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Generic dynamical features of quenched interacting quantum systems: 

Survival probability, density imbalance and out-of-time-ordered correlator
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Equilibration

Ø Consensus on what equilibration in isolated finite quantum systems means.

Ø What are the time scales involved in the relaxation process?
Contradictory results. 

*) equilibration happens at very short times. 
*) claim that extremely long times are required.

O
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Time Scales in Real Systems

Ø Consensus on what equilibration in isolated finite quantum systems means..

Ø What are the time scales involved in the relaxation process?
Contradictory results. 

*) equilibration happens at very short times. 
*) claim that extremely long times are required.

In realistic isolated many-body quantum systems.

*) Focus: two very long time scales -- Thouless time and Relaxation time. 

*) These two increase exponentially with system size.

O

Schiulaz, Torres-Herrera & LFS, 
arXiv: 1807.07577
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1D Disordered Spin-1/2 Model
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L: number of sites

VERY STRONG PERTURBATION
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1D Disordered Spin-1/2 Model
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Ø ENTIRE DYNAMICS
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L: number of sites



Lea F. Santos,   Yeshiva University PCS, Daejeon, South Korea, 2018

1D Disordered Spin-1/2 Model
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LFS, Rigolin, Escobar 
Entanglement versus chaos in disordered spin chains

PRA 69, 042304 (2004)
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Eigenvalues and eigenstates 
of the total Hamiltonian

Survival Probability
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Other experimental observables

Ø Spin autocorrelation function
Ø Participation ratio
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Eigenvalues and eigenstates 
of the total Hamiltonian

Survival Probability
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Survival Probability
Chaotic h=0.5J
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Survival Probability
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Survival Probability

= Cα
ini

α≠β

∑
2
Cβ
ini 2 e−i(Eα−Eβ )t + Cα

ini

α

∑
4

shape correlations within

ρ(E)e−iEt dE
Elow

Eup

∫
2

ρ

E

Γ Width of the distribution
Decay rate

Chaotic h=0.5J

SP

Comment: survival collapse

=

e��2t2

(�t)2
<latexit sha1_base64="VErwuP2N1PVB9SnC1zocs+QsAwg=">AAACD3icbVC7TsMwFHXKq5RXgJHFogKVgSqpkGCsYICxSPQhNW3luE5r1U4i+wapivoHLPwKCwMIsbKy8Te4bQYoHMnSuefcq+t7/FhwDY7zZeWWlldW1/LrhY3Nre0de3evoaNEUVankYhUyyeaCR6yOnAQrBUrRqQvWNMfXU395j1TmkfhHYxj1pFkEPKAUwJG6tnHXqAITVk3PfWuiZSkW8HQrUwmaWleYzgxZc8uOmVnBvyXuBkpogy1nv3p9SOaSBYCFUTrtuvE0EmJAk4FmxS8RLOY0BEZsLahIZFMd9LZPRN8ZJQ+DiJlXgh4pv6cSInUeix90ykJDPWiNxX/89oJBBedlIdxAiyk80VBIjBEeBoO7nPFKIixIYQqbv6K6ZCYgMBEWDAhuIsn/yWNStl1yu7tWbF6mcWRRwfoEJWQi85RFd2gGqojih7QE3pBr9aj9Wy9We/z1pyVzeyjX7A+vgFwdpue</latexit><latexit sha1_base64="VErwuP2N1PVB9SnC1zocs+QsAwg=">AAACD3icbVC7TsMwFHXKq5RXgJHFogKVgSqpkGCsYICxSPQhNW3luE5r1U4i+wapivoHLPwKCwMIsbKy8Te4bQYoHMnSuefcq+t7/FhwDY7zZeWWlldW1/LrhY3Nre0de3evoaNEUVankYhUyyeaCR6yOnAQrBUrRqQvWNMfXU395j1TmkfhHYxj1pFkEPKAUwJG6tnHXqAITVk3PfWuiZSkW8HQrUwmaWleYzgxZc8uOmVnBvyXuBkpogy1nv3p9SOaSBYCFUTrtuvE0EmJAk4FmxS8RLOY0BEZsLahIZFMd9LZPRN8ZJQ+DiJlXgh4pv6cSInUeix90ykJDPWiNxX/89oJBBedlIdxAiyk80VBIjBEeBoO7nPFKIixIYQqbv6K6ZCYgMBEWDAhuIsn/yWNStl1yu7tWbF6mcWRRwfoEJWQi85RFd2gGqojih7QE3pBr9aj9Wy9We/z1pyVzeyjX7A+vgFwdpue</latexit><latexit sha1_base64="VErwuP2N1PVB9SnC1zocs+QsAwg=">AAACD3icbVC7TsMwFHXKq5RXgJHFogKVgSqpkGCsYICxSPQhNW3luE5r1U4i+wapivoHLPwKCwMIsbKy8Te4bQYoHMnSuefcq+t7/FhwDY7zZeWWlldW1/LrhY3Nre0de3evoaNEUVankYhUyyeaCR6yOnAQrBUrRqQvWNMfXU395j1TmkfhHYxj1pFkEPKAUwJG6tnHXqAITVk3PfWuiZSkW8HQrUwmaWleYzgxZc8uOmVnBvyXuBkpogy1nv3p9SOaSBYCFUTrtuvE0EmJAk4FmxS8RLOY0BEZsLahIZFMd9LZPRN8ZJQ+DiJlXgh4pv6cSInUeix90ykJDPWiNxX/89oJBBedlIdxAiyk80VBIjBEeBoO7nPFKIixIYQqbv6K6ZCYgMBEWDAhuIsn/yWNStl1yu7tWbF6mcWRRwfoEJWQi85RFd2gGqojih7QE3pBr9aj9Wy9We/z1pyVzeyjX7A+vgFwdpue</latexit><latexit sha1_base64="VErwuP2N1PVB9SnC1zocs+QsAwg=">AAACD3icbVC7TsMwFHXKq5RXgJHFogKVgSqpkGCsYICxSPQhNW3luE5r1U4i+wapivoHLPwKCwMIsbKy8Te4bQYoHMnSuefcq+t7/FhwDY7zZeWWlldW1/LrhY3Nre0de3evoaNEUVankYhUyyeaCR6yOnAQrBUrRqQvWNMfXU395j1TmkfhHYxj1pFkEPKAUwJG6tnHXqAITVk3PfWuiZSkW8HQrUwmaWleYzgxZc8uOmVnBvyXuBkpogy1nv3p9SOaSBYCFUTrtuvE0EmJAk4FmxS8RLOY0BEZsLahIZFMd9LZPRN8ZJQ+DiJlXgh4pv6cSInUeix90ykJDPWiNxX/89oJBBedlIdxAiyk80VBIjBEeBoO7nPFKIixIYQqbv6K6ZCYgMBEWDAhuIsn/yWNStl1yu7tWbF6mcWRRwfoEJWQi85RFd2gGqojih7QE3pBr9aj9Wy9We/z1pyVzeyjX7A+vgFwdpue</latexit>

e��2
t

2

4N 2

����


erf

✓
E0 � E

low

+ i�2tp
2�

◆

� erf

✓
E0 � E

up

+ i�2tp
2�

◆�����
2

<latexit sha1_base64="1I4kR1wdmtNatAhcpQLaYtUnCts="></latexit><latexit sha1_base64="1I4kR1wdmtNatAhcpQLaYtUnCts="></latexit><latexit sha1_base64="1I4kR1wdmtNatAhcpQLaYtUnCts="></latexit><latexit sha1_base64="1I4kR1wdmtNatAhcpQLaYtUnCts="></latexit>



Lea F. Santos,   Yeshiva University PCS, Daejeon, South Korea, 2018

Survival Probability
Chaotic h=0.5J
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Survival Probability
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Survival Probability
Chaotic h=0.5J
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Spread in the many-body space
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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>

Borgonovi, Izrailev & LFS, 
arXiv: 1802.08265

D =
L!

(L/2)!2
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dimension of Hilbert space

L: number of sites
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Survival Probability
Chaotic h=0.5J
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Direct analogy with the analytical result for GOE full random matrices

SP(t) = 1− SP
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D: dimension of Hilbert space D =
L!

(L/2)!2
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L: number of sites
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Survival Probability
GOE Full Random Matrix

SP(t) = 1− SP
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Survival Probability
Chaotic h=0.5J

SP(t) = 1− SP
D−1
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dimension of Hilbert space

ρ

E
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D: dimension of Hilbert space
L: number of sites
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Realistic spin-1/2 model

tTh ∝
D2/3

Γ

Thouless time

Γ∝ L

tR ∝
D
Γ δ

Relaxation time

Chaotic h=0.5J

tR ∝D
1/3tTh hole stretches with L

Schiulaz, Torres-Herrera & LFS, 
arXiv: 1807.07577
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Realistic spin-1/2 model

tTh ∝
D2/3

Γ

Thouless time

Γ∝ L

tR ∝
D
Γ δ

Relaxation time

Chaotic h=0.5J

Divergence: consistent with
the correspondence principle

Schiulaz, Torres-Herrera & LFS, 
arXiv: 1807.07577
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Realistic spin-1/2 model

Schiulaz, Torres-Herrera & LFS, 
arXiv: 1807.07577
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Chaotic h=0.5J
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Thouless Time and
Disorder Strength

Time for the minimum of the hole (TTh) gets postponed 
as the disorder (h) increases.

The hole becomes narrower and shallower.

Fixed
system

size
L=16

t

h=0.5

h=1
h=1.5

h=2
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Thouless     
Dimensionless Conductance

tR ∝
D
Γ δ

tTh

tR
tTh

tR
tTh
∝ e(L ln2)/3

Delocalized (chaotic)

Toward localization
tR
tTh

→1

Thouless
dimensionless
conductance

Schiulaz, Torres-Herrera & LFS, 
arXiv: 1807.07577
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Why Thouless?     
Relation with the Thouless Energy

Schiulaz, Torres-Herrera & LFS, 
arXiv: 1807.07577
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The level statistics of disordered
systems follows that of full random
matrices up to the Thouless energy

ETh / 1
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Summary

Ø Correlation hole is an indicator of the delocalized-localized transition.

Ø Analytical expressions from full random matrices serve as bounds 
and references for the analysis of realistic models.

Ø Time scales:
Thouless time – minimum of the correlation hole.

(signature of level repulsion)

Relaxation time – end of the hole, fluctuations tR ∝
D
Γ δ

tTh ∝
D2/3

Γ
tR ∝D

1/3tTh

Toward localization
tR
tTh

→1

Schiulaz, Torres-Herrera & LFS, 
arXiv: 1807.07577


