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Motivation Repeated interactions (or collisional models) do not thermalize the system
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System coupled to the bath for a time T 
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<latexit sha1_base64="JAhDncZkADGl1qsxPecQvc7qrSg=">AAACNHicbVBLS8NAGNz4rPUV9eglWIT2YEmkoB6EopceW+gLmlA2202zdPNg94tQQv+W/gn/gKAnUW/+Brc1h5o6p9mZWfhm3JgzCab5oq2tb2xubRd2irt7+weH+tFxV0aJILRDIh6Jvosl5SykHWDAaT8WFAcupz13cj/3ew9USBaFbZjG1AnwOGQeIxiUNNRbvdvUFoHRFrNBY7igEMGsbANOKrbwo7x2sZwy8xGz4gz1klk1FzBWiZWREsrQHOrP9igiSUBDIBxLObDMGJwUC2CE01nRTiSNMZngMR0oGuKASiddVJ8Z514kDPCpsXgvZ1McSDkNXJUJMPgy783F/7xBAt61k7IwToCGREWU5yVcFTTmCxojJigBPlUEE8HUlQbxscAE1M5FVd/Kl10l3cuqVavetGql+l02RAGdojNURha6QnXUQE3UQQQ9oTf0ib60R+1Ve9c+fqNrWvbnBP2B9v0DAa+q9g==</latexit>

Q = Tr[HB(⇢tot(0)� ⇢tot(⌧))]

<latexit sha1_base64="DN9fTlp9j0Cd+Rh8LDeaU1TBs/s=">AAACHHicbVBLS8NAGNzUV62vqkcvwSK0B0siBe1BKPXSYwt9QRLCZrttl24e7H4RSshf0T+jJ183wX/jtuagrXOanZmFb8aLOJNgGF9abmNza3snv1vY2z84PCoen/RlGAtCeyTkoRh6WFLOAtoDBpwOI0Gx73E68GZ3C39wT4VkYdCFeUQdH08CNmYEg5LcYr1zm9jC17sitVpu0kzLtpiG7lKDENKyUblcUWzAcaXiuMWSUTWW0NeJmZESytB2i6/2KCSxTwMgHEtpmUYEToIFMMJpWrBjSSNMZnhCLUUD7FPpJMuKqX4xDoUOU6ov37+zCfalnPueyvgYpnLVW4j/eVYM4xsnYUEUAw2IiihvHHNVUl8spY+YoAT4XBFMBFNX6mSKBSag9iyo+uZq2XXSv6qatWq9Uys1mtkQeXSGzlEZmegaNVALtVEPEfSIntE7+tAetCftRXv7iea07M8p+gPt8xu+V6EY</latexit>

¿What about random times, reflecting the thermal velocity distribution of the bath 
systems? Not enough. 



A map induced by a scattering event
<latexit sha1_base64="fCnlTSWK8pM0dSROVm+bPgNtRzg=">AAAB/XicbVDNSsNAGNzUv1r/ot70srSIFaEkIupFKHrxWNH+SBPCZrtplm5+2N0IIRR9CF9BT6LefAlfoG/jpu1Bq3OanZmFb8aNGRXSMEZaYW5+YXGpuFxaWV1b39A3t1oiSjgmTRyxiHdcJAijIWlKKhnpxJygwGWk7Q4uc799T7igUXgr05jYAeqH1KMYSSU5+o7F/ci52z+3AiR9181uhtWJdODoFaNmjAH/EnNKKvWydfg0qqcNR/+yehFOAhJKzJAQXdOIpZ0hLilmZFiyEkFihAeoT7qKhiggws7GHYZwz4s4lD6B4/fPbIYCIdLAVZn8RjHr5eJ/XjeR3pmd0TBOJAmxiijPSxiUEcyngD3KCZYsVQRhTtWVEPuIIyzVYCVV35wt+5e0jmrmSe34Wu1wASYogl1QBlVgglNQB1egAZoAg0fwAt7Bh/agPWuv2tskWtCmf7bBL2if3/Rml9w=</latexit>

⇢0Y = S(⇢Y )

x

<latexit sha1_base64="aKa40Wll2s4EpWHv0qvnHnB9k+k=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDIm6I7pxCYn8JDAhnXIHGtqZSdsxkgkvoCuj7nwkX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJ7dzvPKDSPI7uzTRBX9JRxEPOqLGj5uOgXHGr7kJkFbwcKpCrMSh/9ocxSyVGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnMaIStZ8tFp2RszBWxIyRLN6/sxmVWk9lYDOSmrFe9ubD/7xeasIrP+NRkhqMmI1YL0wFMTGZ9yVDrpAZMbVAmeJ2S8LGVFFm7FVKtr63XHYV2hdVr1a9btYq9Zv8EEU4gVM4Bw8uoQ530IAWMEB4hjd4d4bOk/PivP5EC07+5xj+yPn4Bt8Zip0=</latexit>

<latexit sha1_base64="yUSFHCraXZ7uOL2iPatWDMqxWqo=">AAAB5HicbZDLTgIxFIZP8YZ4Q126aSQmrsiMMeqS6IYlRrkYmJBOOQMNnUvajgmZ8Aa6MurOJ/IFfBsLzkLBf/X1/H+T8x8/kUIbx/kihZXVtfWN4mZpa3tnd6+8f9DScao4NnksY9XxmUYpImwaYSR2EoUs9CW2/fHNzG8/otIiju7NJEEvZMNIBIIzY0d39f5Dv1xxqs5cdBncHCqQq9Evf/YGMU9DjAyXTOuu6yTGy5gygkuclnqpxoTxMRti12LEQtReNl91Sk+CWFEzQjp//85mLNR6Evo2EzIz0ovebPif101NcOVlIkpSgxG3EesFqaQmprPGdCAUciMnFhhXwm5J+Ygpxo29S8nWdxfLLkPrrOpeVM9vzyu16/wQRTiCYzgFFy6hBnVoQBM4DOEZ3uCdBOSJvJDXn2iB5H8O4Y/Ixzfz04s2</latexit>

HY

x

<latexit sha1_base64="aKa40Wll2s4EpWHv0qvnHnB9k+k=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDIm6I7pxCYn8JDAhnXIHGtqZSdsxkgkvoCuj7nwkX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJ7dzvPKDSPI7uzTRBX9JRxEPOqLGj5uOgXHGr7kJkFbwcKpCrMSh/9ocxSyVGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnMaIStZ8tFp2RszBWxIyRLN6/sxmVWk9lYDOSmrFe9ubD/7xeasIrP+NRkhqMmI1YL0wFMTGZ9yVDrpAZMbVAmeJ2S8LGVFFm7FVKtr63XHYV2hdVr1a9btYq9Zv8EEU4gVM4Bw8uoQ530IAWMEB4hjd4d4bOk/PivP5EC07+5xj+yPn4Bt8Zip0=</latexit>

<latexit sha1_base64="15F4np6+DCt/oTBMxuB29TxlKzY=">AAAB7XicbZDNSgMxFIUz9a/Wv6pLN8EiuCozouiy6MZlBfsDnaFk0jud0EwSkoxQah9DV6LufBlfwLcxrbPQ1rP6cs8J3HNjxZmxvv/llVZW19Y3ypuVre2d3b3q/kHbyFxTaFHJpe7GxABnAlqWWQ5dpYFkMYdOPLqZ+Z0H0IZJcW/HCqKMDAVLGCXWjcLHUKUs1EQMOfSrNb/uz4WXISighgo1+9XPcCBpnoGwlBNjeoGvbDQh2jLKYVoJcwOK0BEZQs+hIBmYaDLfeYpPEqmxTQHP37+zE5IZM85il8mITc2iNxv+5/Vym1xFEyZUbkFQF3FeknNsJZ5VxwOmgVo+dkCoZm5LTFOiCbXuQBVXP1gsuwzts3pwUffvzmuN6+IQZXSEjtEpCtAlaqBb1EQtRJFCz+gNvXvSe/JevNefaMkr/hyiP/I+vgE2g495</latexit>

|�!
<latexit sha1_base64="yUSFHCraXZ7uOL2iPatWDMqxWqo=">AAAB5HicbZDLTgIxFIZP8YZ4Q126aSQmrsiMMeqS6IYlRrkYmJBOOQMNnUvajgmZ8Aa6MurOJ/IFfBsLzkLBf/X1/H+T8x8/kUIbx/kihZXVtfWN4mZpa3tnd6+8f9DScao4NnksY9XxmUYpImwaYSR2EoUs9CW2/fHNzG8/otIiju7NJEEvZMNIBIIzY0d39f5Dv1xxqs5cdBncHCqQq9Evf/YGMU9DjAyXTOuu6yTGy5gygkuclnqpxoTxMRti12LEQtReNl91Sk+CWFEzQjp//85mLNR6Evo2EzIz0ovebPif101NcOVlIkpSgxG3EesFqaQmprPGdCAUciMnFhhXwm5J+Ygpxo29S8nWdxfLLkPrrOpeVM9vzyu16/wQRTiCYzgFFy6hBnVoQBM4DOEZ3uCdBOSJvJDXn2iB5H8O4Y/Ixzfz04s2</latexit>

HY

<latexit sha1_base64="cU5RaFxcohlvims673CIrlnz0Ss=">AAAB53icbZC7SgNBFIbPeo3xFrVUZDAIVmFXRC2DNpYJmIskS5idnM2Omb0wMyuEkNJaK1E73yIP4Qv4DL6Ek0uhiX/1zfn/gfMfLxFcadv+shYWl5ZXVjNr2fWNza3t3M5uVcWpZFhhsYhl3aMKBY+workWWE8k0tATWPO61yO/9oBS8Ti61b0E3ZB2Iu5zRrUZVZsyiFt3rVzeLthjkXlwppAvHgzL34+Hw1Ir99lsxywNMdJMUKUajp1ot0+l5kzgINtMFSaUdWkHGwYjGqJy++NtB+TYjyXRAZLx+3e2T0OleqFnMiHVgZr1RsP/vEaq/Uu3z6Mk1RgxEzGenwqiYzIqTdpcItOiZ4Ayyc2WhAVUUqbNabKmvjNbdh6qpwXnvHBWNne4gokysA9HcAIOXEARbqAEFWBwD8/wBu8Wt56sF+t1El2wpn/24I+sjx9HiZBY</latexit>! Y

<latexit sha1_base64="fCnlTSWK8pM0dSROVm+bPgNtRzg=">AAAB/XicbVDNSsNAGNzUv1r/ot70srSIFaEkIupFKHrxWNH+SBPCZrtplm5+2N0IIRR9CF9BT6LefAlfoG/jpu1Bq3OanZmFb8aNGRXSMEZaYW5+YXGpuFxaWV1b39A3t1oiSjgmTRyxiHdcJAijIWlKKhnpxJygwGWk7Q4uc799T7igUXgr05jYAeqH1KMYSSU5+o7F/ci52z+3AiR9181uhtWJdODoFaNmjAH/EnNKKvWydfg0qqcNR/+yehFOAhJKzJAQXdOIpZ0hLilmZFiyEkFihAeoT7qKhiggws7GHYZwz4s4lD6B4/fPbIYCIdLAVZn8RjHr5eJ/XjeR3pmd0TBOJAmxiijPSxiUEcyngD3KCZYsVQRhTtWVEPuIIyzVYCVV35wt+5e0jmrmSe34Wu1wASYogl1QBlVgglNQB1egAZoAg0fwAt7Bh/agPWuv2tskWtCmf7bBL2if3/Rml9w=</latexit>

! !
Y = S(! Y )

<latexit sha1_base64="LsnmSZa13qAht3dF1ennmexucZo=">AAAB+XicbZDLSgMxFIYz9VbrrSq4USRYBFdlRkRFEIsXcNmCvUinDJn0TBuauZBkhDJ26YPoStSdmz6EL+Az+BKml4VW/9WX8/+Bc3434kwq0/w0UlPTM7Nz6fnMwuLS8kp2da0iw1hQKNOQh6LmEgmcBVBWTHGoRQKI73Koup2LgV+9AyFZGNyobgQNn7QC5jFKlB452Q1btEOndoLtS+CK4Cvn9rSEz5xszsybQ+G/YI0hV9jql74etvtFJ/thN0Ma+xAoyomUdcuMVCMhQjHKoZexYwkRoR3SgrrGgPggG8lw/x7e9UKBVRvw8P0zmxBfyq7v6oxPVFtOeoPhf149Vt5xI2FBFCsIqI5oz4s5ViEe1ICbTABVvKuBUMH0lpi2iSBU6bIy+nxr8ti/UNnPW4f5g5Lu4RyNlEabaAftIQsdoQK6RkVURhTdoyf0it6MxHg0no2XUTRljP+so18y3r8BTTSV0g==</latexit>

! X : ! EY = Q?
<latexit sha1_base64="yvwEnQF5QLgGQtzIcO+/YHFYw+w=">AAAB+XicbZDLSgMxFIYz9VbrrSq4USRYBFdlRkRFEIsXcNmCvUinDJn0TBuauZBkhDJ26YPoStSdmz6EL+Az+BKml4VW/9WX8/+Bc3434kwq0/w0UlPTM7Nz6fnMwuLS8kp2da0iw1hQKNOQh6LmEgmcBVBWTHGoRQKI73Koup2LgV+9AyFZGNyobgQNn7QC5jFKlB452Q1btEOndoLtS+CK4Cvn9rSKz5xszsybQ+G/YI0hV9jql74etvtFJ/thN0Ma+xAoyomUdcuMVCMhQjHKoZexYwkRoR3SgrrGgPggG8lw/x7e9UKBVRvw8P0zmxBfyq7v6oxPVFtOeoPhf149Vt5xI2FBFCsIqI5oz4s5ViEe1ICbTABVvKuBUMH0lpi2iSBU6bIy+nxr8ti/UNnPW4f5g5Lu4RyNlEabaAftIQsdoQK6RkVURhTdoyf0it6MxHg0no2XUTRljP+so18y3r8BVjSV2A==</latexit>

! X : ! EY = W ?

Questions?
<latexit sha1_base64="0x/FZ4hS1jxvLh+zjb1hSiO1A8I="></latexit>

! !
Y = S(! Y ) = Tr X [S! X ! ! Y S  ]

We are interested on the map and iterations of the map.

<latexit sha1_base64="mcjN85YBs0AzFB8MIVVfkvZHbGY=">AAAB53icbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQ9Ql0Y1LTARJoCHT4ZaOTDvNzNSENDyDroy68318Ad/GAbtQ8Ky+uedMcs8NUsG1cd0vp7Syura+Ud6sbG3v7O5V9w86WmaKYZtJIVU3oBoFT7BtuBHYTRXSOBB4H4yvZ/79IyrNZXJnJin6MR0lPOSMGjvq9FUkB91BtebW3bnIMngF1KBQa1D97A8ly2JMDBNU657npsbPqTKcCZxW+pnGlLIxHWHPYkJj1H4+33ZKTkKpiImQzN+/szmNtZ7Egc3E1ER60ZsN//N6mQkv/ZwnaWYwYTZivTATxEgyK02GXCEzYmKBMsXtloRFVFFm7Gkqtr63WHYZOmd177zeuG3UmlfFIcpwBMdwCh5cQBNuoAVtYPAAz/AG7w53npwX5/UnWnKKP4fwR87HN28OjLA=</latexit>! X



The Scattering Event
<latexit sha1_base64="xIwTWKjwzWgwW0hzdSrxNOjQX58=">AAACEHicdVDNSgMxGMz6b/2revQSLIIXl6x21R4E0YtHRVsL3VKy6dc2NJtdkqxQ1r6EvoyeRL2JL+DbmNYWVHROk5kJfDNhIrg2hHw4E5NT0zOzc/O5hcWl5ZX86lpFx6liUGaxiFU1pBoEl1A23AioJgpoFAq4DrunA//6BpTmsbwyvQTqEW1L3uKMGis18ju3QdLhjSxQEY5T0w8UlW0BR5ffdC7HciNfIC7xS75HMHF94pX2BqRUOiz6PvZcMkQBjXDeyL8HzZilEUjDBNW65pHE1DOqDGcC+rkg1ZBQ1qVtqFkqaQS6ng1r9fFWK1bYdAAP39+zGY207kWhzUTUdPRvbyD+5dVS0zqsZ1wmqQHJbMR6rVRgE+PBOrjJFTAjepZQpri9ErMOVZQZu2HO1h93xP+Tyq7r7bvFi2Lh+GQ0xBzaQJtoG3noAB2jM3SOyoihe/SIXtCrc+c8OE/O81d0whn9WUc/4Lx9Atv9nlg=</latexit>

|! out ! = S|! in !
<latexit sha1_base64="D4mQhPJk7KZhBALWTfeW6go5278=">AAAB+XicdVDLSgNBEJyNrxhfq4IXL4NB8LTMalaTW9CLxwjmAdkQZiedZMjsg5lZIWzyMXoS9eZv+AP+jZMYQUXrVN1VDdUVJIIrTci7lVtaXlldy68XNja3tnfs3b2GilPJoM5iEctWQBUIHkFdcy2glUigYSCgGYyuZnrzDqTicXSrxwl0QjqIeJ8zqs2qax9M/GTIu5kvQxyneupLGg0EdO0icYhX8VyCieMRt3I2I5VKueR52HXIHEW0QK1rv/m9mKUhRJoJqlTbJYnuZFRqzgRMC36qIKFsRAfQNjSiIahONs8/xcf9WGI9BDyfv3szGio1DgPjCakeqt/abPmX1k51v9zJeJSkGiJmLEbrpwLrGM9qwD0ugWkxNoQyyU1KzIZUUqZNWQXz/teP+H/SOHXcc6d0UypWLxdF5NEhOkInyEUXqIquUQ3VEUMT9ICe0YuVWffWo/X0ac1Zi5t99APW6wfanZRr</latexit>

|! out !

<latexit sha1_base64="V6GgFGZwsPxZrx5h80e2QyaKK1Y=">AAAB+HicdVDLTsMwEHR4lvIqIE5cLCokTpEDDdAbggvHItEWqYkix2xbC8eJbAephP4LnBBw4zv4Af4GtxQJEMxpdmdWmp04E1wbQt6dqemZ2bn50kJ5cWl5ZbWytt7Saa4YNFkqUnUZUw2CS2gabgRcZgpoEgtox9enI719A0rzVF6YQQZhQnuSdzmjxq6iyuZdkPV5VAQqwVwOA0VlT0BUqRKX+HXfI5i4PvHq+yNSrx/VfB97LhmjiiZoRJW34CpleQLSMEG17ngkM2FBleFMwLAc5Boyyq5pDzqWSpqADotx/CHe6aYKmz7g8fzdW9BE60ESW09CTV//1kbLv7RObrpHYcFllhuQzFqs1s0FNiketYCvuAJmxMASyhS3KTHrU0WZsV2V7ftfP+L/SWvP9Q7c2nmtenwyKaKEttA22kUeOkTH6Aw1UBMxVKAH9IxenFvn3nl0nj6tU87kZgP9gPP6Aeurk+A=</latexit>

|! in !
<latexit sha1_base64="dHX+tRWZ5SgBbJCYyJQDEd+eMlY="></latexit>

S = lim
T !"

e# iH 0 ( t 0 # T ) e# iH (T # (# T )) e# iH 0 (# T # t 0 )

<latexit sha1_base64="eCqqpOlt2/YHcmnk/GEAWD5nf3g=">AAAB9XicdVDLTsMwEHR4lvIK5cjFokJwihxooDkgVXDhWFT6kNpSOa7bWHUesh2givopcELAjR/hB/gbnFIkQDCXnd2ZlXbHizmTCqF3Y25+YXFpObeSX11b39g0twoNGSWC0DqJeCRaHpaUs5DWFVOctmJBceBx2vRG55nevKFCsii8UuOYdgM8DNmAEaz0qGcWOsKP9k9rWYG1604fD3tmEVnIcR0bQWQ5yHaPMuK65ZLjQNtCUxTBDNWe+dbpRyQJaKgIx1K2bRSrboqFYoTTSb6TSBpjMsJD2tY0xAGV3XR6+wTuDSIBlU/htP/uTXEg5TjwtCfAype/tWz4l9ZO1KDcTVkYJ4qGRFu0Nkg4VBHMIoB9JihRfKwJJoLpKyHxscBE6aDy+v2vH+H/pHFo2cdW6bJUrJzNgsiBHbALDoANTkAFXIAqqAMC7sADeAYvxq1xbzwaT5/WOWO2sw1+wHj9ADWKkaU=</latexit>

! ! = S! S 

<latexit sha1_base64="LWkryeXqTqmm+gfotcLfADKe7zs=">AAAB6nicbZDLSsNAFIYnXmu9VV26GVoEQSmJiLoRim66rGgvkoYymZ60Q2eSMDMRQuhLqBtRdz6OL9C3cXpZaOu/+ub8/8D5jx9zprRtj6yl5ZXVtfXcRn5za3tnt7C331BRIinUacQj2fKJAs5CqGumObRiCUT4HJr+4HbsN59AKhaFDzqNwROkF7KAUaLN6NG9P612bO/a7hRKdtmeCC+CM4NSpdg+eR1V0lqn8N3uRjQREGrKiVKuY8fay4jUjHIY5tuJgpjQAemBazAkApSXTRYe4qMgklj3AU/ev7MZEUqlwjcZQXRfzXvj4X+em+jgystYGCcaQmoixgsSjnWEx71xl0mgmqcGCJXMbIlpn0hCtblO3tR35ssuQuOs7FyUz+/MHW7QVDl0iIroGDnoElVQFdVQHVEk0Av6QJ8Wt56tN+t9Gl2yZn8O0B9ZXz8Y84/4</latexit>

[S, H0] = 0

<latexit sha1_base64="6qlzvvEq6scuDMYI4wrECE+c3m0=">AAACHXicbVBLSwMxGMzWV62vqkcvwSJUhLJbioogFL3ssYJ9SFuXbJrthmYfJFmxhP0t+mf0VNSb+G/M1h60dU6TmQl8M27MqJCm+WXklpZXVtfy64WNza3tneLuXktECcekiSMW8Y6LBGE0JE1JJSOdmBMUuIy03dF15rcfCBc0Cm/lOCb9AA1D6lGMpJac4oUNL6HtKDOFJ7ClOex5HGEV31dTVQ0yFSo7de4yu/x4rH0fSdULk9QplsyKOQVcJNaMlMAMDac46Q0inAQklJghIbqWGcu+QlxSzEha6CWCxAiP0JB0NQ1RQERfTTum8MiLOJQ+gdP376xCgRDjwNWZAElfzHuZ+J/XTaR33lc0jBNJQqwj2vMSBmUEs6nggHKCJRtrgjCn+kqIfaTXkXrQgq5vzZddJK1qxTqt1G5qpfrVbIg8OACHoAwscAbqwAYN0AQYPINX8A4+jCfjxZgYbz/RnDH7sw/+wPj8BgC9niM=</latexit>

H = H0 + V =
p2

2m
+ HY + V(x)ö!

<latexit sha1_base64="S4jSGR08oOVGAmhFoEIdXsVchDQ=">AAAB5nicbZDLSgMxFIbP1Futt6pLN8EiVIQyI6Iui25cVnDaQjuUTHraCc1cSDLiUPoKulHUnQ/kC/RtTC8Lbf1XX87/B85//ERwpW17bOVWVtfWN/Kbha3tnd294v5BXcWpZOiyWMSy6VOFgkfoaq4FNhOJNPQFNvzB7cRvPKJUPI4edJagF9J+xHucUW1GLqmXn047xZJdsaciy+DMoVQ9bp+9jqtZrVP8bndjloYYaSaoUi3HTrQ3pFJzJnBUaKcKE8oGtI8tgxENUXnD6bIjctKLJdEBkun7d3ZIQ6Wy0DeZkOpALXqT4X9eK9W9a2/IoyTVGDETMV4vFUTHZNKZdLlEpkVmgDLJzZaEBVRSps1lCqa+s1h2GernFeeycnFv7nADM+XhCI6hDA5cQRXuoAYuMODwAh/waQXWs/Vmvc+iOWv+5xD+yPr6AaVUjpQ=</latexit>

V (x)

<latexit sha1_base64="5Nde6/TaPEm+olLDwGRahGQnUQc=">AAAB5XicbZDLTsJAFIZP8YZ4Q126aSAmJkZsiVGXRDcuXGAilwQaMh1OYcL0kpmpSdPwCLoi6s4X8gV4G6fAQsF/9c35/0nOf9yIM6ksa2rk1tY3Nrfy24Wd3b39g+LhUVOGsaDYoCEPRdslEjkLsKGY4tiOBBLf5dhyR/eZ33pBIVkYPKskQscng4B5jBKVjS4eL6u9YtmqWDOZq2AvoFwrdc8n01pS7xW/u/2Qxj4GinIiZce2IuWkRChGOY4L3VhiROiIDLCjMSA+Sied7To2T71QmGqI5uz9O5sSX8rEd3XGJ2ool71s+J/XiZV366QsiGKFAdUR7XkxN1VoZpXNPhNIFU80ECqY3tKkQyIIVfowBV3fXi67Cs1qxb6uXD3pO9zBXHk4gRKcgQ03UIMHqEMDKAzhDT7g0xgYr8bEeJ9Hc8bizzH8kfH1A+ivjiU=</latexit>

! L/ 2
<latexit sha1_base64="3OXZF/iwaJvAq8OAfG37I/Sh794=">AAAB5HicbZDJSgNBFEVfxynGKerSTZEgCELsDqIug25cuIhoBkiaUF15nRSpHqiqFpqQP9CV084v8gfyN1aGhSbe1al3b8G7z4sFV9q2x1ZmZXVtfSO7mdva3tndy+8f1FWUSIY1FolINj2qUPAQa5prgc1YIg08gQ1vcDPxG08oFY/CR53G6Aa0F3KfM6rN6OHurNzJF+2SPRVZBmcOxUqhffo2rqTVTv673Y1YEmComaBKtRw71u6QSs2ZwFGunSiMKRvQHrYMhjRA5Q6nq47IsR9JovtIpu/f2SENlEoDz2QCqvtq0ZsM//Naifav3CEP40RjyEzEeH4iiI7IpDHpcolMi9QAZZKbLQnrU0mZNnfJmfrOYtllqJdLzkXp/N7c4RpmysIRFOAEHLiECtxCFWrAoAcv8AGflm89W6/W+yyaseZ/DuGPrK8fgCCN7g==</latexit>

L/ 2

<latexit sha1_base64="LlB8vz5s/gPUvDDASdpzMRT44vc=">AAAB/HicbVBLTsMwFHwpv1J+AVaIjUWFxKpKUAVskCrYsCwS/aAmihzXaaw6cWQ7SFVVuAysELDjFFyA2+CWLKAwC2vem7HsmTDjTGnH+bRKC4tLyyvl1cra+sbmlr2901Yil4S2iOBCdkOsKGcpbWmmOe1mkuIk5LQTDi+neueOSsVEeqNHGfUTPEhZxAjWZhXYe56Mxfn0CLqe0CyhCs2m28CuOjVnBvSXuAWpQoFmYH94fUHyhKaacKxUz3Uy7Y+x1IxwOql4uaIZJkM8oD1DU2ze8sezCBN0GAmJdEzRbP7pHeNEqVESGk+CdazmtenyP62X6+jMH7M0yzVNibEYLco50gJNm0B9JinRfGQIJpKZXyISY4mJNn1VTHx3Puxf0j6uuSe1+nW92rgoiijDPhzAEbhwCg24gia0gMADPMErvFn31qP1bL18W0tWcWcXfsF6/wL4nZTr</latexit>

! = ! X ! ! Y



<latexit sha1_base64="iCvei3qGTGp8bi6jZ2qQB3ZE1po=">AAACA3icbVA7T8MwGHTKq5RXgJHFokJiqhJUAQtSBQtjkehDaqLIcb80Vp2HbAepSjvCn4EJARv/gD/Av8FtM0DLLT7fnSXf+SlnUlnWt1FaWV1b3yhvVra2d3b3zP2DtkwyQaFFE56Irk8kcBZDSzHFoZsKIJHPoeMPb6Z+5wGEZEl8r0YpuBEZxCxglCgteSZ2RJh43auxk4bMESQecHD4/NAKHntm1apZM+BlYhekigo0PfPL6Sc0iyBWlBMpe7aVKjcnQjHKYVJxMgkpoUMygJ6mMYlAuvmsyQSfBInAKgQ8u//O5iSSchT5OhMRFcpFbyr+5/UyFVy6OYvTTEFMdUR7QcaxSvB0ENxnAqjiI00IFUz/EtOQCEKVnq2i69uLZZdJ+6xmn9fqd/Vq47oYooyO0DE6RTa6QA10i5qohSh6Qi/oHX0Yj8az8Wq8zaMlo3hziP7A+PwBoRyYGA==</latexit>

! X = |" !" " |

x

<latexit sha1_base64="aKa40Wll2s4EpWHv0qvnHnB9k+k=">AAAB4nicbZDNTgIxFIXv4B/iH+rSTSMxcUVmDIm6I7pxCYn8JDAhnXIHGtqZSdsxkgkvoCuj7nwkX8C3seAsFDyrr/ecJvfcIBFcG9f9cgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJ7dzvPKDSPI7uzTRBX9JRxEPOqLGj5uOgXHGr7kJkFbwcKpCrMSh/9ocxSyVGhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnMaIStZ8tFp2RszBWxIyRLN6/sxmVWk9lYDOSmrFe9ubD/7xeasIrP+NRkhqMmI1YL0wFMTGZ9yVDrpAZMbVAmeJ2S8LGVFFm7FVKtr63XHYV2hdVr1a9btYq9Zv8EEU4gVM4Bw8uoQ530IAWMEB4hjd4d4bOk/PivP5EC07+5xj+yPn4Bt8Zip0=</latexit>

<latexit sha1_base64="15F4np6+DCt/oTBMxuB29TxlKzY=">AAAB7XicbZDNSgMxFIUz9a/Wv6pLN8EiuCozouiy6MZlBfsDnaFk0jud0EwSkoxQah9DV6LufBlfwLcxrbPQ1rP6cs8J3HNjxZmxvv/llVZW19Y3ypuVre2d3b3q/kHbyFxTaFHJpe7GxABnAlqWWQ5dpYFkMYdOPLqZ+Z0H0IZJcW/HCqKMDAVLGCXWjcLHUKUs1EQMOfSrNb/uz4WXISighgo1+9XPcCBpnoGwlBNjeoGvbDQh2jLKYVoJcwOK0BEZQs+hIBmYaDLfeYpPEqmxTQHP37+zE5IZM85il8mITc2iNxv+5/Vym1xFEyZUbkFQF3FeknNsJZ5VxwOmgVo+dkCoZm5LTFOiCbXuQBVXP1gsuwzts3pwUffvzmuN6+IQZXSEjtEpCtAlaqBb1EQtRJFCz+gNvXvSe/JevNefaMkr/hyiP/I+vgE2g495</latexit>

|�!
<latexit sha1_base64="yUSFHCraXZ7uOL2iPatWDMqxWqo=">AAAB5HicbZDLTgIxFIZP8YZ4Q126aSQmrsiMMeqS6IYlRrkYmJBOOQMNnUvajgmZ8Aa6MurOJ/IFfBsLzkLBf/X1/H+T8x8/kUIbx/kihZXVtfWN4mZpa3tnd6+8f9DScao4NnksY9XxmUYpImwaYSR2EoUs9CW2/fHNzG8/otIiju7NJEEvZMNIBIIzY0d39f5Dv1xxqs5cdBncHCqQq9Evf/YGMU9DjAyXTOuu6yTGy5gygkuclnqpxoTxMRti12LEQtReNl91Sk+CWFEzQjp//85mLNR6Evo2EzIz0ovebPif101NcOVlIkpSgxG3EesFqaQmprPGdCAUciMnFhhXwm5J+Ygpxo29S8nWdxfLLkPrrOpeVM9vzyu16/wQRTiCYzgFFy6hBnVoQBM4DOEZ3uCdBOSJvJDXn2iB5H8O4Y/Ixzfz04s2</latexit>

HY

<latexit sha1_base64="UhidVpmAUo7NrZiSqBEn7bpYQ3U=">AAACBHicbVDLTgIxFO3gC/E16tJNlZi4IjOGqBsTohuWmMjDMGTSKXeg0Hmk7ZiQga3+jK6MuvML/AH/xjKyUPBs7rn3nCY9x4s5k8qyvozc0vLK6lp+vbCxubW9Y+7uNWSUCAp1GvFItDwigbMQ6oopDq1YAAk8Dk1veD3Vm/cgJIvCWzWKoROQXsh8RonSJ9c8rLp3l45MAneAwR2MB44gYY+Dw7OBB2PXLFolKwNeJPaMFNEMNdf8dLoRTQIIFeVEyrZtxaqTEqEY5TApOImEmNAh6UFb05AEIDtpFmWCj/1IYNUHnO2/vSkJpBwFnvYERPXlvDY9/qe1E+VfdFIWxomCkGqL1vyEYxXhaSO4ywRQxUeaECqY/iWmfSIIVbq3go5vz4ddJI3Tkn1WKt+Ui5WrWRF5dICO0Amy0TmqoCqqoTqi6BE9ozf0bjwYT8aL8fpjzRmzN/voD4yPb9DQmCg=</latexit>

HY =
!

j

ej |j !" j |

<latexit sha1_base64="riH1Fhknl43N9+0f4NtuqV0gRw4=">AAACIXicbVDJTsMwFHTKVsoW4MjFokItlypBFXABVXDhWARdUBMix3VbE2eR7SBVUb4GfgbEAQEXxM/gpjlAYU7z3syT3owbMSqkYXxqhbn5hcWl4nJpZXVtfUPf3GqLMOaYtHDIQt51kSCMBqQlqWSkG3GCfJeRjuudT/TOPeGChsG1HEfE9tEwoAOKkVQrRz+tWnwUVpybfSe5q3iV9MQSsa+4lyaWj+TIdeFVms23U0N2MPV7qaOXjZqRAf4lZk7KIEfT0V+sfohjnwQSMyREzzQiaSeIS4oZSUtWLEiEsIeGpKdogHwi7CTLmcK9QcihHBGYzT+9CfKFGPuu8kyeFrPaZPmf1ovl4NhOaBDFkgRYWZQ2iBmUIZzUBfuUEyzZWBGEOVVfQjxCHGGpSi2p+OZs2L+kfVAzD2v1y3q5cZYXUQQ7YBdUgQmOQANcgCZoAQwewTN4Bx/ag/akvWpvU2tBy2+2wS9oX9+xF6PS</latexit>

(! !
Y )j ! k ! =

!

jk

Sj ! k !

jk (! Y )jk

<latexit sha1_base64="A+LsvRruPLcKktS0zEq9Kd6agf0="></latexit>

Sjk
j ! k ! =

!

! ! = ±

" !

pinf

dp! (p)! " (" (p))
#

p
" (p)

s(! ! +)
j ! j (Ep + ej )

$
s(! ! +)

k ! k (Ep ! ! j ! j + ek ! )
%"

<latexit sha1_base64="/CRt3CU5J+6JLPtaXtvN5MOCp8E=">AAACFHicbVBNS8NAFNz4bf2qevQSLNL2YEmKqBehqAePFawKTS2b7avddpOsuy9CCfkb+mf0JOpFvPtv3NYKap3TvDfz4M34UnCNjvNhTUxOTc/Mzs1nFhaXlleyq2vnOooVgxqLRKQufapB8BBqyFHApVRAA1/Ahd87GugXt6A0j8Iz7EtoBPQ65G3OKJpVM+t6khdk8cDTNwoTeZWU0+1yUPCOQSBtJt18N93+Hnr5XlpMm9mcU3KGsMeJOyI5MkK1mX3zWhGLAwiRCap13XUkNhKqkDMBacaLNUjKevQa6oaGNADdSIbRUnurHSkbO2AP55/ehAZa9wPfeAKKHf1XGyz/0+oxtvcbCQ9ljBAyYzFaOxY2RvagIbvFFTAUfUMoU9x8abMOVZSh6TFj4rt/w46T83LJ3S3tnO7kKoejIubIBtkkBeKSPVIhJ6RKaoSRe/JIXsirdWc9WE/W85d1whrdrJNfsN4/AcWynfg=</latexit>

! (p) =
!

p2 ! 2m(! j ! j ! ! k ! k )

<latexit sha1_base64="kqp2yume2K1tPm2qObS7gOEfKvc=">AAACAHicbVDLSsNAFJ3UV62vqEsRBovoxpJIUZdFXbisYB/QljCZ3rbTTh7OTAolZKM/oytRd36DP+DfOKlZaOtZnXvPuXDPcUPOpLKsLyO3sLi0vJJfLaytb2xumds7dRlEgkKNBjwQTZdI4MyHmmKKQzMUQDyXQ8MdXaV6YwxCssC/U5MQOh7p+6zHKFF65Zj77Wvgijjx8GiYtOE+YmMM6ZScgDN0zKJVsqbA88TOSBFlqDrmZ7sb0MgDX1FOpGzZVqg6MRGKUQ5JoR1JCAkdkT60NPWJB7ITT2Mk+LAXCKwGgKfzb29MPCknnqs9HlEDOauly/+0VqR6F52Y+WGkwKfaorVexLEKcNoG7jIBVPGJJoQKpr/EdEAEoUp3VtDx7dmw86R+WrLPSuXbcrFymRWRR3voAB0jG52jCrpBVVRDFD2iZ/SG3o0H48l4MV5/rDkju9lFf2B8fAOODJZR</latexit>

! j ! j ! ej ! " ej

<latexit sha1_base64="0x/FZ4hS1jxvLh+zjb1hSiO1A8I="></latexit>

! !
Y = S(! Y ) = Tr X [S! X ! ! Y S  ]

Map in the energy basis



<latexit sha1_base64="q0OZ27kq2qC/Z7r9t8WUnqB/loI="></latexit>

s(E ) =
!

ör L öt R

öt L ör R

"

<latexit sha1_base64="ZtAJR7OJMp5Q6Pc7VlnxlFr5ELk=">AAACDnicbVBLS8NAGNz4rPUV9ehlsQgVoSRS1ItQ9OLBQwX7gKYtm+2mXbp5sPtFKCH/Qf+MnkS9efAP+G/c1By0dU6zM7PwzbiR4Aos68tYWFxaXlktrBXXNza3ts2d3aYKY0lZg4YilG2XKCZ4wBrAQbB2JBnxXcFa7vgq81v3TCoeBncwiVjXJ8OAe5wS0FLfPC46IwKJ4xMYuV4i07R3c1Ge1456gPtmyapYU+B5YuekhHLU++anMwhp7LMAqCBKdWwrgm5CJHAqWFp0YsUiQsdkyDqaBsRnqptMS6X40AslhhHD0/fvbEJ8pSa+qzPZiWrWy8T/vE4M3nk34UEUAwuojmjPiwWGEGfb4AGXjIKYaEKo5PpKTEdEEgp6waKub8+WnSfNk4p9WqneVku1y3yIAtpHB6iMbHSGauga1VEDUfSIntEbejcejCfjxXj9iS4Y+Z899AfGxzeciJxn</latexit>

ör L = ( ör L )t

<latexit sha1_base64="oEqQpynJGvG6jxJJr3jLaW7+Ts8=">AAACDnicbVBLS8NAGNz4rPUV9ehlsQgVoSRS1ItQ9OKxin1A05bNdtMu3TzY/SKUkP+gf0ZPot48+Af8N25qDto6p9mZWfhm3EhwBZb1ZSwsLi2vrBbWiusbm1vb5s5uU4WxpKxBQxHKtksUEzxgDeAgWDuSjPiuYC13fJX5rXsmFQ+DO5hErOuTYcA9TgloqW8eF50RgcTxCYxcL5Fp2ru9KM9rRz3AfbNkVawp8Dyxc1JCOep989MZhDT2WQBUEKU6thVBNyESOBUsLTqxYhGhYzJkHU0D4jPVTaalUnzohRLDiOHp+3c2Ib5SE9/VmexENetl4n9eJwbvvJvwIIqBBVRHtOfFAkOIs23wgEtGQUw0IVRyfSWmIyIJBb1gUde3Z8vOk+ZJxT6tVG+qpdplPkQB7aMDVEY2OkM1dI3qqIEoekTP6A29Gw/Gk/FivP5EF4z8zx76A+PjG68YnHM=</latexit>

ör R = ( ör R )t

<latexit sha1_base64="z2R0Nfe6rue/l/PbBtmtchjaqVI=">AAACDnicbVBLSwMxGMzWV62vVY9egkWoCGVXinoRil48eKhiH9AX2TTbDc0+SL4VyrL/Qf+MnkS9efAP+G9M6x60dU6TmQl8M04kuALL+jJyC4tLyyv51cLa+sbmlrm901BhLCmr01CEsuUQxQQPWB04CNaKJCO+I1jTGV1O/OY9k4qHwR2MI9b1yTDgLqcEtNQ3jwodj0DS8Ql4jptAmvauz0tz2u1hD3DfLFplawo8T+yMFFGGWt/87AxCGvssACqIUm3biqCbEAmcCpYWOrFiEaEjMmRtTQPiM9VNpqVSfOCGEoPH8PT9O5sQX6mx7+jM5EQ1603E/7x2DO5ZN+FBFAMLqI5oz40FhhBPtsEDLhkFMdaEUMn1lZh6RBIKesGCrm/Plp0njeOyfVKu3FSK1YtsiDzaQ/uohGx0iqroCtVQHVH0iJ7RG3o3Hown48V4/YnmjOzPLvoD4+Mbq9SccQ==</latexit>

öt L = ( öt R )t

Microreversibility
<latexit sha1_base64="YgQWXVCYj6VIrYjnyylhOUz93WQ=">AAAB63icbZDNTsJAFIVv8Q/xD3XpZiIxgYWkNUTdmBDduMREChEaMh2mMGE6bWamBtLwFLoy6s638QV8GwfsQsGz+uaeM8k91485U9q2v6zcyura+kZ+s7C1vbO7V9w/cFWUSEKbJOKRbPtYUc4EbWqmOW3HkuLQ57Tlj25mfuuRSsUica8nMfVCPBAsYARrM3pwy+PKlVs+HVd6xZJdtedCy+BkUIJMjV7xs9uPSBJSoQnHSnUcO9ZeiqVmhNNpoZsoGmMywgPaMShwSJWXzjeeopMgkkgPKZq/f2dTHCo1CX2TCbEeqkVvNvzP6yQ6uPRSJuJEU0FMxHhBwpGO0Kw46jNJieYTA5hIZrZEZIglJtqcp2DqO4tll8E9qzrn1dpdrVS/zg6RhyM4hjI4cAF1uIUGNIGAgGd4g3crtJ6sF+v1J5qzsj+H8EfWxzd6f40k</latexit>

V (x) = V (! x)

<latexit sha1_base64="Wx1ADD0y8T1VTGfMqHhJndPuX9o=">AAACGnicbVA7T8MwGHTKq4RXgJElokJiqhKEKAtSBQsDQ0H0ITWhclynteo8ZH9BqqL8E/gzMCHKxsK/wSkZoOGm891Z+u68mDMJlvWlVZaWV1bXquv6xubW9o6xu9eRUSIIbZOIR6LnYUk5C2kbGHDaiwXFgcdp15tc5X73kQrJovAepjF1AzwKmc8IBiUNjIbujDGkToBh7PkpZNnDzUVJuitJA6Nm1a05zDKxC1JDBVoDY+YMI5IENATCsZR924rBTbEARjjNdCeRNMZkgke0r2iIAyrddF4wM4/8SJgwpub8/Tub4kDKaeCpTH6cXPRy8T+vn4B/7qYsjBOgIVER5fkJNyEy853MIROUAJ8qgolg6kqTjLHABNSauqpvL5Ytk85J3T6rn96e1pqXxRBVdIAO0TGyUQM10TVqoTYi6Bm9ohn60J60F+1Ne/+JVrTizz76A+3zG/amoq4=</latexit>

öt L = öt R = öt

<latexit sha1_base64="QUctUe0cVjU9gopNy7A4/29wazA=">AAACGnicbVA7T8MwGPxSXiW8AowsERUSU5UgRFmQKlgYGAqiD6kJleM6rVXnIdtBqqL8E/gzMCHKxsK/wSkZoOGm891Z+u68mFEhLetLqywtr6yuVdf1jc2t7R1jd68jooRj0sYRi3jPQ4IwGpK2pJKRXswJCjxGut7kKve7j4QLGoX3choTN0CjkPoUI6mkgdHQnTGSqRMgOfb8lGfZw81FSborSQOjZtWtOcwysQtSgwKtgTFzhhFOAhJKzJAQfduKpZsiLilmJNOdRJAY4Qkakb6iIQqIcNN5wcw88iNuyjEx5+/f2RQFQkwDT2Xy48Sil4v/ef1E+uduSsM4kSTEKqI8P2GmjMx8J3NIOcGSTRVBmFN1pYnHiCMs1Zq6qm8vli2TzkndPquf3p7WmpfFEFU4gEM4Bhsa0IRraEEbMDzDK8zgQ3vSXrQ37f0nWtGKP/vwB9rnN+00oqg=</latexit>

ör L = ör R = ör

Spatial symmetry

<latexit sha1_base64="DPy4APNk39fd6AkSMYgSEJfIt3k=">AAACLXicbVDLSsNAFL2pr1pfUZdugkWom5JIUTdCUQR1VcE+oIllMp20QycPZiZCCfkm/RC3CoKoO3/DSc3Ctt7VueecC/ccN2JUSNN80woLi0vLK8XV0tr6xuaWvr3TEmHMMWnikIW84yJBGA1IU1LJSCfiBPkuI213dJHp7QfCBQ2DOzmOiOOjQUA9ipFUVE+/sX0kh66XiLRyeTi13Nt9NDibp6aYXHeT67Snl82qORljHlg5KEM+jZ7+bPdDHPskkJghIbqWGUknQVxSzEhasmNBIoRHaEC6CgbIJ8JJJplT48ALuSGHxJjsf70J8oUY+67yZL+JWS0j/9O6sfROnYQGUSxJgJVFaV7MDBkaWXVGn3KCJRsrgDCn6ksDDxFHWKqCSyq+NRt2HrSOqtZxtXZbK9fP8yKKsAf7UAELTqAOV9CAJmB4glf4hC/tUXvR3rWPX2tBy292YWq07x9P5qi6</latexit>

s(E )s(E)  = s(E)  s(E ) = I

The scattering matrix 

Computed from the time-independent Schrödinger equation

unitary implies
<latexit sha1_base64="Fpb7e+MwtV1UxjC/opn3CMoj0Ss=">AAAB4nicbZA7SwNBFIXvxldcX1FLm8EgWIVdEbURgzaWCZoHJEuYndxNhsw+mJkVwpI/oJWonZ0/xsZe/DdOHoVGT/XNPWfgnusngivtOF9WbmFxaXklv2qvrW9sbhW2d+oqTiXDGotFLJs+VSh4hDXNtcBmIpGGvsCGP7ga+407lIrH0a0eJuiFtBfxgDOqzah60ykUnZIzEfkL7gyKF+/2efL2aVc6hY92N2ZpiJFmgirVcp1EexmVmjOBI7udKkwoG9AetgxGNETlZZNFR+QgiCXRfSST989sRkOlhqFvMiHVfTXvjYf/ea1UB2dexqMk1RgxEzFekAqiYzLuS7pcItNiaIAyyc2WhPWppEybq9imvjtf9i/Uj0ruSem46hTLlzBVHvZgHw7BhVMowzVUoAYMEB7gGV6srnVvPVpP02jOmv3ZhV+yXr8B8vKNsg==</latexit>

S

Narrow wave packets

<latexit sha1_base64="nabVOw6250K6TXubpAe6ynE5IJ8=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VEj7ZcrbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4B0jeKkg==</latexit>p

<latexit sha1_base64="+lwGhu/CmD2uayyj8ewejqwdWEQ=">AAAB6XicbZDLSgNBEEVr4ivGV9Slm8YguAozIuoyqAuXEcwDkiH0dGqSJj0PumuEEPIRuhJ15+/4A/6NnTgLTbyr03VvQ90KUiUNue6XU1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtHtgBtUMsYGSVLYTjXyKFDYCkY3M7/1iNrIJH6gcYp+xAexDKXgZEft7i0q4iztlStu1Z2LLYOXQwVy1Xvlz24/EVmEMQnFjel4bkr+hGuSQuG01M0MplyM+AA7FmMeofEn832n7CRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZrVZX2oUpMYWuNDSbsnEkGsuyB6nZOt7i2WXoXlW9S6q5/fnldp1fogiHMExnIIHl1CDO6hDAwQoeIY3eHdGzpPz4rz+RAtO/ucQ/sj5+AZy9Y0+</latexit>

! p

<latexit sha1_base64="/CRt3CU5J+6JLPtaXtvN5MOCp8E=">AAACFHicbVBNS8NAFNz4bf2qevQSLNL2YEmKqBehqAePFawKTS2b7avddpOsuy9CCfkb+mf0JOpFvPtv3NYKap3TvDfz4M34UnCNjvNhTUxOTc/Mzs1nFhaXlleyq2vnOooVgxqLRKQufapB8BBqyFHApVRAA1/Ahd87GugXt6A0j8Iz7EtoBPQ65G3OKJpVM+t6khdk8cDTNwoTeZWU0+1yUPCOQSBtJt18N93+Hnr5XlpMm9mcU3KGsMeJOyI5MkK1mX3zWhGLAwiRCap13XUkNhKqkDMBacaLNUjKevQa6oaGNADdSIbRUnurHSkbO2AP55/ehAZa9wPfeAKKHf1XGyz/0+oxtvcbCQ9ljBAyYzFaOxY2RvagIbvFFTAUfUMoU9x8abMOVZSh6TFj4rt/w46T83LJ3S3tnO7kKoejIubIBtkkBeKSPVIhJ6RKaoSRe/JIXsirdWc9WE/W85d1whrdrJNfsN4/AcWynfg=</latexit>

! (p) =
!

p2 ! 2m(! j ! j ! ! k ! k )
<latexit sha1_base64="CfJ43jcV9QExsd92ntooYlUccCo=">AAAB53icbZDNTgIxFIXv+Iv4h7p000hMcENmDFGXRDcuMZGfBCakU+5ApTPTtB0TMuEZdGXUne/jC/g2FpyFgmf19Z7T5J4bSMG1cd0vZ2V1bX1js7BV3N7Z3dsvHRy2dJIqhk2WiER1AqpR8BibhhuBHamQRoHAdjC+mfntR1SaJ/G9mUj0IzqMecgZNXbU6klekWf9UtmtunORZfByKEOuRr/02RskLI0wNkxQrbueK42fUWU4Ezgt9lKNkrIxHWLXYkwj1H4233ZKTsNEETNCMn//zmY00noSBTYTUTPSi95s+J/XTU145Wc8lqnBmNmI9cJUEJOQWWky4AqZERMLlClutyRsRBVlxp6maOt7i2WXoXVe9S6qtbtauX6dH6IAx3ACFfDgEupwCw1oAoMHeIY3eHe48+S8OK8/0RUn/3MEf+R8fAPWSYxK</latexit>

! (p)
<latexit sha1_base64="nabVOw6250K6TXubpAe6ynE5IJ8=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VEj7ZcrbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4B0jeKkg==</latexit>p

<latexit sha1_base64="+lwGhu/CmD2uayyj8ewejqwdWEQ=">AAAB6XicbZDLSgNBEEVr4ivGV9Slm8YguAozIuoyqAuXEcwDkiH0dGqSJj0PumuEEPIRuhJ15+/4A/6NnTgLTbyr03VvQ90KUiUNue6XU1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtHtgBtUMsYGSVLYTjXyKFDYCkY3M7/1iNrIJH6gcYp+xAexDKXgZEft7i0q4iztlStu1Z2LLYOXQwVy1Xvlz24/EVmEMQnFjel4bkr+hGuSQuG01M0MplyM+AA7FmMeofEn832n7CRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZrVZX2oUpMYWuNDSbsnEkGsuyB6nZOt7i2WXoXlW9S6q5/fnldp1fogiHMExnIIHl1CDO6hDAwQoeIY3eHdGzpPz4rz+RAtO/ucQ/sj5+AZy9Y0+</latexit>

! p

Broad wave packets

<latexit sha1_base64="A+LsvRruPLcKktS0zEq9Kd6agf0="></latexit>

Sjk
j ! k ! =

!

! ! = ±

" !

pinf

dp! (p)! " (" (p))
#

p
" (p)

s(! ! +)
j ! j (Ep + ej )

$
s(! ! +)

k ! k (Ep ! ! j ! j + ek ! )
%"



<latexit sha1_base64="GKB95xIxZhNj98E0uMDuiJIKupw=">AAAB/HicbVDLSsNAFJ3UV62vqCtxEyxSVyWRom6Eoi5cVrAPaEOYTG/aaSYPZiZCCdGf0ZWoO7/CH/BvnNYI2npW595zLtxz3JhRIU3zUyssLC4trxRXS2vrG5tb+vZOS0QJJ9AkEYt4x8UCGA2hKalk0Ik54MBl0Hb9y4nevgMuaBTeynEMdoAHIfUowVKtHH2vdwVMYicdVUbZ+c/gV/zM0ctm1ZzCmCdWTsooR8PRP3r9iCQBhJIwLETXMmNpp5hLShhkpV4iIMbExwPoKhriAISdTiNkxqEXcUMOwZjOv70pDoQYB67yBFgOxaw2Wf6ndRPpndkpDeNEQkiURWlewgwZGZMmjD7lQCQbK4IJp+pLgwwxx0SqvkoqvjUbdp60jqvWSbV2UyvXL/IiimgfHaAjZKFTVEfXqIGaiKAH9IRe0Zt2rz1qz9rLt7Wg5Te76A+09y+e+JSy</latexit>

! j ! j = ! k ! k

Similar to the situation of a system weakly coupled to a bath

Narrow wave packets

Population decoupled from coherences
<latexit sha1_base64="gT7c+yJXM70Vk33wNXXGZGlkE6o="></latexit>

(! !
Y )jk = Sjk

jk (! Y )jk ! |(! !
Y )jk | " |(! Y )jk |

If the Bohr frequency is not degenerate

<latexit sha1_base64="XU4KCChXHO8uiYoyyXZ5UW5pZ6o="></latexit>

Sjk
j ! k ! = ! ! j ! j ,! k ! k

!
öt j ! j (Ep0 + ej )

"
ötk ! k (Ep0 + ek )

#!
+ ör j ! j (Ep0 + ej ) [ör k ! k (Ep0 + ek )]!

$

<latexit sha1_base64="nabVOw6250K6TXubpAe6ynE5IJ8=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY9Ql0Y1LSOSRwIT0NDXQoeeR7hoTQvgBXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VEj7ZcrbtVdiK2Cl0MFctX75c/eIBFZhDEJxY3pem5K/pRrkkLhrNTLDKZcjPkQuxZjHqHxp4tFZ+wsTDSjEbLF+3d2yiNjJlFgMxGnkVn25sP/vG5G4Y0/lXGaEcbCRqwXZopRwuZ92UBqFKQmFrjQ0m7JxIhrLshepWTre8tlV6F1UfWuqpeNy0rtNj9EEU7gFM7Bg2uowT3UoQkCEJ7hDd6dgfPkvDivP9GCk/85hj9yPr4B0jeKkg==</latexit>p

<latexit sha1_base64="+lwGhu/CmD2uayyj8ewejqwdWEQ=">AAAB6XicbZDLSgNBEEVr4ivGV9Slm8YguAozIuoyqAuXEcwDkiH0dGqSJj0PumuEEPIRuhJ15+/4A/6NnTgLTbyr03VvQ90KUiUNue6XU1hZXVvfKG6WtrZ3dvfK+wdNk2RaYEMkKtHtgBtUMsYGSVLYTjXyKFDYCkY3M7/1iNrIJH6gcYp+xAexDKXgZEft7i0q4iztlStu1Z2LLYOXQwVy1Xvlz24/EVmEMQnFjel4bkr+hGuSQuG01M0MplyM+AA7FmMeofEn832n7CRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZrVZX2oUpMYWuNDSbsnEkGsuyB6nZOt7i2WXoXlW9S6q5/fnldp1fogiHMExnIIHl1CDO6hDAwQoeIY3eHdGzpPz4rz+RAtO/ucQ/sj5+AZy9Y0+</latexit>

! p

<latexit sha1_base64="/CRt3CU5J+6JLPtaXtvN5MOCp8E=">AAACFHicbVBNS8NAFNz4bf2qevQSLNL2YEmKqBehqAePFawKTS2b7avddpOsuy9CCfkb+mf0JOpFvPtv3NYKap3TvDfz4M34UnCNjvNhTUxOTc/Mzs1nFhaXlleyq2vnOooVgxqLRKQufapB8BBqyFHApVRAA1/Ahd87GugXt6A0j8Iz7EtoBPQ65G3OKJpVM+t6khdk8cDTNwoTeZWU0+1yUPCOQSBtJt18N93+Hnr5XlpMm9mcU3KGsMeJOyI5MkK1mX3zWhGLAwiRCap13XUkNhKqkDMBacaLNUjKevQa6oaGNADdSIbRUnurHSkbO2AP55/ehAZa9wPfeAKKHf1XGyz/0+oxtvcbCQ9ljBAyYzFaOxY2RvagIbvFFTAUfUMoU9x8abMOVZSh6TFj4rt/w46T83LJ3S3tnO7kKoejIubIBtkkBeKSPVIhJ6RKaoSRe/JIXsirdWc9WE/W85d1whrdrJNfsN4/AcWynfg=</latexit>

! (p) =
!

p2 ! 2m(! j ! j ! ! k ! k )

<latexit sha1_base64="riH1Fhknl43N9+0f4NtuqV0gRw4=">AAACIXicbVDJTsMwFHTKVsoW4MjFokItlypBFXABVXDhWARdUBMix3VbE2eR7SBVUb4GfgbEAQEXxM/gpjlAYU7z3syT3owbMSqkYXxqhbn5hcWl4nJpZXVtfUPf3GqLMOaYtHDIQt51kSCMBqQlqWSkG3GCfJeRjuudT/TOPeGChsG1HEfE9tEwoAOKkVQrRz+tWnwUVpybfSe5q3iV9MQSsa+4lyaWj+TIdeFVms23U0N2MPV7qaOXjZqRAf4lZk7KIEfT0V+sfohjnwQSMyREzzQiaSeIS4oZSUtWLEiEsIeGpKdogHwi7CTLmcK9QcihHBGYzT+9CfKFGPuu8kyeFrPaZPmf1ovl4NhOaBDFkgRYWZQ2iBmUIZzUBfuUEyzZWBGEOVVfQjxCHGGpSi2p+OZs2L+kfVAzD2v1y3q5cZYXUQQ7YBdUgQmOQANcgCZoAQwewTN4Bx/ag/akvWpvU2tBy2+2wS9oX9+xF6PS</latexit>

(! !
Y )j ! k ! =

!

jk

Sj ! k !

jk (! Y )jk

<latexit sha1_base64="Q3UByhnR9BsqzJEF0ameup+qxv8=">AAACIXicbVDJTsMwFHTKVsoW4MjFokItlypBFXABVXDhWARdUFMix3Ubp84i20GqonwN/AyIAwIuiJ/BKTlA4Z3mzcyT3owTMSqkYXxohbn5hcWl4nJpZXVtfUPf3GqLMOaYtHDIQt51kCCMBqQlqWSkG3GCfIeRjjM+z/TOHeGChsG1nESk76NRQIcUI6koWz+tWtwN7ZvKvp14Fa+Snlgi9hVOoeUj6TpOcpXm0m3iKTo/yPxeautlo2ZMB/4FZg7KIJ+mrT9bgxDHPgkkZkiInmlEsp8gLilmJC1ZsSARwmM0Ij0FA+QT0U+mOVO4Nww5lC6B0/2nN0G+EBPfUZ7sazGrZeR/Wi+Ww+N+QoMoliTAyqK0YcygDGFWFxxQTrBkEwUQ5lR9CbGLOMJSlVpS8c3ZsH9B+6BmHtbql/Vy4ywvogh2wC6oAhMcgQa4AE3QAhg8gCfwBt61e+1Re9Fev60FLb/ZBr9G+/wCMSKjgw==</latexit>

(! !
Y )j ! j ! =

!

j

Sjj
j ! j ! (! Y )jj



<latexit sha1_base64="4x3uHOLrPL84iHntJfWnp1qXa/0=">AAACIXicbVDLSgMxFM34rPVVdekmWIS6KTNS1I1SdOOygn1ApwyZ9LYTmskMSUYo036N/oziQtSN+DNmakFtPZt7cs+5kHP8mDOlbfvDWlhcWl5Zza3l1zc2t7YLO7sNFSWSQp1GPJItnyjgTEBdM82hFUsgoc+h6Q+uMr15B1KxSNzqYQydkPQF6zFKtFl5hQtXBpHXOneZ0Lgbe7YbJiUzjkZuHDAvNXTsSiL6HFw+GfhHGOW9QtEu2xPgeeJMSRFNUfMKz243okkIQlNOlGo7dqw7KZGaUQ7jvJsoiAkdkD60DRUkBNVJJznH+LAXSawDwJP3b29KQqWGoW88IdGBmtWy5X9aO9G9s07KRJxoENRYjNZLONYRzurCXSaBaj40hFDJzC8xDYgkVJtSs/jObNh50jguOyflyk2lWL2cFpFD++gAlZCDTlEVXaMaqiOKHtATekPv1r31aL1Yr9/WBWt6s4f+wPr8Aok2o7I=</latexit>

! X =
!

dp0µ(p0)|" p0 !" " p0 |Ensemble of narrow wave-packets

<latexit sha1_base64="qSjkNLBsxuDtpq/AmRytkRSqlOs=">AAACI3icbZBLS8NAFIUnPmt9VV26GSxiRSmJFHUjFEVwWdFWoYlhMr21EycPZiZCCfk5+mfsSlRw4X9xUrPwdVffvecMzDlezJlUpvluTExOTc/MlubK8wuLS8uVldWOjBJBoU0jHolrj0jgLIS2YorDdSyABB6HK+/uJNev7kFIFoWXahiDE5DbkPUZJUqf3ErTDogaeF56kd2kvp+5qb/lb2VHNgsV7sWuae/aQVLTsI1bYzGrnbqp3rMdcP3tslupmnVzPPgvWAVUUTEttzKyexFNAggV5UTKrmXGykmJUIxyyMp2IiEm9I7cQldjSAKQTjpOmuHNfiSwGgAe79+9KQmkHAae9uSJ5G8tP/6ndRPVP3RSFsaJgpBqi9b6CccqwnlhuMcE UMWHGggVTP8S0wERhCpdax7f+h32L3T26tZ+vXHeqDaPiyJKaB1toBqy0AFqojPUQm1E0SMaoVf0ZjwYT8az8fJlnTCKN2voxxgfn/Fbow8=</latexit>

Sjj
j ! j ! =

!
dp0 µ(p0)Pj ! j (Ep0 + ej )

<latexit sha1_base64="gIiQRXbhTabnPZnEZW+7mt8/RXE=">AAACMHicbZDNSgMxFIUz9b/+VV26CRbRjWVGRN0Iohs3gqKthXY6ZNI7bcbMD0lGKGFeSl/DB9CVqDufwkztolrP6uScL3Dv9VPOpLLtV6s0NT0zOze/UF5cWl5ZraytN2SSCQp1mvBENH0igbMY6oopDs1UAIl8Dnf+/XnR3z2AkCyJb9UgBTcivZgFjBJlIq9y2Y6I6vu+vsk7OgxzT4c74U4OHb3X9kERDF6Yn/yCit4r2HHIxHle9ipVu2YPhSeNMzJVNNKVV3ludxOaRRAryomULcdOlauJUIxyyMvtTEJK6D3pQcvYmEQgXT1cO8fbQSKw6gMevsdZTSIpB5FvmGJy+bcrwv+6VqaCY1ezOM0UxNQgpgsyjlWCi+vhLhNAFR8YQ6hgZkpM+0QQqsyNi/Wdv8tOmsZ+zTmsHVwfVE/PRoeYR5toC+0iBx2hU3SBrlAdUfSEXtEH+rQerRfrzXr/QUvW6M8G+iXr6xuyQqp9</latexit>

Sjj
j ! j ! e! ! ej = Sj ! j !

jj e! ! ej ! Detailed balance  if Effusion distribution

<latexit sha1_base64="ioOXAncuJzmWSqvtc4g7pcfipjU=">AAAB7XicbZDLSsNAFIYn9VbrrerSzWARXJVERN0IxQu4bMFepAllMj1ph04uzJwIJfQxdCXqzpfxBXwbpzULbf1X35z/Hzj/8RMpNNr2l1VYWl5ZXSuulzY2t7Z3yrt7LR2nikOTxzJWHZ9pkCKCJgqU0EkUsNCX0PZH11O//QhKizi6x3ECXsgGkQgEZ2hGrnsDEhm97T1cNnrlil21Z6KL4ORQIbnqvfKn2495GkKEXDKtu46doJcxhYJLmJTcVEPC+IgNoGswYiFoL5vtPKFHQawoDoHO3r+zGQu1Hoe+yYQMh3remw7/87opBhdeJqIkRYi4iRgvSCXFmE6r075QwFGODTCuhNmS8iFTjKM5UMnUd+bLLkLrpOqcVU8bp5XaVX6IIjkgh+SYOOSc1MgdqZMm4SQhz+SNvFux9WS9WK8/0YKV/9knf2R9fAO50Y6B</latexit>

! EY = Q because
<latexit sha1_base64="caN9dC7uAIIsl+C5U2f0gJA7p6c=">AAAB+nicbVDLSgMxFM3UV62vURcu3ASLIAhlRoq6EYq6cNlS+4DOUDLpbRuazAxJRihjf0ZXou78DH/AvzGts9DWs7nn3nMCOSeIOVPacb6s3NLyyupafr2wsbm1vWPv7jVVlEgKDRrxSLYDooCzEBqaaQ7tWAIRAYdWMLqZ6q0HkIpF4b0ex+ALMghZn1GizalrH3i3wDXB9SsvADNrp16dDQTp2kWn5MyAF4mbkSLKUO3an14voomAUFNOlOq4Tqz9lEjNKIdJwUsUxISOyAA6hoZEgPLTWYAJPu5HEush4Nn+25sSodRYBMYjiB6qeW16/E/rJLp/6acsjBMNITUWo/UTjnWEpz3gHpNANR8bQqhk5peYDokkVJu2Cia+Ox92kTTPSu55qVwrFyvXWRF5dIiO0Aly0QWqoDtURQ1E0QQ9ozf0bj1aT9aL9fpjzVnZm330B9bHN9kikwY=</latexit>

! S = ! Q + "

<latexit sha1_base64="+6j6KYcxpgJ48UtNtFeavhJd718=">AAACNnicbVC7TsMwFHV4lvIKMLJEVAimKkEVsCBVsDAWlT6kJooc12nd2ElkO0hVlP+Cf+AHWGBCwMYn4IQMtOVO555zrnTP8WJKhDTNF21peWV1bb2yUd3c2t7Z1ff2uyJKOMIdFNGI9z0oMCUh7kgiKe7HHEPmUdzzgptc7z1gLkgU3stpjB0GRyHxCYJSUa7etttkxOCVLRLmppMgsxmUY89Le1mxxm5g09D2OUTpopTNcMFEcZOTzNVrZt0sxlgEVglqoJyWqz/bwwglDIcSUSjEwDJj6aSQS4Iozqp2InAMUQBHeKBgCBkWTlqEz4xjP+KGHGOj2P96U8iEmDJPefIvxbyWk/9pg0T6l05KwjiROETKojQ/oYaMjLxDY0g4RpJOFYCIE/WlgcZQVSRV01UV35oPuwi6Z3XrvN64a9Sa12URFXAIjsApsMAFaIJb0AIdgMATeAOf4Et71F61d+3j17qklTcHYGa07x/94q+v</latexit>

! =
!

jk

Wjk pk ln
Wjk pk

Wkj p!
j

EP Schnakenberg, Gaspard, etc

Micro reversibility implies 

under iterations of the map           converge to 

<latexit sha1_base64="y0dj/2pg72C9ZqL+DY3Q7Hv7dNE=">AAACHHicbZDJSgNBFEWr4xTjFHXppjFIIkLoDsFhIQRFcBnBDJC0obpSSVdSPVD1Wgid/hX9GV057QT/xsoAauJbnbr3Frz77IAzCYbxpSUWFpeWV5KrqbX1jc2t9PZOVfqhILRCfO6Luo0l5cyjFWDAaT0QFLs2pzW7fznya/dUSOZ7tzAIqOXirsc6jGBQUit9Vm5FvWwvzl0dno+wlx3jsOlgiCCemMO7wtFEET9KK50x8sZ49Hkwp5BB0ym30q/Ntk9Cl3pAOJayYRoBWBEWwAincaoZShpg0sdd2lDoYZdKKxpXjPWDji90cKg+fv/ORtiVcuDaKuNicOSsNxL/8xohdE6tiHlBCNQjKqK8Tsh18PXRpfQ2E5QAHyjARDC1pU4cLDABdc+Uqm/Olp2HaiFvHueLN8VM6WJ6iCTaQ/soh0x0gkroGpVRBRH0iJ7RO/rQHrQn7UV7m0QT2vTPLvoz2uc3BlGhVA==</latexit>

Pj ! j (E ) = Pjj ! (E ) = |öt j ! j |2 + |ör j ! j |2

<latexit sha1_base64="WEIZQnsbAtAA/UlvQU4gdHSSFYE=">AAAB9XicbVBLTsMwFHTKr5RfKEs2ViukIqQqQQhYVrBhWQT9oCaKHNdprTpxZDtAFPUWbGGFgB0X4QK9DU7LAlpmNe/NPGne+DGjUlnWxCgsLa+srhXXSxubW9s75m65LXkiMGlhzrjo+kgSRiPSUlQx0o0FQaHPSMcfXeZ6554ISXl0q9KYuCEaRDSgGCm98syyEyI19P3sZlxzxJB7d4eeWbXq1hRwkdg/pNqoOEdPk0ba9Mwvp89xEpJIYYak7NlWrNwMCUUxI+OSk0gSIzxCA9LTNEIhkW42zT6GBwEXUA0JnM6/vRkKpUxDX3vyjHJey5f/ab1EBeduRqM4USTC2qK1IGFQcZhXAPtUEKxYqgnCguqUEA+RQFjpokr6fXv+2UXSPq7bp/WTa93DBZihCPZBBdSADc5AA1yBJmgBDB7BC3gHH8aD8Wy8Gm8za8H4udkDf2B8fgNycZTL</latexit>

S(! Y )
<latexit sha1_base64="cU5RaFxcohlvims673CIrlnz0Ss=">AAAB53icbZC7SgNBFIbPeo3xFrVUZDAIVmFXRC2DNpYJmIskS5idnM2Omb0wMyuEkNJaK1E73yIP4Qv4DL6Ek0uhiX/1zfn/gfMfLxFcadv+shYWl5ZXVjNr2fWNza3t3M5uVcWpZFhhsYhl3aMKBY+workWWE8k0tATWPO61yO/9oBS8Ti61b0E3ZB2Iu5zRrUZVZsyiFt3rVzeLthjkXlwppAvHgzL34+Hw1Ir99lsxywNMdJMUKUajp1ot0+l5kzgINtMFSaUdWkHGwYjGqJy++NtB+TYjyXRAZLx+3e2T0OleqFnMiHVgZr1RsP/vEaq/Uu3z6Mk1RgxEzGenwqiYzIqTdpcItOiZ4Ayyc2WhAVUUqbNabKmvjNbdh6qpwXnvHBWNne4gokysA9HcAIOXEARbqAEFWBwD8/wBu8Wt56sF+t1El2wpn/24I+sjx9HiZBY</latexit>! Y

<latexit sha1_base64="XW/oEqjjrTBCnIuMty1F4j72Efw=">AAAB/XicbVDLSgMxFM34rPVVdaebYBHcWGakqCupClJcVbAP7Ywlk95pQzMPkoxQhqJ/4RfoStRdf8If8G9MHwttPYvLufecQM5xI86kMs1vY2Z2bn5hMbWUXl5ZXVvPbGxWZBgLCmUa8lDUXCKBswDKiikOtUgA8V0OVbdzMdCrDyAkC4Mb1Y3A8UkrYB6jROlTI7Nte4LQBO6TA9sFRXCxcdvrJXd6NjJZM2cOgaeJNSbZwull/rl/dlVqZL7sZkhjHwJFOZGybpmRchIiFKMcemk7lhAR2iEtqGsaEB+kkwwz9PCeFwqs2oCH+29vQnwpu76rPT5RbTmpDY7/afVYeSdOwoIoVhBQbdGaF3OsQjyoAjeZAKp4VxNCBdO/xLRNdB1KF5bW8a3JsNOkcpizjnL5a93DORohhXbQLtpHFjpGBVREJVRGFD2hV/SBPo1H48V4M95H1hlj/GYL/YHR/wFW85gU</latexit>

e! ! H Y

ZY

<latexit sha1_base64="2FklsCRWMlb3gJuRwoKIDAziIfc=">AAACEnicbVDNTgIxGOz6i/iHevTSSEzwIOwSol5MiF48YiI/CQukW76FhnZ303ZNyGbfQl9GT0a98QK+jQU5KDin+WamSWe8iDOlbfvLWlldW9/YzGxlt3d29/ZzB4cNFcaSQp2GPJQtjyjgLIC6ZppDK5JAhMeh6Y1up37zEaRiYfCgxxF0BBkEzGeUaCP1ciVXxIWoZ59dux5o4vqS0MTcaSJS6CbnMxUboVsulUWa7eXydtGeAS8TZ07yaI5aLzdx+yGNBQSacqJU27Ej3UmI1IxySLNurCAidEQG0DY0IAJUJ5kVS/GpH0qsh4Bn9+9sQoRSY+GZjCB6qBa9qfif1461f9VJWBDFGgJqIsbzY451iKf74D6TQDUfG0KoZOaXmA6JWUWbFaf1ncWyy6RRLjoXxcp9JV+9mQ+RQcfoBBWQgy5RFd2hGqojip7RK/pAn9aT9WK9We8/0RVr/uYI/YE1+QZzHpyd</latexit>

µ(p0) = !
p0

m
e! ! p2

0 / 2m



Quantum collisional thermostats

<latexit sha1_base64="961Hw5FJ3u2i1olRDPVgE3u2CA0=">AAACFHicbVDLTgJBEJzFF+IL9ehlIjGBg2SXEPVINCQkXjCRR8ISMjv0woTZBzOzJGSzv6E/oyejXox3/8YBOShYp+qu6qSrnJAzqUzzy0itrW9sbqW3Mzu7e/sH2cOjpgwiQaFBAx6ItkMkcOZDQzHFoR0KIJ7DoeWMbmZ6awJCssC/V9MQuh4Z+MxllCi96mWt2PaIGjoOvk3y1YIN44hNsO0KQmNbjoWKS16+el4rJElsDx0ikl42ZxbNOfAqsRYkhxao97Ifdj+gkQe+opxI2bHMUHVjIhSjHJKMHUkICR2RAXQ09YkHshvPoyX4zA0EVkPA8/m3NyaelFPP0Z5ZArmszZb/aZ1IuVfdmPlhpMCn2qI1N+JYBXjWEO4zAVTxqSaECqa/xHRIdCFK95jR8a3lsKukWSpaF8XyXTlXuV4UkUYn6BTlkYUuUQXVUB01EEWP6Bm9oXfjwXgyXozXH2vKWNwcoz8wPr8BPoqeRQ==</latexit>

K (E ) !

!
2m(E " H )

!

<latexit sha1_base64="as2nAiDpgvKpBgvpW1jCl4qUFoU=">AAACE3icbVDLSsNAFJ34rPUVdekmWIS6qUkRdSMUpeDCRQVrhaaUyXhjh04eztwUSshn6M/oStSVfoB/47QGUetZnXvPuXDP8WLBFdr2hzE1PTM7N19YKC4uLa+smmvrlypKJIMmi0QkrzyqQPAQmshRwFUsgQaegJbXPxnprQFIxaPwAocxdAJ6E3KfM4p61TVtF2lSru+4cJvwgetLytKzLB1069nR9+SqW4lptb4bZFnXLNkVewxrkjg5KZEcja755l5HLAkgRCaoUm3HjrGTUomcCciKbqIgpqxPb6CtaUgDUJ10nCyztv1IWtgDazz/9KY0UGoYeNoTUOypv9po+Z/WTtA/7KQ8jBOEkGmL1vxEWBhZo4Ksay6BoRhqQpnk+kuL9ahuAnWNRR3f+Rt2klxWK85+Ze98r1Q7zosokE2yRcrEIQekRk5JgzQJI/fkkbyQV+POeDCejOcv65SR32yQXzDePwELA57b</latexit>

! (E ) !
L
vE

=
L

!
2E/m

<latexit sha1_base64="Cn3boE1LCBOei+9PTwTiFy9PgvA="></latexit>

[öt (E )]j ! j ! e! iL (k j + k j ! ) / 2"j "|eiL K(E ) |j #
<latexit sha1_base64="g7tnB0knXDx0YZhyprXzXyDJe38="></latexit>

[öt (E )]j ! j ! ei ! (E )[ ej ! + ej ]/ ! "j ! |e" i ! (E )H/ ! |j #

<latexit sha1_base64="6Vd1aPiMb5MajsqKJktXvu+NWkw=">AAAB+3icbVC9TsMwGHT4LeUvwILEYlEhMZUEVcBYAQNjkegPaqLIcb+kVu0ksh2kKiovAxMCNt6CF+BtcEsHaLnpfHeWvrsw40xpx/myFhaXlldWS2vl9Y3NrW17Z7el0lxSaNKUp7ITEgWcJdDUTHPoZBKICDm0w8HV2G8/gFQsTe70MANfkDhhEaNEGymw97PAwdiLYyywdw1ck+AenxgxsCtO1ZkAzxN3SipoikZgf3q9lOYCEk05UarrOpn2CyI1oxxGZS9XkBE6IDF0DU2IAOUXkwYjfBSlEus+4Mn7d7YgQqmhCE1GEN1Xs95Y/M/r5jq68AuWZLmGhJqI8aKcY53i8RC4xyRQzYeGECqZuRLTPpGEajNX2dR3Z8vOk9Zp1T2r1m5rlfrldIgSOkCH6Bi56BzV0Q1qoCai6BE9ozf0bo2sJ+vFev2JLljTP3voD6yPb031kps=</latexit>

p0 ! m! Y /p 0

Two models satisfying micro reversibility

<latexit sha1_base64="QTVFzLOt1CwwvSy+nV7fpomdgsY="></latexit>

Sjk
j ! k ! = ! ! j ! j ,! k ! k

öt j ! j (Ep0 + ej )
!
ötk ! k (Ep0 + ek )

"!

<latexit sha1_base64="kfY0d7xhz68BgdGNhkCZ+kEmfFw="></latexit>

Ep0 ! V (x) and p0l ! !

<latexit sha1_base64="S4jSGR08oOVGAmhFoEIdXsVchDQ=">AAAB5nicbZDLSgMxFIbP1Futt6pLN8EiVIQyI6Iui25cVnDaQjuUTHraCc1cSDLiUPoKulHUnQ/kC/RtTC8Lbf1XX87/B85//ERwpW17bOVWVtfWN/Kbha3tnd294v5BXcWpZOiyWMSy6VOFgkfoaq4FNhOJNPQFNvzB7cRvPKJUPI4edJagF9J+xHucUW1GLqmXn047xZJdsaciy+DMoVQ9bp+9jqtZrVP8bndjloYYaSaoUi3HTrQ3pFJzJnBUaKcKE8oGtI8tgxENUXnD6bIjctKLJdEBkun7d3ZIQ6Wy0DeZkOpALXqT4X9eK9W9a2/IoyTVGDETMV4vFUTHZNKZdLlEpkVmgDLJzZaEBVRSps1lCqa+s1h2GernFeeycnFv7nADM+XhCI6hDA5cQRXuoAYuMODwAh/waQXWs/Vmvc+iOWv+5xD+yPr6AaVUjpQ=</latexit>

V (x)

<latexit sha1_base64="5Nde6/TaPEm+olLDwGRahGQnUQc=">AAAB5XicbZDLTsJAFIZP8YZ4Q126aSAmJkZsiVGXRDcuXGAilwQaMh1OYcL0kpmpSdPwCLoi6s4X8gV4G6fAQsF/9c35/0nOf9yIM6ksa2rk1tY3Nrfy24Wd3b39g+LhUVOGsaDYoCEPRdslEjkLsKGY4tiOBBLf5dhyR/eZ33pBIVkYPKskQscng4B5jBKVjS4eL6u9YtmqWDOZq2AvoFwrdc8n01pS7xW/u/2Qxj4GinIiZce2IuWkRChGOY4L3VhiROiIDLCjMSA+Sied7To2T71QmGqI5uz9O5sSX8rEd3XGJ2ool71s+J/XiZV366QsiGKFAdUR7XkxN1VoZpXNPhNIFU80ECqY3tKkQyIIVfowBV3fXi67Cs1qxb6uXD3pO9zBXHk4gRKcgQ03UIMHqEMDKAzhDT7g0xgYr8bEeJ9Hc8bizzH8kfH1A+ivjiU=</latexit>

! L/ 2
<latexit sha1_base64="3OXZF/iwaJvAq8OAfG37I/Sh794=">AAAB5HicbZDJSgNBFEVfxynGKerSTZEgCELsDqIug25cuIhoBkiaUF15nRSpHqiqFpqQP9CV084v8gfyN1aGhSbe1al3b8G7z4sFV9q2x1ZmZXVtfSO7mdva3tndy+8f1FWUSIY1FolINj2qUPAQa5prgc1YIg08gQ1vcDPxG08oFY/CR53G6Aa0F3KfM6rN6OHurNzJF+2SPRVZBmcOxUqhffo2rqTVTv673Y1YEmComaBKtRw71u6QSs2ZwFGunSiMKRvQHrYMhjRA5Q6nq47IsR9JovtIpu/f2SENlEoDz2QCqvtq0ZsM//Naifav3CEP40RjyEzEeH4iiI7IpDHpcolMi9QAZZKbLQnrU0mZNnfJmfrOYtllqJdLzkXp/N7c4RpmysIRFOAEHLiECtxCFWrAoAcv8AGflm89W6/W+yyaseZ/DuGPrK8fgCCN7g==</latexit>

L/ 2

arXiv 2109.10620

Induces thermalization

<latexit sha1_base64="+uePqH7cTS5ndpFPtmyTTL2x2Z4="></latexit>

öt j ! j (E ) =

!
ei ! (E )( ej + ej ! ) / 2! !sj ! |e! i ! (E )H/ ! |sj " E > e max

! j ! j E # emax

<latexit sha1_base64="SBFmZ3wBQGPHFfKg1Jf4ra6vV1U="></latexit>

öt j ! j (E ) =

!
e! iL (k j + k j ! ) / 2!sj ! |eiL K(E ) |sj " E > e max

! j ! j E # emax



The wave packet is fast and broad with respect to the system
<latexit sha1_base64="3oZqdJyYdMujLSe92O9wKz46Uh0=">AAACBXicbZC9TsMwFIWd8lfKX4CRxWqFxFQSVAFjBQyMRaI/qIkix71NrdpJZDtIVdUZXgYmBGy8AC/A2+CGDtByp8/3HEv3nDDlTGnH+bIKS8srq2vF9dLG5tb2jr2711JJJik0acIT2QmJAs5iaGqmOXRSCUSEHNrh8HKqt+9BKpbEt3qUgi9IFLM+o0SbVWCX08DBXhRhT7FIkBwF9q6AaxLc4WMjB3bFqTr54EVwZ1BBs2kE9qfXS2gmINaUE6W6rpNqf0ykZpTDpORlClJChySCrsGYCFD+OM8ywYf9RGI9AJy/f3vHRCg1EqHxCKIHal6bLv/Tupnun/tjFqeZhpgai9H6Gcc6wdNKcI9JoJqPDBAqmbkS0wGRhGpTXMnEd+fDLkLrpOqeVms3tUr9YlZEER2gMjpCLjpDdXSNGqiJKHpEz+gNvVsP1pP1Yr3+WAvW7M8++jPWxzezDZa2</latexit>

p0 ! ! ! m! Y /p 0

The wave packet travels semi-classically over the potential

(Smooth potential)

<latexit sha1_base64="IAy8zOPFPk1gXkxoIgpnOYBsev4=">AAACBHicbVC9TsMwGHTKXyl/BUYWQ4XEVCWoAhakChbGItG0UhNVjvulteo4ke0gVVFXeBmYELDxBLwAb4MbMkDLTee7s/TdBQlnStv2l1VaWl5ZXSuvVzY2t7Z3qrt7ropTSaFNYx7LbkAUcCagrZnm0E0kkCjg0AnG1zO/cw9SsVjc6UkCfkSGgoWMEm2kfvXQGxGdudNLjxMx5IBdT+Yk1z2RTvvVml23c+BF4hSkhgq0+tVPbxDTNAKhKSdK9Rw70X5GpGaUw7TipQoSQsdkCD1DBYlA+VleZYqPw1hiPQKcv39nMxIpNYkCk4mIHql5byb+5/VSHV74GRNJqkFQEzFemHKsYzxbBA+YBKr5xBBCJTNXYjoiklBtdquY+s582UXintads3rjtlFrXhVDlNEBOkInyEHnqIluUAu1EUWP6Bm9oXfrwXqyXqzXn2jJKv7soz+wPr4BjNaYoQ==</latexit>

öV = !V "ö!

<latexit sha1_base64="No5YLbww4aza6E2KeX/SVHthJ8o="></latexit>

s(E ) =
!

ör L öt R

öt L ör R

"
!

#
0 e! i ! öV / !

e! i ! öV / ! 0

$

Unitary evolution: 

<latexit sha1_base64="vjpVCHetsIg7hxqpX4KGYYq3Bzk=">AAACJnicbVDNTgIxGOz6i/iHevTSSEzwINk1Rr2YELl48KCJIAmLpFu+hYZud9N2DaTZ99F3MXoy6s1HsSAHBec038w06UyQcKa06346c/MLi0vLuZX86tr6xmZha7uu4lRSqNGYx7IREAWcCahppjk0EgkkCjjcBf3qyL97AKlYLG71MIFWRLqChYwSbaV2oepzIroccN2XY3Luh5JQ42XmKvOZ0G1z+KNcZeYoy+7N76teGhx0Bu1C0S27Y+BZ4k1IEU1w3S48+52YphEITTlRqum5iW4ZIjWjHLK8nypICO2TLjQtFSQC1TLjshneD2OJdQ/w+P6dNSRSahgFNhMR3VPT3kj8z2umOjxrGSaSVIOgNmK9MOVYx3i0Ge4wCVTzoSWESmZ/iWmP2Bm0XTZv63vTZWdJ/ajsnZSPb46LlYvJEDm0i/ZQCXnoFFXQJbpGNUTRE3pFH+jTeXRenDfn/Sc650ze7KA/cL6+AWbPpus=</latexit>

!V " =
1
L

! L
2

! L
2

V (x)dx

<latexit sha1_base64="h8zHlE31xRzGUZMvm385x3f3aGM=">AAAB9XicbZC9TsMwFIWd8lfKXygji0WFxFQlCAELUgULA0OR6I/URJXjOq1VO4nsG6CK8igwIWDjRXgB3ga3ZICWM32+51i69wSJ4Boc58sqLS2vrK6V1ysbm1vbO/Zuta3jVFHWorGIVTcgmgkesRZwEKybKEZkIFgnGF9N/c49U5rH0R1MEuZLMox4yCkBM+rbVQ9IeuGFitBM4ps8S/K+XXPqzkx4EdwCaqhQs29/eoOYppJFQAXRuuc6CfgZUcCpYHnFSzVLCB2TIesZjIhk2s9mu+f4MIwVhhHDs/fvbEak1hMZmIwkMNLz3nT4n9dLITz3Mx4lKbCImojxwlRgiPG0AjzgilEQEwOEKm62xHRETANgiqqY8935YxehfVx3T+sntye1xmVRRBntowN0hFx0hhroGjVRC1H0iJ7RG3q3Hqwn68V6/YmWrOLPHvoj6+Mb4aGSEQ==</latexit>

! =
mL
p

<latexit sha1_base64="kfY0d7xhz68BgdGNhkCZ+kEmfFw="></latexit>

Ep0 ! V (x) and p0l ! !

Broad wave packets as a work source <latexit sha1_base64="S4jSGR08oOVGAmhFoEIdXsVchDQ=">AAAB5nicbZDLSgMxFIbP1Futt6pLN8EiVIQyI6Iui25cVnDaQjuUTHraCc1cSDLiUPoKulHUnQ/kC/RtTC8Lbf1XX87/B85//ERwpW17bOVWVtfWN/Kbha3tnd294v5BXcWpZOiyWMSy6VOFgkfoaq4FNhOJNPQFNvzB7cRvPKJUPI4edJagF9J+xHucUW1GLqmXn047xZJdsaciy+DMoVQ9bp+9jqtZrVP8bndjloYYaSaoUi3HTrQ3pFJzJnBUaKcKE8oGtI8tgxENUXnD6bIjctKLJdEBkun7d3ZIQ6Wy0DeZkOpALXqT4X9eK9W9a2/IoyTVGDETMV4vFUTHZNKZdLlEpkVmgDLJzZaEBVRSps1lCqa+s1h2GernFeeycnFv7nADM+XhCI6hDA5cQRXuoAYuMODwAh/waQXWs/Vmvc+iOWv+5xD+yPr6AaVUjpQ=</latexit>

V (x)

<latexit sha1_base64="5Nde6/TaPEm+olLDwGRahGQnUQc=">AAAB5XicbZDLTsJAFIZP8YZ4Q126aSAmJkZsiVGXRDcuXGAilwQaMh1OYcL0kpmpSdPwCLoi6s4X8gV4G6fAQsF/9c35/0nOf9yIM6ksa2rk1tY3Nrfy24Wd3b39g+LhUVOGsaDYoCEPRdslEjkLsKGY4tiOBBLf5dhyR/eZ33pBIVkYPKskQscng4B5jBKVjS4eL6u9YtmqWDOZq2AvoFwrdc8n01pS7xW/u/2Qxj4GinIiZce2IuWkRChGOY4L3VhiROiIDLCjMSA+Sied7To2T71QmGqI5uz9O5sSX8rEd3XGJ2ool71s+J/XiZV366QsiGKFAdUR7XkxN1VoZpXNPhNIFU80ECqY3tKkQyIIVfowBV3fXi67Cs1qxb6uXD3pO9zBXHk4gRKcgQ03UIMHqEMDKAzhDT7g0xgYr8bEeJ9Hc8bizzH8kfH1A+ivjiU=</latexit>

! L/ 2
<latexit sha1_base64="3OXZF/iwaJvAq8OAfG37I/Sh794=">AAAB5HicbZDJSgNBFEVfxynGKerSTZEgCELsDqIug25cuIhoBkiaUF15nRSpHqiqFpqQP9CV084v8gfyN1aGhSbe1al3b8G7z4sFV9q2x1ZmZXVtfSO7mdva3tndy+8f1FWUSIY1FolINj2qUPAQa5prgc1YIg08gQ1vcDPxG08oFY/CR53G6Aa0F3KfM6rN6OHurNzJF+2SPRVZBmcOxUqhffo2rqTVTv673Y1YEmComaBKtRw71u6QSs2ZwFGunSiMKRvQHrYMhjRA5Q6nq47IsR9JovtIpu/f2SENlEoDz2QCqvtq0ZsM//Naifav3CEP40RjyEzEeH4iiI7IpDHpcolMi9QAZZKbLQnrU0mZNnfJmfrOYtllqJdLzkXp/N7c4RpmysIRFOAEHLiECtxCFWrAoAcv8AGflm89W6/W+yyaseZ/DuGPrK8fgCCN7g==</latexit>

L/ 2

<latexit sha1_base64="i2ktTM5d94GQ1APEZQ6if8wOGLE=">AAAB43icbZC9TsMwFIVvyl8pfwVGFosKialKEALGChbGguiP1EaV4960Vp04sh2kKuoTwISAjTfiBXgbnJIBWs70+Z5j6Z4bJIJr47pfTmlldW19o7xZ2dre2d2r7h+0tUwVwxaTQqpuQDUKHmPLcCOwmyikUSCwE0xucr/ziEpzGT+YaYJ+REcxDzmjxo7uRWVQrbl1dy6yDF4BNSjUHFQ/+0PJ0ghjwwTVuue5ifEzqgxnAmeVfqoxoWxCR9izGNMItZ/NN52Rk1AqYsZI5u/f2YxGWk+jwGYiasZ60cuH/3m91IRXfsbjJDUYMxuxXpgKYiTJC5MhV8iMmFqgTHG7JWFjqigz9ix5fW+x7DK0z+reRf387rzWuC4OUYYjOIZT8OASGnALTWgBgxCe4Q3eHXSenBfn9Sdacoo/h/BHzsc3AISKog==</latexit>
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Conclusions

• Collision (scattering) processes thermalizes a quantum system if the particles escape from 
a bath with a narrow (in momentum) wave-packet (heat bath). 


•Simplified expressions for the scattering matrix can be used to have models that induce 
thermalization (repeated interaction-collisional baths.)


• A broad wave-packet can create coherences and in a semiclassical limit, induces a unitary 
evolution for the scatterer (work source).  

•Scattered narrow wave packet can be distinguished and therefore reveal information about transitions in system Y.

•Scattered (very) broad wave packets can not reveal information about system Y and its dynamics is unitary. 


