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Eigenstates: Degree of Delocalization
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Inverse Participation Ratio

<latexit sha1_base64="0iNZZ9r80RG/3vjq1WCSR2VSwjQ=">AAACFXicbVDLSsNAFJ3UV62vqEs3g0VwISUpRd0IxW50V8U+oE3DZDpth04m6cxEKGl+wo2/4saFIm4Fd/6N0weirQcuHM65l3vv8UJGpbKsLyO1tLyyupZez2xsbm3vmLt7VRlEApMKDlgg6h6ShFFOKooqRuqhIMj3GKl5/dLYr90TIWnA79QwJI6Pupx2KEZKS655cl2+dQetuIlY2EMJvIBNGfkuh6OSy3/kUSvOw0HimlkrZ00AF4k9I1kwQ9k1P5vtAEc+4QozJGXDtkLlxEgoihlJMs1IkhDhPuqShqYc+UQ68eSrBB5ppQ07gdDFFZyovydi5Es59D3d6SPVk/PeWPzPa0Sqc+7ElIeRIhxPF3UiBlUAxxHBNhUEKzbUBGFB9a0Q95BAWOkgMzoEe/7lRVLN5+zTXOGmkC1ezuJIgwNwCI6BDc5AEVyBMqgADB7AE3gBr8aj8Wy8Ge/T1pQxm9kHf2B8fAMg4p7T</latexit>
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<latexit sha1_base64="AOJQH0UnroiC13v/RwR85ig4FrQ=">AAACF3icbVDLSsNAFJ34rPVVdelmsAiuSlKKuikUu9FdFfuAJg2T6bQdOpnEmYlQ0vyFG3/FjQtF3OrOv3HaBtHWAxcO59zLvfd4IaNSmeaXsbS8srq2ntnIbm5t7+zm9vYbMogEJnUcsEC0PCQJo5zUFVWMtEJBkO8x0vSG1YnfvCdC0oDfqlFIHB/1Oe1RjJSW3FzhqnbjxnflYtKJbcTCAUpgGdoy8l0Ox1WX/8jjTlxK3FzeLJhTwEVipSQPUtTc3KfdDXDkE64wQ1K2LTNUToyEopiRJGtHkoQID1GftDXlyCfSiad/JfBYK13YC4QuruBU/T0RI1/Kke/pTh+pgZz3JuJ/XjtSvXMnpjyMFOF4tqgXMagCOAkJdqkgWLGRJggLqm+FeIAEwkpHmdUhWPMvL5JGsWCdFkrXpXzlIo0jAw7BETgBFjgDFXAJaqAOMHgAT+AFvBqPxrPxZrzPWpeMdOYA/IHx8Q3Qmp+/</latexit>
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IPR: large (localization)

IPR: small (delocalization)

Generalized 
Inverse Participation Ratio

Rényi entropy of order q

<latexit sha1_base64="zPwvikFoQ4qT+0xkiAQhIdY6SxU=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0Woi5ZEiroRim50Vx99QBPDZDpph04enZkIJeQr3Pgrblwo4lbc+TdO2yy09cCFwzn3cu89bsSokIbxreUWFpeWV/KrhbX1jc0tfXunKcKYY9LAIQt520WCMBqQhqSSkXbECfJdRlru4GLstx4IFzQM7uQoIraPegH1KEZSSY5evnWG8AxCy+MIJ2aamOVhCi0W9mDpqn7jJMP0PrEQi/ooPYSOXjQqxgRwnpgZKYIMdUf/srohjn0SSMyQEB3TiKSdIC4pZiQtWLEgEcID1CMdRQPkE2Enk7dSeKCULvRCriqQcKL+nkiQL8TId1Wnj2RfzHpj8T+vE0vv1E5oEMWSBHi6yIsZlCEcZwS7lBMs2UgRhDlVt0LcRyogqZIsqBDM2ZfnSfOoYh5XqtfVYu08iyMP9sA+KAETnIAauAR10AAYPIJn8AretCftRXvXPqatOS2b2QV/oH3+AKbtndg=</latexit>
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1
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log(IPR↵
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<latexit sha1_base64="2IuxO6OqWSsiWV5VvC0y5ar4xkM=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj1J0YvHCvYD2qVk02wbmmTXJCuUpX/BiwdFvPqHvPlvzLZ70NYHA4/3ZpiZF8ScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWUKEJbJOKR6gZYU84kbRlmOO3GimIRcNoJJreZ33miSrNIPphpTH2BR5KFjGCTSY/XHhqUK27VnQOtEi8nFcjRHJS/+sOIJIJKQzjWuue5sfFTrAwjnM5K/UTTGJMJHtGepRILqv10fusMnVlliMJI2ZIGzdXfEykWWk9FYDsFNmO97GXif14vMeGVnzIZJ4ZKslgUJhyZCGWPoyFTlBg+tQQTxeytiIyxwsTYeEo2BG/55VXSvqh69WrtvlZp3ORxFOEETuEcPLiEBtxBE1pAYAzP8ApvjnBenHfnY9FacPKZY/gD5/MHKBeNqw==</latexit>

q > 1
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Entanglement Entropy

α = Cn
α

n=1

D

∑ n
α =

c1
c2
c3
c4
c5
...

⎛

⎝

⎜
⎜
⎜
⎜
⎜
⎜
⎜
⎜

⎞

⎠

⎟
⎟
⎟
⎟
⎟
⎟
⎟
⎟

A B
entangled

<latexit sha1_base64="J01Rihi4Lr3B34xBmhI7z89bMoo=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQi6kYounFZwT6gCeVmOmmHTiZhZiKUtL/gxl9x40IRt+7c+TdO2yy09cDlHs65l5l7goQzpR3n2yqsrK6tbxQ3S1vbO7t79v5BU8WpJLRBYh7LdgCKciZoQzPNaTuRFKKA01YwvJn6rQcqFYvFvR4l1I+gL1jICGgjde2KJwcxvsJjD3gyAOxJEH1OscfnHef6uGuXnaozA14mbk7KKEe9a395vZikERWacFCq4zqJ9jOQmhFOJyUvVTQBMoQ+7RgqIKLKz2YXTfCJUXo4jKUpofFM/b2RQaTUKArMZAR6oBa9qfif10l1eOlnTCSppoLMHwpTjnWMp/HgHpOUaD4yBIhk5q+YDEAC0SbEkgnBXTx5mTRPq+559ezurFy7zuMooiN0jCrIRReohm5RHTUQQY/oGb2iN+vJerHerY/5aMHKdw7RH1ifP9MZnGY=</latexit>

⇢ = |↵ih↵|
<latexit sha1_base64="hweMCBKcXZID4YO3+AqaXQsZ4sk=">AAACBXicbVA9SwNBEN3zM8avU0stFoMQm3AnQW2EGBvLCPmCJBx7m02yZO/22J0Tw5HGxr9iY6GIrf/Bzn/jXpJCEx8MPN6bYWaeHwmuwXG+raXlldW19cxGdnNre2fX3tuvaxkrympUCqmaPtFM8JDVgINgzUgxEviCNfzhTeo37pnSXIZVGEWsE5B+yHucEjCSZx+11UB61/gKt4E9QFJVY6+M86mKTz075xScCfAicWckh2aoePZXuytpHLAQqCBat1wngk5CFHAq2DjbjjWLCB2SPmsZGpKA6U4y+WKMT4zSxT2pTIWAJ+rviYQEWo8C33QGBAZ63kvF/7xWDL3LTsLDKAYW0umiXiwwSJxGgrtcMQpiZAihiptbMR0QRSiY4LImBHf+5UVSPyu454XiXTFXKs/iyKBDdIzyyEUXqIRuUQXVEEWP6Bm9ojfryXqx3q2PaeuSNZs5QH9gff4AcuWXRA==</latexit>

⇢A = TrB(⇢)

<latexit sha1_base64="4IAkj1potzhaRlHmewfMPrnvhfw=">AAACFHicbZDLSsNAFIYn3q23qEs3g0WoiCURUTeCl43Lir0ITQ2T6dQOnUzCzIlYQh7Cja/ixoUibl24822ctllo9YeBj/+cw5nzB7HgGhzny5qYnJqemZ2bLywsLi2v2KtrdR0lirIajUSkrgOimeCS1YCDYNexYiQMBGsEvfNBvXHHlOaRrEI/Zq2Q3Ere4ZSAsXx758pPmYTs5hQf413sAbuHtKoyXPJUN/JPsSckHuG2bxedsjMU/gtuDkWUq+Lbn147okloFlBBtG66TgytlCjgVLCs4CWaxYT2yC1rGpQkZLqVDo/K8JZx2rgTKfMk4KH7cyIlodb9MDCdIYGuHq8NzP9qzQQ6R62UyzgBJuloUScRGCI8SAi3uWIURN8AoYqbv2LaJYpQMDkWTAju+Ml/ob5Xdg/K+5f7xZOzPI45tIE2UQm56BCdoAtUQTVE0QN6Qi/o1Xq0nq03633UOmHlM+vol6yPbzZqnQw=</latexit>

SA
ent = �Tr(⇢A ln ⇢A)
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Delocalization vs Entanglement

This state is delocalized, but not entangled
<latexit sha1_base64="qogOA+RAM4nNerr1pYWY2Gxa2xI=">AAACT3icdVHNS8MwHE3n1za/qh69BIcgCKMZQz0OvXic4D5gLSPN0i0sTUuSCqP2P/SiN/8NLx4UMZtF3aYPAo/3fo9f8uLHnCntOM9WYWV1bX2jWCpvbm3v7Np7+20VJZLQFol4JLs+VpQzQVuaaU67saQ49Dnt+OOrqd+5o1KxSNzqSUy9EA8FCxjB2kh9O3ADiUmKsrSWwXuEoCuxGHIKT+G84/znOD+ZJes71LcrTtWZAS4TlJMKyNHs20/uICJJSIUmHCvVQ06svRRLzQinWdlNFI0xGeMh7RkqcEiVl876yOCxUQYwiKQ5QsOZ+juR4lCpSeibyRDrkVr0puJfXi/RwYWXMhEnmgrytShIONQRnJYLB0xSovnEEEwkM3eFZIRNI9p8QdmUgBafvEzatSo6q9Zv6pXGZV5HERyCI3ACEDgHDXANmqAFCHgAL+ANvFuP1qv1UchHC1ZODsAcCqVPJjOxBw==</latexit>
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<latexit sha1_base64="P2clG8toL+cDD9wfaYxQN4awqeE=">AAACTHichVBLSwMxGMxWrbW+Vj16CRahUii7pajHohePFewDukvJptk2NJtdkqxQtvsDvXjw5q/w4kERwfQh9CE4EJjMfMOXjBcxKpVlvRqZjc2t7HZuJ7+7t39waB4dN2UYC0waOGShaHtIEkY5aSiqGGlHgqDAY6TlDW8nfuuRCElD/qBGEXED1OfUpxgpLXVN7PgC4cROk0oKxzZ0BOJ9RmBx8VIaW7/8ApbgUsT6P9I1C1bZmgKuE3tOCmCOetd8cXohjgPCFWZIyo5tRcpNkFAUM5LmnViSCOEh6pOOphwFRLrJtIwUnmulB/1Q6MMVnKqLiQQFUo4CT08GSA3kqjcR//I6sfKv3YTyKFaE49kiP2ZQhXDSLOxRQbBiI00QFlS/FeIB0lUp3X9el2CvfnmdNCtl+7Jcva8WajfzOnLgFJyBIrDBFaiBO1AHDYDBE3gDH+DTeDbejS/jezaaMeaZE7CETPYH+VewVQ==</latexit>
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2
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<latexit sha1_base64="7U6JZOis3l41Hdr1A98mYrVC280=">AAACKHicdZDLSsNAFIYn9VbrLerSzWARKkJJSlF3Ft24rGAv0IQymU7aoZNJmJkIJc3juPFV3Igo0q1P4rSNoK0eGPj4/3M4c34vYlQqy5oYuZXVtfWN/GZha3tnd8/cP2jKMBaYNHDIQtH2kCSMctJQVDHSjgRBgcdIyxveTP3WAxGShvxejSLiBqjPqU8xUlrqmleOLxBO7DSppLAExzZ0BOJ9RuDZ2Prm0/+drlm0ytas4DLYGRRBVvWu+er0QhwHhCvMkJQd24qUmyChKGYkLTixJBHCQ9QnHY0cBUS6yezQFJ5opQf9UOjHFZypPycSFEg5CjzdGSA1kIveVPzL68TKv3QTyqNYEY7ni/yYQRXCaWqwRwXBio00ICyo/ivEA6STUzrbgg7BXjx5GZqVsn1ert5Vi7XrLI48OALHoARscAFq4BbUQQNg8AiewRt4N56MF+PDmMxbc0Y2cwh+lfH5BVVmo7M=</latexit>
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2
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<latexit sha1_base64="y5Ni6j8nIvdmMHO9ZZlY9vFWXO0=">AAAB/HicbZDLSsNAFIZP6q3WW7RLN4NFEISSSFGXRTcuK9gLtKFMppN26GQSZiZCiPVV3LhQxK0P4s63cdoG0dYfBj7+cw7nzO/HnCntOF9WYWV1bX2juFna2t7Z3bP3D1oqSiShTRLxSHZ8rChngjY105x2Yklx6HPa9sfX03r7nkrFInGn05h6IR4KFjCCtbH6dvnhtCexGHKKfqhvV5yqMxNaBjeHCuRq9O3P3iAiSUiFJhwr1XWdWHsZlpoRTielXqJojMkYD2nXoMAhVV42O36Cjo0zQEEkzRMazdzfExkOlUpD33SGWI/UYm1q/lfrJjq49DIm4kRTQeaLgoQjHaFpEmjAJCWapwYwkczcisgIS0y0yatkQnAXv7wMrbOqe16t3dYq9as8jiIcwhGcgAsXUIcbaEATCKTwBC/waj1az9ab9T5vLVj5TBn+yPr4BkTKlIo=</latexit>

|+i|+i

z:

x:
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| (0)i = | "###"#"i
<latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit><latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit><latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit><latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit>

| "##"##"i
<latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit><latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit><latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit><latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit>

| "####""i
<latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit><latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit><latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit><latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit>

| "#"###"i
<latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit><latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit><latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit><latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit>

… …

Spread in the many-body Hilbert space
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<latexit sha1_base64="Gdq+05G3S3e+utao/x77e7Hdlt4=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0Wom5K0om6EYjcuK9gHNDFMptN2yGQSZiZCafohbvwVNy4UceNC8G+ctllo64GBwznncuceP2ZUKsv6NnIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbYf1Kd++4EISSN+p0YxcUM04LRPMVJa8sxqWveCkjpN7ysQXsHUYYgPGIFOPKReAFPoNCTVPnTE3NBBzyxaZWsGuEzsjBRBhoZnfjq9CCch4QozJGXXtmLljpFQFDMyKTiJJDHCARqQrqYchUS649lxE3iilR7sR0I/ruBM/T0xRqGUo9DXyRCpoVz0puJ/XjdR/Ut3THmcKMLxfFE/YVBFcNoU7FFBsGIjTRAWVP8V4iESCCvdZ0GXYC+evExalbJ9Xq7enhVr11kdeXAEjkEJ2OAC1MANaIAmwOARPINX8GY8GS/Gu/Exj+aMbOYQ/IHx9QNCip+k</latexit>

|Ck(t)|2 = |h�k| (t)i|2
<latexit sha1_base64="9gY43z7kFr6v0SOerc9mwM727hc=">AAACNnicbZDLSgMxFIYz9V5voy7dBIugmzJTRV0W3bgRKlhb6NSSSdMazCRDcsZSpj6VG5/DnRsXirj1EUzbAbX1QODjP7ecP4wFN+B5L05uZnZufmFxKb+8srq27m5sXhuVaMqqVAml6yExTHDJqsBBsHqsGYlCwWrh3dkwX7tn2nAlr6Afs2ZEupJ3OCVgpZZ7MQgEkV3BcJDERGvV+wWircDgoK16MlN+cICDiuF7sI8DPR4wuCm13IJX9EaBp8HPoICyqLTcZzuSJhGTQAUxpuF7MTRTooFTwR7yQWJYTOgd6bKGRUkiZprp6OwHvGuVNu4obZ8EPFJ/d6QkMqYfhbYyInBrJnND8b9cI4HOSTPlMk6ASTpe1EkEBoWHHuI214yC6FsgVHP7V0xviSYUrNN5a4I/efI0XJeK/lHx4PKwUD7N7FhE22gH7SEfHaMyOkcVVEUUPaIX9IbenSfn1flwPselOSfr2UJ/wvn6BgPTrKI=</latexit>

|h"" . . . ## | (t)i|2
<latexit sha1_base64="MYjAwHLuPdJaJRB8dhLWdoWwmFU=">AAACN3icbVDLTgIxFO34RHyNunTTSExwQ2bUqEuiG1cGE3kkDJJOKdDYaSftHQkB/sqNv+FONy40xq1/YIFZqHiSJifn3EfvCWPBDXjeszM3v7C4tJxZya6urW9sulvbFaMSTVmZKqF0LSSGCS5ZGTgIVos1I1EoWDW8uxj71XumDVfyBvoxa0SkI3mbUwJWarpXw0AQ2REMB0lMtFY9HLRUT6ZUtBQY/K83xEHJ8Dwc4EBPJwxvD5tuzit4E+BZ4qckh1KUmu6THUmTiEmgghhT970YGgOigVPBRtkgMSwm9I50WN1SSSJmGoPJ3SO8b5UWbittnwQ8UX92DEhkTD8KbWVEoGv+emPxP6+eQPusMeAyToBJOl3UTgQGhcch4hbXjILoW0Ko5vavmHaJJhRs1Fkbgv/35FlSOSz4J4Wj6+Nc8TyNI4N20R7KIx+doiK6RCVURhQ9oBf0ht6dR+fV+XA+p6VzTtqzg37B+foGbdqszA==</latexit>

|h"# . . . "# | (t)i|2
| (0)i = | "###"#"i

<latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit><latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit><latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit><latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit>

| "##"##"i
<latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit><latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit><latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit><latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit>

| "####""i
<latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit><latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit><latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit><latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit>

| "#"###"i
<latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit><latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit><latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit><latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit>

… …

Rényi entropy of components of y(t)
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<latexit sha1_base64="Gdq+05G3S3e+utao/x77e7Hdlt4=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0Wom5K0om6EYjcuK9gHNDFMptN2yGQSZiZCafohbvwVNy4UceNC8G+ctllo64GBwznncuceP2ZUKsv6NnIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbYf1Kd++4EISSN+p0YxcUM04LRPMVJa8sxqWveCkjpN7ysQXsHUYYgPGIFOPKReAFPoNCTVPnTE3NBBzyxaZWsGuEzsjBRBhoZnfjq9CCch4QozJGXXtmLljpFQFDMyKTiJJDHCARqQrqYchUS649lxE3iilR7sR0I/ruBM/T0xRqGUo9DXyRCpoVz0puJ/XjdR/Ut3THmcKMLxfFE/YVBFcNoU7FFBsGIjTRAWVP8V4iESCCvdZ0GXYC+evExalbJ9Xq7enhVr11kdeXAEjkEJ2OAC1MANaIAmwOARPINX8GY8GS/Gu/Exj+aMbOYQ/IHx9QNCip+k</latexit>

|Ck(t)|2 = |h�k| (t)i|2
<latexit sha1_base64="9gY43z7kFr6v0SOerc9mwM727hc=">AAACNnicbZDLSgMxFIYz9V5voy7dBIugmzJTRV0W3bgRKlhb6NSSSdMazCRDcsZSpj6VG5/DnRsXirj1EUzbAbX1QODjP7ecP4wFN+B5L05uZnZufmFxKb+8srq27m5sXhuVaMqqVAml6yExTHDJqsBBsHqsGYlCwWrh3dkwX7tn2nAlr6Afs2ZEupJ3OCVgpZZ7MQgEkV3BcJDERGvV+wWircDgoK16MlN+cICDiuF7sI8DPR4wuCm13IJX9EaBp8HPoICyqLTcZzuSJhGTQAUxpuF7MTRTooFTwR7yQWJYTOgd6bKGRUkiZprp6OwHvGuVNu4obZ8EPFJ/d6QkMqYfhbYyInBrJnND8b9cI4HOSTPlMk6ASTpe1EkEBoWHHuI214yC6FsgVHP7V0xviSYUrNN5a4I/efI0XJeK/lHx4PKwUD7N7FhE22gH7SEfHaMyOkcVVEUUPaIX9IbenSfn1flwPselOSfr2UJ/wvn6BgPTrKI=</latexit>

|h"" . . . ## | (t)i|2
<latexit sha1_base64="MYjAwHLuPdJaJRB8dhLWdoWwmFU=">AAACN3icbVDLTgIxFO34RHyNunTTSExwQ2bUqEuiG1cGE3kkDJJOKdDYaSftHQkB/sqNv+FONy40xq1/YIFZqHiSJifn3EfvCWPBDXjeszM3v7C4tJxZya6urW9sulvbFaMSTVmZKqF0LSSGCS5ZGTgIVos1I1EoWDW8uxj71XumDVfyBvoxa0SkI3mbUwJWarpXw0AQ2REMB0lMtFY9HLRUT6ZUtBQY/K83xEHJ8Dwc4EBPJwxvD5tuzit4E+BZ4qckh1KUmu6THUmTiEmgghhT970YGgOigVPBRtkgMSwm9I50WN1SSSJmGoPJ3SO8b5UWbittnwQ8UX92DEhkTD8KbWVEoGv+emPxP6+eQPusMeAyToBJOl3UTgQGhcch4hbXjILoW0Ko5vavmHaJJhRs1Fkbgv/35FlSOSz4J4Wj6+Nc8TyNI4N20R7KIx+doiK6RCVURhQ9oBf0ht6dR+fV+XA+p6VzTtqzg37B+foGbdqszA==</latexit>

|h"# . . . "# | (t)i|2

<latexit sha1_base64="O+iqGpjH+D5gHNB+DbGMjR3n7HU="></latexit>

S2(t) = �ln

 
DimX

k=1

|Ck(t)|4
!

Shannon entropy

2nd-order Rényi entropy

Rényi entropy of components of y(t)

| (0)i = | "###"#"i
<latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit><latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit><latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit><latexit sha1_base64="uLUcJPKpTxHnY+zVjqb/G+cPgEk=">AAACSnicfVBNSwMxFMzWqrV+rXr0EixCvZRdEfQiFL14rGA/oFvK2zRtg9nskmQtZdvf58WTN3+EFw+KeDFtF9G2OBAYZua9JONHnCntOC9WZiW7urae28hvbm3v7Np7+zUVxpLQKgl5KBs+KMqZoFXNNKeNSFIIfE7r/v31xK8/UKlYKO70MKKtAHqCdRkBbaS2DSOvoljROfEkiB6n+BKPvDgCKcMB9jrhQPxLlyV/tNnGtl1wSs4UeJG4KSmgFJW2/Wy2kTigQhMOSjVdJ9KtBKRmhNNx3osVjYDcQ482DRUQUNVKplWM8bFROrgbSnOExlP190QCgVLDwDfJAHRfzXsTcZnXjHX3opUwEcWaCjK7qBtzrEM86RV3mKRE86EhQCQzb8WkDxKINu3nTQnu/JcXSe205Dol9/asUL5K68ihQ3SEishF56iMblAFVRFBj+gVvaMP68l6sz6tr1k0Y6UzB+gPMtlvBFK0vg==</latexit>

| "##"##"i
<latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit><latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit><latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit><latexit sha1_base64="QTnv++wiGcb1CUfB3o9uXD1cW6U=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYCbSln0kwbmkmGJGMpYx/LjY/hTty4UMStT2DazkJbFx4IfPz/OUnOH8ScaeN5z05uaXlldS2/XtjY3NrecXf3alomitAqkVyqRgCaciZo1TDDaSNWFKKA03owuJz49TuqNJPi1oxi2o6gJ1jICBgrddzr+1YSg1JyiFtdORSL+F9bgehx2nGLXsmbFl4EP4MiyqrScZ/sbSSJqDCEg9ZN34tNOwVlGOF0XGglmsZABtCjTYsCIqrb6XTxMT6ySheHUtkjDJ6qPydSiLQeRYHtjMD09bw3Ef/ymokJz9spE3FiqCCzh8KEYyPxJEXcZYoSw0cWgChm/4pJHxQQY7Mu2BD8+ZUXoXZS8r2Sf3NaLF9kceTRATpEx8hHZ6iMrlAFVRFBD+gFvaF359F5dT6cz1lrzslm9tGvcr6+AYFbrzI=</latexit>

| "####""i
<latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit><latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit><latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit><latexit sha1_base64="8XOtk80IailU/l4Db9RJKmF1G6E=">AAACOHicjZDLSgMxFIYz9VbrbdSlm2ARXJUZEXRZdOPOCvYC7VDOpJk2NJMZkoyljH0sNz6GO3HjQhG3PoFpOxRtXXgg8PH/5yQ5vx9zprTjPFu5peWV1bX8emFjc2t7x97dq6kokYRWScQj2fBBUc4ErWqmOW3EkkLoc1r3+5djv35HpWKRuNXDmHohdAULGAFtpLZ9fd9KYpAyGuBWJxqI/+JsaAYSRJfTtl10Ss6k8CK4GRRRVpW2/WSuJUlIhSYclGq6Tqy9FKRmhNNRoZUoGgPpQ5c2DQoIqfLSyeIjfGSUDg4iaY7QeKL+nEghVGoY+qYzBN1T895Y/MtrJjo491Im4kRTQaYPBQnHOsLjFHGHSUo0HxoAIpn5KyY9kEC0ybpgQnDnV16E2knJdUruzWmxfJHFkUcH6BAdIxedoTK6QhVURQQ9oBf0ht6tR+vV+rA+p605K5vZR7/K+voGggGvMg==</latexit>

| "#"###"i
<latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit><latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit><latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit><latexit sha1_base64="qxroBhYwLEq5AnY54GBT/5PoEOA=">AAACOXicbVDLSgMxFM3UV62vUZdugkVwVWZE0GXRjcsK9gFtKZn0ThuaSYYkYyljf8uNf+FOcONCEbf+gGk7C/s4EDicc26Se4KYM208783Jra1vbG7ltws7u3v7B+7hUU3LRFGoUsmlagREA2cCqoYZDo1YAYkCDvVgcDvx64+gNJPiwYxiaEekJ1jIKDFW6riVp1YSE6XkELe6cigyukKb81dFFRE9Dh236JW8KfAy8TNSRBkqHffV3kaTCIShnGjd9L3YtFOiDKMcxoVWoiEmdEB60LRUkAh0O51uPsZnVuniUCp7hMFT9f9ESiKtR1FgkxExfb3oTcRVXjMx4XU7ZSJODAg6eyhMODYST2rEXaaAGj6yhFDF7F8x7RNFqLFlF2wJ/uLKy6R2UfK9kn9/WSzfZHXk0Qk6RefIR1eojO5QBVURRc/oHX2iL+fF+XC+nZ9ZNOdkM8doDs7vH+w5r1w=</latexit>

… …

<latexit sha1_base64="4wdKnGDJZBk8luj15YW5gDgRuDk=">AAACIHicbVDLSgMxFM34rPU16tJNsAi6sMxUsW4KxbpwWanVQh9DJk3b0CQzJBmhTOdT3Pgrblwoojv9GtPHoloPXDg5515y7/FDRpV2nC9rYXFpeWU1tZZe39jc2rZ3du9UEElMqjhggaz5SBFGBalqqhmphZIg7jNy7/dLI//+gUhFA3GrByFpctQVtEMx0kby7HzFiyu95EgfwwI8gQ0VcS/uF9ykFV9RnsBhyesbc9jKQSZmXp6dcbLOGHCeuFOSAVOUPfuz0Q5wxInQmCGl6q4T6maMpKaYkSTdiBQJEe6jLqkbKhAnqhmPD0zgoVHasBNIU0LDsTo7ESOu1ID7ppMj3VN/vZH4n1ePdOeiGVMRRpoIPPmoEzGoAzhKC7apJFizgSEIS2p2hbiHJMLaZJo2Ibh/T54nd7mse549vTnLFC+ncaTAPjgAR8AFeVAE16AMqgCDR/AMXsGb9WS9WO/Wx6R1wZrO7IFfsL5/AAcvoQw=</latexit>

SSh(t) = �
DimX

k=1

|Ck(t)|2ln|Ck(t)|2
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Entanglement entropy

Entanglement entropy: von Neumann entropy of the reduced density matrix

A B
entangled

<latexit sha1_base64="c3ylsr0mRmbp+VqTtfsoEap1LVY=">AAACF3icbVA9SwNBEN3zM8avqKXNYhC0CXcS1EaIsbGMYDSQO469zVyyuPfB7pwYjvwLG/+KjYUittr5b9yLKTT6YODx3gwz84JUCo22/WnNzM7NLyyWlsrLK6tr65WNzSudZIpDmycyUZ2AaZAihjYKlNBJFbAokHAd3JwV/vUtKC2S+BKHKXgR68ciFJyhkfxKzVWDxD/dw316Ql2EO8wv1chvUldCiF1a2IXpKtEfoOdXqnbNHoP+Jc6EVMkELb/y4fYSnkUQI5dM665jp+jlTKHgEkZlN9OQMn7D+tA1NGYRaC8f/zWiu0bp0TBRpmKkY/XnRM4irYdRYDojhgM97RXif143w/DYy0WcZggx/14UZpJiQouQaE8o4CiHhjCuhLmV8gFTjKOJsmxCcKZf/kuuDmrOYa1+Ua82mpM4SmSb7JA94pAj0iDnpEXahJN78kieyYv1YD1Zr9bbd+uMNZnZIr9gvX8B5uGeig==</latexit>

⇢A(t) = TrB [⇢(t)]

<latexit sha1_base64="4IAkj1potzhaRlHmewfMPrnvhfw=">AAACFHicbZDLSsNAFIYn3q23qEs3g0WoiCURUTeCl43Lir0ITQ2T6dQOnUzCzIlYQh7Cja/ixoUibl24822ctllo9YeBj/+cw5nzB7HgGhzny5qYnJqemZ2bLywsLi2v2KtrdR0lirIajUSkrgOimeCS1YCDYNexYiQMBGsEvfNBvXHHlOaRrEI/Zq2Q3Ere4ZSAsXx758pPmYTs5hQf413sAbuHtKoyXPJUN/JPsSckHuG2bxedsjMU/gtuDkWUq+Lbn147okloFlBBtG66TgytlCjgVLCs4CWaxYT2yC1rGpQkZLqVDo/K8JZx2rgTKfMk4KH7cyIlodb9MDCdIYGuHq8NzP9qzQQ6R62UyzgBJuloUScRGCI8SAi3uWIURN8AoYqbv2LaJYpQMDkWTAju+Ml/ob5Xdg/K+5f7xZOzPI45tIE2UQm56BCdoAtUQTVE0QN6Qi/o1Xq0nq03633UOmHlM+vol6yPbzZqnQw=</latexit>

SA
ent = �Tr(⇢A ln ⇢A)

<latexit sha1_base64="A7OVcuyESYgcG7qDLbuN18R/yyU=">AAACFHicbZDLSgMxFIYz9VbrrerSTbAIFbHMSFE3QqkblxV7g04dMmnahmYyQ3JGLEMfwo2v4saFIm5duPNtTC8Lrf4Q+PjPOZyc348E12DbX1ZqYXFpeSW9mllb39jcym7v1HUYK8pqNBShavpEM8ElqwEHwZqRYiTwBWv4g8txvXHHlOahrMIwYu2A9CTvckrAWF726MZLmITRbRlf4GPsAruHpKpGOO+qfuiVsSsknuKhl83ZBXsi/BecGeTQTBUv++l2QhoHZgEVROuWY0fQTogCTgUbZdxYs4jQAemxlkFJAqbbyeSoET4wTgd3Q2WeBDxxf04kJNB6GPimMyDQ1/O1sflfrRVD97ydcBnFwCSdLurGAkOIxwnhDleMghgaIFRx81dM+0QRCibHjAnBmT/5L9RPCs5poXhdzJXKszjSaA/tozxy0BkqoStUQTVE0QN6Qi/o1Xq0nq03633amrJmM7vol6yPbzslnQ8=</latexit>

SB
ent = �Tr(⇢B ln ⇢B)=
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Entanglement entropy: Superconducting qubits

Quantum system of only three superconducting qubits.

Driven system

Each qubit is initially in a coherent state

Use state tomography to 
reconstruct the density 
matrix

is density matrix of a 
single qubit

Nat. Phys. 12,1037 (2016)

a three-qubit ring of 
planar

transmons with 
tunable interqubit 

coupling
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Entanglement entropy: Superconducting qubits

angles describing 
the orientation of 
the single-qubit states
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Science 353,794 (2016)

Entanglement entropy: Cold atoms

Quantum system of only six sites.

Each site has initially a single cold atom.
Dynamics starts by turning the hopping J on.

They can measure the 
square of the (reduced) 
density matrix

<latexit sha1_base64="4B+PiQNpsEkzADScQsTbg5zl2YA="></latexit>

SA(t) = � ln
⇥
Tr(⇢2A(t))

⇤

<latexit sha1_base64="9h0xBdw8WmgDXZKmoHxDgPIQxlg="></latexit>

H = �J

X

i

a
†
iai+1 +

U

2

X

i

ni(ni � 1)
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Science 364, 260 (2019)

Entanglement entropy: Ion traps

Strings of up to 20 trapped 40Ca+ ions.

Initial state: Néel

<latexit sha1_base64="4B+PiQNpsEkzADScQsTbg5zl2YA="></latexit>

SA(t) = � ln
⇥
Tr(⇢2A(t))

⇤

Their reduced density 
matrix can have from 1 to 
10 qubits.



Lea F. Santos UNAM 2022

Spread of quantum information: OTOC
<latexit sha1_base64="4xWHFJ2Ce5DgRRpmjW31jmvAMBU=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEi1IVlRoq6EYpuuqxgO4V2LJk0bUMzF5IzQhm6cuOruHGhiFufwZ1vY6adhbb+EPjyn3NIzu9FgiuwrG8jt7S8srqWXy9sbG5t75i7e00VxpKyBg1FKFseUUzwgDWAg2CtSDLie4I53ugmrTsPTCoeBncwjpjrk0HA+5wS0FbXPHRKcIKvMLtPOK5hmGAn5dPZpWsWrbI1FV4EO4MiylTvml+dXkhjnwVABVGqbVsRuAmRwKlgk0InViwidEQGrK0xID5TbjJdY4KPtdPD/VDqEwCeur8nEuIrNfY93ekTGKr5Wmr+V2vH0L90Ex5EMbCAzh7qxwJDiNNMcI9LRkGMNRAquf4rpkMiCQWdXEGHYM+vvAjNs7J9Xq7cVorV6yyOPDpAR6iEbHSBqqiG6qiBKHpEz+gVvRlPxovxbnzMWnNGNrOP/sj4/AE7J5Zz</latexit>

W (t) = eiHtWe�iHt

W is a local operator, e.g. spin operator on a site.

W(t) spreads over many sites

(nested commutators)

B. Swingle
Nat. Phys.14, 988  (2018)

OTOC 
measures this growth

<latexit sha1_base64="8U2EaLddV1u0yuVNs63T0J/MJI8=">AAACDXicbVDLSgMxFM3UV62vUZduglVoQcpMKepGKHbjsoJ9wHQsmTTThmYyQ5IRyrQ/4MZfceNCEbfu3fk3pu0stPXAhZNz7iX3Hi9iVCrL+jYyK6tr6xvZzdzW9s7unrl/0JRhLDBp4JCFou0hSRjlpKGoYqQdCYICj5GWN6xN/dYDEZKG/E6NIuIGqM+pTzFSWuqaJ7WCKl51GOJ9RuDYaennWbNgFd3xfRl2xEzvmnmrZM0Al4mdkjxIUe+aX51eiOOAcIUZktKxrUi5CRKKYkYmuU4sSYTwEPWJoylHAZFuMrtmAk+10oN+KHRxBWfq74kEBVKOAk93BkgN5KI3Ff/znFj5l25CeRQrwvH8Iz9mUIVwGg3sUUGwYiNNEBZU7wrxAAmElQ4wp0OwF09eJs1yyT4vVW4r+ep1GkcWHIFjUAA2uABVcAPqoAEweATP4BW8GU/Gi/FufMxbM0Y6cwj+wPj8Af1vmaQ=</latexit>

C(t) = h|[W (t), V (0)]|2i
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Spread of quantum information: 
Correlation Rényi entropy

<latexit sha1_base64="CvFZCLAl+aW6kEmnAPVTsaAMzTQ=">AAACH3icbVDLSsNAFJ34rPVVdelmsAh1UxIp1Y1Q7EY3UtE+oEnDZDpth04yYWYilpA/ceOvuHGhiLjr3zhpK2jrgQuHc+7l3nu8kFGpTHNsLC2vrK6tZzaym1vbO7u5vf2G5JHApI4546LlIUkYDUhdUcVIKxQE+R4jTW9YTf3mAxGS8uBejULi+Kgf0B7FSGnJzZVtMeAF8wReQFvSvo/cx05cvUugzRX1iYS2j9TA8+LrpBP/aDeJm8ubRXMCuEisGcmDGWpu7svuchz5JFCYISnblhkqJ0ZCUcxIkrUjSUKEh6hP2poGSO9x4sl/CTzWShf2uNAVKDhRf0/EyJdy5Hu6M71Wznup+J/XjlTv3IlpEEaKBHi6qBcxqDhMw4JdKghWbKQJwoLqWyEeIIGw0pFmdQjW/MuLpHFatMrF0m0pX7mcxZEBh+AIFIAFzkAFXIEaqAMMnsALeAPvxrPxanwYn9PWJWM2cwD+wBh/AzuSoow=</latexit>

⇢(0) = �CS
x ⌦ I⌦N

<latexit sha1_base64="5BE7JG6HGjSqEs3nhkmHhdsRJjU=">AAACKnicbZBLS8NAEMc3Pmt9RT16WSyCF0siRT1We9GLVLQPaNKw2W7btZsHuxshhnweL34VLz0oxasfxG0bUVsHBv78ZoaZ+bsho0IaxkhbWFxaXlnNreXXNza3tvWd3boIIo5JDQcs4E0XCcKoT2qSSkaaISfIcxlpuIPKuN54JFzQwL+XcUhsD/V82qUYSYUc/cIStOchJ24nlbsUWoGkHhEwo0/thx/kIdl33eQ6bSff7ObYTB29YBSNScB5YWaiALKoOvrQ6gQ48ogvMUNCtEwjlHaCuKSYkTRvRYKECA9Qj7SU9JHaZCeTV1N4qEgHdgOu0pdwQn9PJMgTIvZc1Tm+V8zWxvC/WiuS3XM7oX4YSeLj6aJuxKAM4Ng32KGcYMliJRDmVN0KcR9xhKVyN69MMGdfnhf1k6J5Wizdlgrly8yOHNgHB+AImOAMlMEVqIIawOAZvII38K69aENtpH1MWxe0bGYP/Ant8wuNg6fx</latexit>

�CS
y ⌦ �j

z ⌦ I⌦N�1

<latexit sha1_base64="nzzU3mtOrGu/plJ5TR6s+g5WznI="></latexit>

�CS
y ⌦ �j

z ⌦ �k
z ⌦ I⌦N�2

The correlation Rényi entropy quantifies 
the 

buildup of multispin correlations.
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Central Spin-1/2 Model

The Triphenylphosphine molecule 
has a 31P nucleus at the 
central spin position and 
fifteen 1H nuclei as the 
surrounding spins.

The total NMR signal is 
induced by an ensemble of
molecules with more than 
1017 spins.

Heteronuclear dipolar interaction (~1.2 kHz)

Homonuclear dipolar interaction (<20 kHz)
Coupling between bath (B) spins

Central spin (CS) coupled with 15 bath spins

B

Experimental Detection of the Correlation Rényi Entropy in 
the Central Spin Model

PRL 127, 080401 (2021)
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Central Spin-1/2 Model

The Triphenylphosphine molecule 
has a 31P nucleus at the 
central spin position and 
fifteen 1H nuclei as the 
surrounding spins.

The total NMR signal is 
induced by an ensemble of
molecules with more than 
1017 spins.

Heteronuclear dipolar interaction (~1.2 kHz)

Central spin (CS) coupled with 15 bath spins

Experimental Detection of the Correlation Rényi Entropy in 
the Central Spin Model

PRL 127, 080401 (2021)

• Room temperature.
• Good isolation from an external bath.
• The central spin is initially polarized and 

coupled with the 15 unpolarized 
surrounding spins.
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Evolution under the ZZ interaction

Fully mixed:

As the CSB system evolves under the ZZ interaction, 
information from the central spin gets shared with the bath spins.

Spread of quantum information
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FID and entanglement entropy

The loss of information from the central spin can be quantified with the

• Free induction decay (FID):

<latexit sha1_base64="62dVoZyXG0ih5Kcsw7ED1dwhud8=">AAACDnicbVC7SgNBFJ31GeMramkzGAKxCbsS1EYISWMZMS/IrsvsZJIMmX0wc1cMS77Axl+xsVDE1trOv3E2SaGJBy4czrmXe+/xIsEVmOa3sbK6tr6xmdnKbu/s7u3nDg5bKowlZU0ailB2PKKY4AFrAgfBOpFkxPcEa3ujWuq375lUPAwaMI6Y45NBwPucEtCSmyvYchjeJbXbSbFxiq+wDewBkoacuFXcTb1Udtxc3iyZU+BlYs1JHs1Rd3Nfdi+ksc8CoIIo1bXMCJyESOBUsEnWjhWLCB2RAetqGhCfKSeZvjPBBa30cD+UugLAU/X3REJ8pca+pzt9AkO16KXif143hv6lk/AgioEFdLaoHwsMIU6zwT0uGQUx1oRQyfWtmA6JJBR0glkdgrX48jJpnZWs81L5ppyvVOdxZNAxOkFFZKELVEHXqI6aiKJH9Ixe0ZvxZLwY78bHrHXFmM8coT8wPn8ArXSamw==</latexit>

⇢CS(T ) = TrB [⇢(T )]
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FID and entanglement entropy

The loss of information from the central spin can be quantified with the

• Free induction decay (FID):

• Entanglement entropy

<latexit sha1_base64="62dVoZyXG0ih5Kcsw7ED1dwhud8=">AAACDnicbVC7SgNBFJ31GeMramkzGAKxCbsS1EYISWMZMS/IrsvsZJIMmX0wc1cMS77Axl+xsVDE1trOv3E2SaGJBy4czrmXe+/xIsEVmOa3sbK6tr6xmdnKbu/s7u3nDg5bKowlZU0ailB2PKKY4AFrAgfBOpFkxPcEa3ujWuq375lUPAwaMI6Y45NBwPucEtCSmyvYchjeJbXbSbFxiq+wDewBkoacuFXcTb1Udtxc3iyZU+BlYs1JHs1Rd3Nfdi+ksc8CoIIo1bXMCJyESOBUsEnWjhWLCB2RAetqGhCfKSeZvjPBBa30cD+UugLAU/X3REJ8pca+pzt9AkO16KXif143hv6lk/AgioEFdLaoHwsMIU6zwT0uGQUx1oRQyfWtmA6JJBR0glkdgrX48jJpnZWs81L5ppyvVOdxZNAxOkFFZKELVEHXqI6aiKJH9Ixe0ZvxZLwY78bHrHXFmM8coT8wPn8ArXSamw==</latexit>

⇢CS(T ) = TrB [⇢(T )]
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FID and entanglement entropy

Thin lines are for each realization of
sets of ωj,

and  
thick line gives the average over 

300 random orientations
of the molecules.

The total NMR signal is 
induced by an ensemble of
molecules with more than 
1017 spins.
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Multispin correlations

As the CSB system evolves under the ZZ interaction, information from the central spin gets 
shared with the bath spins giving rise to clusters of multispin correlations.
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Multispin correlations

<latexit sha1_base64="O3Puf5dntbMdUVM8k1zkxMyal7M="></latexit>

[�CS
x ,�CS

z ⌦ �j
z] = �2i�CS

y ⌦ �j
z

The commutators above lead to terms with a different 
number m of nonidentity bath spins operators.

As the CSB system evolves under the ZZ interaction, information from the central spin gets 
shared with the bath spins giving rise to clusters of multispin correlations.
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Correlation Rényi entropy 

Our entropy quantifies the 
volume of correlations among qubits.

<latexit sha1_base64="EvvQW4vH8NtGcTB9oiwHVvAiadM=">AAACIHicbVDLTgIxFO3gC/E16tJNIzHBhWSGoLghIbJxiVEeCY9JpxRopp2ZtB0TMvApbvwVNy40Rnf6NZbHAsGT3OTknHtz7z1uyKhUlvVtJNbWNza3ktupnd29/QPz8Kgmg0hgUsUBC0TDRZIw6pOqooqRRigI4i4jddcrT/z6IxGSBv6DGoakzVHfpz2KkdKSYxbuHTujzmERXsCWjLgTe0Vr3IntyzEclR1Pe6NODrKg7+TgguKYaStrTQFXiT0naTBHxTG/Wt0AR5z4CjMkZdO2QtWOkVAUMzJOtSJJQoQ91CdNTX3EiWzH0wfH8EwrXdgLhC5fwam6OBEjLuWQu7qTIzWQy95E/M9rRqp33Y6pH0aK+Hi2qBcxqAI4SQt2qSBYsaEmCAuqb4V4gATCSmea0iHYyy+vkloua19l83f5dOlmHkcSnIBTkAE2KIASuAUVUAUYPIEX8AbejWfj1fgwPmetCWM+cwz+wPj5BS1ln+8=</latexit>

S1(t) = �
15X

k=0

|Ck(t)|2log2|Ck(t)|2

As the CSB system evolves under the ZZ interaction, information from the central spin gets 
shared with the bath spins giving rise to clusters of multispin correlations.
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Correlation Rényi vs entanglement entropy

The uncorrelated term with amplitude C0
z(T) is the only one that survives the partial trace 

used to obtain ρCS(T), thus the only one that contributes to FID(T) and entanglement entropy.

The decay of C0
z(T) describes the loss of information from the central spin, 

causes the decline of the observable NMR signal 
the growth of the entanglement entropy.

<latexit sha1_base64="62dVoZyXG0ih5Kcsw7ED1dwhud8=">AAACDnicbVC7SgNBFJ31GeMramkzGAKxCbsS1EYISWMZMS/IrsvsZJIMmX0wc1cMS77Axl+xsVDE1trOv3E2SaGJBy4czrmXe+/xIsEVmOa3sbK6tr6xmdnKbu/s7u3nDg5bKowlZU0ailB2PKKY4AFrAgfBOpFkxPcEa3ujWuq375lUPAwaMI6Y45NBwPucEtCSmyvYchjeJbXbSbFxiq+wDewBkoacuFXcTb1Udtxc3iyZU+BlYs1JHs1Rd3Nfdi+ksc8CoIIo1bXMCJyESOBUsEnWjhWLCB2RAetqGhCfKSeZvjPBBa30cD+UugLAU/X3REJ8pca+pzt9AkO16KXif143hv6lk/AgioEFdLaoHwsMIU6zwT0uGQUx1oRQyfWtmA6JJBR0glkdgrX48jJpnZWs81L5ppyvVOdxZNAxOkFFZKELVEHXqI6aiKJH9Ixe0ZvxZLwY78bHrHXFmM8coT8wPn8ArXSamw==</latexit>

⇢CS(T ) = TrB [⇢(T )]

<latexit sha1_base64="EvvQW4vH8NtGcTB9oiwHVvAiadM=">AAACIHicbVDLTgIxFO3gC/E16tJNIzHBhWSGoLghIbJxiVEeCY9JpxRopp2ZtB0TMvApbvwVNy40Rnf6NZbHAsGT3OTknHtz7z1uyKhUlvVtJNbWNza3ktupnd29/QPz8Kgmg0hgUsUBC0TDRZIw6pOqooqRRigI4i4jddcrT/z6IxGSBv6DGoakzVHfpz2KkdKSYxbuHTujzmERXsCWjLgTe0Vr3IntyzEclR1Pe6NODrKg7+TgguKYaStrTQFXiT0naTBHxTG/Wt0AR5z4CjMkZdO2QtWOkVAUMzJOtSJJQoQ91CdNTX3EiWzH0wfH8EwrXdgLhC5fwam6OBEjLuWQu7qTIzWQy95E/M9rRqp33Y6pH0aK+Hi2qBcxqAI4SQt2qSBYsaEmCAuqb4V4gATCSmea0iHYyy+vkloua19l83f5dOlmHkcSnIBTkAE2KIASuAUVUAUYPIEX8AbejWfj1fgwPmetCWM+cwz+wPj5BS1ln+8=</latexit>

S1(t) = �
15X

k=0

|Ck(t)|2log2|Ck(t)|2

Our entropy captures the buildup of multispin correlations 
as determined by the higher order terms with m > 0.
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Correlation Rényi entropy 
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Correlation Rényi entropy vs 
Entanglement entropy

C0z(T) 

Entanglement entropy quantifies the loss of information from the central spin.

Correlation Rényi entropy measures the volume of multispin correlations,
captures how that information gets shared between 
the central spin and the bath spins through the correlations;
provides a more detailed picture of the dynamics of the composite system.

Correlation Rényi entropy 
keeps growing even after the entanglement entropy has already saturated.

<latexit sha1_base64="q96Z9TXhiCA1tuh/y54k7IUtFL8="></latexit>

S1(t) = �
NX

n=�N

|Cx
n(t)|2log2|Cx

n(t)|2
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Timescales

Equilibration time for the 
correlation Rényi entropy 
is nearly independent 
of the system size.
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Equilibration time?

Correlation Rényi entropy saturates at a time that is 1 order of magnitude larger 
than the saturation time for entanglement entropy.
Equilibration time is nearly independent of the bath size.

PRL 127, 080401 (2021)

Equilibration time depends on the quantity and on dynamical features considered.



Lea F. Santos UNAM 2022

EXTRA SLIDES



Lea F. Santos UNAM 2022

The experiment: x-basis

The experiment cannot directly measure Cz
(m)(T). 

The experiment can directly measure the coherence order intensities Cx
(n)(T).

Write the bath spin operators in terms of coherence raising and lowering operators in the 
x-quantization basis



Lea F. Santos UNAM 2022

The stages of the experiment

The coherence detection technique exploits the collective response of the spins.

CSBCSB CSB CSB
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The coherence detection technique exploits the collective response of the spins.

CSBCSB CSB CSB

The signal is recorded for various increments of rotation angle ϕ ∈ [0, 2π]. 
By performing a Fourier transform of this array of observed signals, 
one gets the intensities

Intensities encoded in the phase
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Dynamical decoupling

<latexit sha1_base64="TLUbqznfxZ4+Tdfye4cu5ikyCR0=">AAACBHicbZDLSgMxFIYzXmu9jbrsJlgEV2WmFHUjFN0UVxXsBdpxyKSZNjTJDElGqEMXbnwVNy4UcetDuPNtTNsBtfWHwMd/zuHk/EHMqNKO82UtLa+srq3nNvKbW9s7u/beflNFicSkgSMWyXaAFGFUkIammpF2LAniASOtYHg5qbfuiFQ0Ejd6FBOPo76gIcVIG8u3CzV4Dq9gV9E+R7f3vvuDZd8uOiVnKrgIbgZFkKnu25/dXoQTToTGDCnVcZ1YeymSmmJGxvluokiM8BD1ScegQJwoL50eMYZHxunBMJLmCQ2n7u+JFHGlRjwwnRzpgZqvTcz/ap1Eh2deSkWcaCLwbFGYMKgjOEkE9qgkWLORAYQlNX+FeIAkwtrkljchuPMnL0KzXHJPSpXrSrF6kcWRAwVwCI6BC05BFdRAHTQABg/gCbyAV+vRerberPdZ65KVzRyAP7I+vgF14Za8</latexit>

H = J�
z
1�

z
2

<latexit sha1_base64="B6EMt9a8lELchdZF9Ulm+BXm+mc=">AAACDnicbZBPSwJBGMZn+2v2b6tjlyER7JDsilSXQOoSnQxcFXRdZsdRB2dnl5nZwBY/QZe+SpcORXTt3K1v06gLlfbAwI/nfV/eeR8/YlQqy/oylpZXVtfWMxvZza3tnV1zb78uw1hg4uCQhaLpI0kY5cRRVDHSjARBgc9Iwx9eTeqNOyIkDXlNjSLiBqjPaY9ipLTlmXmnUDu+IJ3khMIb2Ja0H6DOvWf/YAnWxp6Zs4rWVHAR7BRyIFXVMz/b3RDHAeEKMyRly7Yi5SZIKIoZGWfbsSQRwkPUJy2NHAVEusn0nDHMa6cLe6HQjys4dX9PJCiQchT4ujNAaiDnaxPzv1orVr1zN6E8ihXheLaoFzOoQjjJBnapIFixkQaEBdV/hXiABMJKJ5jVIdjzJy9CvVS0T4vl23KucpnGkQGH4AgUgA3OQAVcgypwAAYP4Am8gFfj0Xg23oz3WeuSkc4cgD8yPr4BYruadw==</latexit>

U(T ) = e�iJ�z
1�

z
2T

<latexit sha1_base64="GKAw+KKrhLfvnM8CUFKbLzB4Vgc=">AAACOHicjVDLSgMxFM34rPU16tJNsAh1YZkpRd0IRTfixgqdttBOh0yaaUMzD5KMWId+lhs/w524caGIW7/AtB1QWxceCBzOOZebe9yIUSEN40mbm19YXFrOrGRX19Y3NvWt7ZoIY46JhUMW8oaLBGE0IJakkpFGxAnyXUbqbv985NdvCBc0DKpyEBHbR92AehQjqSRHv7LyxerBacW5haSdHFJ4CVuCdn3UvnPMb1qE1SH8T8jRc0bBGAPOEjMlOZCi4uiPrU6IY58EEjMkRNM0ImkniEuKGRlmW7EgEcJ91CVNRQPkE2En48OHcF8pHeiFXL1AwrH6cyJBvhAD31VJH8memPZG4l9eM5beiZ3QIIolCfBkkRczKEM4ahF2KCdYsoEiCHOq/gpxD3GEpeo6q0owp0+eJbViwTwqlK5LufJZWkcG7II9kAcmOAZlcAEqwAIY3INn8AretAftRXvXPibROS2d2QG/oH1+AciDqhU=</latexit>

U(2T ) = Pxe
�iJ�z

1�
z
2TPxe

�iJ�z
1�

z
2T

<latexit sha1_base64="2eoSnBSSI0KAs9co2E+wyclYWC0=">AAACDnicbVDLSsNAFJ34rPUVdelmsBTcWJJS1I1QdOOygn1Ak4bJdNIOnUzCzERaQr7Ajb/ixoUibl2782+ctllo64ELh3Pu5d57/JhRqSzr21hZXVvf2CxsFbd3dvf2zYPDlowSgUkTRywSHR9JwignTUUVI51YEBT6jLT90c3Ubz8QIWnE79UkJm6IBpwGFCOlJc8sN7wxvIKkl55R6AQC4dSJaZZWM+hIOgiRZ/fGmWeWrIo1A1wmdk5KIEfDM7+cfoSTkHCFGZKya1uxclMkFMWMZEUnkSRGeIQGpKspRyGRbjp7J4NlrfRhEAldXMGZ+nsiRaGUk9DXnSFSQ7noTcX/vG6igks3pTxOFOF4vihIGFQRnGYD+1QQrNhEE4QF1bdCPEQ6E6UTLOoQ7MWXl0mrWrHPK7W7Wql+ncdRAMfgBJwCG1yAOrgFDdAEGDyCZ/AK3own48V4Nz7mrStGPnME/sD4/AEAfpt9</latexit>

Px = e�i⇡
2 �x

1

<latexit sha1_base64="e7cjDxcbk/ab2KWEEqbbucgLY7c=">AAAB/3icbVDLSgNBEOz1GeNrVfDiZTAIXgy7EtSLEPTiMaJ5QLJZZiezyZDZBzOzkrDm4K948aCIV3/Dm3/jJNmDJhY0FFXddHd5MWdSWda3sbC4tLyymlvLr29sbm2bO7s1GSWC0CqJeCQaHpaUs5BWFVOcNmJBceBxWvf612O//kCFZFF4r4YxdQLcDZnPCFZacs39ijtAl4i20xOGWjFDd67dHoxcs2AVrQnQPLEzUoAMFdf8anUikgQ0VIRjKZu2FSsnxUIxwuko30okjTHp4y5tahrigEonndw/Qkda6SA/ErpChSbq74kUB1IOA093Blj15Kw3Fv/zmonyL5yUhXGiaEimi/yEIxWhcRiowwQlig81wUQwfSsiPSwwUTqyvA7Bnn15ntROi/ZZsXRbKpSvsjhycACHcAw2nEMZbqACVSDwCM/wCm/Gk/FivBsf09YFI5vZgz8wPn8AzaaUsw==</latexit>

Px = e�i⇡Sx
1

<latexit sha1_base64="nArY7GTNW9+qUlHHrIqzYGWzjVY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpJIUTdC0Y3LCvYBbQyT6aQdOjMJMxNpCPVX3LhQxK0f4s6/cdpmoa0HLhzOuZd77wliRpV2nG+rsLK6tr5R3Cxtbe/s7tn7By0VJRKTJo5YJDsBUoRRQZqaakY6sSSIB4y0g9HN1G8/EqloJO51GhOPo4GgIcVIG8m3yw1/DK/gKYU9RQcc+e7D2LcrTtWZAS4TNycVkKPh21+9foQTToTGDCnVdZ1YexmSmmJGJqVeokiM8AgNSNdQgThRXjY7fgKPjdKHYSRNCQ1n6u+JDHGlUh6YTo70UC16U/E/r5vo8NLLqIgTTQSeLwoTBnUEp0nAPpUEa5YagrCk5laIh0girE1eJROCu/jyMmmdVd3zau2uVqlf53EUwSE4AifABRegDm5BAzQBBil4Bq/gzXqyXqx362PeWrDymTL4A+vzB9Vdk58=</latexit>

Px = �i�x
1

p-pulse: 
instantaneous rotation of spin 1 
of 180o around the x-axis

<latexit sha1_base64="0//c21n0I0oKVknz6+2e5AlWfd0=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAIdWGZKUXdCEU3uqvQaQvtUDJppg3NPEgyQh2Kv+LGhSJu/Q93/o2ZtgutHggczrmXe3K8mDOpLOvLyC0tr6yu5dcLG5tb2zvm7l5TRokg1CERj0Tbw5JyFlJHMcVpOxYUBx6nLW90nfmteyoki8KGGsfUDfAgZD4jWGmpZx44pUrjBF2iU9QNsBp6Xno76ZlFq2xNgf4Se06KMEe9Z352+xFJAhoqwrGUHduKlZtioRjhdFLoJpLGmIzwgHY0DXFApZtO00/QsVb6yI+EfqFCU/XnRooDKceBpyezhHLRy8T/vE6i/As3ZWGcKBqS2SE/4UhFKKsC9ZmgRPGxJpgIprMiMsQCE6ULK+gS7MUv/yXNStk+K1fvqsXa1byOPBzCEZTAhnOowQ3UwQECD/AEL/BqPBrPxpvxPhvNGfOdffgF4+Mbs6mTfQ==</latexit>

U(2T ) = �I
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Dynamical decoupling

<latexit sha1_base64="GKAw+KKrhLfvnM8CUFKbLzB4Vgc=">AAACOHicjVDLSgMxFM34rPU16tJNsAh1YZkpRd0IRTfixgqdttBOh0yaaUMzD5KMWId+lhs/w524caGIW7/AtB1QWxceCBzOOZebe9yIUSEN40mbm19YXFrOrGRX19Y3NvWt7ZoIY46JhUMW8oaLBGE0IJakkpFGxAnyXUbqbv985NdvCBc0DKpyEBHbR92AehQjqSRHv7LyxerBacW5haSdHFJ4CVuCdn3UvnPMb1qE1SH8T8jRc0bBGAPOEjMlOZCi4uiPrU6IY58EEjMkRNM0ImkniEuKGRlmW7EgEcJ91CVNRQPkE2En48OHcF8pHeiFXL1AwrH6cyJBvhAD31VJH8memPZG4l9eM5beiZ3QIIolCfBkkRczKEM4ahF2KCdYsoEiCHOq/gpxD3GEpeo6q0owp0+eJbViwTwqlK5LufJZWkcG7II9kAcmOAZlcAEqwAIY3INn8AretAftRXvXPibROS2d2QG/oH1+AciDqhU=</latexit>

U(2T ) = Pxe
�iJ�z

1�
z
2TPxe

�iJ�z
1�

z
2T

<latexit sha1_base64="40n2yHUlLVPGvktVVsjZ2hMO0mM="></latexit>

U(2T ) = PxPxP
†
xe

�iJ�z
1�

z
2TPxe

�iJ�z
1�

z
2T

-1 <latexit sha1_base64="sJoRpoxITd1dF3C9Zfe+P1iMjEY=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBxrArQS2DNikj5AXJZpmd3E2GzD6YmRXDsqWNv2JjoYitn2Dn3zh5FJp44MKZc+5l7j1ezJlUlvVt5FZW19Y38puFre2d3T1z/6Apo0RQaNCIR6LtEQmchdBQTHFoxwJI4HFoeaPbid+6ByFZFNbVOAYnIIOQ+YwSpSXXPIZees4wrrkPvbTbJ4MBiAxXJ29czzB2zaJVsqbAy8SekyKao+aaX91+RJMAQkU5kbJjW7FyUiIUoxyyQjeREBM6IgPoaBqSAKSTTg/J8KlW+tiPhK5Q4an6eyIlgZTjwNOdAVFDuehNxP+8TqL8aydlYZwoCOnsIz/hWEV4kgruMwFU8bEmhAqmd8V0SAShSmdX0CHYiycvk+ZFyb4sle/KxcrNPI48OkIn6AzZ6ApVUBXVUANR9Iie0St6M56MF+Pd+Ji15oz5zCH6A+PzBx+UmCE=</latexit>

e�iP
†
xHPxT

<latexit sha1_base64="rd4DcT36Mq0dYWKHeRi70Idn4w8="></latexit>

I� iP
†
xHPxT � T

2

2!
P

†
xH

2
Px + i

T
3

3!
P

†
xH

3
Px + . . .
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Dynamical decoupling

<latexit sha1_base64="GKAw+KKrhLfvnM8CUFKbLzB4Vgc=">AAACOHicjVDLSgMxFM34rPU16tJNsAh1YZkpRd0IRTfixgqdttBOh0yaaUMzD5KMWId+lhs/w524caGIW7/AtB1QWxceCBzOOZebe9yIUSEN40mbm19YXFrOrGRX19Y3NvWt7ZoIY46JhUMW8oaLBGE0IJakkpFGxAnyXUbqbv985NdvCBc0DKpyEBHbR92AehQjqSRHv7LyxerBacW5haSdHFJ4CVuCdn3UvnPMb1qE1SH8T8jRc0bBGAPOEjMlOZCi4uiPrU6IY58EEjMkRNM0ImkniEuKGRlmW7EgEcJ91CVNRQPkE2En48OHcF8pHeiFXL1AwrH6cyJBvhAD31VJH8memPZG4l9eM5beiZ3QIIolCfBkkRczKEM4ahF2KCdYsoEiCHOq/gpxD3GEpeo6q0owp0+eJbViwTwqlK5LufJZWkcG7II9kAcmOAZlcAEqwAIY3INn8AretAftRXvXPibROS2d2QG/oH1+AciDqhU=</latexit>

U(2T ) = Pxe
�iJ�z

1�
z
2TPxe

�iJ�z
1�

z
2T

<latexit sha1_base64="40n2yHUlLVPGvktVVsjZ2hMO0mM="></latexit>

U(2T ) = PxPxP
†
xe

�iJ�z
1�

z
2TPxe

�iJ�z
1�

z
2T

-1 <latexit sha1_base64="sJoRpoxITd1dF3C9Zfe+P1iMjEY=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBxrArQS2DNikj5AXJZpmd3E2GzD6YmRXDsqWNv2JjoYitn2Dn3zh5FJp44MKZc+5l7j1ezJlUlvVt5FZW19Y38puFre2d3T1z/6Apo0RQaNCIR6LtEQmchdBQTHFoxwJI4HFoeaPbid+6ByFZFNbVOAYnIIOQ+YwSpSXXPIZees4wrrkPvbTbJ4MBiAxXJ29czzB2zaJVsqbAy8SekyKao+aaX91+RJMAQkU5kbJjW7FyUiIUoxyyQjeREBM6IgPoaBqSAKSTTg/J8KlW+tiPhK5Q4an6eyIlgZTjwNOdAVFDuehNxP+8TqL8aydlYZwoCOnsIz/hWEV4kgruMwFU8bEmhAqmd8V0SAShSmdX0CHYiycvk+ZFyb4sle/KxcrNPI48OkIn6AzZ6ApVUBXVUANR9Iie0St6M56MF+Pd+Ji15oz5zCH6A+PzBx+UmCE=</latexit>

e�iP
†
xHPxT

<latexit sha1_base64="nArY7GTNW9+qUlHHrIqzYGWzjVY=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpJIUTdC0Y3LCvYBbQyT6aQdOjMJMxNpCPVX3LhQxK0f4s6/cdpmoa0HLhzOuZd77wliRpV2nG+rsLK6tr5R3Cxtbe/s7tn7By0VJRKTJo5YJDsBUoRRQZqaakY6sSSIB4y0g9HN1G8/EqloJO51GhOPo4GgIcVIG8m3yw1/DK/gKYU9RQcc+e7D2LcrTtWZAS4TNycVkKPh21+9foQTToTGDCnVdZ1YexmSmmJGJqVeokiM8AgNSNdQgThRXjY7fgKPjdKHYSRNCQ1n6u+JDHGlUh6YTo70UC16U/E/r5vo8NLLqIgTTQSeLwoTBnUEp0nAPpUEa5YagrCk5laIh0girE1eJROCu/jyMmmdVd3zau2uVqlf53EUwSE4AifABRegDm5BAzQBBil4Bq/gzXqyXqx362PeWrDymTL4A+vzB9Vdk58=</latexit>
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Average Hamiltonian
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Magnus expansion

Baker–Campbell–Hausdorff expansion



Lea F. Santos UNAM 2022

MREV-8

Sequence with 8 p/2-pulses, so that the zeroth order of the 
average Hamiltonian becomes effectively
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Coherence orders
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Coherence orders
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The experiment: Coherence orders

The experiment cannot directly measure Cz(m)(T). 
The experiment can directly measure the coherence order intensities Cx(n)(T).

Write the bath spin operators in terms of coherence raising and lowering
operators in the x-quantization basis

Coherence order 2

Coherence order - 2

Coherence order 0

Coherence order 0


