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<latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit><latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit><latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit><latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit>

⇤
<latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit><latexit sha1_base64="qQO9a7FE3YpCEG8qG2hSkxAgKIA=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxoWLCvYBbSg3k0k7dDIJMxOhhH6EGxeKuPV73Pk3TtsstPXAwOGcc5l7T5AKro3rfjultfWNza3ydmVnd2//oHp41NZJpihr0UQkqhugZoJL1jLcCNZNFcM4EKwTjG9nfueJKc0T+WgmKfNjHEoecYrGSp3+vY2GOKjW3Lo7B1klXkFqUKA5qH71w4RmMZOGCtS657mp8XNUhlPBppV+plmKdIxD1rNUYsy0n8/XnZIzq4QkSpR90pC5+nsix1jrSRzYZIxmpJe9mfif18tMdO3nXKaZYZIuPooyQUxCZreTkCtGjZhYglRxuyuhI1RIjW2oYkvwlk9eJe2LuufWvYfLWuOmqKMMJ3AK5+DBFTTgDprQAgpjeIZXeHNS58V5dz4W0ZJTzBzDHzifPwulj10=</latexit>


<latexit sha1_base64="qAsUf/1IAlAQB3I2YF1C2veiXKU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2dlhZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqyho0EYluR2iY4JI1LLeCtZVmGEeCtaLx7cxvPTFteCIf7ESxMMah5ANO0Tqp2R2jUtgrV/yqPwdZJUFOKpCj3it/dfsJTWMmLRVoTCfwlQ0z1JZTwaalbmqYQjrGIes4KjFmJszm107JmVP6ZJBoV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGpUsskXSwapILYhMxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbl3gv3rv3sWgtePnMMfyB9/kDliyPHw==</latexit><latexit sha1_base64="qAsUf/1IAlAQB3I2YF1C2veiXKU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2dlhZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqyho0EYluR2iY4JI1LLeCtZVmGEeCtaLx7cxvPTFteCIf7ESxMMah5ANO0Tqp2R2jUtgrV/yqPwdZJUFOKpCj3it/dfsJTWMmLRVoTCfwlQ0z1JZTwaalbmqYQjrGIes4KjFmJszm107JmVP6ZJBoV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGpUsskXSwapILYhMxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbl3gv3rv3sWgtePnMMfyB9/kDliyPHw==</latexit><latexit sha1_base64="qAsUf/1IAlAQB3I2YF1C2veiXKU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2dlhZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqyho0EYluR2iY4JI1LLeCtZVmGEeCtaLx7cxvPTFteCIf7ESxMMah5ANO0Tqp2R2jUtgrV/yqPwdZJUFOKpCj3it/dfsJTWMmLRVoTCfwlQ0z1JZTwaalbmqYQjrGIes4KjFmJszm107JmVP6ZJBoV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGpUsskXSwapILYhMxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbl3gv3rv3sWgtePnMMfyB9/kDliyPHw==</latexit><latexit sha1_base64="qAsUf/1IAlAQB3I2YF1C2veiXKU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2dlhZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqyho0EYluR2iY4JI1LLeCtZVmGEeCtaLx7cxvPTFteCIf7ESxMMah5ANO0Tqp2R2jUtgrV/yqPwdZJUFOKpCj3it/dfsJTWMmLRVoTCfwlQ0z1JZTwaalbmqYQjrGIes4KjFmJszm107JmVP6ZJBoV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGpUsskXSwapILYhMxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbl3gv3rv3sWgtePnMMfyB9/kDliyPHw==</latexit>

!
<latexit sha1_base64="qUg8iXI01zUDf6doeaeQGgCgJ1c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJcxOepMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqExTbFDFlW7HxCBnEhuWWY7tVCMRMcdWPLqd+a0n1IYp+WDHKUaCDCRLGCXWSc2uEjggvXIlqAZz+KskzEkFctR75a9uX9FMoLSUE2M6YZDaaEK0ZZTjtNTNDKaEjsgAO45KItBEk/m1U//MKX0/UdqVtP5c/T0xIcKYsYhdpyB2aJa9mfif18lsch1NmEwzi5IuFiUZ963yZ6/7faaRWj52hFDN3K0+HRJNqHUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDhEZ7hFd485b14797HorXg5TPH8Afe5w+QMY8b</latexit><latexit sha1_base64="qUg8iXI01zUDf6doeaeQGgCgJ1c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJcxOepMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqExTbFDFlW7HxCBnEhuWWY7tVCMRMcdWPLqd+a0n1IYp+WDHKUaCDCRLGCXWSc2uEjggvXIlqAZz+KskzEkFctR75a9uX9FMoLSUE2M6YZDaaEK0ZZTjtNTNDKaEjsgAO45KItBEk/m1U//MKX0/UdqVtP5c/T0xIcKYsYhdpyB2aJa9mfif18lsch1NmEwzi5IuFiUZ963yZ6/7faaRWj52hFDN3K0+HRJNqHUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDhEZ7hFd485b14797HorXg5TPH8Afe5w+QMY8b</latexit><latexit sha1_base64="qUg8iXI01zUDf6doeaeQGgCgJ1c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJcxOepMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqExTbFDFlW7HxCBnEhuWWY7tVCMRMcdWPLqd+a0n1IYp+WDHKUaCDCRLGCXWSc2uEjggvXIlqAZz+KskzEkFctR75a9uX9FMoLSUE2M6YZDaaEK0ZZTjtNTNDKaEjsgAO45KItBEk/m1U//MKX0/UdqVtP5c/T0xIcKYsYhdpyB2aJa9mfif18lsch1NmEwzi5IuFiUZ963yZ6/7faaRWj52hFDN3K0+HRJNqHUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDhEZ7hFd485b14797HorXg5TPH8Afe5w+QMY8b</latexit><latexit sha1_base64="qUg8iXI01zUDf6doeaeQGgCgJ1c=">AAAB7XicbVDLSgNBEOyNrxhfUY9eFoPgKeyKoMegF48RzAOSJcxOepMx81hmZoUQ8g9ePCji1f/x5t84SfagiQUNRVU33V1xypmxQfDtFdbWNza3itulnd29/YPy4VHTqExTbFDFlW7HxCBnEhuWWY7tVCMRMcdWPLqd+a0n1IYp+WDHKUaCDCRLGCXWSc2uEjggvXIlqAZz+KskzEkFctR75a9uX9FMoLSUE2M6YZDaaEK0ZZTjtNTNDKaEjsgAO45KItBEk/m1U//MKX0/UdqVtP5c/T0xIcKYsYhdpyB2aJa9mfif18lsch1NmEwzi5IuFiUZ963yZ6/7faaRWj52hFDN3K0+HRJNqHUBlVwI4fLLq6R5UQ2Danh/Wand5HEU4QRO4RxCuIIa3EEdGkDhEZ7hFd485b14797HorXg5TPH8Afe5w+QMY8b</latexit>

!r � !m
<latexit sha1_base64="68/yOND9yO8S2xht/oO7anfZqd4=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4MYyI4Iui25cVrAXaIchk6ZtaJIZkowwDPVV3LhQxK0P4s63MW1noa0/BD7+cw7n5I8SzrTxvG+ntLa+sblV3q7s7O7tH7iHR20dp4rQFol5rLoR1pQzSVuGGU67iaJYRJx2osntrN55pEqzWD6YLKGBwCPJhoxgY63QrfZjQUc4VOgcFShCt+bVvbnQKvgF1KBQM3S/+oOYpIJKQzjWuud7iQlyrAwjnE4r/VTTBJMJHtGeRYkF1UE+P36KTq0zQMNY2ScNmru/J3IstM5EZDsFNmO9XJuZ/9V6qRleBzmTSWqoJItFw5QjE6NZEmjAFCWGZxYwUczeisgYK0yMzatiQ/CXv7wK7Yu679X9+8ta46aIowzHcAJn4MMVNOAOmtACAhk8wyu8OU/Oi/PufCxaS04xU4U/cj5/ANlQlD0=</latexit><latexit sha1_base64="68/yOND9yO8S2xht/oO7anfZqd4=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4MYyI4Iui25cVrAXaIchk6ZtaJIZkowwDPVV3LhQxK0P4s63MW1noa0/BD7+cw7n5I8SzrTxvG+ntLa+sblV3q7s7O7tH7iHR20dp4rQFol5rLoR1pQzSVuGGU67iaJYRJx2osntrN55pEqzWD6YLKGBwCPJhoxgY63QrfZjQUc4VOgcFShCt+bVvbnQKvgF1KBQM3S/+oOYpIJKQzjWuud7iQlyrAwjnE4r/VTTBJMJHtGeRYkF1UE+P36KTq0zQMNY2ScNmru/J3IstM5EZDsFNmO9XJuZ/9V6qRleBzmTSWqoJItFw5QjE6NZEmjAFCWGZxYwUczeisgYK0yMzatiQ/CXv7wK7Yu679X9+8ta46aIowzHcAJn4MMVNOAOmtACAhk8wyu8OU/Oi/PufCxaS04xU4U/cj5/ANlQlD0=</latexit><latexit sha1_base64="68/yOND9yO8S2xht/oO7anfZqd4=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4MYyI4Iui25cVrAXaIchk6ZtaJIZkowwDPVV3LhQxK0P4s63MW1noa0/BD7+cw7n5I8SzrTxvG+ntLa+sblV3q7s7O7tH7iHR20dp4rQFol5rLoR1pQzSVuGGU67iaJYRJx2osntrN55pEqzWD6YLKGBwCPJhoxgY63QrfZjQUc4VOgcFShCt+bVvbnQKvgF1KBQM3S/+oOYpIJKQzjWuud7iQlyrAwjnE4r/VTTBJMJHtGeRYkF1UE+P36KTq0zQMNY2ScNmru/J3IstM5EZDsFNmO9XJuZ/9V6qRleBzmTSWqoJItFw5QjE6NZEmjAFCWGZxYwUczeisgYK0yMzatiQ/CXv7wK7Yu679X9+8ta46aIowzHcAJn4MMVNOAOmtACAhk8wyu8OU/Oi/PufCxaS04xU4U/cj5/ANlQlD0=</latexit><latexit sha1_base64="68/yOND9yO8S2xht/oO7anfZqd4=">AAAB/HicbZDLSgMxFIbP1Futt9Eu3QSL4MYyI4Iui25cVrAXaIchk6ZtaJIZkowwDPVV3LhQxK0P4s63MW1noa0/BD7+cw7n5I8SzrTxvG+ntLa+sblV3q7s7O7tH7iHR20dp4rQFol5rLoR1pQzSVuGGU67iaJYRJx2osntrN55pEqzWD6YLKGBwCPJhoxgY63QrfZjQUc4VOgcFShCt+bVvbnQKvgF1KBQM3S/+oOYpIJKQzjWuud7iQlyrAwjnE4r/VTTBJMJHtGeRYkF1UE+P36KTq0zQMNY2ScNmru/J3IstM5EZDsFNmO9XJuZ/9V6qRleBzmTSWqoJItFw5QjE6NZEmjAFCWGZxYwUczeisgYK0yMzatiQ/CXv7wK7Yu679X9+8ta46aIowzHcAJn4MMVNOAOmtACAhk8wyu8OU/Oi/PufCxaS04xU4U/cj5/ANlQlD0=</latexit>

<latexit sha1_base64="eZF8QxNkhUzc03vuNzpd64Ur3As=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxWa/cXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAHqI/4</latexit>!c
<latexit sha1_base64="+s28k2VNSnmjwWs7GAtP352IEB4=">AAAB/HicbZDLSsNAFIYnXmu9Rbt0M1gEQShJEXVZ1IXLCvYCTQiT6Uk7dJIJMxMhlPoqblwo4tYHcefbOG2z0NYfBj7+cw7nzB+mnCntON/Wyura+sZmaau8vbO7t28fHLaVyCSFFhVcyG5IFHCWQEszzaGbSiBxyKETjm6m9c4jSMVE8qDzFPyYDBIWMUq0sQK74okYBiSg+Ax7t8C1wcCuOjVnJrwMbgFVVKgZ2F9eX9AshkRTTpTquU6q/TGRmlEOk7KXKUgJHZEB9AwmJAblj2fHT/CJcfo4EtK8ROOZ+3tiTGKl8jg0nTHRQ7VYm5r/1XqZjq78MUvSTENC54uijGMt8DQJ3GcSqOa5AUIlM7diOiSSUG3yKpsQ3MUvL0O7XnMvavX782rjuoijhI7QMTpFLrpEDXSHmqiFKMrRM3pFb9aT9WK9Wx/z1hWrmKmgP7I+fwCCFJQK</latexit>

!c +�c

<latexit sha1_base64="No79/MrFtuId4SD7VqsP+Yh98cI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtAvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6l9Va86JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPxyuM7Q==</latexit>

b
<latexit sha1_base64="ap3s/SHLjxanDAX2nhQ2rY+KOMs=">AAAB7XicbVDLSgNBEJz1GeMr6tHLYBA8hd0g6jHoxZsRzAOSJcxOepMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNoUEVV7odEQOcSWhYZjm0Ew1ERBxa0ehm6reeQBum5IMdJxAKMpAsZpRYJzW7dwIGpFcq+xV/BrxMgpyUUY56r/TV7SuaCpCWcmJMJ/ATG2ZEW0Y5TIrd1EBC6IgMoOOoJAJMmM2uneBTp/RxrLQrafFM/T2REWHMWESuUxA7NIveVPzP66Q2vgozJpPUgqTzRXHKsVV4+jruMw3U8rEjhGrmbsV0SDSh1gVUdCEEiy8vk2a1ElxUqvfn5dp1HkcBHaMTdIYCdIlq6BbVUQNR9Iie0St685T34r17H/PWFS+fOUJ/4H3+AGF7jwI=</latexit>

⌦cavity mode

mechanical osc.

Linearized quantum optomechanics

<latexit sha1_base64="UN6JuZ1fN2Q8cy40sBJSNULVPxU="></latexit>

H = �~�ca
†
a+ ~!mb

†
b+ ~g0(b+ b

†)a†a+ ~⌦
�
a+ a

†�
| {z }<latexit sha1_base64="SVs31Cw/HJb7/oOiLOGQSjPvfAc=">AAACAnicdVDLTgIxFO3gC/GFujJuGomJK9JBENgR3bjERMAECOmUCzR0OpO2Y0ImxI2/4saFxrj1K9z5N3YAEzV6kqYn59x723u8UHBtCPlwUkvLK6tr6fXMxubW9k52d6+pg0gxaLBABOrGoxoEl9Aw3Ai4CRVQ3xPQ8sYXid+6BaV5IK/NJISuT4eSDzijxkq97EEnkn1QnqIM4s5Ih8ldYP502svmSL5QItVyBZN8ibjVYsESQirVM4JdSxLk0AL1Xva90w9Y5IM0TFCt2y4JTTemynAmYJrpRBrs+DEdQttSSX3Q3Xi2whQfW6WPB4GyRxo8U793xNTXeuJ7ttKnZqR/e4n4l9eOzKDSjbkMIwOSzR8aRAKbACd54D5XwIyYWEKZ4vavmI2ojcPY1DI2hK9N8f+kWci7p3lyVczVzhdxpNEhOkInyEVlVEOXqI4aiKE79ICe0LNz7zw6L87rvDTlLHr20Q84b5+H9Jgr</latexit>

interaction cavity drive
| {z }<latexit sha1_base64="SVs31Cw/HJb7/oOiLOGQSjPvfAc=">AAACAnicdVDLTgIxFO3gC/GFujJuGomJK9JBENgR3bjERMAECOmUCzR0OpO2Y0ImxI2/4saFxrj1K9z5N3YAEzV6kqYn59x723u8UHBtCPlwUkvLK6tr6fXMxubW9k52d6+pg0gxaLBABOrGoxoEl9Aw3Ai4CRVQ3xPQ8sYXid+6BaV5IK/NJISuT4eSDzijxkq97EEnkn1QnqIM4s5Ih8ldYP502svmSL5QItVyBZN8ibjVYsESQirVM4JdSxLk0AL1Xva90w9Y5IM0TFCt2y4JTTemynAmYJrpRBrs+DEdQttSSX3Q3Xi2whQfW6WPB4GyRxo8U793xNTXeuJ7ttKnZqR/e4n4l9eOzKDSjbkMIwOSzR8aRAKbACd54D5XwIyYWEKZ4vavmI2ojcPY1DI2hK9N8f+kWci7p3lyVczVzhdxpNEhOkInyEVlVEOXqI4aiKE79ICe0LNz7zw6L87rvDTlLHr20Q84b5+H9Jgr</latexit>

<latexit sha1_base64="KYCDNAGKvxRdaBwa6Ec7YMpyO20=">AAACD3icbVDLSgMxFM3UV62vUZdugkWpCGWmiLosutBlBfuAzljuZDJtaOZBkhHK0D9w46+4caGIW7fu/BvTB6KtBwLnnnMvN/d4CWdSWdaXkVtYXFpeya8W1tY3NrfM7Z2GjFNBaJ3EPBYtDyTlLKJ1xRSnrURQCD1Om17/cuQ376mQLI5u1SChbgjdiAWMgNJSxzx0eh4IfIVLHj7G3p3jQ7dLxVEJdAk/ZccsWmVrDDxP7CkpoilqHfPT8WOShjRShIOUbdtKlJuBUIxwOiw4qaQJkD50aVvTCEIq3Wx8zxAfaMXHQSz0ixQeq78nMgilHISe7gxB9eSsNxL/89qpCs7djEVJqmhEJouClGMV41E42GeCEsUHmgARTP8Vkx4IIEpHWNAh2LMnz5NGpWyflis3J8XqxTSOPNpD+6iEbHSGquga1VAdEfSAntALejUejWfjzXiftOaM6cwu+gPj4xu1dJn0</latexit>

~G(b+ b†)(a+ a†)

| {z }
<latexit sha1_base64="tUPrH1KevBVzJjxZj/hGYaS1fZU=">AAACAnicdVDLTgIxFO3gC/GFujJuGomJK9JBENgR3bjERMAECOmUCzR0OpO2Y0ImxI2/4saFxrj1K9z5N3YAEzV6kqYn59x723u8UHBtCPlwUkvLK6tr6fXMxubW9k52d6+pg0gxaLBABOrGoxoEl9Aw3Ai4CRVQ3xPQ8sYXid+6BaV5IK/NJISuT4eSDzijxkq97EEnkn1QnqIM4s5Ih8ldZP502svmSL5QItVyBZN8ibjVYsESQirVM4JdSxLk0AL1Xva90w9Y5IM0TFCt2y4JTTemynAmYJrpRBrs+DEdQttSSX3Q3Xi2whQfW6WPB4GyRxo8U793xNTXeuJ7ttKnZqR/e4n4l9eOzKDSjbkMIwOSzR8aRAKbACd54D5XwIyYWEKZ4vavmI2ojcPY1DI2hK9N8f+kWci7p3lyVczVzhdxpNEhOkInyEVlVEOXqI4aiKE79ICe0LNz7zw6L87rvDTlLHr20Q84b5+LBJgt</latexit>

<latexit sha1_base64="18NJrdQ6MYKWYOXjM4OP19dxd2A="></latexit>

a ! ā+ a , g0 ⌧ 
<latexit sha1_base64="ad1k380DJfism2ZqpmutEYHlocw=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCqyFT+lwIRRe6rGAf0A5DJs20oZkHSUaoQ7/EjQtF3Pop7vwbM20FFT1w4XDOvdx7jxdzJhVCH0ZubX1jcyu/XdjZ3dsvmgeHXRklgtAOiXgk+h6WlLOQdhRTnPZjQXHgcdrzppeZ37ujQrIovFWzmDoBHofMZwQrLblm8Qqew7GL4NDDIsVz1ywhq1xFzXoDIquK7GalrAlCjWYNQVuTDCWwQts134ejiCQBDRXhWMqBjWLlpFgoRjidF4aJpDEmUzymA01DHFDppIvD5/BUKyPoR0JXqOBC/T6R4kDKWeDpzgCrifztZeJf3iBRfsNJWRgnioZkuchPOFQRzFKAIyYoUXymCSaC6VshmWCBidJZFXQIX5/C/0m3bNk1q3xTKbUuVnHkwTE4AWfABnXQAtegDTqAgAQ8gCfwbNwbj8aL8bpszRmrmSPwA8bbJ3Gbklc=</latexit>

G = g0ā



Gaussian states and linear measurements

cavity mode

mechanical osc.

local  
oscillator

Mechanical ground state cooling

Mechanical squeezing

Optical squeezing

Opto-mech. entanglement

Mech-mech. entanglement

Additional checks necessary 
to infer quantum features



Sideband single-photon detection

<latexit sha1_base64="Ioo4BZOmyS7ix7Y9nBS7rKoSmRo="></latexit>

⇢steady state ⇡ |0ih0|

<latexit sha1_base64="KimGtVkWReAKKtppEdjsOmX7rGg=">AAACH3icbVDLSgMxFM34rPU16tJNsAiuykyR6rLoxmUF+4BOKXfStA3NJEOSEcu0f+LGX3HjQhFx178x03ahrQdCDufcy+WcMOZMG8+bOmvrG5tb27md/O7e/sGhe3Rc1zJRhNaI5FI1Q9CUM0FrhhlOm7GiEIWcNsLhbeY3HqnSTIoHM4ppO4K+YD1GwFip45YDNZCdIAIzUFFKpOiyzAA+wQHEsZJPeOwHCkSfUxzw+e+PO27BK3oz4FXiL0gBLVDtuN9BV5IkosIQDlq3fC827RSUYYTTST5INI2BDKFPW5YKiKhup7N8E3xulS7uSWWfMHim/t5IIdJ6FIV2Mguil71M/M9rJaZ33U6ZiBNDBZkf6iUcG4mzsnCXKUoMH1kCRNlmCCYDUECMrTRvS/CXI6+Seqnol4ul+8tC5WZRRw6dojN0gXx0hSroDlVRDRH0jF7RO/pwXpw359P5mo+uOYudE/QHzvQHTrWjtw==</latexit>

⇢conditional ⇡ |1ih1|
<latexit sha1_base64="mp88YBenVCV1/2FVH5HKdrriNz0=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0W9eCxgv3AdinZNNuGZpMlyVrK0n/hxYMiXv033vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDPzW09UaSbFg5nE1I/wQLCQEWys9Ni9lWOBlZLjXrHklt050CrxMlKCDPVe8avblySJqDCEY607nhsbP8XKMMLptNBNNI0xGeEB7VgqcES1n84vnqIzq/RRKJUtYdBc/T2R4kjrSRTYzgiboV72ZuJ/Xicx4ZWfMhEnhgqyWBQmHBmJZu+jPlOUGD6xBBPF7K2IDLHCxNiQCjYEb/nlVdKslL1quXJ/UapdZ3Hk4QRO4Rw8uIQa3EEdGkBAwDO8wpujnRfn3flYtOacbOYY/sD5/AHP1pEE</latexit>

+

(non-Gaussian)

Step 2. 
Verification



<latexit sha1_base64="WlDQHjMqvpFJ+Vnb7Bm8iJDquP0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKQb0VvXisYD+gXcpsmm1js0lIskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3IjCUM0GblllOO0pTSCJO29H4dua3n6g2TIoHO1E0TGAoWMwIWCe1emNQCvrlil/158CrJMhJBeVo9MtfvYEkaUKFJRyM6Qa+smEG2jLC6bTUSw1VQMYwpF1HBSTUhNn82ik+c8oAx1K7EhbP1d8TGSTGTJLIdSZgR2bZm4n/ed3UxldhxoRKLRVksShOObYSz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqkGten1fq9Rv8jiK6ASdonMUoEtUR3eogZqIoEf0jF7Rmye9F+/d+1i0Frx85hj9gff5A5oMjys=</latexit>

Frequency

<latexit sha1_base64="j8ktvDhAsKp3wP48YHdcr20yhw8=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5id9CZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ3V6SsCQ9EW/XPGr/hx4lQQ5qaAcjX75qzdQNBUgLeXEmG7gJzbMiLaMcpiWeqmBhNAxGULXUUkEmDCb3zvFZ04Z4FhpV9Liufp7IiPCmImIXKcgdmSWvZn4n9dNbXwdZkwmqQVJF4vilGOr8Ox5PGAaqOUTRwjVzN2K6YhoQq2LqORCCJZfXiWtWjW4rNbuLyr1mzyOIjpBp+gcBegK1dEdaqAmooijZ/SK3rxH78V79z4WrQUvnzlGf+B9/gAW0JAC</latexit>!m

Non-classical photon-phonon correlations,  
Riedinger et al., Nature 530, 313 (2016) 

Phonon antibunching,  
Hong et al., Science 358, 203 (2017) 

Entanglement, teleportation,… 



<latexit sha1_base64="WlDQHjMqvpFJ+Vnb7Bm8iJDquP0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKQb0VvXisYD+gXcpsmm1js0lIskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3IjCUM0GblllOO0pTSCJO29H4dua3n6g2TIoHO1E0TGAoWMwIWCe1emNQCvrlil/158CrJMhJBeVo9MtfvYEkaUKFJRyM6Qa+smEG2jLC6bTUSw1VQMYwpF1HBSTUhNn82ik+c8oAx1K7EhbP1d8TGSTGTJLIdSZgR2bZm4n/ed3UxldhxoRKLRVksShOObYSz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqkGten1fq9Rv8jiK6ASdonMUoEtUR3eogZqIoEf0jF7Rmye9F+/d+1i0Frx85hj9gff5A5oMjys=</latexit>

Frequency
<latexit sha1_base64="eZF8QxNkhUzc03vuNzpd64Ur3As=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe6TfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxWa/cXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAHqI/4</latexit>!c

«click»   =   

phonon Fock state
<latexit sha1_base64="/7ZvOiSTfx4VZBKqTF728v/QzCI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PMmuonIgsFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7eEJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvEuKtW783LtOo+jAMdwAmfgwSXU4Bbq0AAGETzDK7w5ynlx3p2PeeuKk88cwR84nz8XLJCa</latexit>

|ni

<latexit sha1_base64="fZnnTKMzfvyOj1+93xW+nWr62Bw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAEIewGUY9BLx4jmAckS5id9CZDZmfXmdlAiPkOLx4U8erHePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhXcepYlhjsYhVM6AaBZdYM9wIbCYKaRQIbASD26nfGKLSPJYPZpSgH9Ge5CFn1FjJf5LknHhtRWVPYKdQdEvuDGSZeBkpQoZqp/DV7sYsjVAaJqjWLc9NjD+mynAmcJJvpxoTyga0hy1LJY1Q++PZ0RNyapUuCWNlSxoyU39PjGmk9SgKbGdETV8velPxP6+VmvDaH3OZpAYlmy8KU0FMTKYJkC5XyIwYWUKZ4vZWwvpUUWZsTnkbgrf48jKpl0veZal8f1Gs3GRx5OAYTuAMPLiCCtxBFWrA4BGe4RXenKHz4rw7H/PWFSebOYI/cD5/AKBJkV4=</latexit>

|n+ 1i

Step 1.  
State preparation

<latexit sha1_base64="j8ktvDhAsKp3wP48YHdcr20yhw8=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5id9CZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNoUkVV7oTEQOcSWhaZjl0Eg1ERBza0fh25refQBum5IOdJBAKMpQsZpRYJ3V6SsCQ9EW/XPGr/hx4lQQ5qaAcjX75qzdQNBUgLeXEmG7gJzbMiLaMcpiWeqmBhNAxGULXUUkEmDCb3zvFZ04Z4FhpV9Liufp7IiPCmImIXKcgdmSWvZn4n9dNbXwdZkwmqQVJF4vilGOr8Ox5PGAaqOUTRwjVzN2K6YhoQq2LqORCCJZfXiWtWjW4rNbuLyr1mzyOIjpBp+gcBegK1dEdaqAmooijZ/SK3rxH78V79z4WrQUvnzlGf+B9/gAW0JAC</latexit>!m



Implementation of sideband single-photon detection

suspended photonic crystals 
(Delft/Vienna/Caltech)

superfluid helium in fiber cavities (Yale)

<latexit sha1_base64="9bx9YChUlLy6GHnoadmfBBJgsto=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiTF17Lowi4r2Ac0IUym03bozCTMTIQaunPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv994Txowq7TjfVmFpeWV1rbhe2tjc2t6xd/daKkokJk0csUh2QqQIo4I0NdWMdGJJEA8ZaYej68xv3xOpaCTu9DgmPkcDQfsUI22kwD70Ik4GKODQU5TDM+hBjyM9lDy9qT9MArvsVJwp4CJxc1IGORqB/eX1IpxwIjRmSKmu68TaT5HUFDMyKXmJIjHCIzQgXUMF4kT56fSPCTw2Sg/2I2lKaDhVf0+kiCs15qHpzG5U814m/ud1E92/9FMq4kQTgWeL+gmDOoJZKLBHJcGajQ1BWFJzK8RDJBHWJrqSCcGdf3mRtKoV97xSvT0t167yOIrgAByBE+CCC1ADddAATYDBI3gGr+DNerJerHfrY9ZasPKZffAH1ucP1yWYqw==</latexit>

!m ⇠ 5 GHz

<latexit sha1_base64="HJ/rErgIODQZPP+7sM6fYjhRuIU=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlJFXRbddCNUsA9oQphMJ+3QmUmYmQg1dOvGX3HjQhG3/oE7/8ZJm4W2HrhwOOde7r0nTBhV2nG+raXlldW19dJGeXNre2fX3ttvqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrnO/c0+korG40+OE+BwNBI0oRtpIgQ29mJMBCjj0FOXw1HGgBz2O9FDy7KbxMAnsilN1poCLxC1IBRRoBvaX149xyonQmCGleq6TaD9DUlPMyKTspYokCI/QgPQMFYgT5WfTTybw2Ch9GMXSlNBwqv6eyBBXasxD05nfqOa9XPzP66U6uvQzKpJUE4Fni6KUQR3DPBbYp5JgzcaGICypuRXiIZIIaxNe2YTgzr+8SNq1qnterd2eVepXRRwlcAiOwAlwwQWogwZoghbA4BE8g1fwZj1ZL9a79TFrXbKKmQPwB9bnD8mWmSM=</latexit>

!m ⇠ 300 MHz

whispering gallery microresonators 
(Imperial)

silicon-nitride membranes (NBI)
<latexit sha1_base64="qQxRfg+tB+T3lzy0BLBUk9+r714=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFclaSIuiy66UaoYB/QhDCZTtqhM5kwMxFq6M6Nv+LGhSJu/QV3/o2TNgttPXDhcM693HtPmDCqtON8W0vLK6tr66WN8ubW9s6uvbffViKVmLSwYEJ2Q6QIozFpaaoZ6SaSIB4y0glH17nfuSdSURHf6XFCfI4GMY0oRtpIgX3kCU4GKODQU5RDF3rQ40gPJc9uGg+TwK44VWcKuEjcglRAgWZgf3l9gVNOYo0ZUqrnOon2MyQ1xYxMyl6qSILwCA1Iz9AYcaL8bPrHBJ4YpQ8jIU3FGk7V3xMZ4kqNeWg68xvVvJeL/3m9VEeXfkbjJNUkxrNFUcqgFjAPBfapJFizsSEIS2puhXiIJMLaRFc2IbjzLy+Sdq3qnldrt2eV+lURRwkcgmNwClxwAeqgAZqgBTB4BM/gFbxZT9aL9W59zFqXrGLmAPyB9fkD2gOYrQ==</latexit>

!m ⇠ 1 MHz

<latexit sha1_base64="aBbpmsrg+BXe5ufy9bL6RGAn3Rc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiRFtMuiC7usYB/QhDCZTtuhM5kwMxFq6M6Nv+LGhSJu/QV3/o2TNgttPXDhcM693HtPGDOqtON8W4WV1bX1jeJmaWt7Z3fP3j9oK5FITFpYMCG7IVKE0Yi0NNWMdGNJEA8Z6YTj68zv3BOpqIju9CQmPkfDiA4oRtpIgX3sCU6GKODQU5TDGvSgx5EeSZ7eNB6mgV12Ks4McJm4OSmDHM3A/vL6AiecRBozpFTPdWLtp0hqihmZlrxEkRjhMRqSnqER4kT56eyPKTw1Sh8OhDQVaThTf0+kiCs14aHpzG5Ui14m/uf1Ej2o+SmN4kSTCM8XDRIGtYBZKLBPJcGaTQxBWFJzK8QjJBHWJrqSCcFdfHmZtKsV96JSvT0v16/yOIrgCJyAM+CCS1AHDdAELYDBI3gGr+DNerJerHfrY95asPKZQ/AH1ucP296Yrg==</latexit>

!m ⇠ 8 GHz



Motivation for this work

• Testing quantum mechanics: 
Quantum features in sideband photon statistics 
with continuous driving?  

• Quantum resource for sensing:  
Steady stream of photons with nonclassical statistics?

Sequential pulsed driving can be challenging, 
continuous driving easy (for helium and membranes)



One continuous drive tone

Børkje et al., PRL 107, 123601 (2011) 



<latexit sha1_base64="WlDQHjMqvpFJ+Vnb7Bm8iJDquP0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKQb0VvXisYD+gXcpsmm1js0lIskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3IjCUM0GblllOO0pTSCJO29H4dua3n6g2TIoHO1E0TGAoWMwIWCe1emNQCvrlil/158CrJMhJBeVo9MtfvYEkaUKFJRyM6Qa+smEG2jLC6bTUSw1VQMYwpF1HBSTUhNn82ik+c8oAx1K7EhbP1d8TGSTGTJLIdSZgR2bZm4n/ed3UxldhxoRKLRVksShOObYSz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqkGten1fq9Rv8jiK6ASdonMUoEtUR3eogZqIoEf0jF7Rmye9F+/d+1i0Frx85hj9gff5A5oMjys=</latexit>

Frequency

statistics of thermal radiation 
(no quantum signatures)

(nonclassical cross-correlations)



Outline

• Introduction, motivation, earlier work 
 

• Proposed experimental setup with two-tone driving 
 

• Photon statistics, normalized second order coherence  
 

• Model-independent nonclassicality 
 

• Possible routes to implementation 
 

• Conclusion



Setup and measurement scheme



<latexit sha1_base64="WlDQHjMqvpFJ+Vnb7Bm8iJDquP0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKQb0VvXisYD+gXcpsmm1js0lIskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3IjCUM0GblllOO0pTSCJO29H4dua3n6g2TIoHO1E0TGAoWMwIWCe1emNQCvrlil/158CrJMhJBeVo9MtfvYEkaUKFJRyM6Qa+smEG2jLC6bTUSw1VQMYwpF1HBSTUhNn82ik+c8oAx1K7EhbP1d8TGSTGTJLIdSZgR2bZm4n/ed3UxldhxoRKLRVksShOObYSz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqkGten1fq9Rv8jiK6ASdonMUoEtUR3eogZqIoEf0jF7Rmye9F+/d+1i0Frx85hj9gff5A5oMjys=</latexit>

<latexit sha1_base64="MShpXzUBvhfo+UpT6zMTp9syXGo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWw2m3bpZhN3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6wHHK/ZgOlIgEo2ilTo30Qi6R9ssVt+rOQVaJl5MK5Gj0y1+9MGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqID3rVU0ZgbfzK/d0rOrBKSKNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G0bU/ESrNkCu2WBRlkmBCZs+TUGjOUI4toUwLeythQ6opQxtRyYbgLb+8Slq1qndZ9e4vKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AFb14+I</latexit>

2�

Frequency
<latexit sha1_base64="nya8Qano4LmaOrbM5KRQ7rK2cKQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe7rfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxWa/cXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAeZJAH</latexit>!r

<latexit sha1_base64="E3pJ0DlvuKc5ITMiXmCR77N2WWU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe5H/XLFr/pzoFUS5KQCORr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOb3TtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo5EIIll9eJa1aNbis1u4vKvWbPI4inMApnEMAV1CHO2hAEwhweIZXePMevRfv3ftYtBa8fOYY/sD7/AEGJI/3</latexit>!b

<latexit sha1_base64="OJaCc4WoLBvyq8J42qLZSQNobd4=">AAACGHicbZA9SwNBEIb3/DZ+RS1tFoNgIfEuiFqKNpYRjAq5EOb2JnHJ7t2xOyeEIz/Dxr9iY6GIbTr/jZuPwq8XFh7emWF23ihT0pLvf3ozs3PzC4tLy6WV1bX1jfLm1o1NcyOwIVKVmrsILCqZYIMkKbzLDIKOFN5GvYtR/fYBjZVpck39DFsauonsSAHkrHb5MCSpYizCLmgNAx4qxcMYFcEEe5BlwA94mGrsQlu3yxW/6o/F/0IwhQqbqt4uD8M4FbnGhIQCa5uBn1GrAENSKByUwtxiBqIHXWw6TECjbRXjwwZ8zzkx76TGvYT42P0+UYC2tq8j16mB7u3v2sj8r9bMqXPaKmSS5YSJmCzq5IpTykcp8VgaFKT6DkAY6f7KxT0YEOSyLLkQgt8n/4WbWjU4rtaujipn59M4ltgO22X7LGAn7IxdsjprMMEe2TN7ZW/ek/fivXsfk9YZbzqzzX7IG34B17CfoQ==</latexit>

�̃ ⌧ � ⌧ ,!m
effective mech. linewidth

<latexit sha1_base64="F7H6huLr6evOSH4hZSyVZoOt28k=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6kUoetBjBfsBbQiT7aZdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5ulrfL2zu7evn1w2FZxKgltkZjHshuAopwJ2tJMc9pNJIUo4LQTjG+mfueRSsVi8aCzhHoRDAULGQFtJN+u3PoBvsJD38H9AGQOEz/w7apTc2bAy8QtSBUVaPr2V38QkzSiQhMOSvVcJ9FeDlIzwumk3E8VTYCMYUh7hgqIqPLy2fETfGKUAQ5jaUpoPFN/T+QQKZVFgemMQI/UojcV//N6qQ4vvZyJJNVUkPmiMOVYx3iaBB4wSYnmmSFAJDO3YjICCUSbvMomBHfx5WXSrtfc81r9/qzauC7iKKEjdIxOkYsuUAPdoSZqIYIy9Ixe0Zv1ZL1Y79bHvHXFKmYq6A+szx/5fJO2</latexit>

Gb = g0āb
<latexit sha1_base64="EU8zhvndq1NDulVZxmJNIyDJiTY=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVJIi6kUoetBjBfsBbQiT7aZdutmE3Y0QQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpBwprTjfFsrq2vrG5ulrfL2zu7evn1w2FZxKgltkZjHshuAopwJ2tJMc9pNJIUo4LQTjG+mfueRSsVi8aCzhHoRDAULGQFtJN+u3PoSX+Gh7+B+ADKHiS99u+rUnBnwMnELUkUFmr791R/EJI2o0ISDUj3XSbSXg9SMcDop91NFEyBjGNKeoQIiqrx8dvwEnxhlgMNYmhIaz9TfEzlESmVRYDoj0CO16E3F/7xeqsNLL2ciSTUVZL4oTDnWMZ4mgQdMUqJ5ZggQycytmIxAAtEmr7IJwV18eZm06zX3vFa/P6s2ros4SugIHaNT5KIL1EB3qIlaiKAMPaNX9GY9WS/Wu/Uxb12xipkK+gPr8wcrC5PW</latexit>

Gr = g0ār

Two coupling rates:
<latexit sha1_base64="OU1ErLv0CJcgbIWiu9AxUdYwzkI="></latexit>

� ⌘
✓
Gb

Gr

◆2

=
Pb

Pr



Setup and measurement scheme



<latexit sha1_base64="WlDQHjMqvpFJ+Vnb7Bm8iJDquP0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKQb0VvXisYD+gXcpsmm1js0lIskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3IjCUM0GblllOO0pTSCJO29H4dua3n6g2TIoHO1E0TGAoWMwIWCe1emNQCvrlil/158CrJMhJBeVo9MtfvYEkaUKFJRyM6Qa+smEG2jLC6bTUSw1VQMYwpF1HBSTUhNn82ik+c8oAx1K7EhbP1d8TGSTGTJLIdSZgR2bZm4n/ed3UxldhxoRKLRVksShOObYSz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqkGten1fq9Rv8jiK6ASdonMUoEtUR3eogZqIoEf0jF7Rmye9F+/d+1i0Frx85hj9gff5A5oMjys=</latexit>

<latexit sha1_base64="MShpXzUBvhfo+UpT6zMTp9syXGo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWw2m3bpZhN3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6wHHK/ZgOlIgEo2ilTo30Qi6R9ssVt+rOQVaJl5MK5Gj0y1+9MGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqID3rVU0ZgbfzK/d0rOrBKSKNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G0bU/ESrNkCu2WBRlkmBCZs+TUGjOUI4toUwLeythQ6opQxtRyYbgLb+8Slq1qndZ9e4vKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AFb14+I</latexit>

2�

Frequency
<latexit sha1_base64="nya8Qano4LmaOrbM5KRQ7rK2cKQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe7rfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxWa/cXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAeZJAH</latexit>!r

<latexit sha1_base64="E3pJ0DlvuKc5ITMiXmCR77N2WWU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe5H/XLFr/pzoFUS5KQCORr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOb3TtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo5EIIll9eJa1aNbis1u4vKvWbPI4inMApnEMAV1CHO2hAEwhweIZXePMevRfv3ftYtBa8fOYY/sD7/AEGJI/3</latexit>!b

«click»   =   <latexit sha1_base64="/7ZvOiSTfx4VZBKqTF728v/QzCI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PMmuonIgsFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7eEJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvEuKtW783LtOo+jAMdwAmfgwSXU4Bbq0AAGETzDK7w5ynlx3p2PeeuKk88cwR84nz8XLJCa</latexit>

|ni

<latexit sha1_base64="fZnnTKMzfvyOj1+93xW+nWr62Bw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAEIewGUY9BLx4jmAckS5id9CZDZmfXmdlAiPkOLx4U8erHePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhXcepYlhjsYhVM6AaBZdYM9wIbCYKaRQIbASD26nfGKLSPJYPZpSgH9Ge5CFn1FjJf5LknHhtRWVPYKdQdEvuDGSZeBkpQoZqp/DV7sYsjVAaJqjWLc9NjD+mynAmcJJvpxoTyga0hy1LJY1Q++PZ0RNyapUuCWNlSxoyU39PjGmk9SgKbGdETV8velPxP6+VmvDaH3OZpAYlmy8KU0FMTKYJkC5XyIwYWUKZ4vZWwvpUUWZsTnkbgrf48jKpl0veZal8f1Gs3GRx5OAYTuAMPLiCCtxBFWrA4BGe4RXenKHz4rw7H/PWFSebOYI/cD5/AKBJkV4=</latexit>

|n+ 1i

<latexit sha1_base64="zS1W7b5IkOnpj+mTWUwJN+O4Jnw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSJcxOepMhs7PrzGwgxHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLB7dRvDFFpHssHM0rQj2hP8pAzaqzkP0lyTry2orInsFMouiV3BrJMvIwUIUO1U/hqd2OWRigNE1Trlucmxh9TZTgTOMm3U40JZQPaw5alkkao/fHs6Ak5tUqXhLGyJQ2Zqb8nxjTSehQFtjOipq8Xvan4n9dKTXjtj7lMUoOSzReFqSAmJtMESJcrZEaMLKFMcXsrYX2qKDM2p7wNwVt8eZnUyyXvslS+vyhWbrI4cnAMJ3AGHlxBBe6gCjVg8AjP8ApvztB5cd6dj3nripPNHMEfOJ8/o2ORYA==</latexit>

|n� 1i
phonon Fock state

<latexit sha1_base64="/7ZvOiSTfx4VZBKqTF728v/QzCI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PMmuonIgsFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7eEJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvEuKtW783LtOo+jAMdwAmfgwSXU4Bbq0AAGETzDK7w5ynlx3p2PeeuKk88cwR84nz8XLJCa</latexit>

|ni

<latexit sha1_base64="fZnnTKMzfvyOj1+93xW+nWr62Bw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAEIewGUY9BLx4jmAckS5id9CZDZmfXmdlAiPkOLx4U8erHePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhXcepYlhjsYhVM6AaBZdYM9wIbCYKaRQIbASD26nfGKLSPJYPZpSgH9Ge5CFn1FjJf5LknHhtRWVPYKdQdEvuDGSZeBkpQoZqp/DV7sYsjVAaJqjWLc9NjD+mynAmcJJvpxoTyga0hy1LJY1Q++PZ0RNyapUuCWNlSxoyU39PjGmk9SgKbGdETV8velPxP6+VmvDaH3OZpAYlmy8KU0FMTKYJkC5XyIwYWUKZ4vZWwvpUUWZsTnkbgrf48jKpl0veZal8f1Gs3GRx5OAYTuAMPLiCCtxBFWrA4BGe4RXenKHz4rw7H/PWFSebOYI/cD5/AKBJkV4=</latexit>

|n+ 1i

<latexit sha1_base64="zS1W7b5IkOnpj+mTWUwJN+O4Jnw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSJcxOepMhs7PrzGwgxHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLB7dRvDFFpHssHM0rQj2hP8pAzaqzkP0lyTry2orInsFMouiV3BrJMvIwUIUO1U/hqd2OWRigNE1Trlucmxh9TZTgTOMm3U40JZQPaw5alkkao/fHs6Ak5tUqXhLGyJQ2Zqb8nxjTSehQFtjOipq8Xvan4n9dKTXjtj7lMUoOSzReFqSAmJtMESJcrZEaMLKFMcXsrYX2qKDM2p7wNwVt8eZnUyyXvslS+vyhWbrI4cnAMJ3AGHlxBBe6gCjVg8AjP8ApvztB5cd6dj3nripPNHMEfOJ8/o2ORYA==</latexit>

|n� 1i

<latexit sha1_base64="jWjH2UTQ5sFlkB0+pmxP4jLVz6U=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoMgCGE3iHoMevGYgHlAsoTZSW8yZnZ2mZkVQsgXePGgiFc/yZt/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rF8MOME/YgOJA85o8ZK9YteseSW3TnIKvEyUoIMtV7xq9uPWRqhNExQrTuemxh/QpXhTOC00E01JpSN6AA7lkoaofYn80On5MwqfRLGypY0ZK7+npjQSOtxFNjOiJqhXvZm4n9eJzXhjT/hMkkNSrZYFKaCmJjMviZ9rpAZMbaEMsXtrYQNqaLM2GwKNgRv+eVV0qyUvatypX5Zqt5mceThBE7hHDy4hircQw0awADhGV7hzXl0Xpx352PRmnOymWP4A+fzB3PPjLY=</latexit>

+

<latexit sha1_base64="5Hkn+q0/E9Qv1DYsPPSJxAEROtU=">AAACAnicbVA9SwNBEN2L3/EraiU2i0GwCndB1DJoY6lgVMiFMLc3SZbs3h27c0I4go1/xcZCEVt/hZ3/xk1M4deDgcd7M8zMizIlLfn+h1eamZ2bX1hcKi+vrK6tVzY2r2yaG4FNkarU3ERgUckEmyRJ4U1mEHSk8DoanI7961s0VqbJJQ0zbGvoJbIrBZCTOpXtkKSKsQh7oDWMeKgUD2NUBJ1K1a/5E/C/JJiSKpvivFN5D+NU5BoTEgqsbQV+Ru0CDEmhcFQOc4sZiAH0sOVoAhptu5i8MOJ7Tol5NzWuEuIT9ftEAdraoY5cpwbq29/eWPzPa+XUPW4XMslywkR8LermilPKx3nwWBoUpIaOgDDS3cpFHwwIcqmVXQjB75f/kqt6LTis1S8Oqo2TaRyLbIftsn0WsCPWYGfsnDWZYHfsgT2xZ+/ee/RevNev1pI3ndliP+C9fQIvHpdL</latexit>

�̃ ⌧ �Assume mechanical state thermal since

Average phonon occupation number:
<latexit sha1_base64="DWiX38+lEcrktf8u/jXNonxxHE0=">AAACD3icbVC7SgNBFJ31GeMramkzGBSrsBtELYM2lhHMA7IxzM7e3QyZmV1nZgMh5A9s/BUbC0Vsbe38GyePQhMPXDiccy/33hOknGnjut/O0vLK6tp6biO/ubW9s1vY26/rJFMUajThiWoGRANnEmqGGQ7NVAERAYdG0Lse+40+KM0SeWcGKbQFiSWLGCXGSp3Cic+JjDng4N4PSRyDwgH21VTz4SFjfSw7olMouiV3ArxIvBkpohmqncKXHyY0EyAN5UTrluempj0kyjDKYZT3Mw0poT0SQ8tSSQTo9nDyzwgfWyXEUaJsSYMn6u+JIRFaD0RgOwUxXT3vjcX/vFZmosv2kMk0MyDpdFGUcWwSPA4Hh0wBNXxgCaGK2Vsx7RJFqLER5m0I3vzLi6ReLnnnpfLtWbFyNYsjhw7RETpFHrpAFXSDqqiGKHpEz+gVvTlPzovz7nxMW5ec2cwB+gPn8wcj8pwa</latexit>

hb†bi ⌘ nm
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Normalized second order coherence

<latexit sha1_base64="2s+LR0OuE9Bt300UHiR+x4Lt9ok="></latexit>

g(2)(⌧) =
ha†(t)a†(t+ ⌧)a(t+ ⌧)a(t)i

ha†(t)a(t)i2

<latexit sha1_base64="kXBqfKeIwDNUiNhOiIMsoL1AR38=">AAACKXicbVDLSgMxFM34rPVVdekmWIQWocwUUTdC0Y3uKtgHdGrJpJk2NJMZkjtCGfo7bvwVNwqKuvVHTNtZ2NYDCYdz7uXee7xIcA22/WUtLa+srq1nNrKbW9s7u7m9/boOY0VZjYYiVE2PaCa4ZDXgIFgzUowEnmANb3A99huPTGkeynsYRqwdkJ7kPqcEjNTJVS6x6ytCE1cQ2RMM3xagOP5OXCBxEbtqIo9m/VR9KI9wJ5e3S/YEeJE4KcmjFNVO7s3thjQOmAQqiNYtx46gnRAFnJpBWTfWLCJ0QHqsZagkAdPtZHLpCB8bpYv9UJknAU/Uvx0JCbQeBp6pDAj09bw3Fv/zWjH4F+2EyygGJul0kB8LDCEex4a7XDEKYmgIoYqbXTHtExMcmHCzJgRn/uRFUi+XnLNS+e40X7lK48igQ3SECshB56iCblAV1RBFT+gFvaMP69l6tT6t72npkpX2HKAZWD+/nqilCg==</latexit>

=
hI(t)I(t+ ⌧)i

hI(t)i2

Photodetection gives

classical

quantum <latexit sha1_base64="6FHMpcacagZtgNWk4o0wZH1/CJg=">AAACUXichVFNSwMxEJ1dv+tX1aOXYBEUoewWUS9C0YvHCrYK3aVk06wNzX6QzApl3b/oQU/+Dy8eFNO6B62KDyY83swjk5cglUKj4zxb9szs3PzC4lJleWV1bb26sdnRSaYYb7NEJuomoJpLEfM2CpT8JlWcRoHk18HwfNy/vuNKiyS+wlHK/YjexiIUjKKRetXBKfFCRVne2vMiigMV5UwKNiQeoViYEw88pJkh96b+GNkv/rHvF6RXrTl1ZwLyk7glqUGJVq/66PUTlkU8Riap1l3XSdHPqULBJC8qXqZ5StmQ3vKuoTGNuPbzSSIF2TVKn4SJMhUjmahfHTmNtB5FgZkcr62ne2Pxt143w/DEz0WcZshj9nlRmEmCCRnHS/pCcYZyZAhlSphdCRtQEzCaT6iYENzpJ/8knUbdPao3Lg9rzbMyjkXYhh3YAxeOoQkX0II2MHiAF3iDd+vJerXBtj9Hbav0bME32MsflnWx7g==</latexit>

=
P (click at t+ ⌧ | click at t)

P (click at t+ ⌧)

Coherent radiation:

Thermal radiation:

Antibunching (nonclassical radiation):

<latexit sha1_base64="sXEykG6Yfi8BxmxFRzu6uBJoyvY=">AAACFHicbVDLSitBEO3xba56oy7dNIYLETHMhIu6EUQ3LhWMCpkYajqV2KR7ZuiuEcIwH+HGX3HjQhG3Ltz5N3ZiFr4OFBzOqaKqTpQqacn337yJyanpmdm5+dKfhcWlv+XllTObZEZgQyQqMRcRWFQyxgZJUniRGgQdKTyP+odD//wajZVJfEqDFFsaerHsSgHkpHZ5s3eZV+sbRTUkyDb4Hg/4JsfLfCskqTqYhz3QGoqhW7TLFb/mj8B/kmBMKmyM43b5NewkItMYk1BgbTPwU2rlYEgKhUUpzCymIPrQw6ajMWi0rXz0VMH/OaXDu4lxFRMfqZ8nctDWDnTkOjXQlf3uDcXfvGZG3d1WLuM0I4zFx6JupjglfJgQ70iDgtTAERBGulu5uAIDglyOJRdC8P3ln+SsXgu2a/WT/5X9g3Ecc2yNrbMqC9gO22dH7Jg1mGA37I49sEfv1rv3nrznj9YJbzyzyr7Ae3kHCoydAw==</latexit>

g(2)(⌧) = 1 + e��̃⌧

<latexit sha1_base64="rcBXHCscdCCe1mragNd2LAmFgGo=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCeylJEfUiFL14rGA/oI1ls922SzebsDsRS8hf8eJBEa/+EW/+G7dtDtr6YODx3gwz8/xIcA2O823l1tY3Nrfy24Wd3b39A/uw2NJhrChr0lCEquMTzQSXrAkcBOtEipHAF6ztT25mfvuRKc1DeQ/TiHkBGUk+5JSAkfp2cfSQlGuVtNwDElfwFXZx3y45VWcOvErcjJRQhkbf/uoNQhoHTAIVROuu60TgJUQBp4KlhV6sWUTohIxY11BJAqa9ZH57ik+NMsDDUJmSgOfq74mEBFpPA990BgTGetmbif953RiGl17CZRQDk3SxaBgLDCGeBYEHXDEKYmoIoYqbWzEdE0UomLgKJgR3+eVV0qpV3fNq7e6sVL/O4sijY3SCyshFF6iOblEDNRFFT+gZvaI3K7VerHfrY9Gas7KZI/QH1ucP60qSaw==</latexit>

g(2)(⌧) = 1

<latexit sha1_base64="TjtbbixCpgsG1uWoAjf6X14pg+E=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCeylJEfXgoejFYwX7AW0sm+22XbrZhN2JWEL+ihcPinj1j3jz37htc9DWBwOP92aYmedHgmtwnG8rt7a+sbmV3y7s7O7tH9iHxZYOY0VZk4YiVB2faCa4ZE3gIFgnUowEvmBtf3Iz89uPTGkeynuYRswLyEjyIacEjNS3i6OHpFyrpOUekLiCr7CL+3bJqTpz4FXiZqSEMjT69ldvENI4YBKoIFp3XScCLyEKOBUsLfRizSJCJ2TEuoZKEjDtJfPbU3xqlAEehsqUBDxXf08kJNB6GvimMyAw1sveTPzP68YwvPQSLqMYmKSLRcNYYAjxLAg84IpREFNDCFXc3IrpmChCwcRVMCG4yy+vklat6p5Xa3dnpfp1FkceHaMTVEYuukB1dIsaqIkoekLP6BW9Wan1Yr1bH4vWnJXNHKE/sD5/AOnDkmo=</latexit>

g(2)(⌧) < 1



Result and interpretation
<latexit sha1_base64="R6SxHSAxQ+ACjoqcc2v9+MKCBvw="></latexit>

g(2)(⌧) = 1 + e��̃⌧

 
1 +

4� [1/4 + nm(nm + 1) cos(2�⌧)]

[nm + �(nm + 1)]2

!

<latexit sha1_base64="dRX7br6jkj86mdVBgC2z828JT0w=">AAACH3icbVDLSgMxFM34rPU16tJNsAi6KTNF1I0gutBlFauFTi2Z9E4bmnmQ3FHK0D9x46+4caGIuPNvzNRZaPVAwsm553Jzj59IodFxPq2p6ZnZufnSQnlxaXll1V5bv9Zxqjg0eCxj1fSZBikiaKBACc1EAQt9CTf+4DSv39yB0iKOrnCYQDtkvUgEgjM0Usfe93xARo+oJyHAHS9QjGdnHX9kLjXylOj1cfe2Zgwu9S7zF1Mqvu/YFafqjEH/ErcgFVKg3rE/vG7M0xAi5JJp3XKdBNsZUyi4hFHZSzUkjA9YD1qGRiwE3c7G+43otlG6NIiVORHSsfqzI2Oh1sPQN86QYV9P1nLxv1orxeCwnYkoSREi/j0oSCXFmOZh0a5QwFEODWFcCfNXyvvMRIQm0rIJwZ1c+S+5rlXd/WrtYq9yfFLEUSKbZIvsEJcckGNyTuqkQTh5IE/khbxaj9az9Wa9f1unrKJng/yC9fkFcRaiAA==</latexit>

� =

✓
Gb

Gr

◆2

= 1 )



Result and interpretation
<latexit sha1_base64="R6SxHSAxQ+ACjoqcc2v9+MKCBvw="></latexit>

g(2)(⌧) = 1 + e��̃⌧

 
1 +

4� [1/4 + nm(nm + 1) cos(2�⌧)]

[nm + �(nm + 1)]2

!

Zero time delay

Amplitude of 
oscillations



Interference vanishes at low temperatures

<latexit sha1_base64="lBthrFZSLBDf7w27RENHJP6Gxxg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRiix/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLmkq6gcCOyVym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NLp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkIo2BG/x5WXSrFa8i0r17rxcu87jKMAxnMAZeHAJNbiFOjSAgYRneIU3RzsvzrvzMW9dcfKZI/gD5/MHDoKQhg==</latexit>

|0i

<latexit sha1_base64="waMZVBCkH2FUHAiLjpWqFKMGU6Y=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRiix/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PHmkq6gcCOyVym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NLp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkIo2BG/x5WXSrFa8i0r17rxcu87jKMAxnMAZeHAJNbiFOjSAgYRneIU3RzsvzrvzMW9dcfKZI/gD5/MHEA6Qhw==</latexit>

|1i

<latexit sha1_base64="7Iv2Ij581NNvriTdTmwgLC+yt34=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRiix/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PFVJV1E5ENgrld2KOwNZJl5OypCj3it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bXTwhp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZm+T/pcITNibAllittbCRtSRZmxIRVtCN7iy8ukWa14F5Xq3Xm5dp3HUYBjOIEz8OASanALdWgAAwnP8ApvjnZenHfnY9664uQzR/AHzucPEZqQiA==</latexit>

|2i

<latexit sha1_base64="TddNXeyB5Duub1ae8A1KwpajwD0=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRqEeiF4+YyCPChswOvTBhdnYzM2tCkL/w4kFjvPo33vwbB9iDgpV0UqnqTndXkAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuo3H1FpHst7M0rQj2hf8pAzaqz08HRGOorKvsBuseSW3RnIMvEyUoIMtW7xq9OLWRqhNExQrduemxh/TJXhTOCk0Ek1JpQNaR/blkoaofbHs4sn5MQqPRLGypY0ZKb+nhjTSOtRFNjOiJqBXvSm4n9eOzXhlT/mMkkNSjZfFKaCmJhM3yc9rpAZMbKEMsXtrYQNqKLM2JAKNgRv8eVl0qiUvYty5e68VL3O4sjDERzDKXhwCVW4hRrUgYGEZ3iFN0c7L8678zFvzTnZzCH8gfP5AxMmkIk=</latexit>

|3i

<latexit sha1_base64="sdUIg4rzFLuGtkwg7Vl4yYp+WNA=">AAAB8HicbVDLTgJBEOzFF+IL9ehlIzHxRHYJUY9ELx4xkYeBDZkdemHCzOxmZtaEIF/hxYPGePVzvPk3DrAHBSvppFLVne6uMOFMG8/7dnJr6xubW/ntws7u3v5B8fCoqeNUUWzQmMeqHRKNnElsGGY4thOFRIQcW+HoZua3HlFpFst7M04wEGQgWcQoMVZ6eKp2FZEDjr1iySt7c7irxM9ICTLUe8Wvbj+mqUBpKCdad3wvMcGEKMMox2mhm2pMCB2RAXYslUSgDibzg6fumVX6bhQrW9K4c/X3xIQIrccitJ2CmKFe9mbif14nNdFVMGEySQ1KulgUpdw1sTv73u0zhdTwsSWEKmZvdemQKEKNzahgQ/CXX14lzUrZvyhX7qql2nUWRx5O4BTOwYdLqMEt1KEBFAQ8wyu8Ocp5cd6dj0VrzslmjuEPnM8fvZ+QYA==</latexit>

|4i

ph
on

on
 F

oc
k 

st
at

e

<latexit sha1_base64="/7ZvOiSTfx4VZBKqTF728v/QzCI=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/ZA2lM120i7dbMLuRiixv8KLB0W8+nO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PMmuonIgsFcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7eEJOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/8jMskNSjZfFGYCmJiMv2e9LlCZsTYEsoUt7cSNqSKMmMzKtoQvMWXl0mzWvEuKtW783LtOo+jAMdwAmfgwSXU4Bbq0AAGETzDK7w5ynlx3p2PeeuKk88cwR84nz8XLJCa</latexit>

|ni
<latexit sha1_base64="zS1W7b5IkOnpj+mTWUwJN+O4Jnw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSJcxOepMhs7PrzGwgxHyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXkAiujet+Oyura+sbm7mt/PbO7t5+4eCwruNUMayxWMSqGVCNgkusGW4ENhOFNAoENoLB7dRvDFFpHssHM0rQj2hP8pAzaqzkP0lyTry2orInsFMouiV3BrJMvIwUIUO1U/hqd2OWRigNE1Trlucmxh9TZTgTOMm3U40JZQPaw5alkkao/fHs6Ak5tUqXhLGyJQ2Zqb8nxjTSehQFtjOipq8Xvan4n9dKTXjtj7lMUoOSzReFqSAmJtMESJcrZEaMLKFMcXsrYX2qKDM2p7wNwVt8eZnUyyXvslS+vyhWbrI4cnAMJ3AGHlxBBe6gCjVg8AjP8ApvztB5cd6dj3nripPNHMEfOJ8/o2ORYA==</latexit>

|n� 1i
<latexit sha1_base64="XroHT0qVEIX3KORr7GOZpr8S4lw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzAOSJcxOOsmQ2dl1ZjYQ1nyHFw+KePVjvPk3TpI9aGJBQ1HVTXdXEAuujet+Oyura+sbm7mt/PbO7t5+4eCwrqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLh7dRvjFBpHskHM47RD2lf8h5n1FjJf5LknJTbisq+wE6h6JbcGcgy8TJShAzVTuGr3Y1YEqI0TFCtW54bGz+lynAmcJJvJxpjyoa0jy1LJQ1R++ns6Ak5tUqX9CJlSxoyU39PpDTUehwGtjOkZqAXvan4n9dKTO/aT7mME4OSzRf1EkFMRKYJkC5XyIwYW0KZ4vZWwgZUUWZsTnkbgrf48jKpl0veZal8f1Gs3GRx5OAYTuAMPLiCCtxBFWrA4BGe4RXenJHz4rw7H/PWFSebOYI/cD5/AKTukWE=</latexit>

|n� 2i

<latexit sha1_base64="v2DPhns5RocDl1SthYAGvJD9QJE=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAEIewGUY9BLx4jmAckS5iddJIhs7PrzGwgrPkOLx4U8erHePNvnCR70MSChqKqm+6uIBZcG9f9dlZW19Y3NnNb+e2d3b39wsFhXUeJYlhjkYhUM6AaBZdYM9wIbMYKaRgIbATD26nfGKHSPJIPZhyjH9K+5D3OqLGS/yTJOSm3FZV9gZ1C0S25M5Bl4mWkCBmqncJXuxuxJERpmKBatzw3Nn5KleFM4CTfTjTGlA1pH1uWShqi9tPZ0RNyapUu6UXKljRkpv6eSGmo9TgMbGdIzUAvelPxP6+VmN61n3IZJwYlmy/qJYKYiEwTIF2ukBkxtoQyxe2thA2ooszYnPI2BG/x5WVSL5e8y1L5/qJYucniyMExnMAZeHAFFbiDKtSAwSM8wyu8OSPnxXl3PuatK042cwR/4Hz+AKHUkV8=</latexit>

|n+ 2i
<latexit sha1_base64="fZnnTKMzfvyOj1+93xW+nWr62Bw=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBAEIewGUY9BLx4jmAckS5id9CZDZmfXmdlAiPkOLx4U8erHePNvnCR70MSChqKqm+6uIBFcG9f9dlZW19Y3NnNb+e2d3b39wsFhXcepYlhjsYhVM6AaBZdYM9wIbCYKaRQIbASD26nfGKLSPJYPZpSgH9Ge5CFn1FjJf5LknHhtRWVPYKdQdEvuDGSZeBkpQoZqp/DV7sYsjVAaJqjWLc9NjD+mynAmcJJvpxoTyga0hy1LJY1Q++PZ0RNyapUuCWNlSxoyU39PjGmk9SgKbGdETV8velPxP6+VmvDaH3OZpAYlmy8KU0FMTKYJkC5XyIwYWUKZ4vZWwvpUUWZsTnkbgrf48jKpl0veZal8f1Gs3GRx5OAYTuAMPLiCCtxBFWrA4BGe4RXenKHz4rw7H/PWFSebOYI/cD5/AKBJkV4=</latexit>

|n+ 1i
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e

<latexit sha1_base64="mCyTNzk4B3cyAW2x5dO/zFwYPnY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6rtfuLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwfijaM=</latexit>

t1
<latexit sha1_base64="Rnuy6Vs6NsPt0AW6tjN7zxDqjEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAJZo2k</latexit>

t2
<latexit sha1_base64="mCyTNzk4B3cyAW2x5dO/zFwYPnY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6rtfuLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwfijaM=</latexit>

t1
<latexit sha1_base64="Rnuy6Vs6NsPt0AW6tjN7zxDqjEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAJZo2k</latexit>

t2
timetime
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Model-independent nonclassicality

: features due to quantum nature of mechanical oscillator
<latexit sha1_base64="k319VVneKOPyug6MYssTpAKr97E=">AAAB9HicbVDLTgJBEOzFF+IL9ehlIjGBC9klRj0SvXjERMAEVjI7zMKE2YczvSRkw3d48aAxXv0Yb/6NA+xBwUo6qVR1p7vLi6XQaNvfVm5tfWNzK79d2Nnd2z8oHh61dJQoxpsskpF68KjmUoS8iQIlf4gVp4Enedsb3cz89pgrLaLwHicxdwM6CIUvGEUjuYPHtFyrTMtdpEmlVyzZVXsOskqcjJQgQ6NX/Or2I5YEPEQmqdYdx47RTalCwSSfFrqJ5jFlIzrgHUNDGnDtpvOjp+TMKH3iR8pUiGSu/p5IaaD1JPBMZ0BxqJe9mfif10nQv3JTEcYJ8pAtFvmJJBiRWQKkLxRnKCeGUKaEuZWwIVWUocmpYEJwll9eJa1a1bmo1u7OS/XrLI48nMAplMGBS6jDLTSgCQye4Ble4c0aWy/Wu/WxaM1Z2cwx/IH1+QNrJ5E6</latexit>

g(2)(⌧)

But is it foolproof?

• Correct model of the system? 

• Thermal mechanical state? 

• Technical laser noise? 

• Detector noise? 

• ???



Normalized third order coherence

<latexit sha1_base64="l/taNyxzJj39zttjVYtSEawr3VI="></latexit>

g(3)(t, t, t+ ⌧) =
ha† 2(t)a†(t+ ⌧)a(t+ ⌧)a2(t)i
ha†(t)a(t)i2ha†(t+ ⌧)a(t+ ⌧)i

two clicks at    , 
one at 

<latexit sha1_base64="fQKh2aLklF6MmMRNiV6CBafPKL0=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GjJDn7uiG5ct2Ae0Q8mkmTY2kxmSjFCGfoEbF4q49ZPc+Tdm2goqeuDC4Zx7ufceP+ZMaYQ+rNzG5tb2Tn63sLd/cHhUPD7pqiiRhHZIxCPZ97GinAna0Uxz2o8lxaHPac+fXWd+755KxSJxq+cx9UI8ESxgBGsjtfWoWEK2W0GNWh0iu4KcRtk1BKF6o4qgY0iGElijNSq+D8cRSUIqNOFYqYGDYu2lWGpGOF0UhomiMSYzPKEDQwUOqfLS5aELeGGUMQwiaUpouFS/T6Q4VGoe+qYzxHqqfnuZ+Jc3SHRQ91Im4kRTQVaLgoRDHcHsazhmkhLN54ZgIpm5FZIplphok03BhPD1KfyfdF3bqdpuu1xqXq3jyIMzcA4ugQNqoAluQAt0AAEUPIAn8GzdWY/Wi/W6as1Z65lT8APW2ydPM41K</latexit>

t
<latexit sha1_base64="e1G0tqF0cfqBi1PBdtuwz/APIW4=">AAAB73icdVDJSgNBEO2JW4xb1KOXxiAIQugZst6CXjxGMAskQ+jp9CRNeha7a4QQ8hNePCji1d/x5t/Yk0RQ0QcFj/eqqKrnxVJoIOTDyqytb2xuZbdzO7t7+wf5w6O2jhLFeItFMlJdj2ouRchbIEDybqw4DTzJO97kKvU791xpEYW3MI25G9BRKHzBKBipC/gC94Emg3yBFJ0yqVdrmBTLxK6XHEMIqdUrBNuGpCigFZqD/Ht/GLEk4CEwSbXu2SQGd0YVCCb5PNdPNI8pm9AR7xka0oBrd7a4d47PjDLEfqRMhYAX6veJGQ20ngae6QwojPVvLxX/8noJ+DV3JsI4AR6y5SI/kRginD6Ph0JxBnJqCGVKmFsxG1NFGZiIciaEr0/x/6TtFO1K0bkpFRqXqziy6ASdonNkoypqoGvURC3EkEQP6Ak9W3fWo/VivS5bM9Zq5hj9gPX2CXs5j6E=</latexit>

t+ ⌧

Thermal state also oscillating in       with period <latexit sha1_base64="XjeC9aH/IumeZYUHzhyxASlFg9M=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+KnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu6rVHy6rjdsijhKcwhlcgAfX0IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8ASN3jk8=</latexit>⌧
<latexit sha1_base64="clwlXkV/BRUI1BNVcMO86KWqRq0=">AAAB8XicbVBNS8NAEJ34WetX1aOXYBE81aSIeix68VjBfmATymYzaZduNmF3I5TQf+HFgyJe/Tfe/Ddu2xy09cHA470ZZuYFKWdKO863tbK6tr6xWdoqb+/s7u1XDg7bKskkxRZNeCK7AVHImcCWZppjN5VI4oBjJxjdTv3OE0rFEvGgxyn6MRkIFjFKtJEevZSdeyFyTfqVqlNzZrCXiVuQKhRo9itfXpjQLEahKSdK9Vwn1X5OpGaU46TsZQpTQkdkgD1DBYlR+fns4ol9apTQjhJpSmh7pv6eyEms1DgOTGdM9FAtelPxP6+X6ejaz5lIM42CzhdFGbd1Yk/ft0MmkWo+NoRQycytNh0SSag2IZVNCO7iy8ukXa+5l7X6/UW1cVPEUYJjOIEzcOEKGnAHTWgBBQHP8ApvlrJerHfrY966YhUzR/AH1ucPTgyQrw==</latexit>

⇡/�
<latexit sha1_base64="OCl4aRoNjEbK+gCX9XrMr+zFUnk=">AAAB8nicbVBNS8NAEJ34WetX1aOXYBE8laSIeix68VjFfkAayma7aZdudsPuRCmlP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLUsENet63s7K6tr6xWdgqbu/s7u2XDg6bRmWasgZVQul2RAwTXLIGchSsnWpGkkiwVjS8mfqtR6YNV/IBRykLE9KXPOaUoJWCzj3vD5BorZ66pbJX8WZwl4mfkzLkqHdLX52eolnCJFJBjAl8L8VwTDRyKtik2MkMSwkdkj4LLJUkYSYcz06euKdW6bmx0rYkujP198SYJMaMksh2JgQHZtGbiv95QYbxVTjmMs2QSTpfFGfCReVO/3d7XDOKYmQJoZrbW106IJpQtCkVbQj+4svLpFmt+BeV6t15uXadx1GAYziBM/DhEmpwC3VoAAUFz/AKbw46L8678zFvXXHymSP4A+fzB5NlkXQ=</latexit>)

Define
<latexit sha1_base64="XeKiQ7Gu21B+lZbQ4DIpo2tdR5o="></latexit>

K(t, t+ ⌧) =
g(3)(t, t, t+ ⌧)
⇥
g(2)(t, t+ ⌧)

⇤2



Classical inequality #1

If (filtered) cavity mode described by  
positive-definite Glauber-Sudarshan distribution          :

<latexit sha1_base64="q/GUHg56NqKPICwBRk/JWP2ygws=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQL2E3iHoMevEYwTwkWULvZDYZMju7zMwKIeQrvHhQxKuf482/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TRVmDxiJW7QA1E1yyhuFGsHaiGEaBYK1gdDvzW09MaR7LBzNOmB/hQPKQUzRWeqyXuyiSIZ73iiW34s5BVomXkRJkqPeKX91+TNOISUMFat3x3MT4E1SGU8GmhW6qWYJ0hAPWsVRixLQ/mR88JWdW6ZMwVrakIXP198QEI63HUWA7IzRDvezNxP+8TmrCa3/CZZIaJuliUZgKYmIy+570uWLUiLElSBW3txI6RIXU2IwKNgRv+eVV0qxWvMtK9f6iVLvJ4sjDCZxCGTy4ghrcQR0aQCGCZ3iFN0c5L86787FozTnZzDH8gfP5A/aoj94=</latexit>

P (↵)

<latexit sha1_base64="1rZxxQhvAxrI2XS9npjIUKlQTkM=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAIG5CwG0S9CEEvgpcI5gHJusxOJsmQ2QczvUJYc/BXvHhQxKu/4c2/cZLsQRMLGoqqbrq7/FhwBbb9bSwsLi2vrObW8usbm1vb5s5uXUWJpKxGIxHJpk8UEzxkNeAgWDOWjAS+YA1/cDX2Gw9MKh6FdzCMmRuQXsi7nBLQkmfu31hwDEWML3DPo/epVS6OLLvomQW7ZE+A54mTkQLKUPXMr3YnoknAQqCCKNVy7BjclEjgVLBRvp0oFhM6ID3W0jQkAVNuOrl/hI+00sHdSOoKAU/U3xMpCZQaBr7uDAj01aw3Fv/zWgl0z92Uh3ECLKTTRd1EYIjwOAzc4ZJREENNCJVc34ppn0hCQUeW1yE4sy/Pk3q55JyWyrcnhcplFkcOHaBDZCEHnaEKukZVVEMUPaJn9IrejCfjxXg3PqatC0Y2s4f+wPj8AcFlk14=</latexit>

K(t, t) = g(2)c (0)

<latexit sha1_base64="82xMUGxtpU2oeS1ykOLdMWF3H4A=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPUY9CJ4iWAekKxhdjJJhsw+nOlVwpL/8OJBEa/+izf/xkmyB00saCiquunu8iIpNNr2t5VZWl5ZXcuu5zY2t7Z38rt7dR3GivEaC2Womh7VXIqA11Cg5M1Icep7kje84dXEbzxypUUY3OEo4q5P+4HoCUbRSPc3RTzBY0Laff5AnE6+YJfsKcgicVJSgBTVTv6r3Q1Z7PMAmaRatxw7QjehCgWTfJxrx5pHlA1pn7cMDajPtZtMrx6TI6N0SS9UpgIkU/X3REJ9rUe+Zzp9igM9703E/7xWjL0LNxFBFCMP2GxRL5YEQzKJgHSF4gzlyBDKlDC3EjagijI0QeVMCM78y4ukXi45Z6Xy7WmhcpnGkYUDOIQiOHAOFbiGKtSAgYJneIU368l6sd6tj1lrxkpn9uEPrM8fAquQ5w==</latexit>

K(t, t) � 1

Note that                                 ,  
i.e., second order coherence conditioned on one photon detection

<latexit sha1_base64="lBthrFZSLBDf7w27RENHJP6Gxxg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRiix/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLmkq6gcCOyVym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NLp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkIo2BG/x5WXSrFa8i0r17rxcu87jKMAxnMAZeHAJNbiFOjSAgYRneIU3RzsvzrvzMW9dcfKZI/gD5/MHDoKQhg==</latexit>

|0i

<latexit sha1_base64="waMZVBCkH2FUHAiLjpWqFKMGU6Y=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRiix/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PHmkq6gcCOyVym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NLp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkIo2BG/x5WXSrFa8i0r17rxcu87jKMAxnMAZeHAJNbiFOjSAgYRneIU3RzsvzrvzMW9dcfKZI/gD5/MHEA6Qhw==</latexit>

|1i

<latexit sha1_base64="7Iv2Ij581NNvriTdTmwgLC+yt34=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRiix/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PFVJV1E5ENgrld2KOwNZJl5OypCj3it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bXTwhp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZm+T/pcITNibAllittbCRtSRZmxIRVtCN7iy8ukWa14F5Xq3Xm5dp3HUYBjOIEz8OASanALdWgAAwnP8ApvjnZenHfnY9664uQzR/AHzucPEZqQiA==</latexit>

|2i

ph
on

on
 F

oc
k 

st
at

e

<latexit sha1_base64="mCyTNzk4B3cyAW2x5dO/zFwYPnY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6rtfuLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwfijaM=</latexit>

t1
<latexit sha1_base64="Rnuy6Vs6NsPt0AW6tjN7zxDqjEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAJZo2k</latexit>

t2
time

<latexit sha1_base64="vgvTlXa7ayAA5ja6tjBz0sLyQbc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YAklM120y7dbMLuRCilP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLMikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJs014y2WylR3I2q4FIq3UKDk3UxzmkSSd6LR3czvPHFtRKoecZzxMKEDJWLBKFrJDyKOlARSEq9Xqbo1dw6ySryCVKFAs1f5CvopyxOukElqjO+5GYYTqlEwyaflIDc8o2xEB9y3VNGEm3AyP3lKzq3SJ3GqbSkkc/X3xIQmxoyTyHYmFIdm2ZuJ/3l+jvFNOBEqy5ErtlgU55JgSmb/k77QnKEcW0KZFvZWwoZUU4Y2pbINwVt+eZW06zXvqlZ/uKw2bos4SnAKZ3ABHlxDA+6hCS1gkMIzvMKbg86L8+58LFrXnGLmBP7A+fwBMjKQjA==</latexit>

� ⌧ 1
<latexit sha1_base64="4KESpGyusGUeg/YTyZM8LvGLsuY=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj6ovcU8I7PfLFa/qzYFXiZ+TCuRo9MtfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3iKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdF1kHGVpJYpulgUpQLbGM++xwOuGbVi4gihmrtbMR0RTah1GZVcCP7yy6ukVav6l9Xa/UWlfpPHUYQTOIVz8OEK6nAHDWgCBQnP8ApvSKMX9I4+Fq0FlM8cwx+gzx/BJY+6</latexit>

nm ⌧ 1

photons tend to come in  
well-separated pairs

When

Titulaer & Glauber, 
Phys. Rev. 140, B676 (1965) 



Classical inequality #2

If (filtered) cavity mode at times     and             described by joint 
 

positive-definite distribution                  :

<latexit sha1_base64="pBDfEBUxFe8Cfd7G5GTO5aHfrXg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYbXfiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reZbXWvKjUb/I4inACp3AOHlxBHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH4nOM/w==</latexit>

t
<latexit sha1_base64="jIMHyuOY9wVJd6mKfH64ok5ztKg=">AAAB8HicbVBNS8NAEJ34WetX1aOXxSIIQkmKqMeiF48V7Ie0oWy2m3bpZhN2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzcJWcXtnd2+/dHDYNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqd+64lrI2L1gOOE+xEdKBEKRtFKj0jOCekiTXulsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/NDp6QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjtZ0IlKXLF5ovCVBKMyfR70heaM5RjSyjTwt5K2JBqytBmVLQheIsvL5NmteJdVqr3F+XaTR5HAY7hBM7AgyuowR3UoQEMIniGV3hztPPivDsf89YVJ585gj9wPn8AZVmPgA==</latexit>

t+ ⌧
<latexit sha1_base64="BwbC583x1hIDCXO3gfsuUeXbJpw=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaLUEFKUkRdFt24rGAv0IZwMp20QyeTMDMRaii+ihsXirj1Pdz5Nk7bLLT6w8DHf87hnPmDhDOlHefLKiwtr6yuFddLG5tb2zv27l5LxakktEliHstOAIpyJmhTM81pJ5EUooDTdjC6ntbb91QqFos7PU6oF8FAsJAR0Mby7YNGpQc8GYLvnuZQO/HtslN1ZsJ/wc2hjHI1fPuz149JGlGhCQeluq6TaC8DqRnhdFLqpYomQEYwoF2DAiKqvGx2/QQfG6ePw1iaJzSeuT8nMoiUGkeB6YxAD9VibWr+V+umOrz0MiaSVFNB5ovClGMd42kUuM8kJZqPDQCRzNyKyRAkEG0CK5kQ3MUv/4VWreqeV2u3Z+X6VR5HER2iI1RBLrpAdXSDGqiJCHpAT+gFvVqP1rP1Zr3PWwtWPrOPfsn6+AbQcZQs</latexit>

P (↵1,↵2)

<latexit sha1_base64="3qoanyRXyBZ0vsrf2UOIi5JHi+Q=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCRSlJEfVY9CJ4qWA/oAlls920SzebuDsRS+lf8eJBEa/+EW/+G7dtDlp9MPB4b4aZeUEiuAbH+bJyS8srq2v59cLG5tb2jr1bbOo4VZQ1aCxi1Q6IZoJL1gAOgrUTxUgUCNYKhldTv/XAlOaxvINRwvyI9CUPOSVgpK5dvCnDCRx7QNIj7PXZPXa7dsmpODPgv8TNSAllqHftT68X0zRiEqggWndcJwF/TBRwKtik4KWaJYQOSZ91DJUkYtofz26f4EOj9HAYK1MS8Ez9OTEmkdajKDCdEYGBXvSm4n9eJ4Xwwh9zmaTAJJ0vClOBIcbTIHCPK0ZBjAwhVHFzK6YDoggFE1fBhOAuvvyXNKsV96xSvT0t1S6zOPJoHx2gMnLROaqha1RHDUTRI3pCL+jVmljP1pv1Pm/NWdnMHvoF6+MbtdaS8Q==</latexit>

K(t, t+ ⌧) � 1

<latexit sha1_base64="lBthrFZSLBDf7w27RENHJP6Gxxg=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRiix/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PLmkq6gcCOyVym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NLp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkIo2BG/x5WXSrFa8i0r17rxcu87jKMAxnMAZeHAJNbiFOjSAgYRneIU3RzsvzrvzMW9dcfKZI/gD5/MHDoKQhg==</latexit>

|0i

<latexit sha1_base64="waMZVBCkH2FUHAiLjpWqFKMGU6Y=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRiix/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PHmkq6gcCOyVym7FnYEsEy8nZchR75W+uv2YpRFKwwTVuuO5ifEzqgxnAifFbqoxoWxEB9ixVNIItZ/NLp6QU6v0SRgrW9KQmfp7IqOR1uMosJ0RNUO96E3F/7xOasIrP+MySQ1KNl8UpoKYmEzfJ32ukBkxtoQyxe2thA2poszYkIo2BG/x5WXSrFa8i0r17rxcu87jKMAxnMAZeHAJNbiFOjSAgYRneIU3RzsvzrvzMW9dcfKZI/gD5/MHEA6Qhw==</latexit>

|1i

<latexit sha1_base64="7Iv2Ij581NNvriTdTmwgLC+yt34=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/cA2lM120i7dbMLuRiix/8KLB0W8+m+8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mfqtR1Sax/LejBP0IzqQPOSMGis9PFVJV1E5ENgrld2KOwNZJl5OypCj3it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bXTwhp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IRXfsZlkhqUbL4oTAUxMZm+T/pcITNibAllittbCRtSRZmxIRVtCN7iy8ukWa14F5Xq3Xm5dp3HUYBjOIEz8OASanALdWgAAwnP8ApvjnZenHfnY9664uQzR/AHzucPEZqQiA==</latexit>

|2i

<latexit sha1_base64="TddNXeyB5Duub1ae8A1KwpajwD0=">AAAB8XicbVDLTgJBEOzFF+IL9ehlIjHxRHbRqEeiF4+YyCPChswOvTBhdnYzM2tCkL/w4kFjvPo33vwbB9iDgpV0UqnqTndXkAiujet+O7mV1bX1jfxmYWt7Z3evuH/Q0HGqGNZZLGLVCqhGwSXWDTcCW4lCGgUCm8HwZuo3H1FpHst7M0rQj2hf8pAzaqz08HRGOorKvsBuseSW3RnIMvEyUoIMtW7xq9OLWRqhNExQrduemxh/TJXhTOCk0Ek1JpQNaR/blkoaofbHs4sn5MQqPRLGypY0ZKb+nhjTSOtRFNjOiJqBXvSm4n9eOzXhlT/mMkkNSjZfFKaCmJhM3yc9rpAZMbKEMsXtrYQNqKLM2JAKNgRv8eVl0qiUvYty5e68VL3O4sjDERzDKXhwCVW4hRrUgYGEZ3iFN0c7L8678zFvzTnZzCH8gfP5AxMmkIk=</latexit>

|3i

ph
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e

<latexit sha1_base64="mCyTNzk4B3cyAW2x5dO/zFwYPnY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+x7/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSatW9S6rtfuLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifPwfijaM=</latexit>

t1
<latexit sha1_base64="Rnuy6Vs6NsPt0AW6tjN7zxDqjEs=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+zX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn81PnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G8yEJozlBNLKNPC3krYiGrK0KZTsiF4yy+vklat6l1Wa/cXlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OZI58V5dz4WrQUnnzmGP3A+fwAJZo2k</latexit>

t2
<latexit sha1_base64="ZP+lM3NSjwZM7MK6ya/4KlRHByI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Vj04rGi/YA2lM120y7dbMLuRCihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7dRvPXFtRKwecZxwP6IDJULBKFrpAXvnvVLZrbgzkGXi5aQMOeq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2anTsipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2hC8xZeXSbNa8S4r1fuLcu0mj6MAx3ACZ+DBFdTgDurQAAYDeIZXeHOk8+K8Ox/z1hUnnzmCP3A+fwAK6o2l</latexit>

t3
time

destructive interference 
in three-photon detection 
amplitude, but not two-photon

<latexit sha1_base64="4KESpGyusGUeg/YTyZM8LvGLsuY=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj6ovcU8I7PfLFa/qzYFXiZ+TCuRo9MtfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3iKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdF1kHGVpJYpulgUpQLbGM++xwOuGbVi4gihmrtbMR0RTah1GZVcCP7yy6ukVav6l9Xa/UWlfpPHUYQTOIVz8OEK6nAHDWgCBQnP8ApvSKMX9I4+Fq0FlM8cwx+gzx/BJY+6</latexit>

nm ⌧ 1

When

Vogel, Phys. Rev. Lett. 100, 
013605 (2008) 



Results, violation of classical inequalities

avg. phonon number

drive ratio

<latexit sha1_base64="NtNmqt+rACx/jTTVb4SUUy6XM0c=">AAACJXicbVBNS8NAFNz4bf2qevSyWARFqUkR9eBB9CJ4UbCt0JTystnq4mYTd1+EEvpnvPhXvHhQRPDkX3Gb5qDVgYVh5j3ezgSJFAZd99MZG5+YnJqemS3NzS8sLpWXVxomTjXjdRbLWF8HYLgUitdRoOTXieYQBZI3g7vTgd984NqIWF1hL+HtCG6U6AoGaKVO+eh8E3dwix5Rj/r3KYTUjwBvdZSBCvuFlM/QbeonYrfmh1wi5BudcsWtujnoX+IVpEIKXHTKb34YszTiCpkEY1qem2A7A42CSd4v+anhCbA7uOEtSxVE3LSzPGWfblglpN1Y26eQ5urPjQwiY3pRYCcHEcyoNxD/81opdg/bmVBJilyx4aFuKinGdFAZDYXmDGXPEmBa2L9SdgsaGNpiS7YEbzTyX9KoVb39au1yr3J8UtQxQ9bIOtkkHjkgx+SMXJA6YeSRPJNX8uY8OS/Ou/MxHB1zip1V8gvO1zfZeaHJ</latexit>

K(t, t) < 1 and K(t, t+ ⇡/2�) < 1

<latexit sha1_base64="C+/GXqI4wwpRT/PaeqJsPkK+qVw=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiChxN4h68BD0IniJYB6QXcLs7MQMmX0w0yuEJV78FS8eFPHqX3jzb5wke9DEgoaiqpvuLi8WXIFlfRu5ufmFxaX8cmFldW19w9zcaqgokZTVaSQi2fKIYoKHrA4cBGvFkpHAE6zp9a9GfvOBScWj8A4GMXMDch/yLqcEtNQxd25KcAT4EDsxP644PhNADvAFtjtm0SpbY+BZYmekiDLUOuaX40c0CVgIVBCl2rYVg5sSCZwKNiw4iWIxoX1yz9qahiRgyk3HHwzxvlZ83I2krhDwWP09kZJAqUHg6c6AQE9NeyPxP6+dQPfcTXkYJ8BCOlnUTQSGCI/iwD6XjIIYaEKo5PpWTHtEEgo6tIIOwZ5+eZY0KmX7tFy5PSlWL7M48mgX7aESstEZqqJrVEN1RNEjekav6M14Ml6Md+Nj0pozsplt9AfG5w+PQ5Rm</latexit>

K(t, t+ ⇡/2�) < 1

<latexit sha1_base64="ecmV9TH2jvfwZJJ0I+CPupTHTjc=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GjLj0NZd0Y3LCvYB7VAyadqGJpkhyQhl6C+4caGIW3/InX9jpq2gogcuHM65l3vviRLOtEHowymsrW9sbhW3Szu7e/sH5cOjto5TRWiLxDxW3QhrypmkLcMMp91EUSwiTjvR9Dr3O/dUaRbLOzNLaCjwWLIRI9jkEnI9f1CuIPeyXvWDKkQuQjXP93Li14KLAHpWyVEBKzQH5ff+MCapoNIQjrXueSgxYYaVYYTTeamfappgMsVj2rNUYkF1mC1uncMzqwzhKFa2pIEL9ftEhoXWMxHZToHNRP/2cvEvr5eaUT3MmExSQyVZLhqlHJoY5o/DIVOUGD6zBBPF7K2QTLDCxNh4SjaEr0/h/6Ttu17V9W+DSuNqFUcRnIBTcA48UAMNcAOaoAUImIAH8ASeHeE8Oi/O67K14KxmjsEPOG+fJyONrA==</latexit>

0.12
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Cold reservoir:
<latexit sha1_base64="B4uT1c84d5gVIBJU2KMPNYN+LyA=">AAACC3icbVA9SwNBEN3zM8avqKXNkiBYhbsQ1EYIptAygvmAXDzmNnvJkt27Y3dPCEd6G/+KjYUitv4BO/+Nm+QKTXww8Hhvhpl5fsyZ0rb9ba2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8U5SykTc00p51YUhA+p21/VJ/67QcqFYvCOz2OaU/AIGQBI6CN5BWKdU/iS+wGEkhavfbkfWWSuiOIY8DuAISAiVco2WV7BrxMnIyUUIaGV/hy+xFJBA014aBU17Fj3UtBakY4neTdRNEYyAgGtGtoCIKqXjr7ZYJPjNLHQSRNhRrP1N8TKQilxsI3nQL0UC16U/E/r5vo4KKXsjBONA3JfFGQcKwjPA0G95mkRPOxIUAkM7diMgQTizbx5U0IzuLLy6RVKTtn5cpttVS7yuLIoWNURKfIQeeohm5QAzURQY/oGb2iN+vJerHerY9564qVzRyhP7A+fwC+0JpD</latexit>

Cr =
4G2

r

�

<latexit sha1_base64="FhPDlsv8fJNF7Ci1FVavhFDucu8=">AAACC3icbVA9SwNBEN3zM8avqKXNkiBYhbsQ1EYIptAygvmAXDzmNnvJkt27Y3dPCEd6G/+KjYUitv4BO/+Nm+QKTXww8Hhvhpl5fsyZ0rb9ba2srq1vbOa28ts7u3v7hYPDlooSSWiTRDySHR8U5SykTc00p51YUhA+p21/VJ/67QcqFYvCOz2OaU/AIGQBI6CN5BWKdc/Hl9gNJJC0eu3595VJ6o4gjgG7AxACJl6hZJftGfAycTJSQhkaXuHL7UckETTUhINSXceOdS8FqRnhdJJ3E0VjICMY0K6hIQiqeunslwk+MUofB5E0FWo8U39PpCCUGgvfdArQQ7XoTcX/vG6ig4teysI40TQk80VBwrGO8DQY3GeSEs3HhgCRzNyKyRBMLNrElzchOIsvL5NWpeyclSu31VLtKosjh45REZ0iB52jGrpBDdREBD2iZ/SK3qwn68V6tz7mrStWNnOE/sD6/AGLQJoj</latexit>

Cb =
4G2

b

�
Small cooperativities

gives
<latexit sha1_base64="jlkgW4D5fZfr3yH4wO5CrvOmZ3s="></latexit>

nm ⇡ nth =
1

e~!m/kBTeff � 1

<latexit sha1_base64="t/g7dc5B7bh1kfLsYGgyA6lEx4k=">AAACDnicbVBNS8NAEN3Ur1q/qh69LJaCp5IUUY+lXjxW6Bc0IWy2k3bpbhJ2N0IJ/QVe/CtePCji1bM3/42btgdtfTDweG+GmXlBwpnStv1tFTY2t7Z3irulvf2Dw6Py8UlXxamk0KExj2U/IAo4i6CjmebQTyQQEXDoBZPb3O89gFQsjtp6moAnyChiIaNEG8kvVyd+E7d9VxA9liKDMJxhl3PsjgMisRsLGBFf+OWKXbPnwOvEWZIKWqLll7/cYUxTAZGmnCg1cOxEexmRmlEOs5KbKkgInZARDAyNiADlZfN3ZrhqlCEOY2kq0niu/p7IiFBqKgLTmZ+tVr1c/M8bpDq88TIWJamGiC4WhSnHOsZ5NnjIJFDNp4YQKpm5FdMxkYRqk2DJhOCsvrxOuvWac1Wr319WGs1lHEV0hs7RBXLQNWqgO9RCHUTRI3pGr+jNerJerHfrY9FasJYzp+gPrM8fjc+bzw==</latexit>

kBTe↵ ⌧ ~!m

Could be realized with sideband cooling if              :



<latexit sha1_base64="WlDQHjMqvpFJ+Vnb7Bm8iJDquP0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKQb0VvXisYD+gXcpsmm1js0lIskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3IjCUM0GblllOO0pTSCJO29H4dua3n6g2TIoHO1E0TGAoWMwIWCe1emNQCvrlil/158CrJMhJBeVo9MtfvYEkaUKFJRyM6Qa+smEG2jLC6bTUSw1VQMYwpF1HBSTUhNn82ik+c8oAx1K7EhbP1d8TGSTGTJLIdSZgR2bZm4n/ed3UxldhxoRKLRVksShOObYSz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqkGten1fq9Rv8jiK6ASdonMUoEtUR3eogZqIoEf0jF7Rmye9F+/d+1i0Frx85hj9gff5A5oMjys=</latexit>

<latexit sha1_base64="MShpXzUBvhfo+UpT6zMTp9syXGo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWw2m3bpZhN3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6wHHK/ZgOlIgEo2ilTo30Qi6R9ssVt+rOQVaJl5MK5Gj0y1+9MGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqID3rVU0ZgbfzK/d0rOrBKSKNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G0bU/ESrNkCu2WBRlkmBCZs+TUGjOUI4toUwLeythQ6opQxtRyYbgLb+8Slq1qndZ9e4vKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AFb14+I</latexit>

2�

Frequency
<latexit sha1_base64="nya8Qano4LmaOrbM5KRQ7rK2cKQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe7rfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxWa/cXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAeZJAH</latexit>!r

<latexit sha1_base64="E3pJ0DlvuKc5ITMiXmCR77N2WWU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe5H/XLFr/pzoFUS5KQCORr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOb3TtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo5EIIll9eJa1aNbis1u4vKvWbPI4inMApnEMAV1CHO2hAEwhweIZXePMevRfv3ftYtBa8fOYY/sD7/AEGJI/3</latexit>!b

<latexit sha1_base64="7rBWJ8y+Mr42mtlRImO7SDaXb/g=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJIi6kmKXjxWsB/QhDDZbtqlu0nY3Sgl9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5YcqZ0o7zba2srq1vbJa2yts7u3v7duWgrZJMEtoiCU9kNwRFOYtpSzPNaTeVFETIaScc3Uz9zgOViiXxvR6n1BcwiFnECGgjBXbFSwQdQCDwFfZGkKYQ2FWn5syAl4lbkCoq0AzsL6+fkEzQWBMOSvVcJ9V+DlIzwumk7GWKpkBGMKA9Q2MQVPn57PQJPjFKH0eJNBVrPFN/T+QglBqL0HQK0EO16E3F/7xepqNLP2dxmmkak/miKONYJ3iaA+4zSYnmY0OASGZuxWQIEog2aZVNCO7iy8ukXa+557X63Vm1cV3EUUJH6BidIhddoAa6RU3UQgQ9omf0it6sJ+vFerc+5q0rVjFziP7A+vwBaBmTdA==</latexit>

!m > 

<latexit sha1_base64="lMX5SuO4F0ZaBxAjcOB4LUYiO0k=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCswl0QtbAI2lhGNB+QHGFvs5cs2ds7dueEcOQn2FgoYusvsvPfuEmu0MQHA4/3ZpiZFyRSGHTdb2dldW19Y7OwVdze2d3bLx0cNk2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo9up33ri2ohYPeI44X5EB0qEglG00sM18XqlsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/NTp2QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjlZ0IlKXLF5ovCVBKMyfRv0heaM5RjSyjTwt5K2JBqytCmU7QheIsvL5NmteJdVKr35+XaTR5HAY7hBM7Ag0uowR3UoQEMBvAMr/DmSOfFeXc+5q0rTj5zBH/gfP4AUsiNLA==</latexit>

< 1



Hot reservoir:
<latexit sha1_base64="t3v7bV74ZQKuq3ck6iqNDma0VW4=">AAACDHicbVDLSsNAFJ3UV62vqks3g0VwVZIi6kpK3bis0Bc0JUymN+3QmSTMTIQS+gFu/BU3LhRx6we482+ctFlo64GBwznnMvceP+ZMadv+tgpr6xubW8Xt0s7u3v5B+fCoo6JEUmjTiEey5xMFnIXQ1kxz6MUSiPA5dP3JbeZ3H0AqFoUtPY1hIMgoZAGjRBvJK1cmXgO3PFcQPZYihSCY4Rvsjn0isRsJGBFPmJRdtefAq8TJSQXlaHrlL3cY0URAqCknSvUdO9aDlEjNKIdZyU0UxIROyAj6hoZEgBqk82Nm+MwoQxxE0rxQ47n6eyIlQqmp8E0yW1ote5n4n9dPdHA9SFkYJxpCuvgoSDjWEc6awUMmgWo+NYRQycyumI6JJFSb/kqmBGf55FXSqVWdy2rt/qJSb+R1FNEJOkXnyEFXqI7uUBO1EUWP6Bm9ojfryXqx3q2PRbRg5TPH6A+szx+woZrF</latexit>

kBTe↵ > ~!m

Exploit intrinsic sideband cooling:



<latexit sha1_base64="WlDQHjMqvpFJ+Vnb7Bm8iJDquP0=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKQb0VvXisYD+gXcpsmm1js0lIskJZ+h+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8SHFmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMjLVhDaJ5FJ3IjCUM0GblllOO0pTSCJO29H4dua3n6g2TIoHO1E0TGAoWMwIWCe1emNQCvrlil/158CrJMhJBeVo9MtfvYEkaUKFJRyM6Qa+smEG2jLC6bTUSw1VQMYwpF1HBSTUhNn82ik+c8oAx1K7EhbP1d8TGSTGTJLIdSZgR2bZm4n/ed3UxldhxoRKLRVksShOObYSz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqkGten1fq9Rv8jiK6ASdonMUoEtUR3eogZqIoEf0jF7Rmye9F+/d+1i0Frx85hj9gff5A5oMjys=</latexit>

<latexit sha1_base64="MShpXzUBvhfo+UpT6zMTp9syXGo=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWw2m3bpZhN3J0Ip/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTjDdZIhPdCajhUijeRIGSd1LNaRxI3g5GtzO//cS1EYl6wHHK/ZgOlIgEo2ilTo30Qi6R9ssVt+rOQVaJl5MK5Gj0y1+9MGFZzBUySY3pem6K/oRqFEzyaamXGZ5SNqID3rVU0ZgbfzK/d0rOrBKSKNG2FJK5+ntiQmNjxnFgO2OKQ7PszcT/vG6G0bU/ESrNkCu2WBRlkmBCZs+TUGjOUI4toUwLeythQ6opQxtRyYbgLb+8Slq1qndZ9e4vKvWbPI4inMApnIMHV1CHO2hAExhIeIZXeHMenRfn3flYtBacfOYY/sD5/AFb14+I</latexit>

2�

Frequency
<latexit sha1_base64="nya8Qano4LmaOrbM5KRQ7rK2cKQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe7rfrniV/050CoJclKBHI1++as3UCQVVFrCsTHdwE9smGFtGeF0WuqlhiaYjPGQdh2VWFATZvN7p+jMKQMUK+1KWjRXf09kWBgzEZHrFNiOzLI3E//zuqmNr8OMySS1VJLFojjlyCo0ex4NmKbE8okjmGjmbkVkhDUm1kVUciEEyy+vklatGlxWa/cXlfpNHkcRTuAUziGAK6jDHTSgCQQ4PMMrvHmP3ov37n0sWgtePnMMf+B9/gAeZJAH</latexit>!r

<latexit sha1_base64="E3pJ0DlvuKc5ITMiXmCR77N2WWU=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKewGUY9BLx4jmAckS5idzCZD5rHOzAphyU948aCIV3/Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWyd1ekrQIe5H/XLFr/pzoFUS5KQCORr98ldvoEgqqLSEY2O6gZ/YMMPaMsLptNRLDU0wGeMh7ToqsaAmzOb3TtGZUwYoVtqVtGiu/p7IsDBmIiLXKbAdmWVvJv7ndVMbX4cZk0lqqSSLRXHKkVVo9jwaME2J5RNHMNHM3YrICGtMrIuo5EIIll9eJa1aNbis1u4vKvWbPI4inMApnEMAV1CHO2hAEwhweIZXePMevRfv3ftYtBa8fOYY/sD7/AEGJI/3</latexit>!b

<latexit sha1_base64="vgvTlXa7ayAA5ja6tjBz0sLyQbc=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Vj04rGC/YAklM120y7dbMLuRCilP8OLB0W8+mu8+W/ctjlo64OBx3szzMyLMikMuu63s7a+sbm1Xdop7+7tHxxWjo7bJs014y2WylR3I2q4FIq3UKDk3UxzmkSSd6LR3czvPHFtRKoecZzxMKEDJWLBKFrJDyKOlARSEq9Xqbo1dw6ySryCVKFAs1f5CvopyxOukElqjO+5GYYTqlEwyaflIDc8o2xEB9y3VNGEm3AyP3lKzq3SJ3GqbSkkc/X3xIQmxoyTyHYmFIdm2ZuJ/3l+jvFNOBEqy5ErtlgU55JgSmb/k77QnKEcW0KZFvZWwoZUU4Y2pbINwVt+eZW06zXvqlZ/uKw2bos4SnAKZ3ABHlxDA+6hCS1gkMIzvMKbg86L8+58LFrXnGLmBP7A+fwBMjKQjA==</latexit>

� ⌧ 1

<latexit sha1_base64="rbBe/Lj0Zhgmgu8ZTbDgzsflhZA=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARWsSSFFE3QtGNywr2Ak0Mk+mkHTqZhJmJUEKewY2v4saFIm5dufNtnLZZaOsPAx//OYcz5/djRqWyrG+jsLS8srpWXC9tbG5t75i7e20ZJQKTFo5YJLo+koRRTlqKKka6sSAo9Bnp+KPrSb3zQISkEb9T45i4IRpwGlCMlLY8s8q9EF5CJxAIp5rv04pVzeAxdHyiUJba8CRHzyxbNWsquAh2DmWQq+mZX04/wklIuMIMSdmzrVi5KRKKYkaykpNIEiM8QgPS08hRSKSbTk/K4JF2+jCIhH5cwan7eyJFoZTj0NedIVJDOV+bmP/VeokKLtyU8jhRhOPZoiBhUEVwkg/sU0GwYmMNCAuq/wrxEOl0lE6xpEOw509ehHa9Zp/V6ren5cZVHkcRHIBDUAE2OAcNcAOaoAUweATP4BW8GU/Gi/FufMxaC0Y+sw/+yPj8AT2km/U=</latexit>

nm =
n(0)
m + �

1� �

<latexit sha1_base64="kKRIUTtQUOWRPSyAQazwKZdOOGY="></latexit>

n(0)
m =

nth

Cr
+

✓


4!m

◆2

<latexit sha1_base64="CZmO8d8v9F8EtXT1pgTUyL8ya/E=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktUj0We/FYwX5Iu5Rsmt2GJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgoQzbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TRWibxDxWvQBrypmkbcMMp71EUSwCTrvBpDn3u09UaRbLBzNNqC9wJFnICDZWemwOFRpEEfKG5YpbdRdA68TLSQVytIblr8EoJqmg0hCOte57bmL8DCvDCKez0iDVNMFkgiPat1RiQbWfLQ6eoQurjFAYK1vSoIX6eyLDQuupCGynwGasV725+J/XT01442dMJqmhkiwXhSlHJkbz79GIKUoMn1qCiWL2VkTGWGFibEYlG4K3+vI66dSqXr1au7+qNG7zOIpwBudwCR5cQwPuoAVtICDgGV7hzVHOi/PufCxbC04+cwp/4Hz+AHcSj4o=</latexit>

Cr � 1

for only red-detuned driveavg. phonon number



Hot reservoir, intrinsic sideband cooling

<latexit sha1_base64="rbBe/Lj0Zhgmgu8ZTbDgzsflhZA=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARWsSSFFE3QtGNywr2Ak0Mk+mkHTqZhJmJUEKewY2v4saFIm5dufNtnLZZaOsPAx//OYcz5/djRqWyrG+jsLS8srpWXC9tbG5t75i7e20ZJQKTFo5YJLo+koRRTlqKKka6sSAo9Bnp+KPrSb3zQISkEb9T45i4IRpwGlCMlLY8s8q9EF5CJxAIp5rv04pVzeAxdHyiUJba8CRHzyxbNWsquAh2DmWQq+mZX04/wklIuMIMSdmzrVi5KRKKYkaykpNIEiM8QgPS08hRSKSbTk/K4JF2+jCIhH5cwan7eyJFoZTj0NedIVJDOV+bmP/VeokKLtyU8jhRhOPZoiBhUEVwkg/sU0GwYmMNCAuq/wrxEOl0lE6xpEOw509ehHa9Zp/V6ren5cZVHkcRHIBDUAE2OAcNcAOaoAUweATP4BW8GU/Gi/FufMxaC0Y+sw/+yPj8AT2km/U=</latexit>

nm =
n(0)
m + �

1� �

<latexit sha1_base64="kKRIUTtQUOWRPSyAQazwKZdOOGY="></latexit>

n(0)
m =

nth

Cr
+

✓


4!m

◆2

for only red-detuned driveavg. phonon number

avg. phonon number

drive ratio

<latexit sha1_base64="NtNmqt+rACx/jTTVb4SUUy6XM0c=">AAACJXicbVBNS8NAFNz4bf2qevSyWARFqUkR9eBB9CJ4UbCt0JTystnq4mYTd1+EEvpnvPhXvHhQRPDkX3Gb5qDVgYVh5j3ezgSJFAZd99MZG5+YnJqemS3NzS8sLpWXVxomTjXjdRbLWF8HYLgUitdRoOTXieYQBZI3g7vTgd984NqIWF1hL+HtCG6U6AoGaKVO+eh8E3dwix5Rj/r3KYTUjwBvdZSBCvuFlM/QbeonYrfmh1wi5BudcsWtujnoX+IVpEIKXHTKb34YszTiCpkEY1qem2A7A42CSd4v+anhCbA7uOEtSxVE3LSzPGWfblglpN1Y26eQ5urPjQwiY3pRYCcHEcyoNxD/81opdg/bmVBJilyx4aFuKinGdFAZDYXmDGXPEmBa2L9SdgsaGNpiS7YEbzTyX9KoVb39au1yr3J8UtQxQ9bIOtkkHjkgx+SMXJA6YeSRPJNX8uY8OS/Ou/MxHB1zip1V8gvO1zfZeaHJ</latexit>

K(t, t) < 1 and K(t, t+ ⇡/2�) < 1



Conclusion

• Richer photon statistics with two-tone driving than single-tone 

• Model-independent nonclassicality possible when  
mechanical oscillator close to ground state 

• Inequality #2: «nonclassicality in time» - 
reminiscent of Leggett-Garg inequalities 

• Steady-state source of photons with nonclassical statistics 

arXiv:2108.10738, Phys. Rev. A (in press)


