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Coherently enhanced decoherence



Why quantum sensors?
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DEMAND FOR PRECISION 
IN LOW ENERGY 

PHYSICS (as well!!)

wave-like particle-like composite

Also SM!
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Lowering the threshold
There is plenty of room at the bottom!

How do we “direct-detect” 
elusive particles?
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How do atom interferometers access ￼? Γ



Atom interferometry
1 atom

measurement

di
st

an
ce

time (analogy with light)

state preparation evolution
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detection<latexit sha1_base64="mrw8KKIymW/DQrLKCreIw9iL0gw=">AAACCXicbVC7SgNBFJ31GeNr1dJmMAhWYVdELYM2lhHMA7IhzE5ukiGzD2buimHZ1sZfsbFQxNY/sPNvnGy20MQDA4dz7z33zvFjKTQ6zre1tLyyurZe2ihvbm3v7Np7+00dJYpDg0cyUm2faZAihAYKlNCOFbDAl9Dyx9fTeuselBZReIeTGLoBG4ZiIDhDI/Vs6iE8YO6TKuhnaeqpgErjqKhH3Szr2RWn6uSgi8QtSIUUqPfsL68f8SSAELnx0R3XibGbMoWCS8jKXqIhZnzMhtAxNGQB6G6aX5DRY6P06SBS5oVIc/X3RMoCrSeBbzoDhiM9X5uK/9U6CQ4uu6kI4wQh5LNFg0RSjOg0FtoXCjjKiSGMK2FupXzEFONowiubENz5Ly+S5mnVPa86t2eV2lURR4kckiNyQlxyQWrkhtRJg3DySJ7JK3mznqwX6936mLUuWcXMAfkD6/MHHFCakg==</latexit>
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<latexit sha1_base64="bIsfMCldpBlS75niR7tq1QT0Z24=">AAACCXicbVC7SgNBFJ2NrxhfUUubwSBYhd0gahm0sYxgHpBdwuzkJhky+2DmrhiWbW38FRsLRWz9Azv/xkmyhSYeGDice++5d44fS6HRtr+twsrq2vpGcbO0tb2zu1feP2jpKFEcmjySker4TIMUITRRoIROrIAFvoS2P76e1tv3oLSIwjucxOAFbBiKgeAMjdQrUxfhAWc+qYJ+lqauCqg0joq6tJZlvXLFrtoz0GXi5KRCcjR65S+3H/EkgBC58dFdx47RS5lCwSVkJTfREDM+ZkPoGhqyALSXzi7I6IlR+nQQKfNCpDP190TKAq0ngW86A4YjvVibiv/VugkOLr1UhHGCEPL5okEiKUZ0GgvtCwUc5cQQxpUwt1I+YopxNOGVTAjO4peXSatWdc6r9u1ZpX6Vx1EkR+SYnBKHXJA6uSEN0iScPJJn8krerCfrxXq3PuatBSufOSR/YH3+AB3WmpM=</latexit>
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<latexit sha1_base64="w9f1vKC6Z4g7yNwsO9iGSCPzeuk=">AAAB+HicbVBNS8NAEN34WetHox69BIvgqSQi6rHoxWMF+wFtKJvNpF262YTdiVhDf4kXD4p49ad489+4bXPQ1gcDj/dmmJkXpIJrdN1va2V1bX1js7RV3t7Z3avY+wctnWSKQZMlIlGdgGoQXEITOQropApoHAhoB6Obqd9+AKV5Iu9xnIIf04HkEWcUjdS3Kz2ER8xDs4lKBpO+XXVr7gzOMvEKUiUFGn37qxcmLItBIhNU667npujnVCFnAiblXqYhpWxEB9A1VNIYtJ/PDp84J0YJnShRpiQ6M/X3RE5jrcdxYDpjikO96E3F/7xuhtGVn3OZZgiSzRdFmXAwcaYpOCFXwFCMDaFMcXOrw4ZUUYYmq7IJwVt8eZm0zmreRc29O6/Wr4s4SuSIHJNT4pFLUie3pEGahJGMPJNX8mY9WS/Wu/Uxb12xiplD8gfW5w+Lv5Oq</latexit>
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<latexit sha1_base64="J4xRw2ObM1d+l4FLqp6J7ED2zqc=">AAACAnicbVDJSgNBEO1xjXEb9SReGoPgKcwEUY9BLx4jZIMkhJ5OTdKkZ6G7RhKGwYu/4sWDIl79Cm/+jZ3loIkPCh7vVVFVz4ul0Og439bK6tr6xmZuK7+9s7u3bx8c1nWUKA41HslINT2mQYoQaihQQjNWwAJPQsMb3k78xgMoLaKwiuMYOgHrh8IXnKGRuvZxG33FeOpmaSmj1W4bYYQpjOKsaxecojMFXSbunBTIHJWu/dXuRTwJIEQumdYt14mxkzKFgkvI8u1EQ8z4kPWhZWjIAtCddPpCRs+M0qN+pEyFSKfq74mUBVqPA890BgwHetGbiP95rQT9604qwjhBCPlskZ9IihGd5EF7QgFHOTaEcSXMrZQPmIkETWp5E4K7+PIyqZeK7mXRub8olG/mceTICTkl58QlV6RM7kiF1Agnj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+ALOHl6I=</latexit>
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<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>
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<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>
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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>
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�

<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>
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2Texp

<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>
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<latexit sha1_base64="fie1kOS0vo0tEyxi2sCCD40IjIs="></latexit>
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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>
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�

<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>
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<latexit sha1_base64="mgmIJ0p1g7gyaBfR9S0njcuOztg=">AAAB83icbVBNS8NAEN3Ur1q/qh69BIvgqSQi6rHoxWOFthaaUDbbabt0s1l2J9IS+je8eFDEq3/Gm//GbZuDtj4YeLw3w8y8SAlu0PO+ncLa+sbmVnG7tLO7t39QPjxqmSTVDJosEYluR9SA4BKayFFAW2mgcSTgMRrdzfzHJ9CGJ7KBEwVhTAeS9zmjaKWg0Q0QxpjBWE275YpX9eZwV4mfkwrJUe+Wv4JewtIYJDJBjen4nsIwoxo5EzAtBakBRdmIDqBjqaQxmDCb3zx1z6zSc/uJtiXRnau/JzIaGzOJI9sZUxyaZW8m/ud1UuzfhBmXKkWQbLGonwoXE3cWgNvjGhiKiSWUaW5vddmQasrQxlSyIfjLL6+S1kXVv6p6D5eV2m0eR5GckFNyTnxyTWrkntRJkzCiyDN5JW9O6rw4787HorXg5DPH5A+czx+dJJIQ</latexit>
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How can we detect particles with them?
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<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

1 <latexit sha1_base64="ik9NNK+Tos8aYLbYoX+9ljxpwI0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiBz1WsB/QhDLZbtqlu0nY3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZoqxJE5GoToiaCR6zpuFGsE6qGMpQsHY4up357SemNE/iRzNOWSBxEPOIUzRW8v07lBKJbxLi9soVt+rOQVaJl5MK5Gj0yl9+P6GZZLGhArXuem5qggkqw6lg05KfaZYiHeGAdS2NUTIdTOY3T8mZVfokSpSt2JC5+ntiglLrsQxtp0Qz1MveTPzP62Ymug4mPE4zw2K6WBRlgtgXZwGQPleMGjG2BKni9lZCh6iQGhtTyYbgLb+8SloXVe+yWnuoVeo3eRxFOIFTOAcPrqAO99CAJlBI4Rle4c3JnBfn3flYtBacfOYY/sD5/AHV2JDp</latexit>

! → 0

2

0

[Joss, Zeh, 1985]

[Hornberger, Sipe, 2003]
[Gallis, Fleming, 1990]

<latexit sha1_base64="pwGBfiJNtS1A0uyQ5EHPSBRXcX0="></latexit>

Ng

Ng +Ne

∣∣∣∣
th

= Tr{ω(T )|g→↑g|}(ϕ)
0



Atom interferometry
1 atom

measurement

0 2π

1

0.5

(ϕ) =

tunable phase

evolution

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="R7ovi1uwmiH8pWyLmJ2DhcWpzqc="></latexit>

+T̂ ω̂T̂ † → 1
2{T̂

†T̂ , ω̂}

Decoherence Kernel

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

1 <latexit sha1_base64="ik9NNK+Tos8aYLbYoX+9ljxpwI0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiBz1WsB/QhDLZbtqlu0nY3Qil9G948aCIV/+MN/+N2zYHbX0w8Hhvhpl5YSq4Nq777RTW1jc2t4rbpZ3dvf2D8uFRSyeZoqxJE5GoToiaCR6zpuFGsE6qGMpQsHY4up357SemNE/iRzNOWSBxEPOIUzRW8v07lBKJbxLi9soVt+rOQVaJl5MK5Gj0yl9+P6GZZLGhArXuem5qggkqw6lg05KfaZYiHeGAdS2NUTIdTOY3T8mZVfokSpSt2JC5+ntiglLrsQxtp0Qz1MveTPzP62Ymug4mPE4zw2K6WBRlgtgXZwGQPleMGjG2BKni9lZCh6iQGhtTyYbgLb+8SloXVe+yWnuoVeo3eRxFOIFTOAcPrqAO99CAJlBI4Rle4c3JnBfn3flYtBacfOYY/sD5/AHV2JDp</latexit>

! → 0

2

3

0

[Joss, Zeh, 1985]

[Hornberger, Sipe, 2003]
[Gallis, Fleming, 1990]

<latexit sha1_base64="pwGBfiJNtS1A0uyQ5EHPSBRXcX0="></latexit>

Ng

Ng +Ne

∣∣∣∣
th

= Tr{ω(T )|g→↑g|}(ϕ)



Atom interferometry
1 atom

measurement

0 2π

1

0.5

(ϕ) =

tunable phase

evolution

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="R7ovi1uwmiH8pWyLmJ2DhcWpzqc="></latexit>

+T̂ ω̂T̂ † → 1
2{T̂

†T̂ , ω̂}

Decoherence Kernel

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t
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Phase EÆect

[Joss, Zeh, 1985]

[Hornberger, Sipe, 2003]
[Gallis, Fleming, 1990]

<latexit sha1_base64="pwGBfiJNtS1A0uyQ5EHPSBRXcX0="></latexit>

Ng

Ng +Ne

∣∣∣∣
th

= Tr{ω(T )|g→↑g|}(ϕ)



Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

Statistics
<latexit sha1_base64="zBHFAkWyiApKFs5cRfG/ORMnw4o=">AAACDnicbVDLSsNAFJ34rPUVdelmsBRc1USKuhGKblxJBfuApoTJdNoOnUnizI1QYr7Ajb/ixoUibl2782+cPhbaeuDC4Zx7ufeeIBZcg+N8WwuLS8srq7m1/PrG5ta2vbNb11GiKKvRSESqGRDNBA9ZDTgI1owVIzIQrBEMLkd+454pzaPwFoYxa0vSC3mXUwJG8u2i12ECCPbiPscPfuopiXU/ggyfY/fI03cK0uvMtwtOyRkDzxN3Sgpoiqpvf3mdiCaShUAF0brlOjG0U6KAU8GyvJdoFhM6ID3WMjQkkul2On4nw0WjdHA3UqZCwGP190RKpNZDGZhOSaCvZ72R+J/XSqB71k55GCfAQjpZ1E0EhgiPssEdrhgFMTSEUMXNrZj2iSIUTIJ5E4I7+/I8qR+X3JNS+aZcqFxM48ihfXSADpGLTlEFXaEqqiGKHtEzekVv1pP1Yr1bH5PWBWs6s4f+wPr8AUC0m54=</latexit>

ωε|shot = 1/
→
N



Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106



Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106

[Badurina, CM, Plestid, 2024]
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Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106

[Badurina, CM, Plestid, 2024]
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Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106

[Badurina, CM, Plestid, 2024]
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Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106

[Badurina, CM, Plestid, 2024]
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measurement

(ϕ) =

Decoherence Kernel 1-body 

<latexit sha1_base64="pwGBfiJNtS1A0uyQ5EHPSBRXcX0="></latexit>

Ng

Ng +Ne

∣∣∣∣
th

= Tr{ω(T )|g→↑g|}(ϕ)

HUGE ENHANCEMENT!



Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106

[Badurina, CM, Plestid, 2024]

measurement

Decoherence Kernel 1-body 

[CM, Plestid, 2025]



Atom interferometry
N atoms

<latexit sha1_base64="+05NRyq3hneV1+630yBlCnZaR1U="></latexit>

ω(T ) =
1

2

(
1 εeiω

ε→e↑iω

)

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="ZcZ4nL1jOHrJeJj2+wGax+TcyTA=">AAACA3icbVDJSgNBEO2JW4zbqDe9NAbBU5iRoF6EuBw8RjALZIahp9OTNOlZ6K4RwzDgxV/x4kERr/6EN//GznLQxAcFj/eqqKrnJ4IrsKxvo7CwuLS8Ulwtra1vbG6Z2ztNFaeSsgaNRSzbPlFM8Ig1gINg7UQyEvqCtfzB1chv3TOpeBzdwTBhbkh6EQ84JaAlz9xzrpkAgh/wOXYCSWg2yLPQu8gxeGbZqlhj4HliT0kZTVH3zC+nG9M0ZBFQQZTq2FYCbkYkcCpYXnJSxRJCB6THOppGJGTKzcY/5PhQK10cxFJXBHis/p7ISKjUMPR1Z0igr2a9kfif10khOHMzHiUpsIhOFgWpwBDjUSC4yyWjIIaaECq5vhXTPtFJgI6tpEOwZ1+eJ83jin1Sqd5Wy7XLaRxFtI8O0BGy0SmqoRtURw1E0SN6Rq/ozXgyXox342PSWjCmM7voD4zPH9Yvlwc=</latexit>

!x =
k

mA
t

<latexit sha1_base64="/La8zVr7nGbK+RAd3+S4VvmHHkE=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRIp6s6iG5cV7AOaUCbT23boZBJnJoUagr/ixoUibv0Pd/6N0zYLbT1w4XDOvdx7TxBzprTjfFtLyyura+uFjeLm1vbOrr2331BRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8GbiN0cgFYvEvR7H4IekL1iPUaKN1LEPPaUJHUrg6VWWevCQsFHWsUtO2ZkCLxI3JyWUo9axv7xuRJMQhKacKNV2nVj7KZGaUQ5Z0UsUxGYN6UPbUEFCUH46vT7DJ0bp4l4kTQmNp+rviZSESo3DwHSGRA/UvDcR//Paie5d+ikTcaJB0NmiXsKxjvAkCtxlEqjmY0MIlczciumASEK1CaxoQnDnX14kjbOye16u3FVK1es8jgI6QsfoFLnoAlXRLaqhOqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPecaV5g==</latexit>

?→
<latexit sha1_base64="Kip2GzjDlFnHSiz6rJ5V5+Igcy4=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2FpoY9lsN+3STTbsToQS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNirVjLeYkkp3Amq4FDFvoUDJO4nmNAokfwjGNzP/4YlrI1R8j5OE+xEdxiIUjKKVuj0UETfEcx/r/XLFrbpzkFXi5aQCOZr98ldvoFga8RiZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy2Nqd3kZ/OTp+TMKgMSKm0rRjJXf09kNDJmEgW2M6I4MsveTPzP66YYXvmZiJMUecwWi8JUElRk9j8ZCM0ZyokllGlhbyVsRDVlaFMq2RC85ZdXSfui6tWrtbtapXGdx1GEEziFc/DgEhpwC01oAQMFz/AKbw46L86787FoLTj5zDH8gfP5AyQbkIQ=</latexit>

→106

[Badurina, CM, Plestid, 2024]

measurement

Decoherence Kernel 1-body 

The Debye-Waller factor (cloud form factor squared)

[CM, Plestid, 2025]



Δϕ = ϕ + γ0 + Nγ

How do we test the “coherenctly enhanced 
decoherence” at the lab?



Enhanced phase-shift
How do we test it?

env
Lindblad eq

<latexit sha1_base64="KmhDUpHKZx0QnBmI0nSjYyS6x7s=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwEUoiRV3Wx8KVVOgLmhAm02k7dDIJMxOxhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD0VXmt++JkDTiDTWOiReiAad9ipHSkm9C95owheCDBW8teGFBN0RqiBFLGxMLCh/7Ztmu2FPAReLkpAxy1H3zy+1FOAkJV5ghKbuOHSsvRUJRzMik5CaSxAiP0IB0NeUoJNJLp59M4JFWerAfCV1cwan6eyJFoZTjMNCd2Z1y3svE/7xuovrnXkp5nCjC8WxRP2FQRTCLBfaoIFixsSYIC6pvhXiIBMJKh1fSITjzLy+S1knFOa1U76rl2mUeRxEcgENwDBxwBmrgBtRBE2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDaXqYRw==</latexit>

!x,N,A, T , rc
<latexit sha1_base64="hNUFSD1oX98qi2aSMkkiBu56xGc=">AAACK3icbVDLSgMxFM3UV62vqks3wSK4kDJTirosFcFlBfuATi2ZNNOGZh4md8QyzP+48Vdc6MIHbv0P03bw0XogcHLOuST3OKHgCkzzzcgsLC4tr2RXc2vrG5tb+e2dhgoiSVmdBiKQLYcoJrjP6sBBsFYoGfEcwZrO8GzsN2+ZVDzwr2AUso5H+j53OSWgpW6+aruS0NgGdgdxL7EV73sk+b7fXJeSIzyTqQ34T+I86eYLZtGcAM8TKyUFlKLWzT/ZvYBGHvOBCqJU2zJD6MREAqeCJTk7UiwkdEj6rK2pTzymOvFk1wQfaKWH3UDq4wOeqL8nYuIpNfIcnfQIDNSsNxb/89oRuKedmPthBMyn04fcSGAI8Lg43OOSURAjTQiVXP8V0wHRxYCuN6dLsGZXnieNUtE6LpYvy4VKNa0ji/bQPjpEFjpBFXSBaqiOKLpHj+gFvRoPxrPxbnxMoxkjndlFf2B8fgHkH6qI</latexit>

dω

dq2
,
d!

dE

AI



Enhanced phase-shift
How do we test it?

env
Lindblad eq

<latexit sha1_base64="KmhDUpHKZx0QnBmI0nSjYyS6x7s=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwEUoiRV3Wx8KVVOgLmhAm02k7dDIJMxOxhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD0VXmt++JkDTiDTWOiReiAad9ipHSkm9C95owheCDBW8teGFBN0RqiBFLGxMLCh/7Ztmu2FPAReLkpAxy1H3zy+1FOAkJV5ghKbuOHSsvRUJRzMik5CaSxAiP0IB0NeUoJNJLp59M4JFWerAfCV1cwan6eyJFoZTjMNCd2Z1y3svE/7xuovrnXkp5nCjC8WxRP2FQRTCLBfaoIFixsSYIC6pvhXiIBMJKh1fSITjzLy+S1knFOa1U76rl2mUeRxEcgENwDBxwBmrgBtRBE2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDaXqYRw==</latexit>

!x,N,A, T , rc
<latexit sha1_base64="hNUFSD1oX98qi2aSMkkiBu56xGc=">AAACK3icbVDLSgMxFM3UV62vqks3wSK4kDJTirosFcFlBfuATi2ZNNOGZh4md8QyzP+48Vdc6MIHbv0P03bw0XogcHLOuST3OKHgCkzzzcgsLC4tr2RXc2vrG5tb+e2dhgoiSVmdBiKQLYcoJrjP6sBBsFYoGfEcwZrO8GzsN2+ZVDzwr2AUso5H+j53OSWgpW6+aruS0NgGdgdxL7EV73sk+b7fXJeSIzyTqQ34T+I86eYLZtGcAM8TKyUFlKLWzT/ZvYBGHvOBCqJU2zJD6MREAqeCJTk7UiwkdEj6rK2pTzymOvFk1wQfaKWH3UDq4wOeqL8nYuIpNfIcnfQIDNSsNxb/89oRuKedmPthBMyn04fcSGAI8Lg43OOSURAjTQiVXP8V0wHRxYCuN6dLsGZXnieNUtE6LpYvy4VKNa0ji/bQPjpEFjpBFXSBaqiOKLpHj+gFvRoPxrPxbnxMoxkjndlFf2B8fgHkH6qI</latexit>

dω

dq2
,
d!

dE

AI

tunable phase



Enhanced phase-shift
How do we test it?

env
Lindblad eq

<latexit sha1_base64="KmhDUpHKZx0QnBmI0nSjYyS6x7s=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwEUoiRV3Wx8KVVOgLmhAm02k7dDIJMxOxhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD0VXmt++JkDTiDTWOiReiAad9ipHSkm9C95owheCDBW8teGFBN0RqiBFLGxMLCh/7Ztmu2FPAReLkpAxy1H3zy+1FOAkJV5ghKbuOHSsvRUJRzMik5CaSxAiP0IB0NeUoJNJLp59M4JFWerAfCV1cwan6eyJFoZTjMNCd2Z1y3svE/7xuovrnXkp5nCjC8WxRP2FQRTCLBfaoIFixsSYIC6pvhXiIBMJKh1fSITjzLy+S1knFOa1U76rl2mUeRxEcgENwDBxwBmrgBtRBE2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDaXqYRw==</latexit>

!x,N,A, T , rc
<latexit sha1_base64="hNUFSD1oX98qi2aSMkkiBu56xGc=">AAACK3icbVDLSgMxFM3UV62vqks3wSK4kDJTirosFcFlBfuATi2ZNNOGZh4md8QyzP+48Vdc6MIHbv0P03bw0XogcHLOuST3OKHgCkzzzcgsLC4tr2RXc2vrG5tb+e2dhgoiSVmdBiKQLYcoJrjP6sBBsFYoGfEcwZrO8GzsN2+ZVDzwr2AUso5H+j53OSWgpW6+aruS0NgGdgdxL7EV73sk+b7fXJeSIzyTqQ34T+I86eYLZtGcAM8TKyUFlKLWzT/ZvYBGHvOBCqJU2zJD6MREAqeCJTk7UiwkdEj6rK2pTzymOvFk1wQfaKWH3UDq4wOeqL8nYuIpNfIcnfQIDNSsNxb/89oRuKedmPthBMyn04fcSGAI8Lg43OOSURAjTQiVXP8V0wHRxYCuN6dLsGZXnieNUtE6LpYvy4VKNa0ji/bQPjpEFjpBFXSBaqiOKLpHj+gFvRoPxrPxbnxMoxkjndlFf2B8fgHkH6qI</latexit>

dω

dq2
,
d!

dE

AI

tunable phase

Incoherent-decoherence

Coherent-decoherence



Enhanced phase-shift
How do we test it?

env
Lindblad eq

<latexit sha1_base64="KmhDUpHKZx0QnBmI0nSjYyS6x7s=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwEUoiRV3Wx8KVVOgLmhAm02k7dDIJMxOxhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD0VXmt++JkDTiDTWOiReiAad9ipHSkm9C95owheCDBW8teGFBN0RqiBFLGxMLCh/7Ztmu2FPAReLkpAxy1H3zy+1FOAkJV5ghKbuOHSsvRUJRzMik5CaSxAiP0IB0NeUoJNJLp59M4JFWerAfCV1cwan6eyJFoZTjMNCd2Z1y3svE/7xuovrnXkp5nCjC8WxRP2FQRTCLBfaoIFixsSYIC6pvhXiIBMJKh1fSITjzLy+S1knFOa1U76rl2mUeRxEcgENwDBxwBmrgBtRBE2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDaXqYRw==</latexit>

!x,N,A, T , rc
<latexit sha1_base64="hNUFSD1oX98qi2aSMkkiBu56xGc=">AAACK3icbVDLSgMxFM3UV62vqks3wSK4kDJTirosFcFlBfuATi2ZNNOGZh4md8QyzP+48Vdc6MIHbv0P03bw0XogcHLOuST3OKHgCkzzzcgsLC4tr2RXc2vrG5tb+e2dhgoiSVmdBiKQLYcoJrjP6sBBsFYoGfEcwZrO8GzsN2+ZVDzwr2AUso5H+j53OSWgpW6+aruS0NgGdgdxL7EV73sk+b7fXJeSIzyTqQ34T+I86eYLZtGcAM8TKyUFlKLWzT/ZvYBGHvOBCqJU2zJD6MREAqeCJTk7UiwkdEj6rK2pTzymOvFk1wQfaKWH3UDq4wOeqL8nYuIpNfIcnfQIDNSsNxb/89oRuKedmPthBMyn04fcSGAI8Lg43OOSURAjTQiVXP8V0wHRxYCuN6dLsGZXnieNUtE6LpYvy4VKNa0ji/bQPjpEFjpBFXSBaqiOKLpHj+gFvRoPxrPxbnxMoxkjndlFf2B8fgHkH6qI</latexit>

dω

dq2
,
d!

dE

AI

tunable phase

Incoherent-decoherence

Coherent-decoherence

e.g. Kastler Brossel Lab



Enhanced phase-shift @ the lab
Via an IR-lamp

env
Lindblad eqAI

[CM, Plestid, 2025]

<latexit sha1_base64="KmhDUpHKZx0QnBmI0nSjYyS6x7s=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwEUoiRV3Wx8KVVOgLmhAm02k7dDIJMxOxhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD0VXmt++JkDTiDTWOiReiAad9ipHSkm9C95owheCDBW8teGFBN0RqiBFLGxMLCh/7Ztmu2FPAReLkpAxy1H3zy+1FOAkJV5ghKbuOHSsvRUJRzMik5CaSxAiP0IB0NeUoJNJLp59M4JFWerAfCV1cwan6eyJFoZTjMNCd2Z1y3svE/7xuovrnXkp5nCjC8WxRP2FQRTCLBfaoIFixsSYIC6pvhXiIBMJKh1fSITjzLy+S1knFOa1U76rl2mUeRxEcgENwDBxwBmrgBtRBE2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDaXqYRw==</latexit>

!x,N,A, T , rc



<latexit sha1_base64="nPnpmxENyuuNurHMaKiIE+/9tEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9IDXbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oX1fP780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/TSY2C</latexit>

t = 0

<latexit sha1_base64="dH0dPc3rj8da2ASV8ouK2cPSdWs=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFc1aQUdSMU3bis0Be0IUymk3boZBJmJkIJ8VfcuFDErR/izr9x0mahrQcGDufcyz1z/JhRqWz721hb39jc2i7tlHf39g8OzaPjrowSgUkHRywSfR9JwignHUUVI/1YEBT6jPT86V3u9x6JkDTibTWLiRuiMacBxUhpyTMr6mYYIjXBiKXtzEudi3rmmVW7Zs9hrRKnIFUo0PLMr+EowklIuMIMSTlw7Fi5KRKKYkay8jCRJEZ4isZkoClHIZFuOg+fWWdaGVlBJPTjypqrvzdSFEo5C309mQeVy14u/ucNEhVcuynlcaIIx4tDQcIsFVl5E9aICoIVm2mCsKA6q4UnSCCsdF9lXYKz/OVV0q3XnMta46FRbd4WdZTgBE7hHBy4gibcQws6gGEGz/AKb8aT8WK8Gx+L0TWj2KnAHxifP04xlI4=</latexit>

t = T1/2

<latexit sha1_base64="I+b049yyRhrLmzrV4eI4sFprCh4=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwVRIRdSMU3bis0Be0oUymk3boZBJnbgol9DvcuFDErR/jzr9x0mahrQcGDufcyz1z/FhwjY7zbRXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yyJnIUrBMrRkJfsLY/vs/89oQpzSPZwGnMvJAMJQ84JWgkD297IcERJSJtzPrlilN15rBXiZuTCuSo98tfvUFEk5BJpIJo3XWdGL2UKORUsFmpl2gWEzomQ9Y1VJKQaS+dh57ZZ0YZ2EGkzJNoz9XfGykJtZ6GvpnMIuplLxP/87oJBjdeymWcIJN0cShIhI2RnTVgD7hiFMXUEEIVN1ltOiKKUDQ9lUwJ7vKXV0nroupeVS8fLyu1u7yOIpzAKZyDC9dQgweoQxMoPMEzvMKbNbFerHfrYzFasPKdY/gD6/MH7m+SOA==</latexit>

t = T

<latexit sha1_base64="yMtldzR3jH5I9864cHjJ9tXmWMg=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegHjxGMA9MljA76SRDZmeXmV4xLvkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+O7ml5ZXVtfx6YWNza3unuLtXN1GiOdR4JCPdDJgBKRTUUKCEZqyBhYGERjC8mviNB9BGROoORzH4Iesr0ROcoZXu29cgkdHHzlOnWHLL7hR0kXgZKZEM1U7xq92NeBKCQi6ZMS3PjdFPmUbBJYwL7cRAzPiQ9aFlqWIhGD+dXjymR1bp0l6kbSmkU/X3RMpCY0ZhYDtDhgMz703E/7xWgr0LPxUqThAUny3qJZJiRCfv067QwFGOLGFcC3sr5QOmGUcbUsGG4M2/vEjqJ2XvrHx6e1qqXGZx5MkBOSTHxCPnpEJuSJXUCCeKPJNX8uYY58V5dz5mrTknm9knf+B8/gAxdpCe</latexit>

!xz

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

<latexit sha1_base64="G88yqedSUNvLaW1JqdHIMW6aVcQ=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiHjxWsB/QXUs2nW1Ds9mQZNWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dgpLyyura8X10sbm1vZOeXevqZNUUWjQhCeqHRINnAloGGY4tKUCEoccWuHwauK3HkBplog7M5IQxKQvWMQoMVa696+BG4Kfur4EJbvlilt1p8CLxMtJBeWod8tffi+haQzCUE607niuNEFGlGGUw7jkpxokoUPSh46lgsSgg2x69RgfWaWHo0TZEgZP1d8TGYm1HsWh7YyJGeh5byL+53VSE10EGRMyNSDobFGUcmwSPIkA95gCavjIEkIVs7diOiCKUGODKtkQvPmXF0nzpOqdVU9vTyu1yzyOIjpAh+gYeegc1dANqqMGokihZ/SK3pxH58V5dz5mrQUnn9lHf+B8/gBCW5Jf</latexit>

!x→

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

Enhanced phase-shift @ the lab
Via an IR-lamp

env
Lindblad eqAI

[CM, Plestid, 2025]

10x10 1mm￼ LED IR lamps 
1€ each

2

<latexit sha1_base64="KmhDUpHKZx0QnBmI0nSjYyS6x7s=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwEUoiRV3Wx8KVVOgLmhAm02k7dDIJMxOxhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD0VXmt++JkDTiDTWOiReiAad9ipHSkm9C95owheCDBW8teGFBN0RqiBFLGxMLCh/7Ztmu2FPAReLkpAxy1H3zy+1FOAkJV5ghKbuOHSsvRUJRzMik5CaSxAiP0IB0NeUoJNJLp59M4JFWerAfCV1cwan6eyJFoZTjMNCd2Z1y3svE/7xuovrnXkp5nCjC8WxRP2FQRTCLBfaoIFixsSYIC6pvhXiIBMJKh1fSITjzLy+S1knFOa1U76rl2mUeRxEcgENwDBxwBmrgBtRBE2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDaXqYRw==</latexit>

!x,N,A, T , rc



<latexit sha1_base64="nPnpmxENyuuNurHMaKiIE+/9tEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9IDXbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oX1fP780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/TSY2C</latexit>

t = 0

<latexit sha1_base64="dH0dPc3rj8da2ASV8ouK2cPSdWs=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFc1aQUdSMU3bis0Be0IUymk3boZBJmJkIJ8VfcuFDErR/izr9x0mahrQcGDufcyz1z/JhRqWz721hb39jc2i7tlHf39g8OzaPjrowSgUkHRywSfR9JwignHUUVI/1YEBT6jPT86V3u9x6JkDTibTWLiRuiMacBxUhpyTMr6mYYIjXBiKXtzEudi3rmmVW7Zs9hrRKnIFUo0PLMr+EowklIuMIMSTlw7Fi5KRKKYkay8jCRJEZ4isZkoClHIZFuOg+fWWdaGVlBJPTjypqrvzdSFEo5C309mQeVy14u/ucNEhVcuynlcaIIx4tDQcIsFVl5E9aICoIVm2mCsKA6q4UnSCCsdF9lXYKz/OVV0q3XnMta46FRbd4WdZTgBE7hHBy4gibcQws6gGEGz/AKb8aT8WK8Gx+L0TWj2KnAHxifP04xlI4=</latexit>

t = T1/2

<latexit sha1_base64="I+b049yyRhrLmzrV4eI4sFprCh4=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwVRIRdSMU3bis0Be0oUymk3boZBJnbgol9DvcuFDErR/jzr9x0mahrQcGDufcyz1z/FhwjY7zbRXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yyJnIUrBMrRkJfsLY/vs/89oQpzSPZwGnMvJAMJQ84JWgkD297IcERJSJtzPrlilN15rBXiZuTCuSo98tfvUFEk5BJpIJo3XWdGL2UKORUsFmpl2gWEzomQ9Y1VJKQaS+dh57ZZ0YZ2EGkzJNoz9XfGykJtZ6GvpnMIuplLxP/87oJBjdeymWcIJN0cShIhI2RnTVgD7hiFMXUEEIVN1ltOiKKUDQ9lUwJ7vKXV0nroupeVS8fLyu1u7yOIpzAKZyDC9dQgweoQxMoPMEzvMKbNbFerHfrYzFasPKdY/gD6/MH7m+SOA==</latexit>

t = T

<latexit sha1_base64="yMtldzR3jH5I9864cHjJ9tXmWMg=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegHjxGMA9MljA76SRDZmeXmV4xLvkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+O7ml5ZXVtfx6YWNza3unuLtXN1GiOdR4JCPdDJgBKRTUUKCEZqyBhYGERjC8mviNB9BGROoORzH4Iesr0ROcoZXu29cgkdHHzlOnWHLL7hR0kXgZKZEM1U7xq92NeBKCQi6ZMS3PjdFPmUbBJYwL7cRAzPiQ9aFlqWIhGD+dXjymR1bp0l6kbSmkU/X3RMpCY0ZhYDtDhgMz703E/7xWgr0LPxUqThAUny3qJZJiRCfv067QwFGOLGFcC3sr5QOmGUcbUsGG4M2/vEjqJ2XvrHx6e1qqXGZx5MkBOSTHxCPnpEJuSJXUCCeKPJNX8uYY58V5dz5mrTknm9knf+B8/gAxdpCe</latexit>

!xz

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

<latexit sha1_base64="G88yqedSUNvLaW1JqdHIMW6aVcQ=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiHjxWsB/QXUs2nW1Ds9mQZNWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dgpLyyura8X10sbm1vZOeXevqZNUUWjQhCeqHRINnAloGGY4tKUCEoccWuHwauK3HkBplog7M5IQxKQvWMQoMVa696+BG4Kfur4EJbvlilt1p8CLxMtJBeWod8tffi+haQzCUE607niuNEFGlGGUw7jkpxokoUPSh46lgsSgg2x69RgfWaWHo0TZEgZP1d8TGYm1HsWh7YyJGeh5byL+53VSE10EGRMyNSDobFGUcmwSPIkA95gCavjIEkIVs7diOiCKUGODKtkQvPmXF0nzpOqdVU9vTyu1yzyOIjpAh+gYeegc1dANqqMGokihZ/SK3pxH58V5dz5mrQUnn9lHf+B8/gBCW5Jf</latexit>

!x→

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

Enhanced phase-shift @ the lab
Via an IR-lamp

env
Lindblad eqAI

[CM, Plestid, 2025]

10x10 1mm￼ LED IR lamps 
1€ each

2

<latexit sha1_base64="KmhDUpHKZx0QnBmI0nSjYyS6x7s=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwEUoiRV3Wx8KVVOgLmhAm02k7dDIJMxOxhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD0VXmt++JkDTiDTWOiReiAad9ipHSkm9C95owheCDBW8teGFBN0RqiBFLGxMLCh/7Ztmu2FPAReLkpAxy1H3zy+1FOAkJV5ghKbuOHSsvRUJRzMik5CaSxAiP0IB0NeUoJNJLp59M4JFWerAfCV1cwan6eyJFoZTjMNCd2Z1y3svE/7xuovrnXkp5nCjC8WxRP2FQRTCLBfaoIFixsSYIC6pvhXiIBMJKh1fSITjzLy+S1knFOa1U76rl2mUeRxEcgENwDBxwBmrgBtRBE2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDaXqYRw==</latexit>

!x,N,A, T , rc

(within a  single shot)



<latexit sha1_base64="nPnpmxENyuuNurHMaKiIE+/9tEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9IDXbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oX1fP780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/TSY2C</latexit>

t = 0

<latexit sha1_base64="dH0dPc3rj8da2ASV8ouK2cPSdWs=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFc1aQUdSMU3bis0Be0IUymk3boZBJmJkIJ8VfcuFDErR/izr9x0mahrQcGDufcyz1z/JhRqWz721hb39jc2i7tlHf39g8OzaPjrowSgUkHRywSfR9JwignHUUVI/1YEBT6jPT86V3u9x6JkDTibTWLiRuiMacBxUhpyTMr6mYYIjXBiKXtzEudi3rmmVW7Zs9hrRKnIFUo0PLMr+EowklIuMIMSTlw7Fi5KRKKYkay8jCRJEZ4isZkoClHIZFuOg+fWWdaGVlBJPTjypqrvzdSFEo5C309mQeVy14u/ucNEhVcuynlcaIIx4tDQcIsFVl5E9aICoIVm2mCsKA6q4UnSCCsdF9lXYKz/OVV0q3XnMta46FRbd4WdZTgBE7hHBy4gibcQws6gGEGz/AKb8aT8WK8Gx+L0TWj2KnAHxifP04xlI4=</latexit>

t = T1/2

<latexit sha1_base64="I+b049yyRhrLmzrV4eI4sFprCh4=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwVRIRdSMU3bis0Be0oUymk3boZBJnbgol9DvcuFDErR/jzr9x0mahrQcGDufcyz1z/FhwjY7zbRXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yyJnIUrBMrRkJfsLY/vs/89oQpzSPZwGnMvJAMJQ84JWgkD297IcERJSJtzPrlilN15rBXiZuTCuSo98tfvUFEk5BJpIJo3XWdGL2UKORUsFmpl2gWEzomQ9Y1VJKQaS+dh57ZZ0YZ2EGkzJNoz9XfGykJtZ6GvpnMIuplLxP/87oJBjdeymWcIJN0cShIhI2RnTVgD7hiFMXUEEIVN1ltOiKKUDQ9lUwJ7vKXV0nroupeVS8fLyu1u7yOIpzAKZyDC9dQgweoQxMoPMEzvMKbNbFerHfrYzFasPKdY/gD6/MH7m+SOA==</latexit>

t = T

<latexit sha1_base64="yMtldzR3jH5I9864cHjJ9tXmWMg=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegHjxGMA9MljA76SRDZmeXmV4xLvkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+O7ml5ZXVtfx6YWNza3unuLtXN1GiOdR4JCPdDJgBKRTUUKCEZqyBhYGERjC8mviNB9BGROoORzH4Iesr0ROcoZXu29cgkdHHzlOnWHLL7hR0kXgZKZEM1U7xq92NeBKCQi6ZMS3PjdFPmUbBJYwL7cRAzPiQ9aFlqWIhGD+dXjymR1bp0l6kbSmkU/X3RMpCY0ZhYDtDhgMz703E/7xWgr0LPxUqThAUny3qJZJiRCfv067QwFGOLGFcC3sr5QOmGUcbUsGG4M2/vEjqJ2XvrHx6e1qqXGZx5MkBOSTHxCPnpEJuSJXUCCeKPJNX8uYY58V5dz5mrTknm9knf+B8/gAxdpCe</latexit>

!xz

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

<latexit sha1_base64="G88yqedSUNvLaW1JqdHIMW6aVcQ=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiHjxWsB/QXUs2nW1Ds9mQZNWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dgpLyyura8X10sbm1vZOeXevqZNUUWjQhCeqHRINnAloGGY4tKUCEoccWuHwauK3HkBplog7M5IQxKQvWMQoMVa696+BG4Kfur4EJbvlilt1p8CLxMtJBeWod8tffi+haQzCUE607niuNEFGlGGUw7jkpxokoUPSh46lgsSgg2x69RgfWaWHo0TZEgZP1d8TGYm1HsWh7YyJGeh5byL+53VSE10EGRMyNSDobFGUcmwSPIkA95gCavjIEkIVs7diOiCKUGODKtkQvPmXF0nzpOqdVU9vTyu1yzyOIjpAh+gYeegc1dANqqMGokihZ/SK3pxH58V5dz5mrQUnn9lHf+B8/gBCW5Jf</latexit>

!x→

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

<latexit sha1_base64="ht0f27895GRe5272R9iKfSqH+mw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBvUY9OIxgnlAsoTZySQZMju7zvQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDv1m09cGxGpBxzH3A/pQIm+YBSt1LognTOiu6xbLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7N4JObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+6lQcYJcsfmifiIJRmT6POkJzRnKsSWUaWFvJWxINWVoIyrYELzFl5dJ47zsXZYr95VS9SaLIw9HcAyn4MEVVOEOalAHBhKe4RXenEfnxXl3PuatOSebOYQ/cD5/AItpjwI=</latexit>

3 rc

<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→

<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→

<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→

<latexit sha1_base64="ht0f27895GRe5272R9iKfSqH+mw=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgQcKuBvUY9OIxgnlAsoTZySQZMju7zvQKYclPePGgiFd/x5t/4yTZgyYWNBRV3XR3BbEUBl3328mtrK6tb+Q3C1vbO7t7xf2DhokSzXidRTLSrYAaLoXidRQoeSvWnIaB5M1gdDv1m09cGxGpBxzH3A/pQIm+YBSt1LognTOiu6xbLLlldwayTLyMlCBDrVv86vQiloRcIZPUmLbnxuinVKNgkk8KncTwmLIRHfC2pYqG3Pjp7N4JObFKj/QjbUshmam/J1IaGjMOA9sZUhyaRW8q/ue1E+xf+6lQcYJcsfmifiIJRmT6POkJzRnKsSWUaWFvJWxINWVoIyrYELzFl5dJ47zsXZYr95VS9SaLIw9HcAyn4MEVVOEOalAHBhKe4RXenEfnxXl3PuatOSebOYQ/cD5/AItpjwI=</latexit>

3 rc

<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→

<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→

<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→
<latexit sha1_base64="IjroGyHCY6ooy4n0OAoundoU30c=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4sSRS1GPRi8cKpi20sWy203bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAiujet+Oyura+sbm4Wt4vbO7t5+6eCwoeNUMfRZLGLVCqlGwSX6hhuBrUQhjUKBzXB0O/WbT6g0j+WDGScYRHQgeZ8zaqzk42N2PumWym7FnYEsEy8nZchR75a+Or2YpRFKwwTVuu25iQkyqgxnAifFTqoxoWxEB9i2VNIIdZDNjp2QU6v0SD9WtqQhM/X3REYjrcdRaDsjaoZ60ZuK/3nt1PSvg4zLJDUo2XxRPxXExGT6OelxhcyIsSWUKW5vJWxIFWXG5lO0IXiLLy+TxkXFu6xU76vl2k0eRwGO4QTOwIMrqMEd1MEHBhye4RXeHOm8OO/Ox7x1xclnjuAPnM8froGOnQ==</latexit>

e→

<latexit sha1_base64="nPnpmxENyuuNurHMaKiIE+/9tEM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9IDXbq9ccavuDGSZeDmpQI56r/zV7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B1LFY248bPZqRNyYpU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/8TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0SjYEb/HlZdI8q3oX1fP780rtJo+jCEdwDKfgwSXU4A7q0AAGA3iGV3hzpPPivDsf89aCk88cwh84nz/TSY2C</latexit>

t = 0

<latexit sha1_base64="dH0dPc3rj8da2ASV8ouK2cPSdWs=">AAAB/HicbVDLSsNAFL3xWesr2qWbYBFc1aQUdSMU3bis0Be0IUymk3boZBJmJkIJ8VfcuFDErR/izr9x0mahrQcGDufcyz1z/JhRqWz721hb39jc2i7tlHf39g8OzaPjrowSgUkHRywSfR9JwignHUUVI/1YEBT6jPT86V3u9x6JkDTibTWLiRuiMacBxUhpyTMr6mYYIjXBiKXtzEudi3rmmVW7Zs9hrRKnIFUo0PLMr+EowklIuMIMSTlw7Fi5KRKKYkay8jCRJEZ4isZkoClHIZFuOg+fWWdaGVlBJPTjypqrvzdSFEo5C309mQeVy14u/ucNEhVcuynlcaIIx4tDQcIsFVl5E9aICoIVm2mCsKA6q4UnSCCsdF9lXYKz/OVV0q3XnMta46FRbd4WdZTgBE7hHBy4gibcQws6gGEGz/AKb8aT8WK8Gx+L0TWj2KnAHxifP04xlI4=</latexit>

t = T1/2

<latexit sha1_base64="I+b049yyRhrLmzrV4eI4sFprCh4=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwVRIRdSMU3bis0Be0oUymk3boZBJnbgol9DvcuFDErR/jzr9x0mahrQcGDufcyz1z/FhwjY7zbRXW1jc2t4rbpZ3dvf2D8uFRS0eJoqxJIxGpjk80E1yyJnIUrBMrRkJfsLY/vs/89oQpzSPZwGnMvJAMJQ84JWgkD297IcERJSJtzPrlilN15rBXiZuTCuSo98tfvUFEk5BJpIJo3XWdGL2UKORUsFmpl2gWEzomQ9Y1VJKQaS+dh57ZZ0YZ2EGkzJNoz9XfGykJtZ6GvpnMIuplLxP/87oJBjdeymWcIJN0cShIhI2RnTVgD7hiFMXUEEIVN1ltOiKKUDQ9lUwJ7vKXV0nroupeVS8fLyu1u7yOIpzAKZyDC9dQgweoQxMoPMEzvMKbNbFerHfrYzFasPKdY/gD6/MH7m+SOA==</latexit>

t = T

<latexit sha1_base64="yMtldzR3jH5I9864cHjJ9tXmWMg=">AAAB8XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKqMegHjxGMA9MljA76SRDZmeXmV4xLvkLLx4U8erfePNvnCR70MSChqKqm+6uIJbCoOt+O7ml5ZXVtfx6YWNza3unuLtXN1GiOdR4JCPdDJgBKRTUUKCEZqyBhYGERjC8mviNB9BGROoORzH4Iesr0ROcoZXu29cgkdHHzlOnWHLL7hR0kXgZKZEM1U7xq92NeBKCQi6ZMS3PjdFPmUbBJYwL7cRAzPiQ9aFlqWIhGD+dXjymR1bp0l6kbSmkU/X3RMpCY0ZhYDtDhgMz703E/7xWgr0LPxUqThAUny3qJZJiRCfv067QwFGOLGFcC3sr5QOmGUcbUsGG4M2/vEjqJ2XvrHx6e1qqXGZx5MkBOSTHxCPnpEJuSJXUCCeKPJNX8uYY58V5dz5mrTknm9knf+B8/gAxdpCe</latexit>

!xz

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

<latexit sha1_base64="G88yqedSUNvLaW1JqdHIMW6aVcQ=">AAAB9XicbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiHjxWsB/QXUs2nW1Ds9mQZNWy9H948aCIV/+LN/+NabsHbX0w8Hhvhpl5oeRMG9f9dgpLyyura8X10sbm1vZOeXevqZNUUWjQhCeqHRINnAloGGY4tKUCEoccWuHwauK3HkBplog7M5IQxKQvWMQoMVa696+BG4Kfur4EJbvlilt1p8CLxMtJBeWod8tffi+haQzCUE607niuNEFGlGGUw7jkpxokoUPSh46lgsSgg2x69RgfWaWHo0TZEgZP1d8TGYm1HsWh7YyJGeh5byL+53VSE10EGRMyNSDobFGUcmwSPIkA95gCavjIEkIVs7diOiCKUGODKtkQvPmXF0nzpOqdVU9vTyu1yzyOIjpAh+gYeegc1dANqqMGokihZ/SK3pxH58V5dz5mrQUnn9lHf+B8/gBCW5Jf</latexit>

!x→

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

<latexit sha1_base64="SOSB4jKE15YUgBMqDXiq9HqjOC0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN2J0IN/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//ci1EbF6wEnC/YgOlQgFo2ildm9EMXua9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AG2NI/U</latexit>

ẑ

<latexit sha1_base64="VQYXzvns1ZjKUUUIJoohZy0etlk=">AAACAXicbVA9SwNBEN3zM8avUxvBZjEIVuFOgloGbSwjmA/IHWFvs0mW7O0tu3NCPGLjX7GxUMTWf2Hnv3GTXKGJDwYe780wMy9SghvwvG9naXlldW29sFHc3Nre2XX39hsmSTVldZqIRLciYpjgktWBg2AtpRmJI8Ga0fB64jfvmTY8kXcwUiyMSV/yHqcErNRxDwM1IBKSOBt3AsW0wsGAQPYw7rglr+xNgReJn5MSylHruF9BN6FpzCRQQYxp+56CMCMaOBVsXAxSwxShQ9JnbUsliZkJs+kHY3xilS7uJdqWBDxVf09kJDZmFEe2MyYwMPPeRPzPa6fQuwwzLlUKTNLZol4qMCR4Egfucs0oiJElhGpub8V0QDShYEMr2hD8+ZcXSeOs7J+XK7eVUvUqj6OAjtAxOkU+ukBVdINqqI4oekTP6BW9OU/Oi/PufMxal5x85gD9gfP5A3SZl4w=</latexit>

→ẑ

Enhanced phase-shift @ the lab
Via an electron gun

[CM, Plestid, 2025]

env
Lindblad eqAI

Within a single shot!

<latexit sha1_base64="KmhDUpHKZx0QnBmI0nSjYyS6x7s=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwEUoiRV3Wx8KVVOgLmhAm02k7dDIJMxOxhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD0VXmt++JkDTiDTWOiReiAad9ipHSkm9C95owheCDBW8teGFBN0RqiBFLGxMLCh/7Ztmu2FPAReLkpAxy1H3zy+1FOAkJV5ghKbuOHSsvRUJRzMik5CaSxAiP0IB0NeUoJNJLp59M4JFWerAfCV1cwan6eyJFoZTjMNCd2Z1y3svE/7xuovrnXkp5nCjC8WxRP2FQRTCLBfaoIFixsSYIC6pvhXiIBMJKh1fSITjzLy+S1knFOa1U76rl2mUeRxEcgENwDBxwBmrgBtRBE2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDaXqYRw==</latexit>

!x,N,A, T , rc

https://www.kimballphysics.com/learning_center/electron-gun-beam-systems/



Dark matter inprints
[Riedel, Yavin, 2017]

[Riedel, 2013]

[Du, CM, Pardo, Wang, Zurek, 2022]

[CM, Plestid, 2025]

env
Lindblad eqAI

<latexit sha1_base64="KmhDUpHKZx0QnBmI0nSjYyS6x7s=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwEUoiRV3Wx8KVVOgLmhAm02k7dDIJMxOxhG7d+CtuXCji1j9w5984abPQ1gMXDufcy733BDGjUtn2t1FYWl5ZXSuulzY2t7Z3zN29lowSgUkTRywSnQBJwignTUUVI51YEBQGjLSD0VXmt++JkDTiDTWOiReiAad9ipHSkm9C95owheCDBW8teGFBN0RqiBFLGxMLCh/7Ztmu2FPAReLkpAxy1H3zy+1FOAkJV5ghKbuOHSsvRUJRzMik5CaSxAiP0IB0NeUoJNJLp59M4JFWerAfCV1cwan6eyJFoZTjMNCd2Z1y3svE/7xuovrnXkp5nCjC8WxRP2FQRTCLBfaoIFixsSYIC6pvhXiIBMJKh1fSITjzLy+S1knFOa1U76rl2mUeRxEcgENwDBxwBmrgBtRBE2DwCJ7BK3gznowX4934mLUWjHxmH/yB8fkDaXqYRw==</latexit>

!x,N,A, T , rc

coherent decoherence dominates

�
1
2y� m�

�

yn

�

N N

: �̄ =
y2� y2n
4⇡

µ2

(m2
�v

2
DM +m2

�)
2
,



Dark matter inprints
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coherent decoherence dominates
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Future steps

Explore new observables
[CM, Plestid, 251X.XXXX]
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Disadvantages of coherent enhancements

Not applicable to spin-dependent interactions (￼ )γ5

e.g.

Penalty if the “most prefered” incoming momentum is￼≠ 𝒪(1/rc)



The weirdos: coherent states
[CM, Plestid, 251X.XXXX][Badurina, CM, Plestid, 24]

The mean
Pure product state

Fully decohered
0



The weirdos: coherent states
[CM, Plestid, 251X.XXXX][Badurina, CM, Plestid, 24]

The mean

The variance

Pure product state

Fully decohered

Pure product state

Fully decohered

0



Future steps

Explore new observables
[CM, Plestid, 251X.XXXX]

Add more generic configurations to the formalism

Squeezing

[Treutlein, et al., 18]



Future steps

Explore new observables
[CM, Plestid, 251X.XXXX]

Add more generic configurations to the formalism

Squeezing

Liquids

[Simonds et al., 2001, Nature]



Future steps

Explore new observables
[CM, Plestid, 251X.XXXX]

Add more generic configurations to the formalism

Squeezing

Liquids

Convince experimentalists!



Conclusions

Atom interferometers open (“THE”) parameter space 



Conclusions

Atom interferometers open (“THE”) parameter space 

These experiments exist! Many funded already. Parasitic searches. 

[AION collaboration, Badurina et al, 2019]
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[Du, CM, Pardo, Wang, Zurek, 2023]

Ambitious projects require controlled backgrounds (SM physics)
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Conclusions

Atom interferometers open (“THE”) parameter space 

These experiments exist! Many funded already. Parasitic searches 

Ambitious projects require controlled backgrounds (SM physics)

Boundaries not reached yet!  
The line between science fiction and science fact vanishes quickly

THANK YOU!


