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TNS: entanglement-based ansatzes for quantum 
many-body states
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kinetically constrained 
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stochastic dynamics
problem mapped to 

quantum GS
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challenge: new tools for 
dynamical regimes
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TRG approaches

TN assisted Metropolis-Hastings
collective updates

Frías-Pérez, Marien, Pérez-García, MCB, Iblisdir, 
SciPost Phys. 14, 123 (2023)



a question we want to address…



how do quantum systems thermalize?



Thermalization of quantum systems
quantum system
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Ē =
Em + En

2
<latexit sha1_base64="m5tu5+oSuR2E+/8w46LkqVG5wXM=">AAAB+XicdVBNS8NAEN34WetX1KOXxSJ4MSRp09aDUBTBo4JVoQ1hs93UpbubsLsplNB/4sWDIl79J978N25rBRV9MPB4b4aZeXHGqNKu+27NzS8sLi2XVsqra+sbm/bW9rVKc4lJG6cslbcxUoRRQdqaakZuM0kQjxm5iQenE/9mSKSiqbjSo4yEHPUFTShG2kiRbXdTTvrouDiL+OFZJMaRXXEdv+4HR03oOtXA9asNQ2q+F7gB9Bx3igqY4SKy37q9FOecCI0ZUqrjuZkOCyQ1xYyMy91ckQzhAeqTjqECcaLCYnr5GO4bpQeTVJoSGk7V7xMF4kqNeGw6OdJ36rc3Ef/yOrlOmmFBRZZrIvDnoiRnUKdwEgPsUUmwZiNDEJbU3ArxHZIIaxNW2YTw9Sn8n1z7jld3ape1SutkFkcJ7II9cAA80AAtcA4uQBtgMAT34BE8WYX1YD1bL5+tc9ZsZgf8gPX6AV3Gk4M=</latexit>

! = Em � En

Srednicki, Deutsch 90s

review: D’Alessio et al,  Adv Phys 65 (2016)



Eigenstate Thermalization Hypothesis (ETH)

theoretical framework for quantum thermalization

qualifies random matrix behaviour to account 
for physical features

ansatz for matrix elements of observables in energy 
eigenbasis

<latexit sha1_base64="Ez0zI8xirDQSGRnkOudU6KLNAok="></latexit>

Omn = O(Ē)�mn + e
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expected to hold for generic (non-integrable) 
quantum systems

many numerical tests (mostly 1D), but 
limited to small system sizes

systems that violate ETH: integrable, MBL…

problem: exponentially large in N ⇒ Tensor Networks 
may be of help
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E/N

DoS

H =
NX

n=1

hi

<latexit sha1_base64="eSlNgpUKP1jzc6jEWyeCS4f+S6c="></latexit>



<latexit sha1_base64="mTIFhUy6ffE8ejJP7DOfi5q/yqQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRbUARPEtE8IFnC7GQ2GTI7u8zMCmHJJ3jxoIhXv8ibf+PkBSpa0FBUddPd5cecKe04n1ZmaXlldS27ntvY3Nreye/uNVSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8nfvOBSsUica9HMfVC3BcsYARrI91dndx08wXHLp5XnNMKmpFSeUGKyLWdKQowR62b/+j0IpKEVGjCsVJt14m1l2KpGeF0nOskisaYDHGftg0VOKTKS6enjtGRUXooiKQpodFU/T6R4lCpUeibzhDrgfrtTcS/vHaig4qXMhEnmgoyWxQkHOkITf5GPSYp0XxkCCaSmVsRGWCJiTbp5EwIi0/R/6RRtN0zu3RbKlQv5nFk4QAO4RhcKEMVrqEGdSDQh0d4hheLW0/Wq/U2a81Y85l9+AHr/QsfKo24</latexit>

E/N

<latexit sha1_base64="TxPKWgRtPgBr9VX4vAezCIUVYkQ="></latexit>

P̂�(E) / e�
(H�E)2

2�2

DoS

H =
NX

n=1

hi

<latexit sha1_base64="eSlNgpUKP1jzc6jEWyeCS4f+S6c="></latexit>

idea: we can explore spectral (finite energy) 
properties by energy filtering



<latexit sha1_base64="8Nwc4hQqrVdPFBkOcwtm/zrVMiY=">AAAB+nicdVDLSgNBEJz1bXytevQyGAQ9uMxqYpKbKEKOEUwiZJcwO5mYIbMPZnqVsOZTvHhQxKtf4s2/cfIQVLSgoajqprsrSKTQQMiHNTM7N7+wuLScW1ldW9+wN7caOk4V43UWy1hdB1RzKSJeBwGSXyeK0zCQvBn0z0d+85YrLeLoCgYJ90N6E4muYBSM1LY3vR6FzOtwCXS4Xz28OGjbeeKQkwKpFDFxisQtH7sTUimVsOuQMfJoilrbfvc6MUtDHgGTVOuWSxLwM6pAMMmHOS/VPKGsT294y9CIhlz72fj0Id4zSgd3Y2UqAjxWv09kNNR6EAamM6TQ07+9kfiX10qhW/YzESUp8IhNFnVTiSHGoxxwRyjOQA4MoUwJcytmPaooA5NWzoTw9Sn+nzSOHPfEKVwW8qdn0ziW0A7aRfvIRSV0iqqohuqIoTv0gJ7Qs3VvPVov1uukdcaazmyjH7DePgGyK5On</latexit>

�̂(H � E)

<latexit sha1_base64="mTIFhUy6ffE8ejJP7DOfi5q/yqQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRbUARPEtE8IFnC7GQ2GTI7u8zMCmHJJ3jxoIhXv8ibf+PkBSpa0FBUddPd5cecKe04n1ZmaXlldS27ntvY3Nreye/uNVSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8nfvOBSsUica9HMfVC3BcsYARrI91dndx08wXHLp5XnNMKmpFSeUGKyLWdKQowR62b/+j0IpKEVGjCsVJt14m1l2KpGeF0nOskisaYDHGftg0VOKTKS6enjtGRUXooiKQpodFU/T6R4lCpUeibzhDrgfrtTcS/vHaig4qXMhEnmgoyWxQkHOkITf5GPSYp0XxkCCaSmVsRGWCJiTbp5EwIi0/R/6RRtN0zu3RbKlQv5nFk4QAO4RhcKEMVrqEGdSDQh0d4hheLW0/Wq/U2a81Y85l9+AHr/QsfKo24</latexit>

E/N

<latexit sha1_base64="TxPKWgRtPgBr9VX4vAezCIUVYkQ="></latexit>

P̂�(E) / e�
(H�E)2

2�2

DoS

H =
NX

n=1

hi

<latexit sha1_base64="eSlNgpUKP1jzc6jEWyeCS4f+S6c="></latexit>

idea: we can explore spectral (finite energy) 
properties by energy filtering



<latexit sha1_base64="mTIFhUy6ffE8ejJP7DOfi5q/yqQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRbUARPEtE8IFnC7GQ2GTI7u8zMCmHJJ3jxoIhXv8ibf+PkBSpa0FBUddPd5cecKe04n1ZmaXlldS27ntvY3Nreye/uNVSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8nfvOBSsUica9HMfVC3BcsYARrI91dndx08wXHLp5XnNMKmpFSeUGKyLWdKQowR62b/+j0IpKEVGjCsVJt14m1l2KpGeF0nOskisaYDHGftg0VOKTKS6enjtGRUXooiKQpodFU/T6R4lCpUeibzhDrgfrtTcS/vHaig4qXMhEnmgoyWxQkHOkITf5GPSYp0XxkCCaSmVsRGWCJiTbp5EwIi0/R/6RRtN0zu3RbKlQv5nFk4QAO4RhcKEMVrqEGdSDQh0d4hheLW0/Wq/U2a81Y85l9+AHr/QsfKo24</latexit>

E/N

filtering a state costs entanglement



<latexit sha1_base64="mTIFhUy6ffE8ejJP7DOfi5q/yqQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRbUARPEtE8IFnC7GQ2GTI7u8zMCmHJJ3jxoIhXv8ibf+PkBSpa0FBUddPd5cecKe04n1ZmaXlldS27ntvY3Nreye/uNVSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8nfvOBSsUica9HMfVC3BcsYARrI91dndx08wXHLp5XnNMKmpFSeUGKyLWdKQowR62b/+j0IpKEVGjCsVJt14m1l2KpGeF0nOskisaYDHGftg0VOKTKS6enjtGRUXooiKQpodFU/T6R4lCpUeibzhDrgfrtTcS/vHaig4qXMhEnmgoyWxQkHOkITf5GPSYp0XxkCCaSmVsRGWCJiTbp5EwIi0/R/6RRtN0zu3RbKlQv5nFk4QAO4RhcKEMVrqEGdSDQh0d4hheLW0/Wq/U2a81Y85l9+AHr/QsfKo24</latexit>

E/N

filtering a state costs entanglement

<latexit sha1_base64="J2miaj11Ym7q/LuzmgxEeX6ILJ0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIPR5dFEVxWsLbQDiWTZtrQTGZMMkIZ+hNuXCji1t9x59+YPgQVPXDhcM693HtPlHGmNEIfVmlpeWV1rbxe2djc2t6p7u7dqjSXhDZJylPZjrCinAna1Exz2s4kxUnEaSsaXUz91j2ViqXiRo8zGiZ4IFjMCNZGal/2im5DsUmvWkM2CgI38CCyPc87Qb4hbuAHrgcdG81QAws0etX3bj8leUKFJhwr1XFQpsMCS80Ip5NKN1c0w2SEB7RjqMAJVWExu3cCj4zSh3EqTQkNZ+r3iQInSo2TyHQmWA/Vb28q/uV1ch2fhQUTWa6pIPNFcc6hTuH0edhnkhLNx4ZgIpm5FZIhlphoE1HFhPD1Kfyf3Lq2E9j+tV+rny/iKIMDcAiOgQNOQR1cgQZoAgI4eABP4Nm6sx6tF+t13lqyFjP74Aest09faJA3</latexit>

E 

<latexit sha1_base64="B4/ETYPQEI8mBAucYDu08kGQjMI=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZNjC6LblxWsA9oQplMJ+3QySTMTIQS+xtuXCji1p9x5984fQgqeuDC4Zx7ufeeKONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZjbCinAna0kxz2s0kxUnEaScaX838zh2ViqXiVk8yGiZ4KFjMCNZGCu6DpmKBxGLIab9aQzby/brvQmS7rnuGPEPqvufXXejYaI4aWKLZr74Hg5TkCRWacKxUz0GZDgssNSOcTitBrmiGyRgPac9QgROqwmJ+8xSeGGUA41SaEhrO1e8TBU6UmiSR6UywHqnf3kz8y+vlOr4ICyayXFNBFovinEOdwlkAcMAkJZpPDMFEMnMrJCMsMdEmpooJ4etT+D9p123Ht70br9a4XMZRBkfgGJwCB5yDBrgGTdACBGTgATyBZyu3Hq0X63XRWrKWM4fgB6y3T5onkhQ=</latexit>

| i

start with product 
state

<latexit sha1_base64="cAiiHB1PmyRwFIc8Yd8UHo/SXSI="></latexit>

|pi ! �p /
p
N



<latexit sha1_base64="mTIFhUy6ffE8ejJP7DOfi5q/yqQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRbUARPEtE8IFnC7GQ2GTI7u8zMCmHJJ3jxoIhXv8ibf+PkBSpa0FBUddPd5cecKe04n1ZmaXlldS27ntvY3Nreye/uNVSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8nfvOBSsUica9HMfVC3BcsYARrI91dndx08wXHLp5XnNMKmpFSeUGKyLWdKQowR62b/+j0IpKEVGjCsVJt14m1l2KpGeF0nOskisaYDHGftg0VOKTKS6enjtGRUXooiKQpodFU/T6R4lCpUeibzhDrgfrtTcS/vHaig4qXMhEnmgoyWxQkHOkITf5GPSYp0XxkCCaSmVsRGWCJiTbp5EwIi0/R/6RRtN0zu3RbKlQv5nFk4QAO4RhcKEMVrqEGdSDQh0d4hheLW0/Wq/U2a81Y85l9+AHr/QsfKo24</latexit>

E/N

filtering a state costs entanglement

<latexit sha1_base64="J2miaj11Ym7q/LuzmgxEeX6ILJ0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIPR5dFEVxWsLbQDiWTZtrQTGZMMkIZ+hNuXCji1t9x59+YPgQVPXDhcM693HtPlHGmNEIfVmlpeWV1rbxe2djc2t6p7u7dqjSXhDZJylPZjrCinAna1Exz2s4kxUnEaSsaXUz91j2ViqXiRo8zGiZ4IFjMCNZGal/2im5DsUmvWkM2CgI38CCyPc87Qb4hbuAHrgcdG81QAws0etX3bj8leUKFJhwr1XFQpsMCS80Ip5NKN1c0w2SEB7RjqMAJVWExu3cCj4zSh3EqTQkNZ+r3iQInSo2TyHQmWA/Vb28q/uV1ch2fhQUTWa6pIPNFcc6hTuH0edhnkhLNx4ZgIpm5FZIhlphoE1HFhPD1Kfyf3Lq2E9j+tV+rny/iKIMDcAiOgQNOQR1cgQZoAgI4eABP4Nm6sx6tF+t13lqyFjP74Aest09faJA3</latexit>

E 

<latexit sha1_base64="B4/ETYPQEI8mBAucYDu08kGQjMI=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZNjC6LblxWsA9oQplMJ+3QySTMTIQS+xtuXCji1p9x5984fQgqeuDC4Zx7ufeeKONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZjbCinAna0kxz2s0kxUnEaScaX838zh2ViqXiVk8yGiZ4KFjMCNZGCu6DpmKBxGLIab9aQzby/brvQmS7rnuGPEPqvufXXejYaI4aWKLZr74Hg5TkCRWacKxUz0GZDgssNSOcTitBrmiGyRgPac9QgROqwmJ+8xSeGGUA41SaEhrO1e8TBU6UmiSR6UywHqnf3kz8y+vlOr4ICyayXFNBFovinEOdwlkAcMAkJZpPDMFEMnMrJCMsMdEmpooJ4etT+D9p123Ht70br9a4XMZRBkfgGJwCB5yDBrgGTdACBGTgATyBZyu3Hq0X63XRWrKWM4fgB6y3T5onkhQ=</latexit>

| i

start with product 
state

<latexit sha1_base64="cAiiHB1PmyRwFIc8Yd8UHo/SXSI="></latexit>

|pi ! �p /
p
N

<latexit sha1_base64="cGC+ea3IMqp0HV2oUC5ppiW0KWM=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBahXkJSa623oggeK9haaEPZbLbt0s2Hu5NCCf0dXjwo4tUf481/4zaNoKIPBh7vzTAzz40EV2BZH0ZuaXlldS2/XtjY3NreKe7utVUYS8paNBSh7LhEMcED1gIOgnUiyYjvCnbnji/n/t2EScXD4BamEXN8Mgz4gFMCWnKa/aTnMQFkVr467hdLlnlq2ee1E2yZVoqU1O1KHduZUkIZmv3ie88LaeyzAKggSnVtKwInIRI4FWxW6MWKRYSOyZB1NQ2Iz5STpEfP8JFWPDwIpa4AcKp+n0iIr9TUd3WnT2Ckfntz8S+vG8Og7iQ8iGJgAV0sGsQCQ4jnCWCPS0ZBTDUhVHJ9K6YjIgkFnVNBh/D1Kf6ftCumXTOrN9VS4yKLI48O0CEqIxudoQa6Rk3UQhTdowf0hJ6NifFovBivi9ackc3sox8w3j4BUnmR0w==</latexit>

P�(E)

apply the filter



<latexit sha1_base64="mTIFhUy6ffE8ejJP7DOfi5q/yqQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRbUARPEtE8IFnC7GQ2GTI7u8zMCmHJJ3jxoIhXv8ibf+PkBSpa0FBUddPd5cecKe04n1ZmaXlldS27ntvY3Nreye/uNVSUSELrJOKRbPlYUc4ErWumOW3FkuLQ57TpDy8nfvOBSsUica9HMfVC3BcsYARrI91dndx08wXHLp5XnNMKmpFSeUGKyLWdKQowR62b/+j0IpKEVGjCsVJt14m1l2KpGeF0nOskisaYDHGftg0VOKTKS6enjtGRUXooiKQpodFU/T6R4lCpUeibzhDrgfrtTcS/vHaig4qXMhEnmgoyWxQkHOkITf5GPSYp0XxkCCaSmVsRGWCJiTbp5EwIi0/R/6RRtN0zu3RbKlQv5nFk4QAO4RhcKEMVrqEGdSDQh0d4hheLW0/Wq/U2a81Y85l9+AHr/QsfKo24</latexit>

E/N

filtering a state costs entanglement

<latexit sha1_base64="J2miaj11Ym7q/LuzmgxEeX6ILJ0=">AAAB73icdVDLSgMxFM3UV62vqks3wSK4GjIPR5dFEVxWsLbQDiWTZtrQTGZMMkIZ+hNuXCji1t9x59+YPgQVPXDhcM693HtPlHGmNEIfVmlpeWV1rbxe2djc2t6p7u7dqjSXhDZJylPZjrCinAna1Exz2s4kxUnEaSsaXUz91j2ViqXiRo8zGiZ4IFjMCNZGal/2im5DsUmvWkM2CgI38CCyPc87Qb4hbuAHrgcdG81QAws0etX3bj8leUKFJhwr1XFQpsMCS80Ip5NKN1c0w2SEB7RjqMAJVWExu3cCj4zSh3EqTQkNZ+r3iQInSo2TyHQmWA/Vb28q/uV1ch2fhQUTWa6pIPNFcc6hTuH0edhnkhLNx4ZgIpm5FZIhlphoE1HFhPD1Kfyf3Lq2E9j+tV+rny/iKIMDcAiOgQNOQR1cgQZoAgI4eABP4Nm6sx6tF+t13lqyFjP74Aest09faJA3</latexit>

E 

<latexit sha1_base64="B4/ETYPQEI8mBAucYDu08kGQjMI=">AAAB83icdVDLSsNAFJ3UV62vqks3g0VwFSZNjC6LblxWsA9oQplMJ+3QySTMTIQS+xtuXCji1p9x5984fQgqeuDC4Zx7ufeeKONMaYQ+rNLK6tr6RnmzsrW9s7tX3T9oqzSXhLZIylPZjbCinAna0kxz2s0kxUnEaScaX838zh2ViqXiVk8yGiZ4KFjMCNZGCu6DpmKBxGLIab9aQzby/brvQmS7rnuGPEPqvufXXejYaI4aWKLZr74Hg5TkCRWacKxUz0GZDgssNSOcTitBrmiGyRgPac9QgROqwmJ+8xSeGGUA41SaEhrO1e8TBU6UmiSR6UywHqnf3kz8y+vlOr4ICyayXFNBFovinEOdwlkAcMAkJZpPDMFEMnMrJCMsMdEmpooJ4etT+D9p123Ht70br9a4XMZRBkfgGJwCB5yDBrgGTdACBGTgATyBZyu3Hq0X63XRWrKWM4fgB6y3T5onkhQ=</latexit>

| i

start with product 
state

<latexit sha1_base64="cAiiHB1PmyRwFIc8Yd8UHo/SXSI="></latexit>

|pi ! �p /
p
N

in general, 
entanglement of 

filtered state grows
<latexit sha1_base64="feyLwgQ9c4FHc9VX11KeiBlOzxw="></latexit>

S  k1
�

+ log
p
N + k2

MCB, Huse, Cirac, PRB101, 144305 (2020)

Morettini et al PRL133, 240401 (2024)

<latexit sha1_base64="cGC+ea3IMqp0HV2oUC5ppiW0KWM=">AAAB9HicdVBNS8NAEN3Ur1q/qh69LBahXkJSa623oggeK9haaEPZbLbt0s2Hu5NCCf0dXjwo4tUf481/4zaNoKIPBh7vzTAzz40EV2BZH0ZuaXlldS2/XtjY3NreKe7utVUYS8paNBSh7LhEMcED1gIOgnUiyYjvCnbnji/n/t2EScXD4BamEXN8Mgz4gFMCWnKa/aTnMQFkVr467hdLlnlq2ee1E2yZVoqU1O1KHduZUkIZmv3ie88LaeyzAKggSnVtKwInIRI4FWxW6MWKRYSOyZB1NQ2Iz5STpEfP8JFWPDwIpa4AcKp+n0iIr9TUd3WnT2Ckfntz8S+vG8Og7iQ8iGJgAV0sGsQCQ4jnCWCPS0ZBTDUhVHJ9K6YjIgkFnVNBh/D1Kf6ftCumXTOrN9VS4yKLI48O0CEqIxudoQa6Rk3UQhTdowf0hJ6NifFovBivi9ackc3sox8w3j4BUnmR0w==</latexit>

P�(E)

apply the filter



energy filter as ensemble

E
<latexit sha1_base64="K3L3loLX965eoRdgnieOL5Q8P5Y="></latexit>

DoS

<latexit sha1_base64="VvC51jhoJWXatsty+LNn+fRomBM=">AAAB9XicdVBNSwMxEJ31s9avqkcvwSLUS9lI/boVRfBYwdpCu5RsNm1Ds9k1yRbK0t/hxYOCePW/ePPfmLYrVNEHA4/3ZpiZ58eCa+O6n87C4tLyympuLb++sbm1XdjZvddRoiir00hEqukTzQSXrG64EawZK0ZCX7CGP7ia+I0hU5pH8s6MYuaFpCd5l1NirOTVOmk7YMKQcen6qFMoumV3CjRHTlx8cYoRzpQiZKh1Ch/tIKJJyKShgmjdwm5svJQow6lg43w70SwmdEB6rGWpJCHTXjo9eowOrRKgbqRsSYOm6vxESkKtR6FvO0Ni+vq3NxH/8lqJ6Z57KZdxYpiks0XdRCAToUkCKOCKUSNGlhCquL0V0T5RhBqbU96G8P0p+p80jsu4Usb4tlKsXmZ55GAfDqAEGM6gCjdQgzpQeIBHeIYXZ+g8Oa/O26x1wclm9uAHnPcvyqqR7g==</latexit>

P�(E)

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



energy filter as ensemble

diagonal in energy eigenbasis ⇒ microcanonical

E
<latexit sha1_base64="K3L3loLX965eoRdgnieOL5Q8P5Y="></latexit>

DoS

<latexit sha1_base64="E+mdsOOIxkUwr7U7Y28NVbJt3ls="></latexit>

tr (OP�(E))

trP�(E)
<latexit sha1_base64="pShKrnPZ34ARdnIjz4YNfQ8P/NA="></latexit>

trP�(E) ⇒ DOS

<latexit sha1_base64="LpdMXGG92VXfcLydBNl5HNi2cmc=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXkKSNm29FUXwZgVrC20om+2mXbqbhN2NUEL/ghcPinj1D3nz37hpK6jog4HHezPMzPNjRqWyrA8jt7K6tr6R3yxsbe/s7hX3D+5klAhM2jhikej6SBJGQ9JWVDHSjQVB3Gek408uMr9zT4SkUXirpjHxOBqFNKAYqUy6Ll+eDooly3RqjnvWgJZZcS2nUtek6tiu5ULbtOYogSVag+J7fxjhhJNQYYak7NlWrLwUCUUxI7NCP5EkRniCRqSnaYg4kV46v3UGT7QyhEEkdIUKztXvEyniUk65rzs5UmP528vEv7xeooKGl9IwThQJ8WJRkDCoIpg9DodUEKzYVBOEBdW3QjxGAmGl4ynoEL4+hf+TO8e0a2b1plpqni/jyIMjcAzKwAZ10ARXoAXaAIMxeABP4NngxqPxYrwuWnPGcuYQ/IDx9gli8o3V</latexit>

O(E)⇒

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



energy filter as ensemble

diagonal in energy eigenbasis ⇒ microcanonical

E
<latexit sha1_base64="K3L3loLX965eoRdgnieOL5Q8P5Y="></latexit>

DoS

equivalent to diagonal ensemble of 
a certain pure state

<latexit sha1_base64="E+mdsOOIxkUwr7U7Y28NVbJt3ls="></latexit>

tr (OP�(E))

trP�(E)
<latexit sha1_base64="pShKrnPZ34ARdnIjz4YNfQ8P/NA="></latexit>

trP�(E) ⇒ DOS

<latexit sha1_base64="LpdMXGG92VXfcLydBNl5HNi2cmc=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXkKSNm29FUXwZgVrC20om+2mXbqbhN2NUEL/ghcPinj1D3nz37hpK6jog4HHezPMzPNjRqWyrA8jt7K6tr6R3yxsbe/s7hX3D+5klAhM2jhikej6SBJGQ9JWVDHSjQVB3Gek408uMr9zT4SkUXirpjHxOBqFNKAYqUy6Ll+eDooly3RqjnvWgJZZcS2nUtek6tiu5ULbtOYogSVag+J7fxjhhJNQYYak7NlWrLwUCUUxI7NCP5EkRniCRqSnaYg4kV46v3UGT7QyhEEkdIUKztXvEyniUk65rzs5UmP528vEv7xeooKGl9IwThQJ8WJRkDCoIpg9DodUEKzYVBOEBdW3QjxGAmGl4ynoEL4+hf+TO8e0a2b1plpqni/jyIMjcAzKwAZ10ARXoAXaAIMxeABP4NngxqPxYrwuWnPGcuYQ/IDx9gli8o3V</latexit>

O(E)⇒

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



energy filter as ensemble

diagonal in energy eigenbasis ⇒ microcanonical

E
<latexit sha1_base64="K3L3loLX965eoRdgnieOL5Q8P5Y="></latexit>

DoS

equivalent to diagonal ensemble of 
a certain pure state

<latexit sha1_base64="E+mdsOOIxkUwr7U7Y28NVbJt3ls="></latexit>

tr (OP�(E))

trP�(E)
<latexit sha1_base64="pShKrnPZ34ARdnIjz4YNfQ8P/NA="></latexit>

trP�(E) ⇒ DOS

<latexit sha1_base64="LpdMXGG92VXfcLydBNl5HNi2cmc=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBahXkKSNm29FUXwZgVrC20om+2mXbqbhN2NUEL/ghcPinj1D3nz37hpK6jog4HHezPMzPNjRqWyrA8jt7K6tr6R3yxsbe/s7hX3D+5klAhM2jhikej6SBJGQ9JWVDHSjQVB3Gek408uMr9zT4SkUXirpjHxOBqFNKAYqUy6Ll+eDooly3RqjnvWgJZZcS2nUtek6tiu5ULbtOYogSVag+J7fxjhhJNQYYak7NlWrLwUCUUxI7NCP5EkRniCRqSnaYg4kV46v3UGT7QyhEEkdIUKztXvEyniUk65rzs5UmP528vEv7xeooKGl9IwThQJ8WJRkDCoIpg9DodUEKzYVBOEBdW3QjxGAmGl4ynoEL4+hf+TO8e0a2b1plpqni/jyIMjcAzKwAZ10ARXoAXaAIMxeABP4NngxqPxYrwuWnPGcuYQ/IDx9gli8o3V</latexit>

O(E)⇒

reached only after long 
time evolution

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



<latexit sha1_base64="iLVq11QBZwdRcfE7Ms4HKy0DK9I="></latexit>

exp


� (H � E)2

2�2

�
⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵

implementing the filter

Gaussian filter ⇒ approximated by series of 
evolutions

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



<latexit sha1_base64="iLVq11QBZwdRcfE7Ms4HKy0DK9I="></latexit>

exp


� (H � E)2

2�2

�
⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵

implementing the filter

Gaussian filter ⇒ approximated by series of 
evolutions

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 

≈ Fourier series



<latexit sha1_base64="iLVq11QBZwdRcfE7Ms4HKy0DK9I="></latexit>

exp


� (H � E)2

2�2

�
⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵

implementing the filter

Gaussian filter ⇒ approximated by series of 
evolutions

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 

<latexit sha1_base64="U7Dp1YPaiZ+DmB5axMzwF9OtUCM="></latexit>

tmax =
2x

�
largest time≈ Fourier series



<latexit sha1_base64="iLVq11QBZwdRcfE7Ms4HKy0DK9I="></latexit>

exp


� (H � E)2

2�2

�
⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵

implementing the filter

Gaussian filter ⇒ approximated by series of 
evolutions

can be run in a quantum simulator 
or simulated with TNS 

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 

<latexit sha1_base64="U7Dp1YPaiZ+DmB5axMzwF9OtUCM="></latexit>

tmax =
2x

�
largest time≈ Fourier series



<latexit sha1_base64="iLVq11QBZwdRcfE7Ms4HKy0DK9I="></latexit>

exp


� (H � E)2

2�2

�
⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵

implementing the filter

Gaussian filter ⇒ approximated by series of 
evolutions

can be run in a quantum simulator 
or simulated with TNS 

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 

<latexit sha1_base64="U7Dp1YPaiZ+DmB5axMzwF9OtUCM="></latexit>

tmax =
2x

�
largest time≈ Fourier series

quantum inspired classical method



algorithm

expectation values in filter ensemble
<latexit sha1_base64="ZThfkxpgo3UxoOzKaWwkIgOH0Ic="></latexit>

A�(E) =
tr[AP�(E)]

tr[P�(E)]

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



algorithm

can be computed using Monte Carlo sampling
<latexit sha1_base64="ZskqJaYG2ft5weAwC1GLDtHdC4E="></latexit>

A�(E) =

P
 h |AP�(E)| iP
 0h 0|P�(E)| 0i

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



algorithm

<latexit sha1_base64="h33QJ613l5TP0L+Vyc3BH19TqSo="></latexit>

A�(E) =
X

 

h |AP�(E)| iP
 0h 0|P�(E)| 0i

<latexit sha1_base64="7ZoToEqM6UMqwnoJRn2PauC938w="></latexit>

h |P�(E)| i
h |P�(E)| i

can be computed using Monte Carlo sampling

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



algorithm

<latexit sha1_base64="h33QJ613l5TP0L+Vyc3BH19TqSo="></latexit>

A�(E) =
X

 

h |AP�(E)| iP
 0h 0|P�(E)| 0i

<latexit sha1_base64="7ZoToEqM6UMqwnoJRn2PauC938w="></latexit>

h |P�(E)| i
h |P�(E)| i

can be computed using Monte Carlo sampling

importance sampling (classical)

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



algorithm

<latexit sha1_base64="h33QJ613l5TP0L+Vyc3BH19TqSo="></latexit>

A�(E) =
X

 

h |AP�(E)| iP
 0h 0|P�(E)| 0i

<latexit sha1_base64="7ZoToEqM6UMqwnoJRn2PauC938w="></latexit>

h |P�(E)| i
h |P�(E)| i

can be computed using Monte Carlo sampling

efficiently computed by quantum simulator

importance sampling (classical)

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 



algorithm

<latexit sha1_base64="h33QJ613l5TP0L+Vyc3BH19TqSo="></latexit>

A�(E) =
X

 

h |AP�(E)| iP
 0h 0|P�(E)| 0i

<latexit sha1_base64="7ZoToEqM6UMqwnoJRn2PauC938w="></latexit>

h |P�(E)| i
h |P�(E)| i

can be computed using Monte Carlo sampling

efficiently computed by quantum simulator

importance sampling (classical)

Lu et al. PRX Q2, 02032 (2021); Yang et al PRB 106, 024307 (2022) 

simulating classically with TNS we can reach <latexit sha1_base64="qOe+zae0SjvfQCxBtFHPUz/eXOI="></latexit>

� ⇠ 1/ logN



weak ETH probe: diagonal part

<latexit sha1_base64="IRJvf5iT8hwwHFemxetOUEqQQSQ="></latexit>

O↵� = O(Ē)�↵� + e
�S(Ē)

2 fO(Ē,!)R↵�

converge to thermal for large systems



TNS simulation
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non-integrable quantum Ising chain

average magnetization
microcanonical properties

Yang et al PRB 106, 024307 (2022) 



more challenging: off-diagonal part of ETH
<latexit sha1_base64="IRJvf5iT8hwwHFemxetOUEqQQSQ="></latexit>

O↵� = O(Ē)�↵� + e
�S(Ē)

2 fO(Ē,!)R↵�

structure function
Luitz, Bar Lev, PRL2016; Mondaini, Rigol 2017; Brenes et al PRL2020, PRB 2020…; 
Schönle et al PRB2021; Essler, de Klerk, 2307.12410; ….



filter ensemble as ETH probe

function                related to two-time correlators
<latexit sha1_base64="qBuCv3jpnDVLPpF4KoStKOHO474=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBEqSEhCbe2uKII7K9gHNKFMppN26OTBzEQIof6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3Hi9mVEjT/NCWlldW19YLG8XNre2dXX1vvyOihGPSxhGLeM9DgjAakrakkpFezAkKPEa63uQi97t3hAsahbcyjYkboFFIfYqRVNJAL/mD64rjIZ5dTk+cKCAjdDzQy6Zh2XajXoemYVu1WtXOScO2rFNoGeYMZbBAa6C/O8MIJwEJJWZIiL5lxtLNEJcUMzItOokgMcITNCJ9RUMUEOFms+On8EgpQ+hHXFUo4Uz9PpGhQIg08FRngORY/PZy8S+vn0j/zM1oGCeShHi+yE8YlBHMk4BDygmWLFUEYU7VrRCPEUdYqryKKoSvT+H/pGMbVs2o3lTLzfNFHAVwAA5BBVigDprgCrRAG2CQggfwBJ61e+1Re9Fe561L2mKmBH5Ae/sEJ5KUew==</latexit>

fO(Ē,!)

Luo et al 2312.00736



filter ensemble as ETH probe

function                related to two-time correlators
<latexit sha1_base64="qBuCv3jpnDVLPpF4KoStKOHO474=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBEqSEhCbe2uKII7K9gHNKFMppN26OTBzEQIof6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3Hi9mVEjT/NCWlldW19YLG8XNre2dXX1vvyOihGPSxhGLeM9DgjAakrakkpFezAkKPEa63uQi97t3hAsahbcyjYkboFFIfYqRVNJAL/mD64rjIZ5dTk+cKCAjdDzQy6Zh2XajXoemYVu1WtXOScO2rFNoGeYMZbBAa6C/O8MIJwEJJWZIiL5lxtLNEJcUMzItOokgMcITNCJ9RUMUEOFms+On8EgpQ+hHXFUo4Uz9PpGhQIg08FRngORY/PZy8S+vn0j/zM1oGCeShHi+yE8YlBHMk4BDygmWLFUEYU7VrRCPEUdYqryKKoSvT+H/pGMbVs2o3lTLzfNFHAVwAA5BBVigDprgCrRAG2CQggfwBJ61e+1Re9Fe561L2mKmBH5Ae/sEJ5KUew==</latexit>

fO(Ē,!)

Luo et al 2312.00736

<latexit sha1_base64="ircZz/gjSEbcd+DEaEhuqmdTwTs="></latexit>

CO(t) = tr (⇢EO(t)O(0))
<latexit sha1_base64="0efz/6vPGA7Mz+RVqG/7cqXQ4b8="></latexit>

SO(!) =
X

↵�

⇢↵↵|O↵� |2�(! � E� + E↵)



filter ensemble as ETH probe

function                related to two-time correlators
<latexit sha1_base64="qBuCv3jpnDVLPpF4KoStKOHO474=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBEqSEhCbe2uKII7K9gHNKFMppN26OTBzEQIof6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3Hi9mVEjT/NCWlldW19YLG8XNre2dXX1vvyOihGPSxhGLeM9DgjAakrakkpFezAkKPEa63uQi97t3hAsahbcyjYkboFFIfYqRVNJAL/mD64rjIZ5dTk+cKCAjdDzQy6Zh2XajXoemYVu1WtXOScO2rFNoGeYMZbBAa6C/O8MIJwEJJWZIiL5lxtLNEJcUMzItOokgMcITNCJ9RUMUEOFms+On8EgpQ+hHXFUo4Uz9PpGhQIg08FRngORY/PZy8S+vn0j/zM1oGCeShHi+yE8YlBHMk4BDygmWLFUEYU7VrRCPEUdYqryKKoSvT+H/pGMbVs2o3lTLzfNFHAVwAA5BBVigDprgCrRAG2CQggfwBJ61e+1Re9Fe561L2mKmBH5Ae/sEJ5KUew==</latexit>

fO(Ē,!)

Luo et al 2312.00736

<latexit sha1_base64="ircZz/gjSEbcd+DEaEhuqmdTwTs="></latexit>

CO(t) = tr (⇢EO(t)O(0))
<latexit sha1_base64="0efz/6vPGA7Mz+RVqG/7cqXQ4b8="></latexit>

SO(!) =
X

↵�

⇢↵↵|O↵� |2�(! � E� + E↵)

<latexit sha1_base64="tRDCBjnwKtxFhEUWjBGeY94ENOw=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU0lKrXorevFmBfsBTQiT7bZdutmE3U2hhP4TLx4U8eo/8ea/cdtGUNEHA4/3ZpiZFyacKe04H1ZhZXVtfaO4Wdra3tnds/cP2ipOJaEtEvNYdkNQlDNBW5ppTruJpBCFnHbC8fXc70yoVCwW93qaUD+CoWADRkAbKbDt2yDzgCcjwF5INcwCu+xUnAXwkrhVQ84c97Jex25ulVGOZmC/e/2YpBEVmnBQquc6ifYzkJoRTmclL1U0ATKGIe0ZKiCiys8Wl8/wiVH6eBBLU0Ljhfp9IoNIqWkUms4I9Ej99ubiX14v1YMLP2MiSTUVZLlokHKsYzyPAfeZpETzqSFAJDO3YjICCUSbsEomhK9P8f+kXa249UrtrlZuXOVxFNEROkanyEXnqIFuUBO1EEET9ICe0LOVWY/Wi/W6bC1Y+cwh+gHr7RN2B5OS</latexit>

O↵�



filter ensemble as ETH probe

function                related to two-time correlators
<latexit sha1_base64="qBuCv3jpnDVLPpF4KoStKOHO474=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBEqSEhCbe2uKII7K9gHNKFMppN26OTBzEQIof6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3Hi9mVEjT/NCWlldW19YLG8XNre2dXX1vvyOihGPSxhGLeM9DgjAakrakkpFezAkKPEa63uQi97t3hAsahbcyjYkboFFIfYqRVNJAL/mD64rjIZ5dTk+cKCAjdDzQy6Zh2XajXoemYVu1WtXOScO2rFNoGeYMZbBAa6C/O8MIJwEJJWZIiL5lxtLNEJcUMzItOokgMcITNCJ9RUMUEOFms+On8EgpQ+hHXFUo4Uz9PpGhQIg08FRngORY/PZy8S+vn0j/zM1oGCeShHi+yE8YlBHMk4BDygmWLFUEYU7VrRCPEUdYqryKKoSvT+H/pGMbVs2o3lTLzfNFHAVwAA5BBVigDprgCrRAG2CQggfwBJ61e+1Re9Fe561L2mKmBH5Ae/sEJ5KUew==</latexit>

fO(Ē,!)

Luo et al 2312.00736

<latexit sha1_base64="ircZz/gjSEbcd+DEaEhuqmdTwTs="></latexit>

CO(t) = tr (⇢EO(t)O(0))
<latexit sha1_base64="0efz/6vPGA7Mz+RVqG/7cqXQ4b8="></latexit>

SO(!) =
X

↵�

⇢↵↵|O↵� |2�(! � E� + E↵)

<latexit sha1_base64="tRDCBjnwKtxFhEUWjBGeY94ENOw=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU0lKrXorevFmBfsBTQiT7bZdutmE3U2hhP4TLx4U8eo/8ea/cdtGUNEHA4/3ZpiZFyacKe04H1ZhZXVtfaO4Wdra3tnds/cP2ipOJaEtEvNYdkNQlDNBW5ppTruJpBCFnHbC8fXc70yoVCwW93qaUD+CoWADRkAbKbDt2yDzgCcjwF5INcwCu+xUnAXwkrhVQ84c97Jex25ulVGOZmC/e/2YpBEVmnBQquc6ifYzkJoRTmclL1U0ATKGIe0ZKiCiys8Wl8/wiVH6eBBLU0Ljhfp9IoNIqWkUms4I9Ej99ubiX14v1YMLP2MiSTUVZLlokHKsYzyPAfeZpETzqSFAJDO3YjICCUSbsEomhK9P8f+kXa249UrtrlZuXOVxFNEROkanyEXnqIFuUBO1EEET9ICe0LOVWY/Wi/W6bC1Y+cwh+gHr7RN2B5OS</latexit>

O↵�

<latexit sha1_base64="PWqmdbegvdJ48q+brYZY3wTdp88=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLa567oxmUF+4B2KJlMpo1mkiHJCGXoP7hxoYhb/8edf2P6EFT0wIXDOfdy7z1Bwpk2CH04uZXVtfWN/GZha3tnd6+4f9DRMlWEtonkUvUCrClngrYNM5z2EkVxHHDaDe4uZ373nirNpLgxk4T6MR4JFjGCjZU6g5Byg4fFEnJRtYwaFYjcCvLq596CNGo16LlojhJYojUsvg9CSdKYCkM41rrvocT4GVaGEU6nhUGqaYLJHR7RvqUCx1T72fzaKTyxSggjqWwJA+fq94kMx1pP4sB2xtiM9W9vJv7l9VMT1f2MiSQ1VJDFoijl0Eg4ex2GTFFi+MQSTBSzt0IyxgoTYwMq2BC+PoX/k86Z61Xd8nW51LxYxpEHR+AYnAIP1EATXIEWaAMCbsEDeALPjnQenRfnddGac5Yzh+AHnLdP+u6PbA==</latexit>

�
<latexit sha1_base64="j6wPPJuMgsuyfsXsuKtF1RuTHJw=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4Gno06y0ogscIZsEkhJ5OJ2nS0zN09whhyF948aCIV//Gm39jZxFU9EHB470qqur5keDaYPzhpFZW19Y30puZre2d3b3s/kFDh7GirE5DEaqWTzQTXLK64UawVqQYCXzBmv74cuY375nSPJS3ZhKxbkCGkg84JcZKd1e9pENENCLTXjaHXVzM40oBYbeAvfK5tyCVUgl5Lp4jB0vUetn3Tj+kccCkoYJo3fZwZLoJUYZTwaaZTqxZROiYDFnbUkkCprvJ/OIpOrFKHw1CZUsaNFe/TyQk0HoS+LYzIGakf3sz8S+vHZtBuZtwGcWGSbpYNIgFMiGavY/6XDFqxMQSQhW3tyI6IopQY0PK2BC+PkX/k8aZ6xXd/E0+V71YxpGGIziGU/CgBFW4hhrUgYKEB3iCZ0c7j86L87poTTnLmUP4AeftEwR3kSw=</latexit>

E↵

for filter ensemble



filter ensemble as ETH probe

function                related to two-time correlators
<latexit sha1_base64="qBuCv3jpnDVLPpF4KoStKOHO474=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBEqSEhCbe2uKII7K9gHNKFMppN26OTBzEQIof6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3Hi9mVEjT/NCWlldW19YLG8XNre2dXX1vvyOihGPSxhGLeM9DgjAakrakkpFezAkKPEa63uQi97t3hAsahbcyjYkboFFIfYqRVNJAL/mD64rjIZ5dTk+cKCAjdDzQy6Zh2XajXoemYVu1WtXOScO2rFNoGeYMZbBAa6C/O8MIJwEJJWZIiL5lxtLNEJcUMzItOokgMcITNCJ9RUMUEOFms+On8EgpQ+hHXFUo4Uz9PpGhQIg08FRngORY/PZy8S+vn0j/zM1oGCeShHi+yE8YlBHMk4BDygmWLFUEYU7VrRCPEUdYqryKKoSvT+H/pGMbVs2o3lTLzfNFHAVwAA5BBVigDprgCrRAG2CQggfwBJ61e+1Re9Fe561L2mKmBH5Ae/sEJ5KUew==</latexit>

fO(Ē,!)

Luo et al 2312.00736

<latexit sha1_base64="ircZz/gjSEbcd+DEaEhuqmdTwTs="></latexit>

CO(t) = tr (⇢EO(t)O(0))
<latexit sha1_base64="0efz/6vPGA7Mz+RVqG/7cqXQ4b8="></latexit>

SO(!) =
X

↵�

⇢↵↵|O↵� |2�(! � E� + E↵)

<latexit sha1_base64="tRDCBjnwKtxFhEUWjBGeY94ENOw=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU0lKrXorevFmBfsBTQiT7bZdutmE3U2hhP4TLx4U8eo/8ea/cdtGUNEHA4/3ZpiZFyacKe04H1ZhZXVtfaO4Wdra3tnds/cP2ipOJaEtEvNYdkNQlDNBW5ppTruJpBCFnHbC8fXc70yoVCwW93qaUD+CoWADRkAbKbDt2yDzgCcjwF5INcwCu+xUnAXwkrhVQ84c97Jex25ulVGOZmC/e/2YpBEVmnBQquc6ifYzkJoRTmclL1U0ATKGIe0ZKiCiys8Wl8/wiVH6eBBLU0Ljhfp9IoNIqWkUms4I9Ej99ubiX14v1YMLP2MiSTUVZLlokHKsYzyPAfeZpETzqSFAJDO3YjICCUSbsEomhK9P8f+kXa249UrtrlZuXOVxFNEROkanyEXnqIFuUBO1EEET9ICe0LOVWY/Wi/W6bC1Y+cwh+gHr7RN2B5OS</latexit>

O↵�

<latexit sha1_base64="PWqmdbegvdJ48q+brYZY3wTdp88=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLa567oxmUF+4B2KJlMpo1mkiHJCGXoP7hxoYhb/8edf2P6EFT0wIXDOfdy7z1Bwpk2CH04uZXVtfWN/GZha3tnd6+4f9DRMlWEtonkUvUCrClngrYNM5z2EkVxHHDaDe4uZ373nirNpLgxk4T6MR4JFjGCjZU6g5Byg4fFEnJRtYwaFYjcCvLq596CNGo16LlojhJYojUsvg9CSdKYCkM41rrvocT4GVaGEU6nhUGqaYLJHR7RvqUCx1T72fzaKTyxSggjqWwJA+fq94kMx1pP4sB2xtiM9W9vJv7l9VMT1f2MiSQ1VJDFoijl0Eg4ex2GTFFi+MQSTBSzt0IyxgoTYwMq2BC+PoX/k86Z61Xd8nW51LxYxpEHR+AYnAIP1EATXIEWaAMCbsEDeALPjnQenRfnddGac5Yzh+AHnLdP+u6PbA==</latexit>

�
<latexit sha1_base64="j6wPPJuMgsuyfsXsuKtF1RuTHJw=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4Gno06y0ogscIZsEkhJ5OJ2nS0zN09whhyF948aCIV//Gm39jZxFU9EHB470qqur5keDaYPzhpFZW19Y30puZre2d3b3s/kFDh7GirE5DEaqWTzQTXLK64UawVqQYCXzBmv74cuY375nSPJS3ZhKxbkCGkg84JcZKd1e9pENENCLTXjaHXVzM40oBYbeAvfK5tyCVUgl5Lp4jB0vUetn3Tj+kccCkoYJo3fZwZLoJUYZTwaaZTqxZROiYDFnbUkkCprvJ/OIpOrFKHw1CZUsaNFe/TyQk0HoS+LYzIGakf3sz8S+vHZtBuZtwGcWGSbpYNIgFMiGavY/6XDFqxMQSQhW3tyI6IopQY0PK2BC+PkX/k8aZ6xXd/E0+V71YxpGGIziGU/CgBFW4hhrUgYKEB3iCZ0c7j86L87poTTnLmUP4AeftEwR3kSw=</latexit>

E↵

for filter ensemble

<latexit sha1_base64="Lc0WwO0aVoVB4z42utOiHAzG1Wk=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZJaa90V3bisYFuhDWUynbRj5xFmJkIJ/Qc3LhRx6/+482+cphFU9MCFwzn3cu89YcyoNp734RSWlldW14rrpY3Nre2d8u5eR8tEYdLGkkl1GyJNGBWkbahh5DZWBPGQkW44uZz73XuiNJXixkxjEnA0EjSiGBkrdfqSkxEalCuee+r55/UT6Llehow0/GoD+rlSATlag/J7fyhxwokwmCGte74XmyBFylDMyKzUTzSJEZ6gEelZKhAnOkiza2fwyCpDGEllSxiYqd8nUsS1nvLQdnJkxvq3Nxf/8nqJiRpBSkWcGCLwYlGUMGgknL8Oh1QRbNjUEoQVtbdCPEYKYWMDKtkQvj6F/5NO1fXrbu26Vmle5HEUwQE4BMfAB2egCa5AC7QBBnfgATyBZ0c6j86L87poLTj5zD74AeftE9Fsj08=</latexit>!



filter ensemble as ETH probe

function                related to two-time correlators
<latexit sha1_base64="qBuCv3jpnDVLPpF4KoStKOHO474=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBEqSEhCbe2uKII7K9gHNKFMppN26OTBzEQIof6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3Hi9mVEjT/NCWlldW19YLG8XNre2dXX1vvyOihGPSxhGLeM9DgjAakrakkpFezAkKPEa63uQi97t3hAsahbcyjYkboFFIfYqRVNJAL/mD64rjIZ5dTk+cKCAjdDzQy6Zh2XajXoemYVu1WtXOScO2rFNoGeYMZbBAa6C/O8MIJwEJJWZIiL5lxtLNEJcUMzItOokgMcITNCJ9RUMUEOFms+On8EgpQ+hHXFUo4Uz9PpGhQIg08FRngORY/PZy8S+vn0j/zM1oGCeShHi+yE8YlBHMk4BDygmWLFUEYU7VrRCPEUdYqryKKoSvT+H/pGMbVs2o3lTLzfNFHAVwAA5BBVigDprgCrRAG2CQggfwBJ61e+1Re9Fe561L2mKmBH5Ae/sEJ5KUew==</latexit>

fO(Ē,!)

Luo et al 2312.00736

<latexit sha1_base64="ircZz/gjSEbcd+DEaEhuqmdTwTs="></latexit>

CO(t) = tr (⇢EO(t)O(0))
<latexit sha1_base64="0efz/6vPGA7Mz+RVqG/7cqXQ4b8="></latexit>

SO(!) =
X

↵�

⇢↵↵|O↵� |2�(! � E� + E↵)

<latexit sha1_base64="tRDCBjnwKtxFhEUWjBGeY94ENOw=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU0lKrXorevFmBfsBTQiT7bZdutmE3U2hhP4TLx4U8eo/8ea/cdtGUNEHA4/3ZpiZFyacKe04H1ZhZXVtfaO4Wdra3tnds/cP2ipOJaEtEvNYdkNQlDNBW5ppTruJpBCFnHbC8fXc70yoVCwW93qaUD+CoWADRkAbKbDt2yDzgCcjwF5INcwCu+xUnAXwkrhVQ84c97Jex25ulVGOZmC/e/2YpBEVmnBQquc6ifYzkJoRTmclL1U0ATKGIe0ZKiCiys8Wl8/wiVH6eBBLU0Ljhfp9IoNIqWkUms4I9Ej99ubiX14v1YMLP2MiSTUVZLlokHKsYzyPAfeZpETzqSFAJDO3YjICCUSbsEomhK9P8f+kXa249UrtrlZuXOVxFNEROkanyEXnqIFuUBO1EEET9ICe0LOVWY/Wi/W6bC1Y+cwh+gHr7RN2B5OS</latexit>

O↵�

<latexit sha1_base64="PWqmdbegvdJ48q+brYZY3wTdp88=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLa567oxmUF+4B2KJlMpo1mkiHJCGXoP7hxoYhb/8edf2P6EFT0wIXDOfdy7z1Bwpk2CH04uZXVtfWN/GZha3tnd6+4f9DRMlWEtonkUvUCrClngrYNM5z2EkVxHHDaDe4uZ373nirNpLgxk4T6MR4JFjGCjZU6g5Byg4fFEnJRtYwaFYjcCvLq596CNGo16LlojhJYojUsvg9CSdKYCkM41rrvocT4GVaGEU6nhUGqaYLJHR7RvqUCx1T72fzaKTyxSggjqWwJA+fq94kMx1pP4sB2xtiM9W9vJv7l9VMT1f2MiSQ1VJDFoijl0Eg4ex2GTFFi+MQSTBSzt0IyxgoTYwMq2BC+PoX/k86Z61Xd8nW51LxYxpEHR+AYnAIP1EATXIEWaAMCbsEDeALPjnQenRfnddGac5Yzh+AHnLdP+u6PbA==</latexit>

�
<latexit sha1_base64="j6wPPJuMgsuyfsXsuKtF1RuTHJw=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4Gno06y0ogscIZsEkhJ5OJ2nS0zN09whhyF948aCIV//Gm39jZxFU9EHB470qqur5keDaYPzhpFZW19Y30puZre2d3b3s/kFDh7GirE5DEaqWTzQTXLK64UawVqQYCXzBmv74cuY375nSPJS3ZhKxbkCGkg84JcZKd1e9pENENCLTXjaHXVzM40oBYbeAvfK5tyCVUgl5Lp4jB0vUetn3Tj+kccCkoYJo3fZwZLoJUYZTwaaZTqxZROiYDFnbUkkCprvJ/OIpOrFKHw1CZUsaNFe/TyQk0HoS+LYzIGakf3sz8S+vHZtBuZtwGcWGSbpYNIgFMiGavY/6XDFqxMQSQhW3tyI6IopQY0PK2BC+PkX/k8aZ6xXd/E0+V71YxpGGIziGU/CgBFW4hhrUgYKEB3iCZ0c7j86L87poTTnLmUP4AeftEwR3kSw=</latexit>

E↵

for filter ensemble

<latexit sha1_base64="Lc0WwO0aVoVB4z42utOiHAzG1Wk=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZJaa90V3bisYFuhDWUynbRj5xFmJkIJ/Qc3LhRx6/+482+cphFU9MCFwzn3cu89YcyoNp734RSWlldW14rrpY3Nre2d8u5eR8tEYdLGkkl1GyJNGBWkbahh5DZWBPGQkW44uZz73XuiNJXixkxjEnA0EjSiGBkrdfqSkxEalCuee+r55/UT6Llehow0/GoD+rlSATlag/J7fyhxwokwmCGte74XmyBFylDMyKzUTzSJEZ6gEelZKhAnOkiza2fwyCpDGEllSxiYqd8nUsS1nvLQdnJkxvq3Nxf/8nqJiRpBSkWcGCLwYlGUMGgknL8Oh1QRbNjUEoQVtbdCPEYKYWMDKtkQvj6F/5NO1fXrbu26Vmle5HEUwQE4BMfAB2egCa5AC7QBBnfgATyBZ0c6j86L87poLTj5zD74AeftE9Fsj08=</latexit>!

<latexit sha1_base64="hSCdSkBeiddJj8lzvuXHu2CDI+0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZJaa90V3bisYB/QhDKZ3LRDJw9nJoVS+h1uXCji1o9x5984TSOo6IELh3Pu5d57vIQzqSzrwyisrK6tbxQ3S1vbO7t75f2DjoxTQaFNYx6LnkckcBZBWzHFoZcIIKHHoeuNrxd+dwJCsji6U9ME3JAMIxYwSpSWXMcHrsjAiUMYkkG5Ypnnln1ZP8OWaWXISMOuNrCdKxWUozUovzt+TNMQIkU5kbJvW4lyZ0QoRjnMS04qISF0TIbQ1zQiIUh3lh09xyda8XEQC12Rwpn6fWJGQimnoac7Q6JG8re3EP/y+qkKGu6MRUmqIKLLRUHKsYrxIgHsMwFU8akmhAqmb8V0RAShSudU0iF8fYr/J52qadfN2m2t0rzK4yiiI3SMTpGNLlAT3aAWaiOK7tEDekLPxsR4NF6M12VrwchnDtEPGG+fH+GSWg==</latexit>

�!

<latexit sha1_base64="+ZWCIaEOMMhwkpepHvAVpO9jh08=">AAACAnicdVDLSgMxFM34rPU16krcBItQN2Wm1lp3RTcuK9gHtMOQydy2oZkHSUYoQ3Hjr7hxoYhbv8Kdf2M6raCiBy73cM69JPd4MWdSWdaHsbC4tLyymlvLr29sbm2bO7stGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xtdTv32LQjJovBGjWNwAjIIWZ9RorTkmvsNN+35wBVxe1EAAzIpzvqxaxas0qlln1dPsFWyMmSkZpdr2J4rBTRHwzXfe35EkwBCRTmRsmtbsXJSIhSjHCb5XiIhJnREBtDVNCQBSCfNTpjgI634uB8JXaHCmfp9IyWBlOPA05MBUUP525uKf3ndRPVrTsrCOFEQ0tlD/YRjFeFpHthnAqjiY00IFUz/FdMhEYQqnVpeh/B1Kf6ftMolu1qqXFcK9Yt5HDl0gA5REdnoDNXRFWqgJqLoDj2gJ/Rs3BuPxovxOhtdMOY7e+gHjLdPSRWXYA==</latexit>

P�! (!)
filter in energy 

difference 
(commutator)



filter ensemble as ETH probe

function                related to two-time correlators
<latexit sha1_base64="qBuCv3jpnDVLPpF4KoStKOHO474=">AAAB/HicdVDLSsNAFJ34rPUV7dLNYBEqSEhCbe2uKII7K9gHNKFMppN26OTBzEQIof6KGxeKuPVD3Pk3TtoKKnrgwuGce7n3Hi9mVEjT/NCWlldW19YLG8XNre2dXX1vvyOihGPSxhGLeM9DgjAakrakkpFezAkKPEa63uQi97t3hAsahbcyjYkboFFIfYqRVNJAL/mD64rjIZ5dTk+cKCAjdDzQy6Zh2XajXoemYVu1WtXOScO2rFNoGeYMZbBAa6C/O8MIJwEJJWZIiL5lxtLNEJcUMzItOokgMcITNCJ9RUMUEOFms+On8EgpQ+hHXFUo4Uz9PpGhQIg08FRngORY/PZy8S+vn0j/zM1oGCeShHi+yE8YlBHMk4BDygmWLFUEYU7VrRCPEUdYqryKKoSvT+H/pGMbVs2o3lTLzfNFHAVwAA5BBVigDprgCrRAG2CQggfwBJ61e+1Re9Fe561L2mKmBH5Ae/sEJ5KUew==</latexit>

fO(Ē,!)

Luo et al 2312.00736

<latexit sha1_base64="ircZz/gjSEbcd+DEaEhuqmdTwTs="></latexit>

CO(t) = tr (⇢EO(t)O(0))
<latexit sha1_base64="0efz/6vPGA7Mz+RVqG/7cqXQ4b8="></latexit>

SO(!) =
X

↵�

⇢↵↵|O↵� |2�(! � E� + E↵)

<latexit sha1_base64="tRDCBjnwKtxFhEUWjBGeY94ENOw=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU0lKrXorevFmBfsBTQiT7bZdutmE3U2hhP4TLx4U8eo/8ea/cdtGUNEHA4/3ZpiZFyacKe04H1ZhZXVtfaO4Wdra3tnds/cP2ipOJaEtEvNYdkNQlDNBW5ppTruJpBCFnHbC8fXc70yoVCwW93qaUD+CoWADRkAbKbDt2yDzgCcjwF5INcwCu+xUnAXwkrhVQ84c97Jex25ulVGOZmC/e/2YpBEVmnBQquc6ifYzkJoRTmclL1U0ATKGIe0ZKiCiys8Wl8/wiVH6eBBLU0Ljhfp9IoNIqWkUms4I9Ej99ubiX14v1YMLP2MiSTUVZLlokHKsYzyPAfeZpETzqSFAJDO3YjICCUSbsEomhK9P8f+kXa249UrtrlZuXOVxFNEROkanyEXnqIFuUBO1EEET9ICe0LOVWY/Wi/W6bC1Y+cwh+gHr7RN2B5OS</latexit>

O↵�

<latexit sha1_base64="PWqmdbegvdJ48q+brYZY3wTdp88=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLa567oxmUF+4B2KJlMpo1mkiHJCGXoP7hxoYhb/8edf2P6EFT0wIXDOfdy7z1Bwpk2CH04uZXVtfWN/GZha3tnd6+4f9DRMlWEtonkUvUCrClngrYNM5z2EkVxHHDaDe4uZ373nirNpLgxk4T6MR4JFjGCjZU6g5Byg4fFEnJRtYwaFYjcCvLq596CNGo16LlojhJYojUsvg9CSdKYCkM41rrvocT4GVaGEU6nhUGqaYLJHR7RvqUCx1T72fzaKTyxSggjqWwJA+fq94kMx1pP4sB2xtiM9W9vJv7l9VMT1f2MiSQ1VJDFoijl0Eg4ex2GTFFi+MQSTBSzt0IyxgoTYwMq2BC+PoX/k86Z61Xd8nW51LxYxpEHR+AYnAIP1EATXIEWaAMCbsEDeALPjnQenRfnddGac5Yzh+AHnLdP+u6PbA==</latexit>

�
<latexit sha1_base64="j6wPPJuMgsuyfsXsuKtF1RuTHJw=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4Gno06y0ogscIZsEkhJ5OJ2nS0zN09whhyF948aCIV//Gm39jZxFU9EHB470qqur5keDaYPzhpFZW19Y30puZre2d3b3s/kFDh7GirE5DEaqWTzQTXLK64UawVqQYCXzBmv74cuY375nSPJS3ZhKxbkCGkg84JcZKd1e9pENENCLTXjaHXVzM40oBYbeAvfK5tyCVUgl5Lp4jB0vUetn3Tj+kccCkoYJo3fZwZLoJUYZTwaaZTqxZROiYDFnbUkkCprvJ/OIpOrFKHw1CZUsaNFe/TyQk0HoS+LYzIGakf3sz8S+vHZtBuZtwGcWGSbpYNIgFMiGavY/6XDFqxMQSQhW3tyI6IopQY0PK2BC+PkX/k8aZ6xXd/E0+V71YxpGGIziGU/CgBFW4hhrUgYKEB3iCZ0c7j86L87poTTnLmUP4AeftEwR3kSw=</latexit>

E↵

for filter ensemble

<latexit sha1_base64="Lc0WwO0aVoVB4z42utOiHAzG1Wk=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZJaa90V3bisYFuhDWUynbRj5xFmJkIJ/Qc3LhRx6/+482+cphFU9MCFwzn3cu89YcyoNp734RSWlldW14rrpY3Nre2d8u5eR8tEYdLGkkl1GyJNGBWkbahh5DZWBPGQkW44uZz73XuiNJXixkxjEnA0EjSiGBkrdfqSkxEalCuee+r55/UT6Llehow0/GoD+rlSATlag/J7fyhxwokwmCGte74XmyBFylDMyKzUTzSJEZ6gEelZKhAnOkiza2fwyCpDGEllSxiYqd8nUsS1nvLQdnJkxvq3Nxf/8nqJiRpBSkWcGCLwYlGUMGgknL8Oh1QRbNjUEoQVtbdCPEYKYWMDKtkQvj6F/5NO1fXrbu26Vmle5HEUwQE4BMfAB2egCa5AC7QBBnfgATyBZ0c6j86L87poLTj5zD74AeftE9Fsj08=</latexit>!

<latexit sha1_base64="hSCdSkBeiddJj8lzvuXHu2CDI+0=">AAAB9HicdVDLSsNAFJ3UV62vqks3g0VwFZJaa90V3bisYB/QhDKZ3LRDJw9nJoVS+h1uXCji1o9x5984TSOo6IELh3Pu5d57vIQzqSzrwyisrK6tbxQ3S1vbO7t75f2DjoxTQaFNYx6LnkckcBZBWzHFoZcIIKHHoeuNrxd+dwJCsji6U9ME3JAMIxYwSpSWXMcHrsjAiUMYkkG5Ypnnln1ZP8OWaWXISMOuNrCdKxWUozUovzt+TNMQIkU5kbJvW4lyZ0QoRjnMS04qISF0TIbQ1zQiIUh3lh09xyda8XEQC12Rwpn6fWJGQimnoac7Q6JG8re3EP/y+qkKGu6MRUmqIKLLRUHKsYrxIgHsMwFU8akmhAqmb8V0RAShSudU0iF8fYr/J52qadfN2m2t0rzK4yiiI3SMTpGNLlAT3aAWaiOK7tEDekLPxsR4NF6M12VrwchnDtEPGG+fH+GSWg==</latexit>

�!

<latexit sha1_base64="+ZWCIaEOMMhwkpepHvAVpO9jh08=">AAACAnicdVDLSgMxFM34rPU16krcBItQN2Wm1lp3RTcuK9gHtMOQydy2oZkHSUYoQ3Hjr7hxoYhbv8Kdf2M6raCiBy73cM69JPd4MWdSWdaHsbC4tLyymlvLr29sbm2bO7stGSWCQpNGPBIdj0jgLISmYopDJxZAAo9D2xtdTv32LQjJovBGjWNwAjIIWZ9RorTkmvsNN+35wBVxe1EAAzIpzvqxaxas0qlln1dPsFWyMmSkZpdr2J4rBTRHwzXfe35EkwBCRTmRsmtbsXJSIhSjHCb5XiIhJnREBtDVNCQBSCfNTpjgI634uB8JXaHCmfp9IyWBlOPA05MBUUP525uKf3ndRPVrTsrCOFEQ0tlD/YRjFeFpHthnAqjiY00IFUz/FdMhEYQqnVpeh/B1Kf6ftMolu1qqXFcK9Yt5HDl0gA5REdnoDNXRFWqgJqLoDj2gJ/Rs3BuPxovxOhtdMOY7e+gHjLdPSRWXYA==</latexit>

P�! (!)
filter in energy 

difference 
(commutator)

average times 
density of states 

factor

<latexit sha1_base64="Odz/d2wTSH/yzTd1/atI14zru6E=">AAACDHicdVDJSgNBFOyJW4xb1KOXxiAoSpgJMeotKAFvRjQLZKOn85I06Vno7hHCZD7Ai7/ixYMiXv0Ab/6NnQ1UtKChqKrH61e2z5lUpvlpxObmFxaX4suJldW19Y3k5lZZeoGgUKIe90TVJhI4c6GkmOJQ9QUQx+ZQsfsXI79yB0Iyz71VAx8aDum6rMMoUVpqJVPQDMOb/cJh3XOgSw6iaHjVCgtHMyEaNjM6ZabNMfCEWBlNjk3rLJfD1tRKoSmKreRHve3RwAFXUU6krFmmrxohEYpRDlGiHkjwCe2TLtQ0dYkDshGOj4nwnlbauOMJ/VyFx+r3iZA4Ug4cWycdonrytzcS//JqgeqcNkLm+oECl04WdQKOlYdHzeA2E0AVH2hCqGD6r5j2iCBU6f4SuoTZpfh/Us6krVw6e51N5c+ndcTRDtpF+8hCJyiPLlERlRBF9+gRPaMX48F4Ml6Nt0k0ZkxnttEPGO9fvCua0A==</latexit>

e
S(E+!)|OE,E+!|2



<latexit sha1_base64="3T79grs/3XJ6gEkpKmbY92nRZeE="></latexit>

S
⇢

O
(!) ⇡ e

S(E+!)|OE,E+!|2

filter ensemble as ETH probe

Luo et al 2312.00736

see also Pappalardi, Foini, 
Kurchan, 2304.10948

broadened spectral function of filter ensemble

<latexit sha1_base64="tRDCBjnwKtxFhEUWjBGeY94ENOw=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU0lKrXorevFmBfsBTQiT7bZdutmE3U2hhP4TLx4U8eo/8ea/cdtGUNEHA4/3ZpiZFyacKe04H1ZhZXVtfaO4Wdra3tnds/cP2ipOJaEtEvNYdkNQlDNBW5ppTruJpBCFnHbC8fXc70yoVCwW93qaUD+CoWADRkAbKbDt2yDzgCcjwF5INcwCu+xUnAXwkrhVQ84c97Jex25ulVGOZmC/e/2YpBEVmnBQquc6ifYzkJoRTmclL1U0ATKGIe0ZKiCiys8Wl8/wiVH6eBBLU0Ljhfp9IoNIqWkUms4I9Ej99ubiX14v1YMLP2MiSTUVZLlokHKsYzyPAfeZpETzqSFAJDO3YjICCUSbsEomhK9P8f+kXa249UrtrlZuXOVxFNEROkanyEXnqIFuUBO1EEET9ICe0LOVWY/Wi/W6bC1Y+cwh+gHr7RN2B5OS</latexit>

O↵�

<latexit sha1_base64="j6wPPJuMgsuyfsXsuKtF1RuTHJw=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4Gno06y0ogscIZsEkhJ5OJ2nS0zN09whhyF948aCIV//Gm39jZxFU9EHB470qqur5keDaYPzhpFZW19Y30puZre2d3b3s/kFDh7GirE5DEaqWTzQTXLK64UawVqQYCXzBmv74cuY375nSPJS3ZhKxbkCGkg84JcZKd1e9pENENCLTXjaHXVzM40oBYbeAvfK5tyCVUgl5Lp4jB0vUetn3Tj+kccCkoYJo3fZwZLoJUYZTwaaZTqxZROiYDFnbUkkCprvJ/OIpOrFKHw1CZUsaNFe/TyQk0HoS+LYzIGakf3sz8S+vHZtBuZtwGcWGSbpYNIgFMiGavY/6XDFqxMQSQhW3tyI6IopQY0PK2BC+PkX/k8aZ6xXd/E0+V71YxpGGIziGU/CgBFW4hhrUgYKEB3iCZ0c7j86L87poTTnLmUP4AeftEwR3kSw=</latexit>

E↵

<latexit sha1_base64="Lc0WwO0aVoVB4z42utOiHAzG1Wk=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZJaa90V3bisYFuhDWUynbRj5xFmJkIJ/Qc3LhRx6/+482+cphFU9MCFwzn3cu89YcyoNp734RSWlldW14rrpY3Nre2d8u5eR8tEYdLGkkl1GyJNGBWkbahh5DZWBPGQkW44uZz73XuiNJXixkxjEnA0EjSiGBkrdfqSkxEalCuee+r55/UT6Llehow0/GoD+rlSATlag/J7fyhxwokwmCGte74XmyBFylDMyKzUTzSJEZ6gEelZKhAnOkiza2fwyCpDGEllSxiYqd8nUsS1nvLQdnJkxvq3Nxf/8nqJiRpBSkWcGCLwYlGUMGgknL8Oh1QRbNjUEoQVtbdCPEYKYWMDKtkQvj6F/5NO1fXrbu26Vmle5HEUwQE4BMfAB2egCa5AC7QBBnfgATyBZ0c6j86L87poLTj5zD74AeftE9Fsj08=</latexit>!



<latexit sha1_base64="3T79grs/3XJ6gEkpKmbY92nRZeE="></latexit>

S
⇢

O
(!) ⇡ e

S(E+!)|OE,E+!|2

filter ensemble as ETH probe

Luo et al 2312.00736

see also Pappalardi, Foini, 
Kurchan, 2304.10948

broadened spectral function of filter ensemble

<latexit sha1_base64="pEHaWhM37K92c4ehwhE3607sEr8="></latexit>

⇡ e
S(E+!)�S(E)

2 |fO(E + !/2,!)|2

using ETH

<latexit sha1_base64="tRDCBjnwKtxFhEUWjBGeY94ENOw=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU0lKrXorevFmBfsBTQiT7bZdutmE3U2hhP4TLx4U8eo/8ea/cdtGUNEHA4/3ZpiZFyacKe04H1ZhZXVtfaO4Wdra3tnds/cP2ipOJaEtEvNYdkNQlDNBW5ppTruJpBCFnHbC8fXc70yoVCwW93qaUD+CoWADRkAbKbDt2yDzgCcjwF5INcwCu+xUnAXwkrhVQ84c97Jex25ulVGOZmC/e/2YpBEVmnBQquc6ifYzkJoRTmclL1U0ATKGIe0ZKiCiys8Wl8/wiVH6eBBLU0Ljhfp9IoNIqWkUms4I9Ej99ubiX14v1YMLP2MiSTUVZLlokHKsYzyPAfeZpETzqSFAJDO3YjICCUSbsEomhK9P8f+kXa249UrtrlZuXOVxFNEROkanyEXnqIFuUBO1EEET9ICe0LOVWY/Wi/W6bC1Y+cwh+gHr7RN2B5OS</latexit>

O↵�

<latexit sha1_base64="j6wPPJuMgsuyfsXsuKtF1RuTHJw=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4Gno06y0ogscIZsEkhJ5OJ2nS0zN09whhyF948aCIV//Gm39jZxFU9EHB470qqur5keDaYPzhpFZW19Y30puZre2d3b3s/kFDh7GirE5DEaqWTzQTXLK64UawVqQYCXzBmv74cuY375nSPJS3ZhKxbkCGkg84JcZKd1e9pENENCLTXjaHXVzM40oBYbeAvfK5tyCVUgl5Lp4jB0vUetn3Tj+kccCkoYJo3fZwZLoJUYZTwaaZTqxZROiYDFnbUkkCprvJ/OIpOrFKHw1CZUsaNFe/TyQk0HoS+LYzIGakf3sz8S+vHZtBuZtwGcWGSbpYNIgFMiGavY/6XDFqxMQSQhW3tyI6IopQY0PK2BC+PkX/k8aZ6xXd/E0+V71YxpGGIziGU/CgBFW4hhrUgYKEB3iCZ0c7j86L87poTTnLmUP4AeftEwR3kSw=</latexit>

E↵

<latexit sha1_base64="Lc0WwO0aVoVB4z42utOiHAzG1Wk=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZJaa90V3bisYFuhDWUynbRj5xFmJkIJ/Qc3LhRx6/+482+cphFU9MCFwzn3cu89YcyoNp734RSWlldW14rrpY3Nre2d8u5eR8tEYdLGkkl1GyJNGBWkbahh5DZWBPGQkW44uZz73XuiNJXixkxjEnA0EjSiGBkrdfqSkxEalCuee+r55/UT6Llehow0/GoD+rlSATlag/J7fyhxwokwmCGte74XmyBFylDMyKzUTzSJEZ6gEelZKhAnOkiza2fwyCpDGEllSxiYqd8nUsS1nvLQdnJkxvq3Nxf/8nqJiRpBSkWcGCLwYlGUMGgknL8Oh1QRbNjUEoQVtbdCPEYKYWMDKtkQvj6F/5NO1fXrbu26Vmle5HEUwQE4BMfAB2egCa5AC7QBBnfgATyBZ0c6j86L87poLTj5zD74AeftE9Fsj08=</latexit>!



<latexit sha1_base64="3T79grs/3XJ6gEkpKmbY92nRZeE="></latexit>

S
⇢

O
(!) ⇡ e

S(E+!)|OE,E+!|2

filter ensemble as ETH probe

Luo et al 2312.00736

see also Pappalardi, Foini, 
Kurchan, 2304.10948

broadened spectral function of filter ensemble

<latexit sha1_base64="pEHaWhM37K92c4ehwhE3607sEr8="></latexit>

⇡ e
S(E+!)�S(E)

2 |fO(E + !/2,!)|2

using ETH

entropy factor extracted from DoS 
calculation or eliminated from 

<latexit sha1_base64="GiLcVGi2JErdt7VnoP2wuHBFgSU=">AAAB/HicdVDLSsNAFJ3UV62vaJduBotQF4ak1lp3RTfurGgf0NYwmU7boZNMmJkIJdRfceNCEbd+iDv/xmkaQUUPXDiccy/33uOFjEpl2x9GZmFxaXklu5pbW9/Y3DK3d5qSRwKTBuaMi7aHJGE0IA1FFSPtUBDke4y0vPH5zG/dESEpD27UJCQ9Hw0DOqAYKS25Zv7avbyNu2LEp8XDLvfJEB24ZsG2jm3ntHIEbctOkJCqU6pCJ1UKIEXdNd+7fY4jnwQKMyRlx7FD1YuRUBQzMs11I0lChMdoSDqaBsgnshcnx0/hvlb6cMCFrkDBRP0+ESNfyonv6U4fqZH87c3Ev7xOpAbVXkyDMFIkwPNFg4hBxeEsCdingmDFJpogLKi+FeIREggrnVdOh/D1KfyfNEuWU7HKV+VC7SyNIwt2wR4oAgecgBq4AHXQABhMwAN4As/GvfFovBiv89aMkc7kwQ8Yb58tNZR8</latexit>

S⇢

O
(�!)

<latexit sha1_base64="tRDCBjnwKtxFhEUWjBGeY94ENOw=">AAAB+XicdVBNS8NAEN3Ur1q/oh69LBbBU0lKrXorevFmBfsBTQiT7bZdutmE3U2hhP4TLx4U8eo/8ea/cdtGUNEHA4/3ZpiZFyacKe04H1ZhZXVtfaO4Wdra3tnds/cP2ipOJaEtEvNYdkNQlDNBW5ppTruJpBCFnHbC8fXc70yoVCwW93qaUD+CoWADRkAbKbDt2yDzgCcjwF5INcwCu+xUnAXwkrhVQ84c97Jex25ulVGOZmC/e/2YpBEVmnBQquc6ifYzkJoRTmclL1U0ATKGIe0ZKiCiys8Wl8/wiVH6eBBLU0Ljhfp9IoNIqWkUms4I9Ej99ubiX14v1YMLP2MiSTUVZLlokHKsYzyPAfeZpETzqSFAJDO3YjICCUSbsEomhK9P8f+kXa249UrtrlZuXOVxFNEROkanyEXnqIFuUBO1EEET9ICe0LOVWY/Wi/W6bC1Y+cwh+gHr7RN2B5OS</latexit>

O↵�

<latexit sha1_base64="j6wPPJuMgsuyfsXsuKtF1RuTHJw=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4Gno06y0ogscIZsEkhJ5OJ2nS0zN09whhyF948aCIV//Gm39jZxFU9EHB470qqur5keDaYPzhpFZW19Y30puZre2d3b3s/kFDh7GirE5DEaqWTzQTXLK64UawVqQYCXzBmv74cuY375nSPJS3ZhKxbkCGkg84JcZKd1e9pENENCLTXjaHXVzM40oBYbeAvfK5tyCVUgl5Lp4jB0vUetn3Tj+kccCkoYJo3fZwZLoJUYZTwaaZTqxZROiYDFnbUkkCprvJ/OIpOrFKHw1CZUsaNFe/TyQk0HoS+LYzIGakf3sz8S+vHZtBuZtwGcWGSbpYNIgFMiGavY/6XDFqxMQSQhW3tyI6IopQY0PK2BC+PkX/k8aZ6xXd/E0+V71YxpGGIziGU/CgBFW4hhrUgYKEB3iCZ0c7j86L87poTTnLmUP4AeftEwR3kSw=</latexit>

E↵

<latexit sha1_base64="Lc0WwO0aVoVB4z42utOiHAzG1Wk=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFZJaa90V3bisYFuhDWUynbRj5xFmJkIJ/Qc3LhRx6/+482+cphFU9MCFwzn3cu89YcyoNp734RSWlldW14rrpY3Nre2d8u5eR8tEYdLGkkl1GyJNGBWkbahh5DZWBPGQkW44uZz73XuiNJXixkxjEnA0EjSiGBkrdfqSkxEalCuee+r55/UT6Llehow0/GoD+rlSATlag/J7fyhxwokwmCGte74XmyBFylDMyKzUTzSJEZ6gEelZKhAnOkiza2fwyCpDGEllSxiYqd8nUsS1nvLQdnJkxvq3Nxf/8nqJiRpBSkWcGCLwYlGUMGgknL8Oh1QRbNjUEoQVtbdCPEYKYWMDKtkQvj6F/5NO1fXrbu26Vmle5HEUwQE4BMfAB2egCa5AC7QBBnfgATyBZ0c6j86L87poLTj5zD74AeftE9Fsj08=</latexit>!



<latexit sha1_base64="ic/2p/aZ+NvGTSs60IAjgufY4bs=">AAAB7nicdVBNSwMxEJ31s9avqkcvwSJ4sWRLXfUgFL14kgr2A9qlZNO0Dc1mlyQrlKU/wosHRbz6e7z5b0zbFVT0wcDjvRlm5gWx4Npg/OEsLC4tr6zm1vLrG5tb24Wd3YaOEkVZnUYiUq2AaCa4ZHXDjWCtWDESBoI1g9HV1G/eM6V5JO/MOGZ+SAaS9zklxkrNm4syPvZwt1DEJTwDmhO3bMkJds89D7mZVYQMtW7hvdOLaBIyaaggWrddHBs/JcpwKtgk30k0iwkdkQFrWypJyLSfzs6doEOr9FA/UrakQTP1+0RKQq3HYWA7Q2KG+rc3Ff/y2onpn/kpl3FimKTzRf1EIBOh6e+oxxWjRowtIVRxeyuiQ6IINTahvA3h61P0P2mUS65XqtxWitXLLI4c7MMBHIELp1CFa6hBHSiM4AGe4NmJnUfnxXmdty442cwe/IDz9gmGOY5n</latexit>

N = 20� 60

integrable

non-
integrable

disordered converged in size
asymptotic behaviour

<latexit sha1_base64="MUAhgxdeXae+kb01sBUg5PVkVVU=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4iklpqx6EogiepIL9gDaUzXbTLt1swu5GKKE/wosHRbz6e7z5b9y2EVT0wcDjvRlm5vkxZ0o7zoe1sLi0vLKaW8uvb2xubRd2dpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8keXU791T6VikbjT45h6IR4IFjCCtZFaV8c3545d6RWKju3MgObELRlScdyzahW5mVWEDPVe4b3bj0gSUqEJx0p1XCfWXoqlZoTTSb6bKBpjMsID2jFU4JAqL52dO0GHRumjIJKmhEYz9ftEikOlxqFvOkOsh+q3NxX/8jqJDk69lIk40VSQ+aIg4UhHaPo76jNJieZjQzCRzNyKyBBLTLRJKG9C+PoU/U+aJdut2uXbcrF2kcWRg304gCNw4QRqcA11aACBETzAEzxbsfVovViv89YFK5vZgx+w3j4BoZqOeQ==</latexit>

E/N = 0.5

ω-dependence of 
<latexit sha1_base64="zYc7oduHihfgZBcF4tIfKNow8F8=">AAAB+nicdVDLSsNAFJ34rPWV6tLNYBEqSEiTGF0WRXBnBfuANobJdNIOnTyYmSil7ae4caGIW7/EnX/j9CGo6IELh3Pu5d57gpRRIU3zQ1tYXFpeWc2t5dc3Nre29cJOXSQZx6SGE5bwZoAEYTQmNUklI82UExQFjDSC/vnEb9wRLmgS38hBSrwIdWMaUoykkny9MAr9q9LFUTuJSBcdjm4tXy+ahum6lmtD07Bt+9h0FLFcx7VsWDbMKYpgjqqvv7c7Cc4iEkvMkBCtsplKb4i4pJiRcb6dCZIi3Edd0lI0RhER3nB6+hgeKKUDw4SriiWcqt8nhigSYhAFqjNCsid+exPxL6+VyfDUG9I4zSSJ8WxRmDEoEzjJAXYoJ1iygSIIc6puhbiHOMJSpZVXIXx9Cv8ndcsou4Zz7RQrZ/M4cmAP7IMSKIMTUAGXoApqAIN78ACewLM20h61F+111rqgzWd2wQ9ob59CK5Nh</latexit>

|fO(E,!)|2

Luo et al 2312.00736
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