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What is a QT? 

To quantify, we need to introduce a “distance” and a “velocity”  among 
quantum probability distributions

Examples: quantum computation, 
                 Grover search algorithm, …

algorithms 

| itarget
<latexit sha1_base64="w9gDfywKsyF8CIeAgM3OxGyr3CY=">AAAB/nicdVBNS8NAEN34WetXVTx5WSyCp5LUYuut6MVjBatCE8pmO62Lm03YnQglFvwrXjwo4tXf4c1/46atoKIPBh7vzTAzL0ykMOi6H87M7Nz8wmJhqbi8srq2XtrYvDBxqjm0eSxjfRUyA1IoaKNACVeJBhaFEi7Dm5Pcv7wFbUSsznGYQBCxgRJ9wRlaqVvavvMTI3zN1EBCN0OmB4CjbqnsVo4ah9XaIXUrrlv3ql5OqvXaQY16VslRJlO0uqV3vxfzNAKFXDJjOp6bYJAxjYJLGBX91EDC+A0bQMdSxSIwQTY+f0T3rNKj/VjbUkjH6veJjEXGDKPQdkYMr81vLxf/8jop9htBJlSSIig+WdRPJcWY5lnQntDAUQ4tYVwLeyvl10wzjjaxog3h61P6P7moVryDintWKzePp3EUyA7ZJfvEI3XSJKekRdqEk4w8kCfy7Nw7j86L8zppnXGmM1vkB5y3T6tTlpg=</latexit>| iinitial

<latexit sha1_base64="2amBVBBi717Kf3lE/5SlPcm13XM=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCq5JUse2u6MZlBfuAzjBk0rQNzWSGJCOUtgt/xY0LRdz6G+78GzNtBRU9EDiccy8354SJ4Nog9OEsLa+srq3nNvKbW9s7u+7eflPHqaKsQWMRq3ZINBNcsobhRrB2ohiJQsFa4fAq81t3TGkey1szSpgfkb7kPU6JsVLgHk68RHNPEdkXLBhzyQ0nYhq4BVRECGGMYUZw+QJZUq1WSrgCcWZZFMAC9cB997oxTSMmDRVE6w5GifHHRBlOBZvmvVSzhNAh6bOOpZJETPvj2f+n8MQqXdiLlX3SwJn6fWNMIq1HUWgnI2IG+reXiX95ndT0Kr4NlaSGSTo/1EsFNDHMyoBdrhg1YmQJocpGp5AOiCLU2MrytoSvpPB/0iwV8VkR3ZwXapeLOnLgCByDU4BBGdTANaiDBqBgAh7AE3h27p1H58V5nY8uOYudA/ADztsnXDSW+Q==</latexit>

Holy grail: 
Move from the initial state (preparation) to the target state (solution of the 
task) along a geodesic and as fast as possible with |h initial| targeti| ⇠ 0

<latexit sha1_base64="ZYWqF8mSXg8IoYbg3VdsPIbQrU4=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIKnsKuCHoNePCqYB2RD6J10ksHZ2WWmVwhJPsSLv+LFgyJePAj+jZPHQRMLBmqqummqolRJS77/7S0sLi2vrK6t5zY2t7Z38rt7FZtkRmBZJCoxtQgsKqmxTJIU1lKDEEcKq9H91civPqCxMtF31EuxEUNHy7YUQE5q5k8HoQLdUcjD1MpmX2pJEtRwMPkSmA7SMDTjmUFoZcz9Zr7gF/0x+DwJpqTAprhp5j/DViKyGDUJBdbWAz+lRh8MSaFwmAsziymIe+hg3VENMdpGfxxuyI+c0uLtxLiniY/V3xt9iK3txZGbjIG6dtYbif959YzaFw0XOM0ItZgcameKU8JHTfGWNChI9RwBYVwtgosuGBDk+sy5EoLZyPOkclIMTov+7VmhdDmtY40dsEN2zAJ2zkrsmt2wMhPskT2zV/bmPXkv3rv3MRld8KY7++wPvK8fM7+jRw==</latexit>

Sufficient condition: 
entanglement enhanced performances

geodesic 



Distance between probabilities:

D[p(x), q(x)] +D(q(x), r(x)] � D[q(x), r(x)]
<latexit sha1_base64="WLYjoHTA8BGWhbpTvcd+VknyirU=">AAACE3icbVBNS8MwGE7n15xfVY9egkOYOkYrgh6H7uBxgvuArow0S7ewNK1JKo6y/+DFv+LFgyJevXjz35huBXXzgSRPnud9Sd7HixiVyrK+jNzC4tLySn61sLa+sbllbu80ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNL1O/dUeEpCG/UaOIuAHqc+pTjJSWuuZRzYlK94flW725x7VSepZFeoGdPoE150fomkWrYk0A54mdkSLIUO+an51eiOOAcIUZktKxrUi5CRKKYkbGhU4sSYTwEPWJoylHAZFuMplpDA+00oN+KPTiCk7U3x0JCqQcBZ6uDJAayFkvFf/znFj5525CeRQrwvH0IT9mUIUwDQj2qCBYsZEmCAuq/wrxAAmElY6xoEOwZ0eeJ82Tim1V7OvTYvUiiyMP9sA+KAEbnIEquAJ10AAYPIAn8AJejUfj2Xgz3qelOSPr2QV/YHx8AxU6moQ=</latexit><latexit sha1_base64="WLYjoHTA8BGWhbpTvcd+VknyirU=">AAACE3icbVBNS8MwGE7n15xfVY9egkOYOkYrgh6H7uBxgvuArow0S7ewNK1JKo6y/+DFv+LFgyJevXjz35huBXXzgSRPnud9Sd7HixiVyrK+jNzC4tLySn61sLa+sbllbu80ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNL1O/dUeEpCG/UaOIuAHqc+pTjJSWuuZRzYlK94flW725x7VSepZFeoGdPoE150fomkWrYk0A54mdkSLIUO+an51eiOOAcIUZktKxrUi5CRKKYkbGhU4sSYTwEPWJoylHAZFuMplpDA+00oN+KPTiCk7U3x0JCqQcBZ6uDJAayFkvFf/znFj5525CeRQrwvH0IT9mUIUwDQj2qCBYsZEmCAuq/wrxAAmElY6xoEOwZ0eeJ82Tim1V7OvTYvUiiyMP9sA+KAEbnIEquAJ10AAYPIAn8AJejUfj2Xgz3qelOSPr2QV/YHx8AxU6moQ=</latexit><latexit sha1_base64="WLYjoHTA8BGWhbpTvcd+VknyirU=">AAACE3icbVBNS8MwGE7n15xfVY9egkOYOkYrgh6H7uBxgvuArow0S7ewNK1JKo6y/+DFv+LFgyJevXjz35huBXXzgSRPnud9Sd7HixiVyrK+jNzC4tLySn61sLa+sbllbu80ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNL1O/dUeEpCG/UaOIuAHqc+pTjJSWuuZRzYlK94flW725x7VSepZFeoGdPoE150fomkWrYk0A54mdkSLIUO+an51eiOOAcIUZktKxrUi5CRKKYkbGhU4sSYTwEPWJoylHAZFuMplpDA+00oN+KPTiCk7U3x0JCqQcBZ6uDJAayFkvFf/znFj5525CeRQrwvH0IT9mUIUwDQj2qCBYsZEmCAuq/wrxAAmElY6xoEOwZ0eeJ82Tim1V7OvTYvUiiyMP9sA+KAEbnIEquAJ10AAYPIAn8AJejUfj2Xgz3qelOSPr2QV/YHx8AxU6moQ=</latexit><latexit sha1_base64="WLYjoHTA8BGWhbpTvcd+VknyirU=">AAACE3icbVBNS8MwGE7n15xfVY9egkOYOkYrgh6H7uBxgvuArow0S7ewNK1JKo6y/+DFv+LFgyJevXjz35huBXXzgSRPnud9Sd7HixiVyrK+jNzC4tLySn61sLa+sbllbu80ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNL1O/dUeEpCG/UaOIuAHqc+pTjJSWuuZRzYlK94flW725x7VSepZFeoGdPoE150fomkWrYk0A54mdkSLIUO+an51eiOOAcIUZktKxrUi5CRKKYkbGhU4sSYTwEPWJoylHAZFuMplpDA+00oN+KPTiCk7U3x0JCqQcBZ6uDJAayFkvFf/znFj5525CeRQrwvH0IT9mUIUwDQj2qCBYsZEmCAuq/wrxAAmElY6xoEOwZ0eeJ82Tim1V7OvTYvUiiyMP9sA+KAEbnIEquAJ10AAYPIAn8AJejUfj2Xgz3qelOSPr2QV/YHx8AxU6moQ=</latexit>

D[p(x), q(x)] � 0
<latexit sha1_base64="Qy+IaztHDkkxEkD8ZyKVSRjmu40=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUkJKIoMuiLlxWsA9IQ5lMJ+3QySTOTKQl9FfcuFDErT/izr9x2mahrQfu5XDOvcydEyScKe0439bK6tr6xmZhq7i9s7u3bx+UmipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKhjdTv/VEpWKxeNDjhPoR7gsWMoK1kbp26dZLKqPTs0fTfNTpU+R07bJTdWZAy8TNSRly1Lv2V6cXkzSiQhOOlfJcJ9F+hqVmhNNJsZMqmmAyxH3qGSpwRJWfzW6foBOj9FAYS1NCo5n6eyPDkVLjKDCTEdYDtehNxf88L9XhlZ8xkaSaCjJ/KEw50jGaBoF6TFKi+dgQTCQztyIywBITbeIqmhDcxS8vk+Z51XWq7v1FuXadx1GAIziGCrhwCTW4gzo0gMAInuEV3qyJ9WK9Wx/z0RUr3zmEP7A+fwAsepKS</latexit><latexit sha1_base64="Qy+IaztHDkkxEkD8ZyKVSRjmu40=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUkJKIoMuiLlxWsA9IQ5lMJ+3QySTOTKQl9FfcuFDErT/izr9x2mahrQfu5XDOvcydEyScKe0439bK6tr6xmZhq7i9s7u3bx+UmipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKhjdTv/VEpWKxeNDjhPoR7gsWMoK1kbp26dZLKqPTs0fTfNTpU+R07bJTdWZAy8TNSRly1Lv2V6cXkzSiQhOOlfJcJ9F+hqVmhNNJsZMqmmAyxH3qGSpwRJWfzW6foBOj9FAYS1NCo5n6eyPDkVLjKDCTEdYDtehNxf88L9XhlZ8xkaSaCjJ/KEw50jGaBoF6TFKi+dgQTCQztyIywBITbeIqmhDcxS8vk+Z51XWq7v1FuXadx1GAIziGCrhwCTW4gzo0gMAInuEV3qyJ9WK9Wx/z0RUr3zmEP7A+fwAsepKS</latexit><latexit sha1_base64="Qy+IaztHDkkxEkD8ZyKVSRjmu40=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUkJKIoMuiLlxWsA9IQ5lMJ+3QySTOTKQl9FfcuFDErT/izr9x2mahrQfu5XDOvcydEyScKe0439bK6tr6xmZhq7i9s7u3bx+UmipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKhjdTv/VEpWKxeNDjhPoR7gsWMoK1kbp26dZLKqPTs0fTfNTpU+R07bJTdWZAy8TNSRly1Lv2V6cXkzSiQhOOlfJcJ9F+hqVmhNNJsZMqmmAyxH3qGSpwRJWfzW6foBOj9FAYS1NCo5n6eyPDkVLjKDCTEdYDtehNxf88L9XhlZ8xkaSaCjJ/KEw50jGaBoF6TFKi+dgQTCQztyIywBITbeIqmhDcxS8vk+Z51XWq7v1FuXadx1GAIziGCrhwCTW4gzo0gMAInuEV3qyJ9WK9Wx/z0RUr3zmEP7A+fwAsepKS</latexit><latexit sha1_base64="Qy+IaztHDkkxEkD8ZyKVSRjmu40=">AAAB+3icbVDLSsNAFL3xWesr1qWbwSJUkJKIoMuiLlxWsA9IQ5lMJ+3QySTOTKQl9FfcuFDErT/izr9x2mahrQfu5XDOvcydEyScKe0439bK6tr6xmZhq7i9s7u3bx+UmipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKhjdTv/VEpWKxeNDjhPoR7gsWMoK1kbp26dZLKqPTs0fTfNTpU+R07bJTdWZAy8TNSRly1Lv2V6cXkzSiQhOOlfJcJ9F+hqVmhNNJsZMqmmAyxH3qGSpwRJWfzW6foBOj9FAYS1NCo5n6eyPDkVLjKDCTEdYDtehNxf88L9XhlZ8xkaSaCjJ/KEw50jGaBoF6TFKi+dgQTCQztyIywBITbeIqmhDcxS8vk+Z51XWq7v1FuXadx1GAIziGCrhwCTW4gzo0gMAInuEV3qyJ9WK9Wx/z0RUr3zmEP7A+fwAsepKS</latexit>

and speed

Distances and speed depend on the choice of the observable.
In same cases it is possible to maximize over all POVM so that the distances & speeds 
do not depend on the observable but only on the generator of the transformation.

P (x|✓) = Tr(⇢̂(✓)Êx)
<latexit sha1_base64="Fr5qTXLfE9zmW66QzqFbepygJ9k=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxCuwmJCLoRiiK4rNAbNKVMptNm6OTCzIm0xL6FG1/FjQtF3OrOt3GaRtDWHwZ+vnMOZ87vRoIrsKwvY2l5ZXVtPbeR39za3tkt7O03VBhLyuo0FKFsuUQxwQNWBw6CtSLJiO8K1nSHV9N6845JxcOgBuOIdXwyCHifUwIadQtmtTS6d8BjQMr4AtdkyfEIJI70wknph6foetIdlbuFomVaqfCisTNTRJmq3cKn0wtp7LMAqCBKtW0rgk5CJHAq2CTvxIpFhA7JgLW1DYjPVCdJ75rgY016uB9K/QLAKf09kRBfqbHv6k6fgKfma1P4X60dQ/+8k/AgioEFdLaoHwsMIZ6GhHtcMgpirA2hkuu/YuoRSSjoKPM6BHv+5EXTODFty7RvT4uVyyyOHDpER6iEbHSGKugGVVEdUfSAntALejUejWfjzXiftS4Z2cwB+iPj4xtvbZ7Y</latexit><latexit sha1_base64="Fr5qTXLfE9zmW66QzqFbepygJ9k=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxCuwmJCLoRiiK4rNAbNKVMptNm6OTCzIm0xL6FG1/FjQtF3OrOt3GaRtDWHwZ+vnMOZ87vRoIrsKwvY2l5ZXVtPbeR39za3tkt7O03VBhLyuo0FKFsuUQxwQNWBw6CtSLJiO8K1nSHV9N6845JxcOgBuOIdXwyCHifUwIadQtmtTS6d8BjQMr4AtdkyfEIJI70wknph6foetIdlbuFomVaqfCisTNTRJmq3cKn0wtp7LMAqCBKtW0rgk5CJHAq2CTvxIpFhA7JgLW1DYjPVCdJ75rgY016uB9K/QLAKf09kRBfqbHv6k6fgKfma1P4X60dQ/+8k/AgioEFdLaoHwsMIZ6GhHtcMgpirA2hkuu/YuoRSSjoKPM6BHv+5EXTODFty7RvT4uVyyyOHDpER6iEbHSGKugGVVEdUfSAntALejUejWfjzXiftS4Z2cwB+iPj4xtvbZ7Y</latexit><latexit sha1_base64="Fr5qTXLfE9zmW66QzqFbepygJ9k=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxCuwmJCLoRiiK4rNAbNKVMptNm6OTCzIm0xL6FG1/FjQtF3OrOt3GaRtDWHwZ+vnMOZ87vRoIrsKwvY2l5ZXVtPbeR39za3tkt7O03VBhLyuo0FKFsuUQxwQNWBw6CtSLJiO8K1nSHV9N6845JxcOgBuOIdXwyCHifUwIadQtmtTS6d8BjQMr4AtdkyfEIJI70wknph6foetIdlbuFomVaqfCisTNTRJmq3cKn0wtp7LMAqCBKtW0rgk5CJHAq2CTvxIpFhA7JgLW1DYjPVCdJ75rgY016uB9K/QLAKf09kRBfqbHv6k6fgKfma1P4X60dQ/+8k/AgioEFdLaoHwsMIZ6GhHtcMgpirA2hkuu/YuoRSSjoKPM6BHv+5EXTODFty7RvT4uVyyyOHDpER6iEbHSGKugGVVEdUfSAntALejUejWfjzXiftS4Z2cwB+iPj4xtvbZ7Y</latexit><latexit sha1_base64="Fr5qTXLfE9zmW66QzqFbepygJ9k=">AAACF3icbZDLSsNAFIYnXmu9VV26GSxCuwmJCLoRiiK4rNAbNKVMptNm6OTCzIm0xL6FG1/FjQtF3OrOt3GaRtDWHwZ+vnMOZ87vRoIrsKwvY2l5ZXVtPbeR39za3tkt7O03VBhLyuo0FKFsuUQxwQNWBw6CtSLJiO8K1nSHV9N6845JxcOgBuOIdXwyCHifUwIadQtmtTS6d8BjQMr4AtdkyfEIJI70wknph6foetIdlbuFomVaqfCisTNTRJmq3cKn0wtp7LMAqCBKtW0rgk5CJHAq2CTvxIpFhA7JgLW1DYjPVCdJ75rgY016uB9K/QLAKf09kRBfqbHv6k6fgKfma1P4X60dQ/+8k/AgioEFdLaoHwsMIZ6GhHtcMgpirA2hkuu/YuoRSSjoKPM6BHv+5EXTODFty7RvT4uVyyyOHDpER6iEbHSGKugGVVEdUfSAntALejUejWfjzXiftS4Z2cwB+iPj4xtvbZ7Y</latexit>

⇢̂(✓) = e�iĤ✓⇢̂eiĤ✓

<latexit sha1_base64="q33lSCZH3ywFmBQQmIEcdZ3T6+s=">AAACMnicbVDJSgNBFOxxjXGLevTSGAQ9GGZE0IsQ9BJvEcwCmRh6Oi+ZJj0L3W+EMMw3efFLBA96UMSrH2FnAZdY0FBU1eP1Ky+WQqNtP1tz8wuLS8u5lfzq2vrGZmFru66jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4HLkN+5AaRGFNziMoR2wfih6gjM0Uqdw5foMU1f5UXbgog/IDuk5hdv0SNCxVcnoRM++kyN/xu4UinbJHoPOEmdKimSKaqfw6HYjngQQIpdM65Zjx9hOmULBJWR5N9EQMz5gfWgZGrIAdDsdn5zRfaN0aS9S5oVIx+rPiZQFWg8DzyQDhr7+643E/7xWgr2zdirCOEEI+WRRL5EUIzrqj3aFAo5yaAjjSpi/Uu4zxTialvOmBOfvybOkflxy7JJzfVIsX0zryJFdskcOiENOSZlUSJXUCCf35Im8kjfrwXqx3q2PSXTOms7skF+wPr8AYLeq3A==</latexit><latexit sha1_base64="q33lSCZH3ywFmBQQmIEcdZ3T6+s=">AAACMnicbVDJSgNBFOxxjXGLevTSGAQ9GGZE0IsQ9BJvEcwCmRh6Oi+ZJj0L3W+EMMw3efFLBA96UMSrH2FnAZdY0FBU1eP1Ky+WQqNtP1tz8wuLS8u5lfzq2vrGZmFru66jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4HLkN+5AaRGFNziMoR2wfih6gjM0Uqdw5foMU1f5UXbgog/IDuk5hdv0SNCxVcnoRM++kyN/xu4UinbJHoPOEmdKimSKaqfw6HYjngQQIpdM65Zjx9hOmULBJWR5N9EQMz5gfWgZGrIAdDsdn5zRfaN0aS9S5oVIx+rPiZQFWg8DzyQDhr7+643E/7xWgr2zdirCOEEI+WRRL5EUIzrqj3aFAo5yaAjjSpi/Uu4zxTialvOmBOfvybOkflxy7JJzfVIsX0zryJFdskcOiENOSZlUSJXUCCf35Im8kjfrwXqx3q2PSXTOms7skF+wPr8AYLeq3A==</latexit><latexit sha1_base64="q33lSCZH3ywFmBQQmIEcdZ3T6+s=">AAACMnicbVDJSgNBFOxxjXGLevTSGAQ9GGZE0IsQ9BJvEcwCmRh6Oi+ZJj0L3W+EMMw3efFLBA96UMSrH2FnAZdY0FBU1eP1Ky+WQqNtP1tz8wuLS8u5lfzq2vrGZmFru66jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4HLkN+5AaRGFNziMoR2wfih6gjM0Uqdw5foMU1f5UXbgog/IDuk5hdv0SNCxVcnoRM++kyN/xu4UinbJHoPOEmdKimSKaqfw6HYjngQQIpdM65Zjx9hOmULBJWR5N9EQMz5gfWgZGrIAdDsdn5zRfaN0aS9S5oVIx+rPiZQFWg8DzyQDhr7+643E/7xWgr2zdirCOEEI+WRRL5EUIzrqj3aFAo5yaAjjSpi/Uu4zxTialvOmBOfvybOkflxy7JJzfVIsX0zryJFdskcOiENOSZlUSJXUCCf35Im8kjfrwXqx3q2PSXTOms7skF+wPr8AYLeq3A==</latexit><latexit sha1_base64="q33lSCZH3ywFmBQQmIEcdZ3T6+s=">AAACMnicbVDJSgNBFOxxjXGLevTSGAQ9GGZE0IsQ9BJvEcwCmRh6Oi+ZJj0L3W+EMMw3efFLBA96UMSrH2FnAZdY0FBU1eP1Ky+WQqNtP1tz8wuLS8u5lfzq2vrGZmFru66jRHGo8UhGqukxDVKEUEOBEpqxAhZ4Ehre4HLkN+5AaRGFNziMoR2wfih6gjM0Uqdw5foMU1f5UXbgog/IDuk5hdv0SNCxVcnoRM++kyN/xu4UinbJHoPOEmdKimSKaqfw6HYjngQQIpdM65Zjx9hOmULBJWR5N9EQMz5gfWgZGrIAdDsdn5zRfaN0aS9S5oVIx+rPiZQFWg8DzyQDhr7+643E/7xWgr2zdirCOEEI+WRRL5EUIzrqj3aFAo5yaAjjSpi/Uu4zxTialvOmBOfvybOkflxy7JJzfVIsX0zryJFdskcOiENOSZlUSJXUCCf35Im8kjfrwXqx3q2PSXTOms7skF+wPr8AYLeq3A==</latexit>

In analogy with distances among points in space 
it measures how far away (how much different) are two probability distributions

S(✓) =
d

d✓
D[P (✓ + �✓), P (✓)]

<latexit sha1_base64="QbpATulwgj1T9+aVaN456kT4bzk=">AAACK3icbZDJSgNBEIZ7XGPcoh69NAbBoIQZFfQiSPTgMaJRITOEnp4a09iz0F0jhCHv48VX8aAHF7z6HnaSEdwKGn7+r4rq+v1UCo22/WqNjU9MTk2XZsqzc/MLi5Wl5QudZIpDiycyUVc+0yBFDC0UKOEqVcAiX8Klf3M04Je3oLRI4nPspeBF7DoWoeAMjdWpNM42XOwCstqBGyrG86CfB3Rk9elxu1ngTeoGIJEVqLb1BWpep1K16/aw6F/hFKJKimp2Ko9ukPAsghi5ZFq3HTtFL2cKBZfQL7uZhpTxG3YNbSNjFoH28uGtfbpunICGiTIvRjp0v0/kLNK6F/mmM2LY1b/ZwPyPtTMM971cxGmGEPPRojCTFBM6CI4GQgFH2TOCcSXMXynvMhMZmnjLJgTn98l/xcV23dmp26e71cNGEUeJrJI1skEcskcOyQlpkhbh5I48kGfyYt1bT9ab9T5qHbOKmRXyo6yPT2Yzpoc=</latexit>



Families of statistical distances and speeds 
Generalized	Fisher	information	

Trace	distance	 Fidelity	

Schatten	speed	

Hilbert-Schmidt		

M. Gessner and A. Smerzi, PRA, 2018

Hierarchy	

Hierarchy	



In quantum mechanics, 
all known statistical speeds have two speed limits:

Why all separable states have a speed limit?  
Don’t know simple reason. Consequence of Hilbert space structure and unitary transformations

Why a speed limit for entangled states? 
Perhaps no-signaling (special relativity)

separable states entangled states 
 csep

<latexit sha1_base64="edECsFJUgrvffWA9ejyembLJX40=">AAAB83icdVDLSgMxFM34rPVVdekmWARXJali213RjcsK9gGdsWTS2zY08zDJCGXob7hxoYhbf8adf2OmraCiBy4czrk3uff4sRTaEPLhLC2vrK6t5zbym1vbO7uFvf2WjhLFockjGamOzzRIEULTCCOhEytggS+h7Y8vM799D0qLKLwxkxi8gA1DMRCcGSu5roQ7zG9TDfG0VyiSEiGEUoozQivnxJJarVqmVUwzy6KIFmj0Cu9uP+JJAKHhkmndpSQ2XsqUEVzCNO8m9lnGx2wIXUtDFoD20tnOU3xslT4eRMpWaPBM/T6RskDrSeDbzoCZkf7tZeJfXjcxg6qXijBODIR8/tEgkdhEOAsA94UCbuTEEsaVsLtiPmKKcWNjytsQvi7F/5NWuURPS+T6rFi/WMSRQ4foCJ0giiqojq5QAzURRzF6QE/o2UmcR+fFeZ23LjmLmQP0A87bJ17+kek=</latexit>

 cent
<latexit sha1_base64="sMNJLXTBzzMChkXhEAap7IFNyd8=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ6Yd2rorunFZwT6gM5ZMmmlDM5kxyQhl6G+4caGIW3/GnX9jpq2gogcCh3Pu4d6cIOFMaYQ+rJXVtfWNzcJWcXtnd2+/dHDYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wucz97j2VisXiRk8T6kd4JFjICNZG8jxO7yC5zajQs0GpjOzzRq3i1iCyEao7FScnlbpbdaFjlBxlsERrUHr3hjFJIxMmHCvVd1Ci/QxLzQins6KXKppgMsEj2jdU4IgqP5vfPIOnRhnCMJbmCQ3n6vdEhiOlplFgJiOsx+q3l4t/ef1Uhw0/YyJJNRVksShMOdQxzAuAQyYp0XxqCCaSmVshGWOJiTY1FU0JXz+F/5NOxXaqNrp2y82LZR0FcAxOwBlwQB00wRVogTYgIAEP4Ak8W6n1aL1Yr4vRFWuZOQI/YL19AnB/kfQ=</latexit>S(⇢̂) =

d

d✓
D(⇢̂(✓), ⇢̂)

<latexit sha1_base64="HdA47cKbZbT6xiFTRnA2Kz647b4=">AAACKnicbVDJSgNBFOxxjXGLevTSGIQEJMyooBchLgePEc0CmRB6enoyTXoWut8IYZjv8eKveMlBCV79EDvLISYWNBRV9Xj9yokFV2CaI2NldW19YzO3ld/e2d3bLxwcNlSUSMrqNBKRbDlEMcFDVgcOgrViyUjgCNZ0+vdjv/nKpOJR+AKDmHUC0gu5xykBLXULt88l2yeQ2tKPsvKN7UlCUzdLXWyDz4Bk+GEuUJqK5bO5mW6haFbMCfAysWakiGaodQtD241oErAQqCBKtS0zhk5KJHAqWJa3E8ViQvukx9qahiRgqpNOTs3wqVZc7EVSvxDwRJ2fSEmg1CBwdDIg4KtFbyz+57UT8K47KQ/jBFhIp4u8RGCI8Lg37HLJKIiBJoRKrv+KqU90W6DbzesSrMWTl0njvGJdVMyny2L1blZHDh2jE1RCFrpCVfSIaqiOKHpDH+gTfRnvxtAYGd/T6IoxmzlCf2D8/AIFdqeg</latexit>

cent
<latexit sha1_base64="A7hIHS32+LUl+sUIlYbcG++rR+g=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjLToa27ohuXFewD2rFk0kwbmskMSUYoQz/CjQtF3Po97vwbM20FFT0QOJxzD7n3BAlnSiP0YRXW1jc2t4rbpZ3dvf2D8uFRR8WpJLRNYh7LXoAV5UzQtmaa014iKY4CTrvB9Cr3u/dUKhaLWz1LqB/hsWAhI1gbqUvuMir0fFiuIPuiUXO9GkQ2QnXHdXLi1r2qBx2j5KiAFVrD8vtgFJM0MmHCsVJ9ByXaz7DUjHA6Lw1SRRNMpnhM+4YKHFHlZ4t15/DMKCMYxtI8oeFC/Z7IcKTULArMZIT1RP32cvEvr5/qsOFnTCSppoIsPwpTDnUM89vhiElKNJ8ZgolkZldIJlhiok1DJVPC16Xwf9Jxbadqoxuv0rxc1VEEJ+AUnAMH1EETXIMWaAMCpuABPIFnK7EerRfrdTlasFaZY/AD1tsnA3WQBA==</latexit>

csep
<latexit sha1_base64="IwU6ahJgwpt/PEHbM9OzHNv4FSo=">AAAB7nicdVDLSgMxFL1TX7W+qi7dBIvgqiRVbLsrunFZwT6gHUsmzbShmQdJRihDP8KNC0Xc+j3u/BszbQUVPRA4nHPvzb3Hi6XQBuMPJ7eyura+kd8sbG3v7O4V9w/aOkoU4y0WyUh1Paq5FCFvGWEk78aK08CTvONNrjK/c8+VFlF4a6YxdwM6CoUvGDVW6rC7VPN4NiiWcBljTAhBGSHVC2xJvV6rkBoimWVRgiWag+J7fxixJOChYZJq3SM4Nm5KlRFM8lmhn9ixlE3oiPcsDWnAtZvO152hE6sMkR8p+0KD5ur3jpQGWk8Dz1YG1Iz1by8T//J6ifFrbirCODE8ZIuP/EQiE6HsdjQUijMjp5ZQpoTdFbExVZQZm1DBhvB1KfqftCtlclbGN+elxuUyjjwcwTGcAoEqNOAamtACBhN4gCd4dmLn0XlxXhelOWfZcwg/4Lx9AvHlj/k=</latexit>

S(⇢̂)
<latexit sha1_base64="yiXdJzkO4B1IGo34egUKGT5iV68=">AAAB9HicbVBNSwMxEM36WetX1aOXYBHqpeyqoMeiF48V7Qd0l5JNs21oNlmT2UJZ+ju8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8MBHcgOt+Oyura+sbm4Wt4vbO7t5+6eCwaVSqKWtQJZRuh8QwwSVrAAfB2olmJA4Fa4XD26nfGjFtuJKPME5YEJO+5BGnBKwUPFT8AYHM1wM1OeuWym7VnQEvEy8nZZSj3i19+T1F05hJoIIY0/HcBIKMaOBUsEnRTw1LCB2SPutYKknMTJDNjp7gU6v0cKS0LQl4pv6eyEhszDgObWdMYGAWvan4n9dJIboOMi6TFJik80VRKjAoPE0A97hmFMTYEkI1t7diOiCaULA5FW0I3uLLy6R5XvUuqu79Zbl2k8dRQMfoBFWQh65QDd2hOmogip7QM3pFb87IeXHenY9564qTzxyhP3A+fwBjP5HY</latexit>

separable states 
live here 

entangled states 
can live here 

E.g. : N qubits along a path generated by N local Hamiltonians
<latexit sha1_base64="sUxwxyNadwIJg6m6WX48n2NB+4Q="></latexit>

csep = N
<latexit sha1_base64="ZXoqOlMsf5LosQhYlqSAklngTjA=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJali24VQdONKKtiHtGPJpGkbmmSGJCOUoV/hxoUibv0cd/6NmbaCih4IHM659+beE0SCG4vQh7ewuLS8sppZy65vbG5t53Z2GyaMNWV1GopQtwJimOCK1S23grUizYgMBGsGo4vUb94zbXiobuw4Yr4kA8X7nBLrpFt6lxgWTc6uurk8KiCEMMYwJbh0ihypVMpFXIY4tRzyYI5aN/fe6YU0lkxZKogxbYwi6ydEW04Fm2Q7sRtM6IgMWNtRRSQzfjJdeAIPndKD/VC7pyycqt87EiKNGcvAVUpih+a3l4p/ee3Y9st+wlUUW6bo7KN+LKANYXo97HHNqBVjRwjV3O0K6ZBoQq3LKOtC+LoU/k8axQI+LqDrk3z1fB5HBuyDA3AEMCiBKrgENVAHFEjwAJ7As6e9R+/Fe52VLnjznj3wA97bJxTQkJg=</latexit>

cent = N2
<latexit sha1_base64="+SpIFcxT14awjTq6kxzDEjP6pP8=">AAAB8nicdVDLSsNAFJ34rPVVdelmsAiuQpKGti6EohtXUsE+IE3LZDpph04mYWYilNDPcONCEbd+jTv/xklbQUUPDBzOuffOvSdIGJXKsj6MldW19Y3NwlZxe2d3b790cNiWcSowaeGYxaIbIEkY5aSlqGKkmwiCooCRTjC5yv3OPRGSxvxOTRPiR2jEaUgxUlrycD8jXM0ubvrOoFS2zPN61XGr0DItq2Y7dk6cmltxoa2VHGWwRHNQeu8NY5xGegBmSErPthLlZ0goihmZFXupJAnCEzQinqYcRUT62XzlGTzVyhCGsdCPKzhXv3dkKJJyGgW6MkJqLH97ufiX56UqrPsZ5UmqCMeLj8KUQRXD/H44pIJgxaaaICyo3hXiMRIIK51SUYfwdSn8n7Qd066Y1q1bblwu4yiAY3ACzoANaqABrkETtAAGMXgAT+DZUMaj8WK8LkpXjGXPEfgB4+0TUfyRRw==</latexit>L. Pezze` and A. Smerzi, PRL, 2009



entangled
<latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit>

vuutX

n

✓
@Pn

@✓

◆2


X

n

����
@Pn

@✓

���� 

vuutX

n

1

Pn

✓
@Pn

@✓

◆2

<latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit>

separable
<latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit>

Hilbert-Schmidt   Hellinger
 (Fisher information)

Kolmogorov
(trace distance) 

Entangled states recognized by statistical speeds

entangled if
> csep

<latexit sha1_base64="7z6BAL3mSz9zG6/eJeo8e+J4L1w=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamQ1s3UnTjsoJtlXYomTTThiaZIckIZehXuHGhiFs/x51/Y6atoKIHAodz7r2594QJo0o7zodVWFldW98obpa2tnd298r7Bx0VpxKTNo5ZLG9DpAijgrQ11YzcJpIgHjLSDSeXud+9J1LRWNzoaUICjkaCRhQjbaS7c4gHmSLJbFCuOPZZo+b5NejYjlN3PTcnXt2v+tA1So4KWKI1KL/3hzFOOREaM6RUz3USHWRIaooZmZX6qRmL8ASNSM9QgThRQTZfeAZPjDKEUSzNExrO1e8dGeJKTXloKjnSY/Xby8W/vF6qo0aQUZGkmgi8+ChKGdQxzK+HQyoJ1mxqCMKSml0hHiOJsDYZlUwIX5fC/0nHs92q7Vz7lebFMo4iOALH4BS4oA6a4Aq0QBtgwMEDeALPlrQerRfrdVFasJY9h+AHrLdP4cCQeA==</latexit>



entangled
<latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit>

vuutX

n

✓
@Pn

@✓
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vuutX
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◆2

<latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit>

separable
<latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit>

Hilbert-Schmidt   Kolmogorov

entangled if
> csep

<latexit sha1_base64="7z6BAL3mSz9zG6/eJeo8e+J4L1w=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamQ1s3UnTjsoJtlXYomTTThiaZIckIZehXuHGhiFs/x51/Y6atoKIHAodz7r2594QJo0o7zodVWFldW98obpa2tnd298r7Bx0VpxKTNo5ZLG9DpAijgrQ11YzcJpIgHjLSDSeXud+9J1LRWNzoaUICjkaCRhQjbaS7c4gHmSLJbFCuOPZZo+b5NejYjlN3PTcnXt2v+tA1So4KWKI1KL/3hzFOOREaM6RUz3USHWRIaooZmZX6qRmL8ASNSM9QgThRQTZfeAZPjDKEUSzNExrO1e8dGeJKTXloKjnSY/Xby8W/vF6qo0aQUZGkmgi8+ChKGdQxzK+HQyoJ1mxqCMKSml0hHiOJsDYZlUwIX5fC/0nHs92q7Vz7lebFMo4iOALH4BS4oA6a4Aq0QBtgwMEDeALPlrQerRfrdVFasJY9h+AHrLdP4cCQeA==</latexit>

Entangled states recognized by statistical speeds



entangled
<latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit>
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◆2

<latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit>

separable
<latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit>

Hilbert-Schmidt   Fisher informationKolmogorov

entangled if
> csep

<latexit sha1_base64="7z6BAL3mSz9zG6/eJeo8e+J4L1w=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamQ1s3UnTjsoJtlXYomTTThiaZIckIZehXuHGhiFs/x51/Y6atoKIHAodz7r2594QJo0o7zodVWFldW98obpa2tnd298r7Bx0VpxKTNo5ZLG9DpAijgrQ11YzcJpIgHjLSDSeXud+9J1LRWNzoaUICjkaCRhQjbaS7c4gHmSLJbFCuOPZZo+b5NejYjlN3PTcnXt2v+tA1So4KWKI1KL/3hzFOOREaM6RUz3USHWRIaooZmZX6qRmL8ASNSM9QgThRQTZfeAZPjDKEUSzNExrO1e8dGeJKTXloKjnSY/Xby8W/vF6qo0aQUZGkmgi8+ChKGdQxzK+HQyoJ1mxqCMKSml0hHiOJsDYZlUwIX5fC/0nHs92q7Vz7lebFMo4iOALH4BS4oA6a4Aq0QBtgwMEDeALPlrQerRfrdVFasJY9h+AHrLdP4cCQeA==</latexit>

Entangled states recognized by statistical speeds



entangled
<latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit><latexit sha1_base64="NYtoLKfkXVmHoQ849K6l0Z0uMhQ=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9kPaUDabSbt0swm7G6GE/govHhTx6s/x5r9x2+agrQ8WHu/NzM68IBVcG9f9dkpr6xubW+Xtys7u3v5B9fCorZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7czvPKHSPJEPZpKiH9Oh5BFn1FjpEaWhcigwHFRrbt2dg6wSryA1KNAcVL/6YcKy2E5ggmrd89zU+DlVhjOB00o/05hSNqZD7FkqaYzaz+cLT8mZVUISJco+achc/d2R01jrSRzYypiakV72ZuJ/Xi8z0bWfc5lmBiVbfBRlgpiEzK4nIVfIjJhYQpnidlfCRlRRZmxGFRuCt3zyKmlf1D237t1f1ho3RRxlOIFTOAcPrqABd9CEFjCI4Rle4c1Rzovz7nwsSktO0XMMf+B8/gAA05CG</latexit>
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@✓

◆2

<latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit><latexit sha1_base64="nw4SScO4X6xqiLz9AlmLk8v2f+Y="></latexit>

Undetected by all 
known speeds

separable
<latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit><latexit sha1_base64="9QiBCy49DH2g4dAyqK7rPrxILS4=">AAAB8HicbVDLSgMxFL2pr1pfVZdugkVwVWZE0GXRjcsK9iHtUDJppg1NMkOSEcrQr3DjQhG3fo47/8ZMOwttPRA4nHvuzb0nTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknt3m988S04bF6sNOEBZKMFI84JdZJj4YlRBNnHlRrXt2bA68SvyA1KNAcVL/6w5imkilLBTGm53uJDTKiLaeCzSr9NJ9NJ2TEeo4qIpkJsvnCM3zmlCGOYu2esniu/u7IiDRmKkPnlMSOzXItF/+r9VIbXQcZV0lqmaKLj6JUYBvj/Ho85JpRK6aOEKq52xXTsUuAWpdRxYXgL5+8StoXdd+r+/eXtcZNEUcZTuAUzsGHK2jAHTShBRQkPMMrvCGNXtA7+lhYS6joOYY/QJ8//EKQgw==</latexit>

entangled if
> csep

<latexit sha1_base64="7z6BAL3mSz9zG6/eJeo8e+J4L1w=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4GmamQ1s3UnTjsoJtlXYomTTThiaZIckIZehXuHGhiFs/x51/Y6atoKIHAodz7r2594QJo0o7zodVWFldW98obpa2tnd298r7Bx0VpxKTNo5ZLG9DpAijgrQ11YzcJpIgHjLSDSeXud+9J1LRWNzoaUICjkaCRhQjbaS7c4gHmSLJbFCuOPZZo+b5NejYjlN3PTcnXt2v+tA1So4KWKI1KL/3hzFOOREaM6RUz3USHWRIaooZmZX6qRmL8ASNSM9QgThRQTZfeAZPjDKEUSzNExrO1e8dGeJKTXloKjnSY/Xby8W/vF6qo0aQUZGkmgi8+ChKGdQxzK+HQyoJ1mxqCMKSml0hHiOJsDYZlUwIX5fC/0nHs92q7Vz7lebFMo4iOALH4BS4oA6a4Aq0QBtgwMEDeALPlrQerRfrdVFasJY9h+AHrLdP4cCQeA==</latexit>

Some entangled are not recognized 
by all known statistical speeds

Hilbert-Schmidt   Fisher informationKolmogorov



What is a QT? 
algorithms 

| itarget
<latexit sha1_base64="w9gDfywKsyF8CIeAgM3OxGyr3CY=">AAAB/nicdVBNS8NAEN34WetXVTx5WSyCp5LUYuut6MVjBatCE8pmO62Lm03YnQglFvwrXjwo4tXf4c1/46atoKIPBh7vzTAzL0ykMOi6H87M7Nz8wmJhqbi8srq2XtrYvDBxqjm0eSxjfRUyA1IoaKNACVeJBhaFEi7Dm5Pcv7wFbUSsznGYQBCxgRJ9wRlaqVvavvMTI3zN1EBCN0OmB4CjbqnsVo4ah9XaIXUrrlv3ql5OqvXaQY16VslRJlO0uqV3vxfzNAKFXDJjOp6bYJAxjYJLGBX91EDC+A0bQMdSxSIwQTY+f0T3rNKj/VjbUkjH6veJjEXGDKPQdkYMr81vLxf/8jop9htBJlSSIig+WdRPJcWY5lnQntDAUQ4tYVwLeyvl10wzjjaxog3h61P6P7moVryDintWKzePp3EUyA7ZJfvEI3XSJKekRdqEk4w8kCfy7Nw7j86L8zppnXGmM1vkB5y3T6tTlpg=</latexit>| iinitial

<latexit sha1_base64="2amBVBBi717Kf3lE/5SlPcm13XM=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCq5JUse2u6MZlBfuAzjBk0rQNzWSGJCOUtgt/xY0LRdz6G+78GzNtBRU9EDiccy8354SJ4Nog9OEsLa+srq3nNvKbW9s7u+7eflPHqaKsQWMRq3ZINBNcsobhRrB2ohiJQsFa4fAq81t3TGkey1szSpgfkb7kPU6JsVLgHk68RHNPEdkXLBhzyQ0nYhq4BVRECGGMYUZw+QJZUq1WSrgCcWZZFMAC9cB997oxTSMmDRVE6w5GifHHRBlOBZvmvVSzhNAh6bOOpZJETPvj2f+n8MQqXdiLlX3SwJn6fWNMIq1HUWgnI2IG+reXiX95ndT0Kr4NlaSGSTo/1EsFNDHMyoBdrhg1YmQJocpGp5AOiCLU2MrytoSvpPB/0iwV8VkR3ZwXapeLOnLgCByDU4BBGdTANaiDBqBgAh7AE3h27p1H58V5nY8uOYudA/ADztsnXDSW+Q==</latexit>Typical QT problem: 
go from the initial state to the target state 
as fast as possible

separable states entangled states 
 csep

<latexit sha1_base64="edECsFJUgrvffWA9ejyembLJX40=">AAAB83icdVDLSgMxFM34rPVVdekmWARXJali213RjcsK9gGdsWTS2zY08zDJCGXob7hxoYhbf8adf2OmraCiBy4czrk3uff4sRTaEPLhLC2vrK6t5zbym1vbO7uFvf2WjhLFockjGamOzzRIEULTCCOhEytggS+h7Y8vM799D0qLKLwxkxi8gA1DMRCcGSu5roQ7zG9TDfG0VyiSEiGEUoozQivnxJJarVqmVUwzy6KIFmj0Cu9uP+JJAKHhkmndpSQ2XsqUEVzCNO8m9lnGx2wIXUtDFoD20tnOU3xslT4eRMpWaPBM/T6RskDrSeDbzoCZkf7tZeJfXjcxg6qXijBODIR8/tEgkdhEOAsA94UCbuTEEsaVsLtiPmKKcWNjytsQvi7F/5NWuURPS+T6rFi/WMSRQ4foCJ0giiqojq5QAzURRzF6QE/o2UmcR+fFeZ23LjmLmQP0A87bJ17+kek=</latexit>

 cent
<latexit sha1_base64="sMNJLXTBzzMChkXhEAap7IFNyd8=">AAAB83icdVDLSgMxFM34rPVVdekmWARXQ6Yd2rorunFZwT6gM5ZMmmlDM5kxyQhl6G+4caGIW3/GnX9jpq2gogcCh3Pu4d6cIOFMaYQ+rJXVtfWNzcJWcXtnd2+/dHDYUXEqCW2TmMeyF2BFORO0rZnmtJdIiqOA024wucz97j2VisXiRk8T6kd4JFjICNZG8jxO7yC5zajQs0GpjOzzRq3i1iCyEao7FScnlbpbdaFjlBxlsERrUHr3hjFJIxMmHCvVd1Ci/QxLzQins6KXKppgMsEj2jdU4IgqP5vfPIOnRhnCMJbmCQ3n6vdEhiOlplFgJiOsx+q3l4t/ef1Uhw0/YyJJNRVksShMOdQxzAuAQyYp0XxqCCaSmVshGWOJiTY1FU0JXz+F/5NOxXaqNrp2y82LZR0FcAxOwBlwQB00wRVogTYgIAEP4Ak8W6n1aL1Yr4vRFWuZOQI/YL19AnB/kfQ=</latexit>

|h initial| targeti| ⇠ 0
<latexit sha1_base64="ZYWqF8mSXg8IoYbg3VdsPIbQrU4=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIKnsKuCHoNePCqYB2RD6J10ksHZ2WWmVwhJPsSLv+LFgyJePAj+jZPHQRMLBmqqummqolRJS77/7S0sLi2vrK6t5zY2t7Z38rt7FZtkRmBZJCoxtQgsKqmxTJIU1lKDEEcKq9H91civPqCxMtF31EuxEUNHy7YUQE5q5k8HoQLdUcjD1MpmX2pJEtRwMPkSmA7SMDTjmUFoZcz9Zr7gF/0x+DwJpqTAprhp5j/DViKyGDUJBdbWAz+lRh8MSaFwmAsziymIe+hg3VENMdpGfxxuyI+c0uLtxLiniY/V3xt9iK3txZGbjIG6dtYbif959YzaFw0XOM0ItZgcameKU8JHTfGWNChI9RwBYVwtgosuGBDk+sy5EoLZyPOkclIMTov+7VmhdDmtY40dsEN2zAJ2zkrsmt2wMhPskT2zV/bmPXkv3rv3MRld8KY7++wPvK8fM7+jRw==</latexit>

You go faster if, and only if, the 
state contains entanglement 
recognized by the statistical speed

Simplest QT problem: Minimize the time needed by two probability 
distributions to become distinguishable.  

D =

Z ✓target

✓initial
S(✓) d✓ ⇠ 1

<latexit sha1_base64="vWPFo4awd69z/D9SeG1rt2TKVbw="></latexit>

S(✓)
<latexit sha1_base64="HEvO0XTJcWqsed9Z0l8voMeb3h4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eFoMQL2FXBT0GvXiMaB6SLGF2MkmGzMwuM71CWPIVXjwo4tXP8ebfOEn2oIkFDUVVN91dYSy4Qc/7dnIrq2vrG/nNwtb2zu5ecf+gYaJEU1ankYh0KySGCa5YHTkK1oo1IzIUrBmObqZ+84lpwyP1gOOYBZIMFO9zStBKj/flDg4ZktNuseRVvBncZeJnpAQZat3iV6cX0UQyhVQQY9q+F2OQEo2cCjYpdBLDYkJHZMDalioimQnS2cET98QqPbcfaVsK3Zn6eyIl0pixDG2nJDg0i95U/M9rJ9i/ClKu4gSZovNF/US4GLnT790e14yiGFtCqOb2VpcOiSYUbUYFG4K/+PIyaZxV/POKd3dRql5nceThCI6hDD5cQhVuoQZ1oCDhGV7hzdHOi/PufMxbc042cwh/4Hz+ABJBj+w=</latexit>



Kolmogorov	distance:	
Probability	to	successfully	identify	one	of	
two	distributions	from	a	single	yes/no	

measurement.	

Example #1: The class of entangled states detected by the Fisher info provides      
                     sub shot-noise phase estimation sensitivity

Example #2: The class of  entangled states recognized by the Kolmogorov 
speed useful to distinguish two distributions with a single yes/no measurement

Example #4: Local-realism violated by the class of entangled states 
recognized by the Hilbert-Schmidt speed

Example #3: The class of  entangled states recognized by the Fubini-Study 
metric useful for Grover search quantum algorithm

Different quantum technologies require different classes 
of entangled states. In some known cases, the different 
classes are provided by different statistical speeds. 
Maybe this is general. 


