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t = 1
<latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit>

global quench 
in 1D



product state

easy to write as MPS

t = 0
<latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit>

t = 1
<latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit>

global quench 
in 1D



product state

easy to write as MPS

thermal states

well approximated as MPO

t = 0
<latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit>

t = 1
<latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit>
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<latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit>

Dmin(t) ⇠ e↵t
<latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit><latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit><latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit><latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit>

global quench 
in 1D

local 
observables

Osborne, PRL 2006
Schuch et al., NJP 2008



product state

easy to write as MPS

thermal states

well approximated as MPO

S(t) / t
<latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit><latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit><latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit><latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit>

t = 0
<latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit>

t = 1
<latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit>

Dmin(t) ⇠ e↵t
<latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit><latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit><latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit><latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit>

entanglement 
barrier

global quench 
in 1D

local 
observables

Osborne, PRL 2006
Schuch et al., NJP 2008



product state

easy to write as MPS

thermal states

well approximated as MPO

S(t) / t
<latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit><latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit><latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit><latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit>

t = 0
<latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit><latexit sha1_base64="FDyz5BDyjjP74UsHHPdjiJzY8Fw=">AAAB6nicdVDJSgNBEO2JW4xb1KOXxiB4GnqiYHIQgl48RjQLJEPo6fQkTXp6hu4aIQz5BC8eFPHqF3nzb+wsguuDgsd7VVTVCxIpDBDy7uSWlldW1/LrhY3Nre2d4u5e08SpZrzBYhnrdkANl0LxBgiQvJ1oTqNA8lYwupz6rTuujYjVLYwT7kd0oEQoGAUr3cA56RVLxC1XK+Skin8TzyUzlNAC9V7xrduPWRpxBUxSYzoeScDPqAbBJJ8UuqnhCWUjOuAdSxWNuPGz2akTfGSVPg5jbUsBnqlfJzIaGTOOAtsZURian95U/MvrpBBW/EyoJAWu2HxRmEoMMZ7+jftCcwZybAllWthbMRtSTRnYdAo2hM9P8f+kWXY94nrXp6XaxSKOPDpAh+gYeegM1dAVqqMGYmiA7tEjenKk8+A8Oy/z1pyzmNlH3+C8fgBW9Y3W</latexit>

t = 1
<latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit><latexit sha1_base64="Hz7nXkFchpkBkVTSdeF0cUmfZgE=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4CjNRMDkIQS8eI5gFkiH0dHqSJj09Y3eNEEJ+wosHRbz6O978GzuL4Pqg4PFeFVX1gkQKg6777mSWlldW17LruY3Nre2d/O5ew8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJz6zTuujYjVDY4S7ke0r0QoGEUrtfC8I1SIo26+4BZLlbJ7UiG/iVd0ZyjAArVu/q3Ti1kacYVMUmPanpugP6YaBZN8kuukhieUDWmfty1VNOLGH8/unZAjq/RIGGtbCslM/ToxppExoyiwnRHFgfnpTcW/vHaKYdkfC5WkyBWbLwpTSTAm0+dJT2jOUI4soUwLeythA6opQxtRzobw+Sn5nzRKRc8tetenherFIo4sHMAhHIMHZ1CFK6hBHRhIuIdHeHJunQfn2XmZt2acxcw+fIPz+gGjlJBe</latexit>

Dmin(t) ⇠ e↵t
<latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit><latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit><latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit><latexit sha1_base64="h0XpenL9gDTlABICsfQUVOjBNBw=">AAACDXicdZDLSgMxFIYzXmu9VV26CVahbsqMeN0VdeGygr1Ap5ZMmrahSWZIzghlmBdw46u4caGIW/fufBvTi6KiPwQO338OOecPIsENuO67MzU9Mzs3n1nILi4tr6zm1tarJow1ZRUailDXA2KY4IpVgINg9UgzIgPBakH/bOjXbpg2PFRXMIhYU5Ku4h1OCVjUym2ftxJfEuhpmUiu0rQAu77hErPrxCci6hEMaSuXd4sHrndy6GG36I6Ev4g3IXk0UbmVe/PbIY0lU0AFMabhuRE0E6KBU8HSrB8bFhHaJ13WsKUikplmMromxTuWtHEn1PYpwCP6fSIh0piBDGzncHHz2xvCv7xGDJ3jZsJVFANTdPxRJxYYQjyMBre5ZhTEwBaEam53xbRHNKFgA8zaED4vxf8X1b2i5xa9y/186XQSRwZtoi1UQB46QiV0gcqogii6RffoET05d86D8+y8jFunnMnMBvoh5/UDHdGcNg==</latexit>

entanglement 
barrier

global quench 
in 1D

some recent progress

TNS challenge: 
getting around this 

limitation

local 
observables

Osborne, PRL 2006
Schuch et al., NJP 2008

Dubai JPhysA 2017
Leviatan et al. 2017
White et al PRB 2018



product state

easy to write as MPS

thermal states

well approximated as MPO

S(t) / t
<latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit><latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit><latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit><latexit sha1_base64="s432rKQCjt7rrU/mLTMmDCxBl1s=">AAAB9HicbVDJSgNBEO2JW4xb1KOXxiDEyzAjrregF48RzQLJEHo6naRJT/fYXRMIQ77DiwdFvPox3vwbOxuo8UHB470qquqFseAGPO/LySwtr6yuZddzG5tb2zv53b2qUYmmrEKVULoeEsMEl6wCHASrx5qRKBSsFvZvxn5twLThSj7AMGZBRLqSdzglYKXgvgjHzVirGBSGVr7gud4E2HPPPP/q3Mf+XJmTApqh3Mp/NtuKJhGTQAUxpuF7MQQp0cCpYKNcMzEsJrRPuqxhqSQRM0E6OXqEj6zSxh2lbUnAE/XnREoiY4ZRaDsjAj3z1xuL/3mNBDqXQcplnACTdLqokwg8ftEmgNtcMwpiaAmhmttbMe0RTSjYnHI2hIWXF0n1xPU91787LZSuZ3Fk0QE6REXkowtUQreojCqIokf0hF7QqzNwnp03533amnFmM/voF5yPbzx8kb8=</latexit>
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entanglement 
barrier

global quench 
in 1D

HERE: tool to get 
properties of the 
dynamics itself

some recent progress

TNS challenge: 
getting around this 

limitation

local 
observables

Osborne, PRL 2006
Schuch et al., NJP 2008

Dubai JPhysA 2017
Leviatan et al. 2017
White et al PRB 2018
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can set a long 
timescale
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What are the slowest evolving (local) 
operators?

dA(t)
dt

= i[H,A(t)]

numerical study using ED/TNS

A DIFFERENT PERSPECTIVE

Kim, MCB, Cirac, Hastings, Huse, PRE92, 012128 (2015) 
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1D non-integrable spin chain

Scenario

operator acting on    central sitesM

H =
�

i

�
�i

z�
i+1
z + g�i

x + h�i
z

�

natural one if local conserved quantity: 
inhomogeneity of energy density

only local 
conserved quantity 
is energy density

but not minimum

Kim, MCB, Cirac, Hastings, Huse, PRE92, 012128 (2015) 
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Goal: minimizing �[H,AM ]�

�M = minAM
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2

Kim, MCB, Cirac, Hastings, Huse, PRE92, 012128 (2015) 



numerically with ED 
and TNS

(ALMOST) LOCAL CONSERVED OPERATORS

Goal: minimizing �[H,AM ]�

�M = minAM

�[AM ,H]�2
2

�AM�2
2

Kim, MCB, Cirac, Hastings, Huse, PRE92, 012128 (2015) 



numerically with ED 
and TNS

(ALMOST) LOCAL CONSERVED OPERATORS

Goal: minimizing �[H,AM ]�

�M = minAM

�[AM ,H]�2
2

�AM�2
2

Frobenius�A�2 =
�

tr(A†A)

Kim, MCB, Cirac, Hastings, Huse, PRE92, 012128 (2015) 



numerically with ED 
and TNS

(ALMOST) LOCAL CONSERVED OPERATORS

Goal: minimizing �[H,AM ]�

�M = minAM

�[AM ,H]�2
2

�AM�2
2

Frobenius�A�2 =
�

tr(A†A)
physical meaning

Kim, MCB, Cirac, Hastings, Huse, PRE92, 012128 (2015) 



numerically with ED 
and TNS

(ALMOST) LOCAL CONSERVED OPERATORS

Goal: minimizing �[H,AM ]�

�M = minAM

�[AM ,H]�2
2

�AM�2
2

Frobenius�A�2 =
�

tr(A†A)
physical meaning

� � I + �AM high T state

Kim, MCB, Cirac, Hastings, Huse, PRE92, 012128 (2015) 



numerically with ED 
and TNS

(ALMOST) LOCAL CONSERVED OPERATORS

Goal: minimizing �[H,AM ]�

�M = minAM

�[AM ,H]�2
2

�AM�2
2

Frobenius�A�2 =
�

tr(A†A)
physical meaning

� � I + �AM high T state
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numerically with ED 
and TNS

(ALMOST) LOCAL CONSERVED OPERATORS

Goal: minimizing �[H,AM ]�

�M = minAM

�[AM ,H]�2
2

�AM�2
2

Frobenius�A�2 =
�

tr(A†A)
physical meaning

� � I + �AM high T state

|�AM (t)� � �AM �� | � 1� 1
2
�M t2

lower bound 
thermalization time � � 1�

�M

also slowest evolving at 
short times

Kim, MCB, Cirac, Hastings, Huse, PRE92, 012128 (2015) 
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Anderson localization: single particle states localized 
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Gornyi, Mirlin, Polyakov, PRL 2005
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weak interactions ⇒ MBL phase



MANY BODY LOCALIZATION

interactions + disorder = interesting scenario 

many-body localization

Anderson localization: single particle states localized 
due to disorder

Basko, Aleiner, Altshuler, Ann. Phys. 2006
Gornyi, Mirlin, Polyakov, PRL 2005

Altman, Vosk, Ann.Rev.CM 2015
Nandkishore, Huse, Ann.Rev.CM 2015

environment destroys localization

weak interactions ⇒ MBL phase

highly excited states localized
system will not thermalize
TNS success stories

Znidaric, Prosen, Prelovsek, PRB 2008
Gogolin, Müller, Eisert, PRL 2011
Bardarson, Pollmann, Moore, PRL 2012
Bauer, Nayak, JStatMech 2013;
Chandran et al PRB 2015; Pollmann et
al PRB 2016; Khemani et al PRL 2016;
Pekker PRB 2017;Wahl et al 2017…
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the model

H =
� �

S[i]
x S[i+1]

x + S[i]
y S[i+1]

y + JS[i]
z S[i+1]

z + hiS
z
i

�

i i+ 1
Oganesyan, Huse, PRB 2007
Pal, Huse, PRB 2010
Luitz et al., 2014

J=0 ⇒ non-interacting XY
Anderson localized for h>0

J=1 ⇒ shows MBL for h~3-3.5

MANY BODY LOCALIZATION
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M

�M = minAM

�[AM ,H]�2
2

�AM�2
2

exponentially localized⌧ [i]z

[H, ⌧ [i]z ] = 0

see also Chandran et at. PRB 2015

truncated support → expect 
exponentially small
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constructive method

analyze weight of components with different support
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composition of slow operators: how local?
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composition of slow operators: how local?

M = 40single realization

almost TI

decaying fast

landscape of terms with fixed range

and much more information 
in the statistics!
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Statistics of small commutators

Well described by Extreme Value Theory
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⇣ = 0
<latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit>

Gumbel: exponential tails
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when is there a limit, 

it is of the form

G⇣(y) = exp

h
�(1 + ⇣y)�

1
⇣

i

<latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit><latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit><latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit><latexit sha1_base64="cluR1PwBp2RQ+e+67qqyj1FdPLk="></latexit>

rescaled and 
centeredGEV

CDF for extrema
three subfamilies

⇣ > 0
<latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit><latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit><latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit><latexit sha1_base64="lMM+CZHKnuOEs4CSvKj6EIlb4vs=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0JMUvXisYD+gDWWz3bRLN5u4OxFq6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rUeujYjVPY4T7kd0oEQoGEUrtbtPHOkVcXvlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Og/PivDsf89aCk88cwh84nz81ao9o</latexit>

Fréchet: polynomial tails

⇣ < 0
<latexit sha1_base64="3VOHQ6dR4NLQH1zSpgXmsoc9lfQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0T4pE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxusdxwv2IDpQIBaNopXb3iSO9Im6vXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2b0TcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZk+T/pCc4ZybAllWthbCRtSTRnaiEo2BG/x5WXSPKt6btW7O6/UrvM4inAEx3AKHlxADW6hDg1gIOEZXuHNeXBenHfnY95acPKZQ/gD5/MHMl6PZg==</latexit><latexit sha1_base64="3VOHQ6dR4NLQH1zSpgXmsoc9lfQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0T4pE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxusdxwv2IDpQIBaNopXb3iSO9Im6vXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2b0TcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZk+T/pCc4ZybAllWthbCRtSTRnaiEo2BG/x5WXSPKt6btW7O6/UrvM4inAEx3AKHlxADW6hDg1gIOEZXuHNeXBenHfnY95acPKZQ/gD5/MHMl6PZg==</latexit><latexit sha1_base64="3VOHQ6dR4NLQH1zSpgXmsoc9lfQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0T4pE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxusdxwv2IDpQIBaNopXb3iSO9Im6vXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2b0TcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZk+T/pCc4ZybAllWthbCRtSTRnaiEo2BG/x5WXSPKt6btW7O6/UrvM4inAEx3AKHlxADW6hDg1gIOEZXuHNeXBenHfnY95acPKZQ/gD5/MHMl6PZg==</latexit><latexit sha1_base64="3VOHQ6dR4NLQH1zSpgXmsoc9lfQ=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiaGMZwXxAcoS9zV6yZG/v3J0T4pE/YWOhiK1/x85/4ya5QhMfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRjdTv/XItRGxusdxwv2IDpQIBaNopXb3iSO9Im6vXHGr7gxkmXg5qUCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz2b0TcmKVPgljbUshmam/JzIaGTOOAtsZURyaRW8q/ud1Ugwv/UyoJEWu2HxRmEqCMZk+T/pCc4ZybAllWthbCRtSTRnaiEo2BG/x5WXSPKt6btW7O6/UrvM4inAEx3AKHlxADW6hDg1gIOEZXuHNeXBenHfnY95acPKZQ/gD5/MHMl6PZg==</latexit>

Weibull: bounded light tails

G0(y) ! exp [� exp(�y)]
<latexit sha1_base64="VkA/T6cdxbr6OBa4hgj1ogGgXHw=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjkXAngpZBCy0VjAq549jbzCWLex/szonHkZ9g41+xsVDE1tLOf+NeTKHGBwNv35thZ16QSqHRtj+tqemZ2bn5ykJ1cWl5ZbW2tn6pk0xx6PBEJuo6YBqkiKGDAiVcpwpYFEi4Cm6OS//qFpQWSXyBeQpexPqxCAVnaCS/tnPiF/awke+6mLhwl1JXQoi02ywfjabRlegP0PNrdbtlj0AniTMmdTLGmV/7cHsJzyKIkUumddexU/QKplBwCcOqm2lIGb9hfegaGrMItFeMDhrSbaP0aJgoUzHSkfpzomCR1nkUmM6I4UD/9UrxP6+bYXjoFSJOM4SYf38UZpJiQst0aE8o4ChzQxhXwuxK+YApxtFkWDUhOH9PniSXey3Hbjnn+/X20TiOCtkkW6RBHHJA2uSUnJEO4eSePJJn8mI9WE/Wq/X23TpljWc2yC9Y718PGZv3</latexit><latexit sha1_base64="VkA/T6cdxbr6OBa4hgj1ogGgXHw=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjkXAngpZBCy0VjAq549jbzCWLex/szonHkZ9g41+xsVDE1tLOf+NeTKHGBwNv35thZ16QSqHRtj+tqemZ2bn5ykJ1cWl5ZbW2tn6pk0xx6PBEJuo6YBqkiKGDAiVcpwpYFEi4Cm6OS//qFpQWSXyBeQpexPqxCAVnaCS/tnPiF/awke+6mLhwl1JXQoi02ywfjabRlegP0PNrdbtlj0AniTMmdTLGmV/7cHsJzyKIkUumddexU/QKplBwCcOqm2lIGb9hfegaGrMItFeMDhrSbaP0aJgoUzHSkfpzomCR1nkUmM6I4UD/9UrxP6+bYXjoFSJOM4SYf38UZpJiQst0aE8o4ChzQxhXwuxK+YApxtFkWDUhOH9PniSXey3Hbjnn+/X20TiOCtkkW6RBHHJA2uSUnJEO4eSePJJn8mI9WE/Wq/X23TpljWc2yC9Y718PGZv3</latexit><latexit sha1_base64="VkA/T6cdxbr6OBa4hgj1ogGgXHw=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjkXAngpZBCy0VjAq549jbzCWLex/szonHkZ9g41+xsVDE1tLOf+NeTKHGBwNv35thZ16QSqHRtj+tqemZ2bn5ykJ1cWl5ZbW2tn6pk0xx6PBEJuo6YBqkiKGDAiVcpwpYFEi4Cm6OS//qFpQWSXyBeQpexPqxCAVnaCS/tnPiF/awke+6mLhwl1JXQoi02ywfjabRlegP0PNrdbtlj0AniTMmdTLGmV/7cHsJzyKIkUumddexU/QKplBwCcOqm2lIGb9hfegaGrMItFeMDhrSbaP0aJgoUzHSkfpzomCR1nkUmM6I4UD/9UrxP6+bYXjoFSJOM4SYf38UZpJiQst0aE8o4ChzQxhXwuxK+YApxtFkWDUhOH9PniSXey3Hbjnn+/X20TiOCtkkW6RBHHJA2uSUnJEO4eSePJJn8mI9WE/Wq/X23TpljWc2yC9Y718PGZv3</latexit><latexit sha1_base64="VkA/T6cdxbr6OBa4hgj1ogGgXHw=">AAACEHicbVA9SwNBEN3zM8avqKXNYhBjkXAngpZBCy0VjAq549jbzCWLex/szonHkZ9g41+xsVDE1tLOf+NeTKHGBwNv35thZ16QSqHRtj+tqemZ2bn5ykJ1cWl5ZbW2tn6pk0xx6PBEJuo6YBqkiKGDAiVcpwpYFEi4Cm6OS//qFpQWSXyBeQpexPqxCAVnaCS/tnPiF/awke+6mLhwl1JXQoi02ywfjabRlegP0PNrdbtlj0AniTMmdTLGmV/7cHsJzyKIkUumddexU/QKplBwCcOqm2lIGb9hfegaGrMItFeMDhrSbaP0aJgoUzHSkfpzomCR1nkUmM6I4UD/9UrxP6+bYXjoFSJOM4SYf38UZpJiQst0aE8o4ChzQxhXwuxK+YApxtFkWDUhOH9PniSXey3Hbjnn+/X20TiOCtkkW6RBHHJA2uSUnJEO4eSePJJn8mI9WE/Wq/X23TpljWc2yC9Y718PGZv3</latexit>

⇣ = 0
<latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit><latexit sha1_base64="oXM1X+AIpJSBB1wddkq43FnFNPI=">AAAB7nicbVBNS8NAEJ34WetX1aOXYBE8lUQEvQhFLx4r2A9oQ9lsp+3SzSbsToQa+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MJHCkOd9Oyura+sbm4Wt4vbO7t5+6eCwYeJUc6zzWMa6FTKDUiiskyCJrUQji0KJzXB0O/Wbj6iNiNUDjRMMIjZQoi84Iys1O09I7NrrlspexZvBXSZ+TsqQo9YtfXV6MU8jVMQlM6btewkFGdMkuMRJsZMaTBgfsQG2LVUsQhNks3Mn7qlVem4/1rYUuTP190TGImPGUWg7I0ZDs+hNxf+8dkr9qyATKkkJFZ8v6qfSpdid/u72hEZOcmwJ41rYW10+ZJpxsgkVbQj+4svLpHFe8b2Kf39Rrt7kcRTgGE7gDHy4hCrcQQ3qwGEEz/AKb07ivDjvzse8dcXJZ47gD5zPH9v4jz0=</latexit>

Gumbel: exponential tails
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<latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit><latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit><latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit><latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit>
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<latexit sha1_base64="Wlq2jnVJSR+QEAn6WUV1oB5OZe0=">AAACAnicdVC7SgNBFJ2Nrxhfq1ZiMxgEG+Ou+OyCNhYWEcwDsmuYnb1Jhsw+mJkVwxJs/BUbC0Vs/Qo7/8ZJskIUPTBwOOdc7tzjxZxJZVmfRm5qemZ2Lj9fWFhcWl4xV9dqMkoEhSqNeCQaHpHAWQhVxRSHRiyABB6Hutc7H/r1WxCSReG16sfgBqQTsjajRGmpZW44lzrsE0eyAMNNuusA53vOHRu0zKJVskbAE+TQsk+PbGxnShFlqLTMD8ePaBJAqCgnUjZtK1ZuSoRilMOg4CQSYkJ7pANNTUMSgHTT0QkDvK0VH7cjoV+o8EidnEhJIGU/8HQyIKorf3tD8S+vmaj2iZuyME4UhHS8qJ1wrCI87AP7TABVvK8JoYLpv2LaJYJQpVsr6BK+L8X/k9p+ybZK9tVBsXyW1ZFHm2gL7SAbHaMyukAVVEUU3aNH9IxejAfjyXg13sbRnJHNrKMfMN6/AMrnlwo=</latexit><latexit sha1_base64="Wlq2jnVJSR+QEAn6WUV1oB5OZe0=">AAACAnicdVC7SgNBFJ2Nrxhfq1ZiMxgEG+Ou+OyCNhYWEcwDsmuYnb1Jhsw+mJkVwxJs/BUbC0Vs/Qo7/8ZJskIUPTBwOOdc7tzjxZxJZVmfRm5qemZ2Lj9fWFhcWl4xV9dqMkoEhSqNeCQaHpHAWQhVxRSHRiyABB6Hutc7H/r1WxCSReG16sfgBqQTsjajRGmpZW44lzrsE0eyAMNNuusA53vOHRu0zKJVskbAE+TQsk+PbGxnShFlqLTMD8ePaBJAqCgnUjZtK1ZuSoRilMOg4CQSYkJ7pANNTUMSgHTT0QkDvK0VH7cjoV+o8EidnEhJIGU/8HQyIKorf3tD8S+vmaj2iZuyME4UhHS8qJ1wrCI87AP7TABVvK8JoYLpv2LaJYJQpVsr6BK+L8X/k9p+ybZK9tVBsXyW1ZFHm2gL7SAbHaMyukAVVEUU3aNH9IxejAfjyXg13sbRnJHNrKMfMN6/AMrnlwo=</latexit><latexit sha1_base64="Wlq2jnVJSR+QEAn6WUV1oB5OZe0=">AAACAnicdVC7SgNBFJ2Nrxhfq1ZiMxgEG+Ou+OyCNhYWEcwDsmuYnb1Jhsw+mJkVwxJs/BUbC0Vs/Qo7/8ZJskIUPTBwOOdc7tzjxZxJZVmfRm5qemZ2Lj9fWFhcWl4xV9dqMkoEhSqNeCQaHpHAWQhVxRSHRiyABB6Hutc7H/r1WxCSReG16sfgBqQTsjajRGmpZW44lzrsE0eyAMNNuusA53vOHRu0zKJVskbAE+TQsk+PbGxnShFlqLTMD8ePaBJAqCgnUjZtK1ZuSoRilMOg4CQSYkJ7pANNTUMSgHTT0QkDvK0VH7cjoV+o8EidnEhJIGU/8HQyIKorf3tD8S+vmaj2iZuyME4UhHS8qJ1wrCI87AP7TABVvK8JoYLpv2LaJYJQpVsr6BK+L8X/k9p+ybZK9tVBsXyW1ZFHm2gL7SAbHaMyukAVVEUU3aNH9IxejAfjyXg13sbRnJHNrKMfMN6/AMrnlwo=</latexit><latexit sha1_base64="Wlq2jnVJSR+QEAn6WUV1oB5OZe0=">AAACAnicdVC7SgNBFJ2Nrxhfq1ZiMxgEG+Ou+OyCNhYWEcwDsmuYnb1Jhsw+mJkVwxJs/BUbC0Vs/Qo7/8ZJskIUPTBwOOdc7tzjxZxJZVmfRm5qemZ2Lj9fWFhcWl4xV9dqMkoEhSqNeCQaHpHAWQhVxRSHRiyABB6Hutc7H/r1WxCSReG16sfgBqQTsjajRGmpZW44lzrsE0eyAMNNuusA53vOHRu0zKJVskbAE+TQsk+PbGxnShFlqLTMD8ePaBJAqCgnUjZtK1ZuSoRilMOg4CQSYkJ7pANNTUMSgHTT0QkDvK0VH7cjoV+o8EidnEhJIGU/8HQyIKorf3tD8S+vmaj2iZuyME4UhHS8qJ1wrCI87AP7TABVvK8JoYLpv2LaJYJQpVsr6BK+L8X/k9p+ybZK9tVBsXyW1ZFHm2gL7SAbHaMyukAVVEUU3aNH9IxejAfjyXg13sbRnJHNrKMfMN6/AMrnlwo=</latexit>

T =
1p
⇤

⇠ e`/2⇠

<latexit sha1_base64="Ov3H4P2A4ljuXmGNoyZ6PWDyAww="></latexit><latexit sha1_base64="Ov3H4P2A4ljuXmGNoyZ6PWDyAww="></latexit><latexit sha1_base64="Ov3H4P2A4ljuXmGNoyZ6PWDyAww="></latexit><latexit sha1_base64="Ov3H4P2A4ljuXmGNoyZ6PWDyAww="></latexit>

p(T ) / T�2⇠| ln c|�1
<latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit><latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit><latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit><latexit sha1_base64="7Vm8Ewzvk+y3jVQWLISk1mTBGOA=">AAACB3icdVDLSgMxFM34rPU16lKQYBHqomWm+NwV3bis0Bd0xpJJ0zY0kwlJRizT7tz4K25cKOLWX3Dn35g+hCp6IHA4515uzgkEo0o7zqc1N7+wuLScWkmvrq1vbNpb21UVxRKTCo5YJOsBUoRRTiqaakbqQhIUBozUgt7lyK/dEqloxMu6L4gfog6nbYqRNlLT3hPZ8qEnZCR0BMs3Sa7g3dGBxzjEg5w7bNoZJ++MAWfIseOen7jQnSoZMEWpaX94rQjHIeEaM6RUw3WE9hMkNcWMDNNerIhAuIc6pGEoRyFRfjLOMYQHRmnBdiTN4xqO1dmNBIVK9cPATIZId9VvbyT+5TVi3T7zE8pFrAnHk0PtmEGTeVQKbFFJsGZ9QxCW1PwV4i6SCGtTXdqU8J0U/k+qhbzr5N3ro0zxYlpHCuyCfZAFLjgFRXAFSqACMLgHj+AZvFgP1pP1ar1NRues6c4O+AHr/QuMkZh3</latexit>

Fréchet distribution
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Statistics of small commutators
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survival rate (probability of extremely large values)
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survival rate (probability of extremely large values)
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Statistics of small commutators



(
<latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit>

)
<latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit>



(
<latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit>

)
<latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit>

dissipative dynamics



(
<latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit>

)
<latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit>

dissipative dynamics

non-equilibrium steady states

bath



(
<latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit>

)
<latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit>

dissipative dynamics

non-equilibrium steady states

bath

exact description system+bath



(
<latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit><latexit sha1_base64="5PLnWdNGdgpzSHq400RKGHyGGJg=">AAAB6HicdVDLSgNBEOz1GeMr6tHLYBByCrvi8xb04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbJCFC1oKKq66e4KEsG1cd1PZ2l5ZXVtPbeR39za3tkt7O03dJwqhnUWi1i1AqpRcIl1w43AVqKQRoHAZjC8mfrNB1Sax/LOjBL0I9qXPOSMGivVSt1C0S27M5AFcuZ6V+ce8TKlCBmq3cJHpxezNEJpmKBatz03Mf6YKsOZwEm+k2pMKBvSPrYtlTRC7Y9nh07IsVV6JIyVLWnITF2cGNNI61EU2M6ImoH+7U3Fv7x2asJLf8xlkhqUbL4oTAUxMZl+TXpcITNiZAllittbCRtQRZmx2eRtCN+fkv9J46TsuWWvdlqsXGdx5OAQjqAEHlxABW6hCnVggPAIz/Di3DtPzqvzNm9dcrKZA/gB5/0LjAeMwg==</latexit>

)
<latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit><latexit sha1_base64="/o+g6hU8+rkN1Lh44yZrrGOELVY=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoOgl7ArPm9BLx4TMImQLGF20knGzM4uM7NCWPIFXjwo4tVP8ubfOElWiKIFDUVVN91dQSy4Nq776eQWFpeWV/KrhbX1jc2t4vZOQ0eJYlhnkYjUXUA1Ci6xbrgReBcrpGEgsBkMryd+8wGV5pG8NaMY/ZD2Je9xRo2VakedYsktu1OQOXLqepdnHvEypQQZqp3iR7sbsSREaZigWrc8NzZ+SpXhTOC40E40xpQNaR9blkoaovbT6aFjcmCVLulFypY0ZKrOT6Q01HoUBrYzpGagf3sT8S+vlZjehZ9yGScGJZst6iWCmIhMviZdrpAZMbKEMsXtrYQNqKLM2GwKNoTvT8n/pHFc9tyyVzspVa6yOPKwB/twCB6cQwVuoAp1YIDwCM/w4tw7T86r8zZrzTnZzC78gPP+BY2LjMM=</latexit>
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evolving the (pure state) ansatz
evolving operators: Heisenberg picture
observables as TN to contract

different perspective: slow operators

Various TNS tools can be used for time evolution

applied to MBL 
scenario

signatures of localization, and 
rare regions in the statistics

THANKS

valid for limited 
times only

N. Pancotti et al PRB 97, 094206 (2018)

global 
quenches


