaction Hamiltonian:
<latexit sha1_base64="BUW03oCvPixMs+fMXPZSkz2rRzc=">AAACJnicbZDLSsNAFIYnXmu8VV26GSxC3ZREpLopVN20uwr2Ak0Ik+m0HTq5MHMilNCnceOruHFREXHnozhts9DWHwZ+vnMOZ87vx4IrsKwvY219Y3NrO7dj7u7tHxzmj45bKkokZU0aiUh2fKKY4CFrAgfBOrFkJPAFa/uj+1m9/cSk4lH4COOYuQEZhLzPKQGNvHzFAS56LK1NvHoRLnAFOyoJvFGGbyfeSGMnAh4whTN6t6Cm6eULVsmaC68aOzMFlKnh5adOL6JJwEKggijVta0Y3JRI4FSwiekkisWEjsiAdbUNid7qpvMzJ/hckx7uR1K/EPCc/p5ISaDUOPB1Z0BgqJZrM/hfrZtA/8ZNeRgnwEK6WNRPBIYIzzLDPS4ZBTHWhlDJ9V8xHRJJKOhkZyHYyyevmtZlyS6Xyg9XhWo9iyOHTtEZKiIbXaMqqqEGaiKKntErmqJ348V4Mz6Mz0XrmpHNnKA/Mr5/AMw9pMA=</latexit>

H̃I(t) =
X

k

Ãk(t)⌦ B̃k(t)

<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]

<latexit sha1_base64="EG5uTg6OXvfaZ5XUYuLG1uTbopA=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAZRC8OuSLQRIjbaKZoYSNZldnJihp29MHNWCEsewcZXsbFQxNbSzrdxkmzh7YeBb/5zDjPn9xMpNNr2pzUxOTU9M1uYK84vLC4tl1ZWGzpOFYc6j2Wsmj7TIEUEdRQooZkoYKEv4doPTob16ztQWsTRFfYTcEN2G4mu4AyN5ZW22ihkB7LjgRds4w49onCTiVPvEgfHXmB4d3zxSmW7Yo9E/4KTQ5nkOvdKH+1OzNMQIuSSad1y7ATdjCkUXMKg2E41JIwH7BZaBiMWgnaz0UIDummcDu3GypwI6cj9PpGxUOt+6JvOkGFP/64Nzf9qrRS7h24moiRFiPj4oW4qKcZ0mA7tCAUcZd8A40qYv1LeY4pxNBkWTQjO75X/QmOv4lQr1Yv9cu0sj6NA1skG2SYOOSA1ckrOSZ1wck8eyTN5sR6sJ+vVehu3Tlj5zBr5Iev9C4o3nFI=</latexit>

Ãk(t) = eiHStAke
�iHSt

<latexit sha1_base64="KQKDuN6GSKky58iJVor/rifPn3k=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLqsuqm7ivYCTQiT6aQdOpmEmYlQQtdufBU3LhRx6xO4822ctEG09YeBj/+cw5zz+zGjUlnWl7GwuLS8slpYK65vbG5tmzu7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7w6us3r4nQtKI36lRTNwQ9TkNKEZKW555cOENHcqhEyI1wIill+PyD9fH3u2xZ5asijURnAc7hxLI1fDMT6cX4SQkXGGGpOzaVqzcFAlFMSPjopNIEiM8RH3S1chRSKSbTk4ZwyPt9GAQCf24ghP390SKQilHoa87sy3lbC0z/6t1ExWcuynlcaIIx9OPgoRBFcEsF9ijgmDFRhoQFlTvCvEACYSVTq+oQ7BnT56H1knFrlaqN6el2nUeRwHsg0NQBjY4AzVQBw3QBBg8gCfwAl6NR+PZeDPep60LRj6zB/7I+PgGsXOaTg==</latexit>

Ak 2 B(HS)
<latexit sha1_base64="87A+f9UhmqfJ1gt3OC3lGs+3MEM=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLosFaHuKtgLNCFMppN26GQSZiZCCV278VXcuFDErU/gzrdx0gbR1h8GPv5zDnPO78eMSmVZX8bS8srq2npho7i5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj66yeueeCEkjfqfGMXFDNOA0oBgpbXnmUd0bOZRDJ0RqiBFL65PyDzcm3vWpZ5asijUVXAQ7hxLI1fTMT6cf4SQkXGGGpOzZVqzcFAlFMSOTopNIEiM8QgPS08hRSKSbTk+ZwBPt9GEQCf24glP390SKQinHoa87sy3lfC0z/6v1EhVcuinlcaIIx7OPgoRBFcEsF9ingmDFxhoQFlTvCvEQCYSVTq+oQ7DnT16E9lnFrlaqt+el2k0eRwEcgmNQBja4ADXQAE3QAhg8gCfwAl6NR+PZeDPeZ61LRj5zAP7I+PgGndGaQQ==</latexit>

Bk 2 B(HE)

<latexit sha1_base64="njlYCL44rdKKuDCcWPHMwnJU/GI=">AAACEHicbZDLSgMxFIYzXmu9VV26CRZRF5YZkepGKIqgOwVbC+04ZNJTGyZzITkjlKGP4MZXceNCEbcu3fk2pu0svP0Q+PKfc0jO7ydSaLTtT2ticmp6ZrYwV5xfWFxaLq2sNnScKg51HstYNX2mQYoI6ihQQjNRwEJfwrUfnAzr13egtIijK+wn4IbsNhJdwRkayytttVHIDmTHAy/Yxh16ROEmE2feKQ6OvcDw7vjilcp2xR6J/gUnhzLJdeGVPtqdmKchRMgl07rl2Am6GVMouIRBsZ1qSBgP2C20DEYsBO1mo4UGdNM4HdqNlTkR0pH7fSJjodb90DedIcOe/l0bmv/VWil2D91MREmKEPHxQ91UUozpMB3aEQo4yr4BxpUwf6W8xxTjaDIsmhCc3yv/hcZexalWqpf75dp5HkeBrJMNsk0cckBq5IxckDrh5J48kmfyYj1YT9ar9TZunbDymTXyQ9b7F2IMnDg=</latexit>

B̃k(t) = eiHEtBke
�iHEt

<latexit sha1_base64="PlIVzwTC3I8bcB7HXbuZ+IO/xcg="></latexit>

Ak(!) =
X

!="0�"

⇧(")Ak⇧("0)

<latexit sha1_base64="78g3pOf7kWhB1B2ZAXesqU/3Tm4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6EUIeNBjBPOAZAmzk04yZHZmmZkVwhLwF7x4UMSr3+PNv3HyOGhiQUNR1U13V5QIbqzvf3srq2vrG5u5rfz2zu7efuHgsG5UqhnWmBJKNyNqUHCJNcutwGaikcaRwEY0vJn4jUfUhiv5YEcJhjHtS97jjFonNdoqxj697hSKfsmfgiyTYE6KMEe1U/hqdxVLY5SWCWpMK/ATG2ZUW84EjvPt1GBC2ZD2seWopDGaMJueOyanTumSntKupCVT9fdERmNjRnHkOmNqB2bRm4j/ea3U9q7CjMsktSjZbFEvFcQqMvmddLlGZsXIEco0d7cSNqCaMusSyrsQgsWXl0n9vBSUS+X7i2Ll9mkWRw6O4QTOIIBLqMAdVKEGDIbwDK/w5iXei/fufcxaV7x5hEfwB97nDz8aj/I=</latexit>! = `energy difference’
<latexit sha1_base64="3GSCh5UkCN1q8u0TmEHzHGbQqC0=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpZrAIrsqMSnVZcKHLCvYB7VAy6Z02NJOMSaZQhoL/wo0LRdz6Y9z5b0wfC209EPg454bcnDDhTBvP+3ZWVtfWNzZzW/ntnd29/cLBYV3LVFGsUcmlaoZEI2cCa4YZjs1EIYlDjo1wcDPJG0NUmknxYEYJBjHpCRYxSoy1gvaQKEw041J0LjqFolfypnKXwZ9DEeaqdgpf7a6kaYzCUE60bvleYoKMKMMox3G+nWpMCB2QHrYsChKjDrLp0mP31DpdN5LKHmHcqfv7RkZirUdxaCdjYvp6MZuY/2Wt1ETXQcZEkhoUdPZQlHLXSHfSgNtlCqnhIwuEKmZ3dWmfKEKN7SlvS/AXv7wM9fOSXy6V7y+LldunWR05OIYTOAMfrqACd1CFGlB4hGd4hTdn6Lw4787HbHTFmVd4BH/kfP4AFdeSvQ==</latexit>"3
<latexit sha1_base64="lmX/MpqWaVzCBCJZsWUhug+ao6k=">AAAB9HicbZBLSwMxFIXv+Kz1VXXpJlgEV2WmSHVZcKHLCvYB7VAy6Z02NJMZk0yhDAX/hRsXirj1x7jz35g+Ftp6IPBxzg25OUEiuDau++2srW9sbm3ndvK7e/sHh4Wj44aOU8WwzmIRq1ZANQousW64EdhKFNIoENgMhjfTvDlCpXksH8w4QT+ifclDzqixlt8ZUYWJ5iKW3XK3UHRL7kxkFbwFFGGhWrfw1enFLI1QGiao1m3PTYyfUWU4EzjJd1KNCWVD2se2RUkj1H42W3pCzq3TI2Gs7JGGzNzfNzIaaT2OAjsZUTPQy9nU/C9rpya89jMuk9SgZPOHwlQQE5NpA6THFTIjxhYoU9zuStiAKsqM7SlvS/CWv7wKjXLJq5Qq95fF6u3TvI4cnMIZXIAHV1CFO6hBHRg8wjO8wpszcl6cd+djPrrmLCo8gT9yPn8AFFOSvA==</latexit>"2

<latexit sha1_base64="wTIHqWDgM8YTu4SNNmuL8njktqA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8EiuCozItVlwYUuK9gHtEPJpHfa0ExmTDKFMhT8F25cKOLWH+POf2P6WGjrgcDHOTfk5gSJ4Nq47reTW1vf2NzKbxd2dvf2D4qHRw0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG+meXOESvNYPphxgn5E+5KHnFFjLb8zogoTzUUsu163WHLL7kxkFbwFlGChWrf41enFLI1QGiao1m3PTYyfUWU4EzgpdFKNCWVD2se2RUkj1H42W3pCzqzTI2Gs7JGGzNzfNzIaaT2OAjsZUTPQy9nU/C9rpya89jMuk9SgZPOHwlQQE5NpA6THFTIjxhYoU9zuStiAKsqM7algS/CWv7wKjYuyVylX7i9L1duneR15OIFTOAcPrqAKd1CDOjB4hGd4hTdn5Lw4787HfDTnLCo8hj9yPn8AEs+Suw==</latexit>"1
<latexit sha1_base64="QksIBgwlqb+yjyUXP+HbosA0mi0=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8EiuCozItVlwYUuK9gHtEPJpHfa0ExmTDKFMhT8F25cKOLWH+POf2P6WGjrgcDHOTfk5gSJ4Nq47reTW1vf2NzKbxd2dvf2D4qHRw0dp4phncUiVq2AahRcYt1wI7CVKKRRILAZDG+meXOESvNYPphxgn5E+5KHnFFjLb8zogoTzUUsu263WHLL7kxkFbwFlGChWrf41enFLI1QGiao1m3PTYyfUWU4EzgpdFKNCWVD2se2RUkj1H42W3pCzqzTI2Gs7JGGzNzfNzIaaT2OAjsZUTPQy9nU/C9rpya89jMuk9SgZPOHwlQQE5NpA6THFTIjxhYoU9zuStiAKsqM7algS/CWv7wKjYuyVylX7i9L1duneR15OIFTOAcPrqAKd1CDOjB4hGd4hTdn5Lw4787HfDTnLCo8hj9yPn8AEUuSug==</latexit>"0

<latexit sha1_base64="3AiuhSoj0Mf3uIuKthlvGLDelOk="></latexit>!32 = "3 � "2

<latexit sha1_base64="fWkY4poNm7uQs9pU3iyFi0wV/6k="></latexit>!21 = "2 � "1
<latexit sha1_base64="NyJ+UwBf8cJ5pt8Q3L+jWxw3mGM=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkWom5IUqS4rIrisYGuhCWEynbRD5xFmJkII9VfcuFDErR/izr9x2mahrQcuHM65l3vviRJKlHbdb6u0tr6xuVXeruzs7u0f2IdHPSVSiXAXCSpkP4IKU8JxVxNNcT+RGLKI4odocj3zHx6xVETwe50lOGBwxElMENRGCu3qVTip+wnzBcMjGOZNb3oW2jW34c7hrBKvIDVQoBPaX/5QoJRhrhGFSg08N9FBDqUmiOJpxU8VTiCawBEeGMohwyrI58dPnVOjDJ1YSFNcO3P190QOmVIZi0wng3qslr2Z+J83SHV8GeSEJ6nGHC0WxSl1tHBmSThDIjHSNDMEIknMrQ4aQwmRNnlVTAje8surpNdseK1G6+681r4p4iiDY3AC6sADF6ANbkEHdAECGXgGr+DNerJerHfrY9FasoqZKvgD6/MHrSeUKw==</latexit>

Ak(±!21)

<latexit sha1_base64="cYWty6+aFS5uDIIkImjLxIY/V24=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKBS2JSHUjVNzUXUV7gTSEyXTSDp1MwsxEKKFv4MZXceNCEbdu3fk2TtssausPAx//OYcz5/djRqWyrB9jYXFpeWU1t5Zf39jc2jZ3dhsySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9Ps3o3rzkQhJI/6gBjFxQ9TlNKAYKW155pFT9e5P4LXXL7ajkHTRsXt1OqFp0zMLVskaC86DnUEBZKp55ne7E+EkJFxhhqR0bCtWboqEopiRYb6dSBIj3Edd4mjkKCTSTcf3DOGhdjowiIR+XMGxOz2RolDKQejrzhCpnpytjcz/ak6igks3pTxOFOF4sihIGFQRHIUDO1QQrNhAA8KC6r9C3EMCYaUjzOsQ7NmT56FxVrLLpfLdeaFym8WRA/vgABSBDS5ABVRBDdQBBk/gBbyBd+PZeDU+jM9J64KRzeyBPzK+fgHEp5qo</latexit>

[HS , Ak(!)] = �!Ak(!)



Markovian master equation

Interaction Hamiltonian:
<latexit sha1_base64="BUW03oCvPixMs+fMXPZSkz2rRzc=">AAACJnicbZDLSsNAFIYnXmu8VV26GSxC3ZREpLopVN20uwr2Ak0Ik+m0HTq5MHMilNCnceOruHFREXHnozhts9DWHwZ+vnMOZ87vx4IrsKwvY219Y3NrO7dj7u7tHxzmj45bKkokZU0aiUh2fKKY4CFrAgfBOrFkJPAFa/uj+1m9/cSk4lH4COOYuQEZhLzPKQGNvHzFAS56LK1NvHoRLnAFOyoJvFGGbyfeSGMnAh4whTN6t6Cm6eULVsmaC68aOzMFlKnh5adOL6JJwEKggijVta0Y3JRI4FSwiekkisWEjsiAdbUNid7qpvMzJ/hckx7uR1K/EPCc/p5ISaDUOPB1Z0BgqJZrM/hfrZtA/8ZNeRgnwEK6WNRPBIYIzzLDPS4ZBTHWhlDJ9V8xHRJJKOhkZyHYyyevmtZlyS6Xyg9XhWo9iyOHTtEZKiIbXaMqqqEGaiKKntErmqJ348V4Mz6Mz0XrmpHNnKA/Mr5/AMw9pMA=</latexit>

H̃I(t) =
X

k

Ãk(t)⌦ B̃k(t)

<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]

<latexit sha1_base64="EG5uTg6OXvfaZ5XUYuLG1uTbopA=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAZRC8OuSLQRIjbaKZoYSNZldnJihp29MHNWCEsewcZXsbFQxNbSzrdxkmzh7YeBb/5zDjPn9xMpNNr2pzUxOTU9M1uYK84vLC4tl1ZWGzpOFYc6j2Wsmj7TIEUEdRQooZkoYKEv4doPTob16ztQWsTRFfYTcEN2G4mu4AyN5ZW22ihkB7LjgRds4w49onCTiVPvEgfHXmB4d3zxSmW7Yo9E/4KTQ5nkOvdKH+1OzNMQIuSSad1y7ATdjCkUXMKg2E41JIwH7BZaBiMWgnaz0UIDummcDu3GypwI6cj9PpGxUOt+6JvOkGFP/64Nzf9qrRS7h24moiRFiPj4oW4qKcZ0mA7tCAUcZd8A40qYv1LeY4pxNBkWTQjO75X/QmOv4lQr1Yv9cu0sj6NA1skG2SYOOSA1ckrOSZ1wck8eyTN5sR6sJ+vVehu3Tlj5zBr5Iev9C4o3nFI=</latexit>

Ãk(t) = eiHStAke
�iHSt

<latexit sha1_base64="KQKDuN6GSKky58iJVor/rifPn3k=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLqsuqm7ivYCTQiT6aQdOpmEmYlQQtdufBU3LhRx6xO4822ctEG09YeBj/+cw5zz+zGjUlnWl7GwuLS8slpYK65vbG5tmzu7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7w6us3r4nQtKI36lRTNwQ9TkNKEZKW555cOENHcqhEyI1wIill+PyD9fH3u2xZ5asijURnAc7hxLI1fDMT6cX4SQkXGGGpOzaVqzcFAlFMSPjopNIEiM8RH3S1chRSKSbTk4ZwyPt9GAQCf24ghP390SKQilHoa87sy3lbC0z/6t1ExWcuynlcaIIx9OPgoRBFcEsF9ijgmDFRhoQFlTvCvEACYSVTq+oQ7BnT56H1knFrlaqN6el2nUeRwHsg0NQBjY4AzVQBw3QBBg8gCfwAl6NR+PZeDPep60LRj6zB/7I+PgGsXOaTg==</latexit>

Ak 2 B(HS)
<latexit sha1_base64="87A+f9UhmqfJ1gt3OC3lGs+3MEM=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLosFaHuKtgLNCFMppN26GQSZiZCCV278VXcuFDErU/gzrdx0gbR1h8GPv5zDnPO78eMSmVZX8bS8srq2npho7i5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj66yeueeCEkjfqfGMXFDNOA0oBgpbXnmUd0bOZRDJ0RqiBFL65PyDzcm3vWpZ5asijUVXAQ7hxLI1fTMT6cf4SQkXGGGpOzZVqzcFAlFMSOTopNIEiM8QgPS08hRSKSbTk+ZwBPt9GEQCf24glP390SKQinHoa87sy3lfC0z/6v1EhVcuinlcaIIx7OPgoRBFcEsF9ingmDFxhoQFlTvCvEQCYSVTq+oQ7DnT16E9lnFrlaqt+el2k0eRwEcgmNQBja4ADXQAE3QAhg8gCfwAl6NR+PZeDPeZ61LRj5zAP7I+PgGndGaQQ==</latexit>

Bk 2 B(HE)

<latexit sha1_base64="njlYCL44rdKKuDCcWPHMwnJU/GI=">AAACEHicbZDLSgMxFIYzXmu9VV26CRZRF5YZkepGKIqgOwVbC+04ZNJTGyZzITkjlKGP4MZXceNCEbcu3fk2pu0svP0Q+PKfc0jO7ydSaLTtT2ticmp6ZrYwV5xfWFxaLq2sNnScKg51HstYNX2mQYoI6ihQQjNRwEJfwrUfnAzr13egtIijK+wn4IbsNhJdwRkayytttVHIDmTHAy/Yxh16ROEmE2feKQ6OvcDw7vjilcp2xR6J/gUnhzLJdeGVPtqdmKchRMgl07rl2Am6GVMouIRBsZ1qSBgP2C20DEYsBO1mo4UGdNM4HdqNlTkR0pH7fSJjodb90DedIcOe/l0bmv/VWil2D91MREmKEPHxQ91UUozpMB3aEQo4yr4BxpUwf6W8xxTjaDIsmhCc3yv/hcZexalWqpf75dp5HkeBrJMNsk0cckBq5IxckDrh5J48kmfyYj1YT9ar9TZunbDymTXyQ9b7F2IMnDg=</latexit>

B̃k(t) = eiHEtBke
�iHEt

<latexit sha1_base64="PlIVzwTC3I8bcB7HXbuZ+IO/xcg="></latexit>

Ak(!) =
X

!="0�"

⇧(")Ak⇧("0)

<latexit sha1_base64="cYWty6+aFS5uDIIkImjLxIY/V24=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKBS2JSHUjVNzUXUV7gTSEyXTSDp1MwsxEKKFv4MZXceNCEbdu3fk2TtssausPAx//OYcz5/djRqWyrB9jYXFpeWU1t5Zf39jc2jZ3dhsySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9Ps3o3rzkQhJI/6gBjFxQ9TlNKAYKW155pFT9e5P4LXXL7ajkHTRsXt1OqFp0zMLVskaC86DnUEBZKp55ne7E+EkJFxhhqR0bCtWboqEopiRYb6dSBIj3Edd4mjkKCTSTcf3DOGhdjowiIR+XMGxOz2RolDKQejrzhCpnpytjcz/ak6igks3pTxOFOF4sihIGFQRHIUDO1QQrNhAA8KC6r9C3EMCYaUjzOsQ7NmT56FxVrLLpfLdeaFym8WRA/vgABSBDS5ABVRBDdQBBk/gBbyBd+PZeDU+jM9J64KRzeyBPzK+fgHEp5qo</latexit>

[HS , Ak(!)] = �!Ak(!)
<latexit sha1_base64="+WarwFqYFxsW2N3ZccR0uZTUKcQ=">AAACIXicdZBLSwMxFIUzPmt9VV26CRahLiwzYh8boSJIlxXtA9o6ZNLbNjTzIMkIZSj4S9z4V9y4UKQ78c+Ydiq0ohcCh++ckNzjBJxJZZqfxtLyyuraemIjubm1vbOb2tuvST8UFKrU575oOEQCZx5UFVMcGoEA4joc6s7gauLXH0BI5nt3ahhA2yU9j3UZJUojO1WE+4iV7Vs1urQHmZbvQo+caHYaw4upjDFeyNiptJk1p4PnRS5XsPLYmpE0mk3FTo1bHZ+GLniKciJl0zID1Y6IUIxyGCVboYSA0AHpQVNLj7gg29F0wxE+1qSDu77Qx1N4SudvRMSVcug6OukS1Ze/vQn8y2uGqltsR8wLQgUejR/qhhwrH0/qwh0mgCo+1IJQwfRfMe0TQajSpSZ1CT+b4v9F7Sxr5bP5m/N06foxriOBDtERyiALFVAJlVEFVRFFT+gFvaF349l4NT6McRxdMmYVHqCFMb6+AQN0o9w=</latexit>

eiHStAk(!)e
�iHSt = e�i!tAk(!)
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Markovian master equation

Interaction Hamiltonian:
<latexit sha1_base64="BUW03oCvPixMs+fMXPZSkz2rRzc=">AAACJnicbZDLSsNAFIYnXmu8VV26GSxC3ZREpLopVN20uwr2Ak0Ik+m0HTq5MHMilNCnceOruHFREXHnozhts9DWHwZ+vnMOZ87vx4IrsKwvY219Y3NrO7dj7u7tHxzmj45bKkokZU0aiUh2fKKY4CFrAgfBOrFkJPAFa/uj+1m9/cSk4lH4COOYuQEZhLzPKQGNvHzFAS56LK1NvHoRLnAFOyoJvFGGbyfeSGMnAh4whTN6t6Cm6eULVsmaC68aOzMFlKnh5adOL6JJwEKggijVta0Y3JRI4FSwiekkisWEjsiAdbUNid7qpvMzJ/hckx7uR1K/EPCc/p5ISaDUOPB1Z0BgqJZrM/hfrZtA/8ZNeRgnwEK6WNRPBIYIzzLDPS4ZBTHWhlDJ9V8xHRJJKOhkZyHYyyevmtZlyS6Xyg9XhWo9iyOHTtEZKiIbXaMqqqEGaiKKntErmqJ348V4Mz6Mz0XrmpHNnKA/Mr5/AMw9pMA=</latexit>

H̃I(t) =
X

k

Ãk(t)⌦ B̃k(t)

<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]

<latexit sha1_base64="EG5uTg6OXvfaZ5XUYuLG1uTbopA=">AAACEHicbZC7SgNBFIZnvcZ4i1raDAZRC8OuSLQRIjbaKZoYSNZldnJihp29MHNWCEsewcZXsbFQxNbSzrdxkmzh7YeBb/5zDjPn9xMpNNr2pzUxOTU9M1uYK84vLC4tl1ZWGzpOFYc6j2Wsmj7TIEUEdRQooZkoYKEv4doPTob16ztQWsTRFfYTcEN2G4mu4AyN5ZW22ihkB7LjgRds4w49onCTiVPvEgfHXmB4d3zxSmW7Yo9E/4KTQ5nkOvdKH+1OzNMQIuSSad1y7ATdjCkUXMKg2E41JIwH7BZaBiMWgnaz0UIDummcDu3GypwI6cj9PpGxUOt+6JvOkGFP/64Nzf9qrRS7h24moiRFiPj4oW4qKcZ0mA7tCAUcZd8A40qYv1LeY4pxNBkWTQjO75X/QmOv4lQr1Yv9cu0sj6NA1skG2SYOOSA1ckrOSZ1wck8eyTN5sR6sJ+vVehu3Tlj5zBr5Iev9C4o3nFI=</latexit>

Ãk(t) = eiHStAke
�iHSt

<latexit sha1_base64="KQKDuN6GSKky58iJVor/rifPn3k=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLqsuqm7ivYCTQiT6aQdOpmEmYlQQtdufBU3LhRx6xO4822ctEG09YeBj/+cw5zz+zGjUlnWl7GwuLS8slpYK65vbG5tmzu7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn7w6us3r4nQtKI36lRTNwQ9TkNKEZKW555cOENHcqhEyI1wIill+PyD9fH3u2xZ5asijURnAc7hxLI1fDMT6cX4SQkXGGGpOzaVqzcFAlFMSPjopNIEiM8RH3S1chRSKSbTk4ZwyPt9GAQCf24ghP390SKQilHoa87sy3lbC0z/6t1ExWcuynlcaIIx9OPgoRBFcEsF9ijgmDFRhoQFlTvCvEACYSVTq+oQ7BnT56H1knFrlaqN6el2nUeRwHsg0NQBjY4AzVQBw3QBBg8gCfwAl6NR+PZeDPep60LRj6zB/7I+PgGsXOaTg==</latexit>

Ak 2 B(HS)
<latexit sha1_base64="87A+f9UhmqfJ1gt3OC3lGs+3MEM=">AAACCnicbZDLSsNAFIYnXmu9RV26GS1C3ZREpLosFaHuKtgLNCFMppN26GQSZiZCCV278VXcuFDErU/gzrdx0gbR1h8GPv5zDnPO78eMSmVZX8bS8srq2npho7i5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj66yeueeCEkjfqfGMXFDNOA0oBgpbXnmUd0bOZRDJ0RqiBFL65PyDzcm3vWpZ5asijUVXAQ7hxLI1fTMT6cf4SQkXGGGpOzZVqzcFAlFMSOTopNIEiM8QgPS08hRSKSbTk+ZwBPt9GEQCf24glP390SKQinHoa87sy3lfC0z/6v1EhVcuinlcaIIx7OPgoRBFcEsF9ingmDFxhoQFlTvCvEQCYSVTq+oQ7DnT16E9lnFrlaqt+el2k0eRwEcgmNQBja4ADXQAE3QAhg8gCfwAl6NR+PZeDPeZ61LRj5zAP7I+PgGndGaQQ==</latexit>

Bk 2 B(HE)

<latexit sha1_base64="njlYCL44rdKKuDCcWPHMwnJU/GI=">AAACEHicbZDLSgMxFIYzXmu9VV26CRZRF5YZkepGKIqgOwVbC+04ZNJTGyZzITkjlKGP4MZXceNCEbcu3fk2pu0svP0Q+PKfc0jO7ydSaLTtT2ticmp6ZrYwV5xfWFxaLq2sNnScKg51HstYNX2mQYoI6ihQQjNRwEJfwrUfnAzr13egtIijK+wn4IbsNhJdwRkayytttVHIDmTHAy/Yxh16ROEmE2feKQ6OvcDw7vjilcp2xR6J/gUnhzLJdeGVPtqdmKchRMgl07rl2Am6GVMouIRBsZ1qSBgP2C20DEYsBO1mo4UGdNM4HdqNlTkR0pH7fSJjodb90DedIcOe/l0bmv/VWil2D91MREmKEPHxQ91UUozpMB3aEQo4yr4BxpUwf6W8xxTjaDIsmhCc3yv/hcZexalWqpf75dp5HkeBrJMNsk0cckBq5IxckDrh5J48kmfyYj1YT9ar9TZunbDymTXyQ9b7F2IMnDg=</latexit>

B̃k(t) = eiHEtBke
�iHEt

<latexit sha1_base64="PlIVzwTC3I8bcB7HXbuZ+IO/xcg="></latexit>

Ak(!) =
X

!="0�"

⇧(")Ak⇧("0)

<latexit sha1_base64="8PlVpysXK9mWB6QF8RqBC2voeUY=">AAACB3icbZDLSgMxFIYz9VbrbdSlIMEi1E2ZEaluhIob3VWwF+gMQybNtKHJZEgyQhm6c+OruHGhiFtfwZ1vY9rOQlt/CHz85xxOzh8mjCrtON9WYWl5ZXWtuF7a2Nza3rF391pKpBKTJhZMyE6IFGE0Jk1NNSOdRBLEQ0ba4fB6Um8/EKmoiO/1KCE+R/2YRhQjbazAPrwKhvASeirlQeYJTvpobKzKDE8Cu+xUnangIrg5lEGuRmB/eT2BU05ijRlSqus6ifYzJDXFjIxLXqpIgvAQ9UnXYIw4UX42vWMMj43Tg5GQ5sUaTt3fExniSo14aDo50gM1X5uY/9W6qY4u/IzGSapJjGeLopRBLeAkFNijkmDNRgYQltT8FeIBkghrE13JhODOn7wIrdOqW6vW7s7K9ds8jiI4AEegAlxwDurgBjRAE2DwCJ7BK3iznqwX6936mLUWrHxmH/yR9fkDtaWYnw==</latexit>

Ak =
X

!

Ak(!)

<latexit sha1_base64="cYWty6+aFS5uDIIkImjLxIY/V24=">AAACD3icbZDLSsNAFIYnXmu9RV26GSxKBS2JSHUjVNzUXUV7gTSEyXTSDp1MwsxEKKFv4MZXceNCEbdu3fk2TtssausPAx//OYcz5/djRqWyrB9jYXFpeWU1t5Zf39jc2jZ3dhsySgQmdRyxSLR8JAmjnNQVVYy0YkFQ6DPS9Ps3o3rzkQhJI/6gBjFxQ9TlNKAYKW155pFT9e5P4LXXL7ajkHTRsXt1OqFp0zMLVskaC86DnUEBZKp55ne7E+EkJFxhhqR0bCtWboqEopiRYb6dSBIj3Edd4mjkKCTSTcf3DOGhdjowiIR+XMGxOz2RolDKQejrzhCpnpytjcz/ak6igks3pTxOFOF4sihIGFQRHIUDO1QQrNhAA8KC6r9C3EMCYaUjzOsQ7NmT56FxVrLLpfLdeaFym8WRA/vgABSBDS5ABVRBDdQBBk/gBbyBd+PZeDU+jM9J64KRzeyBPzK+fgHEp5qo</latexit>

[HS , Ak(!)] = �!Ak(!)
<latexit sha1_base64="+WarwFqYFxsW2N3ZccR0uZTUKcQ=">AAACIXicdZBLSwMxFIUzPmt9VV26CRahLiwzYh8boSJIlxXtA9o6ZNLbNjTzIMkIZSj4S9z4V9y4UKQ78c+Ydiq0ohcCh++ckNzjBJxJZZqfxtLyyuraemIjubm1vbOb2tuvST8UFKrU575oOEQCZx5UFVMcGoEA4joc6s7gauLXH0BI5nt3ahhA2yU9j3UZJUojO1WE+4iV7Vs1urQHmZbvQo+caHYaw4upjDFeyNiptJk1p4PnRS5XsPLYmpE0mk3FTo1bHZ+GLniKciJl0zID1Y6IUIxyGCVboYSA0AHpQVNLj7gg29F0wxE+1qSDu77Qx1N4SudvRMSVcug6OukS1Ze/vQn8y2uGqltsR8wLQgUejR/qhhwrH0/qwh0mgCo+1IJQwfRfMe0TQajSpSZ1CT+b4v9F7Sxr5bP5m/N06foxriOBDtERyiALFVAJlVEFVRFFT+gFvaF349l4NT6McRxdMmYVHqCFMb6+AQN0o9w=</latexit>

eiHStAk(!)e
�iHSt = e�i!tAk(!)

<latexit sha1_base64="MOPxh5esRipaEvWcHLvq3AILcMU=">AAACIHicbZDLSsNAFIYn3q23qks3g0XQhSURad0IFTe6U7C20NQwmZ7WoTNJmDkRSsijuPFV3LhQRHf6NE4vC28/DHz85xzOnD9MpDDouh/O1PTM7Nz8wmJhaXllda24vnFt4lRzqPNYxroZMgNSRFBHgRKaiQamQgmNsH86rDfuQBsRR1c4SKCtWC8SXcEZWisoVn0UsgPZSR70d3GPHlPfpCrI/FhBj+Un1h3jHtxk+2LMFPOgWHLL7kj0L3gTKJGJLoLiu9+JeaogQi6ZMS3PTbCdMY2CS8gLfmogYbzPetCyGDEFpp2NDszpjnU6tBtr+yKkI/f7RMaUMQMV2k7F8Nb8rg3N/2qtFLtH7UxESYoQ8fGibiopxnSYFu0IDRzlwALjWti/Un7LNONoMy3YELzfJ/+F64OyVylXLg9LtfNJHAtki2yTXeKRKqmRM3JB6oSTe/JInsmL8+A8Oa/O27h1ypnMbJIfcj6/ADfoow4=</latexit>

Ãk(t) =
X

!

Ak(!)e
�i!t
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Markovian master equation
<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]

<latexit sha1_base64="MMAYTsKHrEC4Gra841icXa06vl0="></latexit>

H̃I(t) =
X

k

Ak(!)e
�i!t ⌦ B̃k(t) =

X

k

A
†
k(!)e

i!t ⌦ B̃k(t)

<latexit sha1_base64="xR2170KXSYXkP9Xhhep5VvVLcgg="></latexit>

d

dt
⇢̃S(t) =

X

k,l

X

!,!02⌦

ei(!
0�!)t�kl(!)

⇣
Al(!)⇢̃S(t)A

†
k(!

0)�A†
k(!

0)Al(!)⇢̃S(t)
⌘
+ h.c.
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Markovian master equation
<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]

<latexit sha1_base64="MMAYTsKHrEC4Gra841icXa06vl0="></latexit>

H̃I(t) =
X

k

Ak(!)e
�i!t ⌦ B̃k(t) =

X

k

A
†
k(!)e

i!t ⌦ B̃k(t)

<latexit sha1_base64="xR2170KXSYXkP9Xhhep5VvVLcgg="></latexit>

d

dt
⇢̃S(t) =

X

k,l

X

!,!02⌦

ei(!
0�!)t�kl(!)

⇣
Al(!)⇢̃S(t)A

†
k(!

0)�A†
k(!

0)Al(!)⇢̃S(t)
⌘
+ h.c.

<latexit sha1_base64="K3iT7bjkYSJdh2S7jr9OvQpY1OE="></latexit>

�kl(!) =

Z 1

�1
d⌧ Ckl(⌧)e

i!⌧

bath correlation function

<latexit sha1_base64="rghmCHvKYIr9rjyrp7aWOPqAFJM="></latexit>

Ckl(⌧) = TrE [B̃k(⌧)Bl⇢E(0)]
see Marco’s 
lecture..
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Markovian master equation
<latexit sha1_base64="4zEYhwXPAGNGNScY0RHDUpSbLJw="></latexit>

d

dt
⇢̃S(t) = �

Z 1

0
d⌧TrE [H̃I(t), [H̃I(t� ⌧), ⇢̃S(t)⌦ ⇢E ]]

<latexit sha1_base64="MMAYTsKHrEC4Gra841icXa06vl0="></latexit>

H̃I(t) =
X

k

Ak(!)e
�i!t ⌦ B̃k(t) =

X

k

A
†
k(!)e

i!t ⌦ B̃k(t)

<latexit sha1_base64="xR2170KXSYXkP9Xhhep5VvVLcgg="></latexit>

d

dt
⇢̃S(t) =

X

k,l

X

!,!02⌦

ei(!
0�!)t�kl(!)

⇣
Al(!)⇢̃S(t)A

†
k(!

0)�A†
k(!

0)Al(!)⇢̃S(t)
⌘
+ h.c.

<latexit sha1_base64="XKqifr7GFJ6mt6SARxIFzWqZ0ZI="></latexit>

d

dt
⇢̃S(t) =

X

k,l

X

!

�kl(!)
⇣
Al(!)⇢̃S(t)A

†
k(!)�A†

k(!)Al(!)⇢̃S(t)
⌘
+ h.c.

Secular approximation:
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Markovian master equation

<latexit sha1_base64="XKqifr7GFJ6mt6SARxIFzWqZ0ZI="></latexit>

d

dt
⇢̃S(t) =

X

k,l

X

!

�kl(!)
⇣
Al(!)⇢̃S(t)A

†
k(!)�A†

k(!)Al(!)⇢̃S(t)
⌘
+ h.c.

In the Schroedinger picture:

<latexit sha1_base64="JstIvJR1ViRDXraOi+6w80rkJ7I="></latexit>

d

dt
⇢S(t) = �i[HS , ⇢S(t)] +

X

k,l

X

!

�kl(!)
⇣
Al(!)⇢S(t)A

†
k(!)�

1

2
{A†

k(!)Al(!), ⇢S(t)}
⌘

Hermitian                 :

<latexit sha1_base64="PYKhgk0EIOVOTILt0qAEUYZkMGM="></latexit>

⇢̇ = �i[HS , ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘

28

<latexit sha1_base64="1Pj62ykLEaiAIZ0isWMM9ehzt8Q=">AAACD3icbVBNSwMxEM36WetX1aOXYFH0UnZFqseCIB4VrArdUmbTaQ0mmzXJCmUp+AO8+Fe8eFDEq1dv/huzbQ/a+mCYx3sTMvOiRHBjff/bm5qemZ2bLywUF5eWV1ZLa+uXRqWaYZ0pofR1BAYFj7FuuRV4nWgEGQm8im6Pc//qHrXhKr6wvQSbErox73AG1kmt0k4YKdE2PelaFnZBSujvhkpiF/ZCkzKGd9QvFlulsl/xB6CTJBiRMhnhrFX6CtuKpRJjywQY0wj8xDYz0JYzgf1imBpMgN1CFxuOxiDRNLPBPX267ZQ27SjtKrZ0oP5+kYE0+cpuUoK9MeNeLv7nNVLbOWpmPE5SizEbftRJBbWK5uHQNtfIrOg5AkxztytlN6CBWRdhHkIwfvIkudyvBNVK9fygXDt5GMZRIJtki+ySgBySGjklZ6ROGHkkz+SVvHlP3ov37n0MR6e8UYQb5A+8zx9YEJya</latexit>

�(!) ⌫ 0



Markovian master equation

<latexit sha1_base64="XKqifr7GFJ6mt6SARxIFzWqZ0ZI="></latexit>

d

dt
⇢̃S(t) =

X

k,l

X

!

�kl(!)
⇣
Al(!)⇢̃S(t)A

†
k(!)�A†

k(!)Al(!)⇢̃S(t)
⌘
+ h.c.

In the Schroedinger picture:

<latexit sha1_base64="JstIvJR1ViRDXraOi+6w80rkJ7I="></latexit>

d

dt
⇢S(t) = �i[HS , ⇢S(t)] +

X

k,l

X

!

�kl(!)
⇣
Al(!)⇢S(t)A

†
k(!)�

1

2
{A†

k(!)Al(!), ⇢S(t)}
⌘

time-local

Markovian master 
equation

<latexit sha1_base64="PYKhgk0EIOVOTILt0qAEUYZkMGM="></latexit>

⇢̇ = �i[HS , ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘
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Hermitian                 :
<latexit sha1_base64="1Pj62ykLEaiAIZ0isWMM9ehzt8Q=">AAACD3icbVBNSwMxEM36WetX1aOXYFH0UnZFqseCIB4VrArdUmbTaQ0mmzXJCmUp+AO8+Fe8eFDEq1dv/huzbQ/a+mCYx3sTMvOiRHBjff/bm5qemZ2bLywUF5eWV1ZLa+uXRqWaYZ0pofR1BAYFj7FuuRV4nWgEGQm8im6Pc//qHrXhKr6wvQSbErox73AG1kmt0k4YKdE2PelaFnZBSujvhkpiF/ZCkzKGd9QvFlulsl/xB6CTJBiRMhnhrFX6CtuKpRJjywQY0wj8xDYz0JYzgf1imBpMgN1CFxuOxiDRNLPBPX267ZQ27SjtKrZ0oP5+kYE0+cpuUoK9MeNeLv7nNVLbOWpmPE5SizEbftRJBbWK5uHQNtfIrOg5AkxztytlN6CBWRdhHkIwfvIkudyvBNVK9fygXDt5GMZRIJtki+ySgBySGjklZ6ROGHkkz+SVvHlP3ov37n0MR6e8UYQb5A+8zx9YEJya</latexit>

�(!) ⌫ 0



Time locality vs Markovianity

time-nonlocal

time-local

Markov approximation

30

<latexit sha1_base64="W7EvOBNILCjK0U0NaG+JzRE0iGs="></latexit>

d

dt
⇢S(t) = �i[HS , ⇢S(t)]�

Z t

0
d⌧K(⌧)⇢S(t� ⌧)

<latexit sha1_base64="GsavEsBrxrUA+aewzO1175Ta0S4="></latexit>

d

dt
⇢S(t) = �i[HS , ⇢S(t)] +

X

i

�i

⇣
Li⇢S(t)L

†
i �

1

2
{L†

iLi, ⇢S(t)}
⌘



Time locality vs Markovianity

memory effects 
<latexit sha1_base64="xz5Lf4XRAk3f/iiAHrSpmOyXU6E=">AAAB+HicbVBNS8NAEN34WetHox69rBbBU0lEqheh4EVvFewHtKFstpN26WY37G6EGvJLvHhQxKs/xZv/xqTNQVsfDDzem2Fmnh9xpo3jfFsrq2vrG5ulrfL2zu5exd4/aGsZKwotKrlUXZ9o4ExAyzDDoRspIKHPoeNPbnK/8whKMykezDQCLyQjwQJGicmkgV3py9wGkxynyXVaHthVp+bMgJeJW5AqKtAc2F/9oaRxCMJQTrTuuU5kvIQowyiHtNyPNUSETsgIehkVJATtJbPDU3yaKUMcSJWVMHim/p5ISKj1NPSzzpCYsV70cvE/rxeb4MpLmIhiA4LOFwUxx0biPAU8ZAqo4dOMEKpYdiumY6IINVkYeQju4svLpH1ec+u1+v1FtXFXxFFCR+gEnSEXXaIGukVN1EIUxegZvaI368l6sd6tj3nrilXMHKI/sD5/AI++kw8=</latexit>

!
= time-nonlocal master equation

Tempting to make association of non-Markovianity with time-non locality..

31

time-nonlocal

time-local

Markov approximation

<latexit sha1_base64="W7EvOBNILCjK0U0NaG+JzRE0iGs="></latexit>

d

dt
⇢S(t) = �i[HS , ⇢S(t)]�

Z t

0
d⌧K(⌧)⇢S(t� ⌧)

<latexit sha1_base64="GsavEsBrxrUA+aewzO1175Ta0S4="></latexit>

d

dt
⇢S(t) = �i[HS , ⇢S(t)] +

X

i

�i

⇣
Li⇢S(t)L

†
i �

1

2
{L†

iLi, ⇢S(t)}
⌘



Example: Markovian master equation

32

Spontaneous emission from qubit:

<latexit sha1_base64="DocSCQStj1nH5/o6QGp/gBtsEDU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6ePK6isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuaKQXw==</latexit>

|1i

<latexit sha1_base64="6NYJIWiLGhU3AQfuDeYaY2wCK+k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6eHK7isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuBeQXg==</latexit>

|0i

<latexit sha1_base64="hwudNYpdR+uXSoBq/CFAT8fWeGU=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEiroRim5cuKhgH9CEMpnetEMnkzAzEUrbjb/ixoUibv0Md/6N0zQLbT1wuYdz7mXmniDhTGnH+baWlldW19YLG8XNre2dXXtvv6HiVFKo05jHshUQBZwJqGumObQSCSQKODSDwc3Ubz6CVCwWD3qYgB+RnmAho0QbqWMf3uErPHY8SUSPg8ezht1xxy45ZScDXiRuTkooR61jf3ndmKYRCE05UartOon2R0RqRjlMil6qICF0QHrQNlSQCJQ/yg6Y4BOjdHEYS1NC40z9vTEikVLDKDCTEdF9Ne9Nxf+8dqrDS3/ERJJqEHT2UJhyrGM8TQN3mQSq+dAQQiUzf8W0TySh2mRWNCG48ycvksZZ2T0vV+4rpep1HkcBHaFjdIpcdIGq6BbVUB1RNEHP6BW9WU/Wi/VufcxGl6x85wD9gfX5AyT8lYA=</latexit>

L = |0ih1|

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="yDerSlKhp/p+t7OGPjr/Ua45j6E=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBKuxKUBshaJMygnlAdllmJzfJkNnZZWZWCJuUNv6KjYUitn6CnX/j5FFo4oHLPZxzLzP3hAlnSjvOt5VbWV1b38hvFra2d3b37P2DhopTSaFOYx7LVkgUcCagrpnm0EokkCjk0AwHtxO/+QBSsVjc62ECfkR6gnUZJdpIgX1cxdfYiyPokcAZuZ4kosfB49OG3VFgF52SMwVeJu6cFNEctcD+8joxTSMQmnKiVNt1Eu1nRGpGOYwLXqogIXRAetA2VJAIlJ9NDxnjU6N0cDeWpoTGU/X3RkYipYZRaCYjovtq0ZuI/3ntVHev/IyJJNUg6OyhbsqxjvEkFdxhEqjmQ0MIlcz8FdM+kYRqk13BhOAunrxMGucl96JUvisXKzfzOPLoCJ2gM+SiS1RBVVRDdUTRI3pGr+jNerJerHfrYzaas+Y7h+gPrM8fDXCYwQ==</latexit>

H = !0|1ih1|

<latexit sha1_base64="UPYE1x7htvvi6Li+zu6JTZKDNYI="></latexit>

⇢̇ = �i[H, ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘



Example: Markovian master equation
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Spontaneous emission from qubit:

<latexit sha1_base64="DocSCQStj1nH5/o6QGp/gBtsEDU=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6ePK6isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuaKQXw==</latexit>

|1i

<latexit sha1_base64="6NYJIWiLGhU3AQfuDeYaY2wCK+k=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9kPaUDbbSbt0swm7G6HE/govHhTx6s/x5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+W9GSfoR3QgecgZNVZ6eHK7isqBwF654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns4Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfR70ucKmRFjSyhT3N5K2JAqyozNqGRD8BZfXibNs6p3UT2/O6/UrvM4inAEx3AKHlxCDW6hDg1gEMEzvMKbo5wX5935mLcWnHzmEP7A+fwBuBeQXg==</latexit>

|0i

<latexit sha1_base64="hwudNYpdR+uXSoBq/CFAT8fWeGU=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEiroRim5cuKhgH9CEMpnetEMnkzAzEUrbjb/ixoUibv0Md/6N0zQLbT1wuYdz7mXmniDhTGnH+baWlldW19YLG8XNre2dXXtvv6HiVFKo05jHshUQBZwJqGumObQSCSQKODSDwc3Ubz6CVCwWD3qYgB+RnmAho0QbqWMf3uErPHY8SUSPg8ezht1xxy45ZScDXiRuTkooR61jf3ndmKYRCE05UartOon2R0RqRjlMil6qICF0QHrQNlSQCJQ/yg6Y4BOjdHEYS1NC40z9vTEikVLDKDCTEdF9Ne9Nxf+8dqrDS3/ERJJqEHT2UJhyrGM8TQN3mQSq+dAQQiUzf8W0TySh2mRWNCG48ycvksZZ2T0vV+4rpep1HkcBHaFjdIpcdIGq6BbVUB1RNEHP6BW9WU/Wi/VufcxGl6x85wD9gfX5AyT8lYA=</latexit>

L = |0ih1|

<latexit sha1_base64="wplLSeZG7rOgHUVcPa+dCJtP3Xo=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUI9BLx4jmAckS+idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnAkM5k7RpmeW0k2gKIuK0HY1vZ377iWrDlHywk4SGAoaSxYyAdVKrNwQhoF+u+FV/DrxKgpxUUI5Gv/zVGyiSCiot4WBMN/ATG2agLSOcTku91NAEyBiGtOuoBEFNmM2vneIzpwxwrLQrafFc/T2RgTBmIiLXKcCOzLI3E//zuqmNr8OMySS1VJLFojjl2Co8ex0PmKbE8okjQDRzt2IyAg3EuoBKLoRg+eVV0rqoBpfV2n2tUr/J4yiiE3SKzlGArlAd3aEGaiKCHtEzekVvnvJevHfvY9Fa8PKZY/QH3ucPidmPHg==</latexit>�

<latexit sha1_base64="yDerSlKhp/p+t7OGPjr/Ua45j6E=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBKuxKUBshaJMygnlAdllmJzfJkNnZZWZWCJuUNv6KjYUitn6CnX/j5FFo4oHLPZxzLzP3hAlnSjvOt5VbWV1b38hvFra2d3b37P2DhopTSaFOYx7LVkgUcCagrpnm0EokkCjk0AwHtxO/+QBSsVjc62ECfkR6gnUZJdpIgX1cxdfYiyPokcAZuZ4kosfB49OG3VFgF52SMwVeJu6cFNEctcD+8joxTSMQmnKiVNt1Eu1nRGpGOYwLXqogIXRAetA2VJAIlJ9NDxnjU6N0cDeWpoTGU/X3RkYipYZRaCYjovtq0ZuI/3ntVHev/IyJJNUg6OyhbsqxjvEkFdxhEqjmQ0MIlcz8FdM+kYRqk13BhOAunrxMGucl96JUvisXKzfzOPLoCJ2gM+SiS1RBVVRDdUTRI3pGr+jNerJerHfrYzaas+Y7h+gPrM8fDXCYwQ==</latexit>

H = !0|1ih1|

<latexit sha1_base64="UPYE1x7htvvi6Li+zu6JTZKDNYI="></latexit>

⇢̇ = �i[H, ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘
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<latexit sha1_base64="XMODaJK3pTVrV1GgsYVLhTMpqGM=">AAACAnicbVA9SwNBEN3zM8avqJXYLAbBKtyJRBshYKNdBPMBuSPMbTbJkt27Y3dOCCHY+FdsLBSx9VfY+W/cJFdo4oOBx3szzMwLEykMuu63s7S8srq2ntvIb25t7+wW9vbrJk414zUWy1g3QzBciojXUKDkzURzUKHkjXBwPfEbD1wbEUf3OEx4oKAXia5ggFZqFw79DpcINKFX1O+BUpAJ2C4U3ZI7BV0kXkaKJEO1XfjyOzFLFY+QSTCm5bkJBiPQKJjk47yfGp4AG0CPtyyNQHETjKYvjOmJVTq0G2tbEdKp+ntiBMqYoQptpwLsm3lvIv7ntVLsXgYjESUp8ojNFnVTSTGmkzxoR2jOUA4tAaaFvZWyPmhgaFPL2xC8+ZcXSf2s5JVL5bvzYuU2iyNHjsgxOSUeuSAVckOqpEYYeSTP5JW8OU/Oi/PufMxal5xs5oD8gfP5A+ShloM=</latexit>

�p = ��t

Probability of emission event in interval
<latexit sha1_base64="P5zs7Oq8FjOTwkmBm1+zyPbn6Co="></latexit>

(1� �p)n = (1� ��t)t/�t ! e��t
<latexit sha1_base64="wmXXzZFw7LfuZT2poGatjVfUPEA=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuKozItWNUBDEZQX7gLaWTCZtQzOZIbmjlKHgz3DjQhG3/hd3/hvTx0JbDwQ+zrkhN8ePpTDout9OZml5ZXUtu57b2Nza3snv7tVMlGjGqyySkW741HApFK+iQMkbseY09CWv+4OrcV5/4NqISN3hMObtkPaU6ApG0Vr3rYBLpATJJcET1ckX3KI7EVkEbwYFmKnSyX+1goglIVfIJDWm6bkxtlOqUTDJR7lWYnhM2YD2eNOioiE37XSy9YgcWScg3Ujbo5BM3N83UhoaMwx9OxlS7Jv5bGz+lzUT7F60U6HiBLli04e6iSQYkXEFJBCaM5RDC5RpYXclrE81ZWiLytkSvPkvL0LttOiViqXbs0L5+mlaRxYO4BCOwYNzKMMNVKAKDDQ8wyu8OY/Oi/PufExHM86swn34I+fzBzmgkh0=</latexit>

�t = t/n

<latexit sha1_base64="BWj89R5VbBrT6LwUPe2KdjGGpW4=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCoJREpLosuNFdBfuANITJZNIOnTyYuRFqKP6KGxeKuPU/3Pk3TtsstPXAhcM593LvPX4quALL+jZKS8srq2vl9crG5tb2jrm711ZJJilr0UQksusTxQSPWQs4CNZNJSORL1jHH15P/M4Dk4on8T2MUuZGpB/zkFMCWvLMAwc8fqYLn+JewAQQDK5nVq2aNQVeJHZBqqhA0zO/ekFCs4jFQAVRyrGtFNycSOBUsHGllymWEjokfeZoGpOIKTefXj/Gx1oJcJhIXTHgqfp7IieRUqPI150RgYGa9ybif56TQXjl5jxOM2AxnS0KM4EhwZMocMAloyBGmhAqub4V0wGRhIIOrKJDsOdfXiTt85pdr9XvLqqN2yKOMjpER+gE2egSNdANaqIWougRPaNX9GY8GS/Gu/Exay0Zxcw++gPj8wfqPZRG</latexit>

[ti, ti + �t]
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<latexit sha1_base64="Ouy/EGfblr3Ovlv+aITWEU8ce1Q="></latexit>

⇢̇ = L⇢ = �i[H, ⇢] +
X

i

�i

⇣
Li⇢L

†
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2
{L†

iLi, ⇢}
⌘

<latexit sha1_base64="eJ3WDcZIERnUW/yRqK6JdsgOAEM=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0FImrArEm2EgI2CRQTzgCSG2ckkGTL7YOauEJatbfwVGwtFbP0CO//G2c0WmnjgwuGce7n3HicQXIFlfRu5peWV1bX8emFjc2t7x9zdayo/lJQ1qC982XaIYoJ7rAEcBGsHkhHXEazlTC4Tv/XApOK+dwfTgPVcMvL4kFMCWuqbh1059ktQxheY3Uddl8CYEhHdxBCnjlXum0WrYqXAi8TOSBFlqPfNr+7Ap6HLPKCCKNWxrQB6EZHAqWBxoRsqFhA6ISPW0dQjLlO9KH0lxsdaGeChL3V5gFP190REXKWmrqM7k1vVvJeI/3mdEIbnvYh7QQjMo7NFw1Bg8HGSCx5wySiIqSaESq5vxXRMJKGg0yvoEOz5lxdJ86RiVyvV29Ni7TqLI48O0BEqIRudoRq6QnXUQBQ9omf0it6MJ+PFeDc+Zq05I5vZR39gfP4AyzeZvQ==</latexit>

⇢(t) = eLt⇢(0)
<latexit sha1_base64="71eC/zBtvLUCDeBv1DqlKBFOYUw=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREpLoRCm50V8E+oAlhMp00QyczYWYi1NAvceNCEbd+ijv/xmmbhbYeuHA4517uvSdMGVXacb6t0tr6xuZWebuys7u3X7UPDrtKZBKTDhZMyH6IFGGUk46mmpF+KglKQkZ64fhm5vceiVRU8Ac9SYmfoBGnEcVIGymwq9fQa8c00J6MRd05C+ya03DmgKvELUgNFGgH9pc3FDhLCNeYIaUGrpNqP0dSU8zItOJliqQIj9GIDAzlKCHKz+eHT+GpUYYwEtIU13Cu/p7IUaLUJAlNZ4J0rJa9mfifN8h0dOXnlKeZJhwvFkUZg1rAWQpwSCXBmk0MQVhScyvEMZIIa5NVxYTgLr+8SrrnDbfZaN5f1Fp3RRxlcAxOQB244BK0wC1ogw7AIAPP4BW8WU/Wi/VufSxaS1YxcwT+wPr8ASW1kiY=</latexit>

= �t⇢(0)
<latexit sha1_base64="YdnTTLGyPT2WySk+1BunNIJ1GWQ=">AAACNnicfVBNSwMxFMz6WetX1aOXYBH0UnZFqngqeKkHoaK1Qrcs2TRtg9lkSd4qZdlf5cXf4c2LB0W8+hNM6yJqxYHAMDOPvDdhLLgB1310pqZnZufmCwvFxaXlldXS2vqlUYmmrEmVUPoqJIYJLlkTOAh2FWtGolCwVnh9PPJbN0wbruQFDGPWiUhf8h6nBKwUlE79xoAHgI+wHxEYUCLS82zni9ez4HzXF0r2Ne8PgGitbv9JBqWyW3HHwJPEy0kZ5WgEpQe/q2gSMQlUEGPanhtDJyUaOBUsK/qJYTGh16TP2pZKEjHTScdnZ3jbKl3cU9o+CXisfp9ISWTMMAptcrSl+e2NxL+8dgK9w07KZZwAk/Tzo14iMCg86hB3uWYUxNASQjW3u2I6IJpQsE0XbQne75MnyeVexatWqmf75dpJXkcBbaIttIM8dIBqqI4aqIkoukOP6Bm9OPfOk/PqvH1Gp5x8ZgP9gPP+AUvJrPI=</latexit>

�t : S(HS) �! S(HS)
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<latexit sha1_base64="Ouy/EGfblr3Ovlv+aITWEU8ce1Q="></latexit>

⇢̇ = L⇢ = �i[H, ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘

<latexit sha1_base64="YdnTTLGyPT2WySk+1BunNIJ1GWQ=">AAACNnicfVBNSwMxFMz6WetX1aOXYBH0UnZFqngqeKkHoaK1Qrcs2TRtg9lkSd4qZdlf5cXf4c2LB0W8+hNM6yJqxYHAMDOPvDdhLLgB1310pqZnZufmCwvFxaXlldXS2vqlUYmmrEmVUPoqJIYJLlkTOAh2FWtGolCwVnh9PPJbN0wbruQFDGPWiUhf8h6nBKwUlE79xoAHgI+wHxEYUCLS82zni9ez4HzXF0r2Ne8PgGitbv9JBqWyW3HHwJPEy0kZ5WgEpQe/q2gSMQlUEGPanhtDJyUaOBUsK/qJYTGh16TP2pZKEjHTScdnZ3jbKl3cU9o+CXisfp9ISWTMMAptcrSl+e2NxL+8dgK9w07KZZwAk/Tzo14iMCg86hB3uWYUxNASQjW3u2I6IJpQsE0XbQne75MnyeVexatWqmf75dpJXkcBbaIttIM8dIBqqI4aqIkoukOP6Bm9OPfOk/PqvH1Gp5x8ZgP9gPP+AUvJrPI=</latexit>

�t : S(HS) �! S(HS)
<latexit sha1_base64="eJ3WDcZIERnUW/yRqK6JdsgOAEM=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0FImrArEm2EgI2CRQTzgCSG2ckkGTL7YOauEJatbfwVGwtFbP0CO//G2c0WmnjgwuGce7n3HicQXIFlfRu5peWV1bX8emFjc2t7x9zdayo/lJQ1qC982XaIYoJ7rAEcBGsHkhHXEazlTC4Tv/XApOK+dwfTgPVcMvL4kFMCWuqbh1059ktQxheY3Uddl8CYEhHdxBCnjlXum0WrYqXAi8TOSBFlqPfNr+7Ap6HLPKCCKNWxrQB6EZHAqWBxoRsqFhA6ISPW0dQjLlO9KH0lxsdaGeChL3V5gFP190REXKWmrqM7k1vVvJeI/3mdEIbnvYh7QQjMo7NFw1Bg8HGSCx5wySiIqSaESq5vxXRMJKGg0yvoEOz5lxdJ86RiVyvV29Ni7TqLI48O0BEqIRudoRq6QnXUQBQ9omf0it6MJ+PFeDc+Zq05I5vZR39gfP4AyzeZvQ==</latexit>

⇢(t) = eLt⇢(0)
<latexit sha1_base64="71eC/zBtvLUCDeBv1DqlKBFOYUw=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREpLoRCm50V8E+oAlhMp00QyczYWYi1NAvceNCEbd+ijv/xmmbhbYeuHA4517uvSdMGVXacb6t0tr6xuZWebuys7u3X7UPDrtKZBKTDhZMyH6IFGGUk46mmpF+KglKQkZ64fhm5vceiVRU8Ac9SYmfoBGnEcVIGymwq9fQa8c00J6MRd05C+ya03DmgKvELUgNFGgH9pc3FDhLCNeYIaUGrpNqP0dSU8zItOJliqQIj9GIDAzlKCHKz+eHT+GpUYYwEtIU13Cu/p7IUaLUJAlNZ4J0rJa9mfifN8h0dOXnlKeZJhwvFkUZg1rAWQpwSCXBmk0MQVhScyvEMZIIa5NVxYTgLr+8SrrnDbfZaN5f1Fp3RRxlcAxOQB244BK0wC1ogw7AIAPP4BW8WU/Wi/VufSxaS1YxcwT+wPr8ASW1kiY=</latexit>

= �t⇢(0)

CPTP map

<latexit sha1_base64="RmmiuQjBTsg6YyYZXRe+ufSfUHM=">AAACI3icbZBNS8NAEIY39bt+VT16WSyCF0sioiIIggh6q9Cq0MSw2U7bxU027E7EEvpfvPhXvHhQihcP/hc3tQe/BhYe3neG2XmjVAqDrvvulCYmp6ZnZufK8wuLS8uVldVLozLNocmVVPo6YgakSKCJAiVcpxpYHEm4im5PCv/qDrQRKmlgP4UgZt1EdARnaKWwcujXeyJEX/cUPaI+wj3mDT0IT1twk2+LMxwUlq9QxGAKDE+tUehBWKm6NXdU9C94Y6iScdXDytBvK57FkCCXzJiW56YY5Eyj4BIGZT8zkDJ+y7rQspgwuzLIRzcO6KZV2rSjtH0J0pH6fSJnsTH9OLKdMcOe+e0V4n9eK8POQZCLJM0QEv61qJNJiooWgdG20MBR9i0wroX9K+U9phlHG2vZhuD9PvkvXO7UvL3a3sVu9fh8HMcsWScbZIt4ZJ8ckzNSJ03CyQN5Ii/k1Xl0np2h8/bVWnLGM2vkRzkfn3SbpXY=</latexit>

�t⇢ = TrE [e
�iHt⇢⌦ ⇢Ee

iHt]

see Marco’s 
lecture 3

<latexit sha1_base64="ORwesqoLWXXA/5E7UHJwqfxYME4=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2AR6qbMiNRuhIIbpZsK9gKdsZxJ0zY0cyHJCGXoq7jxVdy4UKQ78WVM20Fq64HAx/+fw8n5vYgzqSzry8isrW9sbmW3czu7e/sH5uFRQ4axILROQh6KlgeSchbQumKK01YkKPgep01veDP1m09USBYGD2oUUdeHfsB6jIDSUscsX2NHxn4ncYBHAxhXf6mgzh0xCHH1MXG60O9TMV70OmbeKlqzwqtgp5BHadU65sTphiT2aaAIBynbthUpNwGhGOF0nHNiSSMgQ+jTtsYAfCrdZHbhGJ9ppYt7odAvUHimLk4k4Es58j3d6YMayGVvKv7ntWPVK7sJC6JY0YDMF/VijlWIp3HhLhOUKD7SAEQw/VdMBiCAKB1qTodgL5+8Co2Lol0qlu4v85W7NI4sOkGnqIBsdIUq6BbVUB0R9Ixe0Tv6MF6MN+PTmMxbM0Y6c4z+lPH9AyC3pCc=</latexit>

=
X

↵

K↵(t)⇢K
†
↵(t)

<latexit sha1_base64="ysb542CESmYMscLKRDOdBrgauFs=">AAACFnicbVDLSsNAFJ34rPUVdelmsAjtwpKIVJcVN3ZXwT6giWEynaRDJw9nJkIJ+Qo3/oobF4q4FXf+jZM2C209MHA4517m3OPGjAppGN/a0vLK6tp6aaO8ubW9s6vv7XdFlHBMOjhiEe+7SBBGQ9KRVDLSjzlBgctIzx1f5X7vgXBBo/BWTmJiB8gPqUcxkkpy9JOq1R5RK5I0IMIKkBxhxNJWdpdWx7XMuaxZgvoBgpZP7qHh6BWjbkwBF4lZkAoo0Hb0L2sY4SQgocQMCTEwjVjaKeKSYkayspUIEiM8Rj4ZKBoilcJOp2dl8FgpQ+hFXL1Qwqn6eyNFgRCTwFWTeXAx7+Xif94gkd6FndIwTiQJ8ewjL2FQRjDvCA4pJ1iyiSIIc6qyQjxCHGGpmiyrEsz5kxdJ97RuNuqNm7NKs1XUUQKH4AhUgQnOQRNcgzboAAwewTN4BW/ak/aivWsfs9Elrdg5AH+gff4ATyae2Q==</latexit>

(�⌦ I(k)
A )� � 0

Side note:

spectral decomposition 
of <latexit sha1_base64="qoFOOmYNBm2KJ5zcVpzgtXTF8E0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgAY8RzAOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1vf2NzaLuwUd/f2Dw5LR8cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1enqk+vV+qexX/DnQKglyUoYcjX7pqzdQJBVUWsKxMd3AT2yYYW0Z4XRa7KWGJpiM8ZB2HZVYUBNm82un6NwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY1vwozJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVR0IQTLL6+S1mUlqFaq91flWj2PowCncAYXEMA11OAOGtAEAo/wDK/w5invxXv3Phata14+cwJ/4H3+AGpDjw0=</latexit>⇢E

<latexit sha1_base64="kI9o/SMAeV1x1qd7lElRZMolPFc=">AAACE3icbVDLSgMxFM34rPVVdekmWAQRKTMi6lIQpMuKtgqdoWTS2xqazIzJHbEMBT/Bjb/ixoUibt2482/MtF34OhA4nHPDPfeEiRQGXffTmZicmp6ZLcwV5xcWl5ZLK6sNE6eaQ53HMtaXITMgRQR1FCjhMtHAVCjhIuwd5/7FDWgj4ugc+wkEinUj0RGcoZVapW2/E2smJe1RvwvX1Ee4Ra2ytlADf8dXDK84k1l10DprlcpuxR2C/iXemJTJGLVW6cNvxzxVECGXzJim5yYYZEyj4BIGRT81kDDeY11oWhoxBSbIhjcN6KZV2tSGsy9COlS//8iYMqavQjuZhzS/vVz8z2um2DkMMhElKULER4s6qaQY07wg2hYaOMq+JYxrYbNSfsU042hrLNoSvN8n/yWN3Yq3X9k/3SsfndyN6iiQdbJBtohHDsgRqZIaqRNO7skjeSYvzoPz5Lw6b6PRCWdc4Rr5Aef9C3/xnwA=</latexit>

8k � dimHS
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<latexit sha1_base64="Ouy/EGfblr3Ovlv+aITWEU8ce1Q="></latexit>

⇢̇ = L⇢ = �i[H, ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘

<latexit sha1_base64="eJ3WDcZIERnUW/yRqK6JdsgOAEM=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0FImrArEm2EgI2CRQTzgCSG2ckkGTL7YOauEJatbfwVGwtFbP0CO//G2c0WmnjgwuGce7n3HicQXIFlfRu5peWV1bX8emFjc2t7x9zdayo/lJQ1qC982XaIYoJ7rAEcBGsHkhHXEazlTC4Tv/XApOK+dwfTgPVcMvL4kFMCWuqbh1059ktQxheY3Uddl8CYEhHdxBCnjlXum0WrYqXAi8TOSBFlqPfNr+7Ap6HLPKCCKNWxrQB6EZHAqWBxoRsqFhA6ISPW0dQjLlO9KH0lxsdaGeChL3V5gFP190REXKWmrqM7k1vVvJeI/3mdEIbnvYh7QQjMo7NFw1Bg8HGSCx5wySiIqSaESq5vxXRMJKGg0yvoEOz5lxdJ86RiVyvV29Ni7TqLI48O0BEqIRudoRq6QnXUQBQ9omf0it6MJ+PFeDc+Zq05I5vZR39gfP4AyzeZvQ==</latexit>

⇢(t) = eLt⇢(0)
<latexit sha1_base64="71eC/zBtvLUCDeBv1DqlKBFOYUw=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREpLoRCm50V8E+oAlhMp00QyczYWYi1NAvceNCEbd+ijv/xmmbhbYeuHA4517uvSdMGVXacb6t0tr6xuZWebuys7u3X7UPDrtKZBKTDhZMyH6IFGGUk46mmpF+KglKQkZ64fhm5vceiVRU8Ac9SYmfoBGnEcVIGymwq9fQa8c00J6MRd05C+ya03DmgKvELUgNFGgH9pc3FDhLCNeYIaUGrpNqP0dSU8zItOJliqQIj9GIDAzlKCHKz+eHT+GpUYYwEtIU13Cu/p7IUaLUJAlNZ4J0rJa9mfifN8h0dOXnlKeZJhwvFkUZg1rAWQpwSCXBmk0MQVhScyvEMZIIa5NVxYTgLr+8SrrnDbfZaN5f1Fp3RRxlcAxOQB244BK0wC1ogw7AIAPP4BW8WU/Wi/VufSxaS1YxcwT+wPr8ASW1kiY=</latexit>

= �t⇢(0)

Markov semigroup:
<latexit sha1_base64="Cey7F6gV+5t4qYrYqZJn1DdAd3g=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSgzItWNUHCjuwr2Ae0wZNK0Dc1khuSOUIbixl9x40IRt36FO//GdDoLbT2QcHLOvdzcE8SCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR0lirIGjUSk2gHRTHDJGsBBsHasGAkDwVrB6Hrqtx6Y0jyS9zCOmReSgeR9TgkYybcPuvUh91M41RN8hbMHZLf27bJTcTLgReLmpIxy1H37q9uLaBIyCVQQrTuuE4OXEgWcCjYpdRPNYkJHZMA6hkoSMu2l2QoTfGyUHu5HyhwJOFN/d6Qk1HocBqYyJDDU895U/M/rJNC/9FIu4wSYpLNB/URgiPA0D9zjilEQY0MIVdz8FdMhUYSCSa1kQnDnV14kzbOKW61U787Ltds8jiI6REfoBLnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MSstWHnPPvoD6/MHOSKWuQ==</latexit>

�t+s = �t�s
<latexit sha1_base64="MerxWPwdYpF3vTnlDCD8HWeNptE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoiUl0W3Oiugn1AE8pketMOnUzizEQpsZ/ixoUibv0Sd/6N0zYLbT0wcDjnXubcEyScKe0431ZhZXVtfaO4Wdra3tnds8v7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2MrqZ++wGkYrG40+ME/IgMBAsZJdpIPbvshbEknGN9qrwB3GOnZ1ecqjMDXiZuTiooR6Nnf3n9mKYRCE05UarrOon2MyI1oxwmJS9VkBA6IgPoGipIBMrPZtEn+NgofWwymCc0nqm/NzISKTWOAjMZET1Ui95U/M/rpjq89DMmklSDoPOPwtTcGeNpD7jPJFDNx4YQKpnJiumQSEK1aatkSnAXT14mrbOqW6vWbs8r9Zu8jiI6REfoBLnoAtXRNWqgJqLoET2jV/RmPVkv1rv1MR8tWPnOAfoD6/MHPPqTXw==</latexit>

8t, s � 0
<latexit sha1_base64="JjmDvNM4F7aWx1MLlA9SVdcAP4k=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVocyItG6EghsFFxXsA9qxZNK0Dc08SO4IZZhPceOvuHGhiO70a8y0s7CtBwIn59zLvfe4oeAKLOvbWFpeWV1bz23kN7e2d3bNvf2GCiJJWZ0GIpAtlygmuM/qwEGwVigZ8VzBmu7oKvWbj0wqHvj3MA6Z45GBz/ucEtBS16ywh7jjERhSIuLbpAin6iTBl3hWhmT2r5KuWbBK1gR4kdgZKaAMta751ekFNPKYD1QQpdq2FYITEwmcCpbkO5FiIaEjMmBtTX3iMeXEkwMTfKyVHu4HUj8f8ET92xETT6mx5+rKdEk176Xif147gv6FE3M/jID5dDqoHwkMAU7Twj0uGQUx1oRQyfWumA6JJBR0pnkdgj1/8iJpnJXscql8d16o3mRx5NAhOkJFZKMKqqJrVEN1RNETekFv6N14Nl6ND+NzWrpkZD0HaAbGzy8oPqRJ</latexit>

eL(t+s) = eLteLs

<latexit sha1_base64="YdnTTLGyPT2WySk+1BunNIJ1GWQ=">AAACNnicfVBNSwMxFMz6WetX1aOXYBH0UnZFqngqeKkHoaK1Qrcs2TRtg9lkSd4qZdlf5cXf4c2LB0W8+hNM6yJqxYHAMDOPvDdhLLgB1310pqZnZufmCwvFxaXlldXS2vqlUYmmrEmVUPoqJIYJLlkTOAh2FWtGolCwVnh9PPJbN0wbruQFDGPWiUhf8h6nBKwUlE79xoAHgI+wHxEYUCLS82zni9ez4HzXF0r2Ne8PgGitbv9JBqWyW3HHwJPEy0kZ5WgEpQe/q2gSMQlUEGPanhtDJyUaOBUsK/qJYTGh16TP2pZKEjHTScdnZ3jbKl3cU9o+CXisfp9ISWTMMAptcrSl+e2NxL+8dgK9w07KZZwAk/Tzo14iMCg86hB3uWYUxNASQjW3u2I6IJpQsE0XbQne75MnyeVexatWqmf75dpJXkcBbaIttIM8dIBqqI4aqIkoukOP6Bm9OPfOk/PqvH1Gp5x8ZgP9gPP+AUvJrPI=</latexit>

�t : S(HS) �! S(HS)
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<latexit sha1_base64="Ouy/EGfblr3Ovlv+aITWEU8ce1Q="></latexit>

⇢̇ = L⇢ = �i[H, ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘

<latexit sha1_base64="eJ3WDcZIERnUW/yRqK6JdsgOAEM=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0FImrArEm2EgI2CRQTzgCSG2ckkGTL7YOauEJatbfwVGwtFbP0CO//G2c0WmnjgwuGce7n3HicQXIFlfRu5peWV1bX8emFjc2t7x9zdayo/lJQ1qC982XaIYoJ7rAEcBGsHkhHXEazlTC4Tv/XApOK+dwfTgPVcMvL4kFMCWuqbh1059ktQxheY3Uddl8CYEhHdxBCnjlXum0WrYqXAi8TOSBFlqPfNr+7Ap6HLPKCCKNWxrQB6EZHAqWBxoRsqFhA6ISPW0dQjLlO9KH0lxsdaGeChL3V5gFP190REXKWmrqM7k1vVvJeI/3mdEIbnvYh7QQjMo7NFw1Bg8HGSCx5wySiIqSaESq5vxXRMJKGg0yvoEOz5lxdJ86RiVyvV29Ni7TqLI48O0BEqIRudoRq6QnXUQBQ9omf0it6MJ+PFeDc+Zq05I5vZR39gfP4AyzeZvQ==</latexit>

⇢(t) = eLt⇢(0)
<latexit sha1_base64="71eC/zBtvLUCDeBv1DqlKBFOYUw=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREpLoRCm50V8E+oAlhMp00QyczYWYi1NAvceNCEbd+ijv/xmmbhbYeuHA4517uvSdMGVXacb6t0tr6xuZWebuys7u3X7UPDrtKZBKTDhZMyH6IFGGUk46mmpF+KglKQkZ64fhm5vceiVRU8Ac9SYmfoBGnEcVIGymwq9fQa8c00J6MRd05C+ya03DmgKvELUgNFGgH9pc3FDhLCNeYIaUGrpNqP0dSU8zItOJliqQIj9GIDAzlKCHKz+eHT+GpUYYwEtIU13Cu/p7IUaLUJAlNZ4J0rJa9mfifN8h0dOXnlKeZJhwvFkUZg1rAWQpwSCXBmk0MQVhScyvEMZIIa5NVxYTgLr+8SrrnDbfZaN5f1Fp3RRxlcAxOQB244BK0wC1ogw7AIAPP4BW8WU/Wi/VufSxaS1YxcwT+wPr8ASW1kiY=</latexit>

= �t⇢(0)
<latexit sha1_base64="YdnTTLGyPT2WySk+1BunNIJ1GWQ=">AAACNnicfVBNSwMxFMz6WetX1aOXYBH0UnZFqngqeKkHoaK1Qrcs2TRtg9lkSd4qZdlf5cXf4c2LB0W8+hNM6yJqxYHAMDOPvDdhLLgB1310pqZnZufmCwvFxaXlldXS2vqlUYmmrEmVUPoqJIYJLlkTOAh2FWtGolCwVnh9PPJbN0wbruQFDGPWiUhf8h6nBKwUlE79xoAHgI+wHxEYUCLS82zni9ez4HzXF0r2Ne8PgGitbv9JBqWyW3HHwJPEy0kZ5WgEpQe/q2gSMQlUEGPanhtDJyUaOBUsK/qJYTGh16TP2pZKEjHTScdnZ3jbKl3cU9o+CXisfp9ISWTMMAptcrSl+e2NxL+8dgK9w07KZZwAk/Tzo14iMCg86hB3uWYUxNASQjW3u2I6IJpQsE0XbQne75MnyeVexatWqmf75dpJXkcBbaIttIM8dIBqqI4aqIkoukOP6Bm9OPfOk/PqvH1Gp5x8ZgP9gPP+AUvJrPI=</latexit>

�t : S(HS) �! S(HS)

Gorini-Kossakowski-Sudarshan-Lindblad (GKSL) theorem:

<latexit sha1_base64="DyvxO6AUIuqlK0KiFnKZ6RXYQK8="></latexit>

L⇢ = �i[H, ⇢] +
d2�1X

i=1

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘

<latexit sha1_base64="ZF98u6hH6iMka0/gyZrTpjvnvz4=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBQsKuSLQRAhamjGgekA1hdnaSDJnZXWbuimEJ2Nj4KzYWitj6CXb+jZNHoYkHLhzOuZd77/FjwTU4zreVWVhcWl7JrubW1jc2t+ztnZqOEkVZlUYiUg2faCZ4yKrAQbBGrBiRvmB1v3858ut3TGkehbcwiFlLkm7IO5wSMFLb3g/wBfaA3YOSacDl0Dv2JIEeJSItD9s3bTvvFJwx8DxxpySPpqi07S8viGgiWQhUEK2brhNDKyUKOBVsmPMSzWJC+6TLmoaGRDLdSsePDPGhUQLciZSpEPBY/T2REqn1QPqmc3SknvVG4n9eM4HOeSvlYZwAC+lkUScRGCI8SgUHXDEKYmAIoYqbWzHtEUUomOxyJgR39uV5UjspuMVC8fo0X7p6mMSRRXvoAB0hF52hEiqjCqoiih7RM3pFb9aT9WK9Wx+T1ow1jXAX/YH1+QOqFJo0</latexit>

d = dimHS

For a CPTP map       obeying the semigroup relation                          :
<latexit sha1_base64="of5QwF64q/fnfQpqlmGnrsnDGlo=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DHgQY8RzAOSJcxOZpMxszPLTK8QQsBP8OJBEa/+jzf/xsnjoIkFDUVVN91dUSqFRd//9lZW19Y3NnNb+e2d3b39wsFh3erMMF5jWmrTjKjlUiheQ4GSN1PDaRJJ3ogG1xO/8ciNFVrd4zDlYUJ7SsSCUXRSvV3tiw52CkW/5E9BlkkwJ0WYo9opfLW7mmUJV8gktbYV+CmGI2pQMMnH+XZmeUrZgPZ4y1FFE27D0fTaMTl1SpfE2rhSSKbq74kRTawdJpHrTCj27aI3Ef/zWhnGV+FIqDRDrthsUZxJgppMXiddYThDOXSEMiPcrYT1qaEMXUB5F0Kw+PIyqZ+XgnKpfHdRrNw8zeLIwTGcwBkEcAkVuIUq1IDBAzzDK7x52nvx3r2PWeuKN4/wCP7A+/wBmuWPlg==</latexit>

�t
<latexit sha1_base64="Y57V2a7wR5Rfv/zki0ustOBwSvE=">AAACAnicbVDLSgMxFM34rPU16krcBIsgCGVGpLoRCi50WcE+oB2GTJppQzOZIbkjlKHowl9x40IRt36FO//GdNqFth5IOPecG3LvCRLBNTjOt7WwuLS8slpYK65vbG5t2zu7DR2nirI6jUWsWgHRTHDJ6sBBsFaiGIkCwZrB4GrsN++Z0jyWdzBMmBeRnuQhpwSM5Nv7nVqf+xmc6BG+xHkB+a19u+SUnRx4nrhTUkJT1Hz7q9ONaRoxCVQQrduuk4CXEQWcCjYqdlLNEkIHpMfahkoSMe1l+QojfGSULg5jZY4EnKu/X2Qk0noYBaYzItDXs95Y/M9rpxBeeBmXSQpM0slHYSowxHicB+5yxSiIoSGEKm5mxbRPFKFgUiuaENzZledJ47TsVsqV27NS9fpxEkcBHaBDdIxcdI6q6AbVUB1R9ICe0St6s56sF+vd+pi0LljTCPfQH1ifP16Ilzc=</latexit>

�t+s = �t�s

Markov semigroup:
<latexit sha1_base64="Cey7F6gV+5t4qYrYqZJn1DdAd3g=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSgzItWNUHCjuwr2Ae0wZNK0Dc1khuSOUIbixl9x40IRt36FO//GdDoLbT2QcHLOvdzcE8SCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR0lirIGjUSk2gHRTHDJGsBBsHasGAkDwVrB6Hrqtx6Y0jyS9zCOmReSgeR9TgkYybcPuvUh91M41RN8hbMHZLf27bJTcTLgReLmpIxy1H37q9uLaBIyCVQQrTuuE4OXEgWcCjYpdRPNYkJHZMA6hkoSMu2l2QoTfGyUHu5HyhwJOFN/d6Qk1HocBqYyJDDU895U/M/rJNC/9FIu4wSYpLNB/URgiPA0D9zjilEQY0MIVdz8FdMhUYSCSa1kQnDnV14kzbOKW61U787Ltds8jiI6REfoBLnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MSstWHnPPvoD6/MHOSKWuQ==</latexit>

�t+s = �t�s
<latexit sha1_base64="MerxWPwdYpF3vTnlDCD8HWeNptE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoiUl0W3Oiugn1AE8pketMOnUzizEQpsZ/ixoUibv0Sd/6N0zYLbT0wcDjnXubcEyScKe0431ZhZXVtfaO4Wdra3tnds8v7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2MrqZ++wGkYrG40+ME/IgMBAsZJdpIPbvshbEknGN9qrwB3GOnZ1ecqjMDXiZuTiooR6Nnf3n9mKYRCE05UarrOon2MyI1oxwmJS9VkBA6IgPoGipIBMrPZtEn+NgofWwymCc0nqm/NzISKTWOAjMZET1Ui95U/M/rpjq89DMmklSDoPOPwtTcGeNpD7jPJFDNx4YQKpnJiumQSEK1aatkSnAXT14mrbOqW6vWbs8r9Zu8jiI6REfoBLnoAtXRNWqgJqLoET2jV/RmPVkv1rv1MR8tWPnOAfoD6/MHPPqTXw==</latexit>

8t, s � 0
<latexit sha1_base64="JjmDvNM4F7aWx1MLlA9SVdcAP4k=">AAACIHicbVDLSgMxFM34rPU16tJNsAgVocyItG6EghsFFxXsA9qxZNK0Dc08SO4IZZhPceOvuHGhiO70a8y0s7CtBwIn59zLvfe4oeAKLOvbWFpeWV1bz23kN7e2d3bNvf2GCiJJWZ0GIpAtlygmuM/qwEGwVigZ8VzBmu7oKvWbj0wqHvj3MA6Z45GBz/ucEtBS16ywh7jjERhSIuLbpAin6iTBl3hWhmT2r5KuWbBK1gR4kdgZKaAMta751ekFNPKYD1QQpdq2FYITEwmcCpbkO5FiIaEjMmBtTX3iMeXEkwMTfKyVHu4HUj8f8ET92xETT6mx5+rKdEk176Xif147gv6FE3M/jID5dDqoHwkMAU7Twj0uGQUx1oRQyfWumA6JJBR0pnkdgj1/8iJpnJXscql8d16o3mRx5NAhOkJFZKMKqqJrVEN1RNETekFv6N14Nl6ND+NzWrpkZD0HaAbGzy8oPqRJ</latexit>

eL(t+s) = eLteLs

<latexit sha1_base64="N7WhfdGVNuDJ+L4JMn/zrb+GuO8=">AAAB+HicbVBNSwMxEM36WetHVz16CRbBU9kVqR4LXkQ8VLAf0C4lm2bb0GyyJLNKXfpLvHhQxKs/xZv/xrTdg7Y+GHi8N8PMvDAR3IDnfTsrq2vrG5uFreL2zu5eyd0/aBqVasoaVAml2yExTHDJGsBBsHaiGYlDwVrh6Grqtx6YNlzJexgnLIjJQPKIUwJW6rml7i2LQPPBEIjW6rHnlr2KNwNeJn5OyihHved+dfuKpjGTQAUxpuN7CQQZ0cCpYJNiNzUsIXREBqxjqSQxM0E2O3yCT6zSx5HStiTgmfp7IiOxMeM4tJ0xgaFZ9Kbif14nhegyyLhMUmCSzhdFqcCg8DQF3OeaURBjSwjV3N6K6ZBoQsFmVbQh+IsvL5PmWcWvVqp35+XaTR5HAR2hY3SKfHSBauga1VEDUZSiZ/SK3pwn58V5dz7mrStOPnOI/sD5/AE+MJOE</latexit> ,
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<latexit sha1_base64="Ouy/EGfblr3Ovlv+aITWEU8ce1Q="></latexit>

⇢̇ = L⇢ = �i[H, ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘

<latexit sha1_base64="eJ3WDcZIERnUW/yRqK6JdsgOAEM=">AAACCnicbVC7SgNBFJ2Nrxhfq5Y2o0FImrArEm2EgI2CRQTzgCSG2ckkGTL7YOauEJatbfwVGwtFbP0CO//G2c0WmnjgwuGce7n3HicQXIFlfRu5peWV1bX8emFjc2t7x9zdayo/lJQ1qC982XaIYoJ7rAEcBGsHkhHXEazlTC4Tv/XApOK+dwfTgPVcMvL4kFMCWuqbh1059ktQxheY3Uddl8CYEhHdxBCnjlXum0WrYqXAi8TOSBFlqPfNr+7Ap6HLPKCCKNWxrQB6EZHAqWBxoRsqFhA6ISPW0dQjLlO9KH0lxsdaGeChL3V5gFP190REXKWmrqM7k1vVvJeI/3mdEIbnvYh7QQjMo7NFw1Bg8HGSCx5wySiIqSaESq5vxXRMJKGg0yvoEOz5lxdJ86RiVyvV29Ni7TqLI48O0BEqIRudoRq6QnXUQBQ9omf0it6MJ+PFeDc+Zq05I5vZR39gfP4AyzeZvQ==</latexit>

⇢(t) = eLt⇢(0)
<latexit sha1_base64="71eC/zBtvLUCDeBv1DqlKBFOYUw=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSxC3ZREpLoRCm50V8E+oAlhMp00QyczYWYi1NAvceNCEbd+ijv/xmmbhbYeuHA4517uvSdMGVXacb6t0tr6xuZWebuys7u3X7UPDrtKZBKTDhZMyH6IFGGUk46mmpF+KglKQkZ64fhm5vceiVRU8Ac9SYmfoBGnEcVIGymwq9fQa8c00J6MRd05C+ya03DmgKvELUgNFGgH9pc3FDhLCNeYIaUGrpNqP0dSU8zItOJliqQIj9GIDAzlKCHKz+eHT+GpUYYwEtIU13Cu/p7IUaLUJAlNZ4J0rJa9mfifN8h0dOXnlKeZJhwvFkUZg1rAWQpwSCXBmk0MQVhScyvEMZIIa5NVxYTgLr+8SrrnDbfZaN5f1Fp3RRxlcAxOQB244BK0wC1ogw7AIAPP4BW8WU/Wi/VufSxaS1YxcwT+wPr8ASW1kiY=</latexit>

= �t⇢(0)

<latexit sha1_base64="hxILZRIhkKyfWGd/YwH9eEAErik=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2m3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFKDeyXym7FnYOsEi8nZchR75e+eoOYpRFXyCQ1puu5CfoZ1SiY5NNiLzU8oWxMh7xrqaIRN342P3RKzq0yIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuGNnwmVpMgVWywKU0kwJrOvyUBozlBOLKFMC3srYSOqKUObTdGG4C2/vEpalxWvWqk2rsq1+zyOApzCGVyAB9dQgzuoQxMYcHiGV3hzHp0X5935WLSuOfnMCfyB8/kD5daNCg==</latexit>

t
<latexit sha1_base64="L4iYJLigyeXd3SIKRqwEpzURVfw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF71VtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqEScJ9yM6VCIUjKKVHrDv9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2Lqler1u4vK/W7PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gALRY2u</latexit>

t1
<latexit sha1_base64="V1Qx/1xpCBB4xqG5giSQriZIKIs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vM4CnAKZ3ABHlxDDe6gDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsaMxg==</latexit>

0

<latexit sha1_base64="B2Xc/rYWcvFGwJfG50/5EF2+/TY=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBItQN2VGpLosCOKygn1AO5RMmmlDM0lIMkIZCv6CGxeKuPV73Pk3po+Fth64cDjnXu69J1KcGev7315ubX1jcyu/XdjZ3ds/KB4eNY1MNaENIrnU7QgbypmgDcssp22lKU4iTlvR6Gbqtx6pNkyKBztWNEzwQLCYEWyd1OrqoSz7571iya/4M6BVEixICRao94pf3b4kaUKFJRwb0wl8ZcMMa8sIp5NCNzVUYTLCA9pxVOCEmjCbnTtBZ07po1hqV8Kimfp7IsOJMeMkcp0JtkOz7E3F/7xOauPrMGNCpZYKMl8UpxxZiaa/oz7TlFg+dgQTzdytiAyxxsS6hAouhGD55VXSvKgE1Ur1/rJUu32ax5GHEziFMgRwBTW4gzo0gMAInuEV3jzlvXjv3se8NectIjyGP/A+fwCCOI91</latexit>

⇢(0)
<latexit sha1_base64="E4zBFbKciChZX7RgAVcglNy+UgQ=">AAAB8HicbVDJSgNBEO1xjXGLevTSGIR4CTMi0WNAEI8RzCLJEHo6PUmTXobuGiEMAf/BiwdFvPo53vwbO8tBEx8UPN6roqpelAhuwfe/vZXVtfWNzdxWfntnd2+/cHDYsDo1lNWpFtq0ImKZ4IrVgYNgrcQwIiPBmtHweuI3H5mxXKt7GCUslKSveMwpASc9dMxAl6AbnHULRb/sT4GXSTAnRTRHrVv46vQ0TSVTQAWxth34CYQZMcCpYON8J7UsIXRI+qztqCKS2TCbHjzGp07p4VgbVwrwVP09kRFp7UhGrlMSGNhFbyL+57VTiK/CjKskBabobFGcCgwaT77HPW4YBTFyhFDD3a2YDoghFFxGeRdCsPjyMmmcl4NKuXJ3UazePM3iyKFjdIJKKECXqIpuUQ3VEUUSPaNX9OYZ78V79z5mrSvePMIj9Afe5w8TPZBd</latexit>

⇢(t1)
<latexit sha1_base64="6E7DIu8kxfWJ3QsD7nK4O+4n3Co=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMCOIxgnlAsoTZyWwyZHZ2mekVwhLwF7x4UMSr3+PNv3HyOGhiQUNR1U13V5BIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxesBxwv2IDpQIBaNopVZXD+MynveKJbfizkBWibcgJVig3it+dfsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHUkUjbvxsdu6EnFmlT8JY21JIZurviYxGxoyjwHZGFIdm2ZuK/3mdFMNrPxMqSZErNl8UppJgTKa/k77QnKEcW0KZFvZWwoZUU4Y2oYINwVt+eZU0LypetVK9vyzVbp/mceThBE6hDB5cQQ3uoA4NYDCCZ3iFNydxXpx352PemnMWER7DHzifP+mMj7k=</latexit>

⇢(t)
<latexit sha1_base64="G+Y/lt3zjoaH7NJ062WUY18fLDc=">AAACCnicbZBLSwMxFIUzPmt9jbp0Ey2CG8uMSHUjFARxWcE+oB2GTJppQzOZIbkjlKHgzo1/xY0LRdz6C9z5b0zbWWjrgcDHOTck9wSJ4Boc59taWFxaXlktrBXXNza3tu2d3YaOU0VZncYiVq2AaCa4ZHXgIFgrUYxEgWDNYHA1zpv3TGkeyzsYJsyLSE/ykFMCxvLtg06tz/0MRvgS53gCvjvK2ZBvl5yyMxGeBzeHEspV8+2vTjemacQkUEG0brtOAl5GFHAq2KjYSTVLCB2QHmsblCRi2ssmq4zwkXG6OIyVORLwxP19IyOR1sMoMJMRgb6ezcbmf1k7hfDCy7hMUmCSTh8KU4EhxuNecJcrRkEMDRCquPkrpn2iCAXTXtGU4M6uPA+N07JbKVduz0rV64dpHQW0jw7RMXLROaqiG1RDdUTRI3pGr+jNerJerHfrYzq6YOUV7qE/sj5/AIaUmpo=</latexit>

�t = �t�t1�t1

memoryless

Markov semigroup:
<latexit sha1_base64="Cey7F6gV+5t4qYrYqZJn1DdAd3g=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEQSgzItWNUHCjuwr2Ae0wZNK0Dc1khuSOUIbixl9x40IRt36FO//GdDoLbT2QcHLOvdzcE8SCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR0lirIGjUSk2gHRTHDJGsBBsHasGAkDwVrB6Hrqtx6Y0jyS9zCOmReSgeR9TgkYybcPuvUh91M41RN8hbMHZLf27bJTcTLgReLmpIxy1H37q9uLaBIyCVQQrTuuE4OXEgWcCjYpdRPNYkJHZMA6hkoSMu2l2QoTfGyUHu5HyhwJOFN/d6Qk1HocBqYyJDDU895U/M/rJNC/9FIu4wSYpLNB/URgiPA0D9zjilEQY0MIVdz8FdMhUYSCSa1kQnDnV14kzbOKW61U787Ltds8jiI6REfoBLnoAtXQDaqjBqLoET2jV/RmPVkv1rv1MSstWHnPPvoD6/MHOSKWuQ==</latexit>

�t+s = �t�s
<latexit sha1_base64="MerxWPwdYpF3vTnlDCD8HWeNptE=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgQkoiUl0W3Oiugn1AE8pketMOnUzizEQpsZ/ixoUibv0Sd/6N0zYLbT0wcDjnXubcEyScKe0431ZhZXVtfaO4Wdra3tnds8v7LRWnkkKTxjyWnYAo4ExAUzPNoZNIIFHAoR2MrqZ++wGkYrG40+ME/IgMBAsZJdpIPbvshbEknGN9qrwB3GOnZ1ecqjMDXiZuTiooR6Nnf3n9mKYRCE05UarrOon2MyI1oxwmJS9VkBA6IgPoGipIBMrPZtEn+NgofWwymCc0nqm/NzISKTWOAjMZET1Ui95U/M/rpjq89DMmklSDoPOPwtTcGeNpD7jPJFDNx4YQKpnJiumQSEK1aatkSnAXT14mrbOqW6vWbs8r9Zu8jiI6REfoBLnoAtXRNWqgJqLoET2jV/RmPVkv1rv1MR8tWPnOAfoD6/MHPPqTXw==</latexit>

8t, s � 0

<latexit sha1_base64="YdnTTLGyPT2WySk+1BunNIJ1GWQ=">AAACNnicfVBNSwMxFMz6WetX1aOXYBH0UnZFqngqeKkHoaK1Qrcs2TRtg9lkSd4qZdlf5cXf4c2LB0W8+hNM6yJqxYHAMDOPvDdhLLgB1310pqZnZufmCwvFxaXlldXS2vqlUYmmrEmVUPoqJIYJLlkTOAh2FWtGolCwVnh9PPJbN0wbruQFDGPWiUhf8h6nBKwUlE79xoAHgI+wHxEYUCLS82zni9ez4HzXF0r2Ne8PgGitbv9JBqWyW3HHwJPEy0kZ5WgEpQe/q2gSMQlUEGPanhtDJyUaOBUsK/qJYTGh16TP2pZKEjHTScdnZ3jbKl3cU9o+CXisfp9ISWTMMAptcrSl+e2NxL+8dgK9w07KZZwAk/Tzo14iMCg86hB3uWYUxNASQjW3u2I6IJpQsE0XbQne75MnyeVexatWqmf75dpJXkcBbaIttIM8dIBqqI4aqIkoukOP6Bm9OPfOk/PqvH1Gp5x8ZgP9gPP+AUvJrPI=</latexit>

�t : S(HS) �! S(HS)
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<latexit sha1_base64="UPYE1x7htvvi6Li+zu6JTZKDNYI="></latexit>

⇢̇ = �i[H, ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘

Born approximation: weak system-reservoir coupling 

Markov approximation: fast reservoir timescale

Secular approximation: fast (bare) system timescale

<latexit sha1_base64="aFjsYNJ1g54pBuJO9j6aLueCyEc=">AAACH3icbZDLSgMxFIYz9VbrrerSTbAIdVNmRKrLgiguK9oLdMqQSdM2NDMZkjNiGQo+iBtfxY0LRcRd38ZM20VtPRD4+f4Tzjm/HwmuwbbHVmZldW19I7uZ29re2d3L7x/UtYwVZTUqhVRNn2gmeMhqwEGwZqQYCXzBGv7gKvUbj0xpLsMHGEasHZBeyLucEjDIy5dd4KLDElf15agIpy6JIiWf8Dz27lNDAg+Yxinxrr18wS7Zk8LLwpmJAppV1cv/uB1J44CFQAXRuuXYEbQTooBTwUY5N9YsInRAeqxlZEjMrHYyuW+ETwzp4K5U5oWAJ3T+R0ICrYeBbzoDAn296KXwP68VQ/eynfAwioGFdDqoGwsMEqdh4Q5XjIIYGkGo4mZXTPtEEQom0pwJwVk8eVnUz0pOuVS+Oy9Ubp6ncWTRETpGReSgC1RBt6iKaoiiF/SGPtCn9Wq9W1/W97Q1Y80iPER/yhr/AicrpBQ=</latexit>

⇢̃(t) ⇡ ⇢̃S(t)⌦ ⇢E

<latexit sha1_base64="R+ZRJguDnjBD2CYnLudllmtocow=">AAAB+nicbZBLSwMxFIXv+Kz1NdWlm2ARXJUZkeqyIIrLKvYBnWHIpJk2NJMZkoxSasE/4saFIm79Je78N6bTLrT1QODjnBtyc8KUM6Ud59taWl5ZXVsvbBQ3t7Z3du3SXlMlmSS0QRKeyHaIFeVM0IZmmtN2KimOQ05b4eBikrfuqVQsEXd6mFI/xj3BIkawNlZglzyNs+ASeZyjHG8Du+xUnFxoEdwZlGGmemB/ed2EZDEVmnCsVMd1Uu2PsNSMcDouepmiKSYD3KMdgwLHVPmjfPUxOjJOF0WJNEdolLu/b4xwrNQwDs1kjHVfzWcT87+sk+no3B8xkWaaCjJ9KMo40gma9IC6TFKi+dAAJpKZXRHpY4mJNm0VTQnu/JcXoXlScauV6s1puXb1NK2jAAdwCMfgwhnU4Brq0AACD/AMr/BmPVov1rv1MR1dsmYV7sMfWZ8/i5iT+Q==</latexit>

⌧E ⌧ ⌧R

<latexit sha1_base64="U/+zQjbuGB3WGycCGoeu+SBJDN0=">AAAB+nicbZBLSwMxFIUzPmt9TXXpJlgEV2VGpLosCOKyPvqAzjBk0sw0NPMguaOUseAfceNCEbf+Enf+G9NpF9p6IPBxzg25OX4quALL+jaWlldW19ZLG+XNre2dXbOy11ZJJilr0UQksusTxQSPWQs4CNZNJSORL1jHH15M8s49k4on8R2MUuZGJIx5wCkBbXlmxQGSebfYCUNc4I1nVq2aVQgvgj2DKpqp6ZlfTj+hWcRioIIo1bOtFNycSOBUsHHZyRRLCR2SkPU0xiRiys2L1cf4SDt9HCRSnxhw4f6+kZNIqVHk68mIwEDNZxPzv6yXQXDu5jxOM2AxnT4UZAJDgic94D6XjIIYaSBUcr0rpgMiCQXdVlmXYM9/eRHaJzW7Xqtfn1Ybl0/TOkroAB2iY2SjM9RAV6iJWoiiB/SMXtGb8Wi8GO/Gx3R0yZhVuI/+yPj8AZH3k/0=</latexit>

⌧S � ⌧R
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<latexit sha1_base64="UPYE1x7htvvi6Li+zu6JTZKDNYI="></latexit>

⇢̇ = �i[H, ⇢] +
X

i

�i

⇣
Li⇢L

†
i �

1

2
{L†

iLi, ⇢}
⌘

Born approximation: weak system-reservoir coupling 

Markov approximation: fast reservoir timescale

Secular approximation: fast (bare) system timescale

<latexit sha1_base64="aFjsYNJ1g54pBuJO9j6aLueCyEc=">AAACH3icbZDLSgMxFIYz9VbrrerSTbAIdVNmRKrLgiguK9oLdMqQSdM2NDMZkjNiGQo+iBtfxY0LRcRd38ZM20VtPRD4+f4Tzjm/HwmuwbbHVmZldW19I7uZ29re2d3L7x/UtYwVZTUqhVRNn2gmeMhqwEGwZqQYCXzBGv7gKvUbj0xpLsMHGEasHZBeyLucEjDIy5dd4KLDElf15agIpy6JIiWf8Dz27lNDAg+Yxinxrr18wS7Zk8LLwpmJAppV1cv/uB1J44CFQAXRuuXYEbQTooBTwUY5N9YsInRAeqxlZEjMrHYyuW+ETwzp4K5U5oWAJ3T+R0ICrYeBbzoDAn296KXwP68VQ/eynfAwioGFdDqoGwsMEqdh4Q5XjIIYGkGo4mZXTPtEEQom0pwJwVk8eVnUz0pOuVS+Oy9Ubp6ncWTRETpGReSgC1RBt6iKaoiiF/SGPtCn9Wq9W1/W97Q1Y80iPER/yhr/AicrpBQ=</latexit>

⇢̃(t) ⇡ ⇢̃S(t)⌦ ⇢E

<latexit sha1_base64="R+ZRJguDnjBD2CYnLudllmtocow=">AAAB+nicbZBLSwMxFIXv+Kz1NdWlm2ARXJUZkeqyIIrLKvYBnWHIpJk2NJMZkoxSasE/4saFIm79Je78N6bTLrT1QODjnBtyc8KUM6Ud59taWl5ZXVsvbBQ3t7Z3du3SXlMlmSS0QRKeyHaIFeVM0IZmmtN2KimOQ05b4eBikrfuqVQsEXd6mFI/xj3BIkawNlZglzyNs+ASeZyjHG8Du+xUnFxoEdwZlGGmemB/ed2EZDEVmnCsVMd1Uu2PsNSMcDouepmiKSYD3KMdgwLHVPmjfPUxOjJOF0WJNEdolLu/b4xwrNQwDs1kjHVfzWcT87+sk+no3B8xkWaaCjJ9KMo40gma9IC6TFKi+dAAJpKZXRHpY4mJNm0VTQnu/JcXoXlScauV6s1puXb1NK2jAAdwCMfgwhnU4Brq0AACD/AMr/BmPVov1rv1MR1dsmYV7sMfWZ8/i5iT+Q==</latexit>

⌧E ⌧ ⌧R

<latexit sha1_base64="U/+zQjbuGB3WGycCGoeu+SBJDN0=">AAAB+nicbZBLSwMxFIUzPmt9TXXpJlgEV2VGpLosCOKyPvqAzjBk0sw0NPMguaOUseAfceNCEbf+Enf+G9NpF9p6IPBxzg25OX4quALL+jaWlldW19ZLG+XNre2dXbOy11ZJJilr0UQksusTxQSPWQs4CNZNJSORL1jHH15M8s49k4on8R2MUuZGJIx5wCkBbXlmxQGSebfYCUNc4I1nVq2aVQgvgj2DKpqp6ZlfTj+hWcRioIIo1bOtFNycSOBUsHHZyRRLCR2SkPU0xiRiys2L1cf4SDt9HCRSnxhw4f6+kZNIqVHk68mIwEDNZxPzv6yXQXDu5jxOM2AxnT4UZAJDgic94D6XjIIYaSBUcr0rpgMiCQXdVlmXYM9/eRHaJzW7Xqtfn1Ybl0/TOkroAB2iY2SjM9RAV6iJWoiiB/SMXtGb8Wi8GO/Gx3R0yZhVuI/+yPj8AZH3k/0=</latexit>

⌧S � ⌧R

Large separation of 
time scales between 
system and reservoir Needed for complete 

positivity

time-local



Outline
• Motivations. 

• Open quantum systems - Markov approximation.


• Markovianity in classical stochastic processes.


• Quantum non-Markovianity - divisibility, distinguishability.


• Example: Spontaneous emission of two-level system.


• Collision models.
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One-parameter family of random variables  
<latexit sha1_base64="ppZLgZvLdFQEqCoklGkh9gXcs94=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURqeKp4EVvFfoFTQmb7aZdutmE3YlQQsGLf8WLB0W8+ie8+W/ctD1o64OBx3szzMwLEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOWjlNFWZPGIladgGgmuGRN4CBYJ1GMRIFg7WB0k/vtB6Y0j2UDxgnrRWQgecgpASP59pGX4Y4P+BqDx6UXERhSIrLGxJv4dtmpOFPgZeLOSRnNUfftL68f0zRiEqggWnddJ4FeRhRwKtik5KWaJYSOyIB1DZUkYrqXTX+Y4FOj9HEYK1MS8FT9PZGRSOtxFJjO/Ei96OXif143hfCql3GZpMAknS0KU4EhxnkguM8VoyDGhhCquLkV0yFRhIKJrWRCcBdfXiat84pbrVTvL8q1u3kcRXSMTtAZctElqqFbVEdNRNEjekav6M16sl6sd+tj1lqw5jOH6A+szx9QDpdf</latexit>

{Xt : t 2 T } <latexit sha1_base64="eAsURI3zUVnLIw2PQ+09ZQWhvxM=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAhWYVclilXARiuj5AXZEO5OJsmQ2Qczd5Ww5ENs/BUbC0VsLAT/xsmj0MQDA4dz7mXOPX4shUbH+bYWFpeWV1Yza9n1jc2tbXtnt6qjRDFeYZGMVN0HzaUIeQUFSl6PFYfAl7zm9y9Hfu2eKy2isIyDmDcD6IaiIxigkVr2Sf2CejcB7wL1UARcUy8A7DGQaXlIPSW6PQSlooeJ7vvp3bBl55y8MwadJ+6U5MgUpZb96bUjlgQ8RCZB64brxNhMQaFgkg+zXqJ5DKwPXd4wNASTo5mOjxvSQ6O0aSdS5oVIx+rvjRQCrQeBbyZHCfWsNxL/8xoJds6bqQjjBHnIJh91EkkxoqOmaFsozlAODAGmhMlKWQ8UMDR9Zk0J7uzJ86R6nHcL+cLtaa54Pa0jQ/bJATkiLjkjRXJFSqRCGHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr6wfSY6Hr</latexit>

X : ⌦⇥ T ! R

Discrete time:

Trajectory: 
<latexit sha1_base64="jZxcnSC+1cfDwVq7ppCzrDXOfTQ=">AAACFXicbVBNS8NAEN34WetX1aOXxSIolJKIVI8FL3qr0NpCE8pks62Lm03cnQgl9E948a948aCIV8Gb/8Zt7UGrDwYe780wMy9MpTDoup/O3PzC4tJyYaW4ura+sVna2r4ySaYZb7FEJroTguFSKN5CgZJ3Us0hDiVvhzdnY799x7URiWriMOVBDAMl+oIBWqlXqiD1Y0gNJrRz4CcxH0AFDyvUv80gougLZW28ZiDz5qhXKrtVdwL6l3hTUiZTNHqlDz9KWBZzhUyCMV3PTTHIQaNgko+KfmZ4CuwGBrxrqYKYmyCffDWi+1aJaD/RthTSifpzIofYmGEc2s7xiWbWG4v/ed0M+6dBLlSaIVfse1E/k9RmMI6IRkJzhnJoCTAt7K2UXYMGhjbIog3Bm335L7k6qnq1au3yuFy/mMZRILtkjxwQj5yQOjknDdIijNyTR/JMXpwH58l5dd6+W+ec6cwO+QXn/Qtcap5j</latexit>

t 7! X(!, t), t 2 T

<latexit sha1_base64="S5fi4N8VQA45j0BAH9fSry7t85s=">AAACA3icbVDLSsNAFL3xWesr6k43g0UQhJKIVDdCwY1upEJf0MYymU7boZMHMxOhhIAbf8WNC0Xc+hPu/BsnaRbaemDgzDn3cu89bsiZVJb1bSwsLi2vrBbWiusbm1vb5s5uUwaRILRBAh6Itosl5cynDcUUp+1QUOy5nLbc8VXqtx6okCzw62oSUsfDQ58NGMFKSz1zv+thNSKYx/UEXaLs57rxbXJ/0jNLVtnKgOaJnZMS5Kj1zK9uPyCRR31FOJayY1uhcmIsFCOcJsVuJGmIyRgPaUdTH3tUOnF2Q4KOtNJHg0Do5yuUqb87YuxJOfFcXZnuKGe9VPzP60RqcOHEzA8jRX0yHTSIOFIBSgNBfSYoUXyiCSaC6V0RGWGBidKxFXUI9uzJ86R5WrYr5crdWal6k8dRgAM4hGOw4RyqcA01aACBR3iGV3gznowX4934mJYuGHnPHvyB8fkDUa2XWQ==</latexit>

T = N+
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One-parameter family of random variables  
<latexit sha1_base64="ppZLgZvLdFQEqCoklGkh9gXcs94=">AAACA3icbVBNS8NAEN3Ur1q/ot70slgETyURqeKp4EVvFfoFTQmb7aZdutmE3YlQQsGLf8WLB0W8+ie8+W/ctD1o64OBx3szzMwLEsE1OM63VVhZXVvfKG6WtrZ3dvfs/YOWjlNFWZPGIladgGgmuGRN4CBYJ1GMRIFg7WB0k/vtB6Y0j2UDxgnrRWQgecgpASP59pGX4Y4P+BqDx6UXERhSIrLGxJv4dtmpOFPgZeLOSRnNUfftL68f0zRiEqggWnddJ4FeRhRwKtik5KWaJYSOyIB1DZUkYrqXTX+Y4FOj9HEYK1MS8FT9PZGRSOtxFJjO/Ei96OXif143hfCql3GZpMAknS0KU4EhxnkguM8VoyDGhhCquLkV0yFRhIKJrWRCcBdfXiat84pbrVTvL8q1u3kcRXSMTtAZctElqqFbVEdNRNEjekav6M16sl6sd+tj1lqw5jOH6A+szx9QDpdf</latexit>

{Xt : t 2 T } <latexit sha1_base64="eAsURI3zUVnLIw2PQ+09ZQWhvxM=">AAACHHicbVC7SgNBFJ31GeNr1dJmMAhWYVclilXARiuj5AXZEO5OJsmQ2Qczd5Ww5ENs/BUbC0VsLAT/xsmj0MQDA4dz7mXOPX4shUbH+bYWFpeWV1Yza9n1jc2tbXtnt6qjRDFeYZGMVN0HzaUIeQUFSl6PFYfAl7zm9y9Hfu2eKy2isIyDmDcD6IaiIxigkVr2Sf2CejcB7wL1UARcUy8A7DGQaXlIPSW6PQSlooeJ7vvp3bBl55y8MwadJ+6U5MgUpZb96bUjlgQ8RCZB64brxNhMQaFgkg+zXqJ5DKwPXd4wNASTo5mOjxvSQ6O0aSdS5oVIx+rvjRQCrQeBbyZHCfWsNxL/8xoJds6bqQjjBHnIJh91EkkxoqOmaFsozlAODAGmhMlKWQ8UMDR9Zk0J7uzJ86R6nHcL+cLtaa54Pa0jQ/bJATkiLjkjRXJFSqRCGHkkz+SVvFlP1ov1bn1MRhes6c4e+QPr6wfSY6Hr</latexit>

X : ⌦⇥ T ! R

Discrete time:

Trajectory: 
<latexit sha1_base64="jZxcnSC+1cfDwVq7ppCzrDXOfTQ=">AAACFXicbVBNS8NAEN34WetX1aOXxSIolJKIVI8FL3qr0NpCE8pks62Lm03cnQgl9E948a948aCIV8Gb/8Zt7UGrDwYe780wMy9MpTDoup/O3PzC4tJyYaW4ura+sVna2r4ySaYZb7FEJroTguFSKN5CgZJ3Us0hDiVvhzdnY799x7URiWriMOVBDAMl+oIBWqlXqiD1Y0gNJrRz4CcxH0AFDyvUv80gougLZW28ZiDz5qhXKrtVdwL6l3hTUiZTNHqlDz9KWBZzhUyCMV3PTTHIQaNgko+KfmZ4CuwGBrxrqYKYmyCffDWi+1aJaD/RthTSifpzIofYmGEc2s7xiWbWG4v/ed0M+6dBLlSaIVfse1E/k9RmMI6IRkJzhnJoCTAt7K2UXYMGhjbIog3Bm335L7k6qnq1au3yuFy/mMZRILtkjxwQj5yQOjknDdIijNyTR/JMXpwH58l5dd6+W+ec6cwO+QXn/Qtcap5j</latexit>

t 7! X(!, t), t 2 T

gives probability of trajectory 

<latexit sha1_base64="82OWHC+ObUprSsYSgxuqV1y3Nr8=">AAACE3icbVC7TsMwFHXKq5RXgJHFokIqqERJhQpjJRbYikQfUhtFjuu2Vh0nsh1EFeUfWPgVFgYQYmVh429w0wxQOJLl43Pu1fU9fsSoVLb9ZRSWlldW14rrpY3Nre0dc3evLcNYYNLCIQtF10eSMMpJS1HFSDcSBAU+Ix1/cjnzO3dESBryWzWNiBugEadDipHSkmeeNCv3XqI8nlazO+GnTppWLcuav2u57qTHnlm2LTsD/EucnJRBjqZnfvYHIY4DwhVmSMqeY0fKTZBQFDOSlvqxJBHCEzQiPU05Coh0k2ynFB5pZQCHodCHK5ipPzsSFEg5DXxdGSA1loveTPzP68VqeOEmlEexIhzPBw1jBlUIZwHBARUEKzbVBGFB9V8hHiOBsNIxlnQIzuLKf0m7Zjl1q35zVm5c53EUwQE4BBXggHPQAFegCVoAgwfwBF7Aq/FoPBtvxvu8tGDkPfvgF4yPb4rFnVk=</latexit>

P (xtn , xtn�1 , ..., xt2 , xt1)

<latexit sha1_base64="S5fi4N8VQA45j0BAH9fSry7t85s=">AAACA3icbVDLSsNAFL3xWesr6k43g0UQhJKIVDdCwY1upEJf0MYymU7boZMHMxOhhIAbf8WNC0Xc+hPu/BsnaRbaemDgzDn3cu89bsiZVJb1bSwsLi2vrBbWiusbm1vb5s5uUwaRILRBAh6Itosl5cynDcUUp+1QUOy5nLbc8VXqtx6okCzw62oSUsfDQ58NGMFKSz1zv+thNSKYx/UEXaLs57rxbXJ/0jNLVtnKgOaJnZMS5Kj1zK9uPyCRR31FOJayY1uhcmIsFCOcJsVuJGmIyRgPaUdTH3tUOnF2Q4KOtNJHg0Do5yuUqb87YuxJOfFcXZnuKGe9VPzP60RqcOHEzA8jRX0yHTSIOFIBSgNBfSYoUXyiCSaC6V0RGWGBidKxFXUI9uzJ86R5WrYr5crdWal6k8dRgAM4hGOw4RyqcA01aACBR3iGV3gznowX4934mJYuGHnPHvyB8fkDUa2XWQ==</latexit>

T = N+

<latexit sha1_base64="Xng51FmLaib33qHrjswtXnVuF00=">AAACPXicbVA9SwNBFNyLXzF+RS1tFoNg43EXJFoGbLSLkC9IwrG32SRL9vaO3XdqOO6P2fgf7OxsLBSxtXVzSaGJAwvDzDzevvEjwTU4zouVW1ldW9/Ibxa2tnd294r7B00dxoqyBg1FqNo+0UxwyRrAQbB2pBgJfMFa/vhq6rfumNI8lHWYRKwXkKHkA04JGMkr1h+8BDw37So+HAFRKrzHmVT+Ldm2vRRI5JmbLs8lMk29YsmxnQx4mbhzUkJz1Lzic7cf0jhgEqggWndcJ4JeQhRwKlha6MaaRYSOyZB1DJUkYLqXZNen+MQofTwIlXkScKb+nkhIoPUk8E0yIDDSi95U/M/rxDC47CVcRjEwSWeLBrHAEOJplbjPFaMgJoYQqrj5K6YjoggFU3jBlOAunrxMmmXbrdiV2/NS9WZeRx4doWN0ilx0garoGtVQA1H0iF7RO/qwnqw369P6mkVz1nzmEP2B9f0DE/6xmA==</latexit>xt1 ! xt2 ! ... ! xtn�1 ! xtn

Normalization:

<latexit sha1_base64="R/4TapumMfWFRDXVotd2L24vnhY=">AAAB/HicbZDLSsNAFIYn9VbrLdqlm2AR3BgSkeqqFNzoroK9QBvCZDpph04mYeZECKG+ihsXirj1Qdz5Nk7bLLT1h4GP/5zDOfMHCWcKHOfbKK2tb2xulbcrO7t7+wfm4VFHxakktE1iHstegBXlTNA2MOC0l0iKo4DTbjC5mdW7j1QqFosHyBLqRXgkWMgIBm35ZhV80QA/F+futGHbtmbXN2uO7cxlrYJbQA0Vavnm12AYkzSiAgjHSvVdJwEvxxIY4XRaGaSKJphM8Ij2NQocUeXl8+On1ql2hlYYS/0EWHP390SOI6WyKNCdEYaxWq7NzP9q/RTCay9nIkmBCrJYFKbcgtiaJWENmaQEeKYBE8n0rRYZY4kJ6LwqOgR3+cur0Lmw3bpdv7+sNe+KOMroGJ2gM+SiK9REt6iF2oigDD2jV/RmPBkvxrvxsWgtGcVMFf2R8fkDzQ+Tmw==</latexit>

tn > tn�1 > ... > t1
<latexit sha1_base64="WhqH7fdbvuwG2flRhfrfSzi35bo=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBCIlJdFtyIqwr2Am0Ik+mkHTqZxJmJWEI2bnwVNy4Uces7uPNtnKZdaOsPAx//OYcz5/djRqWy7W+jsLS8srpWXC9tbG5t75i7ey0ZJQKTJo5YJDo+koRRTpqKKkY6sSAo9Blp+6PLSb19T4SkEb9V45i4IRpwGlCMlLY887BRefBS5fGsallWNWcnO+kNyB20PbNsW3YuuAjODMpgpoZnfvX6EU5CwhVmSMquY8fKTZFQFDOSlXqJJDHCIzQgXY0chUS6aX5FBo+104dBJPTjCubu74kUhVKOQ193hkgN5XxtYv5X6yYquHBTyuNEEY6ni4KEQRXBSSSwTwXBio01ICyo/ivEQyQQVjq4kg7BmT95EVqnllOzajdn5fr1LI4iOABHoAIccA7q4Ao0QBNg8AiewSt4M56MF+Pd+Ji2FozZzD74I+PzBzRjlyU=</latexit>

P (xtn , ..., xt1) � 0
<latexit sha1_base64="do2qIOx6HlDyfYf8HM4jjBXmMJc=">AAACHXicbZDLSsNAFIYnXmu9RV26GSxChRISKdWNUHCjuwr2Am0Ik+mkHTqZhJmJWEJexI2v4saFIi7ciG/jtA2orT8MfPznHM6c348Zlcq2v4yl5ZXVtfXCRnFza3tn19zbb8koEZg0ccQi0fGRJIxy0lRUMdKJBUGhz0jbH11O6u07IiSN+K0ax8QN0YDTgGKktOWZ1Z5MQi+991LlOVnFsqzKlHmWNco5/bhOdgIvoOOZJduyp4KL4ORQArkanvnR60c4CQlXmCEpu44dKzdFQlHMSFbsJZLECI/QgHQ1chQS6abT6zJ4rJ0+DCKhH1dw6v6eSFEo5Tj0dWeI1FDO1ybmf7VuooJzN6U8ThTheLYoSBhUEZxEBftUEKzYWAPCguq/QjxEAmGlAy3qEJz5kxehdWo5Nat2Uy3Vr/M4CuAQHIEycMAZqIMr0ABNgMEDeAIv4NV4NJ6NN+N91rpk5DMH4I+Mz28Y+6Cm</latexit> X

xt1 ,...,xtn

P (xtn , ..., xt1) = 1
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Conditional probability: probability of event                  given that 

<latexit sha1_base64="ibtu1uxNwZ6wUOZ7Cbte8Cso5Is="></latexit>

P (xtn |xtn�1, ..., xt1) =
P (xtn , xtn�1 , ..., x1)

P (xtn�1, ..., xt1)

<latexit sha1_base64="IcdWpJ5IBZmmHIIbJJvnowh05OU=">AAAB8nicbVBNS8NAEN34WetX1aOXxSJ4KolI9SIUvOitgv2ANITNdtMu3eyG3YlYQn+GFw+KePXXePPfuG1z0NYHA4/3ZpiZF6WCG3Ddb2dldW19Y7O0Vd7e2d3brxwcto3KNGUtqoTS3YgYJrhkLeAgWDfVjCSRYJ1odDP1O49MG67kA4xTFiRkIHnMKQEr+V18jZ/CHEI5CStVt+bOgJeJV5AqKtAMK1+9vqJZwiRQQYzxPTeFICcaOBVsUu5lhqWEjsiA+ZZKkjAT5LOTJ/jUKn0cK21LAp6pvydykhgzTiLbmRAYmkVvKv7n+RnEV0HOZZoBk3S+KM4EBoWn/+M+14yCGFtCqOb2VkyHRBMKNqWyDcFbfHmZtM9rXr1Wv7+oNu6KOEroGJ2gM+ShS9RAt6iJWogihZ7RK3pzwHlx3p2PeeuKU8wcoT9wPn8AnzyQ3w==</latexit>

X = xtn

Markov process: <latexit sha1_base64="XfrFVcB2SmtwKs6UHnURtNtrayc=">AAACJHicbVDLSgMxFM3UV62vUZdugkVooQ4zIlUQoeBGXFWwD2jLkEnTNjSTGZKMWMb5GDf+ihsXPnDhxm8xnXahbQ+EnJx7Ljf3eCGjUtn2t5FZWl5ZXcuu5zY2t7Z3zN29ugwigUkNBywQTQ9JwignNUUVI81QEOR7jDS84dW43rgnQtKA36lRSDo+6nPaoxgpLbnmRbXw4MbK5cljesf82EmSkmVZpfTtJEV4CReaiq6Zty07BZwnzpTkwRRV1/xodwMc+YQrzJCULccOVSdGQlHMSJJrR5KECA9Rn7Q05cgnshOnSybwSCtd2AuEPlzBVP3bESNfypHvaaeP1EDO1sbiolorUr3zTkx5GCnC8WRQL2JQBXCcGOxSQbBiI00QFlT/FeIBEggrnWtOh+DMrjxP6ieWU7bKt6f5ys00jiw4AIegABxwBirgGlRBDWDwBF7AG3g3no1X49P4mlgzxrRnH/yD8fML5tWkZA==</latexit>

P (xtn |xtn�1 , ..., xt1) = P (xtn |xtn�1)

`Stochastic process with no memory’

<latexit sha1_base64="6Cd3pIqDpbPEwM3jPPkWAROXqwo="></latexit>

P (xtn , xtn�1 , ..., xt1) = P (xtn |xtn�1)...P (xt2 |xt1)P (xt1)
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Chapman-Kolmogorov equation:

<latexit sha1_base64="62SpaFXzkRWVL7nOzOYCdmDSn2g=">AAAB+HicbVDLSsNAFJ3UV62PVl26GSyCq5JUqa6k4EZcVbAPaEOYTCft0MkkzNwINfRL3LhQxK2f4s6/cZpmoa0H7uVwzr3MnePHgmuw7W+rsLa+sblV3C7t7O7tlysHhx0dJYqyNo1EpHo+0UxwydrAQbBerBgJfcG6/uRm7ncfmdI8kg8wjZkbkpHkAacEjORVyuCd42sMXj3rjlep2jU7A14lTk6qKEfLq3wNhhFNQiaBCqJ137FjcFOigFPBZqVBollM6ISMWN9QSUKm3TQ7fIZPjTLEQaRMScCZ+nsjJaHW09A3kyGBsV725uJ/Xj+B4MpNuYwTYJIuHgoSgSHC8xTwkCtGQUwNIVRxcyumY6IIBZNVyYTgLH95lXTqNadRa9xfVJt3eRxFdIxO0Bly0CVqolvUQm1EUYKe0St6s56sF+vd+liMFqx85wj9gfX5A/F5kV8=</latexit>

t3 > t2 > t1
<latexit sha1_base64="eU3ILYbu2n6oKYdGvHonPI7Ee/o=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0WoICWpUt0IBTfqqoJ9QBvCZDpph04ezEzEEvNNbvwSwYUuFHHrRzhNg9TWA8M9nHMvd+5xQkaFNIxXLbewuLS8kl8trK1vbG7p2ztNEUQckwYOWMDbDhKEUZ80JJWMtENOkOcw0nKGF2O/dUe4oIF/K0chsTzU96lLMZJKsvWreunejqV9nByltZJVMzmE5/DXfJg1M2dKsfWiUTZSwHliZqQIMtRt/bnbC3DkEV9ihoTomEYorRhxSTEjSaEbCRIiPER90lHURx4RVpyenMADpfSgG3D1fAlTdXoiRp4QI89RnR6SAzHrjcX/vE4k3TMrpn4YSeLjySI3YlAGcJwf7FFOsGQjRRDmVP0V4gHiCEuVckGFYM6ePE+albJZLVdvToq16yyOPNgD+6AETHAKauAS1EEDYPAIXsA7+NCetDftU/uatOa0bGYX/IH2/QOBkKnD</latexit>

P (xt3 , xt2 , xt1) = P (xt3 |xt2 , xt1)P (xt2 , xt1)

(Markov)
<latexit sha1_base64="bdeNBEEm0vf4oJUF799TMCgnXbE=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgtSEmqVDdCwY24qmAf0IYwmU7boZNJmJmIJeYP3Pgrblwo4tatO//GaZqFth4Y7uGce7lzjxcyKpVlfRsLi0vLK6u5tfz6xubWtrmz25RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7qc+K07IiQN+K0ah8Tx0YDTPsVIack1jy5gvXjvxso9SR7SWklKmVJJjtNqJyXXLFhlKwWcJ3ZGCiBD3TW/ur0ARz7hCjMkZce2QuXESCiKGUny3UiSEOERGpCOphz5RDpxek8CD7XSg/1A6McVTNXfEzHypRz7nu70kRrKWW8i/ud1ItU/d2LKw0gRjqeL+hGDKoCTcGCPCoIVG2uCsKD6rxAPkUBY6QjzOgR79uR50qyU7Wq5enNaqF1nceTAPjgARWCDM1ADV6AOGgCDR/AMXsGb8WS8GO/Gx7R1wchm9sAfGJ8/naub0Q==</latexit>

= P (xt3 |xt2)P (xt2 , xt1)

<latexit sha1_base64="EpHdT4aByt9T7eCBmZAe4wUGuXA=">AAACMHicbZDLSgMxFIYzXmu9jbp0EyxCC1JmqlQ3QsGF4qqCvUA7DJk004ZmLiQZsYzzSG58FN0oKOLWpzCdDl5aD4T8fOf8JOd3QkaFNIwXbW5+YXFpObeSX11b39jUt7abIog4Jg0csIC3HSQIoz5pSCoZaYecIM9hpOUMz8b91g3hggb+tRyFxPJQ36cuxUgqZOvn9eKtHUv7MDlIbzMpwVPYFZFnxymoJMn3yF1GShmp/JhsvWCUjbTgrDAzUQBZ1W39sdsLcOQRX2KGhOiYRiitGHFJMSNJvhsJEiI8RH3SUdJHHhFWnC6cwH1FetANuDq+hCn97YiRJ8TIc9Skh+RATPfG8L9eJ5LuiRVTP4wk8fHkITdiUAZwnB7sUU6wZCMlEOZU/RXiAeIIS5VxXoVgTq88K5qVslktV6+OCrXLLI4c2AV7oAhMcAxq4ALUQQNgcA+ewCt40x60Z+1d+5iMzmmZZwf8Ke3zC9/GqYw=</latexit>

P (xt3 , xt1) =
X

xt2

P (xt3 |xt2)P (xt2 , xt1)

<latexit sha1_base64="WvVzAJ0NagMR6PTlEw9RXHIulp4=">AAACMHicbVBNS8MwGE79nPOr6tFLcAjbZbRVphdh4EHxNMF9wFZKmqVbWPpBkoqj9id58afoRUERr/4Ks66gbr4Q8vB8kLyPGzEqpGG8aguLS8srq4W14vrG5ta2vrPbEmHMMWnikIW84yJBGA1IU1LJSCfiBPkuI213dD7R27eECxoGN3IcEdtHg4B6FCOpKEe/aJTvnEQ6R+l9dptpBZ7Bnoh9J8kIK01nLFZayRnrJ+ToJaNqZAPngZmDEsin4ehPvX6IY58EEjMkRNc0ImkniEuKGUmLvViQCOERGpCuggHyibCTbOEUHiqmD72QqxNImLG/EwnyhRj7rnL6SA7FrDYh/9O6sfRO7YQGUSxJgKcPeTGDMoST9mCfcoIlGyuAMKfqrxAPEUdYqo6LqgRzduV50LKqZq1auz4u1a/yOgpgHxyAMjDBCaiDS9AATYDBA3gGb+Bde9RetA/tc2pd0PLMHvgz2tc35+WqLA==</latexit>

P (xt3 |xt1) =
X

xt2

P (xt3 |xt2)P (xt2 |xt1)

<latexit sha1_base64="XTN5R6hK/bLLHGZhxElSlyp3/+0=">AAACK3icbZDLSsNAFIYn9VbrLerSzWARKpSSVKluhKKbLivYC7QlTKaTdujkwsxELDHv48ZXcaELL7j1PZymKdjWAwMf/38OZ85vB4wKaRifWmZldW19I7uZ29re2d3T9w+awg85Jg3sM5+3bSQIox5pSCoZaQecINdmpGWPbiZ+655wQX3vTo4D0nPRwKMOxUgqydKv64UHK5JWdFYsx/FjwmZ8Cq9g1+EIR3N2cWbHM33Clp43SkZScBnMFPIgrbqlv3b7Pg5d4knMkBAd0whkL0JcUsxInOuGggQIj9CAdBR6yCWiFyW3xvBEKX3o+Fw9T8JE/TsRIVeIsWurThfJoVj0JuJ/XieUzmUvol4QSuLh6SInZFD6cBIc7FNOsGRjBQhzqv4K8RCpjKSKN6dCMBdPXoZmuWRWSpXb83y1lsaRBUfgGBSACS5AFdRAHTQABk/gBbyDD+1Ze9O+tO9pa0ZLZw7BXGk/vyFPpw8=</latexit>

P (xt3,2 |xt1) =
P (xt3,2 , xt1)

P (xt1)
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Chapman-Kolmogorov equation:

<latexit sha1_base64="62SpaFXzkRWVL7nOzOYCdmDSn2g=">AAAB+HicbVDLSsNAFJ3UV62PVl26GSyCq5JUqa6k4EZcVbAPaEOYTCft0MkkzNwINfRL3LhQxK2f4s6/cZpmoa0H7uVwzr3MnePHgmuw7W+rsLa+sblV3C7t7O7tlysHhx0dJYqyNo1EpHo+0UxwydrAQbBerBgJfcG6/uRm7ncfmdI8kg8wjZkbkpHkAacEjORVyuCd42sMXj3rjlep2jU7A14lTk6qKEfLq3wNhhFNQiaBCqJ137FjcFOigFPBZqVBollM6ISMWN9QSUKm3TQ7fIZPjTLEQaRMScCZ+nsjJaHW09A3kyGBsV725uJ/Xj+B4MpNuYwTYJIuHgoSgSHC8xTwkCtGQUwNIVRxcyumY6IIBZNVyYTgLH95lXTqNadRa9xfVJt3eRxFdIxO0Bly0CVqolvUQm1EUYKe0St6s56sF+vd+liMFqx85wj9gfX5A/F5kV8=</latexit>

t3 > t2 > t1
<latexit sha1_base64="eU3ILYbu2n6oKYdGvHonPI7Ee/o=">AAACMnicbVDLSsNAFJ3UV62vqEs3g0WoICWpUt0IBTfqqoJ9QBvCZDpph04ezEzEEvNNbvwSwYUuFHHrRzhNg9TWA8M9nHMvd+5xQkaFNIxXLbewuLS8kl8trK1vbG7p2ztNEUQckwYOWMDbDhKEUZ80JJWMtENOkOcw0nKGF2O/dUe4oIF/K0chsTzU96lLMZJKsvWreunejqV9nByltZJVMzmE5/DXfJg1M2dKsfWiUTZSwHliZqQIMtRt/bnbC3DkEV9ihoTomEYorRhxSTEjSaEbCRIiPER90lHURx4RVpyenMADpfSgG3D1fAlTdXoiRp4QI89RnR6SAzHrjcX/vE4k3TMrpn4YSeLjySI3YlAGcJwf7FFOsGQjRRDmVP0V4gHiCEuVckGFYM6ePE+albJZLVdvToq16yyOPNgD+6AETHAKauAS1EEDYPAIXsA7+NCetDftU/uatOa0bGYX/IH2/QOBkKnD</latexit>

P (xt3 , xt2 , xt1) = P (xt3 |xt2 , xt1)P (xt2 , xt1)

(Markov)
<latexit sha1_base64="bdeNBEEm0vf4oJUF799TMCgnXbE=">AAACD3icbVDLSsNAFJ34rPUVdelmsCgtSEmqVDdCwY24qmAf0IYwmU7boZNJmJmIJeYP3Pgrblwo4tatO//GaZqFth4Y7uGce7lzjxcyKpVlfRsLi0vLK6u5tfz6xubWtrmz25RBJDBp4IAFou0hSRjlpKGoYqQdCoJ8j5GWN7qc+K07IiQN+K0ah8Tx0YDTPsVIack1jy5gvXjvxso9SR7SWklKmVJJjtNqJyXXLFhlKwWcJ3ZGCiBD3TW/ur0ARz7hCjMkZce2QuXESCiKGUny3UiSEOERGpCOphz5RDpxek8CD7XSg/1A6McVTNXfEzHypRz7nu70kRrKWW8i/ud1ItU/d2LKw0gRjqeL+hGDKoCTcGCPCoIVG2uCsKD6rxAPkUBY6QjzOgR79uR50qyU7Wq5enNaqF1nceTAPjgARWCDM1ADV6AOGgCDR/AMXsGb8WS8GO/Gx7R1wchm9sAfGJ8/naub0Q==</latexit>

= P (xt3 |xt2)P (xt2 , xt1)

<latexit sha1_base64="EpHdT4aByt9T7eCBmZAe4wUGuXA=">AAACMHicbZDLSgMxFIYzXmu9jbp0EyxCC1JmqlQ3QsGF4qqCvUA7DJk004ZmLiQZsYzzSG58FN0oKOLWpzCdDl5aD4T8fOf8JOd3QkaFNIwXbW5+YXFpObeSX11b39jUt7abIog4Jg0csIC3HSQIoz5pSCoZaYecIM9hpOUMz8b91g3hggb+tRyFxPJQ36cuxUgqZOvn9eKtHUv7MDlIbzMpwVPYFZFnxymoJMn3yF1GShmp/JhsvWCUjbTgrDAzUQBZ1W39sdsLcOQRX2KGhOiYRiitGHFJMSNJvhsJEiI8RH3SUdJHHhFWnC6cwH1FetANuDq+hCn97YiRJ8TIc9Skh+RATPfG8L9eJ5LuiRVTP4wk8fHkITdiUAZwnB7sUU6wZCMlEOZU/RXiAeIIS5VxXoVgTq88K5qVslktV6+OCrXLLI4c2AV7oAhMcAxq4ALUQQNgcA+ewCt40x60Z+1d+5iMzmmZZwf8Ke3zC9/GqYw=</latexit>

P (xt3 , xt1) =
X

xt2

P (xt3 |xt2)P (xt2 , xt1)

<latexit sha1_base64="WvVzAJ0NagMR6PTlEw9RXHIulp4=">AAACMHicbVBNS8MwGE79nPOr6tFLcAjbZbRVphdh4EHxNMF9wFZKmqVbWPpBkoqj9id58afoRUERr/4Ks66gbr4Q8vB8kLyPGzEqpGG8aguLS8srq4W14vrG5ta2vrPbEmHMMWnikIW84yJBGA1IU1LJSCfiBPkuI213dD7R27eECxoGN3IcEdtHg4B6FCOpKEe/aJTvnEQ6R+l9dptpBZ7Bnoh9J8kIK01nLFZayRnrJ+ToJaNqZAPngZmDEsin4ehPvX6IY58EEjMkRNc0ImkniEuKGUmLvViQCOERGpCuggHyibCTbOEUHiqmD72QqxNImLG/EwnyhRj7rnL6SA7FrDYh/9O6sfRO7YQGUSxJgKcPeTGDMoST9mCfcoIlGyuAMKfqrxAPEUdYqo6LqgRzduV50LKqZq1auz4u1a/yOgpgHxyAMjDBCaiDS9AATYDBA3gGb+Bde9RetA/tc2pd0PLMHvgz2tc35+WqLA==</latexit>

P (xt3 |xt1) =
X

xt2

P (xt3 |xt2)P (xt2 |xt1)

<latexit sha1_base64="IfF1R5EuTLA/pGhnOSIYF4J1D50=">AAACAHicbVDLSgMxFL3js9bXqAsXboJFqJsyI1LdCAVBXFboC9phyKSZNjTzIMmIw1gQf8WNC0Xc+hnu/BvTB6KtBy6cnHMvufd4MWdSWdaXsbC4tLyymlvLr29sbm2bO7sNGSWC0DqJeCRaHpaUs5DWFVOctmJBceBx2vQGlyO/eUuFZFFYU2lMnQD3QuYzgpWWXHO/Vrxz1X3qymN0gao/D9csWCVrDDRP7CkpwBRV1/zsdCOSBDRUhGMp27YVKyfDQjHC6TDfSSSNMRngHm1rGuKASicbHzBER1rpIj8SukKFxurviQwHUqaBpzsDrPpy1huJ/3ntRPnnTsbCOFE0JJOP/IQjFaFRGqjLBCWKp5pgIpjeFZE+FpgonVleh2DPnjxPGiclu1wq35wWKlcPkzhycACHUAQbzqAC11CFOhAYwhO8wKvxaDwbb8b7pHXBmEa4B39gfHwDUtCWBw==</latexit>

T (xt|ys) = P (xt|ys)

transition probability
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Classical Markov processes fully chararacterized by initial distribution             and 
(conditional) transition probability                                  , which obeys the Chapman-
Kolmogorov equation

<latexit sha1_base64="AIinyXGj2cu1SK8SWuCsZOoAFBM="></latexit>

P (xtn , xtn�1 , ..., xt1) =
n�1Y

i=1

T (xti+1 |xti)P (xt1)

<latexit sha1_base64="cfQ+1BvYp3h8ZBqu1SaPkVVk4VA=">AAACHHicbVDNS8MwHE39nPOr6tFLcAjbZbQq04sw8KK3CfuCrZQ0S7ewNC1JKhu1f4gX/xUvHhTx4kHwvzHbKujmg5DHe+9H8ntexKhUlvVlLC2vrK6t5zbym1vbO7vm3n5ThrHApIFDFoq2hyRhlJOGooqRdiQICjxGWt7wauK37oiQNOR1NY6IE6A+pz7FSGnJNU9rxZGbKNdOS/ASdmUcuMnItdL6j3w/va20lAU1c82CVbamgIvEzkgBZKi55ke3F+I4IFxhhqTs2FaknAQJRTEjab4bSxIhPER90tGUo4BIJ5kul8JjrfSgHwp9uIJT9fdEggIpx4GnkwFSAznvTcT/vE6s/AsnoTyKFeF49pAfM6hCOGkK9qggWLGxJggLqv8K8QAJhJXuM69LsOdXXiTNk7JdKVduzwrVm6yOHDgER6AIbHAOquAa1EADYPAAnsALeDUejWfjzXifRZeMbOYA/IHx+Q1S7aD0</latexit>

P (xt1) =
X

x0

T (xt1 |xt0)P (xt0)

<latexit sha1_base64="k/FXbZ17P5UNMdFWaTq8Wle3mPo=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR4LgnisYD+wDWGz3bRLN5uwOxFLKPgjvHhQxKv/xpv/xu3HQVsfDDzem2FmXpAIrtFxvq3cyura+kZ+s7C1vbO7V9w/aOo4VZQ1aCxi1Q6IZoJL1kCOgrUTxUgUCNYKhlcTv/XAlOaxvMNRwryI9CUPOSVopPt6+dHP0HfGp36x5FScKexl4s5JCeao+8Wvbi+macQkUkG07rhOgl5GFHIq2LjQTTVLCB2SPusYKknEtJdNLx7bJ0bp2WGsTEm0p+rviYxEWo+iwHRGBAd60ZuI/3mdFMNLL+MySZFJOlsUpsLG2J68b/e4YhTFyBBCFTe32nRAFKFoQiqYENzFl5dJ86ziVivV2/NS7fppFkcejuAYyuDCBdTgBurQAAoSnuEV3ixtvVjv1sesNWfNIzyEP7A+fwDx1JDg</latexit>

P (xt0)
<latexit sha1_base64="dj3V+SFG7yv+WdJ6c7Uo/pBgyj0=">AAACBXicbZBLSwMxFIXv+Kz1NepSF8Ei1E2ZEakuC4K4rNAXtGXIpJk2NPMwyRSHsSBu/CtuXCji1v/gzn9j+kC09UDg8J0bknvciDOpLOvLWFhcWl5Zzaxl1zc2t7bNnd2aDGNBaJWEPBQNF0vKWUCriilOG5Gg2Hc5rbv9i1FeH1AhWRhUVBLRto+7AfMYwUojxzyo5G8ddZc48hi16E3MBqj8QxwzZxWssdC8sacmB1OVHfOz1QlJ7NNAEY6lbNpWpNopFooRTofZVixphEkfd2lT2wD7VLbT8RZDdKRJB3mh0CdQaEx/30ixL2Xiu3rSx6onZ7MR/C9rxso7b6csiGJFAzJ5yIs5UiEaVYI6TFCieKINJoLpvyLSwwITpYvL6hLs2ZXnTe2kYBcLxevTXOnyflJHBvbhEPJgwxmU4ArKUAUCD/AEL/BqPBrPxpvxPhldMKYV7sEfGR/ftguYgg==</latexit>

T (xt|ys) ⌘ P (xt|ys)

<latexit sha1_base64="7iJAT19/zuJ5Zzr7KBHK93p+Gjc=">AAACG3icbVDLSgMxFM3UV62vUZdugkVoN2WmSHUjFNzorkJf0ClDJk3b0MyD5I7Yjv0PN/6KGxeKuBJc+DemD0FbDwQO55zLzT1eJLgCy/oyUiura+sb6c3M1vbO7p65f1BXYSwpq9FQhLLpEcUED1gNOAjWjCQjvidYwxtcTvzGLZOKh0EVhhFr+6QX8C6nBLTkmsVq7s6F+6Gr8vgCOyr23RGeaSM3cYDE43w190OnOdfMWgVrCrxM7DnJojkqrvnhdEIa+ywAKohSLduKoJ0QCZwKNs44sWIRoQPSYy1NA+Iz1U6mt43xiVY6uBtK/QLAU/X3REJ8pYa+p5M+gb5a9Cbif14rhu55O+FBFAML6GxRNxYYQjwpCne4ZBTEUBNCJdd/xbRPJKGg68zoEuzFk5dJvViwS4XSzWm2fD2vI42O0DHKIRudoTK6QhVUQxQ9oCf0gl6NR+PZeDPeZ9GUMZ85RH9gfH4Dx0mhVQ==</latexit>

T (xt|ys) =
X

z

T (xt|z⌧ )T (z⌧ |ys)
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Can we naturally extend the classical definition of a Markov 
process to the quantum domain?

<latexit sha1_base64="XfrFVcB2SmtwKs6UHnURtNtrayc=">AAACJHicbVDLSgMxFM3UV62vUZdugkVooQ4zIlUQoeBGXFWwD2jLkEnTNjSTGZKMWMb5GDf+ihsXPnDhxm8xnXahbQ+EnJx7Ljf3eCGjUtn2t5FZWl5ZXcuu5zY2t7Z3zN29ugwigUkNBywQTQ9JwignNUUVI81QEOR7jDS84dW43rgnQtKA36lRSDo+6nPaoxgpLbnmRbXw4MbK5cljesf82EmSkmVZpfTtJEV4CReaiq6Zty07BZwnzpTkwRRV1/xodwMc+YQrzJCULccOVSdGQlHMSJJrR5KECA9Rn7Q05cgnshOnSybwSCtd2AuEPlzBVP3bESNfypHvaaeP1EDO1sbiolorUr3zTkx5GCnC8WRQL2JQBXCcGOxSQbBiI00QFlT/FeIBEggrnWtOh+DMrjxP6ieWU7bKt6f5ys00jiw4AIegABxwBirgGlRBDWDwBF7AG3g3no1X49P4mlgzxrRnH/yD8fML5tWkZA==</latexit>

P (xtn |xtn�1 , ..., xt1) = P (xtn |xtn�1)
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Can we naturally extend the classical definition of a Markov 
process to the quantum domain?

… not really 
<latexit sha1_base64="XfrFVcB2SmtwKs6UHnURtNtrayc=">AAACJHicbVDLSgMxFM3UV62vUZdugkVooQ4zIlUQoeBGXFWwD2jLkEnTNjSTGZKMWMb5GDf+ihsXPnDhxm8xnXahbQ+EnJx7Ljf3eCGjUtn2t5FZWl5ZXcuu5zY2t7Z3zN29ugwigUkNBywQTQ9JwignNUUVI81QEOR7jDS84dW43rgnQtKA36lRSDo+6nPaoxgpLbnmRbXw4MbK5cljesf82EmSkmVZpfTtJEV4CReaiq6Zty07BZwnzpTkwRRV1/xodwMc+YQrzJCULccOVSdGQlHMSJJrR5KECA9Rn7Q05cgnshOnSybwSCtd2AuEPlzBVP3bESNfypHvaaeP1EDO1sbiolorUr3zTkx5GCnC8WRQL2JQBXCcGOxSQbBiI00QFlT/FeIBEggrnWtOh+DMrjxP6ieWU7bKt6f5ys00jiw4AIegABxwBirgGlRBDWDwBF7AG3g3no1X49P4mlgzxrRnH/yD8fML5tWkZA==</latexit>

P (xtn |xtn�1 , ..., xt1) = P (xtn |xtn�1)

<latexit sha1_base64="/j6GZtkapayJWXTahAm7TRq2HMo=">AAAB6nicdVDLSgNBEJz1GeMr6tHLYBA8LbPBJHoLCOIxonlAsoTZyWwyZHZ2mekVwhLwB7x4UMSrX+TNv3HyEFS0oKGo6qa7K0ikMEDIh7O0vLK6tp7byG9ube/sFvb2myZONeMNFstYtwNquBSKN0CA5O1EcxoFkreC0cXUb91xbUSsbmGccD+iAyVCwShY6QZ6Xq9QJO45IWWvhIlLZpiScrnqVbC3UIpogXqv8N7txyyNuAImqTEdjyTgZ1SDYJJP8t3U8ISyER3wjqWKRtz42ezUCT62Sh+HsbalAM/U7xMZjYwZR4HtjCgMzW9vKv7ldVIIz/xMqCQFrth8UZhKDDGe/o37QnMGcmwJZVrYWzEbUk0Z2HTyNoSvT/H/pFlyvYpbuT4t1i7v53Hk0CE6QifIQ1VUQ1eojhqIoQF6QE/o2ZHOo/PivM5bl5xFhAfoB5y3T2t5jlQ=</latexit>

t1

<latexit sha1_base64="K+a9uk5KGRcLGCDUs8KcIgPApww=">AAAB6nicdVBNSwMxEM36WetX1aOXYBE8LdliW70VBPFY0X5Au5Rsmm1Ds9klmRVKKfgHvHhQxKu/yJv/xmxbQUUfDDzem2FmXpBIYYCQD2dpeWV1bT23kd/c2t7ZLeztN02casYbLJaxbgfUcCkUb4AAyduJ5jQKJG8Fo4vMb91xbUSsbmGccD+iAyVCwShY6QZ6pV6hSNxzQspeCROXzJCRcrnqVbC3UIpogXqv8N7txyyNuAImqTEdjyTgT6gGwSSf5rup4QllIzrgHUsVjbjxJ7NTp/jYKn0cxtqWAjxTv09MaGTMOApsZ0RhaH57mfiX10khPPMnQiUpcMXmi8JUYohx9jfuC80ZyLEllGlhb8VsSDVlYNPJ2xC+PsX/k2bJ9Spu5fq0WLu8n8eRQ4foCJ0gD1VRDV2hOmoghgboAT2hZ0c6j86L8zpvXXIWER6gH3DePgFs/Y5V</latexit>

t2

<latexit sha1_base64="lBFcwlfkS9EQ+3R2o6P3lmgr7+E=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqbfVWEMRjRfsBbSib7aZdutmE3YlQQsE/4MWDIl79Rd78N27aCir6YODx3gwz8/xYcA2O82HllpZXVtfy64WNza3tneLuXktHiaKsSSMRqY5PNBNcsiZwEKwTK0ZCX7C2P77I/PYdU5pH8hYmMfNCMpQ84JSAkW6gf9Ivlhz73HEqbhk7tjNDRiqVmlvF7kIpoQUa/eJ7bxDRJGQSqCBad10nBi8lCjgVbFroJZrFhI7JkHUNlSRk2ktnp07xkVEGOIiUKQl4pn6fSEmo9ST0TWdIYKR/e5n4l9dNIDjzUi7jBJik80VBIjBEOPsbD7hiFMTEEEIVN7diOiKKUDDpFEwIX5/i/0mrbLtVu3p9Wqpf3s/jyKMDdIiOkYtqqI6uUAM1EUVD9ICe0LMlrEfrxXqdt+asRYT76Aest09ugY5W</latexit>

t3
<latexit sha1_base64="spplDcXtTv0/x5kgA53i1jxus+g=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6bYVncFQVxWsA9oh5LJZNrYTDIkGaEMBT/BjQtF3Po/7vwbM20FFT1w4XDOvdx7T5Bwpg1CH87S8srq2npho7i5tb2zW9rbb2uZKkJbRHKpugHWlDNBW4YZTruJojgOOO0E44vc79xRpZkUN2aSUD/GQ8EiRrCxUrtPQmn0oFRG7jlCVa8CkYtmyEm1Wvdq0FsoZbBAc1B674eSpDEVhnCsdc9DifEzrAwjnE6L/VTTBJMxHtKepQLHVPvZ7NopPLZKCCOpbAkDZ+r3iQzHWk/iwHbG2Iz0by8X//J6qYnO/IyJJDVUkPmiKOXQSJi/DkOmKDF8YgkmitlbIRlhhYmxARVtCF+fwv9Ju+J6Nbd2fVpuXN7P4yiAQ3AEToAH6qABrkATtAABt+ABPIFnRzqPzovzOm9dchYRHoAfcN4+ARRHj+c=</latexit>· · ·

Measurements on a 
quantum system 
generally changes its 
behavior

<latexit sha1_base64="MGOvo7v3KFyNDrnidGQqJkMoagM=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbPBJHoLCOIxonlAsoTZyWwyZHZ2mZkVwhLwB7x4UMSrX+TNv3HyEFS0oKGo6qa7K0gE1wbjD2dpeWV1bT23kd/c2t7ZLeztN3WcKsoaNBaxagdEM8ElaxhuBGsnipEoEKwVjC6mfuuOKc1jeWvGCfMjMpA85JQYK92YnuwVitg9x7jslRB28QxTUi5XvQryFkoRFqj3Cu/dfkzTiElDBdG64+HE+BlRhlPBJvluqllC6IgMWMdSSSKm/Wx26gQdW6WPwljZkgbN1O8TGYm0HkeB7YyIGerf3lT8y+ukJjzzMy6T1DBJ54vCVCATo+nfqM8Vo0aMLSFUcXsrokOiCDU2nbwN4etT9D9pllyv4lauT4u1y/t5HDk4hCM4AQ+qUIMrqEMDKAzgAZ7g2RHOo/PivM5bl5xFhAfwA87bJ8ftjpE=</latexit>

tn



Quantum Markov processes
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Can we naturally extend the classical definition of a Markov 
process to the quantum domain?

… not really 
<latexit sha1_base64="XfrFVcB2SmtwKs6UHnURtNtrayc=">AAACJHicbVDLSgMxFM3UV62vUZdugkVooQ4zIlUQoeBGXFWwD2jLkEnTNjSTGZKMWMb5GDf+ihsXPnDhxm8xnXahbQ+EnJx7Ljf3eCGjUtn2t5FZWl5ZXcuu5zY2t7Z3zN29ugwigUkNBywQTQ9JwignNUUVI81QEOR7jDS84dW43rgnQtKA36lRSDo+6nPaoxgpLbnmRbXw4MbK5cljesf82EmSkmVZpfTtJEV4CReaiq6Zty07BZwnzpTkwRRV1/xodwMc+YQrzJCULccOVSdGQlHMSJJrR5KECA9Rn7Q05cgnshOnSybwSCtd2AuEPlzBVP3bESNfypHvaaeP1EDO1sbiolorUr3zTkx5GCnC8WRQL2JQBXCcGOxSQbBiI00QFlT/FeIBEggrnWtOh+DMrjxP6ieWU7bKt6f5ys00jiw4AIegABxwBirgGlRBDWDwBF7AG3g3no1X49P4mlgzxrRnH/yD8fML5tWkZA==</latexit>

P (xtn |xtn�1 , ..., xt1) = P (xtn |xtn�1)

There is no quantum analogue of the       point probability distribution  <latexit sha1_base64="KkC5jx29V6H0zUl1Pd4W1IUD2T8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURqR4LXnqsYm2hDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uHRo4lTzXiLxTLWnYAaLoXiLRQoeSfRnEaB5O1gfDvz209cGxGrB5wk3I/oUIlQMIpWulcX/XLFrbpzkFXi5aQCOZr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+aXTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPEzoZIUuWKLRWEqCcZk9jYZCM0ZyokllGlhbyVsRDVlaMMp2RC85ZdXyeNl1atVa3dXlXojj6MIJ3AK5+DBNdShAU1oAYMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifP0YGjTo=</latexit>n�
<latexit sha1_base64="ZPdAc/lbgv75PaqKNFBx1EP7toc=">AAAB/3icbZDLSsNAFIYnXmu9RQU3bgaLUKGERKS6LLjpsoK9QBvCZDpph04mYWYilpiFr+LGhSJufQ13vo3TNAtt/WHg4z/ncM78fsyoVLb9baysrq1vbJa2yts7u3v75sFhR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr+5GZW794TIWnE79Q0Jm6IRpwGFCOlLc88blUfvFR5PKtZllXL2cnOPbNiW3YuuAxOARVQqOWZX4NhhJOQcIUZkrLv2LFyUyQUxYxk5UEiSYzwBI1IXyNHIZFumt+fwTPtDGEQCf24grn7eyJFoZTT0NedIVJjuVibmf/V+okKrt2U8jhRhOP5oiBhUEVwFgYcUkGwYlMNCAuqb4V4jATCSkdW1iE4i19ehs6F5dSt+u1lpdEs4iiBE3AKqsABV6ABmqAF2gCDR/AMXsGb8WS8GO/Gx7x1xShmjsAfGZ8/PUCU/g==</latexit>

P (xtn , ..., xt1)

<latexit sha1_base64="/j6GZtkapayJWXTahAm7TRq2HMo=">AAAB6nicdVDLSgNBEJz1GeMr6tHLYBA8LbPBJHoLCOIxonlAsoTZyWwyZHZ2mekVwhLwB7x4UMSrX+TNv3HyEFS0oKGo6qa7K0ikMEDIh7O0vLK6tp7byG9ube/sFvb2myZONeMNFstYtwNquBSKN0CA5O1EcxoFkreC0cXUb91xbUSsbmGccD+iAyVCwShY6QZ6Xq9QJO45IWWvhIlLZpiScrnqVbC3UIpogXqv8N7txyyNuAImqTEdjyTgZ1SDYJJP8t3U8ISyER3wjqWKRtz42ezUCT62Sh+HsbalAM/U7xMZjYwZR4HtjCgMzW9vKv7ldVIIz/xMqCQFrth8UZhKDDGe/o37QnMGcmwJZVrYWzEbUk0Z2HTyNoSvT/H/pFlyvYpbuT4t1i7v53Hk0CE6QifIQ1VUQ1eojhqIoQF6QE/o2ZHOo/PivM5bl5xFhAfoB5y3T2t5jlQ=</latexit>

t1

<latexit sha1_base64="K+a9uk5KGRcLGCDUs8KcIgPApww=">AAAB6nicdVBNSwMxEM36WetX1aOXYBE8LdliW70VBPFY0X5Au5Rsmm1Ds9klmRVKKfgHvHhQxKu/yJv/xmxbQUUfDDzem2FmXpBIYYCQD2dpeWV1bT23kd/c2t7ZLeztN02casYbLJaxbgfUcCkUb4AAyduJ5jQKJG8Fo4vMb91xbUSsbmGccD+iAyVCwShY6QZ6pV6hSNxzQspeCROXzJCRcrnqVbC3UIpogXqv8N7txyyNuAImqTEdjyTgT6gGwSSf5rup4QllIzrgHUsVjbjxJ7NTp/jYKn0cxtqWAjxTv09MaGTMOApsZ0RhaH57mfiX10khPPMnQiUpcMXmi8JUYohx9jfuC80ZyLEllGlhb8VsSDVlYNPJ2xC+PsX/k2bJ9Spu5fq0WLu8n8eRQ4foCJ0gD1VRDV2hOmoghgboAT2hZ0c6j86L8zpvXXIWER6gH3DePgFs/Y5V</latexit>

t2

<latexit sha1_base64="lBFcwlfkS9EQ+3R2o6P3lmgr7+E=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU0iqbfVWEMRjRfsBbSib7aZdutmE3YlQQsE/4MWDIl79Rd78N27aCir6YODx3gwz8/xYcA2O82HllpZXVtfy64WNza3tneLuXktHiaKsSSMRqY5PNBNcsiZwEKwTK0ZCX7C2P77I/PYdU5pH8hYmMfNCMpQ84JSAkW6gf9Ivlhz73HEqbhk7tjNDRiqVmlvF7kIpoQUa/eJ7bxDRJGQSqCBad10nBi8lCjgVbFroJZrFhI7JkHUNlSRk2ktnp07xkVEGOIiUKQl4pn6fSEmo9ST0TWdIYKR/e5n4l9dNIDjzUi7jBJik80VBIjBEOPsbD7hiFMTEEEIVN7diOiKKUDDpFEwIX5/i/0mrbLtVu3p9Wqpf3s/jyKMDdIiOkYtqqI6uUAM1EUVD9ICe0LMlrEfrxXqdt+asRYT76Aest09ugY5W</latexit>

t3
<latexit sha1_base64="spplDcXtTv0/x5kgA53i1jxus+g=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ6bYVncFQVxWsA9oh5LJZNrYTDIkGaEMBT/BjQtF3Po/7vwbM20FFT1w4XDOvdx7T5Bwpg1CH87S8srq2npho7i5tb2zW9rbb2uZKkJbRHKpugHWlDNBW4YZTruJojgOOO0E44vc79xRpZkUN2aSUD/GQ8EiRrCxUrtPQmn0oFRG7jlCVa8CkYtmyEm1Wvdq0FsoZbBAc1B674eSpDEVhnCsdc9DifEzrAwjnE6L/VTTBJMxHtKepQLHVPvZ7NopPLZKCCOpbAkDZ+r3iQzHWk/iwHbG2Iz0by8X//J6qYnO/IyJJDVUkPmiKOXQSJi/DkOmKDF8YgkmitlbIRlhhYmxARVtCF+fwv9Ju+J6Nbd2fVpuXN7P4yiAQ3AEToAH6qABrkATtAABt+ABPIFnRzqPzovzOm9dchYRHoAfcN4+ARRHj+c=</latexit>· · ·

Measurements on a 
quantum system 
generally changes its 
behavior

<latexit sha1_base64="MGOvo7v3KFyNDrnidGQqJkMoagM=">AAAB6nicdVDLSgNBEOz1GeMr6tHLYBA8LbPBJHoLCOIxonlAsoTZyWwyZHZ2mZkVwhLwB7x4UMSrX+TNv3HyEFS0oKGo6qa7K0gE1wbjD2dpeWV1bT23kd/c2t7ZLeztN3WcKsoaNBaxagdEM8ElaxhuBGsnipEoEKwVjC6mfuuOKc1jeWvGCfMjMpA85JQYK92YnuwVitg9x7jslRB28QxTUi5XvQryFkoRFqj3Cu/dfkzTiElDBdG64+HE+BlRhlPBJvluqllC6IgMWMdSSSKm/Wx26gQdW6WPwljZkgbN1O8TGYm0HkeB7YyIGerf3lT8y+ukJjzzMy6T1DBJ54vCVCATo+nfqM8Vo0aMLSFUcXsrokOiCDU2nbwN4etT9D9pllyv4lauT4u1y/t5HDk4hCM4AQ+qUIMrqEMDKAzgAZ7g2RHOo/PivM5bl5xFhAfwA87bJ8ftjpE=</latexit>

tn
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Global (extrinsic) picture: Markovianity is property of both the 
system and environment (e.g. past-future independence)

Reduced (intrinsic) picture: Markovianity property of the 
quantum dynamical map (e.g. divisibility)

L. Li, M. J.W. Hall, & H. M. Wiseman, Phys. Rep. 759, 
0370 (2018) 

F. Buscemi, 684th WE-Heraeus-Seminar, Bad Honnef, 
04-12-18
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Global (extrinsic) picture: Markovianity is property of both the 
system and environment (e.g. past-future independence)

Reduced (intrinsic) picture: Markovianity property of the 
quantum dynamical map (e.g. divisibility)

Li Li, Michael J.W. Hall, & Howard M. Wiseman, Phys. 
Rep. 759, 0370 (2018) 

F. Buscemi, 684th WE-Heraeus-Seminar, Bad Honnef, 
04-12-18
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<latexit sha1_base64="t24dZOo2QcF9Zf0RecSBtlRKmNs=">AAACCnicbVDLSgMxFM3UV62vUZduokVwoWVGpLoRCm4UXFSwD+jUIZOmbWjmQXJHKMOs3fgrblwo4tYvcOffmGlnodUDCYdzziW5x4sEV2BZX0Zhbn5hcam4XFpZXVvfMDe3miqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5o4vMb90zqXgY3MI4Yl2fDALe55SAllxz17nW4R5xEzhUKT7HTn3IXcjuu+TITl3lmmWrYk2A/xI7J2WUo+6an04vpLHPAqCCKNWxrQi6CZHAqWBpyYkViwgdkQHraBoQn6luMlklxfta6eF+KPUJAE/UnxMJ8ZUa+55O+gSGatbLxP+8Tgz9s27CgygGFtDpQ/1YYAhx1gvucckoiLEmhEqu/4rpkEhCQbdX0iXYsyv/Jc3jil2tVG9OyrWrvI4i2kF76ADZ6BTV0CWqowai6AE9oRf0ajwaz8ab8T6NFox8Zhv9gvHxDQC9md4=</latexit>

⇤t,s = �t�
�1
s

<latexit sha1_base64="E3ZVIubspRDN8Gwu06ZiDsFfq24=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIVDdCwY2Ciwr2AU0Ik8mkHTp5MHMjlNCNG3/FjQtF3PoP7vwbp2kX2npg4HDOPdy5x08FV2BZ38bC4tLyympprby+sbm1be7stlSSScqaNBGJ7PhEMcFj1gQOgnVSyUjkC9b2B1djv/3ApOJJfA/DlLkR6cU85JSAljzzwGn0uQf4Eju3OhUQL4cTNSpU5ZkVq2oVwPPEnpIKmqLhmV9OkNAsYjFQQZTq2lYKbk4kcCrYqOxkiqWEDkiPdTWNScSUmxdXjPCRVgIcJlK/GHCh/k7kJFJqGPl6MiLQV7PeWPzP62YQXrg5j9MMWEwni8JMYEjwuBIccMkoiKEmhEqu/4ppn0hCQRdX1iXYsyfPk9Zp1a5Va3dnlfrNtI4S2keH6BjZ6BzV0TVqoCai6BE9o1f0ZjwZL8a78TEZXTCmmT30B8bnD3c7l/g=</latexit>

�t = ⇤t,s�s <latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s two-parameter map

<latexit sha1_base64="hxILZRIhkKyfWGd/YwH9eEAErik=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2m3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFKDeyXym7FnYOsEi8nZchR75e+eoOYpRFXyCQ1puu5CfoZ1SiY5NNiLzU8oWxMh7xrqaIRN342P3RKzq0yIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuGNnwmVpMgVWywKU0kwJrOvyUBozlBOLKFMC3srYSOqKUObTdGG4C2/vEpalxWvWqk2rsq1+zyOApzCGVyAB9dQgzuoQxMYcHiGV3hzHp0X5935WLSuOfnMCfyB8/kD5daNCg==</latexit>

t
<latexit sha1_base64="V1Qx/1xpCBB4xqG5giSQriZIKIs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vM4CnAKZ3ABHlxDDe6gDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsaMxg==</latexit>

0

<latexit sha1_base64="B2Xc/rYWcvFGwJfG50/5EF2+/TY=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBItQN2VGpLosCOKygn1AO5RMmmlDM0lIMkIZCv6CGxeKuPV73Pk3po+Fth64cDjnXu69J1KcGev7315ubX1jcyu/XdjZ3ds/KB4eNY1MNaENIrnU7QgbypmgDcssp22lKU4iTlvR6Gbqtx6pNkyKBztWNEzwQLCYEWyd1OrqoSz7571iya/4M6BVEixICRao94pf3b4kaUKFJRwb0wl8ZcMMa8sIp5NCNzVUYTLCA9pxVOCEmjCbnTtBZ07po1hqV8Kimfp7IsOJMeMkcp0JtkOz7E3F/7xOauPrMGNCpZYKMl8UpxxZiaa/oz7TlFg+dgQTzdytiAyxxsS6hAouhGD55VXSvKgE1Ur1/rJUu32ax5GHEziFMgRwBTW4gzo0gMAInuEV3jzlvXjv3se8NectIjyGP/A+fwCCOI91</latexit>

⇢(0)
<latexit sha1_base64="6E7DIu8kxfWJ3QsD7nK4O+4n3Co=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMCOIxgnlAsoTZyWwyZHZ2mekVwhLwF7x4UMSr3+PNv3HyOGhiQUNR1U13V5BIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxesBxwv2IDpQIBaNopVZXD+MynveKJbfizkBWibcgJVig3it+dfsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHUkUjbvxsdu6EnFmlT8JY21JIZurviYxGxoyjwHZGFIdm2ZuK/3mdFMNrPxMqSZErNl8UppJgTKa/k77QnKEcW0KZFvZWwoZUU4Y2oYINwVt+eZU0LypetVK9vyzVbp/mceThBE6hDB5cQQ3uoA4NYDCCZ3iFNydxXpx352PemnMWER7DHzifP+mMj7k=</latexit>

⇢(t)
<latexit sha1_base64="OYcOc422GpjXugh6l8WCczcwJJg=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBItQN2VGpLosCOKygn1AO5RMmmlDM0lIMkIZCv6CGxeKuPV73Pk3po+Fth64cDjnXu69J1KcGev7315ubX1jcyu/XdjZ3ds/KB4eNY1MNaENIrnU7QgbypmgDcssp22lKU4iTlvR6Gbqtx6pNkyKBztWNEzwQLCYEWyd1OrqoSyb816x5Ff8GdAqCRakBAvUe8Wvbl+SNKHCEo6N6QS+smGGtWWE00mhmxqqMBnhAe04KnBCTZjNzp2gM6f0USy1K2HRTP09keHEmHESuc4E26FZ9qbif14ntfF1mDGhUksFmS+KU46sRNPfUZ9pSiwfO4KJZu5WRIZYY2JdQgUXQrD88ippXlSCaqV6f1mq3T7N48jDCZxCGQK4ghrcQR0aQGAEz/AKb57yXrx372PemvMWER7DH3ifP+gHj7g=</latexit>

⇢(s)

<latexit sha1_base64="EECCfRi6O/vAd+gra7KK/fwG6PI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FiprnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwAJeo2G</latexit>s

<latexit sha1_base64="BtKs6tiaJPIEOdWPfB881DNFGpA=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8KK3COYByRJmJ73JkNmHM7NCDPkSLx4U8eqnePNvnGz2oIkFTRdV3UxP+YngSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PbH13O//YhS8Ti615MEvZAOIx5wRrWR+nZZ94b4QBTJmkP6dsWpOhnIKnFzUoEcjb791RvELA0x0kxQpbquk2hvSqXmTOCs1EsVJpSN6RC7hkY0ROVNs8Nn5NQoAxLE0lSkSab+3pjSUKlJ6JvJkOqRWvbm4n9eN9XBlTflUZJqjNjioSAVRMdkngIZcIlMi4khlElubiVsRCVl2mRVMiG4y19eJa3zqlur1u4uKvXbPI4iHMMJnIELl1CHG2hAExik8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QMZ1pIc</latexit>

t � s � 0
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<latexit sha1_base64="t24dZOo2QcF9Zf0RecSBtlRKmNs=">AAACCnicbVDLSgMxFM3UV62vUZduokVwoWVGpLoRCm4UXFSwD+jUIZOmbWjmQXJHKMOs3fgrblwo4tYvcOffmGlnodUDCYdzziW5x4sEV2BZX0Zhbn5hcam4XFpZXVvfMDe3miqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5o4vMb90zqXgY3MI4Yl2fDALe55SAllxz17nW4R5xEzhUKT7HTn3IXcjuu+TITl3lmmWrYk2A/xI7J2WUo+6an04vpLHPAqCCKNWxrQi6CZHAqWBpyYkViwgdkQHraBoQn6luMlklxfta6eF+KPUJAE/UnxMJ8ZUa+55O+gSGatbLxP+8Tgz9s27CgygGFtDpQ/1YYAhx1gvucckoiLEmhEqu/4rpkEhCQbdX0iXYsyv/Jc3jil2tVG9OyrWrvI4i2kF76ADZ6BTV0CWqowai6AE9oRf0ajwaz8ab8T6NFox8Zhv9gvHxDQC9md4=</latexit>

⇤t,s = �t�
�1
s

<latexit sha1_base64="E3ZVIubspRDN8Gwu06ZiDsFfq24=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIVDdCwY2Ciwr2AU0Ik8mkHTp5MHMjlNCNG3/FjQtF3PoP7vwbp2kX2npg4HDOPdy5x08FV2BZ38bC4tLyympprby+sbm1be7stlSSScqaNBGJ7PhEMcFj1gQOgnVSyUjkC9b2B1djv/3ApOJJfA/DlLkR6cU85JSAljzzwGn0uQf4Eju3OhUQL4cTNSpU5ZkVq2oVwPPEnpIKmqLhmV9OkNAsYjFQQZTq2lYKbk4kcCrYqOxkiqWEDkiPdTWNScSUmxdXjPCRVgIcJlK/GHCh/k7kJFJqGPl6MiLQV7PeWPzP62YQXrg5j9MMWEwni8JMYEjwuBIccMkoiKEmhEqu/4ppn0hCQRdX1iXYsyfPk9Zp1a5Va3dnlfrNtI4S2keH6BjZ6BzV0TVqoCai6BE9o1f0ZjwZL8a78TEZXTCmmT30B8bnD3c7l/g=</latexit>

�t = ⇤t,s�s

• P-divisible if         is a positive map                              .

• CP-divisible if         is a completely positive map           ,                            .

<latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s
<latexit sha1_base64="TYW2J4pGEjL0OuoVmkpbC+fVW8s=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuJAyI1JdFgRxWcE+oDOWTJppQzPJmGSUMhT8GW5cKOLW/+LOf2P6WGjrgcDHOTfk5oQJZ9q47reTW1peWV3Lrxc2Nre2d4q7ew0tU0VonUguVSvEmnImaN0ww2krURTHIafNcHA5zpsPVGkmxa0ZJjSIcU+wiBFsrHXnq770dUoIvUfuSadYcsvuRGgRvBmUYKZap/jldyVJYyoM4VjrtucmJsiwMoxwOir4qaYJJgPco22LAsdUB9lk6xE6sk4XRVLZIwyauL9vZDjWehiHdjLGpq/ns7H5X9ZOTXQRZEwkqaGCTB+KUo6MROMKUJcpSgwfWsBEMbsrIn2sMDG2qIItwZv/8iI0TstepVy5OStVr56mdeThAA7hGDw4hypcQw3qQEDBM7zCm/PovDjvzsd0NOfMKtyHP3I+fwD1y5KW</latexit>

⇢ ⌫ 0,
<latexit sha1_base64="7m/e2w299f8XGQN+CouY8aIP92g=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBhZQZkeqyIIgLFxXsAzrDkMlk2tBMMiYZoQyFbvwVNy4UcetPuPNvTB8LbT1w4XDOuST3hCmjSjvOt1VYWl5ZXSuulzY2t7Z37N29phKZxKSBBROyHSJFGOWkoalmpJ1KgpKQkVbYvxr7rUciFRX8Xg9S4ieoy2lMMdJGCuwD79aEIxTk+lQNPdkTnsowJg/QCeyyU3EmgIvEnZEymKEe2F9eJHCWEK4xQ0p1XCfVfo6kppiRYcnLFEkR7qMu6RjKUUKUn09uGMJjo0QwFtIM13Ci/t7IUaLUIAlNMkG6p+a9sfif18l0fOnnlKeZJhxPH4ozBrWA40JgRCXBmg0MQVhS81eIe0girE1tJVOCO3/yImmeVdxqpXp3Xq5dj6Z1FMEhOAInwAUXoAZuQB00AAYj8AxewZv1ZL1Y79bHNFqwZhXugz+wPn8A4XyYGg==</latexit>

⇤t,s⇢ ⌫ 0

<latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s
<latexit sha1_base64="J9R7ReRfnCxkUdg7h/xRjdMSTo4=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRKrLgiAuK9gHdIaSSTNtaCYz5iHUoeD/cONCEbf+FHf+G9PHQlsPBD7OuSE3J8o4U9rzvp2V1bX1jc3CVnF7Z3ev5O4fNFVqJKENkvJUtiOsKGeCNjTTnLYzSXEScdqKhleTvPVApWKpuNOjjIYJ7gsWM4K1tbpuKVCsn+BAGULoPfK6btmreFOhZfDnUIa56l33K+ilxCRUaMKxUh3fy3SYY6kZ4XRcDIyiGSZD3KcdiwInVIX5dPExOrFOD8WptEdoNHV/38hxotQoiexkgvVALWYT87+sY3R8GeZMZEZTQWYPxYYjnaJJC6jHJCWajyxgIpndFZEBlpho21XRluAvfnkZmmcVv1qp3p6Xa9dPszoKcATHcAo+XEANbqAODSBg4Ble4c15dF6cd+djNrrizCs8hD9yPn8AhO2TbQ==</latexit>

� ⌫ 0
<latexit sha1_base64="bvgOtE9GeuQCa2uSKy+of+/kBDo=">AAACGXicbVDLSsNAFJ34rPUVdelmsAjtpiQi1WVFEN1VsA9oYphMJ+3QmSTOTIQSAn6FG3/FjQtFXOrKv3HSdqGtBwYO59zhnnv8mFGpLOvbWFhcWl5ZLawV1zc2t7bNnd2WjBKBSRNHLBIdH0nCaEiaiipGOrEgiPuMtP3hee6374mQNApv1CgmLkf9kAYUI6Ulz7TKTmNAnUhRTqTDkRpgxNKr7DYtDyuZd1ZxJO1zBB2ZYEzuoOWZJatqjQHniT0lJTBFwzM/nV6EE05ChRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSraYh0EDcdX5bBQ630YBAJ/UIFx+rvHyniUo64ryfz7HLWy8X/vG6iglM3pWGcKBLiyaIgYVBFMK8J9qggWLGRJggLqrNCPEACYaXLLOoS7NmT50nrqGrXqrXr41L94mFSRwHsgwNQBjY4AXVwCRqgCTB4BM/gFbwZT8aL8W58TEYXjGmFe+APjK8fCEiguw==</latexit>

(�⌦ I(k)
A )� ⌫ 0

<latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s two-parameter map

<latexit sha1_base64="hxILZRIhkKyfWGd/YwH9eEAErik=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2m3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFKDeyXym7FnYOsEi8nZchR75e+eoOYpRFXyCQ1puu5CfoZ1SiY5NNiLzU8oWxMh7xrqaIRN342P3RKzq0yIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuGNnwmVpMgVWywKU0kwJrOvyUBozlBOLKFMC3srYSOqKUObTdGG4C2/vEpalxWvWqk2rsq1+zyOApzCGVyAB9dQgzuoQxMYcHiGV3hzHp0X5935WLSuOfnMCfyB8/kD5daNCg==</latexit>

t
<latexit sha1_base64="V1Qx/1xpCBB4xqG5giSQriZIKIs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vM4CnAKZ3ABHlxDDe6gDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsaMxg==</latexit>

0

<latexit sha1_base64="B2Xc/rYWcvFGwJfG50/5EF2+/TY=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBItQN2VGpLosCOKygn1AO5RMmmlDM0lIMkIZCv6CGxeKuPV73Pk3po+Fth64cDjnXu69J1KcGev7315ubX1jcyu/XdjZ3ds/KB4eNY1MNaENIrnU7QgbypmgDcssp22lKU4iTlvR6Gbqtx6pNkyKBztWNEzwQLCYEWyd1OrqoSz7571iya/4M6BVEixICRao94pf3b4kaUKFJRwb0wl8ZcMMa8sIp5NCNzVUYTLCA9pxVOCEmjCbnTtBZ07po1hqV8Kimfp7IsOJMeMkcp0JtkOz7E3F/7xOauPrMGNCpZYKMl8UpxxZiaa/oz7TlFg+dgQTzdytiAyxxsS6hAouhGD55VXSvKgE1Ur1/rJUu32ax5GHEziFMgRwBTW4gzo0gMAInuEV3jzlvXjv3se8NectIjyGP/A+fwCCOI91</latexit>

⇢(0)
<latexit sha1_base64="6E7DIu8kxfWJ3QsD7nK4O+4n3Co=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMCOIxgnlAsoTZyWwyZHZ2mekVwhLwF7x4UMSr3+PNv3HyOGhiQUNR1U13V5BIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxesBxwv2IDpQIBaNopVZXD+MynveKJbfizkBWibcgJVig3it+dfsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHUkUjbvxsdu6EnFmlT8JY21JIZurviYxGxoyjwHZGFIdm2ZuK/3mdFMNrPxMqSZErNl8UppJgTKa/k77QnKEcW0KZFvZWwoZUU4Y2oYINwVt+eZU0LypetVK9vyzVbp/mceThBE6hDB5cQQ3uoA4NYDCCZ3iFNydxXpx352PemnMWER7DHzifP+mMj7k=</latexit>

⇢(t)
<latexit sha1_base64="OYcOc422GpjXugh6l8WCczcwJJg=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBItQN2VGpLosCOKygn1AO5RMmmlDM0lIMkIZCv6CGxeKuPV73Pk3po+Fth64cDjnXu69J1KcGev7315ubX1jcyu/XdjZ3ds/KB4eNY1MNaENIrnU7QgbypmgDcssp22lKU4iTlvR6Gbqtx6pNkyKBztWNEzwQLCYEWyd1OrqoSyb816x5Ff8GdAqCRakBAvUe8Wvbl+SNKHCEo6N6QS+smGGtWWE00mhmxqqMBnhAe04KnBCTZjNzp2gM6f0USy1K2HRTP09keHEmHESuc4E26FZ9qbif14ntfF1mDGhUksFmS+KU46sRNPfUZ9pSiwfO4KJZu5WRIZYY2JdQgUXQrD88ippXlSCaqV6f1mq3T7N48jDCZxCGQK4ghrcQR0aQGAEz/AKb57yXrx372PemvMWER7DH3ifP+gHj7g=</latexit>

⇢(s)

<latexit sha1_base64="EECCfRi6O/vAd+gra7KK/fwG6PI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FiprnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwAJeo2G</latexit>s

<latexit sha1_base64="BtKs6tiaJPIEOdWPfB881DNFGpA=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8KK3COYByRJmJ73JkNmHM7NCDPkSLx4U8eqnePNvnGz2oIkFTRdV3UxP+YngSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PbH13O//YhS8Ti615MEvZAOIx5wRrWR+nZZ94b4QBTJmkP6dsWpOhnIKnFzUoEcjb791RvELA0x0kxQpbquk2hvSqXmTOCs1EsVJpSN6RC7hkY0ROVNs8Nn5NQoAxLE0lSkSab+3pjSUKlJ6JvJkOqRWvbm4n9eN9XBlTflUZJqjNjioSAVRMdkngIZcIlMi4khlElubiVsRCVl2mRVMiG4y19eJa3zqlur1u4uKvXbPI4iHMMJnIELl1CHG2hAExik8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QMZ1pIc</latexit>

t � s � 0
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<latexit sha1_base64="t24dZOo2QcF9Zf0RecSBtlRKmNs=">AAACCnicbVDLSgMxFM3UV62vUZduokVwoWVGpLoRCm4UXFSwD+jUIZOmbWjmQXJHKMOs3fgrblwo4tYvcOffmGlnodUDCYdzziW5x4sEV2BZX0Zhbn5hcam4XFpZXVvfMDe3miqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5o4vMb90zqXgY3MI4Yl2fDALe55SAllxz17nW4R5xEzhUKT7HTn3IXcjuu+TITl3lmmWrYk2A/xI7J2WUo+6an04vpLHPAqCCKNWxrQi6CZHAqWBpyYkViwgdkQHraBoQn6luMlklxfta6eF+KPUJAE/UnxMJ8ZUa+55O+gSGatbLxP+8Tgz9s27CgygGFtDpQ/1YYAhx1gvucckoiLEmhEqu/4rpkEhCQbdX0iXYsyv/Jc3jil2tVG9OyrWrvI4i2kF76ADZ6BTV0CWqowai6AE9oRf0ajwaz8ab8T6NFox8Zhv9gvHxDQC9md4=</latexit>

⇤t,s = �t�
�1
s

<latexit sha1_base64="E3ZVIubspRDN8Gwu06ZiDsFfq24=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIVDdCwY2Ciwr2AU0Ik8mkHTp5MHMjlNCNG3/FjQtF3PoP7vwbp2kX2npg4HDOPdy5x08FV2BZ38bC4tLyympprby+sbm1be7stlSSScqaNBGJ7PhEMcFj1gQOgnVSyUjkC9b2B1djv/3ApOJJfA/DlLkR6cU85JSAljzzwGn0uQf4Eju3OhUQL4cTNSpU5ZkVq2oVwPPEnpIKmqLhmV9OkNAsYjFQQZTq2lYKbk4kcCrYqOxkiqWEDkiPdTWNScSUmxdXjPCRVgIcJlK/GHCh/k7kJFJqGPl6MiLQV7PeWPzP62YQXrg5j9MMWEwni8JMYEjwuBIccMkoiKEmhEqu/4ppn0hCQRdX1iXYsyfPk9Zp1a5Va3dnlfrNtI4S2keH6BjZ6BzV0TVqoCai6BE9o1f0ZjwZL8a78TEZXTCmmT30B8bnD3c7l/g=</latexit>

�t = ⇤t,s�s

• P-divisible if         is a positive map                              .

• CP-divisible if         is a completely positive map           ,                            .

Non-Markovian quantum process 

<latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s
<latexit sha1_base64="TYW2J4pGEjL0OuoVmkpbC+fVW8s=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuJAyI1JdFgRxWcE+oDOWTJppQzPJmGSUMhT8GW5cKOLW/+LOf2P6WGjrgcDHOTfk5oQJZ9q47reTW1peWV3Lrxc2Nre2d4q7ew0tU0VonUguVSvEmnImaN0ww2krURTHIafNcHA5zpsPVGkmxa0ZJjSIcU+wiBFsrHXnq770dUoIvUfuSadYcsvuRGgRvBmUYKZap/jldyVJYyoM4VjrtucmJsiwMoxwOir4qaYJJgPco22LAsdUB9lk6xE6sk4XRVLZIwyauL9vZDjWehiHdjLGpq/ns7H5X9ZOTXQRZEwkqaGCTB+KUo6MROMKUJcpSgwfWsBEMbsrIn2sMDG2qIItwZv/8iI0TstepVy5OStVr56mdeThAA7hGDw4hypcQw3qQEDBM7zCm/PovDjvzsd0NOfMKtyHP3I+fwD1y5KW</latexit>

⇢ ⌫ 0,
<latexit sha1_base64="7m/e2w299f8XGQN+CouY8aIP92g=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBhZQZkeqyIIgLFxXsAzrDkMlk2tBMMiYZoQyFbvwVNy4UcetPuPNvTB8LbT1w4XDOuST3hCmjSjvOt1VYWl5ZXSuulzY2t7Z37N29phKZxKSBBROyHSJFGOWkoalmpJ1KgpKQkVbYvxr7rUciFRX8Xg9S4ieoy2lMMdJGCuwD79aEIxTk+lQNPdkTnsowJg/QCeyyU3EmgIvEnZEymKEe2F9eJHCWEK4xQ0p1XCfVfo6kppiRYcnLFEkR7qMu6RjKUUKUn09uGMJjo0QwFtIM13Ci/t7IUaLUIAlNMkG6p+a9sfif18l0fOnnlKeZJhxPH4ozBrWA40JgRCXBmg0MQVhS81eIe0girE1tJVOCO3/yImmeVdxqpXp3Xq5dj6Z1FMEhOAInwAUXoAZuQB00AAYj8AxewZv1ZL1Y79bHNFqwZhXugz+wPn8A4XyYGg==</latexit>

⇤t,s⇢ ⌫ 0

<latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s
<latexit sha1_base64="J9R7ReRfnCxkUdg7h/xRjdMSTo4=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRKrLgiAuK9gHdIaSSTNtaCYz5iHUoeD/cONCEbf+FHf+G9PHQlsPBD7OuSE3J8o4U9rzvp2V1bX1jc3CVnF7Z3ev5O4fNFVqJKENkvJUtiOsKGeCNjTTnLYzSXEScdqKhleTvPVApWKpuNOjjIYJ7gsWM4K1tbpuKVCsn+BAGULoPfK6btmreFOhZfDnUIa56l33K+ilxCRUaMKxUh3fy3SYY6kZ4XRcDIyiGSZD3KcdiwInVIX5dPExOrFOD8WptEdoNHV/38hxotQoiexkgvVALWYT87+sY3R8GeZMZEZTQWYPxYYjnaJJC6jHJCWajyxgIpndFZEBlpho21XRluAvfnkZmmcVv1qp3p6Xa9dPszoKcATHcAo+XEANbqAODSBg4Ble4c15dF6cd+djNrrizCs8hD9yPn8AhO2TbQ==</latexit>

� ⌫ 0
<latexit sha1_base64="bvgOtE9GeuQCa2uSKy+of+/kBDo=">AAACGXicbVDLSsNAFJ34rPUVdelmsAjtpiQi1WVFEN1VsA9oYphMJ+3QmSTOTIQSAn6FG3/FjQtFXOrKv3HSdqGtBwYO59zhnnv8mFGpLOvbWFhcWl5ZLawV1zc2t7bNnd2WjBKBSRNHLBIdH0nCaEiaiipGOrEgiPuMtP3hee6374mQNApv1CgmLkf9kAYUI6Ulz7TKTmNAnUhRTqTDkRpgxNKr7DYtDyuZd1ZxJO1zBB2ZYEzuoOWZJatqjQHniT0lJTBFwzM/nV6EE05ChRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSraYh0EDcdX5bBQ630YBAJ/UIFx+rvHyniUo64ryfz7HLWy8X/vG6iglM3pWGcKBLiyaIgYVBFMK8J9qggWLGRJggLqrNCPEACYaXLLOoS7NmT50nrqGrXqrXr41L94mFSRwHsgwNQBjY4AXVwCRqgCTB4BM/gFbwZT8aL8W58TEYXjGmFe+APjK8fCEiguw==</latexit>

(�⌦ I(k)
A )� ⌫ 0

CP - indivisible

<latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s two-parameter map

<latexit sha1_base64="hxILZRIhkKyfWGd/YwH9eEAErik=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2m3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFKDeyXym7FnYOsEi8nZchR75e+eoOYpRFXyCQ1puu5CfoZ1SiY5NNiLzU8oWxMh7xrqaIRN342P3RKzq0yIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuGNnwmVpMgVWywKU0kwJrOvyUBozlBOLKFMC3srYSOqKUObTdGG4C2/vEpalxWvWqk2rsq1+zyOApzCGVyAB9dQgzuoQxMYcHiGV3hzHp0X5935WLSuOfnMCfyB8/kD5daNCg==</latexit>

t
<latexit sha1_base64="V1Qx/1xpCBB4xqG5giSQriZIKIs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vM4CnAKZ3ABHlxDDe6gDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsaMxg==</latexit>

0

<latexit sha1_base64="B2Xc/rYWcvFGwJfG50/5EF2+/TY=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBItQN2VGpLosCOKygn1AO5RMmmlDM0lIMkIZCv6CGxeKuPV73Pk3po+Fth64cDjnXu69J1KcGev7315ubX1jcyu/XdjZ3ds/KB4eNY1MNaENIrnU7QgbypmgDcssp22lKU4iTlvR6Gbqtx6pNkyKBztWNEzwQLCYEWyd1OrqoSz7571iya/4M6BVEixICRao94pf3b4kaUKFJRwb0wl8ZcMMa8sIp5NCNzVUYTLCA9pxVOCEmjCbnTtBZ07po1hqV8Kimfp7IsOJMeMkcp0JtkOz7E3F/7xOauPrMGNCpZYKMl8UpxxZiaa/oz7TlFg+dgQTzdytiAyxxsS6hAouhGD55VXSvKgE1Ur1/rJUu32ax5GHEziFMgRwBTW4gzo0gMAInuEV3jzlvXjv3se8NectIjyGP/A+fwCCOI91</latexit>

⇢(0)
<latexit sha1_base64="6E7DIu8kxfWJ3QsD7nK4O+4n3Co=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMCOIxgnlAsoTZyWwyZHZ2mekVwhLwF7x4UMSr3+PNv3HyOGhiQUNR1U13V5BIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxesBxwv2IDpQIBaNopVZXD+MynveKJbfizkBWibcgJVig3it+dfsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHUkUjbvxsdu6EnFmlT8JY21JIZurviYxGxoyjwHZGFIdm2ZuK/3mdFMNrPxMqSZErNl8UppJgTKa/k77QnKEcW0KZFvZWwoZUU4Y2oYINwVt+eZU0LypetVK9vyzVbp/mceThBE6hDB5cQQ3uoA4NYDCCZ3iFNydxXpx352PemnMWER7DHzifP+mMj7k=</latexit>

⇢(t)
<latexit sha1_base64="OYcOc422GpjXugh6l8WCczcwJJg=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBItQN2VGpLosCOKygn1AO5RMmmlDM0lIMkIZCv6CGxeKuPV73Pk3po+Fth64cDjnXu69J1KcGev7315ubX1jcyu/XdjZ3ds/KB4eNY1MNaENIrnU7QgbypmgDcssp22lKU4iTlvR6Gbqtx6pNkyKBztWNEzwQLCYEWyd1OrqoSyb816x5Ff8GdAqCRakBAvUe8Wvbl+SNKHCEo6N6QS+smGGtWWE00mhmxqqMBnhAe04KnBCTZjNzp2gM6f0USy1K2HRTP09keHEmHESuc4E26FZ9qbif14ntfF1mDGhUksFmS+KU46sRNPfUZ9pSiwfO4KJZu5WRIZYY2JdQgUXQrD88ippXlSCaqV6f1mq3T7N48jDCZxCGQK4ghrcQR0aQGAEz/AKb57yXrx372PemvMWER7DH3ifP+gHj7g=</latexit>

⇢(s)

<latexit sha1_base64="EECCfRi6O/vAd+gra7KK/fwG6PI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FiprnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwAJeo2G</latexit>s

<latexit sha1_base64="ZVMtUHa3xcmMfs5fOyUCjp34zmQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4EVvVewHtKFstpN26WYTdjdCCf0HXjwo4tV/5M1/47bNQasPBh7vzTAzL0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfD3z24+oNI/lg5kk6Ed0KHnIGTVWur8i/XLFrbpzkL/Ey0kFcjT65c/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TEKgMSxsqWNGSu/pzIaKT1JApsZ0TNSC97M/E/r5ua8NLPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW375L2mdVb1atXZ3Xqnf5nEU4QiO4RQ8uIA63EADmsAghCd4gVdn7Dw7b877orXg5DOH8AvOxzfoG4z9</latexit>=

<latexit sha1_base64="BtKs6tiaJPIEOdWPfB881DNFGpA=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8KK3COYByRJmJ73JkNmHM7NCDPkSLx4U8eqnePNvnGz2oIkFTRdV3UxP+YngSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PbH13O//YhS8Ti615MEvZAOIx5wRrWR+nZZ94b4QBTJmkP6dsWpOhnIKnFzUoEcjb791RvELA0x0kxQpbquk2hvSqXmTOCs1EsVJpSN6RC7hkY0ROVNs8Nn5NQoAxLE0lSkSab+3pjSUKlJ6JvJkOqRWvbm4n9eN9XBlTflUZJqjNjioSAVRMdkngIZcIlMi4khlElubiVsRCVl2mRVMiG4y19eJa3zqlur1u4uKvXbPI4iHMMJnIELl1CHG2hAExik8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QMZ1pIc</latexit>

t � s � 0



Divisibility

56

<latexit sha1_base64="t24dZOo2QcF9Zf0RecSBtlRKmNs=">AAACCnicbVDLSgMxFM3UV62vUZduokVwoWVGpLoRCm4UXFSwD+jUIZOmbWjmQXJHKMOs3fgrblwo4tYvcOffmGlnodUDCYdzziW5x4sEV2BZX0Zhbn5hcam4XFpZXVvfMDe3miqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5o4vMb90zqXgY3MI4Yl2fDALe55SAllxz17nW4R5xEzhUKT7HTn3IXcjuu+TITl3lmmWrYk2A/xI7J2WUo+6an04vpLHPAqCCKNWxrQi6CZHAqWBpyYkViwgdkQHraBoQn6luMlklxfta6eF+KPUJAE/UnxMJ8ZUa+55O+gSGatbLxP+8Tgz9s27CgygGFtDpQ/1YYAhx1gvucckoiLEmhEqu/4rpkEhCQbdX0iXYsyv/Jc3jil2tVG9OyrWrvI4i2kF76ADZ6BTV0CWqowai6AE9oRf0ajwaz8ab8T6NFox8Zhv9gvHxDQC9md4=</latexit>

⇤t,s = �t�
�1
s

<latexit sha1_base64="E3ZVIubspRDN8Gwu06ZiDsFfq24=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4kJKIVDdCwY2Ciwr2AU0Ik8mkHTp5MHMjlNCNG3/FjQtF3PoP7vwbp2kX2npg4HDOPdy5x08FV2BZ38bC4tLyympprby+sbm1be7stlSSScqaNBGJ7PhEMcFj1gQOgnVSyUjkC9b2B1djv/3ApOJJfA/DlLkR6cU85JSAljzzwGn0uQf4Eju3OhUQL4cTNSpU5ZkVq2oVwPPEnpIKmqLhmV9OkNAsYjFQQZTq2lYKbk4kcCrYqOxkiqWEDkiPdTWNScSUmxdXjPCRVgIcJlK/GHCh/k7kJFJqGPl6MiLQV7PeWPzP62YQXrg5j9MMWEwni8JMYEjwuBIccMkoiKEmhEqu/4ppn0hCQRdX1iXYsyfPk9Zp1a5Va3dnlfrNtI4S2keH6BjZ6BzV0TVqoCai6BE9o1f0ZjwZL8a78TEZXTCmmT30B8bnD3c7l/g=</latexit>

�t = ⇤t,s�s

• P-divisible if         is a positive map                              .

• CP-divisible if         is a completely positive map           ,                            .

Non-Markovian quantum process 

<latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s
<latexit sha1_base64="TYW2J4pGEjL0OuoVmkpbC+fVW8s=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiuJAyI1JdFgRxWcE+oDOWTJppQzPJmGSUMhT8GW5cKOLW/+LOf2P6WGjrgcDHOTfk5oQJZ9q47reTW1peWV3Lrxc2Nre2d4q7ew0tU0VonUguVSvEmnImaN0ww2krURTHIafNcHA5zpsPVGkmxa0ZJjSIcU+wiBFsrHXnq770dUoIvUfuSadYcsvuRGgRvBmUYKZap/jldyVJYyoM4VjrtucmJsiwMoxwOir4qaYJJgPco22LAsdUB9lk6xE6sk4XRVLZIwyauL9vZDjWehiHdjLGpq/ns7H5X9ZOTXQRZEwkqaGCTB+KUo6MROMKUJcpSgwfWsBEMbsrIn2sMDG2qIItwZv/8iI0TstepVy5OStVr56mdeThAA7hGDw4hypcQw3qQEDBM7zCm/PovDjvzsd0NOfMKtyHP3I+fwD1y5KW</latexit>

⇢ ⌫ 0,
<latexit sha1_base64="7m/e2w299f8XGQN+CouY8aIP92g=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBhZQZkeqyIIgLFxXsAzrDkMlk2tBMMiYZoQyFbvwVNy4UcetPuPNvTB8LbT1w4XDOuST3hCmjSjvOt1VYWl5ZXSuulzY2t7Z37N29phKZxKSBBROyHSJFGOWkoalmpJ1KgpKQkVbYvxr7rUciFRX8Xg9S4ieoy2lMMdJGCuwD79aEIxTk+lQNPdkTnsowJg/QCeyyU3EmgIvEnZEymKEe2F9eJHCWEK4xQ0p1XCfVfo6kppiRYcnLFEkR7qMu6RjKUUKUn09uGMJjo0QwFtIM13Ci/t7IUaLUIAlNMkG6p+a9sfif18l0fOnnlKeZJhxPH4ozBrWA40JgRCXBmg0MQVhS81eIe0girE1tJVOCO3/yImmeVdxqpXp3Xq5dj6Z1FMEhOAInwAUXoAZuQB00AAYj8AxewZv1ZL1Y79bHNFqwZhXugz+wPn8A4XyYGg==</latexit>

⇤t,s⇢ ⌫ 0

<latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s
<latexit sha1_base64="J9R7ReRfnCxkUdg7h/xRjdMSTo4=">AAAB+HicbZBLSwMxFIXv+Kz10VGXboJFcFVmRKrLgiAuK9gHdIaSSTNtaCYz5iHUoeD/cONCEbf+FHf+G9PHQlsPBD7OuSE3J8o4U9rzvp2V1bX1jc3CVnF7Z3ev5O4fNFVqJKENkvJUtiOsKGeCNjTTnLYzSXEScdqKhleTvPVApWKpuNOjjIYJ7gsWM4K1tbpuKVCsn+BAGULoPfK6btmreFOhZfDnUIa56l33K+ilxCRUaMKxUh3fy3SYY6kZ4XRcDIyiGSZD3KcdiwInVIX5dPExOrFOD8WptEdoNHV/38hxotQoiexkgvVALWYT87+sY3R8GeZMZEZTQWYPxYYjnaJJC6jHJCWajyxgIpndFZEBlpho21XRluAvfnkZmmcVv1qp3p6Xa9dPszoKcATHcAo+XEANbqAODSBg4Ble4c15dF6cd+djNrrizCs8hD9yPn8AhO2TbQ==</latexit>

� ⌫ 0
<latexit sha1_base64="bvgOtE9GeuQCa2uSKy+of+/kBDo=">AAACGXicbVDLSsNAFJ34rPUVdelmsAjtpiQi1WVFEN1VsA9oYphMJ+3QmSTOTIQSAn6FG3/FjQtFXOrKv3HSdqGtBwYO59zhnnv8mFGpLOvbWFhcWl5ZLawV1zc2t7bNnd2WjBKBSRNHLBIdH0nCaEiaiipGOrEgiPuMtP3hee6374mQNApv1CgmLkf9kAYUI6Ulz7TKTmNAnUhRTqTDkRpgxNKr7DYtDyuZd1ZxJO1zBB2ZYEzuoOWZJatqjQHniT0lJTBFwzM/nV6EE05ChRmSsmtbsXJTJBTFjGRFJ5EkRniI+qSraYh0EDcdX5bBQ630YBAJ/UIFx+rvHyniUo64ryfz7HLWy8X/vG6iglM3pWGcKBLiyaIgYVBFMK8J9qggWLGRJggLqrNCPEACYaXLLOoS7NmT50nrqGrXqrXr41L94mFSRwHsgwNQBjY4AXVwCRqgCTB4BM/gFbwZT8aL8W58TEYXjGmFe+APjK8fCEiguw==</latexit>

(�⌦ I(k)
A )� ⌫ 0

CP - indivisible

<latexit sha1_base64="LWiTIoOnxKHDDrNKs2zzenPS6wo=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSNYwOzubDJl9MNOrhCX/4cWDIl79F2/+jZNkD5pYMFBUVdM95SVSaLTtb2tpeWV1bb2wUdzc2t7ZLe3tN3WcKsYbLJaxantUcyki3kCBkrcTxWnoSd7yhlcTv/XIlRZxdI+jhLsh7UciEIyikR66tybq016Gp3pMeqWyXbGnIIvEyUkZctR7pa+uH7M05BEySbXuOHaCbkYVCib5uNhNNU8oG9I+7xga0ZBrN5tePSbHRvFJECvzIiRT9fdERkOtR6FnkiHFgZ73JuJ/XifF4NLNRJSkyCM2WxSkkmBMJhUQXyjOUI4MoUwJcythA6ooQ1NU0ZTgzH95kTTPKk61Ur07L9du8joKcAhHcAIOXEANrqEODWCg4Ble4c16sl6sd+tjFl2y8pkD+APr8wcIIpI/</latexit>

⇤t,s two-parameter map

<latexit sha1_base64="hxILZRIhkKyfWGd/YwH9eEAErik=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2m3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFKDeyXym7FnYOsEi8nZchR75e+eoOYpRFXyCQ1puu5CfoZ1SiY5NNiLzU8oWxMh7xrqaIRN342P3RKzq0yIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuGNnwmVpMgVWywKU0kwJrOvyUBozlBOLKFMC3srYSOqKUObTdGG4C2/vEpalxWvWqk2rsq1+zyOApzCGVyAB9dQgzuoQxMYcHiGV3hzHp0X5935WLSuOfnMCfyB8/kD5daNCg==</latexit>

t
<latexit sha1_base64="V1Qx/1xpCBB4xqG5giSQriZIKIs=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9VjworcW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx7cxvP6HSPJYPZpKgH9Gh5CFn1Fip4fZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX7vM4CnAKZ3ABHlxDDe6gDk1ggPAMr/DmPDovzrvzsWhdc/KZE/gD5/MHfsaMxg==</latexit>

0

<latexit sha1_base64="B2Xc/rYWcvFGwJfG50/5EF2+/TY=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBItQN2VGpLosCOKygn1AO5RMmmlDM0lIMkIZCv6CGxeKuPV73Pk3po+Fth64cDjnXu69J1KcGev7315ubX1jcyu/XdjZ3ds/KB4eNY1MNaENIrnU7QgbypmgDcssp22lKU4iTlvR6Gbqtx6pNkyKBztWNEzwQLCYEWyd1OrqoSz7571iya/4M6BVEixICRao94pf3b4kaUKFJRwb0wl8ZcMMa8sIp5NCNzVUYTLCA9pxVOCEmjCbnTtBZ07po1hqV8Kimfp7IsOJMeMkcp0JtkOz7E3F/7xOauPrMGNCpZYKMl8UpxxZiaa/oz7TlFg+dgQTzdytiAyxxsS6hAouhGD55VXSvKgE1Ur1/rJUu32ax5GHEziFMgRwBTW4gzo0gMAInuEV3jzlvXjv3se8NectIjyGP/A+fwCCOI91</latexit>

⇢(0)
<latexit sha1_base64="6E7DIu8kxfWJ3QsD7nK4O+4n3Co=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMCOIxgnlAsoTZyWwyZHZ2mekVwhLwF7x4UMSr3+PNv3HyOGhiQUNR1U13V5BIYdB1v53c2vrG5lZ+u7Czu7d/UDw8apo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxesBxwv2IDpQIBaNopVZXD+MynveKJbfizkBWibcgJVig3it+dfsxSyOukElqTMdzE/QzqlEwySeFbmp4QtmIDnjHUkUjbvxsdu6EnFmlT8JY21JIZurviYxGxoyjwHZGFIdm2ZuK/3mdFMNrPxMqSZErNl8UppJgTKa/k77QnKEcW0KZFvZWwoZUU4Y2oYINwVt+eZU0LypetVK9vyzVbp/mceThBE6hDB5cQQ3uoA4NYDCCZ3iFNydxXpx352PemnMWER7DHzifP+mMj7k=</latexit>

⇢(t)
<latexit sha1_base64="OYcOc422GpjXugh6l8WCczcwJJg=">AAAB7nicbVDLSgMxFL1TX7W+qi7dBItQN2VGpLosCOKygn1AO5RMmmlDM0lIMkIZCv6CGxeKuPV73Pk3po+Fth64cDjnXu69J1KcGev7315ubX1jcyu/XdjZ3ds/KB4eNY1MNaENIrnU7QgbypmgDcssp22lKU4iTlvR6Gbqtx6pNkyKBztWNEzwQLCYEWyd1OrqoSyb816x5Ff8GdAqCRakBAvUe8Wvbl+SNKHCEo6N6QS+smGGtWWE00mhmxqqMBnhAe04KnBCTZjNzp2gM6f0USy1K2HRTP09keHEmHESuc4E26FZ9qbif14ntfF1mDGhUksFmS+KU46sRNPfUZ9pSiwfO4KJZu5WRIZYY2JdQgUXQrD88ippXlSCaqV6f1mq3T7N48jDCZxCGQK4ghrcQR0aQGAEz/AKb57yXrx372PemvMWER7DH3ifP+gHj7g=</latexit>

⇢(s)

<latexit sha1_base64="EECCfRi6O/vAd+gra7KK/fwG6PI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1FiprnvFklt2ZyCrxFuQEixQ6xW/uv2YpRFKwwTVuuO5ifEzqgxnAieFbqoxoWxEB9ixVNIItZ/NDp2QM6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO97E3F/7xOasJrP+MySQ1KNl8UpoKYmEy/Jn2ukBkxtoQyxe2thA2poszYbAo2BG/55VXSvCh7lXKlflmq3j7N48jDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzse8NecsIjyGP3A+fwAJeo2G</latexit>s

<latexit sha1_base64="ZVMtUHa3xcmMfs5fOyUCjp34zmQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4EVvVewHtKFstpN26WYTdjdCCf0HXjwo4tV/5M1/47bNQasPBh7vzTAzL0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfD3z24+oNI/lg5kk6Ed0KHnIGTVWur8i/XLFrbpzkL/Ey0kFcjT65c/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TEKgMSxsqWNGSu/pzIaKT1JApsZ0TNSC97M/E/r5ua8NLPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW375L2mdVb1atXZ3Xqnf5nEU4QiO4RQ8uIA63EADmsAghCd4gVdn7Dw7b877orXg5DOH8AvOxzfoG4z9</latexit>=

Markov semigroup:

<latexit sha1_base64="BtKs6tiaJPIEOdWPfB881DNFGpA=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8KK3COYByRJmJ73JkNmHM7NCDPkSLx4U8eqnePNvnGz2oIkFTRdV3UxP+YngSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PbH13O//YhS8Ti615MEvZAOIx5wRrWR+nZZ94b4QBTJmkP6dsWpOhnIKnFzUoEcjb791RvELA0x0kxQpbquk2hvSqXmTOCs1EsVJpSN6RC7hkY0ROVNs8Nn5NQoAxLE0lSkSab+3pjSUKlJ6JvJkOqRWvbm4n9eN9XBlTflUZJqjNjioSAVRMdkngIZcIlMi4khlElubiVsRCVl2mRVMiG4y19eJa3zqlur1u4uKvXbPI4iHMMJnIELl1CHG2hAExik8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QMZ1pIc</latexit>

t � s � 0

<latexit sha1_base64="RVv0jClnyxDoerxrLCHRsEoiCyQ="></latexit>

⇤t,s ) eL(t�s) = �t�s CP-divisible
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<latexit sha1_base64="t24dZOo2QcF9Zf0RecSBtlRKmNs=">AAACCnicbVDLSgMxFM3UV62vUZduokVwoWVGpLoRCm4UXFSwD+jUIZOmbWjmQXJHKMOs3fgrblwo4tYvcOffmGlnodUDCYdzziW5x4sEV2BZX0Zhbn5hcam4XFpZXVvfMDe3miqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5o4vMb90zqXgY3MI4Yl2fDALe55SAllxz17nW4R5xEzhUKT7HTn3IXcjuu+TITl3lmmWrYk2A/xI7J2WUo+6an04vpLHPAqCCKNWxrQi6CZHAqWBpyYkViwgdkQHraBoQn6luMlklxfta6eF+KPUJAE/UnxMJ8ZUa+55O+gSGatbLxP+8Tgz9s27CgygGFtDpQ/1YYAhx1gvucckoiLEmhEqu/4rpkEhCQbdX0iXYsyv/Jc3jil2tVG9OyrWrvI4i2kF76ADZ6BTV0CWqowai6AE9oRf0ajwaz8ab8T6NFox8Zhv9gvHxDQC9md4=</latexit>

⇤t,s = �t�
�1
s

Existence of time-local master equation: 

time-local

<latexit sha1_base64="BtKs6tiaJPIEOdWPfB881DNFGpA=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8KK3COYByRJmJ73JkNmHM7NCDPkSLx4U8eqnePNvnGz2oIkFTRdV3UxP+YngSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PbH13O//YhS8Ti615MEvZAOIx5wRrWR+nZZ94b4QBTJmkP6dsWpOhnIKnFzUoEcjb791RvELA0x0kxQpbquk2hvSqXmTOCs1EsVJpSN6RC7hkY0ROVNs8Nn5NQoAxLE0lSkSab+3pjSUKlJ6JvJkOqRWvbm4n9eN9XBlTflUZJqjNjioSAVRMdkngIZcIlMi4khlElubiVsRCVl2mRVMiG4y19eJa3zqlur1u4uKvXbPI4iHMMJnIELl1CHG2hAExik8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QMZ1pIc</latexit>

t � s � 0

<latexit sha1_base64="5jTBoIh2FpIEaeUvmFeT7xkxaWw="></latexit>

+
d2�1X

i=1

�i(t)
⇣
Li(t)⇢S(t)L

†
i (t)�

1

2
{L†

i (t)Li(t), ⇢S(t)}
⌘

<latexit sha1_base64="jDNNA+zQs+d+Y8TIqemYEULyg08=">AAACAXicbZBNS8MwHMbT+TbnW9WL4CU4hAk6WpHpRRh4cMeJ7gW6UtIs3cLStCSpMMpE8Kt48aCIV7+FN7+NWbeDbj4Q+PE8/5D8Hz9mVCrL+jZyC4tLyyv51cLa+sbmlrm905RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ga5617IiSN+J0axsQNUY/TgGKktOWZe/ASnlCn5t2W1NFxR/SjjFzomUWrbGWC82BPoQimqnvmV6cb4SQkXGGGpHRsK1ZuioSimJFRoZNIEiM8QD3iaOQoJNJNsw1G8FA7XRhEQh+uYOb+vpGiUMph6OvJEKm+nM3G5n+Zk6jgwk0pjxNFOJ48FCQMqgiO64BdKghWbKgBYUH1XyHuI4Gw0qUVdAn27Mrz0Dwt25Vy5easWL1+nNSRB/vgAJSADc5BFdRAHTQABg/gGbyCN+PJeDHejY/JaM6YVrgL/sj4/AH6m5Ud</latexit>

= �i[HS(t), ⇢S(t)]

<latexit sha1_base64="uLnEzNSGmMPO0hdTj/ws97zGxQU=">AAACF3icbZC7SgNBFIZn4y3GW9TSZjAIsQm7ItFGCFhoYRHRXCAbltnZ2WTI7IWZs0JYFnwIG1/FxkIRW+18GycXRBMPDPz8/xnOOZ8bC67ANL+M3MLi0vJKfrWwtr6xuVXc3mmqKJGUNWgkItl2iWKCh6wBHARrx5KRwBWs5Q7OR3nrjknFo/AWhjHrBqQXcp9TAtpyihXbl4SmXpZ6kNmyHzk3ZTjEZ9gOCPQpEelV5sBP4BRLZsUcF54X1lSU0LTqTvHT9iKaBCwEKohSHcuMoZsSCZwKlhXsRLGY0AHpsY6WIQmY6qbjuzJ8oB0P+5HULwQ8dn//SEmg1DBwdedoWzWbjcz/sk4C/mk35WGcAAvpZJCfCAwRHkHCHpeMghhqQajkeldM+0SDAo2yoCFYsyfPi+ZRxapWqtfHpdrF/QRHHu2hfVRGFjpBNXSJ6qiBKHpAT+gFvRqPxrPxZrxPWnPGFOEu+lPGxzfn46At</latexit>

d

dt
⇢S(t) = Lt⇢S(t)

<latexit sha1_base64="ZfQ/voKj0+kvFnbV6z3p+ltfc1E="></latexit>

Lt = lim
✏!0

⇤t+✏,t � I
✏
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<latexit sha1_base64="t24dZOo2QcF9Zf0RecSBtlRKmNs=">AAACCnicbVDLSgMxFM3UV62vUZduokVwoWVGpLoRCm4UXFSwD+jUIZOmbWjmQXJHKMOs3fgrblwo4tYvcOffmGlnodUDCYdzziW5x4sEV2BZX0Zhbn5hcam4XFpZXVvfMDe3miqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5o4vMb90zqXgY3MI4Yl2fDALe55SAllxz17nW4R5xEzhUKT7HTn3IXcjuu+TITl3lmmWrYk2A/xI7J2WUo+6an04vpLHPAqCCKNWxrQi6CZHAqWBpyYkViwgdkQHraBoQn6luMlklxfta6eF+KPUJAE/UnxMJ8ZUa+55O+gSGatbLxP+8Tgz9s27CgygGFtDpQ/1YYAhx1gvucckoiLEmhEqu/4rpkEhCQbdX0iXYsyv/Jc3jil2tVG9OyrWrvI4i2kF76ADZ6BTV0CWqowai6AE9oRf0ajwaz8ab8T6NFox8Zhv9gvHxDQC9md4=</latexit>

⇤t,s = �t�
�1
s

Existence of time-local master equation: 

time-local

Time-independent:

<latexit sha1_base64="BtKs6tiaJPIEOdWPfB881DNFGpA=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8KK3COYByRJmJ73JkNmHM7NCDPkSLx4U8eqnePNvnGz2oIkFTRdV3UxP+YngSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PbH13O//YhS8Ti615MEvZAOIx5wRrWR+nZZ94b4QBTJmkP6dsWpOhnIKnFzUoEcjb791RvELA0x0kxQpbquk2hvSqXmTOCs1EsVJpSN6RC7hkY0ROVNs8Nn5NQoAxLE0lSkSab+3pjSUKlJ6JvJkOqRWvbm4n9eN9XBlTflUZJqjNjioSAVRMdkngIZcIlMi4khlElubiVsRCVl2mRVMiG4y19eJa3zqlur1u4uKvXbPI4iHMMJnIELl1CHG2hAExik8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QMZ1pIc</latexit>

t � s � 0

<latexit sha1_base64="Yr9tLdRD2QdIhTSuMOfuRcPqPNw=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSBYhV2RaBmw0S6CeUB2CbOzs8mQeawzs0JY0tj4KzYWitj6D3b+jbNJCk08MMzhnHu5954oZVQbz/t2lpZXVtfWSxvlza3tnV13b7+lZaYwaWLJpOpESBNGBWkaahjppIogHjHSjoZXhd9+IEpTKe7MKCUhR31BE4qRsVLPPQoiyWI94vbLgz7iHI0DnWFM7qHXcyte1ZsALhJ/RipghkbP/QpiiTNOhMEMad31vdSEOVKGYkbG5SDTJEV4iPqka6lAnOgwn1wxhidWiWEilX3CwIn6uyNHXBeL2kqOzEDPe4X4n9fNTHIZ5lSkmSECTwclGYNGwiISGFNFsGEjSxBW1O4K8QAphI0NrmxD8OdPXiSts6pfq9Zuzyv1m1kcJXAIjsEp8MEFqINr0ABNgMEjeAav4M15cl6cd+djWrrkzHoOwB84nz8HBJjv</latexit>

� ⌫ 0

<latexit sha1_base64="ZfQ/voKj0+kvFnbV6z3p+ltfc1E="></latexit>

Lt = lim
✏!0

⇤t+✏,t � I
✏

<latexit sha1_base64="uayrGblwiM1XEPO2/IrCo6vqn2Q=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJliEuikzItWNUBCky4r2Ae1QMmmmDc1khuSOUErBX+HGhSJu/TPu/Demj4W2Hgh8nHNDbk6QSGHQdb+dldW19Y3NzFZ2e2d3bz93cFg3caoZr7FYxroZUMOlULyGAiVvJprTKJC8EQxuJnnjkWsjYvWAw4T7Ee0pEQpG0VrtSue+gGfkmljo5PJu0Z2KLIM3hzzMVe3kvtrdmKURV8gkNabluQn6I6pRMMnH2XZqeELZgPZ4y6KiETf+aLrzmJxap0vCWNujkEzd3zdGNDJmGAV2MqLYN4vZxPwva6UYXvkjoZIUuWKzh8JUEozJpADSFZozlEMLlGlhdyWsTzVlaGvK2hK8xS8vQ/286JWKpbuLfPn2aVZHBo7hBArgwSWUoQJVqAGDBJ7hFd6c1Hlx3p2P2eiKM6/wCP7I+fwB4YmQtw==</latexit>

HS(t) = HS

<latexit sha1_base64="C5kpWZeK08UQf5L/Pvt5cytbE3U=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WooCWRUt0IBTcKXVSwD2himEyn7dDJg5mJUEJ+xI2/4saFIi7ciH/jJA2o1QMD555zL3PvcUNGhTSMT62wsLi0vFJcLa2tb2xu6ds7HRFEHJM2DljAey4ShFGftCWVjPRCTpDnMtJ1Jxep370jXNDAv5HTkNgeGvl0SDGSSnL0mtVUzQPkxPJIJPAcftfHWU1uY8tDcowRi5tJRamHiaOXjaqRAf4lZk7KIEfL0d+tQYAjj/gSMyRE3zRCaceIS4oZSUpWJEiI8ASNSF9RH3lE2HF2XQIPlDKAw4Cr50uYqT8nYuQJMfVc1ZkuKua9VPzP60dyeGbH1A8jSXw8+2gYMSgDmEYFB5QTLNlUEYQ5VbtCPEYcYakCLakQzPmT/5LOSdWsV+vXtXLjKo+jCPbAPqgAE5yCBrgELdAGGNyDR/AMXrQH7Ul71d5mrQUtn9kFv6B9fAEwu6Fo</latexit>

⇤t,s = ⇤t�s = eL(t�s)

<latexit sha1_base64="5jTBoIh2FpIEaeUvmFeT7xkxaWw="></latexit>

+
d2�1X

i=1

�i(t)
⇣
Li(t)⇢S(t)L

†
i (t)�

1

2
{L†

i (t)Li(t), ⇢S(t)}
⌘

<latexit sha1_base64="jDNNA+zQs+d+Y8TIqemYEULyg08=">AAACAXicbZBNS8MwHMbT+TbnW9WL4CU4hAk6WpHpRRh4cMeJ7gW6UtIs3cLStCSpMMpE8Kt48aCIV7+FN7+NWbeDbj4Q+PE8/5D8Hz9mVCrL+jZyC4tLyyv51cLa+sbmlrm905RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ga5617IiSN+J0axsQNUY/TgGKktOWZe/ASnlCn5t2W1NFxR/SjjFzomUWrbGWC82BPoQimqnvmV6cb4SQkXGGGpHRsK1ZuioSimJFRoZNIEiM8QD3iaOQoJNJNsw1G8FA7XRhEQh+uYOb+vpGiUMph6OvJEKm+nM3G5n+Zk6jgwk0pjxNFOJ48FCQMqgiO64BdKghWbKgBYUH1XyHuI4Gw0qUVdAn27Mrz0Dwt25Vy5easWL1+nNSRB/vgAJSADc5BFdRAHTQABg/gGbyCN+PJeDHejY/JaM6YVrgL/sj4/AH6m5Ud</latexit>

= �i[HS(t), ⇢S(t)]

<latexit sha1_base64="uLnEzNSGmMPO0hdTj/ws97zGxQU=">AAACF3icbZC7SgNBFIZn4y3GW9TSZjAIsQm7ItFGCFhoYRHRXCAbltnZ2WTI7IWZs0JYFnwIG1/FxkIRW+18GycXRBMPDPz8/xnOOZ8bC67ANL+M3MLi0vJKfrWwtr6xuVXc3mmqKJGUNWgkItl2iWKCh6wBHARrx5KRwBWs5Q7OR3nrjknFo/AWhjHrBqQXcp9TAtpyihXbl4SmXpZ6kNmyHzk3ZTjEZ9gOCPQpEelV5sBP4BRLZsUcF54X1lSU0LTqTvHT9iKaBCwEKohSHcuMoZsSCZwKlhXsRLGY0AHpsY6WIQmY6qbjuzJ8oB0P+5HULwQ8dn//SEmg1DBwdedoWzWbjcz/sk4C/mk35WGcAAvpZJCfCAwRHkHCHpeMghhqQajkeldM+0SDAo2yoCFYsyfPi+ZRxapWqtfHpdrF/QRHHu2hfVRGFjpBNXSJ6qiBKHpAT+gFvRqPxrPxZrxPWnPGFOEu+lPGxzfn46At</latexit>

d

dt
⇢S(t) = Lt⇢S(t)
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<latexit sha1_base64="t24dZOo2QcF9Zf0RecSBtlRKmNs=">AAACCnicbVDLSgMxFM3UV62vUZduokVwoWVGpLoRCm4UXFSwD+jUIZOmbWjmQXJHKMOs3fgrblwo4tYvcOffmGlnodUDCYdzziW5x4sEV2BZX0Zhbn5hcam4XFpZXVvfMDe3miqMJWUNGopQtj2imOABawAHwdqRZMT3BGt5o4vMb90zqXgY3MI4Yl2fDALe55SAllxz17nW4R5xEzhUKT7HTn3IXcjuu+TITl3lmmWrYk2A/xI7J2WUo+6an04vpLHPAqCCKNWxrQi6CZHAqWBpyYkViwgdkQHraBoQn6luMlklxfta6eF+KPUJAE/UnxMJ8ZUa+55O+gSGatbLxP+8Tgz9s27CgygGFtDpQ/1YYAhx1gvucckoiLEmhEqu/4rpkEhCQbdX0iXYsyv/Jc3jil2tVG9OyrWrvI4i2kF76ADZ6BTV0CWqowai6AE9oRf0ajwaz8ab8T6NFox8Zhv9gvHxDQC9md4=</latexit>

⇤t,s = �t�
�1
s

Existence of time-local master equation: 

time-local

Time-independent:

<latexit sha1_base64="BtKs6tiaJPIEOdWPfB881DNFGpA=">AAAB+HicbVDLSgNBEOyNrxgfWfXoZTAInsKuSPQY8KK3COYByRJmJ73JkNmHM7NCDPkSLx4U8eqnePNvnGz2oIkFTRdV3UxP+YngSjvOt1VYW9/Y3Cpul3Z29/bL9sFhS8WpZNhksYhlx6cKBY+wqbkW2Ekk0tAX2PbH13O//YhS8Ti615MEvZAOIx5wRrWR+nZZ94b4QBTJmkP6dsWpOhnIKnFzUoEcjb791RvELA0x0kxQpbquk2hvSqXmTOCs1EsVJpSN6RC7hkY0ROVNs8Nn5NQoAxLE0lSkSab+3pjSUKlJ6JvJkOqRWvbm4n9eN9XBlTflUZJqjNjioSAVRMdkngIZcIlMi4khlElubiVsRCVl2mRVMiG4y19eJa3zqlur1u4uKvXbPI4iHMMJnIELl1CHG2hAExik8Ayv8GY9WS/Wu/WxGC1Y+c4R/IH1+QMZ1pIc</latexit>

t � s � 0

<latexit sha1_base64="Yr9tLdRD2QdIhTSuMOfuRcPqPNw=">AAACBXicbVC7SgNBFJ31GeNr1VKLwSBYhV2RaBmw0S6CeUB2CbOzs8mQeawzs0JY0tj4KzYWitj6D3b+jbNJCk08MMzhnHu5954oZVQbz/t2lpZXVtfWSxvlza3tnV13b7+lZaYwaWLJpOpESBNGBWkaahjppIogHjHSjoZXhd9+IEpTKe7MKCUhR31BE4qRsVLPPQoiyWI94vbLgz7iHI0DnWFM7qHXcyte1ZsALhJ/RipghkbP/QpiiTNOhMEMad31vdSEOVKGYkbG5SDTJEV4iPqka6lAnOgwn1wxhidWiWEilX3CwIn6uyNHXBeL2kqOzEDPe4X4n9fNTHIZ5lSkmSECTwclGYNGwiISGFNFsGEjSxBW1O4K8QAphI0NrmxD8OdPXiSts6pfq9Zuzyv1m1kcJXAIjsEp8MEFqINr0ABNgMEjeAav4M15cl6cd+djWrrkzHoOwB84nz8HBJjv</latexit>

� ⌫ 0
<latexit sha1_base64="C5kpWZeK08UQf5L/Pvt5cytbE3U=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WooCWRUt0IBTcKXVSwD2himEyn7dDJg5mJUEJ+xI2/4saFIi7ciH/jJA2o1QMD555zL3PvcUNGhTSMT62wsLi0vFJcLa2tb2xu6ds7HRFEHJM2DljAey4ShFGftCWVjPRCTpDnMtJ1Jxep370jXNDAv5HTkNgeGvl0SDGSSnL0mtVUzQPkxPJIJPAcftfHWU1uY8tDcowRi5tJRamHiaOXjaqRAf4lZk7KIEfL0d+tQYAjj/gSMyRE3zRCaceIS4oZSUpWJEiI8ASNSF9RH3lE2HF2XQIPlDKAw4Cr50uYqT8nYuQJMfVc1ZkuKua9VPzP60dyeGbH1A8jSXw8+2gYMSgDmEYFB5QTLNlUEYQ5VbtCPEYcYakCLakQzPmT/5LOSdWsV+vXtXLjKo+jCPbAPqgAE5yCBrgELdAGGNyDR/AMXrQH7Ul71d5mrQUtn9kFv6B9fAEwu6Fo</latexit>

⇤t,s = ⇤t�s = eL(t�s)

<latexit sha1_base64="bZ9Gc6UzlOW3xJFTJg8Be7IbWKc="></latexit>

diag(�1(t), ..., �d2�1(t)) ⌫ 0
<latexit sha1_base64="eSo4maEtGNlTLwkWUhB+inC4y1c=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwISURqS4LgrhwUcE+oA1lMpm0QyeTOHNTKKHgX7hxoYhbP8adf+P0sdDWAxcO55zL3Dl+IrhGx/m2ciura+sb+c3C1vbO7l5x/6Ch41RRVqexiFXLJ5oJLlkdOQrWShQjkS9Y0x9cT/zmkCnNY/mAo4R5EelJHnJK0Ehe585EA9LN8EyPu8WSU3amsJeJOyclmKPWLX51gpimEZNIBdG67ToJehlRyKlg40In1SwhdEB6rG2oJBHTXjY9emyfGCWww1iZkWhP1d8bGYm0HkW+SUYE+3rRm4j/ee0Uwysv4zJJkUk6eyhMhY2xPWnADrhiFMXIEEIVN7fatE8UoWh6KpgS3MUvL5PGedmtlCv3F6XqzdOsjjwcwTGcgguXUIVbqEEdKDzCM7zCmzW0Xqx362MWzVnzCg/hD6zPH9KpkpI=</latexit>

⇤t,s
<latexit sha1_base64="ZVMtUHa3xcmMfs5fOyUCjp34zmQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4EVvVewHtKFstpN26WYTdjdCCf0HXjwo4tV/5M1/47bNQasPBh7vzTAzL0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfD3z24+oNI/lg5kk6Ed0KHnIGTVWur8i/XLFrbpzkL/Ey0kFcjT65c/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TEKgMSxsqWNGSu/pzIaKT1JApsZ0TNSC97M/E/r5ua8NLPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW375L2mdVb1atXZ3Xqnf5nEU4QiO4RQ8uIA63EADmsAghCd4gVdn7Dw7b877orXg5DOH8AvOxzfoG4z9</latexit>= CP-divisible

<latexit sha1_base64="D4otq6ocCHV6m+kIoze9Sz6ms1I=">AAACHnicbZBLSwMxFIUzPmt9VV26CRZBN2VGfC0VQVwqWBU6dbiT3o7BJDMmGaG0Bf+HG/+KGxeKCK7035g+Fr4OBA7fuSG5J84EN9b3P72R0bHxicnCVHF6ZnZuvrSweGbSXDOsslSk+iIGg4IrrFpuBV5kGkHGAs/j64Nefn6L2vBUndpWhnUJieJNzsA6FJW2QpPLiIcJSAkRX7PrnVCASgRS1dkfABnqPulcbtAwwRvqR6WyX/H7on9NMDRlMtRxVHoPGynLJSrLBBhTC/zM1tugLWcCu8UwN5gBu4YEa84qkGjq7f56XbrqSIM2U+2OsrRPv99ogzSmJWM3KcFemd9ZD/6X1XLb3K23ucpyi4oNHmrmgtqU9rqiDa6RWdFyBpjm7q+UXYEGZl2jRVdC8Hvlv+ZsoxJsV7ZPNst7h3eDOgpkmayQNRKQHbJHjsgxqRJG7skjeSYv3oP35L16b4PREW9Y4RL5Ie/jC8JYoqc=</latexit>X

i

�i(t)|hn|Ai(t)|mi|2 � 0
<latexit sha1_base64="eSo4maEtGNlTLwkWUhB+inC4y1c=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwISURqS4LgrhwUcE+oA1lMpm0QyeTOHNTKKHgX7hxoYhbP8adf+P0sdDWAxcO55zL3Dl+IrhGx/m2ciura+sb+c3C1vbO7l5x/6Ch41RRVqexiFXLJ5oJLlkdOQrWShQjkS9Y0x9cT/zmkCnNY/mAo4R5EelJHnJK0Ehe585EA9LN8EyPu8WSU3amsJeJOyclmKPWLX51gpimEZNIBdG67ToJehlRyKlg40In1SwhdEB6rG2oJBHTXjY9emyfGCWww1iZkWhP1d8bGYm0HkW+SUYE+3rRm4j/ee0Uwysv4zJJkUk6eyhMhY2xPWnADrhiFMXIEEIVN7fatE8UoWh6KpgS3MUvL5PGedmtlCv3F6XqzdOsjjwcwTGcgguXUIVbqEEdKDzCM7zCmzW0Xqx362MWzVnzCg/hD6zPH9KpkpI=</latexit>

⇤t,s
<latexit sha1_base64="ZVMtUHa3xcmMfs5fOyUCjp34zmQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4EVvVewHtKFstpN26WYTdjdCCf0HXjwo4tV/5M1/47bNQasPBh7vzTAzL0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfD3z24+oNI/lg5kk6Ed0KHnIGTVWur8i/XLFrbpzkL/Ey0kFcjT65c/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TEKgMSxsqWNGSu/pzIaKT1JApsZ0TNSC97M/E/r5ua8NLPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW375L2mdVb1atXZ3Xqnf5nEU4QiO4RQ8uIA63EADmsAghCd4gVdn7Dw7b877orXg5DOH8AvOxzfoG4z9</latexit>= P-divisible

Time-dependent:

<latexit sha1_base64="uayrGblwiM1XEPO2/IrCo6vqn2Q=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJliEuikzItWNUBCky4r2Ae1QMmmmDc1khuSOUErBX+HGhSJu/TPu/Demj4W2Hgh8nHNDbk6QSGHQdb+dldW19Y3NzFZ2e2d3bz93cFg3caoZr7FYxroZUMOlULyGAiVvJprTKJC8EQxuJnnjkWsjYvWAw4T7Ee0pEQpG0VrtSue+gGfkmljo5PJu0Z2KLIM3hzzMVe3kvtrdmKURV8gkNabluQn6I6pRMMnH2XZqeELZgPZ4y6KiETf+aLrzmJxap0vCWNujkEzd3zdGNDJmGAV2MqLYN4vZxPwva6UYXvkjoZIUuWKzh8JUEozJpADSFZozlEMLlGlhdyWsTzVlaGvK2hK8xS8vQ/286JWKpbuLfPn2aVZHBo7hBArgwSWUoQJVqAGDBJ7hFd6c1Hlx3p2P2eiKM6/wCP7I+fwB4YmQtw==</latexit>

HS(t) = HS

<latexit sha1_base64="5jTBoIh2FpIEaeUvmFeT7xkxaWw="></latexit>

+
d2�1X

i=1

�i(t)
⇣
Li(t)⇢S(t)L

†
i (t)�

1

2
{L†

i (t)Li(t), ⇢S(t)}
⌘

<latexit sha1_base64="jDNNA+zQs+d+Y8TIqemYEULyg08=">AAACAXicbZBNS8MwHMbT+TbnW9WL4CU4hAk6WpHpRRh4cMeJ7gW6UtIs3cLStCSpMMpE8Kt48aCIV7+FN7+NWbeDbj4Q+PE8/5D8Hz9mVCrL+jZyC4tLyyv51cLa+sbmlrm905RRIjBp4IhFou0jSRjlpKGoYqQdC4JCn5GWP7ga5617IiSN+J0axsQNUY/TgGKktOWZe/ASnlCn5t2W1NFxR/SjjFzomUWrbGWC82BPoQimqnvmV6cb4SQkXGGGpHRsK1ZuioSimJFRoZNIEiM8QD3iaOQoJNJNsw1G8FA7XRhEQh+uYOb+vpGiUMph6OvJEKm+nM3G5n+Zk6jgwk0pjxNFOJ48FCQMqgiO64BdKghWbKgBYUH1XyHuI4Gw0qUVdAn27Mrz0Dwt25Vy5easWL1+nNSRB/vgAJSADc5BFdRAHTQABg/gGbyCN+PJeDHejY/JaM6YVrgL/sj4/AH6m5Ud</latexit>

= �i[HS(t), ⇢S(t)]

<latexit sha1_base64="uLnEzNSGmMPO0hdTj/ws97zGxQU=">AAACF3icbZC7SgNBFIZn4y3GW9TSZjAIsQm7ItFGCFhoYRHRXCAbltnZ2WTI7IWZs0JYFnwIG1/FxkIRW+18GycXRBMPDPz8/xnOOZ8bC67ANL+M3MLi0vJKfrWwtr6xuVXc3mmqKJGUNWgkItl2iWKCh6wBHARrx5KRwBWs5Q7OR3nrjknFo/AWhjHrBqQXcp9TAtpyihXbl4SmXpZ6kNmyHzk3ZTjEZ9gOCPQpEelV5sBP4BRLZsUcF54X1lSU0LTqTvHT9iKaBCwEKohSHcuMoZsSCZwKlhXsRLGY0AHpsY6WIQmY6qbjuzJ8oB0P+5HULwQ8dn//SEmg1DBwdedoWzWbjcz/sk4C/mk35WGcAAvpZJCfCAwRHkHCHpeMghhqQajkeldM+0SDAo2yoCFYsyfPi+ZRxapWqtfHpdrF/QRHHu2hfVRGFjpBNXSJ6qiBKHpAT+gFvRqPxrPxZrxPWnPGFOEu+lPGxzfn46At</latexit>

d

dt
⇢S(t) = Lt⇢S(t)

<latexit sha1_base64="ZfQ/voKj0+kvFnbV6z3p+ltfc1E="></latexit>

Lt = lim
✏!0

⇤t+✏,t � I
✏
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Check complete positivity of intermediate map:

Choi matrix
<latexit sha1_base64="t0KmR3EZoa8P0u2aA4nQz7BU48c="></latexit>

| i = 1p
d

dX

n=1

|niS |niA maximally entangled state of system     and ancilla    .
<latexit sha1_base64="keBM2qhUkUXkZ6wHI+wpzdM/T60=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzQOSJcxOepMxs7PLzKwQloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbj6g0j+W9GSXoR7QvecgZNVaq3XULRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+fBeXHenY9Z64ozj/AI/sD5/AHY641m</latexit>

S
<latexit sha1_base64="YmWFtbxkgKc8DAlU83Z3k1cGWBA=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEiiMcEzAOSJcxOepMxs7PLzKwQloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/Gbj6g0j+W9GSXoR7QvecgZNVaqXXcLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuX2axZGDYziBM/DgEipwB1WoAwOEZ3iFN+fBeXHenY9Z64ozj/AI/sD5/AG9o41U</latexit>

A

A Rivas et al, PRL 105 050403 (2010) 

<latexit sha1_base64="Z92BQWc6K/RG2oumReygKSs+f90="></latexit>

C⇤t,s = (⇤t,s ⌦ I(d)
A )| ih |
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Check complete positivity of intermediate map:

Choi matrix
<latexit sha1_base64="t0KmR3EZoa8P0u2aA4nQz7BU48c="></latexit>

| i = 1p
d

dX

n=1

|niS |niA maximally entangled state of system     and ancilla    .
<latexit sha1_base64="keBM2qhUkUXkZ6wHI+wpzdM/T60=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEgiMcEzQOSJcxOepMxs7PLzKwQloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4PfGbj6g0j+W9GSXoR7QvecgZNVaq3XULRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuXmaxZGDYziBM/DgEipwC1WoAwOEZ3iFN+fBeXHenY9Z64ozj/AI/sD5/AHY641m</latexit>

S
<latexit sha1_base64="YmWFtbxkgKc8DAlU83Z3k1cGWBA=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEiiMcEzAOSJcxOepMxs7PLzKwQloB3Lx4U8eonefNvnDwOmljQUFR1090VJIJr47rfzsrq2vrGZm4rv72zu7dfODhs6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4M/Gbj6g0j+W9GSXoR7QvecgZNVaqXXcLRbfkTkGWiTcnRZij2i18dXoxSyOUhgmqddtzE+NnVBnOBI7znVRjQtmQ9rFtqaQRaj+bHjomp1bpkTBWtqQhU/X3REYjrUdRYDsjagZ60ZuI/3nt1IRXfsZlkhqUbLYoTAUxMZl8TXpcITNiZAllittbCRtQRZmx2eRtCN7iy8ukcV7yyqVy7aJYuX2axZGDYziBM/DgEipwB1WoAwOEZ3iFN+fBeXHenY9Z64ozj/AI/sD5/AG9o41U</latexit>

A

<latexit sha1_base64="Ibo+YBHzrGsgFtB3P5DHyD2i9bs=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSJYwOzubDJl9ONMbCEu+w4sHRbz6Md78GyfJHjSxYKCoqqZ7ykuk0Gjb39bK6tr6xmZhq7i9s7u3Xzo4bOo4VYw3WCxj1fao5lJEvIECJW8nitPQk7zlDW+mfmvElRZx9IjjhLsh7UciEIyikdzuvYn6tJfhuZ70SmW7Ys9AlomTkzLkqPdKX10/ZmnII2SSat1x7ATdjCoUTPJJsZtqnlA2pH3eMTSiIdduNjt6Qk6N4pMgVuZFSGbq74mMhlqPQ88kQ4oDvehNxf+8TorBtZuJKEmRR2y+KEglwZhMGyC+UJyhHBtCmRLmVsIGVFGGpqeiKcFZ/PIyaV5UnGql+nBZrt3ldRTgGE7gDBy4ghrcQh0awOAJnuEV3qyR9WK9Wx/z6IqVzxzBH1ifP62QkhU=</latexit>

⇤t,s is completely positive iff 

iff 
<latexit sha1_base64="Ibo+YBHzrGsgFtB3P5DHyD2i9bs=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8SNgViR4DXhQ8RDAPSJYwOzubDJl9ONMbCEu+w4sHRbz6Md78GyfJHjSxYKCoqqZ7ykuk0Gjb39bK6tr6xmZhq7i9s7u3Xzo4bOo4VYw3WCxj1fao5lJEvIECJW8nitPQk7zlDW+mfmvElRZx9IjjhLsh7UciEIyikdzuvYn6tJfhuZ70SmW7Ys9AlomTkzLkqPdKX10/ZmnII2SSat1x7ATdjCoUTPJJsZtqnlA2pH3eMTSiIdduNjt6Qk6N4pMgVuZFSGbq74mMhlqPQ88kQ4oDvehNxf+8TorBtZuJKEmRR2y+KEglwZhMGyC+UJyhHBtCmRLmVsIGVFGGpqeiKcFZ/PIyaV5UnGql+nBZrt3ldRTgGE7gDBy4ghrcQh0awOAJnuEV3qyR9WK9Wx/z6IqVzxzBH1ifP62QkhU=</latexit>

⇤t,s is completely positive
<latexit sha1_base64="Q1o77P1NiE9kpMMDj3RADl/ZhSs=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKRE8S8KK3COYhyRJmJ7PJkNnZZaZXCCFf4cWDIl79HG/+jZNkD5pY0FBUddPdFSRSGHTdb2dldW19YzO3ld/e2d3bLxwcNkycasbrLJaxbgXUcCkUr6NAyVuJ5jQKJG8Gw5up33zi2ohYPeAo4X5E+0qEglG00mO/hGfkmrikWyi6ZXcGsky8jBQhQ61b+Or0YpZGXCGT1Ji25yboj6lGwSSf5Dup4QllQ9rnbUsVjbjxx7ODJ+TUKj0SxtqWQjJTf0+MaWTMKApsZ0RxYBa9qfif104xvPLHQiUpcsXmi8JUEozJ9HvSE5ozlCNLKNPC3krYgGrK0GaUtyF4iy8vk8Z52auUK/cXxepdFkcOjuEESuDBJVThFmpQBwYRPMMrvDnaeXHenY9564qTzRzBHzifP2YBjuA=</latexit>

g(t) > 0
<latexit sha1_base64="lzAzImJmHTU5Qt5YUtUG/wABPIs=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKRC9CwIveIpgHJEuYncwmQ2Zn15leIYT8hBcPinj1d7z5N06SPWhiQUNR1U13V5BIYdB1v52V1bX1jc3cVn57Z3dvv3Bw2DBxqhmvs1jGuhVQw6VQvI4CJW8lmtMokLwZDG+mfvOJayNi9YCjhPsR7SsRCkbRSq1+Cc/INXG7haJbdmcgy8TLSBEy1LqFr04vZmnEFTJJjWl7boL+mGoUTPJJvpManlA2pH3etlTRiBt/PLt3Qk6t0iNhrG0pJDP198SYRsaMosB2RhQHZtGbiv957RTDK38sVJIiV2y+KEwlwZhMnyc9oTlDObKEMi3srYQNqKYMbUR5G4K3+PIyaZyXvUq5cn9RrN5lceTgGE6gBB5cQhVuoQZ1YCDhGV7hzXl0Xpx352PeuuJkM0fwB87nDw0vjrU=</latexit>

g(t) = 0

non-Markovian

Markovian
A. Rivas et al, PRL 105 050403 (2010) 

<latexit sha1_base64="Mso2vL3em1lzbrhJeQMXRaqA1DY=">AAACDnicbZDNS8MwGMZTP+f8qnr0EhwDT6MVmV6EgSAeJ+yjsNaSpmkXln6YpMLoCt69+K948aCIV8/e/G/MPg66+UDgx/O8IXkfL2VUSMP41paWV1bX1ksb5c2t7Z1dfW+/I5KMY9LGCUu45SFBGI1JW1LJiJVygiKPka43uBzn3XvCBU3ilhymxIlQGNOAYiSV5epVe2TZI9eEFzC3eQRbvLDFHZe5dZvbPgpDwgurcPWKUTMmgotgzqACZmq6+pftJziLSCwxQ0L0TCOVTo64pJiRomxngqQID1BIegpjFBHh5JN1ClhVjg+DhKsTSzhxf9/IUSTEMPLUZIRkX8xnY/O/rJfJ4NzJaZxmksR4+lCQMSgTOO4G+pQTLNlQAcKcqr9C3EccYakaLKsSzPmVF6FzUjPrtfrNaaVx9TCtowQOwRE4BiY4Aw1wDZqgDTB4BM/gFbxpT9qL9q59TEeXtFmFB+CPtM8fWTWcxA==</latexit>

kXk1 = Tr
p
X†X

<latexit sha1_base64="Z92BQWc6K/RG2oumReygKSs+f90="></latexit>

C⇤t,s = (⇤t,s ⌦ I(d)
A )| ih |

<latexit sha1_base64="pUuruoTQc/C5kCRz+gUQGFoh64k=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovgQkoiUt0IhW4UXFSwD2hCmEwm7dDJJMxMhJJ24cZfceNCEbd+hDv/xmmbhbYeGDiccw937vETRqWyrG+jsLK6tr5R3Cxtbe/s7pn7B20ZpwKTFo5ZLLo+koRRTlqKKka6iSAo8hnp+MPG1O88ECFpzO/VKCFuhPqchhQjpSXPLDvjhpc5tzoRIC9Tp3IyccaeDa+g7ZkVq2rNAJeJnZMKyNH0zC8niHEaEa4wQ1L2bCtRboaEopiRSclJJUkQHqI+6WnKUUSkm82OmMBjrQQwjIV+XMGZ+juRoUjKUeTryQipgVz0puJ/Xi9V4aWbUZ6kinA8XxSmDKoYThuBARUEKzbSBGFB9V8hHiCBsNK9lXQJ9uLJy6R9VrVr1drdeaV+k9dRBGVwBE6ADS5AHVyDJmgBDB7BM3gFb8aT8WK8Gx/z0YKRZw7BHxifP3Twl1o=</latexit>

kC⇤t,sk1 = 1

<latexit sha1_base64="hHcULQ/FiwUVAiTglfPHZpcc/fg=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBhZREpLosdKPgooJ9QBPCZDJph04mcWYilBBw46+4caGIW3/CnX/jtM1CWw8MHM45lzv3+AmjUlnWt1FaWl5ZXSuvVzY2t7Z3zN29joxTgUkbxywWPR9JwignbUUVI71EEBT5jHT9UXPidx+IkDTmd2qcEDdCA05DipHSkmceNL3MudH5AHmZOpV57sgUY3IPLc+sWjVrCrhI7IJUQYGWZ345QYzTiHCFGZKyb1uJcjMkFMWM5BUnlSRBeIQGpK8pRxGRbja9IYfHWglgGAv9uIJT9fdEhiIpx5GvkxFSQznvTcT/vH6qwks3ozxJFeF4tihMGVQxnBQCAyoIVmysCcKC6r9CPEQCYaVrq+gS7PmTF0nnrGbXa/Xb82rjuqijDA7BETgBNrgADXAFWqANMHgEz+AVvBlPxovxbnzMoiWjmNkHf2B8/gCqWpeS</latexit>

C⇤t,s ⌫ 0

<latexit sha1_base64="t8Tm0gpjtxDurxVe5dB3Sx1l25E="></latexit>

g(t) = lim
✏!0+

kC⇤t+",tk1 � 1

"
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<latexit sha1_base64="QLidL9HOSNd1Er7DSzXzzQiU5CE=">AAACGHicbVDLSsNAFJ34rPUVdelmsAgVtCZFqhuhoAvdVbAPaEKYTCft0MmDmYlQ0nyGG3/FjQtF3Hbn3zhps9DWAxcO59zLvfe4EaNCGsa3trS8srq2Xtgobm5t7+zqe/stEcYckyYOWcg7LhKE0YA0JZWMdCJOkO8y0naHN5nffiJc0DB4lKOI2D7qB9SjGEklOfr5bdnig/DUErTvoxN4DS2PI5yYaVJNrXHmwTM4c62xYzp6yagYU8BFYuakBHI0HH1i9UIc+ySQmCEhuqYRSTtBXFLMSFq0YkEihIeoT7qKBsgnwk6mj6XwWCk96IVcVSDhVP09kSBfiJHvqk4fyYGY9zLxP68bS+/KTmgQxZIEeLbIixmUIcxSgj3KCZZspAjCnKpbIR4gFYxUWRZVCOb8y4ukVa2YtUrt4aJUv8/jKIBDcATKwASXoA7uQAM0AQbP4BW8gw/tRXvTPrWvWeuSls8cgD/QJj+WRJ7t</latexit>

D(⇢,�) =
1

2
k⇢� �k1

Trace distance:

<latexit sha1_base64="qiM6be4hJk0JsGrqfoXpysAGVn8=">AAAB/HicbZDLSgMxGIUzXmu9jXbpJliEClJmRKoboaCIywr2Ap1SMmmmDc1lSDLCMFR8EzcuFHHrg7jzbUwvC209EPg45w/5c8KYUW0879tZWl5ZXVvPbeQ3t7Z3dt29/YaWicKkjiWTqhUiTRgVpG6oYaQVK4J4yEgzHF6N8+YDUZpKcW/SmHQ46gsaUYyMtbpu4boUqIE8CTTtc3QML6EHu27RK3sTwUXwZ1AEM9W67lfQkzjhRBjMkNZt34tNJ0PKUMzIKB8kmsQID1GftC0KxInuZJPlR/DIOj0YSWWPMHDi/r6RIa51ykM7yZEZ6PlsbP6XtRMTXXQyKuLEEIGnD0UJg0bCcROwRxXBhqUWEFbU7grxACmEje0rb0vw57+8CI3Tsl8pV+7OitWbp2kdOXAADkEJ+OAcVMEtqIE6wCAFz+AVvDmPzovz7nxMR5ecWYUF8EfO5w8sD5OY</latexit>

D(⇢,�) = 0
<latexit sha1_base64="PH6Dytzd+Hwb32OmBhHX2U/I1PM=">AAAB+3icbZDLSgMxGIUzXmu9jXXpJliEClJmRKoboaCIywr2Ap2hZNJMG5rLkGTEMhR8EjcuFHHri7jzbUwvC209EPg45w/5c6KEUW0879tZWl5ZXVvPbeQ3t7Z3dt29QkPLVGFSx5JJ1YqQJowKUjfUMNJKFEE8YqQZDa7GefOBKE2luDfDhIQc9QSNKUbGWh23cF0KVF+eBJr2ODqGl9DvuEWv7E0EF8GfQRHMVOu4X0FX4pQTYTBDWrd9LzFhhpShmJFRPkg1SRAeoB5pWxSIEx1mk91H8Mg6XRhLZY8wcOL+vpEhrvWQR3aSI9PX89nY/C9rpya+CDMqktQQgacPxSmDRsJxEbBLFcGGDS0grKjdFeI+UggbW1feluDPf3kRGqdlv1Ku3J0VqzdP0zpy4AAcghLwwTmogltQA3WAwSN4Bq/gzRk5L8678zEdXXJmFe6DP3I+fwDSX5Nv</latexit>

D(⇢,�) = 1

<latexit sha1_base64="gTuOreazElWA7UmcuBJS/zDQ8VQ=">AAACJ3icbVBNS8NAEN34bf2qevSyWAQ9WBIR9aIIXvSmYFVoYtlsJ+nS3STsTsQS8m+8+Fe8CCqiR/+J29qDXw8GHu/NMDMvzKQw6Lrvzsjo2PjE5NR0ZWZ2bn6hurh0YdJcc2jwVKb6KmQGpEiggQIlXGUamAolXIbdo75/eQPaiDQ5x14GgWJxIiLBGVqpVT3Yp36kGS+8stgqfYRb1Ko412Vz3deddNM3IlZs47rw2yyOQZc/5KBVrbl1dwD6l3hDUiNDnLaqT3475bmCBLlkxjQ9N8OgYBoFl1BW/NxAxniXxdC0NGEKTFAM/izpmlXaNEq1rQTpQP0+UTBlTE+FtlMx7JjfXl/8z2vmGO0FhUiyHCHhX4uiXFJMaT802hYaOMqeJYxrYW+lvMNsbGijrdgQvN8v/yUXW3Vvp75ztl07PBnGMUVWyCpZJx7ZJYfkmJySBuHkjjyQZ/Li3DuPzqvz9tU64gxnlskPOB+fvYqmgw==</latexit>

=
1

2
Tr[(⇢� �)†(⇢� �)]

<latexit sha1_base64="gjnhHOYDhdJWQzaQDhy0p11Ox6g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjworcq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqxhtMSaXbATVcipg3UKDk7URzGgWSt4LR9dRvPXJthIofcJxwP6KDWISCUbRSp3svBkOkWqunXqnsVtwZyDLxclKGHPVe6avbVyyNeIxMUmM6npugn1GNgkk+KXZTwxPKRnTAO5bGNOLGz2YnT8ipVfokVNpWjGSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzEScp8pjNF4WpJKjI9H/SF5ozlGNLKNPC3krYkGrK0KZUtCF4iy8vk+Z5xatWqncX5dptHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnovDjvzse8dcXJZ47gD5zPH5bIkX8=</latexit>) <latexit sha1_base64="PbaRFPTf3s1kOLK7wXxbsWNylrk=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6Eghe9VbAf0F1KNs22oclmTbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUUvLVBHaJJJL1QmxppzFtGmY4bSTKIpFyGk7HN3O/PaYKs1k/GgmCQ0EHsQsYgQbKwW+Gkp0g3zNBgL3yhW36s6BVomXkwrkaPTKX35fklTQ2BCOte56bmKCDCvDCKfTkp9qmmAywgPatTTGguogmx89RWdW6aNIKluxQXP190SGhdYTEdpOgc1QL3sz8T+vm5roOshYnKSGxmSxKEo5MhLNEkB9pigxfGIJJorZWxEZYoWJsTmVbAje8surpHVR9WrV2sNlpX6fx1GEEziFc/DgCupwBw1oAoEneIZXeHPGzovz7nwsWgtOPnMMf+B8/gD1FJGd</latexit>⇢ = �
<latexit sha1_base64="gjnhHOYDhdJWQzaQDhy0p11Ox6g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjworcq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqxhtMSaXbATVcipg3UKDk7URzGgWSt4LR9dRvPXJthIofcJxwP6KDWISCUbRSp3svBkOkWqunXqnsVtwZyDLxclKGHPVe6avbVyyNeIxMUmM6npugn1GNgkk+KXZTwxPKRnTAO5bGNOLGz2YnT8ipVfokVNpWjGSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzEScp8pjNF4WpJKjI9H/SF5ozlGNLKNPC3krYkGrK0KZUtCF4iy8vk+Z5xatWqncX5dptHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnovDjvzse8dcXJZ47gD5zPH5bIkX8=</latexit>)

<latexit sha1_base64="JE5mVq7A323x7k93I8GsR7TCTqY=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7ArEj0GvOgtgnlAdgmzk0kyZF7MzCphzad48aCIV7/Em3/jJNmDJhY0FFXddHclilFjg+DbK6ytb2xuFbdLO7t7+wd++bBlZKoxaWLJpO4kyBBGBWlaahnpKE0QTxhpJ+Prmd9+INpQKe7tRJGYo6GgA4qRdVLPL0d6JGGkiFYwMnTIUc+vBNVgDrhKwpxUQI5Gz/+K+hKnnAiLGTKmGwbKxhnSlmJGpqUoNUQhPEZD0nVUIE5MnM1Pn8JTp/ThQGpXwsK5+nsiQ9yYCU9cJ0d2ZJa9mfif103t4CrOqFCpJQIvFg1SBq2Esxxgn2qCLZs4grCm7laIR0gjbF1aJRdCuPzyKmmdV8NatXZ3Uanf5nEUwTE4AWcgBJegDm5AAzQBBo/gGbyCN+/Je/HevY9Fa8HLZ47AH3ifP+GBk8w=</latexit>

⇢ ? �

<latexit sha1_base64="LgYZfkRi5IzOecRr60iaWPYKfbg=">AAACBXicbZDLSgMxGIUz9VbrbdSlLoJFqCBlRqS6LCjisoK9QGcomTTThiaTMckIZSiIG1/FjQtF3PoO7nwb004X2nogcPjOH5L/BDGjSjvOt5VbWFxaXsmvFtbWNza37O2dhhKJxKSOBROyFSBFGI1IXVPNSCuWBPGAkWYwuBjnzXsiFRXRrR7GxOeoF9GQYqQN6tj7DvQYuYOXJU/2xbGnaI+jo4y5HbvolJ2J4Lxxp6YIpqp17C+vK3DCSaQxQ0q1XSfWfoqkppiRUcFLFIkRHqAeaRsbIU6Un062GMFDQ7owFNKcSMMJ/X0jRVypIQ/MJEe6r2azMfwvayc6PPdTGsWJJhHOHgoTBrWA40pgl0qCNRsag7Ck5q8Q95FEWJviCqYEd3bledM4KbuVcuXmtFi9esjqyIM9cABKwAVnoAquQQ3UAQaP4Bm8gjfryXqx3q2PbDRnTSvcBX9kff4Av5GXQg==</latexit>

0  D(⇢,�)  1



Distinguishability

63

<latexit sha1_base64="QLidL9HOSNd1Er7DSzXzzQiU5CE=">AAACGHicbVDLSsNAFJ34rPUVdelmsAgVtCZFqhuhoAvdVbAPaEKYTCft0MmDmYlQ0nyGG3/FjQtF3Hbn3zhps9DWAxcO59zLvfe4EaNCGsa3trS8srq2Xtgobm5t7+zqe/stEcYckyYOWcg7LhKE0YA0JZWMdCJOkO8y0naHN5nffiJc0DB4lKOI2D7qB9SjGEklOfr5bdnig/DUErTvoxN4DS2PI5yYaVJNrXHmwTM4c62xYzp6yagYU8BFYuakBHI0HH1i9UIc+ySQmCEhuqYRSTtBXFLMSFq0YkEihIeoT7qKBsgnwk6mj6XwWCk96IVcVSDhVP09kSBfiJHvqk4fyYGY9zLxP68bS+/KTmgQxZIEeLbIixmUIcxSgj3KCZZspAjCnKpbIR4gFYxUWRZVCOb8y4ukVa2YtUrt4aJUv8/jKIBDcATKwASXoA7uQAM0AQbP4BW8gw/tRXvTPrWvWeuSls8cgD/QJj+WRJ7t</latexit>

D(⇢,�) =
1

2
k⇢� �k1

Trace distance:

<latexit sha1_base64="qiM6be4hJk0JsGrqfoXpysAGVn8=">AAAB/HicbZDLSgMxGIUzXmu9jXbpJliEClJmRKoboaCIywr2Ap1SMmmmDc1lSDLCMFR8EzcuFHHrg7jzbUwvC209EPg45w/5c8KYUW0879tZWl5ZXVvPbeQ3t7Z3dt29/YaWicKkjiWTqhUiTRgVpG6oYaQVK4J4yEgzHF6N8+YDUZpKcW/SmHQ46gsaUYyMtbpu4boUqIE8CTTtc3QML6EHu27RK3sTwUXwZ1AEM9W67lfQkzjhRBjMkNZt34tNJ0PKUMzIKB8kmsQID1GftC0KxInuZJPlR/DIOj0YSWWPMHDi/r6RIa51ykM7yZEZ6PlsbP6XtRMTXXQyKuLEEIGnD0UJg0bCcROwRxXBhqUWEFbU7grxACmEje0rb0vw57+8CI3Tsl8pV+7OitWbp2kdOXAADkEJ+OAcVMEtqIE6wCAFz+AVvDmPzovz7nxMR5ecWYUF8EfO5w8sD5OY</latexit>

D(⇢,�) = 0
<latexit sha1_base64="PH6Dytzd+Hwb32OmBhHX2U/I1PM=">AAAB+3icbZDLSgMxGIUzXmu9jXXpJliEClJmRKoboaCIywr2Ap2hZNJMG5rLkGTEMhR8EjcuFHHri7jzbUwvC209EPg45w/5c6KEUW0879tZWl5ZXVvPbeQ3t7Z3dt29QkPLVGFSx5JJ1YqQJowKUjfUMNJKFEE8YqQZDa7GefOBKE2luDfDhIQc9QSNKUbGWh23cF0KVF+eBJr2ODqGl9DvuEWv7E0EF8GfQRHMVOu4X0FX4pQTYTBDWrd9LzFhhpShmJFRPkg1SRAeoB5pWxSIEx1mk91H8Mg6XRhLZY8wcOL+vpEhrvWQR3aSI9PX89nY/C9rpya+CDMqktQQgacPxSmDRsJxEbBLFcGGDS0grKjdFeI+UggbW1feluDPf3kRGqdlv1Ku3J0VqzdP0zpy4AAcghLwwTmogltQA3WAwSN4Bq/gzRk5L8678zEdXXJmFe6DP3I+fwDSX5Nv</latexit>

D(⇢,�) = 1
<latexit sha1_base64="fiL1ThQNkTsGNsoNNw2rdCirhuE="></latexit>

Pmax =
1

2
[1 +D(⇢,�)]

<latexit sha1_base64="gTuOreazElWA7UmcuBJS/zDQ8VQ=">AAACJ3icbVBNS8NAEN34bf2qevSyWAQ9WBIR9aIIXvSmYFVoYtlsJ+nS3STsTsQS8m+8+Fe8CCqiR/+J29qDXw8GHu/NMDMvzKQw6Lrvzsjo2PjE5NR0ZWZ2bn6hurh0YdJcc2jwVKb6KmQGpEiggQIlXGUamAolXIbdo75/eQPaiDQ5x14GgWJxIiLBGVqpVT3Yp36kGS+8stgqfYRb1Ko412Vz3deddNM3IlZs47rw2yyOQZc/5KBVrbl1dwD6l3hDUiNDnLaqT3475bmCBLlkxjQ9N8OgYBoFl1BW/NxAxniXxdC0NGEKTFAM/izpmlXaNEq1rQTpQP0+UTBlTE+FtlMx7JjfXl/8z2vmGO0FhUiyHCHhX4uiXFJMaT802hYaOMqeJYxrYW+lvMNsbGijrdgQvN8v/yUXW3Vvp75ztl07PBnGMUVWyCpZJx7ZJYfkmJySBuHkjjyQZ/Li3DuPzqvz9tU64gxnlskPOB+fvYqmgw==</latexit>

=
1

2
Tr[(⇢� �)†(⇢� �)]

<latexit sha1_base64="gjnhHOYDhdJWQzaQDhy0p11Ox6g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjworcq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqxhtMSaXbATVcipg3UKDk7URzGgWSt4LR9dRvPXJthIofcJxwP6KDWISCUbRSp3svBkOkWqunXqnsVtwZyDLxclKGHPVe6avbVyyNeIxMUmM6npugn1GNgkk+KXZTwxPKRnTAO5bGNOLGz2YnT8ipVfokVNpWjGSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzEScp8pjNF4WpJKjI9H/SF5ozlGNLKNPC3krYkGrK0KZUtCF4iy8vk+Z5xatWqncX5dptHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnovDjvzse8dcXJZ47gD5zPH5bIkX8=</latexit>) <latexit sha1_base64="PbaRFPTf3s1kOLK7wXxbsWNylrk=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6Eghe9VbAf0F1KNs22oclmTbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUUvLVBHaJJJL1QmxppzFtGmY4bSTKIpFyGk7HN3O/PaYKs1k/GgmCQ0EHsQsYgQbKwW+Gkp0g3zNBgL3yhW36s6BVomXkwrkaPTKX35fklTQ2BCOte56bmKCDCvDCKfTkp9qmmAywgPatTTGguogmx89RWdW6aNIKluxQXP190SGhdYTEdpOgc1QL3sz8T+vm5roOshYnKSGxmSxKEo5MhLNEkB9pigxfGIJJorZWxEZYoWJsTmVbAje8surpHVR9WrV2sNlpX6fx1GEEziFc/DgCupwBw1oAoEneIZXeHPGzovz7nwsWgtOPnMMf+B8/gD1FJGd</latexit>⇢ = �
<latexit sha1_base64="gjnhHOYDhdJWQzaQDhy0p11Ox6g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjworcq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqxhtMSaXbATVcipg3UKDk7URzGgWSt4LR9dRvPXJthIofcJxwP6KDWISCUbRSp3svBkOkWqunXqnsVtwZyDLxclKGHPVe6avbVyyNeIxMUmM6npugn1GNgkk+KXZTwxPKRnTAO5bGNOLGz2YnT8ipVfokVNpWjGSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzEScp8pjNF4WpJKjI9H/SF5ozlGNLKNPC3krYkGrK0KZUtCF4iy8vk+Z5xatWqncX5dptHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnovDjvzse8dcXJZ47gD5zPH5bIkX8=</latexit>)

<latexit sha1_base64="JE5mVq7A323x7k93I8GsR7TCTqY=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7ArEj0GvOgtgnlAdgmzk0kyZF7MzCphzad48aCIV7/Em3/jJNmDJhY0FFXddHclilFjg+DbK6ytb2xuFbdLO7t7+wd++bBlZKoxaWLJpO4kyBBGBWlaahnpKE0QTxhpJ+Prmd9+INpQKe7tRJGYo6GgA4qRdVLPL0d6JGGkiFYwMnTIUc+vBNVgDrhKwpxUQI5Gz/+K+hKnnAiLGTKmGwbKxhnSlmJGpqUoNUQhPEZD0nVUIE5MnM1Pn8JTp/ThQGpXwsK5+nsiQ9yYCU9cJ0d2ZJa9mfif103t4CrOqFCpJQIvFg1SBq2Esxxgn2qCLZs4grCm7laIR0gjbF1aJRdCuPzyKmmdV8NatXZ3Uanf5nEUwTE4AWcgBJegDm5AAzQBBo/gGbyCN+/Je/HevY9Fa8HLZ47AH3ifP+GBk8w=</latexit>

⇢ ? �

maximum likelihood of distinguishing 
states    and     with single shot 
measurement

<latexit sha1_base64="EVakpq7N8MgGtqkSwpFqx2qHepo=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8SloX1aBWrd1fVuq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSnKO1g==</latexit>⇢ <latexit sha1_base64="KBNueVEvc7DkFX5/qmt3j3ZN4d8=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMiiceAIB4jmAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9KOHMWN//9nJr6xubW/ntws7u3v5B8fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opG11O/9Ui1YUre23FCQ4EHksWMYOukZtewgcC9Yskv+zOgVRIsSAkWqPeKX92+Iqmg0hKOjekEfmLDDGvLCKeTQjc1NMFkhAe046jEgpowm107QWdO6aNYaVfSopn6eyLDwpixiFynwHZolr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCCCyFYfnmVNC/KQaVcubss1W6e5nHk4QRO4RwCqEINbqEODSDwAM/wCm+e8l68d+9j3przFhEewx94nz/HJY+y</latexit>�

<latexit sha1_base64="LgYZfkRi5IzOecRr60iaWPYKfbg=">AAACBXicbZDLSgMxGIUz9VbrbdSlLoJFqCBlRqS6LCjisoK9QGcomTTThiaTMckIZSiIG1/FjQtF3PoO7nwb004X2nogcPjOH5L/BDGjSjvOt5VbWFxaXsmvFtbWNza37O2dhhKJxKSOBROyFSBFGI1IXVPNSCuWBPGAkWYwuBjnzXsiFRXRrR7GxOeoF9GQYqQN6tj7DvQYuYOXJU/2xbGnaI+jo4y5HbvolJ2J4Lxxp6YIpqp17C+vK3DCSaQxQ0q1XSfWfoqkppiRUcFLFIkRHqAeaRsbIU6Un062GMFDQ7owFNKcSMMJ/X0jRVypIQ/MJEe6r2azMfwvayc6PPdTGsWJJhHOHgoTBrWA40pgl0qCNRsag7Ck5q8Q95FEWJviCqYEd3bledM4KbuVcuXmtFi9esjqyIM9cABKwAVnoAquQQ3UAQaP4Bm8gjfryXqx3q2PbDRnTSvcBX9kff4Av5GXQg==</latexit>

0  D(⇢,�)  1
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<latexit sha1_base64="QLidL9HOSNd1Er7DSzXzzQiU5CE=">AAACGHicbVDLSsNAFJ34rPUVdelmsAgVtCZFqhuhoAvdVbAPaEKYTCft0MmDmYlQ0nyGG3/FjQtF3Hbn3zhps9DWAxcO59zLvfe4EaNCGsa3trS8srq2Xtgobm5t7+zqe/stEcYckyYOWcg7LhKE0YA0JZWMdCJOkO8y0naHN5nffiJc0DB4lKOI2D7qB9SjGEklOfr5bdnig/DUErTvoxN4DS2PI5yYaVJNrXHmwTM4c62xYzp6yagYU8BFYuakBHI0HH1i9UIc+ySQmCEhuqYRSTtBXFLMSFq0YkEihIeoT7qKBsgnwk6mj6XwWCk96IVcVSDhVP09kSBfiJHvqk4fyYGY9zLxP68bS+/KTmgQxZIEeLbIixmUIcxSgj3KCZZspAjCnKpbIR4gFYxUWRZVCOb8y4ukVa2YtUrt4aJUv8/jKIBDcATKwASXoA7uQAM0AQbP4BW8gw/tRXvTPrWvWeuSls8cgD/QJj+WRJ7t</latexit>

D(⇢,�) =
1

2
k⇢� �k1

Trace distance:

<latexit sha1_base64="qiM6be4hJk0JsGrqfoXpysAGVn8=">AAAB/HicbZDLSgMxGIUzXmu9jXbpJliEClJmRKoboaCIywr2Ap1SMmmmDc1lSDLCMFR8EzcuFHHrg7jzbUwvC209EPg45w/5c8KYUW0879tZWl5ZXVvPbeQ3t7Z3dt29/YaWicKkjiWTqhUiTRgVpG6oYaQVK4J4yEgzHF6N8+YDUZpKcW/SmHQ46gsaUYyMtbpu4boUqIE8CTTtc3QML6EHu27RK3sTwUXwZ1AEM9W67lfQkzjhRBjMkNZt34tNJ0PKUMzIKB8kmsQID1GftC0KxInuZJPlR/DIOj0YSWWPMHDi/r6RIa51ykM7yZEZ6PlsbP6XtRMTXXQyKuLEEIGnD0UJg0bCcROwRxXBhqUWEFbU7grxACmEje0rb0vw57+8CI3Tsl8pV+7OitWbp2kdOXAADkEJ+OAcVMEtqIE6wCAFz+AVvDmPzovz7nxMR5ecWYUF8EfO5w8sD5OY</latexit>

D(⇢,�) = 0
<latexit sha1_base64="PH6Dytzd+Hwb32OmBhHX2U/I1PM=">AAAB+3icbZDLSgMxGIUzXmu9jXXpJliEClJmRKoboaCIywr2Ap2hZNJMG5rLkGTEMhR8EjcuFHHri7jzbUwvC209EPg45w/5c6KEUW0879tZWl5ZXVvPbeQ3t7Z3dt29QkPLVGFSx5JJ1YqQJowKUjfUMNJKFEE8YqQZDa7GefOBKE2luDfDhIQc9QSNKUbGWh23cF0KVF+eBJr2ODqGl9DvuEWv7E0EF8GfQRHMVOu4X0FX4pQTYTBDWrd9LzFhhpShmJFRPkg1SRAeoB5pWxSIEx1mk91H8Mg6XRhLZY8wcOL+vpEhrvWQR3aSI9PX89nY/C9rpya+CDMqktQQgacPxSmDRsJxEbBLFcGGDS0grKjdFeI+UggbW1feluDPf3kRGqdlv1Ku3J0VqzdP0zpy4AAcghLwwTmogltQA3WAwSN4Bq/gzRk5L8678zEdXXJmFe6DP3I+fwDSX5Nv</latexit>

D(⇢,�) = 1
<latexit sha1_base64="fiL1ThQNkTsGNsoNNw2rdCirhuE="></latexit>

Pmax =
1

2
[1 +D(⇢,�)]

<latexit sha1_base64="gTuOreazElWA7UmcuBJS/zDQ8VQ=">AAACJ3icbVBNS8NAEN34bf2qevSyWAQ9WBIR9aIIXvSmYFVoYtlsJ+nS3STsTsQS8m+8+Fe8CCqiR/+J29qDXw8GHu/NMDMvzKQw6Lrvzsjo2PjE5NR0ZWZ2bn6hurh0YdJcc2jwVKb6KmQGpEiggQIlXGUamAolXIbdo75/eQPaiDQ5x14GgWJxIiLBGVqpVT3Yp36kGS+8stgqfYRb1Ko412Vz3deddNM3IlZs47rw2yyOQZc/5KBVrbl1dwD6l3hDUiNDnLaqT3475bmCBLlkxjQ9N8OgYBoFl1BW/NxAxniXxdC0NGEKTFAM/izpmlXaNEq1rQTpQP0+UTBlTE+FtlMx7JjfXl/8z2vmGO0FhUiyHCHhX4uiXFJMaT802hYaOMqeJYxrYW+lvMNsbGijrdgQvN8v/yUXW3Vvp75ztl07PBnGMUVWyCpZJx7ZJYfkmJySBuHkjjyQZ/Li3DuPzqvz9tU64gxnlskPOB+fvYqmgw==</latexit>

=
1

2
Tr[(⇢� �)†(⇢� �)]

<latexit sha1_base64="gjnhHOYDhdJWQzaQDhy0p11Ox6g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjworcq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqxhtMSaXbATVcipg3UKDk7URzGgWSt4LR9dRvPXJthIofcJxwP6KDWISCUbRSp3svBkOkWqunXqnsVtwZyDLxclKGHPVe6avbVyyNeIxMUmM6npugn1GNgkk+KXZTwxPKRnTAO5bGNOLGz2YnT8ipVfokVNpWjGSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzEScp8pjNF4WpJKjI9H/SF5ozlGNLKNPC3krYkGrK0KZUtCF4iy8vk+Z5xatWqncX5dptHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnovDjvzse8dcXJZ47gD5zPH5bIkX8=</latexit>) <latexit sha1_base64="PbaRFPTf3s1kOLK7wXxbsWNylrk=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqV6Eghe9VbAf0F1KNs22oclmTbKFsvR3ePGgiFd/jDf/jWm7B219MPB4b4aZeWHCmTau++0U1tY3NreK26Wd3b39g/LhUUvLVBHaJJJL1QmxppzFtGmY4bSTKIpFyGk7HN3O/PaYKs1k/GgmCQ0EHsQsYgQbKwW+Gkp0g3zNBgL3yhW36s6BVomXkwrkaPTKX35fklTQ2BCOte56bmKCDCvDCKfTkp9qmmAywgPatTTGguogmx89RWdW6aNIKluxQXP190SGhdYTEdpOgc1QL3sz8T+vm5roOshYnKSGxmSxKEo5MhLNEkB9pigxfGIJJorZWxEZYoWJsTmVbAje8surpHVR9WrV2sNlpX6fx1GEEziFc/DgCupwBw1oAoEneIZXeHPGzovz7nwsWgtOPnMMf+B8/gD1FJGd</latexit>⇢ = �
<latexit sha1_base64="gjnhHOYDhdJWQzaQDhy0p11Ox6g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjworcq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqxhtMSaXbATVcipg3UKDk7URzGgWSt4LR9dRvPXJthIofcJxwP6KDWISCUbRSp3svBkOkWqunXqnsVtwZyDLxclKGHPVe6avbVyyNeIxMUmM6npugn1GNgkk+KXZTwxPKRnTAO5bGNOLGz2YnT8ipVfokVNpWjGSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzEScp8pjNF4WpJKjI9H/SF5ozlGNLKNPC3krYkGrK0KZUtCF4iy8vk+Z5xatWqncX5dptHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnovDjvzse8dcXJZ47gD5zPH5bIkX8=</latexit>)

<latexit sha1_base64="JE5mVq7A323x7k93I8GsR7TCTqY=">AAAB+nicbVDLSgNBEJyNrxhfGz16GQyCp7ArEj0GvOgtgnlAdgmzk0kyZF7MzCphzad48aCIV7/Em3/jJNmDJhY0FFXddHclilFjg+DbK6ytb2xuFbdLO7t7+wd++bBlZKoxaWLJpO4kyBBGBWlaahnpKE0QTxhpJ+Prmd9+INpQKe7tRJGYo6GgA4qRdVLPL0d6JGGkiFYwMnTIUc+vBNVgDrhKwpxUQI5Gz/+K+hKnnAiLGTKmGwbKxhnSlmJGpqUoNUQhPEZD0nVUIE5MnM1Pn8JTp/ThQGpXwsK5+nsiQ9yYCU9cJ0d2ZJa9mfif103t4CrOqFCpJQIvFg1SBq2Esxxgn2qCLZs4grCm7laIR0gjbF1aJRdCuPzyKmmdV8NatXZ3Uanf5nEUwTE4AWcgBJegDm5AAzQBBo/gGbyCN+/Je/HevY9Fa8HLZ47AH3ifP+GBk8w=</latexit>

⇢ ? �

maximum likelihood of distinguishing 
states    and     with single shot 
measurement

<latexit sha1_base64="EVakpq7N8MgGtqkSwpFqx2qHepo=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTxGMA9IljA7mU2GzGOZmRXCEvALvHhQxKs/5M2/cTbJQRMLGoqqbrq7ooQzY33/2yusrW9sbhW3Szu7e/sH5cOjllGpJrRJFFe6E2FDOZO0aZnltJNoikXEaTsa3+R++5Fqw5R8sJOEhgIPJYsZwTaXenqk+uWKX/VnQKskWJAKLNDol796A0VSQaUlHBvTDfzEhhnWlhFOp6VeamiCyRgPaddRiQU1YTa7dYrOnDJAsdKupEUz9fdEhoUxExG5ToHtyCx7ufif101tfB1mTCappZLMF8UpR1ah/HE0YJoSyyeOYKKZuxWREdaYWBdPyYUQLL+8SloX1aBWrd1fVuq3T/M4inACp3AOAVxBHe6gAU0gMIJneIU3T3gv3rv3MW8teIsIj+EPvM8fSnKO1g==</latexit>⇢ <latexit sha1_base64="KBNueVEvc7DkFX5/qmt3j3ZN4d8=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMiiceAIB4jmAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9KOHMWN//9nJr6xubW/ntws7u3v5B8fCoaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opG11O/9Ui1YUre23FCQ4EHksWMYOukZtewgcC9Yskv+zOgVRIsSAkWqPeKX92+Iqmg0hKOjekEfmLDDGvLCKeTQjc1NMFkhAe046jEgpowm107QWdO6aNYaVfSopn6eyLDwpixiFynwHZolr2p+J/XSW18FWZMJqmlkswXxSlHVqHp66jPNCWWjx3BRDN3KyJDrDGxLqCCCyFYfnmVNC/KQaVcubss1W6e5nHk4QRO4RwCqEINbqEODSDwAM/wCm+e8l68d+9j3przFhEewx94nz/HJY+y</latexit>�

<latexit sha1_base64="LgYZfkRi5IzOecRr60iaWPYKfbg=">AAACBXicbZDLSgMxGIUz9VbrbdSlLoJFqCBlRqS6LCjisoK9QGcomTTThiaTMckIZSiIG1/FjQtF3PoO7nwb004X2nogcPjOH5L/BDGjSjvOt5VbWFxaXsmvFtbWNza37O2dhhKJxKSOBROyFSBFGI1IXVPNSCuWBPGAkWYwuBjnzXsiFRXRrR7GxOeoF9GQYqQN6tj7DvQYuYOXJU/2xbGnaI+jo4y5HbvolJ2J4Lxxp6YIpqp17C+vK3DCSaQxQ0q1XSfWfoqkppiRUcFLFIkRHqAeaRsbIU6Un062GMFDQ7owFNKcSMMJ/X0jRVypIQ/MJEe6r2azMfwvayc6PPdTGsWJJhHOHgoTBrWA40pgl0qCNRsag7Ck5q8Q95FEWJviCqYEd3bledM4KbuVcuXmtFi9esjqyIM9cABKwAVnoAquQQ3UAQaP4Bm8gjfryXqx3q2PbDRnTSvcBX9kff4Av5GXQg==</latexit>

0  D(⇢,�)  1

Monotonicity under CPTP maps:
<latexit sha1_base64="OvE6KAUZGh56Mk6cVygLhzOIioM=">AAACF3icbZDLSsNAFIYn9VbrLerSzWARKkhIRKrLgi50V8FeoAlhMp0kQycXZyZCCX0LN76KGxeKuNWdb+O0yUJbDwx8/P85nDm/lzIqpGl+a5Wl5ZXVtep6bWNza3tH393riiTjmHRwwhLe95AgjMakI6lkpJ9ygiKPkZ43upz6vQfCBU3iOzlOiROhIKY+xUgqydWNq4bNw+TEFjSI0DG0A3IPldYOqSsLp8DCd/W6aZizgotglVAHZbVd/cseJjiLSCwxQ0IMLDOVTo64pJiRSc3OBEkRHqGADBTGKCLCyWd3TeCRUobQT7h6sYQz9fdEjiIhxpGnOiMkQzHvTcX/vEEm/Qsnp3GaSRLjYpGfMSgTOA0JDiknWLKxAoQ5VX+FOEQcYamirKkQrPmTF6F7alhNo3l7Vm/dlHFUwQE4BA1ggXPQAtegDToAg0fwDF7Bm/akvWjv2kfRWtHKmX3wp7TPHwbnnqg=</latexit>

D(⇢,�) � D(�t⇢,�t�)

H.-P. Breuer et al RMP 88, 21002 (2016)
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H.-P. Breuer et al PRL 103, 210401 (2009)

<latexit sha1_base64="dYvrArAEFaZORNtaY4z/ZYw5MG4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPBi94q2A9oQ9lsN+3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fjm5nffmLacCUfcJKwICZDySNOCVqp1WuMeB/75YpX9eZwV4mfkwrkaPTLX72BomnMJFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWipJzEyQza+dumdWGbiR0rYkunP190RGYmMmcWg7Y4Ijs+zNxP+8borRdZBxmaTIJF0silLhonJnr7sDrhlFMbGEUM3trS4dEU0o2oBKNgR/+eVV0rqo+rVq7f6yUr/L4yjCCZzCOfhwBXW4hQY0gcIjPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3V/jxg=</latexit>

�tQuantum process       non-Markovian if there is some pair of 
initial states                          such that 

<latexit sha1_base64="p2Zy6hwdapQIY1PU2AwKo1zyRJE=">AAACBHicbZDLSgMxGIUzXmu9jbrsJliEClJmilSXBUFcVrQX6Iwlk2ba0EwyJBmhDAXd+CpuXCji1odw59uYTrvQ1gOBj3P+kPwniBlV2nG+raXlldW19dxGfnNre2fX3ttvKpFITBpYMCHbAVKEUU4ammpG2rEkKAoYaQXDi0neuidSUcFv9SgmfoT6nIYUI22srl3wUk8OxJ3bvSk5xycZVzL2xl276JSdTHAR3BkUwUz1rv3l9QROIsI1ZkipjuvE2k+R1BQzMs57iSIxwkPUJx2DHEVE+Wm2xBgeGacHQyHN4Rpm7u8bKYqUGkWBmYyQHqj5bGL+l3USHZ77KeVxognH04fChEEt4KQR2KOSYM1GBhCW1PwV4gGSCGvTW96U4M6vvAjNStmtlqvXp8Xa5cO0jhwogENQAi44AzVwBeqgATB4BM/gFbxZT9aL9W59TEeXrFmFB+CPrM8fMKCW8w==</latexit>

{⇢1S(0), ⇢2S(0)}

<latexit sha1_base64="lJICzEQ1yEkdzSfXh8F0Q+lfQto=">AAACBHicbVDLSgMxFM34rPU16rKbYBFakDJTpLosKOKyon1AO5ZMmmlDM8mQZIQyFHTjr7hxoYhbP8Kdf2M67UJbD1w495wbcu/xI0aVdpxva2l5ZXVtPbOR3dza3tm19/YbSsQSkzoWTMiWjxRhlJO6ppqRViQJCn1Gmv7wfOI374lUVPBbPYqIF6I+pwHFSBupa+cuCh05EHdu96agi8cwbcppU+zaeafkpICLxJ2RPJih1rW/Oj2B45BwjRlSqu06kfYSJDXFjIyznViRCOEh6pO2oRyFRHlJesQYHhmlBwMhTXENU/X3iwSFSo1C30yGSA/UvDcR//PasQ7OvITyKNaE4+lHQcygFnCSCOxRSbBmI0MQltTsCvEASYS1yS1rQnDnT14kjXLJrZQq1yf56uXDNI4MyIFDUAAuOAVVcAVqoA4weATP4BW8WU/Wi/VufUxHl6xZhAfgD6zPH3n6loA=</latexit> D
(⇢

1 S
(t
),
⇢2 S

(t
))

<latexit sha1_base64="ZD5tapvCx4aWxScWvIE7NTDdkd4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiZ4kIIjHCOYBybLMTibJkNnZZaZXCEvAX/DiQRGvfo83/8bJ46CJBQ1FVTfdXWEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTukhkuheAMFSt5ONKdRKHkrHN1M/dYj10bE6gHHCfcjOlCiLxhFK7UwqFxj4AXFklt2ZyCrxFuQEixQD4pf3V7M0ogrZJIa0/HcBP2MahRM8kmhmxqeUDaiA96xVNGIGz+bnTshZ1bpkX6sbSkkM/X3REYjY8ZRaDsjikOz7E3F/7xOiv0rPxMqSZErNl/UTyXBmEx/Jz2hOUM5toQyLeythA2ppgxtQgUbgrf88ippVspetVy9vyjVbp/mceThBE7hHDy4hBrcQR0awGAEz/AKb07ivDjvzse8NecsIjyGP3A+fwCzyY+W</latexit>

t2 > t1
<latexit sha1_base64="wB9OZGw7VnmVL2wBGPKKUj3B6Ys=">AAACK3icbVDLSsNAFJ3UV62vqEs3g0VoQEpSpLos6kJ3Fe0Dmhgm02k7dPJwZiKU0P9x46+40IUP3PofTtMsbOuBgXPPPZc793gRo0Ka5qeWW1peWV3Lrxc2Nre2d/TdvaYIY45JA4cs5G0PCcJoQBqSSkbaESfI9xhpecOLSb/1SLigYXAnRxFxfNQPaI9iJJXk6ueXJZsPwnvLvS1Jt2Icp1Ulqwxo98kDnPFYMx7LMFy9aJbNFHCRWBkpggx1V3+1uyGOfRJIzJAQHcuMpJMgLilmZFywY0EihIeoTzqKBsgnwknSW8fwSCld2Au5eoGEqfp3IkG+ECPfU04fyYGY703E/3qdWPbOnIQGUSxJgKeLejGDMoST4GCXcoIlGymCMKfqrxAPEEdYqngLKgRr/uRF0qyUrWq5enNSrF1nceTBATgEJWCBU1ADV6AOGgCDJ/AC3sGH9qy9aV/a99Sa07KZfTAD7ecXg62jnA==</latexit>

D(⇢1S(t2), ⇢
2
S(t2)) � D(⇢1S(t1), ⇢

2
S(t1))
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<latexit sha1_base64="dYvrArAEFaZORNtaY4z/ZYw5MG4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPBi94q2A9oQ9lsN+3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fjm5nffmLacCUfcJKwICZDySNOCVqp1WuMeB/75YpX9eZwV4mfkwrkaPTLX72BomnMJFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWipJzEyQza+dumdWGbiR0rYkunP190RGYmMmcWg7Y4Ijs+zNxP+8borRdZBxmaTIJF0silLhonJnr7sDrhlFMbGEUM3trS4dEU0o2oBKNgR/+eVV0rqo+rVq7f6yUr/L4yjCCZzCOfhwBXW4hQY0gcIjPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3V/jxg=</latexit>

�tQuantum process       non-Markovian if there is some pair of 
initial states                          such that 

<latexit sha1_base64="p2Zy6hwdapQIY1PU2AwKo1zyRJE=">AAACBHicbZDLSgMxGIUzXmu9jbrsJliEClJmilSXBUFcVrQX6Iwlk2ba0EwyJBmhDAXd+CpuXCji1odw59uYTrvQ1gOBj3P+kPwniBlV2nG+raXlldW19dxGfnNre2fX3ttvKpFITBpYMCHbAVKEUU4ammpG2rEkKAoYaQXDi0neuidSUcFv9SgmfoT6nIYUI22srl3wUk8OxJ3bvSk5xycZVzL2xl276JSdTHAR3BkUwUz1rv3l9QROIsI1ZkipjuvE2k+R1BQzMs57iSIxwkPUJx2DHEVE+Wm2xBgeGacHQyHN4Rpm7u8bKYqUGkWBmYyQHqj5bGL+l3USHZ77KeVxognH04fChEEt4KQR2KOSYM1GBhCW1PwV4gGSCGvTW96U4M6vvAjNStmtlqvXp8Xa5cO0jhwogENQAi44AzVwBeqgATB4BM/gFbxZT9aL9W59TEeXrFmFB+CPrM8fMKCW8w==</latexit>

{⇢1S(0), ⇢2S(0)}

<latexit sha1_base64="lJICzEQ1yEkdzSfXh8F0Q+lfQto=">AAACBHicbVDLSgMxFM34rPU16rKbYBFakDJTpLosKOKyon1AO5ZMmmlDM8mQZIQyFHTjr7hxoYhbP8Kdf2M67UJbD1w495wbcu/xI0aVdpxva2l5ZXVtPbOR3dza3tm19/YbSsQSkzoWTMiWjxRhlJO6ppqRViQJCn1Gmv7wfOI374lUVPBbPYqIF6I+pwHFSBupa+cuCh05EHdu96agi8cwbcppU+zaeafkpICLxJ2RPJih1rW/Oj2B45BwjRlSqu06kfYSJDXFjIyznViRCOEh6pO2oRyFRHlJesQYHhmlBwMhTXENU/X3iwSFSo1C30yGSA/UvDcR//PasQ7OvITyKNaE4+lHQcygFnCSCOxRSbBmI0MQltTsCvEASYS1yS1rQnDnT14kjXLJrZQq1yf56uXDNI4MyIFDUAAuOAVVcAVqoA4weATP4BW8WU/Wi/VufUxHl6xZhAfgD6zPH3n6loA=</latexit> D
(⇢

1 S
(t
),
⇢2 S

(t
))

<latexit sha1_base64="ZD5tapvCx4aWxScWvIE7NTDdkd4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiZ4kIIjHCOYBybLMTibJkNnZZaZXCEvAX/DiQRGvfo83/8bJ46CJBQ1FVTfdXWEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTukhkuheAMFSt5ONKdRKHkrHN1M/dYj10bE6gHHCfcjOlCiLxhFK7UwqFxj4AXFklt2ZyCrxFuQEixQD4pf3V7M0ogrZJIa0/HcBP2MahRM8kmhmxqeUDaiA96xVNGIGz+bnTshZ1bpkX6sbSkkM/X3REYjY8ZRaDsjikOz7E3F/7xOiv0rPxMqSZErNl/UTyXBmEx/Jz2hOUM5toQyLeythA2ppgxtQgUbgrf88ippVspetVy9vyjVbp/mceThBE7hHDy4hBrcQR0awGAEz/AKb07ivDjvzse8NecsIjyGP3A+fwCzyY+W</latexit>

t2 > t1

<latexit sha1_base64="zmiHRSWiBpcyfnxuJKUPsxLI54o="></latexit>

Iint = D(⇢1S(t), ⇢
2
S(t))

<latexit sha1_base64="wB9OZGw7VnmVL2wBGPKKUj3B6Ys=">AAACK3icbVDLSsNAFJ3UV62vqEs3g0VoQEpSpLos6kJ3Fe0Dmhgm02k7dPJwZiKU0P9x46+40IUP3PofTtMsbOuBgXPPPZc793gRo0Ka5qeWW1peWV3Lrxc2Nre2d/TdvaYIY45JA4cs5G0PCcJoQBqSSkbaESfI9xhpecOLSb/1SLigYXAnRxFxfNQPaI9iJJXk6ueXJZsPwnvLvS1Jt2Icp1Ulqwxo98kDnPFYMx7LMFy9aJbNFHCRWBkpggx1V3+1uyGOfRJIzJAQHcuMpJMgLilmZFywY0EihIeoTzqKBsgnwknSW8fwSCld2Au5eoGEqfp3IkG+ECPfU04fyYGY703E/3qdWPbOnIQGUSxJgKeLejGDMoST4GCXcoIlGymCMKfqrxAPEEdYqngLKgRr/uRF0qyUrWq5enNSrF1nceTBATgEJWCBU1ADV6AOGgCDJ/AC3sGH9qy9aV/a99Sa07KZfTAD7ecXg62jnA==</latexit>

D(⇢1S(t2), ⇢
2
S(t2)) � D(⇢1S(t1), ⇢

2
S(t1))
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<latexit sha1_base64="dYvrArAEFaZORNtaY4z/ZYw5MG4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPBi94q2A9oQ9lsN+3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fjm5nffmLacCUfcJKwICZDySNOCVqp1WuMeB/75YpX9eZwV4mfkwrkaPTLX72BomnMJFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWipJzEyQza+dumdWGbiR0rYkunP190RGYmMmcWg7Y4Ijs+zNxP+8borRdZBxmaTIJF0silLhonJnr7sDrhlFMbGEUM3trS4dEU0o2oBKNgR/+eVV0rqo+rVq7f6yUr/L4yjCCZzCOfhwBXW4hQY0gcIjPMMrvDnKeXHenY9Fa8HJZ47hD5zPH3V/jxg=</latexit>

�tQuantum process       non-Markovian if there is some pair of 
initial states                          such that 

<latexit sha1_base64="p2Zy6hwdapQIY1PU2AwKo1zyRJE=">AAACBHicbZDLSgMxGIUzXmu9jbrsJliEClJmilSXBUFcVrQX6Iwlk2ba0EwyJBmhDAXd+CpuXCji1odw59uYTrvQ1gOBj3P+kPwniBlV2nG+raXlldW19dxGfnNre2fX3ttvKpFITBpYMCHbAVKEUU4ammpG2rEkKAoYaQXDi0neuidSUcFv9SgmfoT6nIYUI22srl3wUk8OxJ3bvSk5xycZVzL2xl276JSdTHAR3BkUwUz1rv3l9QROIsI1ZkipjuvE2k+R1BQzMs57iSIxwkPUJx2DHEVE+Wm2xBgeGacHQyHN4Rpm7u8bKYqUGkWBmYyQHqj5bGL+l3USHZ77KeVxognH04fChEEt4KQR2KOSYM1GBhCW1PwV4gGSCGvTW96U4M6vvAjNStmtlqvXp8Xa5cO0jhwogENQAi44AzVwBeqgATB4BM/gFbxZT9aL9W59TEeXrFmFB+CPrM8fMKCW8w==</latexit>

{⇢1S(0), ⇢2S(0)}

<latexit sha1_base64="lJICzEQ1yEkdzSfXh8F0Q+lfQto=">AAACBHicbVDLSgMxFM34rPU16rKbYBFakDJTpLosKOKyon1AO5ZMmmlDM8mQZIQyFHTjr7hxoYhbP8Kdf2M67UJbD1w495wbcu/xI0aVdpxva2l5ZXVtPbOR3dza3tm19/YbSsQSkzoWTMiWjxRhlJO6ppqRViQJCn1Gmv7wfOI374lUVPBbPYqIF6I+pwHFSBupa+cuCh05EHdu96agi8cwbcppU+zaeafkpICLxJ2RPJih1rW/Oj2B45BwjRlSqu06kfYSJDXFjIyznViRCOEh6pO2oRyFRHlJesQYHhmlBwMhTXENU/X3iwSFSo1C30yGSA/UvDcR//PasQ7OvITyKNaE4+lHQcygFnCSCOxRSbBmI0MQltTsCvEASYS1yS1rQnDnT14kjXLJrZQq1yf56uXDNI4MyIFDUAAuOAVVcAVqoA4weATP4BW8WU/Wi/VufUxHl6xZhAfgD6zPH3n6loA=</latexit> D
(⇢

1 S
(t
),
⇢2 S

(t
))

<latexit sha1_base64="ZD5tapvCx4aWxScWvIE7NTDdkd4=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiZ4kIIjHCOYBybLMTibJkNnZZaZXCEvAX/DiQRGvfo83/8bJ46CJBQ1FVTfdXWEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTukhkuheAMFSt5ONKdRKHkrHN1M/dYj10bE6gHHCfcjOlCiLxhFK7UwqFxj4AXFklt2ZyCrxFuQEixQD4pf3V7M0ogrZJIa0/HcBP2MahRM8kmhmxqeUDaiA96xVNGIGz+bnTshZ1bpkX6sbSkkM/X3REYjY8ZRaDsjikOz7E3F/7xOiv0rPxMqSZErNl/UTyXBmEx/Jz2hOUM5toQyLeythA2ppgxtQgUbgrf88ippVspetVy9vyjVbp/mceThBE7hHDy4hBrcQR0awGAEz/AKb07ivDjvzse8NecsIjyGP3A+fwCzyY+W</latexit>

t2 > t1

<latexit sha1_base64="zmiHRSWiBpcyfnxuJKUPsxLI54o="></latexit>

Iint = D(⇢1S(t), ⇢
2
S(t))

<latexit sha1_base64="wB9OZGw7VnmVL2wBGPKKUj3B6Ys=">AAACK3icbVDLSsNAFJ3UV62vqEs3g0VoQEpSpLos6kJ3Fe0Dmhgm02k7dPJwZiKU0P9x46+40IUP3PofTtMsbOuBgXPPPZc793gRo0Ka5qeWW1peWV3Lrxc2Nre2d/TdvaYIY45JA4cs5G0PCcJoQBqSSkbaESfI9xhpecOLSb/1SLigYXAnRxFxfNQPaI9iJJXk6ueXJZsPwnvLvS1Jt2Icp1Ulqwxo98kDnPFYMx7LMFy9aJbNFHCRWBkpggx1V3+1uyGOfRJIzJAQHcuMpJMgLilmZFywY0EihIeoTzqKBsgnwknSW8fwSCld2Au5eoGEqfp3IkG+ECPfU04fyYGY703E/3qdWPbOnIQGUSxJgKeLejGDMoST4GCXcoIlGymCMKfqrxAPEEdYqngLKgRr/uRF0qyUrWq5enNSrF1nceTBATgEJWCBU1ADV6AOGgCDJ/AC3sGH9qy9aV/a99Sa07KZfTAD7ecXg62jnA==</latexit>

D(⇢1S(t2), ⇢
2
S(t2)) � D(⇢1S(t1), ⇢

2
S(t1))

Decreasing state 
distinguishability (DSD) 

<latexit sha1_base64="gjnhHOYDhdJWQzaQDhy0p11Ox6g=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjworcq9gPaUDbbTbt0kw27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsGpVqxhtMSaXbATVcipg3UKDk7URzGgWSt4LR9dRvPXJthIofcJxwP6KDWISCUbRSp3svBkOkWqunXqnsVtwZyDLxclKGHPVe6avbVyyNeIxMUmM6npugn1GNgkk+KXZTwxPKRnTAO5bGNOLGz2YnT8ipVfokVNpWjGSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPIzEScp8pjNF4WpJKjI9H/SF5ozlGNLKNPC3krYkGrK0KZUtCF4iy8vk+Z5xatWqncX5dptHkcBjuEEzsCDS6jBDdShAQwUPMMrvDnovDjvzse8dcXJZ47gD5zPH5bIkX8=</latexit>)Divisibility <latexit sha1_base64="bgiEoLOOc2mFgcm+7l+LlxRaLb0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI8BLwoeIpgHJiHMTmaTIbMzy0yvEpb8hRcPinj1b7z5N06SPWhiQUNR1U13VxALbtDzvp3cyura+kZ+s7C1vbO7V9w/aBiVaMrqVAmlWwExTHDJ6shRsFasGYkCwZrB6GrqNx+ZNlzJexzHrBuRgeQhpwSt9NC5ZSESrdVTr1jyyt4M7jLxM1KCDLVe8avTVzSJmEQqiDFt34uxmxKNnAo2KXQSw2JCR2TA2pZKEjHTTWcXT9wTq/TdUGlbEt2Z+nsiJZEx4yiwnRHBoVn0puJ/XjvB8LKbchknyCSdLwoT4aJyp++7fa4ZRTG2hFDN7a0uHRJNKNqQCjYEf/HlZdI4K/uVcuXuvFS9yeLIwxEcwyn4cAFVuIYa1IGChGd4hTfHOC/Ou/Mxb8052cwh/IHz+QO/N5EC</latexit>(
A. Rivas et al RPP 77, 94001 (2014)



Outline
• Motivations. 

• Open quantum systems - Markov approximation.


• Markovianity in classical stochastic processes.


• Quantum non-Markovianity - divisibility, distinguishability.


• Example: Spontaneous emission of two-level system.


• Collision models.

68
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Two-level atom + vacuum reservoir:
<latexit sha1_base64="ww6C9fAZBYrDPdOQ/oMUQX2ijJE=">AAACDHicbVC7SgNBFJ2NrxhfUUubxSBaSNgViTZCQBDLCOYBmzXcnb3ZDJl9MDMrhCVga+Ov2FgoYusH2Pk3Th6FJh4YOPecM8zc4yWcSWVZ30ZuYXFpeSW/Wlhb39jcKm7vNGScCop1GvNYtDyQyFmEdcUUx1YiEEKPY9PrX4785j0KyeLoVg0SdEMIItZlFJSWOsWSA53+MdxlbR+CAMWwk/UPh+5F20euQA960imrbI1hzhN7Skpkilqn+NX2Y5qGGCnKQUrHthLlZiAUoxyHhXYqMQHahwAdTSMIUbrZeJmheaAV3+zGQp9ImWP1940MQikHoaeTIaienPVG4n+ek6ruuZuxKEkVRnTyUDflporNUTOmzwRSxQeaABVM/9WkPRBAle6voEuwZ1eeJ42Tsl0pV25OS9Wrh0kdebJH9skRsckZqZJrUiN1QskjeSav5M14Ml6Md+NjEs0Z0wp3yR8Ynz/7NpwE</latexit>

[ak, a
†
k0 ] = �kk0

<latexit sha1_base64="WNyK7+ZjXdCTLK/079dX6OILkU8="></latexit>

H = !0�+�� +
X

k

!ka
†
kak +

X

k

(gk�+ak + g
⇤
k��a

†
k)
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Two-level atom + vacuum reservoir:
<latexit sha1_base64="ww6C9fAZBYrDPdOQ/oMUQX2ijJE=">AAACDHicbVC7SgNBFJ2NrxhfUUubxSBaSNgViTZCQBDLCOYBmzXcnb3ZDJl9MDMrhCVga+Ov2FgoYusH2Pk3Th6FJh4YOPecM8zc4yWcSWVZ30ZuYXFpeSW/Wlhb39jcKm7vNGScCop1GvNYtDyQyFmEdcUUx1YiEEKPY9PrX4785j0KyeLoVg0SdEMIItZlFJSWOsWSA53+MdxlbR+CAMWwk/UPh+5F20euQA960imrbI1hzhN7Skpkilqn+NX2Y5qGGCnKQUrHthLlZiAUoxyHhXYqMQHahwAdTSMIUbrZeJmheaAV3+zGQp9ImWP1940MQikHoaeTIaienPVG4n+ek6ruuZuxKEkVRnTyUDflporNUTOmzwRSxQeaABVM/9WkPRBAle6voEuwZ1eeJ42Tsl0pV25OS9Wrh0kdebJH9skRsckZqZJrUiN1QskjeSav5M14Ml6Md+NjEs0Z0wp3yR8Ynz/7NpwE</latexit>

[ak, a
†
k0 ] = �kk0

see Marco’s 
lectures

<latexit sha1_base64="hMfKNHdIwIO4PcdaIMxLGi8I/zM="></latexit>

+�(t)
⇣
��⇢S(t)�+ � 1

2
{�+��, ⇢S(t)}

⌘

<latexit sha1_base64="XmRnsGzbziM2S/Ik5UeeOLSi7kk="></latexit>

S(t) = �2Im

✓
ċe(t)

ce(t)

◆ <latexit sha1_base64="xh2ldRAa0gDB8vYpIt437gjwdW0="></latexit>

�(t) = �2Re

✓
ċe(t)

ce(t)

◆

<latexit sha1_base64="cldnk0wi1bhKTgtEIleoDl35dUQ=">AAACF3icbZDLSsNAFIYn9VbrrerSzWAR6qYkItWNUBDEhYuK9gJNCZPJpB06uTBzIpQQ8CHc+CpuXCjiVne+jdMLoq0HBn7+/wznnM+NBVdgml9GbmFxaXklv1pYW9/Y3Cpu7zRVlEjKGjQSkWy7RDHBQ9YADoK1Y8lI4ArWcgfno7x1x6TiUXgLw5h1A9ILuc8pAW05xYrtS0JTL0s9yGzZj5ybMhziM2wHBPqUiPQqc+AncIols2KOC88LaypKaFp1p/hpexFNAhYCFUSpjmXG0E2JBE4Fywp2olhM6ID0WEfLkARMddPxXRk+0I6H/UjqFwIeu79/pCRQahi4unO0rZrNRuZ/WScB/7Sb8jBOgIV0MshPBIYIjyBhj0tGQQy1IFRyvSumfaJBgUZZ0BCs2ZPnRfOoYlUr1evjUu3ifoIjj/bQPiojC52gGrpEddRAFD2gJ/SCXo1H49l4M94nrTljinAX/Snj4xvnlqAs</latexit>

d

dt
⇢S(t) = Lt⇢S(t)

Lamb shift Decay rate

<latexit sha1_base64="DhYFUvhCglF4j/T+IzgzlogoHaI="></latexit>

Lt⇢S(t) = �i
S(t)

2
[�+��, ⇢S(t)]

<latexit sha1_base64="WNyK7+ZjXdCTLK/079dX6OILkU8="></latexit>

H = !0�+�� +
X

k

!ka
†
kak +

X

k

(gk�+ak + g
⇤
k��a

†
k)
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Two-level atom + vacuum reservoir:

<latexit sha1_base64="2JQh1ifIYcoS/7zDht0cJoA3wkE=">AAACF3icbZBLSwMxFIUzPmt9VV26CRahBR1mRKoboSCIywq2Cp1xyGQyGprJDMkdoQwFf4Qb/4obF4q41Z3/xvSx8HUgcDjnhuR+YSa4Bsf5tKamZ2bn5ksL5cWl5ZXVytp6R6e5oqxNU5Gqy5BoJrhkbeAg2GWmGElCwS7C3vGwv7hlSvNUnkM/Y35CriWPOSVgoqBie7EitIgGRQQDGrAa1PER3vW4hCsInEh7O3ENdnV92Ol6UKk6tjMS/mvciamiiVpB5cOLUponTAIVROuu62TgF0QBp4INyl6uWUZoj1yzrrGSJEz7xWivAd42SYTjVJkjAY/S7zcKkmjdT0IzmRC40b+7Yfhf180hPvQLLrMcmKTjh+JcYEjxEBKOuGIURN8YQhU3f8X0hhhQYFCWDQT398p/TWfPdht242y/2jy5G+MooU20hWrIRQeoiU5RC7URRffoET2jF+vBerJerbfx6JQ1QbiBfsh6/wLXwJ7d</latexit>

d

dt
ce(t) = �

Z t

0
ds f(t� s)ce(s)

<latexit sha1_base64="pS6BW4VN0clgdrT6uxH39vCaS4M="></latexit>

f(⌧) = TrE [e
iHE⌧Be�iHE⌧B|~0ih~0|]ei!0⌧

<latexit sha1_base64="x0YKk4P6VpcAYMmp5zsc5SA9FWo="></latexit>

=

Z 1

�1
d! J(!)e�i(!�!0)⌧

<latexit sha1_base64="VB9OS6BiOqmHwHNy4QsflOcqwcs="></latexit>

⇢S(t) =

✓
|ce(t)|2 c⇤gce(t)
cgc⇤e(t) 1� |ce(t)|2

◆
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Two-level atom + vacuum reservoir:

<latexit sha1_base64="2JQh1ifIYcoS/7zDht0cJoA3wkE=">AAACF3icbZBLSwMxFIUzPmt9VV26CRahBR1mRKoboSCIywq2Cp1xyGQyGprJDMkdoQwFf4Qb/4obF4q41Z3/xvSx8HUgcDjnhuR+YSa4Bsf5tKamZ2bn5ksL5cWl5ZXVytp6R6e5oqxNU5Gqy5BoJrhkbeAg2GWmGElCwS7C3vGwv7hlSvNUnkM/Y35CriWPOSVgoqBie7EitIgGRQQDGrAa1PER3vW4hCsInEh7O3ENdnV92Ol6UKk6tjMS/mvciamiiVpB5cOLUponTAIVROuu62TgF0QBp4INyl6uWUZoj1yzrrGSJEz7xWivAd42SYTjVJkjAY/S7zcKkmjdT0IzmRC40b+7Yfhf180hPvQLLrMcmKTjh+JcYEjxEBKOuGIURN8YQhU3f8X0hhhQYFCWDQT398p/TWfPdht242y/2jy5G+MooU20hWrIRQeoiU5RC7URRffoET2jF+vBerJerbfx6JQ1QbiBfsh6/wLXwJ7d</latexit>

d

dt
ce(t) = �

Z t

0
ds f(t� s)ce(s)

<latexit sha1_base64="pS6BW4VN0clgdrT6uxH39vCaS4M="></latexit>

f(⌧) = TrE [e
iHE⌧Be�iHE⌧B|~0ih~0|]ei!0⌧

Lorenztian spectral density:

<latexit sha1_base64="x0YKk4P6VpcAYMmp5zsc5SA9FWo="></latexit>

=

Z 1

�1
d! J(!)e�i(!�!0)⌧

<latexit sha1_base64="VB9OS6BiOqmHwHNy4QsflOcqwcs="></latexit>

⇢S(t) =

✓
|ce(t)|2 c⇤gce(t)
cgc⇤e(t) 1� |ce(t)|2

◆

<latexit sha1_base64="aUopOs2Uyrh4BkfN6ny2j8Yu988="></latexit>

⌦ =
1

2

p
(�/2)2 � 4g2

<latexit sha1_base64="jNU56xcSBJDXUM8EhmGtbAFuR/A="></latexit>

ce(t) = G(t)ce(0) = e��t/4
h
cosh(⌦t) +

�

4⌦
sinh(⌦t)

i

<latexit sha1_base64="jOKRtvK6sIR3e8rluX9DvMbAjIQ="></latexit>

J(!) =
g2

⇡

�/2

(! � !0)2 � (�/2)2

�

g
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Two-level atom + vacuum reservoir:

<latexit sha1_base64="hMfKNHdIwIO4PcdaIMxLGi8I/zM="></latexit>

+�(t)
⇣
��⇢S(t)�+ � 1

2
{�+��, ⇢S(t)}

⌘

<latexit sha1_base64="DhYFUvhCglF4j/T+IzgzlogoHaI="></latexit>

Lt⇢S(t) = �i
S(t)

2
[�+��, ⇢S(t)]

<latexit sha1_base64="8zlkzcBRyVcxEyNZJ+kyeOaboJY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip7vaKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gCj341D</latexit>

0
<latexit sha1_base64="b1XFhVq82mwRoFmO04uOHKfaLK8=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2AR6qbMiFSXBUFcVrAP6Awlk96ZhiYzY5IR6lDwf7hxoYhbf4o7/43pY6GtBwIf59yQmxOknCntON/Wyura+sZmYau4vbO7V7L3D1oqySSFJk14IjsBUcBZDE3NNIdOKoGIgEM7GF5N8vYDSMWS+E6PUvAFiWIWMkq0sXp2yYuIEKSiT70I7rHTs8tO1ZkKL4M7hzKaq9Gzv7x+QjMBsaacKNV1nVT7OZGaUQ7jopcpSAkdkgi6BmMiQPn5dPExPjFOH4eJNCfWeOr+vpETodRIBGZSED1Qi9nE/C/rZjq89HMWp5mGmM4eCjOOdYInLeA+k0A1HxkgVDKzK6YDIgnVpquiKcFd/PIytM6qbq1auz0v16+fZnUU0BE6RhXkogtURzeogZqIogw9o1f0Zj1aL9a79TEbXbHmFR6iP7I+fwCmcJLd</latexit>

�(t) � 0
<latexit sha1_base64="WlfyZ2nYd+Z1bT/EF6wUTEqgezM=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMCOIxgnnAZgmzk9lkyMzOMtMrhE3An/DiQRGvfo03/8bJ46CJBQ1FVTfdXWEiuAHX/XZya+sbm1v57cLO7t7+QfHwqGlUqilrUCWUbofEMMFj1gAOgrUTzYgMBWuFw5up33pk2nAVP8AoYYEk/ZhHnBKwkj/u9ImUpAzn426x5FbcGfAq8RakhBaod4tfnZ6iqWQxUEGM8T03gSAjGjgVbFLopIYlhA5Jn/mWxkQyE2Szkyf4zCo9HCltKwY8U39PZEQaM5Kh7ZQEBmbZm4r/eX4K0XWQ8ThJgcV0vihKBQaFp//jHteMghhZQqjm9lZMB0QTCjalgg3BW355lTQvKl61Ur2/LNVun+Zx5NEJOkVl5KErVEN3qI4aiCKFntErenPAeXHenY95a85ZRHiM/sD5/AEc+JGT</latexit>

|�(t)|
<latexit sha1_base64="NAjn1TVXpTIh8osp+q+e1qMJ76M=">AAAB8nicbVDJSgNBEO1xjXGLevTSGIR4CTMi0YOHgCAeI5gFJkPo6fQkTXoZumuEEAL+hBcPinj1a7z5N3aWgyY+KHi8V0VVvTgV3ILvf3srq2vrG5u5rfz2zu7efuHgsGF1ZiirUy20acXEMsEVqwMHwVqpYUTGgjXjwc3Ebz4yY7lWDzBMWSRJT/GEUwJOCts9IiUpwdm13ykU/bI/BV4mwZwU0Ry1TuGr3dU0k0wBFcTaMPBTiEbEAKeCjfPtzLKU0AHpsdBRRSSz0Wh68hifOqWLE21cKcBT9ffEiEhrhzJ2nZJA3y56E/E/L8wguYpGXKUZMEVni5JMYNB48j/ucsMoiKEjhBrubsW0Twyh4FLKuxCCxZeXSeO8HFTKlfuLYvX2aRZHDh2jE1RCAbpEVXSHaqiOKNLoGb2iNw+8F+/d+5i1rnjzCI/QH3ifP0dBkQc=</latexit>

�(t) < 0

<latexit sha1_base64="xocP56HT5RvzWPT/B9EnGv7tQ40=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEoiMcI5gHZJcxOepMhs7PLzKwQloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7wlRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBUObyZ+6xGV5ol8MKMUg5j2JY84o8ZKLf+a9/t+3i2V3Yo7BVkm3pyUYY56t/Tl9xKWxSgNE1TrjuemJsipMpwJHBf9TGNK2ZD2sWOppDHqIJ+eOyanVumRKFG2pCFT9fdETmOtR3FoO2NqBnrRm4j/eZ3MRFdBzmWaGZRstijKBDEJmfxOelwhM2JkCWWK21sJG1BFmbEJFW0I3uLLy6R5XvGqler9Rbl2+zSLowDHcAJn4MEl1OAO6tAABkN4hld4c1LnxXl3PmatK848wiP4A+fzB00Fj/s=</latexit>(
<latexit sha1_base64="WG66QoVk0NZRRPPsThxhFIZkVrw="></latexit>

g(t) = lim
✏!0+

kI + (Lt ⌦ I(2)
A )"k1 � 1

"
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Two-level atom + vacuum reservoir:

Dynamics non-Markovian for 

<latexit sha1_base64="hMfKNHdIwIO4PcdaIMxLGi8I/zM="></latexit>

+�(t)
⇣
��⇢S(t)�+ � 1

2
{�+��, ⇢S(t)}

⌘

<latexit sha1_base64="DhYFUvhCglF4j/T+IzgzlogoHaI="></latexit>

Lt⇢S(t) = �i
S(t)

2
[�+��, ⇢S(t)]

<latexit sha1_base64="NAjn1TVXpTIh8osp+q+e1qMJ76M=">AAAB8nicbVDJSgNBEO1xjXGLevTSGIR4CTMi0YOHgCAeI5gFJkPo6fQkTXoZumuEEAL+hBcPinj1a7z5N3aWgyY+KHi8V0VVvTgV3ILvf3srq2vrG5u5rfz2zu7efuHgsGF1ZiirUy20acXEMsEVqwMHwVqpYUTGgjXjwc3Ebz4yY7lWDzBMWSRJT/GEUwJOCts9IiUpwdm13ykU/bI/BV4mwZwU0Ry1TuGr3dU0k0wBFcTaMPBTiEbEAKeCjfPtzLKU0AHpsdBRRSSz0Wh68hifOqWLE21cKcBT9ffEiEhrhzJ2nZJA3y56E/E/L8wguYpGXKUZMEVni5JMYNB48j/ucsMoiKEjhBrubsW0Twyh4FLKuxCCxZeXSeO8HFTKlfuLYvX2aRZHDh2jE1RCAbpEVXSHaqiOKNLoGb2iNw+8F+/d+5i1rnjzCI/QH3ifP0dBkQc=</latexit>

�(t) < 0

<latexit sha1_base64="8zlkzcBRyVcxEyNZJ+kyeOaboJY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BQTwmYB6QLGF20puMmZ1dZmaFsAS8e/GgiFc/yZt/4+Rx0MSChqKqm+6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaLSPJb3ZpygH9GB5CFn1Fip7vaKJbfszkBWibcgJVig1it+dfsxSyOUhgmqdcdzE+NnVBnOBE4K3VRjQtmIDrBjqaQRaj+bHTohZ1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ62ZuK/3md1ITXfsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRsCN7yy6ukeVH2KuVK/bJUvX2ax5GHEziFc/DgCqpwBzVoAAOEZ3iFN+fBeXHenY95a85ZRHgMf+B8/gCj341D</latexit>

0
<latexit sha1_base64="b1XFhVq82mwRoFmO04uOHKfaLK8=">AAAB+HicbZBLSwMxFIUzPmt9dNSlm2AR6qbMiFSXBUFcVrAP6Awlk96ZhiYzY5IR6lDwf7hxoYhbf4o7/43pY6GtBwIf59yQmxOknCntON/Wyura+sZmYau4vbO7V7L3D1oqySSFJk14IjsBUcBZDE3NNIdOKoGIgEM7GF5N8vYDSMWS+E6PUvAFiWIWMkq0sXp2yYuIEKSiT70I7rHTs8tO1ZkKL4M7hzKaq9Gzv7x+QjMBsaacKNV1nVT7OZGaUQ7jopcpSAkdkgi6BmMiQPn5dPExPjFOH4eJNCfWeOr+vpETodRIBGZSED1Qi9nE/C/rZjq89HMWp5mGmM4eCjOOdYInLeA+k0A1HxkgVDKzK6YDIgnVpquiKcFd/PIytM6qbq1auz0v16+fZnUU0BE6RhXkogtURzeogZqIogw9o1f0Zj1aL9a79TEbXbHmFR6iP7I+fwCmcJLd</latexit>

�(t) � 0
<latexit sha1_base64="WlfyZ2nYd+Z1bT/EF6wUTEqgezM=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2FXJHoMCOIxgnnAZgmzk9lkyMzOMtMrhE3An/DiQRGvfo03/8bJ46CJBQ1FVTfdXWEiuAHX/XZya+sbm1v57cLO7t7+QfHwqGlUqilrUCWUbofEMMFj1gAOgrUTzYgMBWuFw5up33pk2nAVP8AoYYEk/ZhHnBKwkj/u9ImUpAzn426x5FbcGfAq8RakhBaod4tfnZ6iqWQxUEGM8T03gSAjGjgVbFLopIYlhA5Jn/mWxkQyE2Szkyf4zCo9HCltKwY8U39PZEQaM5Kh7ZQEBmbZm4r/eX4K0XWQ8ThJgcV0vihKBQaFp//jHteMghhZQqjm9lZMB0QTCjalgg3BW355lTQvKl61Ur2/LNVun+Zx5NEJOkVl5KErVEN3qI4aiCKFntErenPAeXHenY95a85ZRHiM/sD5/AEc+JGT</latexit>

|�(t)|
<latexit sha1_base64="NAjn1TVXpTIh8osp+q+e1qMJ76M=">AAAB8nicbVDJSgNBEO1xjXGLevTSGIR4CTMi0YOHgCAeI5gFJkPo6fQkTXoZumuEEAL+hBcPinj1a7z5N3aWgyY+KHi8V0VVvTgV3ILvf3srq2vrG5u5rfz2zu7efuHgsGF1ZiirUy20acXEMsEVqwMHwVqpYUTGgjXjwc3Ebz4yY7lWDzBMWSRJT/GEUwJOCts9IiUpwdm13ykU/bI/BV4mwZwU0Ry1TuGr3dU0k0wBFcTaMPBTiEbEAKeCjfPtzLKU0AHpsdBRRSSz0Wh68hifOqWLE21cKcBT9ffEiEhrhzJ2nZJA3y56E/E/L8wguYpGXKUZMEVni5JMYNB48j/ucsMoiKEjhBrubsW0Twyh4FLKuxCCxZeXSeO8HFTKlfuLYvX2aRZHDh2jE1RCAbpEVXSHaqiOKNLoGb2iNw+8F+/d+5i1rnjzCI/QH3ifP0dBkQc=</latexit>

�(t) < 0

<latexit sha1_base64="xocP56HT5RvzWPT/B9EnGv7tQ40=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV2R6DEoiMcI5gHZJcxOepMhs7PLzKwQloC/4MWDIl79Hm/+jZPHQRMLGoqqbrq7wlRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBUObyZ+6xGV5ol8MKMUg5j2JY84o8ZKLf+a9/t+3i2V3Yo7BVkm3pyUYY56t/Tl9xKWxSgNE1TrjuemJsipMpwJHBf9TGNK2ZD2sWOppDHqIJ+eOyanVumRKFG2pCFT9fdETmOtR3FoO2NqBnrRm4j/eZ3MRFdBzmWaGZRstijKBDEJmfxOelwhM2JkCWWK21sJG1BFmbEJFW0I3uLLy6R5XvGqler9Rbl2+zSLowDHcAJn4MEl1OAO6tAABkN4hld4c1LnxXl3PmatK848wiP4A+fzB00Fj/s=</latexit>(
<latexit sha1_base64="WG66QoVk0NZRRPPsThxhFIZkVrw="></latexit>

g(t) = lim
✏!0+

kI + (Lt ⌦ I(2)
A )"k1 � 1

"
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<latexit sha1_base64="a1ZKZB6pa06BxyuhVw6zlizXfO4=">AAACGHicbZBPS8MwGMbT+X/+q3r0EhzCPDhbEfUiCIJ6VHBzsI2RpukWlrQleSuMWvBLePGrePGgiFdvfhuztQedvpDk4XnekLw/LxZcg+N8WaWp6ZnZufmF8uLS8sqqvbbe0FGiKKvTSESq6RHNBA9ZHTgI1owVI9IT7NYbnI3y2zumNI/CGxjGrCNJL+QBpwSM1bX32j0iJanCDj7Bu/vtQBGa5rufpT5k9xcmu8/S4uzaFafmjAv/FW4hKqioq6792fYjmkgWAhVE65brxNBJiQJOBcvK7USzmNAB6bGWkSGRTHfS8WAZ3jaOj4NImRUCHrs/b6REaj2UnumUBPp6MhuZ/2WtBILjTsrDOAEW0vyhIBEYIjyihH2uGAUxNIJQxc1fMe0TQwUMy7KB4E6O/Fc09mvuYe3w+qByev6Q45hHm2gLVZGLjtApukRXqI4oekTP6BW9WU/Wi/VufeStJatAuIF+lfX5DdzsoCQ=</latexit>

�(t) = �2
d
dt |G(t)|
|G(t)|

Decay rate:
<latexit sha1_base64="I8QEvOq4eqIb5q5zZ/j6UVuqDKQ=">AAAB/XicbZBLSwMxFIUzPmt9jY+dm2AR6qbMiFRXUhDUZQX7gHYomUymDc08SO4IdTroT3HjQhG3/g93/hvTx0JbDwQO59yQm8+NBVdgWd/GwuLS8spqbi2/vrG5tW3u7NZVlEjKajQSkWy6RDHBQ1YDDoI1Y8lI4ArWcPuXo75xz6TiUXgHg5g5AemG3OeUgI465n7bl4SmXpZ6kA2vi3A8vLA6ZsEqWWPheWNPTQFNVe2YX20voknAQqCCKNWyrRiclEjgVLAs304Uiwntky5raRuSgCknHW+f4SOdeNiPpD4h4HH6+0ZKAqUGgasnAwI9NduNwv+6VgL+uZPyME6AhXTykJ8IDBEeocAel4yCGGhDqOR6V0x7ROMADSyvIdizX5439ZOSXS6Vb08LlaunCY4cOkCHqIhsdIYq6AZVUQ1R9ICe0St6Mx6NF+Pd+JiMLhhThHvoj4zPH1+HlZg=</latexit>

d

dt
|G(t)| > 0

<latexit sha1_base64="NAjn1TVXpTIh8osp+q+e1qMJ76M=">AAAB8nicbVDJSgNBEO1xjXGLevTSGIR4CTMi0YOHgCAeI5gFJkPo6fQkTXoZumuEEAL+hBcPinj1a7z5N3aWgyY+KHi8V0VVvTgV3ILvf3srq2vrG5u5rfz2zu7efuHgsGF1ZiirUy20acXEMsEVqwMHwVqpYUTGgjXjwc3Ebz4yY7lWDzBMWSRJT/GEUwJOCts9IiUpwdm13ykU/bI/BV4mwZwU0Ry1TuGr3dU0k0wBFcTaMPBTiEbEAKeCjfPtzLKU0AHpsdBRRSSz0Wh68hifOqWLE21cKcBT9ffEiEhrhzJ2nZJA3y56E/E/L8wguYpGXKUZMEVni5JMYNB48j/ucsMoiKEjhBrubsW0Twyh4FLKuxCCxZeXSeO8HFTKlfuLYvX2aRZHDh2jE1RCAbpEVXSHaqiOKNLoGb2iNw+8F+/d+5i1rnjzCI/QH3ifP0dBkQc=</latexit>

�(t) < 0

<latexit sha1_base64="dWmQhVuLA6gIoG4vF01LM2T+Rjs="></latexit>

�(t) =
4g2 sinh(⌦t)

2⌦ cosh(⌦t) + �
2 sinh(⌦t)

Non-Markovianity (divisibility):
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<latexit sha1_base64="a1ZKZB6pa06BxyuhVw6zlizXfO4=">AAACGHicbZBPS8MwGMbT+X/+q3r0EhzCPDhbEfUiCIJ6VHBzsI2RpukWlrQleSuMWvBLePGrePGgiFdvfhuztQedvpDk4XnekLw/LxZcg+N8WaWp6ZnZufmF8uLS8sqqvbbe0FGiKKvTSESq6RHNBA9ZHTgI1owVI9IT7NYbnI3y2zumNI/CGxjGrCNJL+QBpwSM1bX32j0iJanCDj7Bu/vtQBGa5rufpT5k9xcmu8/S4uzaFafmjAv/FW4hKqioq6792fYjmkgWAhVE65brxNBJiQJOBcvK7USzmNAB6bGWkSGRTHfS8WAZ3jaOj4NImRUCHrs/b6REaj2UnumUBPp6MhuZ/2WtBILjTsrDOAEW0vyhIBEYIjyihH2uGAUxNIJQxc1fMe0TQwUMy7KB4E6O/Fc09mvuYe3w+qByev6Q45hHm2gLVZGLjtApukRXqI4oekTP6BW9WU/Wi/VufeStJatAuIF+lfX5DdzsoCQ=</latexit>

�(t) = �2
d
dt |G(t)|
|G(t)|

Decay rate:
<latexit sha1_base64="I8QEvOq4eqIb5q5zZ/j6UVuqDKQ=">AAAB/XicbZBLSwMxFIUzPmt9jY+dm2AR6qbMiFRXUhDUZQX7gHYomUymDc08SO4IdTroT3HjQhG3/g93/hvTx0JbDwQO59yQm8+NBVdgWd/GwuLS8spqbi2/vrG5tW3u7NZVlEjKajQSkWy6RDHBQ1YDDoI1Y8lI4ArWcPuXo75xz6TiUXgHg5g5AemG3OeUgI465n7bl4SmXpZ6kA2vi3A8vLA6ZsEqWWPheWNPTQFNVe2YX20voknAQqCCKNWyrRiclEjgVLAs304Uiwntky5raRuSgCknHW+f4SOdeNiPpD4h4HH6+0ZKAqUGgasnAwI9NduNwv+6VgL+uZPyME6AhXTykJ8IDBEeocAel4yCGGhDqOR6V0x7ROMADSyvIdizX5439ZOSXS6Vb08LlaunCY4cOkCHqIhsdIYq6AZVUQ1R9ICe0St6Mx6NF+Pd+JiMLhhThHvoj4zPH1+HlZg=</latexit>

d

dt
|G(t)| > 0

<latexit sha1_base64="NAjn1TVXpTIh8osp+q+e1qMJ76M=">AAAB8nicbVDJSgNBEO1xjXGLevTSGIR4CTMi0YOHgCAeI5gFJkPo6fQkTXoZumuEEAL+hBcPinj1a7z5N3aWgyY+KHi8V0VVvTgV3ILvf3srq2vrG5u5rfz2zu7efuHgsGF1ZiirUy20acXEMsEVqwMHwVqpYUTGgjXjwc3Ebz4yY7lWDzBMWSRJT/GEUwJOCts9IiUpwdm13ykU/bI/BV4mwZwU0Ry1TuGr3dU0k0wBFcTaMPBTiEbEAKeCjfPtzLKU0AHpsdBRRSSz0Wh68hifOqWLE21cKcBT9ffEiEhrhzJ2nZJA3y56E/E/L8wguYpGXKUZMEVni5JMYNB48j/ucsMoiKEjhBrubsW0Twyh4FLKuxCCxZeXSeO8HFTKlfuLYvX2aRZHDh2jE1RCAbpEVXSHaqiOKNLoGb2iNw+8F+/d+5i1rnjzCI/QH3ifP0dBkQc=</latexit>

�(t) < 0

<latexit sha1_base64="dWmQhVuLA6gIoG4vF01LM2T+Rjs="></latexit>

�(t) =
4g2 sinh(⌦t)

2⌦ cosh(⌦t) + �
2 sinh(⌦t)

Non-Markovianity (divisibility):

<latexit sha1_base64="G9WKFU9Gc5BkIzKnvGlTvew4e/8=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYhA8hV2R6DEgiMcI5oHJEnons5shM7PLzKwQloAf4cWDIl79G2/+jZPHQROLbiiqepjuClPOtPG8b2dldW19Y7OwVdze2d3bLx0cNnWSKUIbJOGJaoeoKWeSNgwznLZTRVGEnLbC4fXEbz1SpVki780opYHAWLKIETRWeoi7sS0UAnulslfxpnCXiT8nZZij3it9dfsJyQSVhnDUuuN7qQlyVIYRTsfFbqZpimSIMe1YKlFQHeTTjcfuqVX6bpQo29K4U/X3ixyF1iMR2kmBZqAXvYn4n9fJTHQV5EymmaGSzD6KMu6axJ2c7/aZosTwkSVIFLO7umSAComxIRVtCP7iycukeV7xq5Xq3UW5dvM0i6MAx3ACZ+DDJdTgFurQAAISnuEV3hztvDjvzsdsdMWZR3gEf+B8/gCxIJFd</latexit>

g � �

<latexit sha1_base64="ediKptAHJflXPm8/Vzy/UTW5lWg=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiJ4kIIjHCOYBmyXMTmY3Q2Z2lplZISwBf8KLB0W8+jXe/Bsnj4MmFjQUVd10d4UpZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20tM0Voi0guVTfEmnKW0JZhhtNuqigWIaedcHQz9TuPVGkmkwczTmkgcJywiBFsrOT3YiwERteoFvfLFbfqzoBWibcgFVig2S9/9QaSZIImhnCste+5qQlyrAwjnE5KvUzTFJMRjqlvaYIF1UE+O3mCzqwyQJFUthKDZurviRwLrccitJ0Cm6Fe9qbif56fmegqyFmSZoYmZL4oyjgyEk3/RwOmKDF8bAkmitlbERlihYmxKZVsCN7yy6ukfVH16tX6fa3SuH2ax1GEEziFc/DgEhpwB01oAQEJz/AKb45xXpx352PeWnAWER7DHzifPyIFkO8=</latexit>

� > 4g Markovian

<latexit sha1_base64="l+YKGp9T3afSRK/+rAuTCCzNlzs=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKexKiJ4kIIjHCOYBmyXMTmY3Q2Z2lplZISwBf8KLB0W8+jXe/Bsnj4MmFjQUVd10d4UpZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR20tM0Voi0guVTfEmnKW0JZhhtNuqigWIaedcHQz9TuPVGkmkwczTmkgcJywiBFsrOTXYnSNejEWAvfLFbfqzoBWibcgFVig2S9/9QaSZIImhnCste+5qQlyrAwjnE5KvUzTFJMRjqlvaYIF1UE+O3mCzqwyQJFUthKDZurviRwLrccitJ0Cm6Fe9qbif56fmegqyFmSZoYmZL4oyjgyEk3/RwOmKDF8bAkmitlbERlihYmxKZVsCN7yy6ukfVH16tX6fa3SuH2ax1GEEziFc/DgEhpwB01oAQEJz/AKb45xXpx352PeWnAWER7DHzifPx2VkO8=</latexit>

4g > � non-Markovian

<latexit sha1_base64="6RBInsJMRoucOmHpETyotCiyLrU="></latexit>

⌦ = i⌦̃ =
i

2

p
4g2 � (�/2)2

<latexit sha1_base64="6xqkX7+3QuCwdxKit++fI/cWZ/0="></latexit>

�(t) =
4g2

2⌦̃ cot(⌦̃t) + �
2

<latexit sha1_base64="hzlEKFIehmnR6onNRQ5SGxeALgo=">AAACBXicbVA9SwNBEN3zM8avqKUWi0GITbgLopYBESwjGBVyIcxtNpclu3vH7pwYgo2Nf8XGQhFb/4Od/8ZNcoVfDwYe780wMy9KpbDo+5/ezOzc/MJiYam4vLK6tl7a2Ly0SWYYb7JEJuY6Asul0LyJAiW/Tg0HFUl+FQ1Oxv7VDTdWJPoChylvK4i16AkG6KROaSeMQSmo4D4NIU1NcktrcYigKzHud0plv+pPQP+SICdlkqPRKX2E3YRlimtkEqxtBX6K7REYFEzyu2KYWZ4CG0DMW45qUNy2R5Mv7uieU7q0lxhXGulE/T4xAmXtUEWuUwH27W9vLP7ntTLsHbdHQqcZcs2mi3qZpJjQcSS0KwxnKIeOADPC3UpZHwwwdMEVXQjB75f/kstaNTisHp4flOuneRwFsk12SYUE5IjUyRlpkCZh5J48kmfy4j14T96r9zZtnfHymS3yA977F99nl48=</latexit>

�(t) ⇡ 2g tan(gt)

<latexit sha1_base64="il3jdNMWMi1UUKQp2I/xMzzA+YM=">AAACBXicbVDLSsNAFJ3UV62vqEtdBIvgqiSlVDdCQQSXFewDmhgm00k6dGYSZiZCCdm48VfcuFDErf/gzr9x2mahrQcuHM65l3vvCRJKpLLtb6O0srq2vlHerGxt7+zumfsHXRmnAuEOimks+gGUmBKOO4ooivuJwJAFFPeC8dXU7z1gIUnM79QkwR6DESchQVBpyTeP3QgyBn370g0FRFkjuq/n2VzMfbNq1+wZrGXiFKQKCrR988sdxihlmCtEoZQDx06Ul0GhCKI4r7ipxAlEYxjhgaYcMiy9bPZFbp1qZWiFsdDFlTVTf09kkEk5YYHuZFCN5KI3Ff/zBqkKL7yM8CRVmKP5ojClloqtaSTWkAiMFJ1oApEg+lYLjaBOQ+ngKjoEZ/HlZdKt15xmrXnbqLauizjK4AicgDPggHPQAjegDToAgUfwDF7Bm/FkvBjvxse8tWQUM4fgD4zPHzeYmG4=</latexit>

�0 =
4g2

�

<latexit sha1_base64="rErxOBZMa8Ht59N34nMnXFgG3tQ=">AAAB83icdVDLSgMxFM3UV62vqks3wSLUzTDTDqPdFURwWcE+oDOUTJq2oZnMkNwRSulvuHGhiFt/xp1/Y/oQVPRcLhzOuZfcnCgVXIPjfFi5tfWNza38dmFnd2//oHh41NJJpihr0kQkqhMRzQSXrAkcBOukipE4Eqwdja/mfvueKc0TeQeTlIUxGUo+4JSAkYJA8zgAIstDOO8VS47t1Uz52LF9r1L1qoa4Xs2pOdi1nQVKaIVGr/ge9BOaxUwCFUTrruukEE6JAk4FmxWCTLOU0DEZsq6hksRMh9PFzTN8ZpQ+HiTKtAS8UL9vTEms9SSOzGRMYKR/e3PxL6+bweAynHKZZsAkXT40yASGBM8DwH2uGAUxMYRQxc2tmI6IIhRMTAUTwtdP8f+kVbFd3/ZvvVL9ehVHHp2gU1RGLrpAdXSDGqiJKErRA3pCz1ZmPVov1utyNGetdo7RD1hvnxUnkcE=</latexit>

⇠ tan(gt)
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Two-level atom + vacuum reservoir:
<latexit sha1_base64="V31vojZVlhCTg0EQX/pLjPvOPfM="></latexit>

⇢1,2S (t) =

✓
|G(t)|2⇢1,2ee G(t)⇢1,2eg

G⇤(t)⇢⇤1,2eg 1� |G(t)|2⇢1,2ee

◆ <latexit sha1_base64="DvITJqujcxWkfCKoLYTdGuqEmJM="></latexit>

1

2
k�⇢S(t)k1 =

1

2
|��|+

1

2
|�+|

<latexit sha1_base64="q25DrubSya90nTLNU61XhndDFR0=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WvOitgq2F7lKy2WwbmmTXJFsoS3+HFw+KePXHePPfmLZ70NaBwDAzj/cyYcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyeZIrRNEp6obog15UzStmGG026qKBYhp4/h6GbmP46p0iyRD2aS0kDggWQxI9hYKfC5jUa4n/upmParNbfuzoFWiVeQGhRo9atffpSQTFBpCMda9zw3NUGOlWGE02nFzzRNMRnhAe1ZKrGgOsjnR0/RmVUiFCfKPmnQXP09kWOh9USENimwGeplbyb+5/UyE18HOZNpZqgki0VxxpFJ0KwBFDFFieETSzBRzN6KyBArTIztqWJL8Ja/vEo6F3WvUW/cX9aad0UdZTiBUzgHD66gCbfQgjYQeIJneIU3Z+y8OO/OxyJacoqZY/gD5/MHGVGSWw==</latexit>

�± eigenvalues of 
<latexit sha1_base64="bkWWesZ/BbAjwJmfR+560FiGVUM=">AAACD3icbZC7TsMwFIadcivlFmBksahADFAlFSosSJVggK2o9CI1IXJct7XqxJHtIFVR34CFV2FhACFWVjbeBjfNAC2/ZOnzf86RfX4/YlQqy/o2cguLS8sr+dXC2vrG5pa5vdOUPBaYNDBnXLR9JAmjIWkoqhhpR4KgwGek5Q8vJ/XWAxGS8vBOjSLiBqgf0h7FSGnLMw+dK8IUcsSA3yf2cXns1eEFTK+2Vz9JoezVPbNolaxUcB7sDIogU80zv5wux3FAQoUZkrJjW5FyEyQUxYyMC04sSYTwEPVJR2OIAiLdJN1nDA+004U9LvQJFUzd3xMJCqQcBb7uDJAayNnaxPyv1olV79xNaBjFioR4+lAvZlBxOAkHdqkgWLGRBoQF1X+FeIAEwkpHWNAh2LMrz0OzXLIrpcrtabF6k8WRB3tgHxwBG5yBKrgGNdAAGDyCZ/AK3own48V4Nz6mrTkjm9kFf2R8/gCq1Zsy</latexit>

�⇢1,2S = ⇢1S � ⇢2S
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Two-level atom + vacuum reservoir:
<latexit sha1_base64="V31vojZVlhCTg0EQX/pLjPvOPfM="></latexit>

⇢1,2S (t) =

✓
|G(t)|2⇢1,2ee G(t)⇢1,2eg

G⇤(t)⇢⇤1,2eg 1� |G(t)|2⇢1,2ee

◆ <latexit sha1_base64="DvITJqujcxWkfCKoLYTdGuqEmJM="></latexit>

1

2
k�⇢S(t)k1 =

1

2
|��|+

1

2
|�+|

<latexit sha1_base64="q25DrubSya90nTLNU61XhndDFR0=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WvOitgq2F7lKy2WwbmmTXJFsoS3+HFw+KePXHePPfmLZ70NaBwDAzj/cyYcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyeZIrRNEp6obog15UzStmGG026qKBYhp4/h6GbmP46p0iyRD2aS0kDggWQxI9hYKfC5jUa4n/upmParNbfuzoFWiVeQGhRo9atffpSQTFBpCMda9zw3NUGOlWGE02nFzzRNMRnhAe1ZKrGgOsjnR0/RmVUiFCfKPmnQXP09kWOh9USENimwGeplbyb+5/UyE18HOZNpZqgki0VxxpFJ0KwBFDFFieETSzBRzN6KyBArTIztqWJL8Ja/vEo6F3WvUW/cX9aad0UdZTiBUzgHD66gCbfQgjYQeIJneIU3Z+y8OO/OxyJacoqZY/gD5/MHGVGSWw==</latexit>

�± eigenvalues of 
<latexit sha1_base64="bkWWesZ/BbAjwJmfR+560FiGVUM=">AAACD3icbZC7TsMwFIadcivlFmBksahADFAlFSosSJVggK2o9CI1IXJct7XqxJHtIFVR34CFV2FhACFWVjbeBjfNAC2/ZOnzf86RfX4/YlQqy/o2cguLS8sr+dXC2vrG5pa5vdOUPBaYNDBnXLR9JAmjIWkoqhhpR4KgwGek5Q8vJ/XWAxGS8vBOjSLiBqgf0h7FSGnLMw+dK8IUcsSA3yf2cXns1eEFTK+2Vz9JoezVPbNolaxUcB7sDIogU80zv5wux3FAQoUZkrJjW5FyEyQUxYyMC04sSYTwEPVJR2OIAiLdJN1nDA+004U9LvQJFUzd3xMJCqQcBb7uDJAayNnaxPyv1olV79xNaBjFioR4+lAvZlBxOAkHdqkgWLGRBoQF1X+FeIAEwkpHWNAh2LMrz0OzXLIrpcrtabF6k8WRB3tgHxwBG5yBKrgGNdAAGDyCZ/AK3own48V4Nz6mrTkjm9kFf2R8/gCq1Zsy</latexit>

�⇢1,2S = ⇢1S � ⇢2S

<latexit sha1_base64="0Na8p1FwUqnoN+LwXHIXzD6jotI="></latexit>

d

dt
D(⇢1S(t), ⇢

2
S(t)) =

d
dt |G(t)|(|G(t)|2�⇢2ee � |�⇢eg|2)p

|G(t)|2�⇢2ee � |�⇢eg|2

<latexit sha1_base64="JQ1+PrtQk6W6GnB5yxRM8XbWwZ8="></latexit>

1

2
k�⇢S(t)k1 = |G(t)|

q
|G(t)|2�⇢2ee � |�⇢eg|2
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Two-level atom + vacuum reservoir:

Dynamics non-Markovian for 
<latexit sha1_base64="SseGEYdk3aVRQc3D5k6L0FKIqBE=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5CRahbkoiUl1JwYW6q2Af0JYymUzaoZNJmLkRahr8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nvciDMFtv1t5JaWV1bX8uuFjc2t7R1zd6+hwlgSWichD2XLxYpyJmgdGHDaiiTFgctp0x1eTfzmA5WKheIeRhHtBrgvmM8IBi31zIOOLzFJvDTxIB1fl+BkfGn3zKJdtqewFomTkSLKUOuZXx0vJHFABRCOlWo7dgTdBEtghNO00IkVjTAZ4j5taypwQFU3mV6fWsda8Sw/lLoEWFP190SCA6VGgas7AwwDNe9NxP+8dgz+RTdhIoqBCjJb5MfcgtCaRGF5TFICfKQJJpLpWy0ywDoO0IEVdAjO/MuLpHFadirlyt1ZsXqbxZFHh+gIlZCDzlEV3aAaqiOCHtEzekVvxpPxYrwbH7PWnJHN7KM/MD5/ADpulRs=</latexit>

d

dt
|G(t)| > 0

<latexit sha1_base64="HApq4hswsTtpsyYSNhqpfuAcHgw=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoMQm3AnEi0sAjbaRTAfcDnC3mYvWbJ7e+zOCeHIz7CxUMTWX2Pnv3GTXKGJDwYe780wMy9MBDfgut9OYW19Y3OruF3a2d3bPygfHrWNSjVlLaqE0t2QGCZ4zFrAQbBuohmRoWCdcHw78ztPTBuu4keYJCyQZBjziFMCVvJ7QyIlqcL5jdsvV9yaOwdeJV5OKihHs1/+6g0UTSWLgQpijO+5CQQZ0cCpYNNSLzUsIXRMhsy3NCaSmSCbnzzFZ1YZ4EhpWzHgufp7IiPSmIkMbackMDLL3kz8z/NTiK6DjMdJCiymi0VRKjAoPPsfD7hmFMTEEkI1t7diOiKaULAplWwI3vLLq6R9UfPqtfrDZaVxn8dRRCfoFFWRh65QA92hJmohihR6Rq/ozQHnxXl3PhatBSefOUZ/4Hz+ACIokIo=</latexit>

�(t) < 0

<latexit sha1_base64="V31vojZVlhCTg0EQX/pLjPvOPfM="></latexit>

⇢1,2S (t) =

✓
|G(t)|2⇢1,2ee G(t)⇢1,2eg

G⇤(t)⇢⇤1,2eg 1� |G(t)|2⇢1,2ee

◆ <latexit sha1_base64="DvITJqujcxWkfCKoLYTdGuqEmJM="></latexit>

1

2
k�⇢S(t)k1 =

1

2
|��|+

1

2
|�+|

<latexit sha1_base64="q25DrubSya90nTLNU61XhndDFR0=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7IrUj0WvOitgq2F7lKy2WwbmmTXJFsoS3+HFw+KePXHePPfmLZ70NaBwDAzj/cyYcqZNq777ZTW1jc2t8rblZ3dvf2D6uFRRyeZIrRNEp6obog15UzStmGG026qKBYhp4/h6GbmP46p0iyRD2aS0kDggWQxI9hYKfC5jUa4n/upmParNbfuzoFWiVeQGhRo9atffpSQTFBpCMda9zw3NUGOlWGE02nFzzRNMRnhAe1ZKrGgOsjnR0/RmVUiFCfKPmnQXP09kWOh9USENimwGeplbyb+5/UyE18HOZNpZqgki0VxxpFJ0KwBFDFFieETSzBRzN6KyBArTIztqWJL8Ja/vEo6F3WvUW/cX9aad0UdZTiBUzgHD66gCbfQgjYQeIJneIU3Z+y8OO/OxyJacoqZY/gD5/MHGVGSWw==</latexit>

�± eigenvalues of 
<latexit sha1_base64="bkWWesZ/BbAjwJmfR+560FiGVUM=">AAACD3icbZC7TsMwFIadcivlFmBksahADFAlFSosSJVggK2o9CI1IXJct7XqxJHtIFVR34CFV2FhACFWVjbeBjfNAC2/ZOnzf86RfX4/YlQqy/o2cguLS8sr+dXC2vrG5pa5vdOUPBaYNDBnXLR9JAmjIWkoqhhpR4KgwGek5Q8vJ/XWAxGS8vBOjSLiBqgf0h7FSGnLMw+dK8IUcsSA3yf2cXns1eEFTK+2Vz9JoezVPbNolaxUcB7sDIogU80zv5wux3FAQoUZkrJjW5FyEyQUxYyMC04sSYTwEPVJR2OIAiLdJN1nDA+004U9LvQJFUzd3xMJCqQcBb7uDJAayNnaxPyv1olV79xNaBjFioR4+lAvZlBxOAkHdqkgWLGRBoQF1X+FeIAEwkpHWNAh2LMrz0OzXLIrpcrtabF6k8WRB3tgHxwBG5yBKrgGNdAAGDyCZ/AK3own48V4Nz6mrTkjm9kFf2R8/gCq1Zsy</latexit>

�⇢1,2S = ⇢1S � ⇢2S

<latexit sha1_base64="0Na8p1FwUqnoN+LwXHIXzD6jotI="></latexit>

d

dt
D(⇢1S(t), ⇢

2
S(t)) =

d
dt |G(t)|(|G(t)|2�⇢2ee � |�⇢eg|2)p

|G(t)|2�⇢2ee � |�⇢eg|2

<latexit sha1_base64="JQ1+PrtQk6W6GnB5yxRM8XbWwZ8="></latexit>

1

2
k�⇢S(t)k1 = |G(t)|

q
|G(t)|2�⇢2ee � |�⇢eg|2
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Trace distance:
<latexit sha1_base64="JQ1+PrtQk6W6GnB5yxRM8XbWwZ8="></latexit>

1

2
k�⇢S(t)k1 = |G(t)|

q
|G(t)|2�⇢2ee � |�⇢eg|2

<latexit sha1_base64="uMIeBRQl+nika0xcaqM20SjVYqM=">AAAB/HicdVDLSgMxFM3UV62vapdugkVw45Bph9HuCiK4rGAf0NaSSTNtaDIzJBlhGOqvuHGhiFs/xJ1/Y/oQVPRcLhzOuZfcHD/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKkokYQ2ScQj2fGxopyFtKmZ5rQTS4qFz2nbn1zM/PYdlYpF4Y1OY9oXeBSygBGsjTQolnqKCUhvs9PeCAuBB0hPB8Uyst2aKQ8i23MrVbdqiOPWUA1Bx0ZzlMESjUHxvTeMSCJoqAnHSnUdFOt+hqVmhNNpoZcoGmMywSPaNTTEgqp+Nj9+Co+NMoRBJE2HGs7V7xsZFkqlwjeTAuux+u3NxL+8bqKD837GwjjRNCSLh4KEQx3BWRJwyCQlmqeGYCKZuRWSMZaYaJNXwYTw9VP4P2lVbMezvWu3XL9cxpEHh+AInAAHnIE6uAIN0AQEpOABPIFn6956tF6s18VozlrulMAPWG+friKU1w==</latexit>

⇠ e��0t

<latexit sha1_base64="6EvfwZ98+XdBlbvnPoGwHpy+8a4=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEV2VGpLosCOKygn1AZyiZNNOGZiZDckcpQ8Ff4caFIm79M+78N6aPhbYeCHycc0NuTphKYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DQq04w3mJJKt0NquBQJb6BAydup5jQOJW+Fw+tJ3nrg2giV3OMo5UFM+4mIBKNoLd/ztegPkGqtHrulsltxpyLL4M2hDHPVu6Uvv6dYFvMEmaTGdDw3xSCnGgWTfFz0M8NTyoa0zzsWExpzE+TTncfk1Do9EiltT4Jk6v6+kdPYmFEc2smY4sAsZhPzv6yTYXQV5CJJM+QJmz0UZZKgIpMCSE9ozlCOLFCmhd2VsAHVlKGtqWhL8Ba/vAzN84pXrVTvLsq1m6dZHQU4hhM4Aw8uoQa3UIcGMEjhGV7hzcmcF+fd+ZiNrjjzCo/gj5zPH17nklc=</latexit>

1 !
<latexit sha1_base64="r5pEYe5cfwRoEdi6bijM7Ph0RiA=">AAAB83icbZBLSwMxFIXv1Fetr6pLN8EiuCozRarLgiAuK9gHtEPJpJk2NJMZkjtKGQr+CjcuFHHrn3HnvzF9LLT1QODjnBtyc4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqe5q0Hro2I1T2OE+5HdKBEKBhFa3UrXS0GQ6Rax4+9YsktuzORVfAWUIKF6r3iV7cfszTiCpmkxnQ8N0E/oxoFk3xS6KaGJ5SN6IB3LCoaceNns50n5Mw6fRLG2h6FZOb+vpHRyJhxFNjJiOLQLGdT87+sk2J45WdCJSlyxeYPhakkGJNpAaQvNGcoxxYo08LuStiQasrQ1lSwJXjLX16FZqXsVcvVu4tS7eZpXkceTuAUzsGDS6jBLdShAQwSeIZXeHNS58V5dz7mozlnUeEx/JHz+QNgdpJY</latexit>

2 !
Initially excited
Ground state

<latexit sha1_base64="NAjn1TVXpTIh8osp+q+e1qMJ76M=">AAAB8nicbVDJSgNBEO1xjXGLevTSGIR4CTMi0YOHgCAeI5gFJkPo6fQkTXoZumuEEAL+hBcPinj1a7z5N3aWgyY+KHi8V0VVvTgV3ILvf3srq2vrG5u5rfz2zu7efuHgsGF1ZiirUy20acXEMsEVqwMHwVqpYUTGgjXjwc3Ebz4yY7lWDzBMWSRJT/GEUwJOCts9IiUpwdm13ykU/bI/BV4mwZwU0Ry1TuGr3dU0k0wBFcTaMPBTiEbEAKeCjfPtzLKU0AHpsdBRRSSz0Wh68hifOqWLE21cKcBT9ffEiEhrhzJ2nZJA3y56E/E/L8wguYpGXKUZMEVni5JMYNB48j/ucsMoiKEjhBrubsW0Twyh4FLKuxCCxZeXSeO8HFTKlfuLYvX2aRZHDh2jE1RCAbpEVXSHaqiOKNLoGb2iNw+8F+/d+5i1rnjzCI/QH3ifP0dBkQc=</latexit>

�(t) < 0
<latexit sha1_base64="iVB0l27tbQ92/aCvhFMyvde3hRk=">AAACC3icbZBNS8MwHMbT+TbnW9Wjl7IhTJDRDpmeZKCIx8ncC6y1pGm6haVNSVJhlIFHL34VLx4U8eoX8Oa3Met20M0HAj+e5x+S/+PFlAhpmt9abml5ZXUtv17Y2Nza3tF399qCJRzhFmKU8a4HBaYkwi1JJMXdmGMYehR3vOHFJO/cYy4Ii27lKMZOCPsRCQiCUlmuXrQDDlHqj1Nfji/LNh+wO8ttHmdQdZtH56arl8yKmclYBGsGJTBTw9W/bJ+hJMSRRBQK0bPMWDop5JIgiscFOxE4hmgI+7inMIIhFk6a7TI2DpXjGwHj6kTSyNzfN1IYCjEKPTUZQjkQ89nE/C/rJTI4c1ISxYnEEZo+FCTUkMyYFGP4hGMk6UgBRJyovxpoAFU5UtVXUCVY8ysvQrtasWqV2s1JqX71MK0jDw5AEZSBBU5BHVyDBmgBBB7BM3gFb9qT9qK9ax/T0Zw2q3Af/JH2+QPVEJqu</latexit>

d

dt
D(⇢1S , ⇢

2
S) > 0

<latexit sha1_base64="EvdJJpkO+LI2gcPk5cO/gzGtmlw=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVC9CQQWPFewHNCFstpN26SYbdjdCCfWvePGgiFd/iDf/jds2B60+GHi8N8PMvDDlTGnH+bJKK6tr6xvlzcrW9s7unr1/0FEikxTaVHAheyFRwFkCbc00h14qgcQhh244vpr53QeQionkXk9S8GMyTFjEKNFGCuyqdw1cE0+ORJADTPEldgO75tSdOfBf4hakhgq0AvvTGwiaxZBoyolSfddJtZ8TqRnlMK14mYKU0DEZQt/QhMSg/Hx+/BQfG2WAIyFNJRrP1Z8TOYmVmsSh6YyJHqllbyb+5/UzHV34OUvSTENCF4uijGMt8CwJPGASqOYTQwiVzNyK6YhIQrXJq2JCcJdf/ks6p3W3UW/cndWaN0UcZXSIjtAJctE5aqJb1EJtRNEEPaEX9Go9Ws/Wm/W+aC1ZxUwV/YL18Q26lJQx</latexit>

�⇢ee = 1
<latexit sha1_base64="J98ktGxspafCNkYCeJ1FRCGh3Lg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVC9CQQWPFewHNCFsttN26WYTdjdCCPWvePGgiFd/iDf/jds2B60+GHi8N8PMvDDhTGnH+bJKK6tr6xvlzcrW9s7unr1/0FFxKim0acxj2QuJAs4EtDXTHHqJBBKFHLrh5Grmdx9AKhaLe50l4EdkJNiQUaKNFNhV7xq4Jp4cx0EOoym+xE5g15y6Mwf+S9yC1FCBVmB/eoOYphEITTlRqu86ifZzIjWjHKYVL1WQEDohI+gbKkgEys/nx0/xsVEGeBhLU0LjufpzIieRUlkUms6I6LFa9mbif14/1cMLP2ciSTUIulg0TDnWMZ4lgQdMAtU8M4RQycytmI6JJFSbvComBHf55b+kc1p3G/XG3VmteVPEUUaH6AidIBedoya6RS3URhRl6Am9oFfr0Xq23qz3RWvJKmaq6Besj2+8IpQy</latexit>

�⇢eg = 0
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Trace distance:
<latexit sha1_base64="JQ1+PrtQk6W6GnB5yxRM8XbWwZ8="></latexit>

1

2
k�⇢S(t)k1 = |G(t)|

q
|G(t)|2�⇢2ee � |�⇢eg|2

<latexit sha1_base64="NAjn1TVXpTIh8osp+q+e1qMJ76M=">AAAB8nicbVDJSgNBEO1xjXGLevTSGIR4CTMi0YOHgCAeI5gFJkPo6fQkTXoZumuEEAL+hBcPinj1a7z5N3aWgyY+KHi8V0VVvTgV3ILvf3srq2vrG5u5rfz2zu7efuHgsGF1ZiirUy20acXEMsEVqwMHwVqpYUTGgjXjwc3Ebz4yY7lWDzBMWSRJT/GEUwJOCts9IiUpwdm13ykU/bI/BV4mwZwU0Ry1TuGr3dU0k0wBFcTaMPBTiEbEAKeCjfPtzLKU0AHpsdBRRSSz0Wh68hifOqWLE21cKcBT9ffEiEhrhzJ2nZJA3y56E/E/L8wguYpGXKUZMEVni5JMYNB48j/ucsMoiKEjhBrubsW0Twyh4FLKuxCCxZeXSeO8HFTKlfuLYvX2aRZHDh2jE1RCAbpEVXSHaqiOKNLoGb2iNw+8F+/d+5i1rnjzCI/QH3ifP0dBkQc=</latexit>

�(t) < 0

Divisibility             DSD

<latexit sha1_base64="uMIeBRQl+nika0xcaqM20SjVYqM=">AAAB/HicdVDLSgMxFM3UV62vapdugkVw45Bph9HuCiK4rGAf0NaSSTNtaDIzJBlhGOqvuHGhiFs/xJ1/Y/oQVPRcLhzOuZfcHD/mTGmEPqzcyura+kZ+s7C1vbO7V9w/aKkokYQ2ScQj2fGxopyFtKmZ5rQTS4qFz2nbn1zM/PYdlYpF4Y1OY9oXeBSygBGsjTQolnqKCUhvs9PeCAuBB0hPB8Uyst2aKQ8i23MrVbdqiOPWUA1Bx0ZzlMESjUHxvTeMSCJoqAnHSnUdFOt+hqVmhNNpoZcoGmMywSPaNTTEgqp+Nj9+Co+NMoRBJE2HGs7V7xsZFkqlwjeTAuux+u3NxL+8bqKD837GwjjRNCSLh4KEQx3BWRJwyCQlmqeGYCKZuRWSMZaYaJNXwYTw9VP4P2lVbMezvWu3XL9cxpEHh+AInAAHnIE6uAIN0AQEpOABPIFn6956tF6s18VozlrulMAPWG+friKU1w==</latexit>

⇠ e��0t

<latexit sha1_base64="EvdJJpkO+LI2gcPk5cO/gzGtmlw=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVC9CQQWPFewHNCFstpN26SYbdjdCCfWvePGgiFd/iDf/jds2B60+GHi8N8PMvDDlTGnH+bJKK6tr6xvlzcrW9s7unr1/0FEikxTaVHAheyFRwFkCbc00h14qgcQhh244vpr53QeQionkXk9S8GMyTFjEKNFGCuyqdw1cE0+ORJADTPEldgO75tSdOfBf4hakhgq0AvvTGwiaxZBoyolSfddJtZ8TqRnlMK14mYKU0DEZQt/QhMSg/Hx+/BQfG2WAIyFNJRrP1Z8TOYmVmsSh6YyJHqllbyb+5/UzHV34OUvSTENCF4uijGMt8CwJPGASqOYTQwiVzNyK6YhIQrXJq2JCcJdf/ks6p3W3UW/cndWaN0UcZXSIjtAJctE5aqJb1EJtRNEEPaEX9Go9Ws/Wm/W+aC1ZxUwV/YL18Q26lJQx</latexit>

�⇢ee = 1
<latexit sha1_base64="J98ktGxspafCNkYCeJ1FRCGh3Lg=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIVC9CQQWPFewHNCFsttN26WYTdjdCCPWvePGgiFd/iDf/jds2B60+GHi8N8PMvDDhTGnH+bJKK6tr6xvlzcrW9s7unr1/0FFxKim0acxj2QuJAs4EtDXTHHqJBBKFHLrh5Grmdx9AKhaLe50l4EdkJNiQUaKNFNhV7xq4Jp4cx0EOoym+xE5g15y6Mwf+S9yC1FCBVmB/eoOYphEITTlRqu86ifZzIjWjHKYVL1WQEDohI+gbKkgEys/nx0/xsVEGeBhLU0LjufpzIieRUlkUms6I6LFa9mbif14/1cMLP2ciSTUIulg0TDnWMZ4lgQdMAtU8M4RQycytmI6JJFSbvComBHf55b+kc1p3G/XG3VmteVPEUUaH6AidIBedoya6RS3URhRl6Am9oFfr0Xq23qz3RWvJKmaq6Besj2+8IpQy</latexit>

�⇢eg = 0
<latexit sha1_base64="6EvfwZ98+XdBlbvnPoGwHpy+8a4=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEV2VGpLosCOKygn1AZyiZNNOGZiZDckcpQ8Ff4caFIm79M+78N6aPhbYeCHycc0NuTphKYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DQq04w3mJJKt0NquBQJb6BAydup5jQOJW+Fw+tJ3nrg2giV3OMo5UFM+4mIBKNoLd/ztegPkGqtHrulsltxpyLL4M2hDHPVu6Uvv6dYFvMEmaTGdDw3xSCnGgWTfFz0M8NTyoa0zzsWExpzE+TTncfk1Do9EiltT4Jk6v6+kdPYmFEc2smY4sAsZhPzv6yTYXQV5CJJM+QJmz0UZZKgIpMCSE9ozlCOLFCmhd2VsAHVlKGtqWhL8Ba/vAzN84pXrVTvLsq1m6dZHQU4hhM4Aw8uoQa3UIcGMEjhGV7hzcmcF+fd+ZiNrjjzCo/gj5zPH17nklc=</latexit>

1 !
<latexit sha1_base64="r5pEYe5cfwRoEdi6bijM7Ph0RiA=">AAAB83icbZBLSwMxFIXv1Fetr6pLN8EiuCozRarLgiAuK9gHtEPJpJk2NJMZkjtKGQr+CjcuFHHrn3HnvzF9LLT1QODjnBtyc4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqe5q0Hro2I1T2OE+5HdKBEKBhFa3UrXS0GQ6Rax4+9YsktuzORVfAWUIKF6r3iV7cfszTiCpmkxnQ8N0E/oxoFk3xS6KaGJ5SN6IB3LCoaceNns50n5Mw6fRLG2h6FZOb+vpHRyJhxFNjJiOLQLGdT87+sk2J45WdCJSlyxeYPhakkGJNpAaQvNGcoxxYo08LuStiQasrQ1lSwJXjLX16FZqXsVcvVu4tS7eZpXkceTuAUzsGDS6jBLdShAQwSeIZXeHNS58V5dz7mozlnUeEx/JHz+QNgdpJY</latexit>

2 !
Initially excited
Ground state

<latexit sha1_base64="LA5Wv93rlgEks0hNn7uDgvgYKAI=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KolI9VjwouChgv2ANpTNdpMu3eyG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwpsF1v62V1bX1jc3SVnl7Z3dv3z44bGuZKkJbRHKpugHWlDNBW8CA026iKI4DTjvB+Grqdx6o0kyKe8gS6sc4EixkBIORBnalfytFxGkIikUjwErJx4FddWvuDM4y8QpSRQWaA/urP5QkjakAwrHWPc9NwM+xAkY4nZT7qaYJJmMc0Z6hAsdU+/ns+IlzYpShE0plSoAzU39P5DjWOosD0xljGOlFbyr+5/VSCC/9nIkkBSrIfFGYcgekM03CGTJFCfDMEEwUM7c6ZIQVJmDyKpsQvMWXl0n7rObVa/W782rjpoijhI7QMTpFHrpADXSNmqiFCMrQM3pFb9aT9WK9Wx/z1hWrmKmgP7A+fwB8eJVb</latexit>()

<latexit sha1_base64="iVB0l27tbQ92/aCvhFMyvde3hRk=">AAACC3icbZBNS8MwHMbT+TbnW9Wjl7IhTJDRDpmeZKCIx8ncC6y1pGm6haVNSVJhlIFHL34VLx4U8eoX8Oa3Met20M0HAj+e5x+S/+PFlAhpmt9abml5ZXUtv17Y2Nza3tF399qCJRzhFmKU8a4HBaYkwi1JJMXdmGMYehR3vOHFJO/cYy4Ii27lKMZOCPsRCQiCUlmuXrQDDlHqj1Nfji/LNh+wO8ttHmdQdZtH56arl8yKmclYBGsGJTBTw9W/bJ+hJMSRRBQK0bPMWDop5JIgiscFOxE4hmgI+7inMIIhFk6a7TI2DpXjGwHj6kTSyNzfN1IYCjEKPTUZQjkQ89nE/C/rJTI4c1ISxYnEEZo+FCTUkMyYFGP4hGMk6UgBRJyovxpoAFU5UtVXUCVY8ysvQrtasWqV2s1JqX71MK0jDw5AEZSBBU5BHVyDBmgBBB7BM3gFb9qT9qK9ax/T0Zw2q3Af/JH2+QPVEJqu</latexit>

d

dt
D(⇢1S , ⇢

2
S) > 0



Outline
• Motivations. 

• Open quantum systems - Markov approximation.


• Markovianity in classical stochastic processes.


• Quantum non-Markovianity - divisibility, distinguishability.


• Example: Spontaneous emission of two-level system.


• Collision models.
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Collision models (CMs)
• Same system+environment partition, but environment now made up of             

discrete ancillas.


• Collisions occur in sequence.


• New ancillas added after each collision:

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="H1G2v/TDPscSwOv1P83xD+KarsY=">AAAB+nicbVDLSgMxFM3UV62vqS7dBIvgqsyIVJcFNy4r2Ae0Q8mkt21oJhmSTKWM/RQ3LhRx65e482/MtLPQ1gOBwzn3cG9OGHOmjed9O4WNza3tneJuaW//4PDILR+3tEwUhSaVXKpOSDRwJqBpmOHQiRWQKOTQDie3md+egtJMigcziyGIyEiwIaPEWKnvltOeijCIKVNSRCDMvO9WvKq3AF4nfk4qKEej7371BpImWZhyonXX92ITpEQZRjnMS71EQ0zohIyga6kgEeggXZw+x+dWGeChVPYJgxfq70RKIq1nUWgnI2LGetXLxP+8bmKGN0HKRJwYEHS5aJhwbCTOesADpoAaPrOEUMXsrZiOiSLU2LZKtgR/9cvrpHVZ9WvV2v1Vpd7I6yiiU3SGLpCPrlEd3aEGaiKKHtEzekVvzpPz4rw7H8vRgpNnTtAfOJ8/3qKUdg==</latexit>

environment
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<latexit sha1_base64="9/kn9f0WejmbTHdaMFcRblbCIlM=">AAACRnicbVBNSwMxFHxbv+tX1aOXYBH0suyKqEfFi94qtVroLks2TW0wmyxJVijL/jovnr35E7x4UMSrabtI1Q4Ehpl5vJeJU8608bwXpzIzOze/sLhUXV5ZXVuvbWzeaJkpQltEcqnaMdaUM0FbhhlO26miOIk5vY3vz4f+7QNVmklxbQYpDRN8J1iPEWysFNXCQPUlCphAQYJNn2CeN4u9H35RRM1AGpZQPanlZ5FflLrrutMTotiPanXP9UZA/4lfkjqUaES156ArSZZQYQjHWnd8LzVhjpVhhNOiGmSappjc4zvasVRguzbMRzUUaNcqXdSTyj5h0EidnMhxovUgiW1yeKn+6w3FaV4nM72TMGcizQwVZLyol3FkJBp2irpMUWL4wBJMFLO3ItLHChNjm6/aEvy/X/5Pbg5c/8g9ujqsn16WdSzCNuzAHvhwDKdwAQ1oAYFHeIV3+HCenDfn0/kaRytOObMFv1CBb+NWszw=</latexit>

⇢ 2 S(HS ⌦HA1 ⌦ ...⌦HAn)

F. Ciccarello et al., PR 954, 1 (2022)
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Basic collision models
• Basic CM assumptions:


• Components initially uncorrelated: 
 

• System collides with each  
ancilla once: 
 
 

• No ancilla-ancilla collisions. 

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="CnkZwIO/dWYsKURWw7Gn8fzNoN0=">AAACKHicbZDLSgMxFIYzXmu9jbp0EyxC3QwzItWNWHGju4r2Ap0yZNK0Dc0kQ5IRytDHceOruBFRpFufxEw7C209EPjy/zmcnD+MGVXadSfW0vLK6tp6YaO4ubW9s2vv7TeUSCQmdSyYkK0QKcIoJ3VNNSOtWBIUhYw0w+FN5jefiFRU8Ec9ikknQn1OexQjbaTAvvLlQJTdE3gJMwoeDPtC04io6T29DrxxLjiOM2fxcWCXXMedFlwEL4cSyKsW2O9+V+AkIlxjhpRqe26sOymSmmJGxkU/USRGeIj6pG2QIzOuk04XHcNjo3RhT0hzuIZT9XdHiiKlRlFoXkZID9S8l4n/ee1E9y46KeVxognHs0G9hEEtYJYa7FJJsGYjAwhLav4K8QBJhLXJtmhC8OZXXoTGqeNVnMr9Wal6l8dRAIfgCJSBB85BFdyCGqgDDJ7BK/gAn9aL9WZ9WZPZ0yUr7zkAf8r6/gGaTqXW</latexit>

⇢(0) = ⇢S(0)⌦ ⇢A1 ⌦ ...⌦ ⇢An

<latexit sha1_base64="9+rjtq2UziYN5nq/tDlkTk7KQ6U=">AAACIXicbVDLSgMxFM3UV62vUZdugkVoN8OMSO1GKLjRXQWnFjqlZNK0Dc0kQ5IRytBfceOvuHGhSHfiz5iZdlFbL4QczrmHe+8JY0aVdt1vq7CxubW9U9wt7e0fHB7ZxyctJRKJiY8FE7IdIkUY5cTXVDPSjiVBUcjIUzi+zfSnZyIVFfxRT2LSjdCQ0wHFSBuqZ9cDORIVXoU3MIiQHmHEUn/a4wGmEjuOk//Lipcb3GrPLruOmxdcB94ClMGimj17FvQFTiLCNWZIqY7nxrqbIqkpZmRaChJFYoTHaEg6BnIUEdVN8wun8MIwfTgQ0jyuYc4uO1IUKTWJQtOZ7apWtYz8T+skelDvppTHiSYczwcNEga1gFlcsE8lwZpNDEBYUrMrxCMkEdYm1JIJwVs9eR20Lh2v5tQersqN+0UcRXAGzkEFeOAaNMAdaAIfYPAC3sAH+LRerXfry5rNWwvWwnMK/pT18wsFTaLb</latexit>

⇢(n) = Un � ... � U1⇢(0)
<latexit sha1_base64="pU/O320xaYUvrD1DE8Ul0oOSxFs="></latexit>

= Un

�
Un�1...

�
U1⇢(0)U

†
1

�
...U†

n�1

�
U†
n

F. Ciccarello et al., PR 954, 1 (2022)
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• `Time’ evolution:


• Reduced system state:

<latexit sha1_base64="ddExOxUAxV9nwV9WYJ3TNXMlVb0="></latexit>

⇢(n) = U
�
U...

�
U(⇢S(0)⌦ �)U†�...�U†��U†

<latexit sha1_base64="yMvkuiekGb9L7yUC2CJU3C8Bke4=">AAACE3icbVDLSgMxFM34rPU16tJNsAjVxTAjUt0ILW50V7EvaIchk6ZtaJIZkoxQhv6DG3/FjQtF3Lpx59+YtrPQ1gOBwznncnNPGDOqtOt+W0vLK6tr67mN/ObW9s6uvbffUFEiManjiEWyFSJFGBWkrqlmpBVLgnjISDMcXk/85gORikaipkcx8TnqC9qjGGkjBfZpRw6i4L4oTuAVTDuSw5ocB2kl8BzHqQRi3J4EjO3DwC64jjsFXCReRgogQzWwvzrdCCecCI0ZUqrtubH2UyQ1xYyM851EkRjhIeqTtqECcaL8dHrTGB4bpQt7kTRPaDhVf0+kiCs14qFJcqQHat6biP957UT3Lv2UijjRRODZol7CoI7gpCDYpZJgzUaGICyp+SvEAyQR1qbGvCnBmz95kTTOHK/klO7OC+XbrI4cOARHoAg8cAHK4AZUQR1g8AiewSt4s56sF+vd+phFl6xs5gD8gfX5A3AJnAk=</latexit>

⇢S(n) = TrA1...An [⇢(n)]
<latexit sha1_base64="r+o12Y+wWk3URrdO0GP2Ms8jSn8="></latexit>

= TrAn [UTrAn�1 [U...TrA1 [U(⇢S(0)⌦ �)U †]...�U†]�U†]

*(ancillas in same initial state)
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• `Time’ evolution:


• Reduced system state:


• Dynamical map 

*(ancillas in same initial state)

<latexit sha1_base64="ddExOxUAxV9nwV9WYJ3TNXMlVb0="></latexit>

⇢(n) = U
�
U...

�
U(⇢S(0)⌦ �)U†�...�U†��U†

<latexit sha1_base64="yMvkuiekGb9L7yUC2CJU3C8Bke4=">AAACE3icbVDLSgMxFM34rPU16tJNsAjVxTAjUt0ILW50V7EvaIchk6ZtaJIZkoxQhv6DG3/FjQtF3Lpx59+YtrPQ1gOBwznncnNPGDOqtOt+W0vLK6tr67mN/ObW9s6uvbffUFEiManjiEWyFSJFGBWkrqlmpBVLgnjISDMcXk/85gORikaipkcx8TnqC9qjGGkjBfZpRw6i4L4oTuAVTDuSw5ocB2kl8BzHqQRi3J4EjO3DwC64jjsFXCReRgogQzWwvzrdCCecCI0ZUqrtubH2UyQ1xYyM851EkRjhIeqTtqECcaL8dHrTGB4bpQt7kTRPaDhVf0+kiCs14qFJcqQHat6biP957UT3Lv2UijjRRODZol7CoI7gpCDYpZJgzUaGICyp+SvEAyQR1qbGvCnBmz95kTTOHK/klO7OC+XbrI4cOARHoAg8cAHK4AZUQR1g8AiewSt4s56sF+vd+phFl6xs5gD8gfX5A3AJnAk=</latexit>

⇢S(n) = TrA1...An [⇢(n)]
<latexit sha1_base64="r+o12Y+wWk3URrdO0GP2Ms8jSn8="></latexit>

= TrAn [UTrAn�1 [U...TrA1 [U(⇢S(0)⌦ �)U †]...�U†]�U†]

<latexit sha1_base64="7kDimmAtZHC2uYaG6iBebxlNAHA=">AAACLnicdVDLSsNAFJ34rPUVdelmsAh1UxKRKq4KItRdpfYBTQiT6aQZOnkwM1FKyBe58Vd0IaiIWz/DSVtEWz0wcDjnXObe48aMCmkYL9rC4tLyymphrbi+sbm1re/stkWUcExaOGIR77pIEEZD0pJUMtKNOUGBy0jHHV7kfueWcEGj8EaOYmIHaBBSj2IkleTol1bDp+fQCpD0MWJpMyt/83rmNI8sTge+RJxHd/+HHL1kVIwx4Dwxp6QEpmg4+pPVj3ASkFBihoTomUYs7RRxSTEjWdFKBIkRHqIB6SkaooAIOx2fm8FDpfShF3H1QgnH6s+JFAVCjAJXJfMtxayXi395vUR6Z3ZKwziRJMSTj7yEQRnBvDvYp5xgyUaKIMyp2hViH3GEpWq4qEowZ0+eJ+3jilmtVK9PSrWraR0FsA8OQBmY4BTUQB00QAtgcA8ewSt40x60Z+1d+5hEF7TpzB74Be3zCyHOqd8=</latexit>

� : S(HS) ! S(HS)

<latexit sha1_base64="9X9rAB/I7I6uEaCxBF+9MyWj89U="></latexit>

�[⇢S ] = TrA[U(⇢S ⌦ �)U †]
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• Reduced system state after  collisions:<latexit sha1_base64="vJK5sRH/P5kFq1SCGMhvM3cCklc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6rJXLLlldwaySrwFKcECtV7xq9uPWRqhNExQrTuemxg/o8pwJnBS6KYaE8pGdIAdSyWNUPvZ7NAJObNKn4SxsiUNmam/JzIaaT2OAtsZUTPUy95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyVylX6pel6t3TPI48nMApnIMHV1CFW6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wcDZ42G</latexit>n
<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="AikC/gvLT57I9oYLfbq71NARISc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48tmLbQhrLZTtu1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip6ffLFbfqLkDWiZeTCuRo9MtfvUHM0gilYYJq3fXcxAQZVYYzgbNSL9WYUDahI+xaKmmEOsgWh87IhVUGZBgrW9KQhfp7IqOR1tMotJ0RNWO96s3F/7xuaoa3QcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9dJ66rq1aq15nWl3sjjKMIZnMMleHADdbiHBvjAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHuPWM8g==</latexit>

U
<latexit sha1_base64="AikC/gvLT57I9oYLfbq71NARISc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48tmLbQhrLZTtu1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip6ffLFbfqLkDWiZeTCuRo9MtfvUHM0gilYYJq3fXcxAQZVYYzgbNSL9WYUDahI+xaKmmEOsgWh87IhVUGZBgrW9KQhfp7IqOR1tMotJ0RNWO96s3F/7xuaoa3QcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9dJ66rq1aq15nWl3sjjKMIZnMMleHADdbiHBvjAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHuPWM8g==</latexit>

U

<latexit sha1_base64="7RXje4yi+l81rP0G5YQDm7xTqBQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiV6EgBe9RTQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG5mfuuJayNi9YjjhPsRHSgRCkbRSg/qutIrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhe+ROhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJs1L2quXq/UWpdpfFkYcTOIVz8OASanALdWgAgwE8wyu8OdJ5cd6dj0VrzslmjuEPnM8fz+yNhw==</latexit>

n = 2
<latexit sha1_base64="54IOyNKBy2CaTqtkksI+c0Qwtfo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4EVvFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQasPBh7vzTAzL0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfD3z24+oNI/lg5kk6Ed0KHnIGTVWupdXXr9ccavuHOQv8XJSgRyNfvmzN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5scqAhLGyJQ2Zqz8nMhppPYkC2xlRM9LL3kz8z+umJrz0My6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZf/ktaZ1WvVq3dnVfqt3kcRTiCYzgFDy6gDjfQgCYwGMITvMCrI5xn5815X7QWnHzmEH7B+fgGzmiNhg==</latexit>

n = 1

<latexit sha1_base64="APPuDvNidUa8X/ozqm1iMuB3BL8=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPFi94q9AvadcmmaRuaZJckq5Rl/4cXD4p49b9489+YtnvQ1gcDj/dmmJkXxpxp47rfzsrq2vrGZmGruL2zu7dfOjhs6ShRhDZJxCPVCbGmnEnaNMxw2okVxSLktB2Ob6Z++5EqzSLZMJOY+gIPJRswgo2VHtKeEqihsiC9DrwsKJXdijsDWiZeTsqQox6Uvnr9iCSCSkM41rrrubHxU6wMI5xmxV6iaYzJGA9p11KJBdV+Ors6Q6dW6aNBpGxJg2bq74kUC60nIrSdApuRXvSm4n9eNzGDKz9lMk4MlWS+aJBwZCI0jQD1maLE8IklmChmb0VkhBUmxgZVtCF4iy8vk9Z5xatWqvcX5dpdHkcBjuEEzsCDS6jBLdShCQQUPMMrvDlPzovz7nzMW1ecfOYI/sD5/AEwTJJZ</latexit>

TrA1

<latexit sha1_base64="Y3P2ZA3lhvulpDouCg/Pl5CljUI=">AAACGXicbZDLSsNAFIYnXmu9RV26GSxCuwmJSHUjFNzorqK9QBLKZDpthk4mYWYilNDXcOOruHGhiEtd+TZO2iDa+sPAx3/O4cz5g4RRqWz7y1haXlldWy9tlDe3tnd2zb39toxTgUkLxywW3QBJwignLUUVI91EEBQFjHSC0WVe79wTIWnM79Q4IX6EhpwOKEZKWz3T9kQY926rvAYvoNcMqYepwDlYlvXDbtFl1/yeWbEteyq4CE4BFVCo2TM/vH6M04hwhRmS0nXsRPkZEopiRiZlL5UkQXiEhsTVyFFEpJ9NL5vAY+304SAW+nEFp+7viQxFUo6jQHdGSIVyvpab/9XcVA3O/YzyJFWE49miQcqgimEeE+xTQbBiYw0IC6r/CnGIBMJKh1nWITjzJy9C+8Ry6lb95rTSuC7iKIFDcASqwAFnoAGuQBO0AAYP4Am8gFfj0Xg23oz3WeuSUcwcgD8yPr8Baraeuw==</latexit>

⇢S(n) = � � �... � �[⇢S(0)]
<latexit sha1_base64="NF0r3/l+MzUq7EVd4T7mBUUMGn0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqW6EghvdVbQPSGKYTCfN0MkkzEyEUOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hOkjEplWd9GaWV1bX2jvFnZ2t7Z3TP3D7oyyQQmHZywRPQDJAmjnHQUVYz0U0FQHDDSC0ZXU7/3SISkCb9XeUq8GA05DSlGSku+Wb2EbjuiD9xxRZT4d3XrxPPNmtWwZoDLxC5IDRRo++aXO0hwFhOuMENSOraVKm+MhKKYkUnFzSRJER6hIXE05Sgm0hvPjp/AY60MYJgIXVzBmfp7YoxiKfM40J0xUpFc9Kbif56TqfDCG1OeZopwPF8UZgyqBE6TgAMqCFYs1wRhQfWtEEdIIKx0XhUdgr348jLpnjbsZqN5e1Zr3RRxlMEhOAJ1YINz0ALXoA06AIMcPINX8GY8GS/Gu/Exby0ZxUwV/IHx+QPq8pOx</latexit>

= �n[⇢S(0)]
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• Reduced system state after  collisions:


• Setup describes Markovian dynamics:

<latexit sha1_base64="vJK5sRH/P5kFq1SCGMhvM3cCklc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EomXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91iMqzWN5b8YJ+hEdSB5yRo2V6rJXLLlldwaySrwFKcECtV7xq9uPWRqhNExQrTuemxg/o8pwJnBS6KYaE8pGdIAdSyWNUPvZ7NAJObNKn4SxsiUNmam/JzIaaT2OAtsZUTPUy95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZgQ/CWX14lzYuyVylX6pel6t3TPI48nMApnIMHV1CFW6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wcDZ42G</latexit>n

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ptUubf9wQV2pr9nMb4QPVBWJkKo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjx4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq3PZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDmqWM3g==</latexit>

A

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ptUubf9wQV2pr9nMb4QPVBWJkKo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjx4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq3PZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDmqWM3g==</latexit>

A

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="AikC/gvLT57I9oYLfbq71NARISc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48tmLbQhrLZTtu1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip6ffLFbfqLkDWiZeTCuRo9MtfvUHM0gilYYJq3fXcxAQZVYYzgbNSL9WYUDahI+xaKmmEOsgWh87IhVUGZBgrW9KQhfp7IqOR1tMotJ0RNWO96s3F/7xuaoa3QcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9dJ66rq1aq15nWl3sjjKMIZnMMleHADdbiHBvjAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHuPWM8g==</latexit>

U
<latexit sha1_base64="ptUubf9wQV2pr9nMb4QPVBWJkKo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjx4rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq3PZLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBvdQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDmqWM3g==</latexit>

A

<latexit sha1_base64="C8P4jdjLDCgz3TzCPGHd2WankDc=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkItVlwY3LivYBTQiT6aQdOo8wMxFK7cJfceNCEbf+hjv/xmmbhbYeuHA4517uvSdOGdXG876dwsrq2vpGcbO0tb2zu+fuH7S0zBQmTSyZVJ0YacKoIE1DDSOdVBHEY0ba8fB66rcfiNJUinszSknIUV/QhGJkrBS5R4EayOiuIs4CaSgnOtC0z1Hklr2qNwNcJn5OyiBHI3K/gp7EGSfCYIa07vpeasIxUoZiRialINMkRXiI+qRrqUB2VTie3T+Bp1bpwUQqW8LAmfp7Yoy41iMe206OzEAvelPxP6+bmeQqHFORZoYIPF+UZAwaCadhwB5VBBs2sgRhRe2tEA+QQtjYyEo2BH/x5WXSOq/6tWrt9qJcb+RxFMExOAEV4INLUAc3oAGaAINH8AxewZvz5Lw4787HvLXg5DOH4A+czx/Z2pYQ</latexit>

⇢S(n)⌦ �
<latexit sha1_base64="XMweFIoDeJnRuE2Dd6ez8omwooU=">AAACDXicbVBNS8NAEN3Ur1q/oh69BKvQXkoiUj0WvAheKpq20MSw2WzTpZvdsLsRSih49uJf8eJBEa/evflv3H4ctPXBwOO9GWbmhSklUtn2t1FYWl5ZXSuulzY2t7Z3zN29luSZQNhFnHLRCaHElDDsKqIo7qQCwySkuB0OLsZ++x4LSTi7VcMU+wmMGekRBJWWAvPIrXiiz4ObCqt6XJEES0+SOIFV9y73IhjHWIwCs2zX7AmsReLMSBnM0AzMLy/iKEswU4hCKbuOnSo/h0IRRPGo5GUSpxANYIy7mjKo1/r55JuRdayVyOpxoYspa6L+nshhIuUwCXVnAlVfzntj8T+vm6neuZ8TlmYKMzRd1Muopbg1jsaKiMBI0aEmEAmib7VQHwqIlA6wpENw5l9eJK2TmlOv1a9Py42rh2kcRXAADkEFOOAMNMAlaAIXIPAInsEreDOejBfj3fiYthaMWYT74A+Mzx9MPpwu</latexit>

U(⇢S(n)⌦ �)U† <latexit sha1_base64="GUZO3sLoiLRqtnTo2IPNt2/zLTk=">AAACAXicbVDJSgNBEO2JW4zbqBfBS2MQIkKYEYkeA14ELxHNAplh6On0JE16Gbp7hBAigr/ixYMiXv0Lb/6NneWg0QcFj/eqqKoXp4xq43lfTm5hcWl5Jb9aWFvf2Nxyt3caWmYKkzqWTKpWjDRhVJC6oYaRVqoI4jEjzbh/Mfabd0RpKsWtGaQk5KgraEIxMlaK3L1A9WR0UxLH/lEgDeVEB5p2OYrcolf2JoB/iT8jRTBDLXI/g47EGSfCYIa0bvteasIhUoZiRkaFINMkRbiPuqRtqUB2VTicfDCCh1bpwEQqW8LAifpzYoi41gMe206OTE/Pe2PxP6+dmeQ8HFKRZoYIPF2UZAwaCcdxwA5VBBs2sARhRe2tEPeQQtjY0Ao2BH/+5b+kcVL2K+XK9WmxevUwjSMP9sEBKAEfnIEquAQ1UAcY3IMn8AJenUfn2Xlz3qetOWcW4S74BefjG99Blvs=</latexit>

⇢S(n+ 1)⌦ �

correlate

<latexit sha1_base64="Y3P2ZA3lhvulpDouCg/Pl5CljUI=">AAACGXicbZDLSsNAFIYnXmu9RV26GSxCuwmJSHUjFNzorqK9QBLKZDpthk4mYWYilNDXcOOruHGhiEtd+TZO2iDa+sPAx3/O4cz5g4RRqWz7y1haXlldWy9tlDe3tnd2zb39toxTgUkLxywW3QBJwignLUUVI91EEBQFjHSC0WVe79wTIWnM79Q4IX6EhpwOKEZKWz3T9kQY926rvAYvoNcMqYepwDlYlvXDbtFl1/yeWbEteyq4CE4BFVCo2TM/vH6M04hwhRmS0nXsRPkZEopiRiZlL5UkQXiEhsTVyFFEpJ9NL5vAY+304SAW+nEFp+7viQxFUo6jQHdGSIVyvpab/9XcVA3O/YzyJFWE49miQcqgimEeE+xTQbBiYw0IC6r/CnGIBMJKh1nWITjzJy9C+8Ry6lb95rTSuC7iKIFDcASqwAFnoAGuQBO0AAYP4Am8gFfj0Xg23oz3WeuSUcwcgD8yPr8Baraeuw==</latexit>

⇢S(n) = � � �... � �[⇢S(0)]
<latexit sha1_base64="NF0r3/l+MzUq7EVd4T7mBUUMGn0=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQNyURqW6EghvdVbQPSGKYTCfN0MkkzEyEUOqvuHGhiFs/xJ1/47TNQlsPXDiccy/33hOkjEplWd9GaWV1bX2jvFnZ2t7Z3TP3D7oyyQQmHZywRPQDJAmjnHQUVYz0U0FQHDDSC0ZXU7/3SISkCb9XeUq8GA05DSlGSku+Wb2EbjuiD9xxRZT4d3XrxPPNmtWwZoDLxC5IDRRo++aXO0hwFhOuMENSOraVKm+MhKKYkUnFzSRJER6hIXE05Sgm0hvPjp/AY60MYJgIXVzBmfp7YoxiKfM40J0xUpFc9Kbif56TqfDCG1OeZopwPF8UZgyqBE6TgAMqCFYs1wRhQfWtEEdIIKx0XhUdgr348jLpnjbsZqN5e1Zr3RRxlMEhOAJ1YINz0ALXoA06AIMcPINX8GY8GS/Gu/Exby0ZxUwV/IHx+QPq8pOx</latexit>

= �n[⇢S(0)]

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="AikC/gvLT57I9oYLfbq71NARISc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48tmLbQhrLZTtu1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip6ffLFbfqLkDWiZeTCuRo9MtfvUHM0gilYYJq3fXcxAQZVYYzgbNSL9WYUDahI+xaKmmEOsgWh87IhVUGZBgrW9KQhfp7IqOR1tMotJ0RNWO96s3F/7xuaoa3QcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9dJ66rq1aq15nWl3sjjKMIZnMMleHADdbiHBvjAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHuPWM8g==</latexit>

U
<latexit sha1_base64="AikC/gvLT57I9oYLfbq71NARISc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48tmLbQhrLZTtu1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip6ffLFbfqLkDWiZeTCuRo9MtfvUHM0gilYYJq3fXcxAQZVYYzgbNSL9WYUDahI+xaKmmEOsgWh87IhVUGZBgrW9KQhfp7IqOR1tMotJ0RNWO96s3F/7xuaoa3QcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9dJ66rq1aq15nWl3sjjKMIZnMMleHADdbiHBvjAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHuPWM8g==</latexit>

U

<latexit sha1_base64="7RXje4yi+l81rP0G5YQDm7xTqBQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGiV6EgBe9RTQPSJYwO5lNhszOLjO9Qgj5BC8eFPHqF3nzb5wke9DEgoaiqpvuriCRwqDrfju5tfWNza38dmFnd2//oHh41DRxqhlvsFjGuh1Qw6VQvIECJW8nmtMokLwVjG5mfuuJayNi9YjjhPsRHSgRCkbRSg/qutIrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+alTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhe+ROhkhS5YotFYSoJxmT2N+kLzRnKsSWUaWFvJWxINWVo0ynYELzll1dJs1L2quXq/UWpdpfFkYcTOIVz8OASanALdWgAgwE8wyu8OdJ5cd6dj0VrzslmjuEPnM8fz+yNhw==</latexit>

n = 2
<latexit sha1_base64="54IOyNKBy2CaTqtkksI+c0Qwtfo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4EVvFe0HtKFstpN26WYTdjdCCf0JXjwo4tVf5M1/47bNQasPBh7vzTAzL0gE18Z1v5zCyura+kZxs7S1vbO7V94/aOk4VQybLBax6gRUo+ASm4YbgZ1EIY0Cge1gfD3z24+oNI/lg5kk6Ed0KHnIGTVWupdXXr9ccavuHOQv8XJSgRyNfvmzN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n81Ck5scqAhLGyJQ2Zqz8nMhppPYkC2xlRM9LL3kz8z+umJrz0My6T1KBki0VhKoiJyexvMuAKmRETSyhT3N5K2IgqyoxNp2RD8JZf/ktaZ1WvVq3dnVfqt3kcRTiCYzgFDy6gDjfQgCYwGMITvMCrI5xn5815X7QWnHzmEH7B+fgGzmiNhg==</latexit>

n = 1

<latexit sha1_base64="APPuDvNidUa8X/ozqm1iMuB3BL8=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WPFi94q9AvadcmmaRuaZJckq5Rl/4cXD4p49b9489+YtnvQ1gcDj/dmmJkXxpxp47rfzsrq2vrGZmGruL2zu7dfOjhs6ShRhDZJxCPVCbGmnEnaNMxw2okVxSLktB2Ob6Z++5EqzSLZMJOY+gIPJRswgo2VHtKeEqihsiC9DrwsKJXdijsDWiZeTsqQox6Uvnr9iCSCSkM41rrrubHxU6wMI5xmxV6iaYzJGA9p11KJBdV+Ors6Q6dW6aNBpGxJg2bq74kUC60nIrSdApuRXvSm4n9eNzGDKz9lMk4MlWS+aJBwZCI0jQD1maLE8IklmChmb0VkhBUmxgZVtCF4iy8vk9Z5xatWqvcX5dpdHkcBjuEEzsCDS6jBLdShCQQUPMMrvDlPzovz7nzMW1ecfOYI/sD5/AEwTJJZ</latexit>

TrA1

ancilla 

reset



Basic collision models

89

• Consider one-parameter family of CPTP maps                                       :                                      
<latexit sha1_base64="F12eM/RT7WX9KNPPQgNYc+yUbiU=">AAACIHicbVDLSgMxFM34rPVVdekmWAQXpcyItG6Eghu7kQr2AU0ZMmmmDc1khiQjlHE+xY2/4saFIrrTrzHTVtDWCwmHc87l3nu8iDOlbfvTWlpeWV1bz23kN7e2d3YLe/stFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXujy0xv31GpWChu9TiivQAPBPMZwdpQbqGKEtQYMldAVIL32ScQEyjAeuh5yXVayqiJw774YespSt1C0S7bk4KLwJmBIphVwy18oH5I4oAKTThWquvYke4lWGpGOE3zKFY0wmSEB7RroMABVb1kcmAKjw3Th34ozRMaTtjfHQkOlBoHnnFmO6p5LSP/07qx9s97CRNRrKkg00F+zKEOYZYW7DNJieZjAzCRzOwKyRBLTLTJNG9CcOZPXgSt07JTKVduzoq1+iyOHDgER+AEOKAKauAKNEATEPAAnsALeLUerWfrzXqfWpesWc8B+FPW1zdFYaHi</latexit>

{�n |n 2 N, �0 = I}
<latexit sha1_base64="A6um1qDiXoJumMlzAemW6JRxwBY=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY8KK3COYBmyXMTmaTIfNYZmaFEPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dccqZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hME9okiivdibGhnEnatMxy2kk1xSLmtB2Pbmd++4lqw5R8tOOURgIPJEsYwdZJYTdRGnOO5IXolSt+1Z8DrZIgJxXI0eiVv7p9RTJBpSUcGxMGfmqjCdaWEU6npW5maIrJCA9o6KjEgppoMj95is6c0kduuytp0Vz9PTHBwpixiF2nwHZolr2Z+J8XZja5iSZMppmlkiwWJRlHVqHZ/6jPNCWWjx3BRDN3KyJDrDGxLqWSCyFYfnmVtC6rQa1ae7iq1O/zOIpwAqdwDgFcQx3uoAFNIKDgGV7hzbPei/fufSxaC14+cwx/4H3+ANF7kP0=</latexit>

8n,m
<latexit sha1_base64="gZDjRLoBcSCSjMnxnjCchlUc4Uw=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupMyIVDdCwY2Ciwr2AZ1hyGTSNjTJDElGKEPXbvwVNy4UcesXuPNvTKez0NYDgcM593BzT5gwqrTjfFsLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HF5N/PYDkYrG4l6PEuJz1Be0RzHSRgrsA68xoIGAl9C7NakIBZk44WMPU4lziwd2xak6OeA8cQtSAQUagf3lRTFOOREaM6RU13US7WdIaooZGZe9VJEE4SHqk66hAnGi/Cw/ZQyPjBLBXizNExrm6u9EhrhSIx6aSY70QM16E/E/r5vq3oWfUZGkmgg8XdRLGdQxnPQCIyoJ1mxkCMKSmr9CPEASYW3aK5sS3NmT50nrtOrWqrW7s0r9pqijBPbBITgGLjgHdXANGqAJMHgEz+AVvFlP1ov1bn1MRxesIrMH/sD6/AFGbZoP</latexit>

�n = ⇤n,m � �m
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• Consider one-parameter family of CPTP maps                                       :                                       


• Divisibility:
<latexit sha1_base64="DfZTZsDJne6bErA5VlXS2hmml9E=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI8BL4KXKOYByRJmJ7PJkNmZZaZXCUvAn/DiQRGvfo03/8bJ46CJBQ1FVTfdXWEiuEHP+3ZyK6tr6xv5zcLW9s7uXnH/oGFUqimrUyWUboXEMMElqyNHwVqJZiQOBWuGw6uJ33xg2nAl73GUsCAmfckjTglaqd254/0BEq3VY7dY8sreFO4y8eekBHPUusWvTk/RNGYSqSDGtH0vwSAjGjkVbFzopIYlhA5Jn7UtlSRmJsimJ4/dE6v03EhpWxLdqfp7IiOxMaM4tJ0xwYFZ9Cbif147xegyyLhMUmSSzhZFqXBRuZP/3R7XjKIYWUKo5vZWlw6IJhRtSgUbgr/48jJpnJX9Srlye16q3jzN4sjDERzDKfhwAVW4hhrUgYKCZ3iFNwedF+fd+Zi15px5hIfwB87nD71ikgE=</latexit>) Markovian (semigroup)

<latexit sha1_base64="F12eM/RT7WX9KNPPQgNYc+yUbiU=">AAACIHicbVDLSgMxFM34rPVVdekmWAQXpcyItG6Eghu7kQr2AU0ZMmmmDc1khiQjlHE+xY2/4saFIrrTrzHTVtDWCwmHc87l3nu8iDOlbfvTWlpeWV1bz23kN7e2d3YLe/stFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXujy0xv31GpWChu9TiivQAPBPMZwdpQbqGKEtQYMldAVIL32ScQEyjAeuh5yXVayqiJw774YespSt1C0S7bk4KLwJmBIphVwy18oH5I4oAKTThWquvYke4lWGpGOE3zKFY0wmSEB7RroMABVb1kcmAKjw3Th34ozRMaTtjfHQkOlBoHnnFmO6p5LSP/07qx9s97CRNRrKkg00F+zKEOYZYW7DNJieZjAzCRzOwKyRBLTLTJNG9CcOZPXgSt07JTKVduzoq1+iyOHDgER+AEOKAKauAKNEATEPAAnsALeLUerWfrzXqfWpesWc8B+FPW1zdFYaHi</latexit>

{�n |n 2 N, �0 = I}

<latexit sha1_base64="QSCSzmouLgkkoJN90EOAfqgJHgw=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvoapgRqW6EghvdVbAP6Iwlk6ZtaCYzJBmhlH6CG3/FjQtF3Lp059+Ymc5CWw+EHM45l+SeIOZMacf5tgpLyyura8X10sbm1vZOeXevqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gdJX6rQcqFYvEnR7H1A/xQLA+I1gbqVs+9upD1hXoEqXEI0wS27azOxVy/d4kK47tZECLxM1JBXLUu+UvrxeRJKRCE46V6rhOrP0JlpoRTqclL1E0xmSEB7RjqMAhVf4kW2iKjozSQ/1ImiM0ytTfExMcKjUOA5MMsR6qeS8V//M6ie5f+BMm4kRTQWYP9ROOdITSdlCPSUo0HxuCiWTmr4gMscREmw5LpgR3fuVF0jy13apdvT2r1G7yOopwAIdwAi6cQw2uoQ4NIPAIz/AKb9aT9WK9Wx+zaMHKZ/bhD6zPH+0Nm04=</latexit>

�n = � � ... � � = �n

<latexit sha1_base64="KZ8RlRJaypsZEcLEabHx5FhIil8="></latexit>

C⇤n,m = (⇤n,m ⌦ I(d))(| ih |)

<latexit sha1_base64="A6um1qDiXoJumMlzAemW6JRxwBY=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY8KK3COYBmyXMTmaTIfNYZmaFEPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dccqZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hME9okiivdibGhnEnatMxy2kk1xSLmtB2Pbmd++4lqw5R8tOOURgIPJEsYwdZJYTdRGnOO5IXolSt+1Z8DrZIgJxXI0eiVv7p9RTJBpSUcGxMGfmqjCdaWEU6npW5maIrJCA9o6KjEgppoMj95is6c0kduuytp0Vz9PTHBwpixiF2nwHZolr2Z+J8XZja5iSZMppmlkiwWJRlHVqHZ/6jPNCWWjx3BRDN3KyJDrDGxLqWSCyFYfnmVtC6rQa1ae7iq1O/zOIpwAqdwDgFcQx3uoAFNIKDgGV7hzbPei/fufSxaC14+cwx/4H3+ANF7kP0=</latexit>

8n,m
<latexit sha1_base64="gZDjRLoBcSCSjMnxnjCchlUc4Uw=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupMyIVDdCwY2Ciwr2AZ1hyGTSNjTJDElGKEPXbvwVNy4UcesXuPNvTKez0NYDgcM593BzT5gwqrTjfFsLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HF5N/PYDkYrG4l6PEuJz1Be0RzHSRgrsA68xoIGAl9C7NakIBZk44WMPU4lziwd2xak6OeA8cQtSAQUagf3lRTFOOREaM6RU13US7WdIaooZGZe9VJEE4SHqk66hAnGi/Cw/ZQyPjBLBXizNExrm6u9EhrhSIx6aSY70QM16E/E/r5vq3oWfUZGkmgg8XdRLGdQxnPQCIyoJ1mxkCMKSmr9CPEASYW3aK5sS3NmT50nrtOrWqrW7s0r9pqijBPbBITgGLjgHdXANGqAJMHgEz+AVvFlP1ov1bn1MRxesIrMH/sD6/AFGbZoP</latexit>

�n = ⇤n,m � �m

<latexit sha1_base64="c05BQP1YjxqU8OqICQi7IgQO/IQ=">AAACA3icbVBLSwMxGMzWV62vqje9BIvgQcuuSPUiFLwoeKhgH9Bdlmw224Ym2SXJCmUpePGvePGgiFf/hDf/jWm7B20dCExm5iP5JkgYVdq2v63CwuLS8kpxtbS2vrG5Vd7eaak4lZg0ccxi2QmQIowK0tRUM9JJJEE8YKQdDK7GfvuBSEVjca+HCfE46gkaUYy0kfzynntrwiHyM3HMR/ASuo0+NZcTPvLLFbtqTwDniZOTCsjR8MtfbhjjlBOhMUNKdR070V6GpKaYkVHJTRVJEB6gHukaKhAnyssmO4zgoVFCGMXSHKHhRP09kSGu1JAHJsmR7qtZbyz+53VTHV14GRVJqonA04eilEEdw3EhMKSSYM2GhiAsqfkrxH0kEdamtpIpwZldeZ60TqtOrVq7O6vUb/I6imAfHIAj4IBzUAfXoAGaAINH8AxewZv1ZL1Y79bHNFqw8pld8AfW5w/kJZcV</latexit>

⇤n,m = �n�m

<latexit sha1_base64="DpVKji7+3X+SRL5VJc+oBfxi1Bc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosgKCURqW6EQjciLirYBzQhTCaTduhkEmYmQkm7cuOvuHGhiFu/wZ1/47TNQqsHBg7n3MOde/yEUaks68soLCwuLa8UV0tr6xubW+b2TkvGqcCkiWMWi46PJGGUk6aiipFOIgiKfEba/qA+8dv3REga8zs1TIgboR6nIcVIackz951R3cucG50IkJfxY/uEj8fOyLPhJbQ9s2xVrCngX2LnpAxyNDzz0wlinEaEK8yQlF3bSpSbIaEoZmRcclJJEoQHqEe6mnIUEelm0zPG8FArAQxjoR9XcKr+TGQoknIY+XoyQqov572J+J/XTVV44WaUJ6kiHM8WhSmDKoaTTmBABcGKDTVBWFD9V4j7SCCsdHMlXYI9f/Jf0jqt2NVK9fasXLvO6yiCPXAAjoANzkENXIEGaAIMHsATeAGvxqPxbLwZ77PRgpFndsEvGB/fSjWXwA==</latexit>

kC⇤n+1,nk1 = 1
<latexit sha1_base64="hY1oiAeaeepKDy55yc7d5moDaqM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL+IpgnlIsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfjm5nffqLaMCUf7CShocBDyWJGsHXSYy9WGnOOZL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBcrtdSYvm6u+JDAtjJiJynQLbkVn2ZuJ/Xje18XWYMZmklkqyWBSnHFmFZt+jAdOUWD5xBBPN3K2IjLDGxLqMSi6EYPnlVdK6qAa1au3+slK/y+MowgmcwjkEcAV1uIUGNIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOY65BR</latexit>

8n
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• Consider one-parameter family of CPTP maps                                       :                                       


• Divisibility:


• Distinguishability: 

<latexit sha1_base64="DfZTZsDJne6bErA5VlXS2hmml9E=">AAAB8nicbVDLSgNBEOyNrxhfUY9eFoPgKeyKRI8BL4KXKOYByRJmJ7PJkNmZZaZXCUvAn/DiQRGvfo03/8bJ46CJBQ1FVTfdXWEiuEHP+3ZyK6tr6xv5zcLW9s7uXnH/oGFUqimrUyWUboXEMMElqyNHwVqJZiQOBWuGw6uJ33xg2nAl73GUsCAmfckjTglaqd254/0BEq3VY7dY8sreFO4y8eekBHPUusWvTk/RNGYSqSDGtH0vwSAjGjkVbFzopIYlhA5Jn7UtlSRmJsimJ4/dE6v03EhpWxLdqfp7IiOxMaM4tJ0xwYFZ9Cbif147xegyyLhMUmSSzhZFqXBRuZP/3R7XjKIYWUKo5vZWlw6IJhRtSgUbgr/48jJpnJX9Srlye16q3jzN4sjDERzDKfhwAVW4hhrUgYKCZ3iFNwedF+fd+Zi15px5hIfwB87nD71ikgE=</latexit>) Markovian (semigroup)

<latexit sha1_base64="F12eM/RT7WX9KNPPQgNYc+yUbiU=">AAACIHicbVDLSgMxFM34rPVVdekmWAQXpcyItG6Eghu7kQr2AU0ZMmmmDc1khiQjlHE+xY2/4saFIrrTrzHTVtDWCwmHc87l3nu8iDOlbfvTWlpeWV1bz23kN7e2d3YLe/stFcaS0CYJeSg7HlaUM0GbmmlOO5GkOPA4bXujy0xv31GpWChu9TiivQAPBPMZwdpQbqGKEtQYMldAVIL32ScQEyjAeuh5yXVayqiJw774YespSt1C0S7bk4KLwJmBIphVwy18oH5I4oAKTThWquvYke4lWGpGOE3zKFY0wmSEB7RroMABVb1kcmAKjw3Th34ozRMaTtjfHQkOlBoHnnFmO6p5LSP/07qx9s97CRNRrKkg00F+zKEOYZYW7DNJieZjAzCRzOwKyRBLTLTJNG9CcOZPXgSt07JTKVduzoq1+iyOHDgER+AEOKAKauAKNEATEPAAnsALeLUerWfrzXqfWpesWc8B+FPW1zdFYaHi</latexit>

{�n |n 2 N, �0 = I}

<latexit sha1_base64="QSCSzmouLgkkoJN90EOAfqgJHgw=">AAACEHicbVDLSgMxFL1TX7W+qi7dBIvoapgRqW6EghvdVbAP6Iwlk6ZtaCYzJBmhlH6CG3/FjQtF3Lp059+Ymc5CWw+EHM45l+SeIOZMacf5tgpLyyura8X10sbm1vZOeXevqaJEEtogEY9kO8CKciZoQzPNaTuWFIcBp61gdJX6rQcqFYvEnR7H1A/xQLA+I1gbqVs+9upD1hXoEqXEI0wS27azOxVy/d4kK47tZECLxM1JBXLUu+UvrxeRJKRCE46V6rhOrP0JlpoRTqclL1E0xmSEB7RjqMAhVf4kW2iKjozSQ/1ImiM0ytTfExMcKjUOA5MMsR6qeS8V//M6ie5f+BMm4kRTQWYP9ROOdITSdlCPSUo0HxuCiWTmr4gMscREmw5LpgR3fuVF0jy13apdvT2r1G7yOopwAIdwAi6cQw2uoQ4NIPAIz/AKb9aT9WK9Wx+zaMHKZ/bhD6zPH+0Nm04=</latexit>

�n = � � ... � � = �n

<latexit sha1_base64="DpVKji7+3X+SRL5VJc+oBfxi1Bc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosgKCURqW6EQjciLirYBzQhTCaTduhkEmYmQkm7cuOvuHGhiFu/wZ1/47TNQqsHBg7n3MOde/yEUaks68soLCwuLa8UV0tr6xubW+b2TkvGqcCkiWMWi46PJGGUk6aiipFOIgiKfEba/qA+8dv3REga8zs1TIgboR6nIcVIackz951R3cucG50IkJfxY/uEj8fOyLPhJbQ9s2xVrCngX2LnpAxyNDzz0wlinEaEK8yQlF3bSpSbIaEoZmRcclJJEoQHqEe6mnIUEelm0zPG8FArAQxjoR9XcKr+TGQoknIY+XoyQqov572J+J/XTVV44WaUJ6kiHM8WhSmDKoaTTmBABcGKDTVBWFD9V4j7SCCsdHMlXYI9f/Jf0jqt2NVK9fasXLvO6yiCPXAAjoANzkENXIEGaAIMHsATeAGvxqPxbLwZ77PRgpFndsEvGB/fSjWXwA==</latexit>

kC⇤n+1,nk1 = 1
<latexit sha1_base64="hY1oiAeaeepKDy55yc7d5moDaqM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL+IpgnlIsoTZyWwyZB7LzKwQlnyFFw+KePVzvPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3ImwoZ5I2LbOcdhJNsYg4bUfjm5nffqLaMCUf7CShocBDyWJGsHXSYy9WGnOOZL9c8av+HGiVBDmpQI5Gv/zVGyiSCiot4diYbuAnNsywtoxwOi31UkMTTMZ4SLuOSiyoCbP5wVN05pQBcrtdSYvm6u+JDAtjJiJynQLbkVn2ZuJ/Xje18XWYMZmklkqyWBSnHFmFZt+jAdOUWD5xBBPN3K2IjLDGxLqMSi6EYPnlVdK6qAa1au3+slK/y+MowgmcwjkEcAV1uIUGNIGAgGd4hTdPey/eu/exaC14+cwx/IH3+QOY65BR</latexit>

8n
<latexit sha1_base64="KZ8RlRJaypsZEcLEabHx5FhIil8="></latexit>

C⇤n,m = (⇤n,m ⌦ I(d))(| ih |)

<latexit sha1_base64="A6um1qDiXoJumMlzAemW6JRxwBY=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgQcKuSPQY8KK3COYBmyXMTmaTIfNYZmaFEPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dccqZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hME9okiivdibGhnEnatMxy2kk1xSLmtB2Pbmd++4lqw5R8tOOURgIPJEsYwdZJYTdRGnOO5IXolSt+1Z8DrZIgJxXI0eiVv7p9RTJBpSUcGxMGfmqjCdaWEU6npW5maIrJCA9o6KjEgppoMj95is6c0kduuytp0Vz9PTHBwpixiF2nwHZolr2Z+J8XZja5iSZMppmlkiwWJRlHVqHZ/6jPNCWWjx3BRDN3KyJDrDGxLqWSCyFYfnmVtC6rQa1ae7iq1O/zOIpwAqdwDgFcQx3uoAFNIKDgGV7hzbPei/fufSxaC14+cwx/4H3+ANF7kP0=</latexit>

8n,m
<latexit sha1_base64="gZDjRLoBcSCSjMnxnjCchlUc4Uw=">AAACCnicbVDLSgMxFM34rPU16tJNtAgupMyIVDdCwY2Ciwr2AZ1hyGTSNjTJDElGKEPXbvwVNy4UcesXuPNvTKez0NYDgcM593BzT5gwqrTjfFsLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HF5N/PYDkYrG4l6PEuJz1Be0RzHSRgrsA68xoIGAl9C7NakIBZk44WMPU4lziwd2xak6OeA8cQtSAQUagf3lRTFOOREaM6RU13US7WdIaooZGZe9VJEE4SHqk66hAnGi/Cw/ZQyPjBLBXizNExrm6u9EhrhSIx6aSY70QM16E/E/r5vq3oWfUZGkmgg8XdRLGdQxnPQCIyoJ1mxkCMKSmr9CPEASYW3aK5sS3NmT50nrtOrWqrW7s0r9pqijBPbBITgGLjgHdXANGqAJMHgEz+AVvFlP1ov1bn1MRxesIrMH/sD6/AFGbZoP</latexit>

�n = ⇤n,m � �m

<latexit sha1_base64="Se2ThdZswSxhYZdN01q4qtS5SDA=">AAACJ3icbVDLSgMxFM3UV62vUZdugkVoUcpMkepKCrrQXUX7gE4dMmnahmYyY5IRytC/ceOvuBFURJf+iel0FrV6IHDuuedyc48XMiqVZX0ZmYXFpeWV7GpubX1jc8vc3mnIIBKY1HHAAtHykCSMclJXVDHSCgVBvsdI0xueT/rNByIkDfitGoWk46M+pz2KkdKSa55dFBwxCO5s96bAD+3iUVKV06oIHUbu4axn1lEsumbeKlkJ4F9ipyQPUtRc89XpBjjyCVeYISnbthWqToyEopiRcc6JJAkRHqI+aWvKkU9kJ07uHMMDrXRhLxD6cQUTdXYiRr6UI9/TTh+pgZzvTcT/eu1I9U47MeVhpAjH00W9iEEVwElosEsFwYqNNEFYUP1XiAdIIKx0tDkdgj1/8l/SKJfsSqlyfZyvXqVxZMEe2AcFYIMTUAWXoAbqAINH8AzewLvxZLwYH8bn1Jox0pld8AvG9w8ZxaHX</latexit>

D(⇢1S(n+ 1), ⇢2S(n+ 1))  D(⇢1S(n), ⇢
2
S(n))

<latexit sha1_base64="c05BQP1YjxqU8OqICQi7IgQO/IQ=">AAACA3icbVBLSwMxGMzWV62vqje9BIvgQcuuSPUiFLwoeKhgH9Bdlmw224Ym2SXJCmUpePGvePGgiFf/hDf/jWm7B20dCExm5iP5JkgYVdq2v63CwuLS8kpxtbS2vrG5Vd7eaak4lZg0ccxi2QmQIowK0tRUM9JJJEE8YKQdDK7GfvuBSEVjca+HCfE46gkaUYy0kfzynntrwiHyM3HMR/ASuo0+NZcTPvLLFbtqTwDniZOTCsjR8MtfbhjjlBOhMUNKdR070V6GpKaYkVHJTRVJEB6gHukaKhAnyssmO4zgoVFCGMXSHKHhRP09kSGu1JAHJsmR7qtZbyz+53VTHV14GRVJqonA04eilEEdw3EhMKSSYM2GhiAsqfkrxH0kEdamtpIpwZldeZ60TqtOrVq7O6vUb/I6imAfHIAj4IBzUAfXoAGaAINH8AxewZv1ZL1Y79bHNFqw8pld8AfW5w/kJZcV</latexit>

⇤n,m = �n�m

(              CPTP)
<latexit sha1_base64="4an8QvLK0aw+uLH5PG3w2Ix1mzo=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEQSmJSHVZcKPgooJ9QBvCZDJth04mYWYi1NAvceNCEbd+ijv/xmmbhbYeGDiccy73zgkSzpR2nG+rsLK6tr5R3Cxtbe/slu29/ZaKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UqlYLB70OKFehAeC9RnB2ki+Xe7dmXCI/Uycumdi4tsVp+rMgJaJm5MK5Gj49lcvjEkaUaEJx0p1XSfRXoalZoTTSamXKppgMsID2jVU4IgqL5sdPkHHRglRP5bmCY1m6u+JDEdKjaPAJCOsh2rRm4r/ed1U96+8jIkk1VSQ+aJ+ypGO0bQFFDJJieZjQzCRzNyKyBBLTLTpqmRKcBe/vExa51W3Vq3dX1Tqt3kdRTiEIzgBFy6hDjfQgCYQSOEZXuHNerJerHfrYx4tWPnMAfyB9fkD8wSSqw==</latexit>

⇤n+1,n
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• Ancilla-ancilla collisions:


• Initial correlations:

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="w7ARvP6Vd37oWblIGpZzJTVyW0k=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWaKVJcFN4KbCvYB7VAyaaaNzSRDkhHKUPAT3LhQxK3/486/MX0stPXAhcM593LvPWEiuLGe941ya+sbm1v57cLO7t7+QfHwqGlUqilrUCWUbofEMMEla1huBWsnmpE4FKwVjq6nfuuRacOVvLfjhAUxGUgecUqsk5qtXuZXJr1iySt7M+BV4i9ICRao94pf3b6iacykpYIY0/G9xAYZ0ZZTwSaFbmpYQuiIDFjHUUliZoJsdu0EnzmljyOlXUmLZ+rviYzExozj0HXGxA7NsjcV//M6qY2ugozLJLVM0vmiKBXYKjx9Hfe5ZtSKsSOEau5uxXRINKHWBVRwIfjLL6+SZqXsV8vVu4tS7fZpHkceTuAUzsGHS6jBDdShARQe4Ble4Q0p9ILe0ce8NYcWER7DH6DPHzxcj1s=</latexit>

W12
<latexit sha1_base64="QaoTfPsH/RTbUwRlqTk3ROwuWnA=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykyV6rLgRnBTwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wEN9bzvtHK6tr6xmZuK7+9s7u3Xzg4bBiVasrqVAmlWyExTHDJ6pZbwVqJZiQOBWuGw+uJ33xk2nAl7+0oYUFM+pJHnBLrpEazm5XPx91C0St5U+Bl4s9JEeaodQtfnZ6iacykpYIY0/a9xAYZ0ZZTwcb5TmpYQuiQ9FnbUUliZoJseu0YnzqlhyOlXUmLp+rviYzExozi0HXGxA7MojcR//PaqY2ugozLJLVM0tmiKBXYKjx5Hfe4ZtSKkSOEau5uxXRANKHWBZR3IfiLLy+TRrnkV0qVu4ti9fZpFkcOjuEEzsCHS6jCDdSgDhQe4Ble4Q0p9ILe0cesdQXNIzyCP0CfPz9nj10=</latexit>

W23

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

correlated
F. Ciccarello et al., PR 954, 1 (2022)

<latexit sha1_base64="AF4nxwrwp4Jc3ksXJ8r0m50x83o="></latexit>

⇢(n) = U 0(...U 0(⇢S(0)⌦ �)U 0†...)�U 0†

<latexit sha1_base64="LG2oIEf1RmWtJ20251LWCcSAZik="></latexit>

⇢(n) = U(...U(⇢S(0)⌦ �(0))U †...)U †

<latexit sha1_base64="TIXFpk7NXzc6eQwgE2hN1vVnIck="></latexit>

�(0) 6= � ⌦ ...⌦ �| {z }
n times

<latexit sha1_base64="14vJXhIZX9R6lEazA8z9lk8y7XU=">AAAB7nicbVBNS8NAEJ31s9avqkcvi0X0VBKR6kUoeNFbBdMU2lA22027dLMJuxuhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0wF18ZxvtHK6tr6xmZpq7y9s7u3Xzk4bOkkU5R5NBGJaodEM8El8ww3grVTxUgcCuaHo9up7z8xpXkiH804ZUFMBpJHnBJjJd87wzfY93qVqlNzZsDLxC1IFQo0e5Wvbj+hWcykoYJo3XGd1AQ5UYZTwSblbqZZSuiIDFjHUklipoN8du4En1qlj6NE2ZIGz9TfEzmJtR7Hoe2MiRnqRW8q/ud1MhNdBzmXaWaYpPNFUSawSfD0d9znilEjxpYQqri9FdMhUYQam1DZhuAuvrxMWhc1t16rP1xWG/dFHCU4hhM4BxeuoAF30AQPKIzgGV7hDaXoBb2jj3nrCipmjuAP0OcPlkyOdw==</latexit>

U 0 = WU
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• Partial swap operation:

F. Ciccarello et al, PRA 87, 040103(R) (2013)

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="i3h4+L2ODeP4+g3n5ivjcMprPXo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvPRY0X5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrde6HqVebD8sVt+ougNaJl5MK5GgNy1+DkSRJRIUhHGvd99zY+ClWhhFO56VBommMyRSPad9SgSOq/XRx7RxdWGWEQqlsCYMW6u+JFEdaz6LAdkbYTPSql4n/ef3EhDd+ykScGCrIclGYcGQkyl5HI6YoMXxmCSaK2VsRmWCFibEBlWwI3urL66RTq3r1av3uqtJo5nEU4QzO4RI8uIYGNKEFbSDwCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcPUY7U</latexit>

S12
<latexit sha1_base64="j08/iDMiqd3yiuqOyj99AKnFRGo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiQY8kXjhilI8ENqRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3M79zhNVmknxYKYx9SM8EixkBBsrte8HaeVqNiiW3LK7AFonXkZKkKE5KH71h5IkERWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LBY6o9tPFtTN0YZUhCqWyJQxaqL8nUhxpPY0C2xlhM9ar3lz8z+slJrzxUybixFBBlovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMGG4K2+vE7albJXK9fuqqV6I4sjD2dwDpfgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz8SXI7W</latexit>

S23

Partial SWAP map (CPTP)
<latexit sha1_base64="rV6htMaYsBYfTQ0tJk7nzsDcLvg="></latexit>

Sj+1,j [⇢] = (1� p)⇢+ pSj+1,j⇢Sj+1,j
<latexit sha1_base64="mEYSay2hg1/jA7AaZ7tOxI9uco0=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsyIVDdCQRCXldoHdIaSSTNtaCYZkoxQhoJ/4MZfceNCEbeu3Pk3pp0K2nogcDjnhHvvCWJGlXacL2tpeWV1bT23kd/c2t7Ztff2m0okEpMGFkzIdoAUYZSThqaakXYsCYoCRlrB8HLit+6IVFTwWz2KiR+hPqchxUgbqWuX6kVPDoQnNI2I8hTtR6hUhxcwoz+6iXTtglN2poCLxJ2RApih1rU/vZ7ASUS4xgwp1XGdWPspkppiRsZ5L1EkRniI+qRjKEdmkJ9OTxrDY6P0YCikeVzDqfr7R4oipUZRYJIR0gM1703E/7xOosNzP6U8TjThOBsUJgxqASf9wB6VBGs2MgRhSc2uEA+QRFibFvOmBHf+5EXSPCm7lXLl5rRQvbrP6siBQ3AEisAFZ6AKrkENNAAGD+AJvIBX69F6tt6s9yy6ZM0qPAB/YH18AzlQnkY=</latexit>

S(⇢⌦ �)S = � ⌦ ⇢

<latexit sha1_base64="dS+PR2kGVUJE53FsSvw2xPYDv30="></latexit>

⇢(n) = Un(Sn,n�1(· · · U1(⇢S(0)⌦ |~0ih~0|) · · · ))

<latexit sha1_base64="7tv2WzW9ur2YxpHzKsOCufSDF28=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUTAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A33mNBQ==</latexit>p SWAP probability
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• Partial swap operation:

F. Ciccarello et al, PRA 87, 040103(R) (2013)

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="i3h4+L2ODeP4+g3n5ivjcMprPXo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvPRY0X5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrde6HqVebD8sVt+ougNaJl5MK5GgNy1+DkSRJRIUhHGvd99zY+ClWhhFO56VBommMyRSPad9SgSOq/XRx7RxdWGWEQqlsCYMW6u+JFEdaz6LAdkbYTPSql4n/ef3EhDd+ykScGCrIclGYcGQkyl5HI6YoMXxmCSaK2VsRmWCFibEBlWwI3urL66RTq3r1av3uqtJo5nEU4QzO4RI8uIYGNKEFbSDwCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcPUY7U</latexit>

S12
<latexit sha1_base64="j08/iDMiqd3yiuqOyj99AKnFRGo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiQY8kXjhilI8ENqRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3M79zhNVmknxYKYx9SM8EixkBBsrte8HaeVqNiiW3LK7AFonXkZKkKE5KH71h5IkERWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LBY6o9tPFtTN0YZUhCqWyJQxaqL8nUhxpPY0C2xlhM9ar3lz8z+slJrzxUybixFBBlovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMGG4K2+vE7albJXK9fuqqV6I4sjD2dwDpfgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz8SXI7W</latexit>

S23

Partial SWAP map (CPTP)
<latexit sha1_base64="rV6htMaYsBYfTQ0tJk7nzsDcLvg="></latexit>

Sj+1,j [⇢] = (1� p)⇢+ pSj+1,j⇢Sj+1,j
<latexit sha1_base64="mEYSay2hg1/jA7AaZ7tOxI9uco0=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsyIVDdCQRCXldoHdIaSSTNtaCYZkoxQhoJ/4MZfceNCEbeu3Pk3pp0K2nogcDjnhHvvCWJGlXacL2tpeWV1bT23kd/c2t7Ztff2m0okEpMGFkzIdoAUYZSThqaakXYsCYoCRlrB8HLit+6IVFTwWz2KiR+hPqchxUgbqWuX6kVPDoQnNI2I8hTtR6hUhxcwoz+6iXTtglN2poCLxJ2RApih1rU/vZ7ASUS4xgwp1XGdWPspkppiRsZ5L1EkRniI+qRjKEdmkJ9OTxrDY6P0YCikeVzDqfr7R4oipUZRYJIR0gM1703E/7xOosNzP6U8TjThOBsUJgxqASf9wB6VBGs2MgRhSc2uEA+QRFibFvOmBHf+5EXSPCm7lXLl5rRQvbrP6siBQ3AEisAFZ6AKrkENNAAGD+AJvIBX69F6tt6s9yy6ZM0qPAB/YH18AzlQnkY=</latexit>

S(⇢⌦ �)S = � ⌦ ⇢

<latexit sha1_base64="7tv2WzW9ur2YxpHzKsOCufSDF28=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUTAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A33mNBQ==</latexit>p SWAP probability<latexit sha1_base64="BSU/YyQP+zbqzst+iOfYRHnkids="></latexit>

⇢S(n) = (1� p)
n�1X

j=1

pj�1�j [⇢S(n� j)] + pn�1�n[⇢S(0)]

<latexit sha1_base64="dS+PR2kGVUJE53FsSvw2xPYDv30="></latexit>

⇢(n) = Un(Sn,n�1(· · · U1(⇢S(0)⌦ |~0ih~0|) · · · ))

<latexit sha1_base64="Q/8wrOrAiTZPa9cGbKThQtD+Rh0="></latexit>

�j [⇢] = TrE
�
U j
n[⇢⌦ |~0ih~0|]

�
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• Partial swap operation:

F. Ciccarello et al, PRA 87, 040103(R) (2013)

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="i3h4+L2ODeP4+g3n5ivjcMprPXo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvPRY0X5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrde6HqVebD8sVt+ougNaJl5MK5GgNy1+DkSRJRIUhHGvd99zY+ClWhhFO56VBommMyRSPad9SgSOq/XRx7RxdWGWEQqlsCYMW6u+JFEdaz6LAdkbYTPSql4n/ef3EhDd+ykScGCrIclGYcGQkyl5HI6YoMXxmCSaK2VsRmWCFibEBlWwI3urL66RTq3r1av3uqtJo5nEU4QzO4RI8uIYGNKEFbSDwCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcPUY7U</latexit>

S12
<latexit sha1_base64="j08/iDMiqd3yiuqOyj99AKnFRGo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiQY8kXjhilI8ENqRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3M79zhNVmknxYKYx9SM8EixkBBsrte8HaeVqNiiW3LK7AFonXkZKkKE5KH71h5IkERWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LBY6o9tPFtTN0YZUhCqWyJQxaqL8nUhxpPY0C2xlhM9ar3lz8z+slJrzxUybixFBBlovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMGG4K2+vE7albJXK9fuqqV6I4sjD2dwDpfgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz8SXI7W</latexit>

S23

Partial SWAP map (CPTP)
<latexit sha1_base64="rV6htMaYsBYfTQ0tJk7nzsDcLvg="></latexit>

Sj+1,j [⇢] = (1� p)⇢+ pSj+1,j⇢Sj+1,j
<latexit sha1_base64="mEYSay2hg1/jA7AaZ7tOxI9uco0=">AAACEnicbVDLSgMxFM34rPU16tJNsAjtpsyIVDdCQRCXldoHdIaSSTNtaCYZkoxQhoJ/4MZfceNCEbeu3Pk3pp0K2nogcDjnhHvvCWJGlXacL2tpeWV1bT23kd/c2t7Ztff2m0okEpMGFkzIdoAUYZSThqaakXYsCYoCRlrB8HLit+6IVFTwWz2KiR+hPqchxUgbqWuX6kVPDoQnNI2I8hTtR6hUhxcwoz+6iXTtglN2poCLxJ2RApih1rU/vZ7ASUS4xgwp1XGdWPspkppiRsZ5L1EkRniI+qRjKEdmkJ9OTxrDY6P0YCikeVzDqfr7R4oipUZRYJIR0gM1703E/7xOosNzP6U8TjThOBsUJgxqASf9wB6VBGs2MgRhSc2uEA+QRFibFvOmBHf+5EXSPCm7lXLl5rRQvbrP6siBQ3AEisAFZ6AKrkENNAAGD+AJvIBX69F6tt6s9yy6ZM0qPAB/YH18AzlQnkY=</latexit>

S(⇢⌦ �)S = � ⌦ ⇢

<latexit sha1_base64="7tv2WzW9ur2YxpHzKsOCufSDF28=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw0mML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkfu53nlBpHssHM03Qj+hI8pAzaqzUTAalsltxFyDrxMtJGXI0BqWv/jBmaYTSMEG17nluYvyMKsOZwFmxn2pMKJvQEfYslTRC7WeLQ2fk0ipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDOz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m6INwVt9eZ20rytetVJt3pRr9TyOApzDBVyBB7dQgzo0oAUMEJ7hFd6cR+fFeXc+lq0bTj5zBn/gfP4A33mNBQ==</latexit>p SWAP probability<latexit sha1_base64="BSU/YyQP+zbqzst+iOfYRHnkids="></latexit>

⇢S(n) = (1� p)
n�1X

j=1

pj�1�j [⇢S(n� j)] + pn�1�n[⇢S(0)]

<latexit sha1_base64="dS+PR2kGVUJE53FsSvw2xPYDv30="></latexit>

⇢(n) = Un(Sn,n�1(· · · U1(⇢S(0)⌦ |~0ih~0|) · · · ))

<latexit sha1_base64="Q/8wrOrAiTZPa9cGbKThQtD+Rh0="></latexit>

�j [⇢] = TrE
�
U j
n[⇢⌦ |~0ih~0|]

�

<latexit sha1_base64="WrZwHjavejOe5jj1iF5TS0K0JBg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4KXHitYW2lA220m7dLMJuxuhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48etRxqhi2WCxi1QmoRsEltgw3AjuJQhoFAtvB+Hbmt59QaR7LBzNJ0I/oUPKQM2qsdJ/cuP1yxa26c5BV4uWkAjma/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5qVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjtZ1wmqUHJFovCVBATk9nfZMAVMiMmllCmuL2VsBFVlBmbTsmG4C2/vEoeL6perVq7u6zUG3kcRTiBUzgHD66gDg1oQgsYDOEZXuHNEc6L8+58LFoLTj5zDH/gfP4Az6ONhg==</latexit>

p = 0

<latexit sha1_base64="gI5oxdFnBqKQs67zF/o2DIwBZtE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqheh4KXHitYW2lA22027dLMJuxOhhP4ELx4U8eov8ua/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8ePZo41Yy3WCxj3Qmo4VIo3kKBkncSzWkUSN4Oxrczv/3EtRGxesBJwv2IDpUIBaNopfvkxuuXK27VnYOsEi8nFcjR7Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEoeL6perVq7u6zUG3kcRTiBUzgHD66gDg1oQgsYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4A0SeNhw==</latexit>

p = 1

<latexit sha1_base64="/0mjD6YVUIaWAwHccSm8OBrXXHI=">AAACBnicbZBNS8MwHMbT+TbnW9WjCMUhbAdHKzK9CANBPE50L9CWkmbpFpYmJUmFUQaCF7+KFw+KePUzePPbmL0IuvlA4OH3/EPyf8KEEqls+8vILSwuLa/kVwtr6xubW+b2TlPyVCDcQJxy0Q6hxJQw3FBEUdxOBIZxSHEr7F+M8tYdFpJwdqsGCfZj2GUkIggqjQJz3xM9HtyUWPncq/dI4Lg/4Mgp+4FZtCv2WNa8caamCKaqB+an1+EojTFTiEIpXcdOlJ9BoQiieFjwUokTiPqwi11tGYyx9LPxGkPrUJOOFXGhD1PWmP6+kcFYykEc6skYqp6czUbwv8xNVXTmZ4QlqcIMTR6KUmopbo06sTpEYKToQBuIBNF/tVAPCoiUbq6gS3BmV543zeOKU61Ur0+Ktcv7SR15sAcOQAk44BTUwBWogwZA4AE8gRfwajwaz8ab8T4ZzRnTCnfBHxkf3+XJl+g=</latexit>

⇢S(n) = �1[⇢S(n� 1)]

<latexit sha1_base64="FdSp7SN8WW0tgvq9sjRZL664tw8=">AAACBHicbZBNS8MwHMbT+TbnW9XjLsUhbJfRikwvwkAQjxPdC7SlpFm6haVJSVJhlIFe/CpePCji1Q/hzW9jtvWgmw8EHn7PPyT/J0wokcq2v43Cyura+kZxs7S1vbO7Z+4fdCRPBcJtxCkXvRBKTAnDbUUUxb1EYBiHFHfD0eU0795jIQlnd2qcYD+GA0YigqDSKDDLnhjy4LbKahdea0gC5ubArvmBWbHr9kzWsnFyUwG5WoH55fU5SmPMFKJQStexE+VnUCiCKJ6UvFTiBKIRHGBXWwZjLP1stsTEOtakb0Vc6MOUNaO/b2QwlnIch3oyhmooF7Mp/C9zUxWd+xlhSaowQ/OHopRailvTRqw+ERgpOtYGIkH0Xy00hAIipXsr6RKcxZWXTeek7jTqjZvTSvPqYV5HEZTBEagCB5yBJrgGLdAGCDyCZ/AK3own48V4Nz7mowUjr/AQ/JHx+QP7OJd1</latexit>

⇢S(n) = �n[⇢S(0)]

Markovian

non-Markovian
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• Partial swap operation:

F. Ciccarello et al, PRA 87, 040103(R) (2013)

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="i3h4+L2ODeP4+g3n5ivjcMprPXo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvPRY0X5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrde6HqVebD8sVt+ougNaJl5MK5GgNy1+DkSRJRIUhHGvd99zY+ClWhhFO56VBommMyRSPad9SgSOq/XRx7RxdWGWEQqlsCYMW6u+JFEdaz6LAdkbYTPSql4n/ef3EhDd+ykScGCrIclGYcGQkyl5HI6YoMXxmCSaK2VsRmWCFibEBlWwI3urL66RTq3r1av3uqtJo5nEU4QzO4RI8uIYGNKEFbSDwCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcPUY7U</latexit>

S12
<latexit sha1_base64="j08/iDMiqd3yiuqOyj99AKnFRGo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiQY8kXjhilI8ENqRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3M79zhNVmknxYKYx9SM8EixkBBsrte8HaeVqNiiW3LK7AFonXkZKkKE5KH71h5IkERWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LBY6o9tPFtTN0YZUhCqWyJQxaqL8nUhxpPY0C2xlhM9ar3lz8z+slJrzxUybixFBBlovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMGG4K2+vE7albJXK9fuqqV6I4sjD2dwDpfgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz8SXI7W</latexit>

S23

Partial SWAP map (CPTP)

<latexit sha1_base64="dS+PR2kGVUJE53FsSvw2xPYDv30="></latexit>

⇢(n) = Un(Sn,n�1(· · · U1(⇢S(0)⌦ |~0ih~0|) · · · ))

<latexit sha1_base64="uMlFg5/e6QrAa+/FK0xFo9ZFSl8=">AAACI3icbZBNS8MwHMZTX+d8q3r0EhyCF0crMkUQBoLM2wS7DdZa0izbsqUvJKkwSsGP4sWv4sWDMrx48LuYdju4zT8EHn7PPyTP40WMCmkY39rS8srq2npho7i5tb2zq+/tN0QYc0wsHLKQtzwkCKMBsSSVjLQiTpDvMdL0hjeZ33wiXNAweJCjiDg+6gW0SzGSCrn6le0j2ceIJVbqDmzeD+E1JI/JKa25yZ07SG2J4jTnis5AVy8ZZSMfuCjMqSiB6dRdfWx3Qhz7JJCYISHaphFJJ0FcUsxIWrRjQSKEh6hH2koGyCfCSfKMKTxWpAO7IVcnkDCnf28kyBdi5HtqM0sk5r0M/ue1Y9m9dBIaRLEkAZ481I0ZlCHMCoMdygmWbKQEwpyqv0LcRxxhqWotqhLM+ciLonFWNivlyv15qXr7PKmjAA7BETgBJrgAVVADdWABDF7AG/gAn9qr9q6Nta/J6pI2rfAAzIz28wts6KXU</latexit>

Uj⇢ = e�iHIj ⌧⇢eiHIj ⌧

memory time

<latexit sha1_base64="a0++24L2VU7NdWQrVY5O4MHPRKE="></latexit>

⇢̇S(t) = �

Z t

0
ds e��s�s⇢̇S(t� s) + e��t�̇t[⇢S(0)]

Continuous `time’ limit:
<latexit sha1_base64="b9RRYtTQGVDTIzuHoUYqSJ7ycXI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJF6EgCAeI5gHJEuYncwmQ2Znl5leISwBf8GLB0W8+j3e/Bsnj4MmFjQUVd10dwWJFAZd99vJra1vbG7ltws7u3v7B8XDo6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQz9VuPXBsRqwccJ9yP6ECJUDCKVmrhteoiTXvFklt2ZyCrxFuQEixQ7xW/uv2YpRFXyCQ1puO5CfoZ1SiY5JNCNzU8oWxEB7xjqaIRN342O3dCzqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz7E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqaF2WvUq7cX5Zqt0/zOPJwAqdwDh5UoQZ3UIcGMBjBM7zCm5M4L8678zFvzTmLCI/hD5zPH3NykBQ=</latexit>

t = n⌧
<latexit sha1_base64="I9xS+dWI8EgffI6SEJq1klbMhLM=">AAAB+nicbZBLSwMxFIUz9VXra6pLN8EiuCozItVlQRCXFewD2qFk0kwbmkmG5I6ljAX/iBsXirj1l7jz35g+Ftp6IPBxzg25OWEiuAHP+3Zya+sbm1v57cLO7t7+gVs8bBiVasrqVAmlWyExTHDJ6sBBsFaiGYlDwZrh8HqaNx+YNlzJexgnLIhJX/KIUwLW6rrFDpC0o3l/AERrNcJe1y15ZW8mvAr+AkpooVrX/er0FE1jJoEKYkzb9xIIMqKBU8EmhU5qWELokPRZ26IkMTNBNlt9gk+t08OR0vZIwDP3942MxMaM49BOxgQGZjmbmv9l7RSiqyDjMkmBSTp/KEoFBoWnPeAe14yCGFsgVHO7K6YDogkF21bBluAvf3kVGudlv1Ku3F2UqjdP8zry6BidoDPko0tURbeohuqIohF6Rq/ozXl0Xpx352M+mnMWFR6hP3I+fwBdupR/</latexit>

⌧ ! 0 <latexit sha1_base64="qGIVVFFhJ9G3AKveZJL3HKaRUa0=">AAAB+3icbZBLSwMxFIUzPmt9jXXpJlgEV2VGpLosCOKygn1AO5RMmmlDM8mQ3FGHoeAvceNCEbf+EXf+G9PHQlsPBD7OuSE3J0wEN+B5387K6tr6xmZhq7i9s7u37x6UmkalmrIGVULpdkgME1yyBnAQrJ1oRuJQsFY4uprkrXumDVfyDrKEBTEZSB5xSsBaPbcku5oPhkC0Vg9dLiPIem7Zq3hT4WXw51BGc9V77le3r2gaMwlUEGM6vpdAkBMNnAo2LnZTwxJCR2TAOhYliZkJ8unuY3xinT6OlLZHAp66v2/kJDYmi0M7GRMYmsVsYv6XdVKILoOcyyQFJunsoSgVGBSeFIH7XDMKIrNAqOZ2V0yHRBMKtq6iLcFf/PIyNM8qfrVSvT0v166fZnUU0BE6RqfIRxeohm5QHTUQRY/oGb2iN2fsvDjvzsdsdMWZV3iI/sj5/AEL5JWH</latexit>n ! 1

<latexit sha1_base64="n/89JWMFJesUnKwxygUzNKuxtkc=">AAAB/HicbZBLSwMxFIUzPmt9jXbpJlgEN5YZkepGKAjisoJ9QGcsd9JMG5rMDElGGIaK/8SNC0Xc+kPc+W9MHwttPRD4OOeG3Jwg4Uxpx/m2lpZXVtfWCxvFza3tnV17b7+p4lQS2iAxj2U7AEU5i2hDM81pO5EURMBpKxhejfPWA5WKxdGdzhLqC+hHLGQEtLG6dinBl5je5ydeH4QAT0M66tplp+JMhBfBnUEZzVTv2l9eLyapoJEmHJTquE6i/RykZoTTUdFLFU2ADKFPOwYjEFT5+WT5ET4yTg+HsTQn0nji/r6Rg1AqE4GZFKAHaj4bm/9lnVSHF37OoiTVNCLTh8KUYx3jcRO4xyQlmmcGgEhmdsVkABKINn0VTQnu/JcXoXlacauV6u1ZuXb9NK2jgA7QITpGLjpHNXSD6qiBCMrQM3pFb9aj9WK9Wx/T0SVrVmEJ/ZH1+QMHI5TS</latexit>

p = e��⌧

<latexit sha1_base64="Jl83k82tXPa1LQa58ACtoPp1WfI=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBC8GHZFoseAlxwjmAcka5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHdFieAWfP/bW1vf2NzaLuwUd/f2Dw5LR8ctq1NDWZNqoU0nIpYJrlgTOAjWSQwjMhKsHY3vZn77iRnLtXqAScJCSYaKx5wScFK3NyRSksfsMpj2S2W/4s+BV0mQkzLK0eiXvnoDTVPJFFBBrO0GfgJhRgxwKti02EstSwgdkyHrOqqIZDbM5idP8blTBjjWxpUCPFd/T2REWjuRkeuUBEZ22ZuJ/3ndFOLbMOMqSYEpulgUpwKDxrP/8YAbRkFMHCHUcHcrpiNiCAWXUtGFECy/vEpaV5WgWqneX5dr9TyOAjpFZ+gCBegG1VAdNVATUaTRM3pFbx54L96797FoXfPymRP0B97nD+lRkQw=</latexit>

��1
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• Partial swap operation:

F. Ciccarello et al, PRA 87, 040103(R) (2013)

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="i3h4+L2ODeP4+g3n5ivjcMprPXo=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0WvPRY0X5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrde6HqVebD8sVt+ougNaJl5MK5GgNy1+DkSRJRIUhHGvd99zY+ClWhhFO56VBommMyRSPad9SgSOq/XRx7RxdWGWEQqlsCYMW6u+JFEdaz6LAdkbYTPSql4n/ef3EhDd+ykScGCrIclGYcGQkyl5HI6YoMXxmCSaK2VsRmWCFibEBlWwI3urL66RTq3r1av3uqtJo5nEU4QzO4RI8uIYGNKEFbSDwCM/wCm+OdF6cd+dj2Vpw8plT+APn8wcPUY7U</latexit>

S12
<latexit sha1_base64="j08/iDMiqd3yiuqOyj99AKnFRGo=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiQY8kXjhilI8ENqRbulDptpu2a0I2/AcvHjTGq//Hm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3M79zhNVmknxYKYx9SM8EixkBBsrte8HaeVqNiiW3LK7AFonXkZKkKE5KH71h5IkERWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LBY6o9tPFtTN0YZUhCqWyJQxaqL8nUhxpPY0C2xlhM9ar3lz8z+slJrzxUybixFBBlovChCMj0fx1NGSKEsOnlmCimL0VkTFWmBgbUMGG4K2+vE7albJXK9fuqqV6I4sjD2dwDpfgwTXUoQFNaAGBR3iGV3hzpPPivDsfy9ack82cwh84nz8SXI7W</latexit>

S23

Partial SWAP map (CPTP)

Continuous `time’ limit:

<latexit sha1_base64="dS+PR2kGVUJE53FsSvw2xPYDv30="></latexit>

⇢(n) = Un(Sn,n�1(· · · U1(⇢S(0)⌦ |~0ih~0|) · · · ))

<latexit sha1_base64="n/89JWMFJesUnKwxygUzNKuxtkc=">AAAB/HicbZBLSwMxFIUzPmt9jXbpJlgEN5YZkepGKAjisoJ9QGcsd9JMG5rMDElGGIaK/8SNC0Xc+kPc+W9MHwttPRD4OOeG3Jwg4Uxpx/m2lpZXVtfWCxvFza3tnV17b7+p4lQS2iAxj2U7AEU5i2hDM81pO5EURMBpKxhejfPWA5WKxdGdzhLqC+hHLGQEtLG6dinBl5je5ydeH4QAT0M66tplp+JMhBfBnUEZzVTv2l9eLyapoJEmHJTquE6i/RykZoTTUdFLFU2ADKFPOwYjEFT5+WT5ET4yTg+HsTQn0nji/r6Rg1AqE4GZFKAHaj4bm/9lnVSHF37OoiTVNCLTh8KUYx3jcRO4xyQlmmcGgEhmdsVkABKINn0VTQnu/JcXoXlacauV6u1ZuXb9NK2jgA7QITpGLjpHNXSD6qiBCMrQM3pFb9aj9WK9Wx/T0SVrVmEJ/ZH1+QMHI5TS</latexit>

p = e��⌧<latexit sha1_base64="uMlFg5/e6QrAa+/FK0xFo9ZFSl8=">AAACI3icbZBNS8MwHMZTX+d8q3r0EhyCF0crMkUQBoLM2wS7DdZa0izbsqUvJKkwSsGP4sWv4sWDMrx48LuYdju4zT8EHn7PPyTP40WMCmkY39rS8srq2npho7i5tb2zq+/tN0QYc0wsHLKQtzwkCKMBsSSVjLQiTpDvMdL0hjeZ33wiXNAweJCjiDg+6gW0SzGSCrn6le0j2ceIJVbqDmzeD+E1JI/JKa25yZ07SG2J4jTnis5AVy8ZZSMfuCjMqSiB6dRdfWx3Qhz7JJCYISHaphFJJ0FcUsxIWrRjQSKEh6hH2koGyCfCSfKMKTxWpAO7IVcnkDCnf28kyBdi5HtqM0sk5r0M/ue1Y9m9dBIaRLEkAZ481I0ZlCHMCoMdygmWbKQEwpyqv0LcRxxhqWotqhLM+ciLonFWNivlyv15qXr7PKmjAA7BETgBJrgAVVADdWABDF7AG/gAn9qr9q6Nta/J6pI2rfAAzIz28wts6KXU</latexit>

Uj⇢ = e�iHIj ⌧⇢eiHIj ⌧

<latexit sha1_base64="b9RRYtTQGVDTIzuHoUYqSJ7ycXI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJF6EgCAeI5gHJEuYncwmQ2Znl5leISwBf8GLB0W8+j3e/Bsnj4MmFjQUVd10dwWJFAZd99vJra1vbG7ltws7u3v7B8XDo6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQz9VuPXBsRqwccJ9yP6ECJUDCKVmrhteoiTXvFklt2ZyCrxFuQEixQ7xW/uv2YpRFXyCQ1puO5CfoZ1SiY5JNCNzU8oWxEB7xjqaIRN342O3dCzqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz7E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqaF2WvUq7cX5Zqt0/zOPJwAqdwDh5UoQZ3UIcGMBjBM7zCm5M4L8678zFvzTmLCI/hD5zPH3NykBQ=</latexit>

t = n⌧
<latexit sha1_base64="I9xS+dWI8EgffI6SEJq1klbMhLM=">AAAB+nicbZBLSwMxFIUz9VXra6pLN8EiuCozItVlQRCXFewD2qFk0kwbmkmG5I6ljAX/iBsXirj1l7jz35g+Ftp6IPBxzg25OWEiuAHP+3Zya+sbm1v57cLO7t7+gVs8bBiVasrqVAmlWyExTHDJ6sBBsFaiGYlDwZrh8HqaNx+YNlzJexgnLIhJX/KIUwLW6rrFDpC0o3l/AERrNcJe1y15ZW8mvAr+AkpooVrX/er0FE1jJoEKYkzb9xIIMqKBU8EmhU5qWELokPRZ26IkMTNBNlt9gk+t08OR0vZIwDP3942MxMaM49BOxgQGZjmbmv9l7RSiqyDjMkmBSTp/KEoFBoWnPeAe14yCGFsgVHO7K6YDogkF21bBluAvf3kVGudlv1Ku3F2UqjdP8zry6BidoDPko0tURbeohuqIohF6Rq/ozXl0Xpx352M+mnMWFR6hP3I+fwBdupR/</latexit>

⌧ ! 0 <latexit sha1_base64="qGIVVFFhJ9G3AKveZJL3HKaRUa0=">AAAB+3icbZBLSwMxFIUzPmt9jXXpJlgEV2VGpLosCOKygn1AO5RMmmlDM8mQ3FGHoeAvceNCEbf+EXf+G9PHQlsPBD7OuSE3J0wEN+B5387K6tr6xmZhq7i9s7u37x6UmkalmrIGVULpdkgME1yyBnAQrJ1oRuJQsFY4uprkrXumDVfyDrKEBTEZSB5xSsBaPbcku5oPhkC0Vg9dLiPIem7Zq3hT4WXw51BGc9V77le3r2gaMwlUEGM6vpdAkBMNnAo2LnZTwxJCR2TAOhYliZkJ8unuY3xinT6OlLZHAp66v2/kJDYmi0M7GRMYmsVsYv6XdVKILoOcyyQFJunsoSgVGBSeFIH7XDMKIrNAqOZ2V0yHRBMKtq6iLcFf/PIyNM8qfrVSvT0v166fZnUU0BE6RqfIRxeohm5QHTUQRY/oGb2iN2fsvDjvzsdsdMWZV3iI/sj5/AEL5JWH</latexit>n ! 1 memory rate<latexit sha1_base64="7FuxR+N3dX+OexZUXROYNIghB6Q=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BLzlGMA9IljA7mU3GzGOZmRXCkn/w4kERr/6PN//GSbIHTSxoKKq66e6KEs6M9f1vr7CxubW9U9wt7e0fHB6Vj0/aRqWa0BZRXOluhA3lTNKWZZbTbqIpFhGnnWhyN/c7T1QbpuSDnSY0FHgkWcwItk5q90dYCDwoV/yqvwBaJ0FOKpCjOSh/9YeKpIJKSzg2phf4iQ0zrC0jnM5K/dTQBJMJHtGeoxILasJsce0MXThliGKlXUmLFurviQwLY6Yicp0C27FZ9ebif14vtfFtmDGZpJZKslwUpxxZheavoyHTlFg+dQQTzdytiIyxxsS6gEouhGD15XXSvqoGtWrt/rpSb+RxFOEMzuESAriBOjSgCS0g8AjP8ApvnvJevHfvY9la8PKZU/gD7/MHjEuPJg==</latexit>�

<latexit sha1_base64="a0++24L2VU7NdWQrVY5O4MHPRKE="></latexit>

⇢̇S(t) = �

Z t

0
ds e��s�s⇢̇S(t� s) + e��t�̇t[⇢S(0)]

Two-level atom + vacuum reservoir



Composite CM 

98

• Open system  includes additional memory ancilla 


•  interaction responsible for memory effects in reduced system dynamics.

<latexit sha1_base64="TEqbuCHL1I00E/bpyOoYq5+Wvy4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALG3jOI=</latexit>

S
<latexit sha1_base64="zEAW6iYTrlnGL/3K/+0e37+hKE0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16EBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6ifjNw=</latexit>

M

<latexit sha1_base64="Dmekg/WZjz8oY4CgetVcdDRqPfg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZFosegFy9CJOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6387K6tr6xmZuK7+9s7u3Xzg4bOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDv1m0+oNI/loxkl6Ee0L3nIGTVWqtXO77uFoltyZyDLxMtIETJUu4WvTi9maYTSMEG1bntuYvwxVYYzgZN8J9WYUDakfWxbKmmE2h/PTp2QU6v0SBgrW9KQmfp7YkwjrUdRYDsjagZ60ZuK/3nt1ITX/pjLJDUo2XxRmApiYjL9m/S4QmbEyBLKFLe3EjagijJj08nbELzFl5dJ46LklUvlh8ti5SaLIwfHcAJn4MEVVOAOqlAHBn14hld4c4Tz4rw7H/PWFSebOYI/cD5/ALVLjXA=</latexit>

S �M

S. Lorenzo et al., PRA 96, 32107 (2017)

<latexit sha1_base64="SA0htyReMiLZn7umzWB5pRSLCP0=">AAACFXicbVDLSsNAFJ3UV62vqks3g0WoICERqW6EFje6ECr2BUkIk+m0HTqZhJmJUEJ+wo2/4saFIm4Fd/6N08dCWw8MHM45lzv3BDGjUlnWt5FbWl5ZXcuvFzY2t7Z3irt7LRklApMmjlgkOgGShFFOmooqRjqxICgMGGkHw6ux334gQtKIN9QoJl6I+pz2KEZKS37xxBWDyE/vb7MyP4aXMHVFCBsi89Oab5umWfN55owz2vb8YskyrQngIrFnpARmqPvFL7cb4SQkXGGGpHRsK1ZeioSimJGs4CaSxAgPUZ84mnIUEumlk6syeKSVLuxFQj+u4ET9PZGiUMpRGOhkiNRAzntj8T/PSVTvwkspjxNFOJ4u6iUMqgiOK4JdKghWbKQJwoLqv0I8QAJhpYss6BLs+ZMXSevUtCtm5e6sVL2Z1ZEHB+AQlIENzkEVXIM6aAIMHsEzeAVvxpPxYrwbH9NozpjN7IM/MD5/AJ4+nUI=</latexit>

⇢SM (n) = TrA1...An [⇢(n)]

<latexit sha1_base64="0A1OM3+xwhspaS5ytbuJlKTGLbc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMeBFPEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeijT816x5FbcOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeG1P+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvKh41Ur1/rJUu8viyMMJnEIZPLiCGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHjqWNXQ==</latexit>

(a)

<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="Z0OVoF0tZlTB1l7sDBV6dw/f4S4=">AAAB8nicbVBNSwMxFMzWr1q/qh69BIvgqeyKVI8FETxWcNvCdinZNNuGZpMleSuUpT/DiwdFvPprvPlvzLZ70OpAYJh5j8ybKBXcgOt+OZW19Y3Nrep2bWd3b/+gfnjUNSrTlPlUCaX7ETFMcMl84CBYP9WMJJFgvWh6U/i9R6YNV/IBZikLEzKWPOaUgJWCQUJgQonI/fmw3nCb7gL4L/FK0kAlOsP652CkaJYwCVQQYwLPTSHMiQZOBZvXBplhKaFTMmaBpZIkzIT5IvIcn1llhGOl7ZOAF+rPjZwkxsySyE4WEc2qV4j/eUEG8XWYc5lmwCRdfhRnAoPCxf14xDWjIGaWEKq5zYrphGhCwbZUsyV4qyf/Jd2Lptdqtu4vG+3bso4qOkGn6Bx56Aq10R3qIB9RpNATekGvDjjPzpvzvhytOOXOMfoF5+MbkyuReQ==</latexit>

U

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="VsEon2TzsN1M+hq1GN5mYPurogI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03RhuAtv7xKWpcVr1qpNq7KtXoeRwFO4QwuwINrqMEd1KEJDBCe4RXenEfnxXl3Phata04+cwJ/4Hz+AKzVjOo=</latexit>

M
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="VsEon2TzsN1M+hq1GN5mYPurogI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03RhuAtv7xKWpcVr1qpNq7KtXoeRwFO4QwuwINrqMEd1KEJDBCe4RXenEfnxXl3Phata04+cwJ/4Hz+AKzVjOo=</latexit>

M
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="1k71sRhdx3GXvM8TDBdO2DMGbiA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WNFBI8V+gXtumTTtA1NskuSVcqy/8OLB0W8+l+8+W9M2z1o64OBx3szzMwLY860cd1vZ2V1bX1js7BV3N7Z3dsvHRy2dJQoQpsk4pHqhFhTziRtGmY47cSKYhFy2g7HN1O//UiVZpFsmElMfYGHkg0YwcZKD2lPCdRQWZBeB14WlMpuxZ0BLRMvJ2XIUQ9KX71+RBJBpSEca9313Nj4KVaGEU6zYi/RNMZkjIe0a6nEgmo/nV2doVOr9NEgUrakQTP190SKhdYTEdpOgc1IL3pT8T+vm5jBlZ8yGSeGSjJfNEg4MhGaRoD6TFFi+MQSTBSztyIywgoTY4Mq2hC8xZeXSeu84lUr1fuLcu02j6MAx3ACZ+DBJdTgDurQBAIKnuEV3pwn58V5dz7mrStOPnMEf+B8/gAvGJJV</latexit>

TrA1

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="VsEon2TzsN1M+hq1GN5mYPurogI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03RhuAtv7xKWpcVr1qpNq7KtXoeRwFO4QwuwINrqMEd1KEJDBCe4RXenEfnxXl3Phata04+cwJ/4Hz+AKzVjOo=</latexit>

M
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2

<latexit sha1_base64="D5+w+599oixyuOVHwtrLU7ZAly0=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rIggssK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo9cDA4Zx7mXNPmAhu0PO+nNLa+sbmVnm7srO7t39QPTzqGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Jve7j0wbruQDzhIWxGQsecQpQSv1BzHBCSUi686H1ZpX9xZw/xK/IDUo0BpWPwcjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0Seu2dWGbmR0vZJdBfqz42MxMbM4tBO5hHNqpeL/3n9FKPrIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15L+kc1H3G/XG/WWteVvUUYYTOIVz8OEKmnAHLWgDBQVP8AKvDjrPzpvzvhwtOcXOMfyC8/ENljWRew==</latexit>

W

<latexit sha1_base64="SUKx6xo0Wq9iizSNukVnuGP5rOM="></latexit>

⇢(n) = W(U · · ·W(U(⇢SM (0)⌦ � ⌦ ...⌦ �)) · · · )



<latexit sha1_base64="0A1OM3+xwhspaS5ytbuJlKTGLbc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMeBFPEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeijT816x5FbcOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeG1P+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvKh41Ur1/rJUu8viyMMJnEIZPLiCGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHjqWNXQ==</latexit>

(a)

<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="Z0OVoF0tZlTB1l7sDBV6dw/f4S4=">AAAB8nicbVBNSwMxFMzWr1q/qh69BIvgqeyKVI8FETxWcNvCdinZNNuGZpMleSuUpT/DiwdFvPprvPlvzLZ70OpAYJh5j8ybKBXcgOt+OZW19Y3Nrep2bWd3b/+gfnjUNSrTlPlUCaX7ETFMcMl84CBYP9WMJJFgvWh6U/i9R6YNV/IBZikLEzKWPOaUgJWCQUJgQonI/fmw3nCb7gL4L/FK0kAlOsP652CkaJYwCVQQYwLPTSHMiQZOBZvXBplhKaFTMmaBpZIkzIT5IvIcn1llhGOl7ZOAF+rPjZwkxsySyE4WEc2qV4j/eUEG8XWYc5lmwCRdfhRnAoPCxf14xDWjIGaWEKq5zYrphGhCwbZUsyV4qyf/Jd2Lptdqtu4vG+3bso4qOkGn6Bx56Aq10R3qIB9RpNATekGvDjjPzpvzvhytOOXOMfoF5+MbkyuReQ==</latexit>

U

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="VsEon2TzsN1M+hq1GN5mYPurogI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03RhuAtv7xKWpcVr1qpNq7KtXoeRwFO4QwuwINrqMEd1KEJDBCe4RXenEfnxXl3Phata04+cwJ/4Hz+AKzVjOo=</latexit>

M
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="VsEon2TzsN1M+hq1GN5mYPurogI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03RhuAtv7xKWpcVr1qpNq7KtXoeRwFO4QwuwINrqMEd1KEJDBCe4RXenEfnxXl3Phata04+cwJ/4Hz+AKzVjOo=</latexit>

M
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="1k71sRhdx3GXvM8TDBdO2DMGbiA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WNFBI8V+gXtumTTtA1NskuSVcqy/8OLB0W8+l+8+W9M2z1o64OBx3szzMwLY860cd1vZ2V1bX1js7BV3N7Z3dsvHRy2dJQoQpsk4pHqhFhTziRtGmY47cSKYhFy2g7HN1O//UiVZpFsmElMfYGHkg0YwcZKD2lPCdRQWZBeB14WlMpuxZ0BLRMvJ2XIUQ9KX71+RBJBpSEca9313Nj4KVaGEU6zYi/RNMZkjIe0a6nEgmo/nV2doVOr9NEgUrakQTP190SKhdYTEdpOgc1IL3pT8T+vm5jBlZ8yGSeGSjJfNEg4MhGaRoD6TFFi+MQSTBSztyIywgoTY4Mq2hC8xZeXSeu84lUr1fuLcu02j6MAx3ACZ+DBJdTgDurQBAIKnuEV3pwn58V5dz7mrStOPnMEf+B8/gAvGJJV</latexit>

TrA1

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="VsEon2TzsN1M+hq1GN5mYPurogI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03RhuAtv7xKWpcVr1qpNq7KtXoeRwFO4QwuwINrqMEd1KEJDBCe4RXenEfnxXl3Phata04+cwJ/4Hz+AKzVjOo=</latexit>

M
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2

<latexit sha1_base64="D5+w+599oixyuOVHwtrLU7ZAly0=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rIggssK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo9cDA4Zx7mXNPmAhu0PO+nNLa+sbmVnm7srO7t39QPTzqGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Jve7j0wbruQDzhIWxGQsecQpQSv1BzHBCSUi686H1ZpX9xZw/xK/IDUo0BpWPwcjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0Seu2dWGbmR0vZJdBfqz42MxMbM4tBO5hHNqpeL/3n9FKPrIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15L+kc1H3G/XG/WWteVvUUYYTOIVz8OEKmnAHLWgDBQVP8AKvDjrPzpvzvhwtOcXOMfyC8/ENljWRew==</latexit>

W

Composite CM 
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• Open system  includes additional memory ancilla 


•  interaction responsible for memory effects in reduced system dynamics.

<latexit sha1_base64="TEqbuCHL1I00E/bpyOoYq5+Wvy4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALG3jOI=</latexit>

S
<latexit sha1_base64="zEAW6iYTrlnGL/3K/+0e37+hKE0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16EBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6ifjNw=</latexit>

M

<latexit sha1_base64="Dmekg/WZjz8oY4CgetVcdDRqPfg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZFosegFy9CJOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6387K6tr6xmZuK7+9s7u3Xzg4bOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDv1m0+oNI/loxkl6Ee0L3nIGTVWqtXO77uFoltyZyDLxMtIETJUu4WvTi9maYTSMEG1bntuYvwxVYYzgZN8J9WYUDakfWxbKmmE2h/PTp2QU6v0SBgrW9KQmfp7YkwjrUdRYDsjagZ60ZuK/3nt1ITX/pjLJDUo2XxRmApiYjL9m/S4QmbEyBLKFLe3EjagijJj08nbELzFl5dJ46LklUvlh8ti5SaLIwfHcAJn4MEVVOAOqlAHBn14hld4c4Tz4rw7H/PWFSebOYI/cD5/ALVLjXA=</latexit>

S �M

CPTP map for enlarged system

S. Lorenzo et al., PRA 96, 32107 (2017)

<latexit sha1_base64="LFZZmBUUKvzhJIqQ6M62/WxOFpI=">AAACHXicbVDNS8MwHE3n15xfU49egkPcLqWVMb0IAy96ECa6D2hLSbNsC0vTkqTCKPtHvPivePGgiAcv4n9j1g3UzQchj/fej+T3gphRqSzry8gtLa+sruXXCxubW9s7xd29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD4cXEb98TIWnE79QoJl6I+pz2KEZKS36x6opB5Ke31+Myr8Bz6DYG9NjFVGDTNLM7U5yfmFXx/GLJMq0McJHYM1ICMzT84ofbjXASEq4wQ1I6thUrL0VCUczIuOAmksQID1GfOJpyFBLppdl2Y3iklS7sRUIfrmCm/p5IUSjlKAx0MkRqIOe9ifif5ySqd+allMeJIhxPH+olDKoITqqCXSoIVmykCcKC6r9CPEACYaULLegS7PmVF0nrxLRrZu2mWqpfzerIgwNwCMrABqegDi5BAzQBBg/gCbyAV+PReDbejPdpNGfMZvbBHxif31PGoD4=</latexit>

⇢SM (n) = �0 � ... � �0[⇢SM (0)]
<latexit sha1_base64="19pzfRRXS0BqAH6Lwg8sNj9SVus="></latexit>

�0[⇢] = TrA[W
�
U(⇢⌦ �)

�
]



<latexit sha1_base64="0A1OM3+xwhspaS5ytbuJlKTGLbc=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXJHoMeBFPEc0DkiXMTnqTIbOzy8ysEEI+wYsHRbz6Rd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/loxkn6Ed0IHnIGTVWeijT816x5FbcOcgq8TJSggz1XvGr249ZGqE0TFCtO56bGH9CleFM4LTQTTUmlI3oADuWShqh9ifzU6fkzCp9EsbKljRkrv6emNBI63EU2M6ImqFe9mbif14nNeG1P+EySQ1KtlgUpoKYmMz+Jn2ukBkxtoQyxe2thA2poszYdAo2BG/55VXSvKh41Ur1/rJUu8viyMMJnEIZPLiCGtxCHRrAYADP8ApvjnBenHfnY9Gac7KZY/gD5/MHjqWNXQ==</latexit>

(a)

<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="Z0OVoF0tZlTB1l7sDBV6dw/f4S4=">AAAB8nicbVBNSwMxFMzWr1q/qh69BIvgqeyKVI8FETxWcNvCdinZNNuGZpMleSuUpT/DiwdFvPprvPlvzLZ70OpAYJh5j8ybKBXcgOt+OZW19Y3Nrep2bWd3b/+gfnjUNSrTlPlUCaX7ETFMcMl84CBYP9WMJJFgvWh6U/i9R6YNV/IBZikLEzKWPOaUgJWCQUJgQonI/fmw3nCb7gL4L/FK0kAlOsP652CkaJYwCVQQYwLPTSHMiQZOBZvXBplhKaFTMmaBpZIkzIT5IvIcn1llhGOl7ZOAF+rPjZwkxsySyE4WEc2qV4j/eUEG8XWYc5lmwCRdfhRnAoPCxf14xDWjIGaWEKq5zYrphGhCwbZUsyV4qyf/Jd2Lptdqtu4vG+3bso4qOkGn6Bx56Aq10R3qIB9RpNATekGvDjjPzpvzvhytOOXOMfoF5+MbkyuReQ==</latexit>

U

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="VsEon2TzsN1M+hq1GN5mYPurogI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03RhuAtv7xKWpcVr1qpNq7KtXoeRwFO4QwuwINrqMEd1KEJDBCe4RXenEfnxXl3Phata04+cwJ/4Hz+AKzVjOo=</latexit>

M
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="VsEon2TzsN1M+hq1GN5mYPurogI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03RhuAtv7xKWpcVr1qpNq7KtXoeRwFO4QwuwINrqMEd1KEJDBCe4RXenEfnxXl3Phata04+cwJ/4Hz+AKzVjOo=</latexit>

M
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="1k71sRhdx3GXvM8TDBdO2DMGbiA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi1WNFBI8V+gXtumTTtA1NskuSVcqy/8OLB0W8+l+8+W9M2z1o64OBx3szzMwLY860cd1vZ2V1bX1js7BV3N7Z3dsvHRy2dJQoQpsk4pHqhFhTziRtGmY47cSKYhFy2g7HN1O//UiVZpFsmElMfYGHkg0YwcZKD2lPCdRQWZBeB14WlMpuxZ0BLRMvJ2XIUQ9KX71+RBJBpSEca9313Nj4KVaGEU6zYi/RNMZkjIe0a6nEgmo/nV2doVOr9NEgUrakQTP190SKhdYTEdpOgc1IL3pT8T+vm5jBlZ8yGSeGSjJfNEg4MhGaRoD6TFFi+MQSTBSztyIywgoTY4Mq2hC8xZeXSeu84lUr1fuLcu02j6MAx3ACZ+DBJdTgDurQBAIKnuEV3pwn58V5dz7mrStOPnMEf+B8/gAvGJJV</latexit>

TrA1

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="VsEon2TzsN1M+hq1GN5mYPurogI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4kVowX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut7O2vrG5tV3YKe7u7R8clo6OWzpOFcMmi0WsOgHVKLjEpuFGYCdRSKNAYDsY38789hMqzWP5YCYJ+hEdSh5yRo2VGvf9UtmtuHOQVeLlpAw56v3SV28QszRCaZigWnc9NzF+RpXhTOC02Es1JpSN6RC7lkoaofaz+aFTcm6VAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU1442dcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03RhuAtv7xKWpcVr1qpNq7KtXoeRwFO4QwuwINrqMEd1KEJDBCe4RXenEfnxXl3Phata04+cwJ/4Hz+AKzVjOo=</latexit>

M
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2

<latexit sha1_base64="D5+w+599oixyuOVHwtrLU7ZAly0=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rIggssK9gFtKJPppB06mQkzN0IJ/Qw3LhRx69e482+ctFlo9cDA4Zx7mXNPmAhu0PO+nNLa+sbmVnm7srO7t39QPTzqGJVqytpUCaV7ITFMcMnayFGwXqIZiUPBuuH0Jve7j0wbruQDzhIWxGQsecQpQSv1BzHBCSUi686H1ZpX9xZw/xK/IDUo0BpWPwcjRdOYSaSCGNP3vQSDjGjkVLB5ZZAalhA6JWPWt1SSmJkgW0Seu2dWGbmR0vZJdBfqz42MxMbM4tBO5hHNqpeL/3n9FKPrIOMySZFJuvwoSoWLys3vd0dcM4piZgmhmtusLp0QTSjaliq2BH/15L+kc1H3G/XG/WWteVvUUYYTOIVz8OEKmnAHLWgDBQVP8AKvDjrPzpvzvhwtOcXOMfyC8/ENljWRew==</latexit>

W
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• Open system  includes additional memory ancilla 


•  interaction responsible for memory effects in reduced system dynamics.

<latexit sha1_base64="TEqbuCHL1I00E/bpyOoYq5+Wvy4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hyiOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJYPZpygH9GB5CFn1Fipft8rltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALG3jOI=</latexit>

S
<latexit sha1_base64="zEAW6iYTrlnGL/3K/+0e37+hKE0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BL16EBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUK/XLUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6ifjNw=</latexit>

M

<latexit sha1_base64="Dmekg/WZjz8oY4CgetVcdDRqPfg=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHZFosegFy9CJOYByRJmJ73JkNnZZWZWCCGf4MWDIl79Im/+jZNkD5pY0FBUddPdFSSCa+O6387K6tr6xmZuK7+9s7u3Xzg4bOg4VQzrLBaxagVUo+AS64Ybga1EIY0Cgc1geDv1m0+oNI/loxkl6Ee0L3nIGTVWqtXO77uFoltyZyDLxMtIETJUu4WvTi9maYTSMEG1bntuYvwxVYYzgZN8J9WYUDakfWxbKmmE2h/PTp2QU6v0SBgrW9KQmfp7YkwjrUdRYDsjagZ60ZuK/3nt1ITX/pjLJDUo2XxRmApiYjL9m/S4QmbEyBLKFLe3EjagijJj08nbELzFl5dJ46LklUvlh8ti5SaLIwfHcAJn4MEVVOAOqlAHBn14hld4c4Tz4rw7H/PWFSebOYI/cD5/ALVLjXA=</latexit>

S �M

system map generally indivisible

S. Lorenzo et al., PRA 96, 32107 (2017)

<latexit sha1_base64="LFZZmBUUKvzhJIqQ6M62/WxOFpI=">AAACHXicbVDNS8MwHE3n15xfU49egkPcLqWVMb0IAy96ECa6D2hLSbNsC0vTkqTCKPtHvPivePGgiAcv4n9j1g3UzQchj/fej+T3gphRqSzry8gtLa+sruXXCxubW9s7xd29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD4cXEb98TIWnE79QoJl6I+pz2KEZKS36x6opB5Ke31+Myr8Bz6DYG9NjFVGDTNLM7U5yfmFXx/GLJMq0McJHYM1ICMzT84ofbjXASEq4wQ1I6thUrL0VCUczIuOAmksQID1GfOJpyFBLppdl2Y3iklS7sRUIfrmCm/p5IUSjlKAx0MkRqIOe9ifif5ySqd+allMeJIhxPH+olDKoITqqCXSoIVmykCcKC6r9CPEACYaULLegS7PmVF0nrxLRrZu2mWqpfzerIgwNwCMrABqegDi5BAzQBBg/gCbyAV+PReDbejPdpNGfMZvbBHxif31PGoD4=</latexit>

⇢SM (n) = �0 � ... � �0[⇢SM (0)]
<latexit sha1_base64="19pzfRRXS0BqAH6Lwg8sNj9SVus="></latexit>

�0[⇢] = TrA[W
�
U(⇢⌦ �)

�
]

<latexit sha1_base64="nZtq175aa2E2kDiRzSl0e1l7U9I="></latexit>

⇢S(n) = TrMTrA[U 0(⇢SM (n� 1)⌦ �)] := �n[⇢S(0)]
<latexit sha1_base64="IHCUgGk6pijdSOA/ZPbYUtI8hEQ=">AAACBXicbZBLSwMxFIUzPmt9VV3qIlgEN5YZkeqyIIjLCvYB7TBk0ts2NMmMSUYoQ0Hc+FfcuFDErf/Bnf/GdNqFth4IfJxzQ3JPGHOmjet+OwuLS8srq7m1/PrG5tZ2YWe3rqNEUajRiEeqGRINnEmoGWY4NGMFRIQcGuHgcpw37kFpFslbM4zBF6QnWZdRYqwVFA7a1T4LJG5LuMMZp/JEjDISQaHoltxMeB68KRTRVNWg8NXuRDQRIA3lROuW58bGT4kyjHIY5duJhpjQAelBy6IkArSfZluM8JF1OrgbKXukwZn7+0ZKhNZDEdpJQUxfz2Zj87+slZjuhZ8yGScGJJ081E04NhEeV4I7TAE1fGiBUMXsXzHtE0WoscXlbQne7MrzUD8teeVS+easWLl6mNSRQ/voEB0jD52jCrpGVVRDFD2iZ/SK3pwn58V5dz4mowvOtMI99EfO5w/j/pih</latexit>

�n 6= �n�m�m
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Two-level atom + vacuum reservoir: 

S. Lorenzo et al., PRA 96, 32107 (2017)

<latexit sha1_base64="bjdx7jwtpu0vRLhlGkryOWiv4i4=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7ItGLEPCS3CKYByTrMjuZTSaZfTDTK4QlXvwVLx4U8epfePNvnCR70MSChqKqm+4uLxZcgWV9G0vLK6tr67mN/ObW9s6uubffUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz85gOTikfhHYxi5gSkF3KfUwJacs3DpjvA15jdp2e8AyTBFTetuoPx2DULVtGaAi8SOyMFlKHmml+dbkSTgIVABVGqbVsxOCmRwKlg43wnUSwmdEh6rK1pSAKmnHT6wRifaKWL/UjqCgFP1d8TKQmUGgWe7gwI9NW8NxH/89oJ+FdOysM4ARbS2SI/ERgiPIkDd7lkFMRIE0Il17di2ieSUNCh5XUI9vzLi6RxXrRLxdLtRaFczeLIoSN0jE6RjS5RGVVQDdURRY/oGb2iN+PJeDHejY9Z65KRzRygPzA+fwAVQpYS</latexit>

Wj = e�i⌧HIj

where
<latexit sha1_base64="vN2+pnhScdeWHNbMlAY31M5V9E8=">AAACHHicbZDLSgMxFIYzXmu9jbp0EyxCpbTMqFQ3QkEQN4WK9gLtOGTSdBqauZBkhDIUfA03voobF4q4cSH4NqadQbT1QMjP959Dcn4nZFRIw/jS5uYXFpeWMyvZ1bX1jU19a7shgohjUscBC3jLQYIw6pO6pJKRVsgJ8hxGms7gfOw37wgXNPBv5DAklodcn/YoRlIhWz9q2PF1dQTPoJvvCOp6yC4k923VLsICTGHxBxYObD1nlIxJwVlhpiIH0qrZ+kenG+DII77EDAnRNo1QWjHikmJGRtlOJEiI8AC5pK2kjzwirHiy3AjuK9KFvYCr40s4ob8nYuQJMfQc1ekh2RfT3hj+57Uj2Tu1YuqHkSQ+Th7qRQzKAI6Tgl3KCZZsqATCnKq/QtxHHGGp8syqEMzplWdF47Bklkvlq+Nc5eI+iSMDdsEeyAMTnIAKuAQ1UAcYPIAn8AJetUftWXvT3pPWOS2NcAf8Ke3zG78ZoFs=</latexit>

VSM = g(�+�
M
� + ���

M
+ )

<latexit sha1_base64="7y8RcqbGJBAGVxC228ecGPwDdt0="></latexit>

HIj = (�M
+ �

Aj

� + �
M
� �

Aj

+ )
<latexit sha1_base64="5Mm4nWz9OKokonDpTqEU5685OxE=">AAACCXicbZDLSgMxGIUzXmu9jbp0EyyCIJYZkepGKCjSTaGCvUBnHDJp2oYmmSHJCGUouHLjq7hxoYhb38Cdb2N6QbT1QODjnD8k/wljRpV2nC9rbn5hcWk5s5JdXVvf2LS3tmsqSiQmVRyxSDZCpAijglQ11Yw0YkkQDxmph72LYV6/I1LRSNzofkx8jjqCtilG2liBDUtBGZ5D75IwjTxFOxzdloPDHzoK7JyTd0aCs+BOIAcmqgT2p9eKcMKJ0JghpZquE2s/RVJTzMgg6yWKxAj3UIc0DQrEifLT0SYDuG+cFmxH0hyh4cj9fSNFXKk+D80kR7qrprOh+V/WTHT7zE+piBNNBB4/1E4Y1BEc1gJbVBKsWd8AwpKav0LcRRJhbcrLmhLc6ZVnoXacdwv5wvVJrnh1P64jA3bBHjgALjgFRVACFVAFGDyAJ/ACXq1H69l6s97Ho3PWpMId8EfWxzedbpl3</latexit>

HM = ��
M
+ �

M
�

qubits
<latexit sha1_base64="3lC2Saze3XKVKk7f0CGd2nmKM8k=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hLArEj0GBPEixMcmgWQJs5PZZMjM7DIzK4Ql4B948aCIVz/Im3/j5HHQxIKGoqqb7q4w4Uwb1/12lpZXVtfWcxv5za3tnd3C3n5dx6ki1Ccxj1UzxJpyJqlvmOG0mSiKRchpIxxcjv3GI1WaxfLBDBMaCNyTLGIEGyv596Wb0l2nUHTL7gRokXgzUoQZap3CV7sbk1RQaQjHWrc8NzFBhpVhhNNRvp1qmmAywD3aslRiQXWQTY4doWOrdFEUK1vSoIn6eyLDQuuhCG2nwKav572x+J/XSk10EWRMJqmhkkwXRSlHJkbjz1GXKUoMH1qCiWL2VkT6WGFibD55G4I3//IiqZ+WvUq5cntWrF49TePIwSEcwQl4cA5VuIYa+ECAwTO8wpsjnRfn3fmYti45swgP4A+czx/ll46F</latexit>

S,M,R
<latexit sha1_base64="tcqBpLBPevExKjBhWRiM7m8tfcc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahIpZEpLoRCm7qolDRtIU2hsl00g6dPJiZCCVk48ZfceNCEbf+gzv/xmmbhbYeuHA4517uvceNGBXSML613MLi0vJKfrWwtr6xuaVv7zRFGHNMLByykLddJAijAbEklYy0I06Q7zLScodXY7/1QLigYXAnRxGxfdQPqEcxkkpy9H0LXkJyn5zQrkRxqekkt/UUHsOaUz9KHb1olI0J4DwxM1IEGRqO/tXthTj2SSAxQ0J0TCOSdoK4pJiRtNCNBYkQHqI+6SgaIJ8IO5l8kcJDpfSgF3JVgYQT9fdEgnwhRr6rOn0kB2LWG4v/eZ1Yehd2QoMoliTA00VezKAM4TgS2KOcYMlGiiDMqboV4gHiCEsVXEGFYM6+PE+ap2WzUq7cnBWr11kcebAHDkAJmOAcVEENNIAFMHgEz+AVvGlP2ov2rn1MW3NaNrML/kD7/AFZtpab</latexit>

U = e�i⌧(VSM+HM )



Composite CM 

102

Two-level atom + vacuum reservoir: 

S. Lorenzo et al., PRA 96, 32107 (2017)

<latexit sha1_base64="bjdx7jwtpu0vRLhlGkryOWiv4i4=">AAACAXicbVDLSgNBEJz1GeNr1YvgZTAIXgy7ItGLEPCS3CKYByTrMjuZTSaZfTDTK4QlXvwVLx4U8epfePNvnCR70MSChqKqm+4uLxZcgWV9G0vLK6tr67mN/ObW9s6uubffUFEiKavTSESy5RHFBA9ZHTgI1oolI4EnWNMb3kz85gOTikfhHYxi5gSkF3KfUwJacs3DpjvA15jdp2e8AyTBFTetuoPx2DULVtGaAi8SOyMFlKHmml+dbkSTgIVABVGqbVsxOCmRwKlg43wnUSwmdEh6rK1pSAKmnHT6wRifaKWL/UjqCgFP1d8TKQmUGgWe7gwI9NW8NxH/89oJ+FdOysM4ARbS2SI/ERgiPIkDd7lkFMRIE0Il17di2ieSUNCh5XUI9vzLi6RxXrRLxdLtRaFczeLIoSN0jE6RjS5RGVVQDdURRY/oGb2iN+PJeDHejY9Z65KRzRygPzA+fwAVQpYS</latexit>

Wj = e�i⌧HIj

where
<latexit sha1_base64="vN2+pnhScdeWHNbMlAY31M5V9E8=">AAACHHicbZDLSgMxFIYzXmu9jbp0EyxCpbTMqFQ3QkEQN4WK9gLtOGTSdBqauZBkhDIUfA03voobF4q4cSH4NqadQbT1QMjP959Dcn4nZFRIw/jS5uYXFpeWMyvZ1bX1jU19a7shgohjUscBC3jLQYIw6pO6pJKRVsgJ8hxGms7gfOw37wgXNPBv5DAklodcn/YoRlIhWz9q2PF1dQTPoJvvCOp6yC4k923VLsICTGHxBxYObD1nlIxJwVlhpiIH0qrZ+kenG+DII77EDAnRNo1QWjHikmJGRtlOJEiI8AC5pK2kjzwirHiy3AjuK9KFvYCr40s4ob8nYuQJMfQc1ekh2RfT3hj+57Uj2Tu1YuqHkSQ+Th7qRQzKAI6Tgl3KCZZsqATCnKq/QtxHHGGp8syqEMzplWdF47Bklkvlq+Nc5eI+iSMDdsEeyAMTnIAKuAQ1UAcYPIAn8AJetUftWXvT3pPWOS2NcAf8Ke3zG78ZoFs=</latexit>

VSM = g(�+�
M
� + ���

M
+ )

<latexit sha1_base64="7y8RcqbGJBAGVxC228ecGPwDdt0="></latexit>

HIj = (�M
+ �

Aj

� + �
M
� �

Aj

+ )
<latexit sha1_base64="5Mm4nWz9OKokonDpTqEU5685OxE=">AAACCXicbZDLSgMxGIUzXmu9jbp0EyyCIJYZkepGKCjSTaGCvUBnHDJp2oYmmSHJCGUouHLjq7hxoYhb38Cdb2N6QbT1QODjnD8k/wljRpV2nC9rbn5hcWk5s5JdXVvf2LS3tmsqSiQmVRyxSDZCpAijglQ11Yw0YkkQDxmph72LYV6/I1LRSNzofkx8jjqCtilG2liBDUtBGZ5D75IwjTxFOxzdloPDHzoK7JyTd0aCs+BOIAcmqgT2p9eKcMKJ0JghpZquE2s/RVJTzMgg6yWKxAj3UIc0DQrEifLT0SYDuG+cFmxH0hyh4cj9fSNFXKk+D80kR7qrprOh+V/WTHT7zE+piBNNBB4/1E4Y1BEc1gJbVBKsWd8AwpKav0LcRRJhbcrLmhLc6ZVnoXacdwv5wvVJrnh1P64jA3bBHjgALjgFRVACFVAFGDyAJ/ACXq1H69l6s97Ho3PWpMId8EfWxzedbpl3</latexit>

HM = ��
M
+ �

M
�

<latexit sha1_base64="dyOhe0sQAPPfoUYp/u1zVnPPK5o=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBGPEcwDkyXMTmaTIbOzy0yvEJaAH+HFgyJe/Rtv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyile47V1wiJRfE7RZLbtmdgvwl3pyUYI5at/jZ6cUsjbhCJqkxbc9N0M+oRsEkHxc6qeEJZUPa521LFY248bPpxWNyZJUeCWNtSyGZqj8nMhoZM4oC2xlRHJhFbyL+57VTDM/9TKgkRa7YbFGYSoIxmbxPekJzhnJkCWVa2FsJG1BNGdqQCjYEb/Hlv6RxUvYq5crtaal6/TiLIw8HcAjH4MEZVOEGalAHBgqe4AVeHeM8O2/O+6w158wj3IdfcD6+AS96kGA=</latexit>

� = 0

qubits
<latexit sha1_base64="3lC2Saze3XKVKk7f0CGd2nmKM8k=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hLArEj0GBPEixMcmgWQJs5PZZMjM7DIzK4Ql4B948aCIVz/Im3/j5HHQxIKGoqqb7q4w4Uwb1/12lpZXVtfWcxv5za3tnd3C3n5dx6ki1Ccxj1UzxJpyJqlvmOG0mSiKRchpIxxcjv3GI1WaxfLBDBMaCNyTLGIEGyv596Wb0l2nUHTL7gRokXgzUoQZap3CV7sbk1RQaQjHWrc8NzFBhpVhhNNRvp1qmmAywD3aslRiQXWQTY4doWOrdFEUK1vSoIn6eyLDQuuhCG2nwKav572x+J/XSk10EWRMJqmhkkwXRSlHJkbjz1GXKUoMH1qCiWL2VkT6WGFibD55G4I3//IiqZ+WvUq5cntWrF49TePIwSEcwQl4cA5VuIYa+ECAwTO8wpsjnRfn3fmYti45swgP4A+czx/ll46F</latexit>

S,M,R
<latexit sha1_base64="tcqBpLBPevExKjBhWRiM7m8tfcc=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahIpZEpLoRCm7qolDRtIU2hsl00g6dPJiZCCVk48ZfceNCEbf+gzv/xmmbhbYeuHA4517uvceNGBXSML613MLi0vJKfrWwtr6xuaVv7zRFGHNMLByykLddJAijAbEklYy0I06Q7zLScodXY7/1QLigYXAnRxGxfdQPqEcxkkpy9H0LXkJyn5zQrkRxqekkt/UUHsOaUz9KHb1olI0J4DwxM1IEGRqO/tXthTj2SSAxQ0J0TCOSdoK4pJiRtNCNBYkQHqI+6SgaIJ8IO5l8kcJDpfSgF3JVgYQT9fdEgnwhRr6rOn0kB2LWG4v/eZ1Yehd2QoMoliTA00VezKAM4TgS2KOcYMlGiiDMqboV4gHiCEsVXEGFYM6+PE+ap2WzUq7cnBWr11kcebAHDkAJmOAcVEENNIAFMHgEz+AVvGlP2ov2rn1MW3NaNrML/kD7/AFZtpab</latexit>

U = e�i⌧(VSM+HM )

<latexit sha1_base64="MpR1sh3dApV9IbQpE4Ttoofn7Ng="></latexit>

| ni = "(n)|e, 0,~0i+ �(n)|g, 1,~0i+
nX

j=1

�(n)j �
Aj

+ |g, 0,~0i initially excited atom
<latexit sha1_base64="ZxU+xjlcEWkKWCmMk+dRK0gtmX4=">AAACAHicbZDLSgMxGIUzXmu9jbpw4SZYhLopM0WqG6EgiMsK9gLttGTSTBuaSYYkUyjTAfFV3LhQxK2P4c63Mb0stPVA4OOcPyT/8SNGlXacb2tldW19YzOzld3e2d3btw8Oa0rEEpMqFkzIho8UYZSTqqaakUYkCQp9Rur+4GaS14dEKir4gx5FxAtRj9OAYqSN1bGPx60hkiRSlAneTvLOeTpuF6/djp1zCs5UcBncOeTAXJWO/dXqChyHhGvMkFJN14m0lyCpKWYkzbZiRSKEB6hHmgY5ConykukCKTwzThcGQprDNZy6v28kKFRqFPpmMkS6rxaziflf1ox1cOUllEexJhzPHgpiBrWAkzZgl0qCNRsZQFhS81eI+0girE1nWVOCu7jyMtSKBbdUKN1f5Mq3j7M6MuAEnII8cMElKIM7UAFVgEEKnsEreLOerBfr3fqYja5Y8wqPwB9Znz8rv5aM</latexit>

|"(0)|2 = 1

*see Marco’s lectures
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Two-level atom + vacuum reservoir: 

S. Lorenzo et al., PRA 96, 32107 (2017)

Continuous time limit:

<latexit sha1_base64="dyOhe0sQAPPfoUYp/u1zVnPPK5o=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBGPEcwDkyXMTmaTIbOzy0yvEJaAH+HFgyJe/Rtv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyile47V1wiJRfE7RZLbtmdgvwl3pyUYI5at/jZ6cUsjbhCJqkxbc9N0M+oRsEkHxc6qeEJZUPa521LFY248bPpxWNyZJUeCWNtSyGZqj8nMhoZM4oC2xlRHJhFbyL+57VTDM/9TKgkRa7YbFGYSoIxmbxPekJzhnJkCWVa2FsJG1BNGdqQCjYEb/Hlv6RxUvYq5crtaal6/TiLIw8HcAjH4MEZVOEGalAHBgqe4AVeHeM8O2/O+6w158wj3IdfcD6+AS96kGA=</latexit>

� = 0

<latexit sha1_base64="b9RRYtTQGVDTIzuHoUYqSJ7ycXI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJF6EgCAeI5gHJEuYncwmQ2Znl5leISwBf8GLB0W8+j3e/Bsnj4MmFjQUVd10dwWJFAZd99vJra1vbG7ltws7u3v7B8XDo6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQz9VuPXBsRqwccJ9yP6ECJUDCKVmrhteoiTXvFklt2ZyCrxFuQEixQ7xW/uv2YpRFXyCQ1puO5CfoZ1SiY5JNCNzU8oWxEB7xjqaIRN342O3dCzqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz7E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqaF2WvUq7cX5Zqt0/zOPJwAqdwDh5UoQZ3UIcGMBjBM7zCm5M4L8678zFvzTmLCI/hD5zPH3NykBQ=</latexit>

t = n⌧
<latexit sha1_base64="I9xS+dWI8EgffI6SEJq1klbMhLM=">AAAB+nicbZBLSwMxFIUz9VXra6pLN8EiuCozItVlQRCXFewD2qFk0kwbmkmG5I6ljAX/iBsXirj1l7jz35g+Ftp6IPBxzg25OWEiuAHP+3Zya+sbm1v57cLO7t7+gVs8bBiVasrqVAmlWyExTHDJ6sBBsFaiGYlDwZrh8HqaNx+YNlzJexgnLIhJX/KIUwLW6rrFDpC0o3l/AERrNcJe1y15ZW8mvAr+AkpooVrX/er0FE1jJoEKYkzb9xIIMqKBU8EmhU5qWELokPRZ26IkMTNBNlt9gk+t08OR0vZIwDP3942MxMaM49BOxgQGZjmbmv9l7RSiqyDjMkmBSTp/KEoFBoWnPeAe14yCGFsgVHO7K6YDogkF21bBluAvf3kVGudlv1Ku3F2UqjdP8zry6BidoDPko0tURbeohuqIohF6Rq/ozXl0Xpx352M+mnMWFR6hP3I+fwBdupR/</latexit>

⌧ ! 0 <latexit sha1_base64="qGIVVFFhJ9G3AKveZJL3HKaRUa0=">AAAB+3icbZBLSwMxFIUzPmt9jXXpJlgEV2VGpLosCOKygn1AO5RMmmlDM8mQ3FGHoeAvceNCEbf+EXf+G9PHQlsPBD7OuSE3J0wEN+B5387K6tr6xmZhq7i9s7u37x6UmkalmrIGVULpdkgME1yyBnAQrJ1oRuJQsFY4uprkrXumDVfyDrKEBTEZSB5xSsBaPbcku5oPhkC0Vg9dLiPIem7Zq3hT4WXw51BGc9V77le3r2gaMwlUEGM6vpdAkBMNnAo2LnZTwxJCR2TAOhYliZkJ8unuY3xinT6OlLZHAp66v2/kJDYmi0M7GRMYmsVsYv6XdVKILoOcyyQFJunsoSgVGBSeFIH7XDMKIrNAqOZ2V0yHRBMKtq6iLcFf/PIyNM8qfrVSvT0v166fZnUU0BE6RqfIRxeohm5QHTUQRY/oGb2iN2fsvDjvzsdsdMWZV3iI/sj5/AEL5JWH</latexit>n ! 1
<latexit sha1_base64="xZEQcZaQoFsNeHeCHg+J+eLr4sE=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjUl0WBHFZwT6gM5Q7aaYNzWRCkhHKWNBfceNCEbf+hjv/xvSx0NYDF07OuZfceyLJmTae9+0sLa+srq0XNoqbW9s7u+7efkOnmSK0TlKeqlYEmnImaN0ww2lLKgpJxGkzGlyN/eY9VZql4s4MJQ0T6AkWMwLGSh33sBcYyALOgwFICbOH33FLXtmbAC8Sf0ZKaIZax/0KuinJEioM4aB12/ekCXNQhhFOR8Ug01QCGUCPti0VkFAd5pP9R/jEKl0cp8qWMHii/p7IIdF6mES2MwHT1/PeWPzPa2cmvgxzJmRmqCDTj+KMY5PicRi4yxQlhg8tAaKY3RWTPiggxkZWtCH48ycvksZZ2a+UK7fnper14zSOAjpCx+gU+egCVdENqqE6IugBPaNX9OY8OS/Ou/MxbV1yZhEeoD9wPn8AbKqWyw==</latexit>

g⌧ ⌧ ⌧ ⌧ 1
<latexit sha1_base64="103jTTxoH4WPbYFUtCZfM6B7ouI=">AAAB/HicbZBLSwMxFIUzPmt9jXbpZrAIrspMkepGKAjisoJ9QGcsd9JMG5rMhCQjDEPFf+LGhSJu/SHu/Demj4W2Hgh8nHNDbk4oGFXadb+tldW19Y3NwlZxe2d3b98+OGypJJWYNHHCEtkJQRFGY9LUVDPSEZIADxlph6OrSd5+IFLRJL7TmSABh0FMI4pBG6tnl/wBcA6X/giEgPuqryHt2WW34k7lLIM3hzKaq9Gzv/x+glNOYo0ZKNX1XKGDHKSmmJFx0U8VEYBHMCBdgzFwooJ8uvzYOTFO34kSaU6snan7+0YOXKmMh2aSgx6qxWxi/pd1Ux1dBDmNRapJjGcPRSlzdOJMmnD6VBKsWWYAsKRmVwcPQQLWpq+iKcFb/PIytKoVr1ap3Z6V69dPszoK6Agdo1PkoXNURzeogZoIoww9o1f0Zj1aL9a79TEbXbHmFZbQH1mfP6OllTM=</latexit>

� = 2⌧
<latexit sha1_base64="0wltLUSfiwmvIpDrku0uYUY2fLE=">AAACE3icbZBLSwMxFIUz9VXra9Slm8EitC7KjEh1WRDEZQX7gHYsmTRtQzPJkNyplKHgT3DjX3HjQhG3btz5b0wfi9p6IPBxzg3JPUHEmQbX/bFSK6tr6xvpzczW9s7unr1/UNUyVoRWiORS1QOsKWeCVoABp/VIURwGnNaC/tU4rw2o0kyKOxhG1A9xV7AOIxiM1bJPmwOsaKQZl+I+yYn8qKlYtwdYKfkwl+Ug37KzbsGdyFkGbwZZNFO5ZX8325LEIRVAONa64bkR+AlWwAino0wz1jTCpI+7tGFQ4JBqP5nsNHJOjNN2OlKZI8CZuPM3EhxqPQwDMxli6OnFbGz+lzVi6Fz6CRNRDFSQ6UOdmDsgnXFBTpspSoAPDWCimPmrQ3pYYQKmxowpwVtceRmqZwWvWCjenmdL14/TOtLoCB2jHPLQBSqhG1RGFUTQE3pBb+jderZerQ/rczqasmYVHqI/sr5+AYGwn5s=</latexit>

"(n) ! "(t)
<latexit sha1_base64="l0PC9ob+TJQpBK4JV0+9LPpagTo=">AAACB3icbZBLS8NAFIUn9VXrK+pSkGAR2k1JRKrLgiAuK9gHNLFMppN26GQSZm6UEgou3PhX3LhQxK1/wZ3/xmnahbYeGDh85w4z9/gxZwps+9vILS2vrK7l1wsbm1vbO+buXlNFiSS0QSIeybaPFeVM0AYw4LQdS4pDn9OWP7yY5K07KhWLxA2MYuqFuC9YwAgGjbrmoetTwLdpSZTHrmT9AWApo/uMlqDcNYt2xc5kLRpnZopopnrX/HJ7EUlCKoBwrFTHsWPwUiyBEU7HBTdRNMZkiPu0o63AIVVemu0xto416VlBJPURYGX0940Uh0qNQl9PhhgGaj6bwP+yTgLBuZcyESdABZk+FCTcgsialGL1mKQE+EgbTCTTf7XIAEtMQFdX0CU48ysvmuZJxalWqtenxdrlw7SOPDpAR6iEHHSGaugK1VEDEfSIntErejOejBfj3fiYjuaMWYX76I+Mzx8DUJnV</latexit>

�(n) ! �(t)
<latexit sha1_base64="CG2LDt0W5tG806siB7PiNIUL0vY=">AAACD3icbVDLSsNAFJ3UV62vqEs3waK0m5KIVJcFQVxWsA9oaphMpu20k0mYuVFKKPgBbvwVNy4UcevWnX/j9LHQ1gMXDuecy8w9fsyZAtv+NjJLyyura9n13Mbm1vaOubtXV1EiCa2RiEey6WNFORO0Bgw4bcaS4tDntOEPLsZ+445KxSJxA8OYtkPcFazDCAYteeaxy3U4wLdpQRRHXt+VrNsDLGV0P3O8fgGKnpm3S/YE1iJxZiSPZqh65pcbRCQJqQDCsVItx46hnWIJjHA6yrmJojEmA9ylLU0FDqlqp5N7RtaRVgKrE0k9AqyJ+nsjxaFSw9DXyRBDT817Y/E/r5VA57ydMhEnQAWZPtRJuAWRNS7HCpikBPhQE0wk03+1SA9LTEBXmNMlOPMnL5L6Sckpl8rXp/nK5cO0jiw6QIeogBx0hiroClVRDRH0iJ7RK3oznowX4934mEYzxqzCffQHxucPTK6dQQ==</latexit>

�(n)
j ! �j(t)
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Two-level atom + vacuum reservoir: 

S. Lorenzo et al., PRA 96, 32107 (2017)

*equivalent to             in continuous time limit
<latexit sha1_base64="J+czeHWDOflVSxJxZxVxIp1TyGc=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoMQL2E3SPQYENRjBPOAZA2zk9lkyOzsOtMrhCTgN3jxoIhXf8ebf+PkcdDEgoaiqpvuLj8WXKPjfFupldW19Y30ZmZre2d3L7t/UNNRoiir0khEquETzQSXrIocBWvEipHQF6zu9y8nfv2RKc0jeYeDmHkh6UoecErQSI3RdR5PR/fFdjbnFJwp7GXizkkO5qi0s1+tTkSTkEmkgmjddJ0YvSFRyKlg40wr0SwmtE+6rGmoJCHT3nB679g+MUrHDiJlSqI9VX9PDEmo9SD0TWdIsKcXvYn4n9dMMLjwhlzGCTJJZ4uCRNgY2ZPn7Q5XjKIYGEKo4uZWm/aIIhRNRBkTgrv48jKpFQtuqVC6PcuVr55mcaThCI4hDy6cQxluoAJVoCDgGV7hzXqwXqx362PWmrLmER7CH1ifP0+Xj+0=</latexit>

|G(t)|2

Continuous time limit:

<latexit sha1_base64="dyOhe0sQAPPfoUYp/u1zVnPPK5o=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRC9CQBGPEcwDkyXMTmaTIbOzy0yvEJaAH+HFgyJe/Rtv/o2Tx0GjBQ1FVTfdXUEihUHX/XJyS8srq2v59cLG5tb2TnF3r2HiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyile47V1wiJRfE7RZLbtmdgvwl3pyUYI5at/jZ6cUsjbhCJqkxbc9N0M+oRsEkHxc6qeEJZUPa521LFY248bPpxWNyZJUeCWNtSyGZqj8nMhoZM4oC2xlRHJhFbyL+57VTDM/9TKgkRa7YbFGYSoIxmbxPekJzhnJkCWVa2FsJG1BNGdqQCjYEb/Hlv6RxUvYq5crtaal6/TiLIw8HcAjH4MEZVOEGalAHBgqe4AVeHeM8O2/O+6w158wj3IdfcD6+AS96kGA=</latexit>

� = 0

<latexit sha1_base64="b9RRYtTQGVDTIzuHoUYqSJ7ycXI=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKJF6EgCAeI5gHJEuYncwmQ2Znl5leISwBf8GLB0W8+j3e/Bsnj4MmFjQUVd10dwWJFAZd99vJra1vbG7ltws7u3v7B8XDo6aJU814g8Uy1u2AGi6F4g0UKHk70ZxGgeStYHQz9VuPXBsRqwccJ9yP6ECJUDCKVmrhteoiTXvFklt2ZyCrxFuQEixQ7xW/uv2YpRFXyCQ1puO5CfoZ1SiY5JNCNzU8oWxEB7xjqaIRN342O3dCzqzSJ2GsbSkkM/X3REYjY8ZRYDsjikOz7E3F/7xOiuGVnwmVpMgVmy8KU0kwJtPfSV9ozlCOLaFMC3srYUOqKUObUMGG4C2/vEqaF2WvUq7cX5Zqt0/zOPJwAqdwDh5UoQZ3UIcGMBjBM7zCm5M4L8678zFvzTmLCI/hD5zPH3NykBQ=</latexit>

t = n⌧
<latexit sha1_base64="I9xS+dWI8EgffI6SEJq1klbMhLM=">AAAB+nicbZBLSwMxFIUz9VXra6pLN8EiuCozItVlQRCXFewD2qFk0kwbmkmG5I6ljAX/iBsXirj1l7jz35g+Ftp6IPBxzg25OWEiuAHP+3Zya+sbm1v57cLO7t7+gVs8bBiVasrqVAmlWyExTHDJ6sBBsFaiGYlDwZrh8HqaNx+YNlzJexgnLIhJX/KIUwLW6rrFDpC0o3l/AERrNcJe1y15ZW8mvAr+AkpooVrX/er0FE1jJoEKYkzb9xIIMqKBU8EmhU5qWELokPRZ26IkMTNBNlt9gk+t08OR0vZIwDP3942MxMaM49BOxgQGZjmbmv9l7RSiqyDjMkmBSTp/KEoFBoWnPeAe14yCGFsgVHO7K6YDogkF21bBluAvf3kVGudlv1Ku3F2UqjdP8zry6BidoDPko0tURbeohuqIohF6Rq/ozXl0Xpx352M+mnMWFR6hP3I+fwBdupR/</latexit>

⌧ ! 0 <latexit sha1_base64="qGIVVFFhJ9G3AKveZJL3HKaRUa0=">AAAB+3icbZBLSwMxFIUzPmt9jXXpJlgEV2VGpLosCOKygn1AO5RMmmlDM8mQ3FGHoeAvceNCEbf+EXf+G9PHQlsPBD7OuSE3J0wEN+B5387K6tr6xmZhq7i9s7u37x6UmkalmrIGVULpdkgME1yyBnAQrJ1oRuJQsFY4uprkrXumDVfyDrKEBTEZSB5xSsBaPbcku5oPhkC0Vg9dLiPIem7Zq3hT4WXw51BGc9V77le3r2gaMwlUEGM6vpdAkBMNnAo2LnZTwxJCR2TAOhYliZkJ8unuY3xinT6OlLZHAp66v2/kJDYmi0M7GRMYmsVsYv6XdVKILoOcyyQFJunsoSgVGBSeFIH7XDMKIrNAqOZ2V0yHRBMKtq6iLcFf/PIyNM8qfrVSvT0v166fZnUU0BE6RqfIRxeohm5QHTUQRY/oGb2iN2fsvDjvzsdsdMWZV3iI/sj5/AEL5JWH</latexit>n ! 1
<latexit sha1_base64="0wltLUSfiwmvIpDrku0uYUY2fLE=">AAACE3icbZBLSwMxFIUz9VXra9Slm8EitC7KjEh1WRDEZQX7gHYsmTRtQzPJkNyplKHgT3DjX3HjQhG3btz5b0wfi9p6IPBxzg3JPUHEmQbX/bFSK6tr6xvpzczW9s7unr1/UNUyVoRWiORS1QOsKWeCVoABp/VIURwGnNaC/tU4rw2o0kyKOxhG1A9xV7AOIxiM1bJPmwOsaKQZl+I+yYn8qKlYtwdYKfkwl+Ug37KzbsGdyFkGbwZZNFO5ZX8325LEIRVAONa64bkR+AlWwAino0wz1jTCpI+7tGFQ4JBqP5nsNHJOjNN2OlKZI8CZuPM3EhxqPQwDMxli6OnFbGz+lzVi6Fz6CRNRDFSQ6UOdmDsgnXFBTpspSoAPDWCimPmrQ3pYYQKmxowpwVtceRmqZwWvWCjenmdL14/TOtLoCB2jHPLQBSqhG1RGFUTQE3pBb+jderZerQ/rczqasmYVHqI/sr5+AYGwn5s=</latexit>

"(n) ! "(t)
<latexit sha1_base64="l0PC9ob+TJQpBK4JV0+9LPpagTo=">AAACB3icbZBLS8NAFIUn9VXrK+pSkGAR2k1JRKrLgiAuK9gHNLFMppN26GQSZm6UEgou3PhX3LhQxK1/wZ3/xmnahbYeGDh85w4z9/gxZwps+9vILS2vrK7l1wsbm1vbO+buXlNFiSS0QSIeybaPFeVM0AYw4LQdS4pDn9OWP7yY5K07KhWLxA2MYuqFuC9YwAgGjbrmoetTwLdpSZTHrmT9AWApo/uMlqDcNYt2xc5kLRpnZopopnrX/HJ7EUlCKoBwrFTHsWPwUiyBEU7HBTdRNMZkiPu0o63AIVVemu0xto416VlBJPURYGX0940Uh0qNQl9PhhgGaj6bwP+yTgLBuZcyESdABZk+FCTcgsialGL1mKQE+EgbTCTTf7XIAEtMQFdX0CU48ysvmuZJxalWqtenxdrlw7SOPDpAR6iEHHSGaugK1VEDEfSIntErejOejBfj3fiYjuaMWYX76I+Mzx8DUJnV</latexit>

�(n) ! �(t)
<latexit sha1_base64="CG2LDt0W5tG806siB7PiNIUL0vY=">AAACD3icbVDLSsNAFJ3UV62vqEs3waK0m5KIVJcFQVxWsA9oaphMpu20k0mYuVFKKPgBbvwVNy4UcevWnX/j9LHQ1gMXDuecy8w9fsyZAtv+NjJLyyura9n13Mbm1vaOubtXV1EiCa2RiEey6WNFORO0Bgw4bcaS4tDntOEPLsZ+445KxSJxA8OYtkPcFazDCAYteeaxy3U4wLdpQRRHXt+VrNsDLGV0P3O8fgGKnpm3S/YE1iJxZiSPZqh65pcbRCQJqQDCsVItx46hnWIJjHA6yrmJojEmA9ylLU0FDqlqp5N7RtaRVgKrE0k9AqyJ+nsjxaFSw9DXyRBDT817Y/E/r5VA57ydMhEnQAWZPtRJuAWRNS7HCpikBPhQE0wk03+1SA9LTEBXmNMlOPMnL5L6Sckpl8rXp/nK5cO0jiw6QIeogBx0hiroClVRDRH0iJ7RK3oznowX4934mEYzxqzCffQHxucPTK6dQQ==</latexit>

�(n)
j ! �j(t)

<latexit sha1_base64="ekO18LkRXYEVNYOa5jnMZC1DZZs=">AAACE3icbZBLS8NAFIUn9V1fVZdugkVQwZqEom4EQRB3KtgHNLXcTCfp0JkkzkyEEgL+BDf+FTcuFHHrxp3/xuljoa0HBg7n3GHmfl7MqFSW9W3kpqZnZufmF/KLS8srq4W19aqMEoFJBUcsEnUPJGE0JBVFFSP1WBDgHiM1r3vW72v3REgahTeqF5MmhyCkPsWgdNQq7LmXnARw4voCcGpnqZO58k6odMcNgHM4cHZvnf1ycOtkrULRKlkDmZPGHpkiGumqVfhy2xFOOAkVZiBlw7Zi1UxBKIoZyfJuIkkMuAsBaWgbAieymQ52ysxtnbRNPxL6hMocpL9vpMCl7HFPT3JQHTne9cP/ukai/ONmSsM4USTEw4f8hJkqMvuAzDYVBCvW0wawoPqvJu6ApqM0xryGYI+vPGmqTsk+LB1el4un5w9DHPNoE22hHWSjI3SKLtAVqiCMHtEzekVvxpPxYrwbH8PRnDFCuIH+yPj8AZkBncI=</latexit>

⌦ =
1

2

p
(�/2)2 � 4g2

<latexit sha1_base64="xZEQcZaQoFsNeHeCHg+J+eLr4sE=">AAAB/3icbVDLSgMxFM34rPU1KrhxEyyCqzIjUl0WBHFZwT6gM5Q7aaYNzWRCkhHKWNBfceNCEbf+hjv/xvSx0NYDF07OuZfceyLJmTae9+0sLa+srq0XNoqbW9s7u+7efkOnmSK0TlKeqlYEmnImaN0ww2lLKgpJxGkzGlyN/eY9VZql4s4MJQ0T6AkWMwLGSh33sBcYyALOgwFICbOH33FLXtmbAC8Sf0ZKaIZax/0KuinJEioM4aB12/ekCXNQhhFOR8Ug01QCGUCPti0VkFAd5pP9R/jEKl0cp8qWMHii/p7IIdF6mES2MwHT1/PeWPzPa2cmvgxzJmRmqCDTj+KMY5PicRi4yxQlhg8tAaKY3RWTPiggxkZWtCH48ycvksZZ2a+UK7fnper14zSOAjpCx+gU+egCVdENqqE6IugBPaNX9OY8OS/Ou/MxbV1yZhEeoD9wPn8AbKqWyw==</latexit>

g⌧ ⌧ ⌧ ⌧ 1
<latexit sha1_base64="103jTTxoH4WPbYFUtCZfM6B7ouI=">AAAB/HicbZBLSwMxFIUzPmt9jXbpZrAIrspMkepGKAjisoJ9QGcsd9JMG5rMhCQjDEPFf+LGhSJu/SHu/Demj4W2Hgh8nHNDbk4oGFXadb+tldW19Y3NwlZxe2d3b98+OGypJJWYNHHCEtkJQRFGY9LUVDPSEZIADxlph6OrSd5+IFLRJL7TmSABh0FMI4pBG6tnl/wBcA6X/giEgPuqryHt2WW34k7lLIM3hzKaq9Gzv/x+glNOYo0ZKNX1XKGDHKSmmJFx0U8VEYBHMCBdgzFwooJ8uvzYOTFO34kSaU6snan7+0YOXKmMh2aSgx6qxWxi/pd1Ux1dBDmNRapJjGcPRSlzdOJMmnD6VBKsWWYAsKRmVwcPQQLWpq+iKcFb/PIytKoVr1ap3Z6V69dPszoK6Agdo1PkoXNURzeogZoIoww9o1f0Zj1aL9a79TEbXbHmFZbQH1mfP6OllTM=</latexit>

� = 2⌧

<latexit sha1_base64="1K1l4vG95f95khv2Vu1bvGzoDWg="></latexit>

|"(t)|2 = e��t/2
h
cosh(⌦t) +

�

4⌦
sinh(⌦t)

i2



Mapping

105

Ancilla-ancilla collisions           composite collision model<latexit sha1_base64="LA5Wv93rlgEks0hNn7uDgvgYKAI=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KolI9VjwouChgv2ANpTNdpMu3eyG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwpsF1v62V1bX1jc3SVnl7Z3dv3z44bGuZKkJbRHKpugHWlDNBW8CA026iKI4DTjvB+Grqdx6o0kyKe8gS6sc4EixkBIORBnalfytFxGkIikUjwErJx4FddWvuDM4y8QpSRQWaA/urP5QkjakAwrHWPc9NwM+xAkY4nZT7qaYJJmMc0Z6hAsdU+/ns+IlzYpShE0plSoAzU39P5DjWOosD0xljGOlFbyr+5/VSCC/9nIkkBSrIfFGYcgekM03CGTJFCfDMEEwUM7c6ZIQVJmDyKpsQvMWXl0n7rObVa/W782rjpoijhI7QMTpFHrpADXSNmqiFCMrQM3pFb9aT9WK9Wx/z1hWrmKmgP7A+fwB8eJVb</latexit>()
<latexit sha1_base64="O7MgXm6lgk/KVAPZe55NBLsPbWE="></latexit>

⇢S(n) = TrA1..An+1 [Wn+1,nUn(...W2,1U1(⇢S(0)⌦ �)⌦ �)...⌦ �)]
<latexit sha1_base64="AvVSALOiNhpNwzGIVYwHo/BUu2E="></latexit>

= TrAn+1�
0n[⇢S(0)⌦ �] <latexit sha1_base64="VLepqbWaR0TdK5jKuAWCIh7bWkE="></latexit>

�0[⇢] = TrA1 [W2,1U1(⇢⌦ �)]

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="w7ARvP6Vd37oWblIGpZzJTVyW0k=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWaKVJcFN4KbCvYB7VAyaaaNzSRDkhHKUPAT3LhQxK3/486/MX0stPXAhcM593LvPWEiuLGe941ya+sbm1v57cLO7t7+QfHwqGlUqilrUCWUbofEMMEla1huBWsnmpE4FKwVjq6nfuuRacOVvLfjhAUxGUgecUqsk5qtXuZXJr1iySt7M+BV4i9ICRao94pf3b6iacykpYIY0/G9xAYZ0ZZTwSaFbmpYQuiIDFjHUUliZoJsdu0EnzmljyOlXUmLZ+rviYzExozj0HXGxA7NsjcV//M6qY2ugozLJLVM0vmiKBXYKjx9Hfe5ZtSKsSOEau5uxXRINKHWBVRwIfjLL6+SZqXsV8vVu4tS7fZpHkceTuAUzsGHS6jBDdShARQe4Ble4Q0p9ILe0ce8NYcWER7DH6DPHzxcj1s=</latexit>

W12
<latexit sha1_base64="QaoTfPsH/RTbUwRlqTk3ROwuWnA=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykyV6rLgRnBTwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wEN9bzvtHK6tr6xmZuK7+9s7u3Xzg4bBiVasrqVAmlWyExTHDJ6pZbwVqJZiQOBWuGw+uJ33xk2nAl7+0oYUFM+pJHnBLrpEazm5XPx91C0St5U+Bl4s9JEeaodQtfnZ6iacykpYIY0/a9xAYZ0ZZTwcb5TmpYQuiQ9FnbUUliZoJseu0YnzqlhyOlXUmLp+rviYzExozi0HXGxA7MojcR//PaqY2ugozLJLVM0tmiKBXYKjx5Hfe4ZtSKkSOEau5uxXRANKHWBZR3IfiLLy+TRrnkV0qVu4ti9fZpFkcOjuEEzsCHS6jCDdSgDhQe4Ble4Q0p9ILe0cesdQXNIzyCP0CfPz9nj10=</latexit>

W23

F. Ciccarello et al., PR 954, 1 (2022) S. Campbell et al., PRA 98, 12142 (2018)



Mapping

106

Ancilla-ancilla collisions           composite collision model<latexit sha1_base64="LA5Wv93rlgEks0hNn7uDgvgYKAI=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KolI9VjwouChgv2ANpTNdpMu3eyG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwpsF1v62V1bX1jc3SVnl7Z3dv3z44bGuZKkJbRHKpugHWlDNBW8CA026iKI4DTjvB+Grqdx6o0kyKe8gS6sc4EixkBIORBnalfytFxGkIikUjwErJx4FddWvuDM4y8QpSRQWaA/urP5QkjakAwrHWPc9NwM+xAkY4nZT7qaYJJmMc0Z6hAsdU+/ns+IlzYpShE0plSoAzU39P5DjWOosD0xljGOlFbyr+5/VSCC/9nIkkBSrIfFGYcgekM03CGTJFCfDMEEwUM7c6ZIQVJmDyKpsQvMWXl0n7rObVa/W782rjpoijhI7QMTpFHrpADXSNmqiFCMrQM3pFb9aT9WK9Wx/z1hWrmKmgP7A+fwB8eJVb</latexit>()
<latexit sha1_base64="O7MgXm6lgk/KVAPZe55NBLsPbWE="></latexit>

⇢S(n) = TrA1..An+1 [Wn+1,nUn(...W2,1U1(⇢S(0)⌦ �)⌦ �)...⌦ �)]
<latexit sha1_base64="AvVSALOiNhpNwzGIVYwHo/BUu2E="></latexit>

= TrAn+1�
0n[⇢S(0)⌦ �] <latexit sha1_base64="VLepqbWaR0TdK5jKuAWCIh7bWkE="></latexit>

�0[⇢] = TrA1 [W2,1U1(⇢⌦ �)]

SWAP map: 

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S

<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1
<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="kDz+02+ya883ABjh7Zj2iqyjQdg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSKQw6LpfTmFldW19o7hZ2tre2d0r7x+0TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/XX/vF+uuFV3DvKXeDmpQI5Gv/zZG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyYpUBCWNtSyGZqz8nMhoZM4kC2xlRHJllbyb+53VTDK/8TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlv6R1VvVq1drdRaXeyOMowhEcwyl4cAl1uIUGNIHBEJ7gBV4d6Tw7b877orXg5DOH8AvOxzfCp42E</latexit>

A3
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="gRTdY6Q1128wBEeYVAATFvmaerQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJzdzvPHJtRKIecJryIKYjJSLBKFrp3h94g2rNrbsLkL/EK0gNCrQG1c/+MGFZzBUySY3peW6KQU41Cib5rNLPDE8pm9AR71mqaMxNkC9OnZEzqwxJlGhbCslC/TmR09iYaRzazpji2Kx6c/E/r5dhdB3kQqUZcsWWi6JMEkzI/G8yFJozlFNLKNPC3krYmGrK0KZTsSF4qy//Je2LuteoN+4ua81WEUcZTuAUzsGDK2jCLbTABwYjeIIXeHWk8+y8Oe/L1pJTzBzDLzgf394XjZY=</latexit>

U1
<latexit sha1_base64="NsdAVDkRG+tPmAyrbHIC2NzJSMQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8FLx4rmrbQhrLZbtulm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5YSKFQdf9dgobm1vbO8Xd0t7+weFR+fikZeJUM+6zWMa6E1LDpVDcR4GSdxLNaRRK3g4nt3O//cS1EbF6xGnCg4iOlBgKRtFKD36/1i9X3Kq7AFknXk4qkKPZL3/1BjFLI66QSWpM13MTDDKqUTDJZ6VeanhC2YSOeNdSRSNugmxx6oxcWGVAhrG2pZAs1N8TGY2MmUah7Ywojs2qNxf/87opDm+CTKgkRa7YctEwlQRjMv+bDITmDOXUEsq0sLcSNqaaMrTplGwI3urL66RVq3r1av3+qtJo5nEU4QzO4RI8uIYG3EETfGAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPfm42X</latexit>

U2

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S <latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ns/qSsH7jAv7Htwv4ChQrbVDluU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUqseiF48VTVtoQ9lsJ+3SzSbsboRS+hO8eFDEq7/Im//GbZuDVh8MPN6bYWZemAqujet+OYWV1bX1jeJmaWt7Z3evvH/Q1EmmGPosEYlqh1Sj4BJ9w43AdqqQxqHAVji6mfmtR1SaJ/LBjFMMYjqQPOKMGivd+73zXrniVt05yF/i5aQCORq98me3n7AsRmmYoFp3PDc1wYQqw5nAaambaUwpG9EBdiyVNEYdTOanTsmJVfokSpQtachc/TkxobHW4zi0nTE1Q73szcT/vE5moqtgwmWaGZRssSjKBDEJmf1N+lwhM2JsCWWK21sJG1JFmbHplGwI3vLLf0nzrOrVqrW7i0r9Oo+jCEdwDKfgwSXU4RYa4AODATzBC7w6wnl23pz3RWvByWcO4Recj2/c6Y2K</latexit>

U3

<latexit sha1_base64="w7ARvP6Vd37oWblIGpZzJTVyW0k=">AAAB7XicbVDLSgMxFL2pr1pfVZdugkVwVWaKVJcFN4KbCvYB7VAyaaaNzSRDkhHKUPAT3LhQxK3/486/MX0stPXAhcM593LvPWEiuLGe941ya+sbm1v57cLO7t7+QfHwqGlUqilrUCWUbofEMMEla1huBWsnmpE4FKwVjq6nfuuRacOVvLfjhAUxGUgecUqsk5qtXuZXJr1iySt7M+BV4i9ICRao94pf3b6iacykpYIY0/G9xAYZ0ZZTwSaFbmpYQuiIDFjHUUliZoJsdu0EnzmljyOlXUmLZ+rviYzExozj0HXGxA7NsjcV//M6qY2ugozLJLVM0vmiKBXYKjx9Hfe5ZtSKsSOEau5uxXRINKHWBVRwIfjLL6+SZqXsV8vVu4tS7fZpHkceTuAUzsGHS6jBDdShARQe4Ble4Q0p9ILe0ce8NYcWER7DH6DPHzxcj1s=</latexit>

W12
<latexit sha1_base64="QaoTfPsH/RTbUwRlqTk3ROwuWnA=">AAAB7XicbVDLSgMxFL3xWeur6tJNsAiuykyV6rLgRnBTwT6gHUomzbSxmWRIMkIZCn6CGxeKuPV/3Pk3po+Fth64cDjnXu69J0wEN9bzvtHK6tr6xmZuK7+9s7u3Xzg4bBiVasrqVAmlWyExTHDJ6pZbwVqJZiQOBWuGw+uJ33xk2nAl7+0oYUFM+pJHnBLrpEazm5XPx91C0St5U+Bl4s9JEeaodQtfnZ6iacykpYIY0/a9xAYZ0ZZTwcb5TmpYQuiQ9FnbUUliZoJseu0YnzqlhyOlXUmLp+rviYzExozi0HXGxA7MojcR//PaqY2ugozLJLVM0tmiKBXYKjx5Hfe4ZtSKkSOEau5uxXRANKHWBZR3IfiLLy+TRrnkV0qVu4ti9fZpFkcOjuEEzsCHS6jCDdSgDhQe4Ble4Q0p9ILe0cesdQXNIzyCP0CfPz9nj10=</latexit>

W23

<latexit sha1_base64="j/GHWaV92YUubFxyjoBmfx3PLLQ=">AAACMHicbZDLSsNAFIYnXmu9RV26GSyCCymJSHUjFAR1WdFeoA1hMp20QyeTMDMRSgj4Qm58FN0oKOLWp3DSBtHGHwZ+vnMOc87vRYxKZVmvxtz8wuLScmmlvLq2vrFpbm23ZBgLTJo4ZKHoeEgSRjlpKqoY6USCoMBjpO2NzrN6+44ISUN+q8YRcQI04NSnGCmNXPOyFyA1xIglN6mbjA5Z+gPaOYBnsMAKU65ZsarWRLBo7NxUQK6Gaz71+iGOA8IVZkjKrm1FykmQUBQzkpZ7sSQRwiM0IF1tOQqIdJLJwSnc16QP/VDoxxWc0N8TCQqkHAee7swWlbO1DP5X68bKP3USyqNYEY6nH/kxgyqEWXqwTwXBio21QVhQvSvEQyQQVjrjsg7Bnj25aFpHVbtWrV0fV+oX99M4SmAX7IEDYIMTUAdXoAGaAIMH8AzewLvxaLwYH8bntHXOyCPcAX9kfH0DMYSr8Q==</latexit>

Sk,lWk,l = Wk,lSk,l

<latexit sha1_base64="tBrtIYxch7XnWDaW9cV5PzPwaYo=">AAACCnicbVDLSsNAFJ3UV62vqEs3o0VwISUpUt0IBUF0V9E+oI1hMp20QyeTMDMRSgi4c+OvuHGhiFu/wJ1/46Qtoq0HLhzOuZd77/EiRqWyrC8jNze/sLiUXy6srK6tb5ibWw0ZxgKTOg5ZKFoekoRRTuqKKkZakSAo8BhpeoOzzG/eESFpyG/UMCJOgHqc+hQjpSXX3O0ESPUxYsl1elt2k8EhS+Ep/FEvU9csWiVrBDhL7AkpgglqrvnZ6YY4DghXmCEp27YVKSdBQlHMSFroxJJECA9Qj7Q15Sgg0klGr6RwXytd6IdCF1dwpP6eSFAg5TDwdGd2opz2MvE/rx0r/8RJKI9iRTgeL/JjBlUIs1xglwqCFRtqgrCg+laI+0ggrHR6BR2CPf3yLGmUS3alVLk6KlbP78dx5MEO2AMHwAbHoAouQA3UAQYP4Am8gFfj0Xg23oz3cWvOmES4Df7A+PgG/iaa4w==</latexit>

S2
k,l = I

F. Ciccarello et al., PR 954, 1 (2022) S. Campbell et al., PRA 98, 12142 (2018)

<latexit sha1_base64="61z1/4bY4IfXHi2/1epTbuTX5tA="></latexit>

�0[⇢] = TrA1 [(S2
2,1)W2,1U1(⇢⌦ �)]

<latexit sha1_base64="w07GxZS0LcYAmff83pXcSIeg7qY="></latexit>

= TrA1 [(S2,1)W 0
2,1U1(⇢⌦ �)]

<latexit sha1_base64="5pUrLic8u1JMb5t+6oX9v+1TJ1g="></latexit>

= TrA2 [W 0
2,1U1(⇢⌦ �)]
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F. Ciccarello et al., PR 954, 1 (2022)

<latexit sha1_base64="LA5Wv93rlgEks0hNn7uDgvgYKAI=">AAAB/HicbVBNS8NAEN34WetXtEcvwSJ4KolI9VjwouChgv2ANpTNdpMu3eyG3YkSQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwpsF1v62V1bX1jc3SVnl7Z3dv3z44bGuZKkJbRHKpugHWlDNBW8CA026iKI4DTjvB+Grqdx6o0kyKe8gS6sc4EixkBIORBnalfytFxGkIikUjwErJx4FddWvuDM4y8QpSRQWaA/urP5QkjakAwrHWPc9NwM+xAkY4nZT7qaYJJmMc0Z6hAsdU+/ns+IlzYpShE0plSoAzU39P5DjWOosD0xljGOlFbyr+5/VSCC/9nIkkBSrIfFGYcgekM03CGTJFCfDMEEwUM7c6ZIQVJmDyKpsQvMWXl0n7rObVa/W782rjpoijhI7QMTpFHrpADXSNmqiFCMrQM3pFb9aT9WK9Wx/z1hWrmKmgP7A+fwB8eJVb</latexit>()

S. Campbell et al., PRA 98, 12142 (2018)

<latexit sha1_base64="O7MgXm6lgk/KVAPZe55NBLsPbWE="></latexit>

⇢S(n) = TrA1..An+1 [Wn+1,nUn(...W2,1U1(⇢S(0)⌦ �)⌦ �)...⌦ �)]
<latexit sha1_base64="AvVSALOiNhpNwzGIVYwHo/BUu2E="></latexit>

= TrAn+1�
0n[⇢S(0)⌦ �]

<latexit sha1_base64="yixIqDj/o6Ftcd6vzCNV5d/70Xg="></latexit>

�0[⇢] = TrA2 [W 0
2,1U1(⇢⌦ �)]

<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1

<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1

<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2
<latexit sha1_base64="cXhfSjXPGMr1fF/KY4m+YNfV6Ck=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvTAXXxvO+nNLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqhlSj4BJbhhuB3VQhjUOBnXByM/c7j6g0T+SDmaYYxHQkecQZNVa6d113UK15rrcA+Uv8gtSgQHNQ/ewPE5bFKA0TVOue76UmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh1Rs6sMiRRomxJQxbqz4mcxlpP49B2xtSM9ao3F//zepmJroOcyzQzKNlyUZQJYhIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BD81Zf/kvaF69fd+t1lrdEs4ijDCZzCOfhwBQ24hSa0gMEInuAFXh3hPDtvzvuyteQUM8fwC87HN1OsjTs=</latexit>...

<latexit sha1_base64="UhAsO3FMynO6cLKZHo/ARbGD9ks=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vjw4rFF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WDmSToR3QoecgZNVZq3PdLZbfizkFWiZeTMuSo90tfvUHM0gilYYJq3fXcxPgZVYYzgdNiL9WYUDamQ+xaKmmE2s/mh07JuVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNkUbgrf88ippXVa8aqXauCrX6nkcBTiFM7gAD66hBndQhyYwQHiGV3hzHp0X5935WLSuOfnMCfyB8/kDte2M8A==</latexit>

S
<latexit sha1_base64="ikJlTSo7Dm+aGQx/NsdG01ZPWzA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseKF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh5u+1y9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+6pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadkg3BW355lbQuql6tWru/rNQbeRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AG/n42C</latexit>

A1

<latexit sha1_base64="LvOrJRuFZoEhnQ8G1rkiSLyb0Ko=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkmR6rHixWNF+wFtKJvtpF262YTdjVBCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8O/PbT6g0j+WjmSToR3QoecgZNVZ6uOlX+6WyW3HnIKvEy0kZcjT6pa/eIGZphNIwQbXuem5i/Iwqw5nAabGXakwoG9Mhdi2VNELtZ/NTp+TcKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadog3BW355lbSqFa9Wqd1fluuNPI4CnMIZXIAHV1CHO2hAExgM4Rle4c0Rzovz7nwsWtecfOYE/sD5/AHBI42D</latexit>

A2

<latexit sha1_base64="S1UeXi06Zg0IvHkqQmgdBa1gvLg=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVI8VETxW6Be0MWy2m3bpZhN2N0oJ+R9ePCji1f/izX/jts1BWx8MPN6bYWaeH3OmtG1/W4W19Y3NreJ2aWd3b/+gfHjUUVEiCW2TiEey52NFORO0rZnmtBdLikOf064/uZn53UcqFYtES09j6oZ4JFjACNZGekgHMkQtmXnptVfLvHLFrtpzoFXi5KQCOZpe+WswjEgSUqEJx0r1HTvWboqlZoTTrDRIFI0xmeAR7RsqcEiVm86vztCZUYYoiKQpodFc/T2R4lCpaeibzhDrsVr2ZuJ/Xj/RwZWbMhEnmgqyWBQkHOkIzSJAQyYp0XxqCCaSmVsRGWOJiTZBlUwIzvLLq6RTqzr1av3+otK4zeMowgmcwjk4cAkNuIMmtIGAhGd4hTfryXqx3q2PRWvBymeO4Q+szx8wnZJW</latexit>

TrA2

<latexit sha1_base64="CRivG7FocsPZUFy1CFXilFR59GQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbRhZSkSHVZEMFlBfuANoTJdNIOnTyYmYgl5FfcuFDErT/izr9x0mahrQcGDufcyz1zvJgzqSzr2yitrW9sbpW3Kzu7e/sH5mG1K6NEENohEY9E38OSchbSjmKK034sKA48Tnve9Cb3e49USBaFD2oWUyfA45D5jGClJdesDgOsJgTztJeduWnjws5cs2bVrTnQKrELUoMCbdf8Go4ikgQ0VIRjKQe2FSsnxUIxwmlWGSaSxphM8ZgONA1xQKWTzrNn6FQrI+RHQr9Qobn6eyPFgZSzwNOTeVK57OXif94gUf61k7IwThQNyeKQn3CkIpQXgUZMUKL4TBNMBNNZEZlggYnSdVV0Cfbyl1dJt1G3m/Xm/WWtdVvUUYZjOIFzsOEKWnAHbegAgSd4hld4MzLjxXg3PhajJaPYOYI/MD5/AFKrk/8=</latexit>

W 0
2,1

<latexit sha1_base64="OSqf5Y7vDKxq1SQPBmq8rMemO9E=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEpHosiOCxgqmFNoTNdtMu3WzC7kaoIb/EiwdFvPpTvPlv3LQ5aOvAwjDzHm92goQzpW3726qsrW9sblW3azu7e/v1xsFhT8WpJNQlMY9lP8CKciaoq5nmtJ9IiqOA04dgel34D49UKhaLez1LqBfhsWAhI1gbyW/UhxHWE4J55uZ+5uR+o2m37DnQKnFK0oQSXb/xNRzFJI2o0IRjpQaOnWgvw1IzwmleG6aKJphM8ZgODBU4osrL5sFzdGqUEQpjaZ7QaK7+3shwpNQsCsxkEVMte4X4nzdIdXjlZUwkqaaCLA6FKUc6RkULaMQkJZrPDMFEMpMVkQmWmGjTVc2U4Cx/eZX0zltOu9W+u2h2bso6qnAMJ3AGDlxCB26hCy4QSOEZXuHNerJerHfrYzFascqdI/gD6/MHBXiTWg==</latexit>

U1

<latexit sha1_base64="NkuKLnezzjdtpqCQmrpLywce7/g=">AAACIHicbZDLSsNAFIYn9VbrLerSzWARXUhJirRuhIIgLivaC7QhTKbTduhkEmYmQgkBX8SNr+LGhSK606dx0hSprQcGfr7/DOec3wsZlcqyvozc0vLK6lp+vbCxubW9Y+7uNWUQCUwaOGCBaHtIEkY5aSiqGGmHgiDfY6TljS5Tv3VPhKQBv1PjkDg+GnDapxgpjVyz2vWRGmLE4lZy7MblUzuBF/AX3iYZm+nKgGsWrZI1Kbgo7KkogmnVXfOz2wtw5BOuMENSdmwrVE6MhKKYkaTQjSQJER6hAeloyZFPpBNPDkzgkSY92A+EflzBCZ39ESNfyrHv6c50UTnvpfA/rxOp/rkTUx5GinCcDepHDKoApmnBHhUEKzbWAmFB9a4QD5FAWOlMCzoEe/7kRdEsl+xKqXJzVqxdPWRx5MEBOAQnwAZVUAPXoA4aAINH8AxewZvxZLwY78ZH1pozphHugz9lfP8A5vSjQQ==</latexit>

W 0
2,1 = S2,1W2,1
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• Markov approximation - separation of time scales. 


• Definition of Markovianity for classical stochastic processes not immediately 
generalisable to quantum domain (inconsistency with Kolmogorov axioms).


• Intrinsic definition of quantum Markovianity - divisibility and distinguishability.


• Collision models - platform to simulate non-Markovian open quantum dynamics 
(e.g., spontaneous emission of two-level atom). 


