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Quantum Sensing

“Use of a quantum system, quantum properties o quantum 
phenomena to perform a measurement of a physical quantity”

[Degen, Reinhard, Cappellaro, 2017]
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Quantum Sensing: applications

“Why a phenomenologist is given me this talk?” 



The Need for New Physics
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Beyond the SM: where to look?
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WIMPs Composite DM“Light” DM“Ultralight” DM PBH, MACHOs

[Akerib, D. S., et al., Snowmass2021, 2203.08084]

Beyond the SM: where to look?
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Beyond the SM: where to look?
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MOTIVATION FOR PRECISION 
IN HIGH ENERGY PHYSICS



Beyond the SM: “how” to look?

Energy inprint
(=mass for non-rel)

Nuclear recoil exp. 
Colliders 

…



Beyond the SM: “how” to look?

Nuclear recoil exp. 
Colliders 

…

Energy inprint
(=mass for non-rel)



Beyond the SM: “how” to look?

Nuclear recoil exp. 
Colliders 

…

(=mass for non-rel)
Energy inprint



Nuclear recoil exp. 
Colliders 

…

Beyond the SM: “how” to look?

DEMAND FOR PRECISION 
IN LOW ENERGY PHYSICS (as well!!)

Energy inprint



Low Energy Precision: Nature
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High-frequency gravitational waves with optically levitated sensors
[Arvanitaki, Geraci, 2013]

[Afek, Carney, Moore, 2022]

Dark Matter searches with optically levitated sensors
[Monteiro et al., 2020]
[Afek, et. al., 2021]
[Carney, et al., 2021]

Axion searches via the piezoaxionic effect
[Arvanitaki, Madden, et al., 2023]

Mechanical sensors

Electromagnetic cavities as mechanical bars for gravitational waves
[Berlin, Blas, et al., 2023]

Magnets as weber bar gravitational wave detectors
[Domcke, Ellis, Rodd, 2024]
[Carney, Higgins, et al., 2024]



[Review: M. Aspelmeyer, T. J. Kippenberg, F. Marquardt, 2013. Thesis at J. Harris lab.]
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Mechanical sensors: AxiOptomechanics
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AIs: the Principle

<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp
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detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

  pulseπ/2 1 2

AIs: the Principle
Review: arXiv:2003.12516 



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

  pulseπ/2

AIs: the Principle

Beamsplitter 50/50

π/2
50/50

Review: arXiv:2003.12516 



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: the Principle
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<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

  pulseπ

Mirror

AIs: the Principle

π/2
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<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: the Principle

π/2
50/50

Review: arXiv:2003.12516 



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

  pulseπ/2

<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

Beam-splitter 50/50

AIs: the Principle

π/2
50/50

π/2

Review: arXiv:2003.12516 



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

  pulseπ/2

<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>
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AIs: the Principle
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<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

e
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<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

e



• [Wacker, 2010], [Rosi, Sorrentino, et al. 2014] [Biedermann, Wu, et 
al. 2015] [Rosi, D’Amico, et al. 2017] [Fray, Diez, et al. 2004] 
[Schlippert, Hartwig, et al. 2014] [Zhou, Long, et al. 2015] [Barrett, 
Antoni-Micollier, et al. 2016] [Kuhn, McDonald, et al. 2014] 
[Barrett, Antoni-Micollier, et al. 2015] [Tarallo, Mazzoni, et al 
2014] [Bonnin, Zahzam et al. 2013] [Hartwig, Abend, et al. 2015] 
[Asenbaum, Overstreet, et al 2020] [Williams, Chiow, et al. 2016] 
[Battelier, Berge, et al., 2019] ….
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[Graham, Kaplan, et al. 2016] 
[Arvanitaki, Graham, et al. 2018] 
[Kolb, Weers, et al. 2018] 
[Antypas, Banerjee, 2022] 
[Badurnina, Gipson, et al. 2022] 
[Badurnina, Beniwal, et al. 2023] 
… 

ULDM

[Dimopoulos, Graham,  et al. 2008] [Hogan, Johnson, et al . 
2011], [Yu, Tinto, 2011] [Graham, Hogan, 2013], [Canuel, 
Bertoldi, et al. 2018] [Canuel, Abend, et al. 2020] [Kolkowitz, 
Pikovski, et al., 2016] [Zhan, Wang, et al. 2020] [El-Neaj, 
Alpigiani, et al. 2020] [Badurina, Bentine, et. Al. 2020] 
[Graham, Hogan, et al. 2016] [Graham, Hogan, et al. 2017], 
[Ballmer, Adhikari, et al. 2022] GWs

[Wicht et al, 2002] [Bennet et 
al. 2006] [Cadoret et al. 2008] 
[Terranova, Tino, 2014]… EDMs

5th forces
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AIs: Examples

STANFORD 
10-m atomic fountain

 mm,   
 m,  s

rcloud ∼ 0.2 N ∼ 108

Δx = 0.1 texp = 2

87Rb
87Rb

MAGIS-100 AION ZAIGA

MIGA

BECCAL  m,   
 m,  s
rcloud ∼ 0.1μ N ∼ 1010

Δx = 0.1μ texp = 100

GDM

AEDGE

ZHAOSHAN   
12-m atomic fountain

87Rb

MAQRO  SiO2

LKB
UCB



AIs: e.g. AION
https://arxiv.org/pdf/1911.11755

ULDM

GWs
[from O. Buchmuller’s slides] 
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Low Energy Precision: Nature

Particle-like

Quantum Sensors as Particle Detectors

MIND THE THRESHOLD

[K. Zurek]

DM
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1
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Traditional  
WIMP DD 

(nuclear recoil)

~keV energy 
resolution

…

Low Energy Precision: experiments

LUX, PandaX, 
XENON1T, 
XENONnT, 
DarkSide-20k, 
SuperCDMS… 

Energy inprint
(=mass for non-rel)



[Essig, Volansky, Yu, 2017] 
[Emken, Essig, Kouvaris, Sholapurka, 2019] 
[Blanco, Collar, Kahn, Lillard, 2019] 
[Blanco, Kahn, Lillard, McDermott, 2021] 
[Blanco, Essig, Fernandez-Serra, Ramani, Slone, 2022] 

[Essig, Mardon, Volansky, 2011] 
[Graham, Kaplan, Rajendran, Walters, 2012] 
[Lee, Lisanti, Mishra-Sharma, Safdi, 2015] 

~eV energy 
resolution

Semiconductors

Ionization

Graphene

Fluoresence

Migdal Effects

Energy inprint
(=mass for non-rel)

Low Energy Precision: experiments



[Essig, Fernandez-Serra, Mardon, Soto, Volansky, Yu, 2015] 
[Derenzo, Essig, Massari, Soto, Yu, 2016] 
[Hochberg, Lin, Zurek, 2016] 
[Bloch, Essig, Tobioka, Volansky, Yu, 2016] 
[Kurinsky, Yu, Hochberg, Cabrera, 2019]
[Griffin, Inzani, Trickle, Zhang, Zurek, 2019] 
[Coskuner, Mitridate, Olivares, Zurek, 2020] 
[Mitridate, Trickle, Zhang, Zurek, 2021] 
[Chen, Mitridate, Trickle, et al, 2022] 
[Das, Kurinsky, Leane, 2024]

~meV energy 
resolution

Collective excitations 
(phonons, magnons, polaritons….)

Energy inprint
(=mass for non-rel)

Low Energy Precision: experiments
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Energy inprint
(=mass for non-rel)

[Riedel, Yavin, 2016]

Low Energy Precision: experiments
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<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

e

???

<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

� �

�

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom
�

AI



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom

AI

env



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

λ = 2π/q

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom

env

AI



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

!

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom

λ = 2π/q



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

!

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom

λ = 2π/q



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

λ = 2π/q

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

λ = 2π/q

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

λ = 2π/q

Decoherence Kernel

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom



<latexit sha1_base64="BEH/dMCOmcp1OD76LUKgLY13yjE=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbSUDbbSbt0Nwm7E7GE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvTKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3QmZAihhaKFBCJ9XAVCjhIRzdTP2HR9BGJPE9jlMIFBvEIhKcoZX8LsIT5igUTHrVmlt3Z6DLxCtIjRRo9qpf3X7CMwUxcsmM8T03xSBnGgWXMKl0MwMp4yM2AN/SmCkwQT47eUJPrNKnUaJtxUhn6u+JnCljxiq0nYrh0Cx6U/E/z88wugpyEacZQszni6JMUkzo9H/aFxo4yrEljGthb6V8yDTjaFOq2BC8xZeXSfus7l3U3bvzWuO6iKNMjsgxOSUeuSQNckuapEU4ScgzeSVvDjovzrvzMW8tOcXMIfkD5/MH+l6RtQ==</latexit>

time
<latexit sha1_base64="SJJMYqoR0xns8Q6+/ERbp9h+ybQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUcPvlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreVdVtXFZqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBer+MuQ==</latexit>

0

<latexit sha1_base64="gm1ANHI6MhN7H4QKIxUVTfc+EM8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdSbGE/hMvHhTx6j/x5r9x2+agrQ8GHu/NMDMvSAXX6LrfVmltfWNzq7xd2dnd2z+wD49aOskUgyZLRKI6AdUguIQmchTQSRXQOBDQDkZ3M789BqV5Ih9xkoIf04HkEWcUjdS37R7CE+YhILCZMu3bVbfmzuGsEq8gVVKg0be/emHCshgkMkG17npuin5OFXImYFrpZRpSykZ0AF1DJY1B+/n88qlzZpTQiRJlSqIzV39P5DTWehIHpjOmONTL3kz8z+tmGN34OZdphiDZYlGUCQcTZxaDE3JlHhYTQyhT3NzqsCFVlKEJq2JC8JZfXiWti5p3VXMfLqv12yKOMjkhp+SceOSa1Mk9aZAmYWRMnskrebNy68V6tz4WrSWrmDkmf2B9/gBm55Qo</latexit>

detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>

laser 1

<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>

laser 2

<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>

distance

<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>

1
2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>

Texp

AIs: Collisional Decoherence

λ = 2π/q

Decoherence Kernel

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

A single atom

λ = 1/q ≷ Δx
DECOHERENCE
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AIs: Collisional Decoherence
Single-atom system
[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]

Decoherence Kernel



Threshold-less detectors!!

ATOM INTEROMETERS

Energy inprint
(=mass for non-rel)

! COHERENT EFFECTS

Low Energy Precision:  N2



Threshold-less detectors!!

ATOM INTEROMETERS

Energy inprint
(=mass for non-rel)

! COHERENT EFFECTS

[Freedman, 1973]
e.g. coherent neutrino scattering

coh

Low Energy Precision:  N2
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Threshold-less detectors!!

ATOM INTEROMETERS

Energy inprint
(=mass for non-rel)

!
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Threshold-less detectors!!

ATOM INTEROMETERS

Energy inprint
(=mass for non-rel)

!

Xenon and cloud

MIN

keV
λCνB = O(mm)

Low Energy Precision:  N2



AIs: Collisional Decoherence
Multi-atom system (distinguishable)
[Badurina, CM, Plestid, 2024]



AIs: Collisional Decoherence
Multi-atom system (distinguishable)
[Badurina, CM, Plestid, 2024]

*



AIs: Collisional Decoherence
Multi-atom system (distinguishable)
[Badurina, CM, Plestid, 2024]



AIs: Collisional Decoherence
Multi-atom system (distinguishable)

Decoherence Kernel 1-body measurement

[Badurina, CM, Plestid, 2024]



AIs: Collisional Decoherence
Multi-atom system (distinguishable)
[Badurina, CM, Plestid, 2024]

Extended formalism     
w/ R. Plestid 

(including shape of the cloud, 
undistinguishable atoms, thermal 

effects…)
λ = 1/q ≷ rc

COHERENCE



AIs: Collisional Decoherence

[Riedel, 2013]
[Riedel, Yavin, 2017]
[Du, CM, Pardo, Wang, Zurek, 2022]
[Du, CM, Pardo, Wang, Zurek, 2023]

Particle scattering
e.g. Dark Matter



AIs: Collisional Decoherence

[Riedel, 2013]
[Riedel, Yavin, 2017]
[Du, CM, Pardo, Wang, Zurek, 2022]
[Du, CM, Pardo, Wang, Zurek, 2023]
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AIs: Collisional Decoherence

[Badurina, CM, Plestid, 2024]

[Riedel, 2013]
[Riedel, Yavin, 2017]
[Du, CM, Pardo, Wang, Zurek, 2022]
[Du, CM, Pardo, Wang, Zurek, 2023]

Particle scattering
e.g. Dark Matter

[Joss, Zeh, 1985]
[Hornberger, Sipe, 2003]



AIs: Some bounds (dark matter)
�
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SM physics !

[Du, CM, Pardo, Wang, Zurek, 2023]

AIs: Backgrounds
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SM physics

[Du, CM, Pardo, Wang, Zurek, 2023]
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“Take home” message



Or under construction: 

MAGIS-100

AION

Table-top experiments already   !∃

MIGA

e.g. Atom interferometers

STANFORD 
10-m atomic fountain

ZHAOSHAN 
12-m atomic fountain

L. Kastler Brossel

BERKELEY



Table-top experiments already   !∃

Jack Harris 
Yale University

Yogesh Patil 
Yale University

 

[CM, Y. Wang, K. M. Zurek. 2022] 

Optomechanicse.g.

HeHe



 

[CM, Y. Wang, K. M. Zurek. 2022] 

Table-top experiments already   !∃

Jack Harris 
Yale University

Yogesh Patil 
Yale University

 

Optomechanicse.g.

HeHe

Keith Schwab 
Caltech



Boundaries unreached !!
e.g.

[Huntemann et al., 2016] 
[Nicholson et al. 2015]  
[Poli et al. 2013] 
[Safranova et al. 2017]

Nuclear clocks [Peik et al. 2021]

Atomic clocks

ℏ



Spain is going quantum!

BUDGET 
EUR 22 Million 
EXECUTION 
01/01/22 – 31/12/25



Spain is going quantum!

Quantum sensing using ultra-cold atoms

M. Mitchell 
ICFO

R. Sewell 
ICFO

O. Romero-Isart 
ICFO

(a biased example)



Enrique Rico Ortega 
UPV/EHU/CERN

Quantum sensing using ultra-cold atoms

M. Mitchell 
ICFO

R. Sewell 
ICFO

O. Romero-Isart 
ICFO

(a biased example)

(another biased example)

Spain is going quantum!



(Beyond) the SM: “how” to look?
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