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TNS: entanglement-based ansatzes for quantum 
many-body states
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tensor networks may also describe 
partition functions (observables)

need to 
contract a TN

Nishino, JPSJ 1995
Levin & Wen PRL 2008

 Xie et al PRL2009; Zhao et al PRB 2010

TRG approaches

TN assisted Metropolis-Hastings
collective updates

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

a side comment
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TNS are very useful in the quantum 
many-body context

formal approach

classify tensors (symmetries)

great descriptive power: phases, 
topological chiral states, anyons...

numerical approach
TNS as (variational) ansätze 

for physical problems
efficient algorithms for GS, low 

excited states, thermal, dynamics

entanglement: crucial ingredient 
to understand QMB systems

as ansatz
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Tensor Network States (TNS)

efficient numerical algorithms (small spatial 
dimensions) and good theoretical understanding

work well for GS, low energy, thermal equilibrium
related to area laws

but not for high energy eigenstates, quenches 

volume law

Osborne, PRL 2006
Schuch et al., NJP 2008

Vidmar et al., PRL 2017

new tools allow us to access some of these regimes

non-technical review: Annu Rev. CMP 2023 14:1; 
arXiv:2205.10345

as (numerical) ansatz



a question we want to address…



how do quantum systems thermalize?



Thermalization of quantum systems
quantum system
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Eigenstate Thermalization Hypothesis (ETH)

implies (strong) thermalization for initial state 
with subextensive energy fluctuations

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

Omn = O(Ē)�mn + e
�S(Ē)

2 fO(Ē,!)Rmn
<latexit sha1_base64="RA+cdf9TwzeQ0rC+efjbkcJsfCU="></latexit>

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

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

DoS

H =
NX

n=1

hi

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



Eigenstate Thermalization Hypothesis (ETH)

implies (strong) thermalization for initial state 
with subextensive energy fluctuations

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

Omn = O(Ē)�mn + e
�S(Ē)

2 fO(Ē,!)Rmn
<latexit sha1_base64="RA+cdf9TwzeQ0rC+efjbkcJsfCU="></latexit>

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

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

DoS

H =
NX

n=1

hi

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

<latexit sha1_base64="pGct8JVXmmVWwHEMdNcmrjIlzBQ=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgadlo1XorevFYwVqhu5Rsmm1Dk+yaZAtl6e/w4kFBvPpfvPlvTLcrqOiDgcd7M8zMCxPOtPG8D6e0sLi0vFJeraytb2xuVbd3bnWcKkLbJOaxuguxppxJ2jbMcHqXKIpFyGknHF3O/M6YKs1ieWMmCQ0EHkgWMYKNlQJfs4HAvcxvaTbtVWuee+Kh81MPeq6XIycNdIwgKpQaKNDqVd/9fkxSQaUhHGvdRV5iggwrwwin04qfappgMsID2rVUYkF1kOVHT+GBVfowipUtaWCufp/IsNB6IkLbKbAZ6t/eTPzL66YmagQZk0lqqCTzRVHKoYnhLAHYZ4oSwyeWYKKYvRWSIVaYGJtTxYbw9Sn8n3SOXFR3Ebqu15oXRR5lsAf2wSFA4Aw0wRVogTYg4B48gCfw7IydR+fFeZ23lpxiZhf8gPP2Cd84kqM=</latexit>� 

<latexit sha1_base64="vbcS8mMTSQ81S+kHDjt3jg+rTsI=">AAAB9HicdVBNSwMxEM3Wr1q/qh69BIvgaUm0ar0VvXisYG2hu5Rsmm1Ds9klyQpl7d/w4kFBvPpjvPlvTLcrqOiDgcd7M8zMCxLBtUHowyktLC4tr5RXK2vrG5tb1e2dWx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsE48uZ37ljSvNY3phJwvyIDCUPOSXGSt6919LcU0QOBetXa8g9Qfj8FEHkohw5aeBjDHGh1ECBVr/67g1imkZMGiqI1j2MEuNnRBlOBZtWvFSzhNAxGbKepZJETPtZfvMUHlhlAMNY2ZIG5ur3iYxEWk+iwHZGxIz0b28m/uX1UhM2/IzLJDVM0vmiMBXQxHAWABxwxagRE0sIVdzeCumIKEKNjaliQ/j6FP5POkcurrsYX9drzYsijzLYA/vgEGBwBprgCrRAG1CQgAfwBJ6d1Hl0XpzXeWvJKWZ2wQ84b58GwpIm</latexit>

| i

<latexit sha1_base64="xSwAw2m1o9T3qK31VB2+e3NPotU=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WjZatd6KInisYG2hXUo2TdvQbHZNskJZ+ie8eFAQr/4cb/4b0+0KKvpg4PHeDDPzglhwbTzvw5mbX1hcWi6sFFfX1jc2S1vbtzpKFGUNGolItQKimeCSNQw3grVixUgYCNYMRhdTv3nPlOaRvDHjmPkhGUje55QYK7Uuu2mnrvmkWyp77rGHz0485LlehoxU8RFGOFfKkKPeLb13ehFNQiYNFUTrNvZi46dEGU4FmxQ7iWYxoSMyYG1LJQmZ9tPs3gnat0oP9SNlSxqUqd8nUhJqPQ4D2xkSM9S/van4l9dOTL/qp1zGiWGSzhb1E4FMhKbPox5XjBoxtoRQxe2tiA6JItTYiIo2hK9P0f+keejiiovxdaVcO8/zKMAu7MEBYDiFGlxBHRpAQcADPMGzc+c8Oi/O66x1zslnduAHnLdPyjuQSQ==</latexit>

E 



Eigenstate Thermalization Hypothesis (ETH)

implies (strong) thermalization for initial state 
with subextensive energy fluctuations

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

Omn = O(Ē)�mn + e
�S(Ē)

2 fO(Ē,!)Rmn
<latexit sha1_base64="RA+cdf9TwzeQ0rC+efjbkcJsfCU="></latexit>

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

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

DoS

H =
NX

n=1

hi

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

<latexit sha1_base64="pGct8JVXmmVWwHEMdNcmrjIlzBQ=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgadlo1XorevFYwVqhu5Rsmm1Dk+yaZAtl6e/w4kFBvPpfvPlvTLcrqOiDgcd7M8zMCxPOtPG8D6e0sLi0vFJeraytb2xuVbd3bnWcKkLbJOaxuguxppxJ2jbMcHqXKIpFyGknHF3O/M6YKs1ieWMmCQ0EHkgWMYKNlQJfs4HAvcxvaTbtVWuee+Kh81MPeq6XIycNdIwgKpQaKNDqVd/9fkxSQaUhHGvdRV5iggwrwwin04qfappgMsID2rVUYkF1kOVHT+GBVfowipUtaWCufp/IsNB6IkLbKbAZ6t/eTPzL66YmagQZk0lqqCTzRVHKoYnhLAHYZ4oSwyeWYKKYvRWSIVaYGJtTxYbw9Sn8n3SOXFR3Ebqu15oXRR5lsAf2wSFA4Aw0wRVogTYg4B48gCfw7IydR+fFeZ23lpxiZhf8gPP2Cd84kqM=</latexit>� 

<latexit sha1_base64="vbcS8mMTSQ81S+kHDjt3jg+rTsI=">AAAB9HicdVBNSwMxEM3Wr1q/qh69BIvgaUm0ar0VvXisYG2hu5Rsmm1Ds9klyQpl7d/w4kFBvPpjvPlvTLcrqOiDgcd7M8zMCxLBtUHowyktLC4tr5RXK2vrG5tb1e2dWx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsE48uZ37ljSvNY3phJwvyIDCUPOSXGSt6919LcU0QOBetXa8g9Qfj8FEHkohw5aeBjDHGh1ECBVr/67g1imkZMGiqI1j2MEuNnRBlOBZtWvFSzhNAxGbKepZJETPtZfvMUHlhlAMNY2ZIG5ur3iYxEWk+iwHZGxIz0b28m/uX1UhM2/IzLJDVM0vmiMBXQxHAWABxwxagRE0sIVdzeCumIKEKNjaliQ/j6FP5POkcurrsYX9drzYsijzLYA/vgEGBwBprgCrRAG1CQgAfwBJ6d1Hl0XpzXeWvJKWZ2wQ84b58GwpIm</latexit>

| i

<latexit sha1_base64="xSwAw2m1o9T3qK31VB2+e3NPotU=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WjZatd6KInisYG2hXUo2TdvQbHZNskJZ+ie8eFAQr/4cb/4b0+0KKvpg4PHeDDPzglhwbTzvw5mbX1hcWi6sFFfX1jc2S1vbtzpKFGUNGolItQKimeCSNQw3grVixUgYCNYMRhdTv3nPlOaRvDHjmPkhGUje55QYK7Uuu2mnrvmkWyp77rGHz0485LlehoxU8RFGOFfKkKPeLb13ehFNQiYNFUTrNvZi46dEGU4FmxQ7iWYxoSMyYG1LJQmZ9tPs3gnat0oP9SNlSxqUqd8nUhJqPQ4D2xkSM9S/van4l9dOTL/qp1zGiWGSzhb1E4FMhKbPox5XjBoxtoRQxe2tiA6JItTYiIo2hK9P0f+keejiiovxdaVcO8/zKMAu7MEBYDiFGlxBHRpAQcADPMGzc+c8Oi/O66x1zslnduAHnLdPyjuQSQ==</latexit>

E 

time average converges to 
microcanonical



Eigenstate Thermalization Hypothesis (ETH)

implies (strong) thermalization for initial state 
with subextensive energy fluctuations

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

Omn = O(Ē)�mn + e
�S(Ē)

2 fO(Ē,!)Rmn
<latexit sha1_base64="RA+cdf9TwzeQ0rC+efjbkcJsfCU="></latexit>

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

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

DoS

H =
NX

n=1

hi

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

<latexit sha1_base64="pGct8JVXmmVWwHEMdNcmrjIlzBQ=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgadlo1XorevFYwVqhu5Rsmm1Dk+yaZAtl6e/w4kFBvPpfvPlvTLcrqOiDgcd7M8zMCxPOtPG8D6e0sLi0vFJeraytb2xuVbd3bnWcKkLbJOaxuguxppxJ2jbMcHqXKIpFyGknHF3O/M6YKs1ieWMmCQ0EHkgWMYKNlQJfs4HAvcxvaTbtVWuee+Kh81MPeq6XIycNdIwgKpQaKNDqVd/9fkxSQaUhHGvdRV5iggwrwwin04qfappgMsID2rVUYkF1kOVHT+GBVfowipUtaWCufp/IsNB6IkLbKbAZ6t/eTPzL66YmagQZk0lqqCTzRVHKoYnhLAHYZ4oSwyeWYKKYvRWSIVaYGJtTxYbw9Sn8n3SOXFR3Ebqu15oXRR5lsAf2wSFA4Aw0wRVogTYg4B48gCfw7IydR+fFeZ23lpxiZhf8gPP2Cd84kqM=</latexit>� 

<latexit sha1_base64="vbcS8mMTSQ81S+kHDjt3jg+rTsI=">AAAB9HicdVBNSwMxEM3Wr1q/qh69BIvgaUm0ar0VvXisYG2hu5Rsmm1Ds9klyQpl7d/w4kFBvPpjvPlvTLcrqOiDgcd7M8zMCxLBtUHowyktLC4tr5RXK2vrG5tb1e2dWx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsE48uZ37ljSvNY3phJwvyIDCUPOSXGSt6919LcU0QOBetXa8g9Qfj8FEHkohw5aeBjDHGh1ECBVr/67g1imkZMGiqI1j2MEuNnRBlOBZtWvFSzhNAxGbKepZJETPtZfvMUHlhlAMNY2ZIG5ur3iYxEWk+iwHZGxIz0b28m/uX1UhM2/IzLJDVM0vmiMBXQxHAWABxwxagRE0sIVdzeCumIKEKNjaliQ/j6FP5POkcurrsYX9drzYsijzLYA/vgEGBwBprgCrRAG1CQgAfwBJ6d1Hl0XpzXeWvJKWZ2wQ84b58GwpIm</latexit>

| i

<latexit sha1_base64="xSwAw2m1o9T3qK31VB2+e3NPotU=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WjZatd6KInisYG2hXUo2TdvQbHZNskJZ+ie8eFAQr/4cb/4b0+0KKvpg4PHeDDPzglhwbTzvw5mbX1hcWi6sFFfX1jc2S1vbtzpKFGUNGolItQKimeCSNQw3grVixUgYCNYMRhdTv3nPlOaRvDHjmPkhGUje55QYK7Uuu2mnrvmkWyp77rGHz0485LlehoxU8RFGOFfKkKPeLb13ehFNQiYNFUTrNvZi46dEGU4FmxQ7iWYxoSMyYG1LJQmZ9tPs3gnat0oP9SNlSxqUqd8nUhJqPQ4D2xkSM9S/van4l9dOTL/qp1zGiWGSzhb1E4FMhKbPox5XjBoxtoRQxe2tiA6JItTYiIo2hK9P0f+keejiiovxdaVcO8/zKMAu7MEBYDiFGlxBHRpAQcADPMGzc+c8Oi/O66x1zslnduAHnLdPyjuQSQ==</latexit>

E 

time average converges to 
microcanonical
fluctuations in time are 
exponentially small



Eigenstate Thermalization Hypothesis (ETH)

expected to hold for generic (non-integrable) 
quantum systems
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Eigenstate Thermalization Hypothesis (ETH)

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



simulation of non-equilibrium dynamics with MPS



product state

easy to write as MPS

thermal states

well approximated as MPO

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

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

global quench 
in 1D

local 
observables



product state

easy to write as MPS

thermal states

well approximated as MPO

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

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

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

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

global quench 
in 1D

local 
observables



product state

easy to write as MPS

thermal states

well approximated as MPO

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

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

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

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

entanglement 
barrier

global quench 
in 1D

local 
observables



product state

easy to write as MPS

thermal states

well approximated as MPO

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

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

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

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

n=1

hi

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

spectral (finite energy) properties

khik  1
<latexit sha1_base64="2C2iivbZl6idMKqnzDOGlAobQi4="></latexit>

trhn = 0
<latexit sha1_base64="w3fEY8xeH9Fp4qTmwalVn+QGZfo="></latexit>



DoS

H =
NX

n=1

hi

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

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

<latexit sha1_base64="1n96cZLMKN1rHQnELPUmUDyh5S8=">AAAB73icdVDJSgNBEK1xjXGLevTSGARPw0wMJt6CXjxJBLNAMoSeTidp0rOku0YIQ37CiwdFvPo73vwbOxuo6IOCx3tVVNXzYyk0Os6ntbK6tr6xmdnKbu/s7u3nDg7rOkoU4zUWyUg1faq5FCGvoUDJm7HiNPAlb/jD66nfeOBKiyi8x3HMvYD2Q9ETjKKRmm09UpjeTjq5vGMXLsvOeZnMSbG0JAXi2s4MeVig2sl9tLsRSwIeIpNU65brxOilVKFgkk+y7UTzmLIh7fOWoSENuPbS2b0TcmqULulFylSIZKZ+n0hpoPU48E1nQHGgf3tT8S+vlWCv7KUijBPkIZsv6iWSYESmz5OuUJyhHBtCmRLmVsIGVFGGJqKsCWH5Kfmf1Au2e2EX74r5ytUijgwcwwmcgQslqMANVKEGDCQ8wjO8WCPryXq13uatK9Zi5gh+wHr/AuzEkJQ=</latexit>p
N

spectral (finite energy) properties

khik  1
<latexit sha1_base64="2C2iivbZl6idMKqnzDOGlAobQi4="></latexit>

trhn = 0
<latexit sha1_base64="w3fEY8xeH9Fp4qTmwalVn+QGZfo="></latexit>



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="YarWI505EBimAVcQzZguxVXw6Yg=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRb0IsniWAemCxhdjKbDJmdXWdmhbDkL7x4UMSrf+PNv3HyAhUtaCiquunu8mPOlHacTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h5cTv/lApWKRuNWjmHoh7gsWMIK1ke7ck466lzq9HnfzBccunlec0wqakVJ5QYrItZ0pCjBHrZv/6PQikoRUaMKxUm3XibWXYqkZ4XSc6ySKxpgMcZ+2DRU4pMpLpxeP0ZFReiiIpCmh0VT9PpHiUKlR6JvOEOuB+u1NxL+8dqKDipcyESeaCjJbFCQc6QhN3kc9JinRfGQIJpKZWxEZYImJNiHlTAiLT9H/pFG03TO7dFMqVC/mcWThAA7hGFwoQxWuoAZ1ICDgEZ7hxVLWk/Vqvc1aM9Z8Zh9+wHr/AstqkQg=</latexit>

1/
p
N

spectral (finite energy) properties

khik  1
<latexit sha1_base64="2C2iivbZl6idMKqnzDOGlAobQi4="></latexit>

trhn = 0
<latexit sha1_base64="w3fEY8xeH9Fp4qTmwalVn+QGZfo="></latexit>



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="YarWI505EBimAVcQzZguxVXw6Yg=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRb0IsniWAemCxhdjKbDJmdXWdmhbDkL7x4UMSrf+PNv3HyAhUtaCiquunu8mPOlHacTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h5cTv/lApWKRuNWjmHoh7gsWMIK1ke7ck466lzq9HnfzBccunlec0wqakVJ5QYrItZ0pCjBHrZv/6PQikoRUaMKxUm3XibWXYqkZ4XSc6ySKxpgMcZ+2DRU4pMpLpxeP0ZFReiiIpCmh0VT9PpHiUKlR6JvOEOuB+u1NxL+8dqKDipcyESeaCjJbFCQc6QhN3kc9JinRfGQIJpKZWxEZYImJNiHlTAiLT9H/pFG03TO7dFMqVC/mcWThAA7hGFwoQxWuoAZ1ICDgEZ7hxVLWk/Vqvc1aM9Z8Zh9+wHr/AstqkQg=</latexit>

1/
p
N

Gaussian

spectral (finite energy) properties

khik  1
<latexit sha1_base64="2C2iivbZl6idMKqnzDOGlAobQi4="></latexit>

trhn = 0
<latexit sha1_base64="w3fEY8xeH9Fp4qTmwalVn+QGZfo="></latexit>



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="YarWI505EBimAVcQzZguxVXw6Yg=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRb0IsniWAemCxhdjKbDJmdXWdmhbDkL7x4UMSrf+PNv3HyAhUtaCiquunu8mPOlHacTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h5cTv/lApWKRuNWjmHoh7gsWMIK1ke7ck466lzq9HnfzBccunlec0wqakVJ5QYrItZ0pCjBHrZv/6PQikoRUaMKxUm3XibWXYqkZ4XSc6ySKxpgMcZ+2DRU4pMpLpxeP0ZFReiiIpCmh0VT9PpHiUKlR6JvOEOuB+u1NxL+8dqKDipcyESeaCjJbFCQc6QhN3kc9JinRfGQIJpKZWxEZYImJNiHlTAiLT9H/pFG03TO7dFMqVC/mcWThAA7hGFwoQxWuoAZ1ICDgEZ7hxVLWk/Vqvc1aM9Z8Zh9+wHr/AstqkQg=</latexit>

1/
p
N

TNSTNS

Gaussian

spectral (finite energy) properties

khik  1
<latexit sha1_base64="2C2iivbZl6idMKqnzDOGlAobQi4="></latexit>

trhn = 0
<latexit sha1_base64="w3fEY8xeH9Fp4qTmwalVn+QGZfo="></latexit>
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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="YarWI505EBimAVcQzZguxVXw6Yg=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRb0IsniWAemCxhdjKbDJmdXWdmhbDkL7x4UMSrf+PNv3HyAhUtaCiquunu8mPOlHacTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h5cTv/lApWKRuNWjmHoh7gsWMIK1ke7ck466lzq9HnfzBccunlec0wqakVJ5QYrItZ0pCjBHrZv/6PQikoRUaMKxUm3XibWXYqkZ4XSc6ySKxpgMcZ+2DRU4pMpLpxeP0ZFReiiIpCmh0VT9PpHiUKlR6JvOEOuB+u1NxL+8dqKDipcyESeaCjJbFCQc6QhN3kc9JinRfGQIJpKZWxEZYImJNiHlTAiLT9H/pFG03TO7dFMqVC/mcWThAA7hGFwoQxWuoAZ1ICDgEZ7hxVLWk/Vqvc1aM9Z8Zh9+wHr/AstqkQg=</latexit>

1/
p
N

TNSTNS

Gaussian

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

�̂(H � E)

spectral (finite energy) properties

khik  1
<latexit sha1_base64="2C2iivbZl6idMKqnzDOGlAobQi4="></latexit>

trhn = 0
<latexit sha1_base64="w3fEY8xeH9Fp4qTmwalVn+QGZfo="></latexit>



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="YarWI505EBimAVcQzZguxVXw6Yg=">AAAB8XicdVDLSgNBEOyNrxhfUY9eBoPgad2NwcRb0IsniWAemCxhdjKbDJmdXWdmhbDkL7x4UMSrf+PNv3HyAhUtaCiquunu8mPOlHacTyuztLyyupZdz21sbm3v5Hf3GipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h5cTv/lApWKRuNWjmHoh7gsWMIK1ke7ck466lzq9HnfzBccunlec0wqakVJ5QYrItZ0pCjBHrZv/6PQikoRUaMKxUm3XibWXYqkZ4XSc6ySKxpgMcZ+2DRU4pMpLpxeP0ZFReiiIpCmh0VT9PpHiUKlR6JvOEOuB+u1NxL+8dqKDipcyESeaCjJbFCQc6QhN3kc9JinRfGQIJpKZWxEZYImJNiHlTAiLT9H/pFG03TO7dFMqVC/mcWThAA7hGFwoQxWuoAZ1ICDgEZ7hxVLWk/Vqvc1aM9Z8Zh9+wHr/AstqkQg=</latexit>

1/
p
N

TNSTNS

Gaussian

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

�̂(H � E)

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

P̂�(E) / e�
(H�E)2

2�2

spectral (finite energy) properties

khik  1
<latexit sha1_base64="2C2iivbZl6idMKqnzDOGlAobQi4="></latexit>

trhn = 0
<latexit sha1_base64="w3fEY8xeH9Fp4qTmwalVn+QGZfo="></latexit>



generalized density of states

g(E;O) =
X

n

�(E � En)hEn|O|Eni

<latexit sha1_base64="dka9nqWI6hrmQOfaoJhRwQRxHow="></latexit>

microcanonical average: 
expectation value in eigenstates 
with given energy



generalized density of states

g(E;O) =
X

n

�(E � En)hEn|O|Eni

<latexit sha1_base64="dka9nqWI6hrmQOfaoJhRwQRxHow="></latexit>

microcanonical average: 
expectation value in eigenstates 
with given energy

O = I

<latexit sha1_base64="4UU6mII/k1eLPrBRQw8FwKcTzd4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRS0Y1QdKMrK9gHNKFMppN26GQSZiZCCfkNNy4UcevPuPNvnLRZaOuBgcM593LPHD/mTGnb/rZKK6tr6xvlzcrW9s7uXnX/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KT+90nKhWLxKOextQL8UiwgBGsjeTeX7kh1mPfT++yQbVm1+0Z0DJxClKDAq1B9csdRiQJqdCEY6X6jh1rL8VSM8JpVnETRWNMJnhE+4YKHFLlpbPMGToxyhAFkTRPaDRTf2+kOFRqGvpmMk+oFr1c/M/rJzq49FIm4kRTQeaHgoQjHaG8ADRkkhLNp4ZgIpnJisgYS0y0qaliSnAWv7xMOmd1p1E/f2jUmtdFHWU4gmM4BQcuoAm30II2EIjhGV7hzUqsF+vd+piPlqxi5xD+wPr8AdY+kZE=</latexit>

g(E) =
X

n

�(E � En)

<latexit sha1_base64="SrT+X6U2qhAYXc1OsTfuSUNiRWU=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK0C0siFd0IRSm4rGAf0IQwmUzaoZNJmJkIJRTc+CtuXCji1p9w5984bbPQ1gMXDufcy733+AmjUlnWt7G0vLK6tl7YKG5ube/smnv7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w5uJ33kgQtKY36tRQtwI9TkNKUZKS5552C83KleOTCOPQycgTKFy47Th8Qr0zJJVtaaAi8TOSQnkaHrmlxPEOI0IV5ghKXu2lSg3Q0JRzMi46KSSJAgPUZ/0NOUoItLNpj+M4YlWAhjGQhdXcKr+nshQJOUo8nVnhNRAznsT8T+vl6rw0s0oT1JFOJ4tClMGVQwngcCACoIVG2mCsKD6VogHSCCsdGxFHYI9//IiaZ9V7Vr1/K5Wql/ncRTAETgGZWCDC1AHt6AJWgCDR/AMXsGb8WS8GO/Gx6x1ychnDsAfGJ8/IJGV6g==</latexit>

unnormalised DOS



generalized density of states

g(E;O) =
X

n

�(E � En)hEn|O|Eni

<latexit sha1_base64="dka9nqWI6hrmQOfaoJhRwQRxHow="></latexit>

microcanonical average: 
expectation value in eigenstates 
with given energy

O = I

<latexit sha1_base64="4UU6mII/k1eLPrBRQw8FwKcTzd4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRS0Y1QdKMrK9gHNKFMppN26GQSZiZCCfkNNy4UcevPuPNvnLRZaOuBgcM593LPHD/mTGnb/rZKK6tr6xvlzcrW9s7uXnX/oKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3KT+90nKhWLxKOextQL8UiwgBGsjeTeX7kh1mPfT++yQbVm1+0Z0DJxClKDAq1B9csdRiQJqdCEY6X6jh1rL8VSM8JpVnETRWNMJnhE+4YKHFLlpbPMGToxyhAFkTRPaDRTf2+kOFRqGvpmMk+oFr1c/M/rJzq49FIm4kRTQeaHgoQjHaG8ADRkkhLNp4ZgIpnJisgYS0y0qaliSnAWv7xMOmd1p1E/f2jUmtdFHWU4gmM4BQcuoAm30II2EIjhGV7hzUqsF+vd+piPlqxi5xD+wPr8AdY+kZE=</latexit>

O = | ih |

<latexit sha1_base64="R38QpTCu9g439pRaUQUGmDe5jb0=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuxKRBshaGNnBPOAbAizk5tkyOzsMjMrhE0aG3/FxkIRW//Bzr9xstlCEw9c7uGce5m5x484U9pxvq3c0vLK6lp+vbCxubW9Y+/u1VUYSwo1GvJQNn2igDMBNc00h2YkgQQ+h4Y/vJ76jQeQioXiXo8iaAekL1iPUaKN1LEPby/HXlUxTxLR5+DxtOGphMcdu+iUnBR4kbgZKaIM1Y795XVDGgcgNOVEqZbrRLqdEKkZ5TApeLGCiNAh6UPLUEECUO0kvWKCj43Sxb1QmhIap+rvjYQESo0C30wGRA/UvDcV//Nase5dtBMmoliDoLOHejHHOsTTSHCXSaCajwwhVDLzV0wHRBKqTXAFE4I7f/IiqZ+W3HLp7K5crFxlceTRATpCJ8hF56iCblAV1RBFj+gZvaI368l6sd6tj9lozsp29tEfWJ8/ASyYQw==</latexit>

g(E) =
X

n

�(E � En)

<latexit sha1_base64="SrT+X6U2qhAYXc1OsTfuSUNiRWU=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK0C0siFd0IRSm4rGAf0IQwmUzaoZNJmJkIJRTc+CtuXCji1p9w5984bbPQ1gMXDufcy733+AmjUlnWt7G0vLK6tl7YKG5ube/smnv7bRmnApMWjlksuj6ShFFOWooqRrqJICjyGen4w5uJ33kgQtKY36tRQtwI9TkNKUZKS5552C83KleOTCOPQycgTKFy47Th8Qr0zJJVtaaAi8TOSQnkaHrmlxPEOI0IV5ghKXu2lSg3Q0JRzMi46KSSJAgPUZ/0NOUoItLNpj+M4YlWAhjGQhdXcKr+nshQJOUo8nVnhNRAznsT8T+vl6rw0s0oT1JFOJ4tClMGVQwngcCACoIVG2mCsKD6VogHSCCsdGxFHYI9//IiaZ9V7Vr1/K5Wql/ncRTAETgGZWCDC1AHt6AJWgCDR/AMXsGb8WS8GO/Gx6x1ychnDsAfGJ8/IJGV6g==</latexit>

g(E; ) =
X

n

�(E � En)|hEn| i|2

<latexit sha1_base64="p78pMFO/q5dMMnM2SFKaNXMd7RM="></latexit>

unnormalised DOS

local DOS



implementing the filter

Gaussian operator ⇒ not local

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



implementing the filter

Gaussian operator ⇒ not local

<latexit sha1_base64="o3DCRCP86PJ/HjMM6xvzcnxsGno="></latexit>

x < ⇡/2cosM (x) ⇡ e�Mx2/2
<latexit sha1_base64="QPgC1AwFgTWHRBgYoLxvObE+4aM="></latexit>

⇒ cosine approximation

±

Æº

E0

F̂±,Æ(E0)

P̂±(E0)

E

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



implementing the filter

Gaussian operator ⇒ not local
⇒ cosine approximation

<latexit sha1_base64="5D2/O2aslN8uSvrLDeQAaeyFrow="></latexit>

[cosX]M =

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



<latexit sha1_base64="6CwYfUkbXx0yFRSlEEd5amYLsJs="></latexit>

1

2M

M/2X

m=�M/2

✓
M

M/2�m

◆
ei2mX

implementing the filter

Gaussian operator ⇒ not local
⇒ cosine approximation

<latexit sha1_base64="5D2/O2aslN8uSvrLDeQAaeyFrow="></latexit>

[cosX]M =

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



<latexit sha1_base64="6CwYfUkbXx0yFRSlEEd5amYLsJs="></latexit>

1

2M

M/2X

m=�M/2

✓
M

M/2�m

◆
ei2mX

implementing the filter

peak at m=0
cut the sum

<latexit sha1_base64="Tfxsg+u2eHEiSqsVzWo6Er8BR/I="></latexit>

/
p
M

Gaussian operator ⇒ not local
⇒ cosine approximation

<latexit sha1_base64="5D2/O2aslN8uSvrLDeQAaeyFrow="></latexit>

[cosX]M =

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



<latexit sha1_base64="6CwYfUkbXx0yFRSlEEd5amYLsJs="></latexit>

1

2M

M/2X

m=�M/2

✓
M

M/2�m

◆
ei2mX

<latexit sha1_base64="DZoSrPFAFb/F8kwCZwb0ozswzfw="></latexit>

exp

✓
�H

2

2�2

◆
⇡

x↵/�X

m=�x↵/�

cme
i2mH/↵

implementing the filter

peak at m=0
cut the sum

<latexit sha1_base64="Tfxsg+u2eHEiSqsVzWo6Er8BR/I="></latexit>

/
p
M

Gaussian operator ⇒ not local
⇒ cosine approximation

<latexit sha1_base64="5D2/O2aslN8uSvrLDeQAaeyFrow="></latexit>

[cosX]M =

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



<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

This talk

can we (efficiently) prepare 
this?

can we compute its 
properties?



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

E/N

Can we prepare a filtered state?



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

E/N

Can we prepare a filtered state?

<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

Can we prepare a filtered state?

<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

Can we prepare a filtered state?

<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)

see also Morettini et al 2405.02158

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

P�(E)

apply the filter



reducing the energy variance costs 
entanglement

PRB 101, 144305 (2020) 

IDEA:

<latexit sha1_base64="fpeAHOfDnESnD0w17z9tY7enSN8="></latexit>

exp


� (H � E)2

2�2

�
|pi ⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵|pi



reducing the energy variance costs 
entanglement

PRB 101, 144305 (2020) 

IDEA: 1. reduce the number of terms (overlap)
Hartmann et al., Lett. Math. Phys. 2004

<latexit sha1_base64="fpeAHOfDnESnD0w17z9tY7enSN8="></latexit>

exp


� (H � E)2

2�2

�
|pi ⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵|pi



reducing the energy variance costs 
entanglement

PRB 101, 144305 (2020) 

2. each term bounded S ⇒ D
van Acoleyen et al. PRL 2013

IDEA: 1. reduce the number of terms (overlap)
Hartmann et al., Lett. Math. Phys. 2004

<latexit sha1_base64="fpeAHOfDnESnD0w17z9tY7enSN8="></latexit>

exp


� (H � E)2

2�2

�
|pi ⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵|pi



reducing the energy variance costs 
entanglement

PRB 101, 144305 (2020) 

2. each term bounded S ⇒ D
van Acoleyen et al. PRL 2013

3. sum has bounded D ⇒ S

D  C
p
N

⇣
D1/�

0 � 1
⌘

<latexit sha1_base64="PlPNJwXh2ZaiGBc2kc63C+0Fieo="></latexit>

S  k1
�

+ log
p
N + k2

<latexit sha1_base64="4ppkIr8BxQLswQ9uZnowB0kE8G0="></latexit>

IDEA: 1. reduce the number of terms (overlap)
Hartmann et al., Lett. Math. Phys. 2004

<latexit sha1_base64="fpeAHOfDnESnD0w17z9tY7enSN8="></latexit>

exp


� (H � E)2

2�2

�
|pi ⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵|pi



reducing the energy variance costs 
entanglement

PRB 101, 144305 (2020) 

2. each term bounded S ⇒ D
van Acoleyen et al. PRL 2013

3. sum has bounded D ⇒ S

D  C
p
N

⇣
D1/�

0 � 1
⌘

<latexit sha1_base64="PlPNJwXh2ZaiGBc2kc63C+0Fieo="></latexit>

S  k1
�

+ log
p
N + k2

<latexit sha1_base64="4ppkIr8BxQLswQ9uZnowB0kE8G0="></latexit>

IDEA: 1. reduce the number of terms (overlap)
Hartmann et al., Lett. Math. Phys. 2004

<latexit sha1_base64="fpeAHOfDnESnD0w17z9tY7enSN8="></latexit>

exp


� (H � E)2

2�2

�
|pi ⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵|pi

MPS could reach 
 

<latexit sha1_base64="4f6GQT2w/NXl0EO8xbpVwyGmFsE="></latexit>

�
�1 ⇠ O(logN)



Can we compute the properties of this state?

<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



Can we compute the properties of this state?

filter algorithms

<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



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

DoS

H =
NX

n=1

hi

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

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

filtering a state1

energy filter



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

DoS

H =
NX

n=1

hi

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

<latexit sha1_base64="pGct8JVXmmVWwHEMdNcmrjIlzBQ=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgadlo1XorevFYwVqhu5Rsmm1Dk+yaZAtl6e/w4kFBvPpfvPlvTLcrqOiDgcd7M8zMCxPOtPG8D6e0sLi0vFJeraytb2xuVbd3bnWcKkLbJOaxuguxppxJ2jbMcHqXKIpFyGknHF3O/M6YKs1ieWMmCQ0EHkgWMYKNlQJfs4HAvcxvaTbtVWuee+Kh81MPeq6XIycNdIwgKpQaKNDqVd/9fkxSQaUhHGvdRV5iggwrwwin04qfappgMsID2rVUYkF1kOVHT+GBVfowipUtaWCufp/IsNB6IkLbKbAZ6t/eTPzL66YmagQZk0lqqCTzRVHKoYnhLAHYZ4oSwyeWYKKYvRWSIVaYGJtTxYbw9Sn8n3SOXFR3Ebqu15oXRR5lsAf2wSFA4Aw0wRVogTYg4B48gCfw7IydR+fFeZ23lpxiZhf8gPP2Cd84kqM=</latexit>� 

<latexit sha1_base64="vbcS8mMTSQ81S+kHDjt3jg+rTsI=">AAAB9HicdVBNSwMxEM3Wr1q/qh69BIvgaUm0ar0VvXisYG2hu5Rsmm1Ds9klyQpl7d/w4kFBvPpjvPlvTLcrqOiDgcd7M8zMCxLBtUHowyktLC4tr5RXK2vrG5tb1e2dWx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsE48uZ37ljSvNY3phJwvyIDCUPOSXGSt6919LcU0QOBetXa8g9Qfj8FEHkohw5aeBjDHGh1ECBVr/67g1imkZMGiqI1j2MEuNnRBlOBZtWvFSzhNAxGbKepZJETPtZfvMUHlhlAMNY2ZIG5ur3iYxEWk+iwHZGxIz0b28m/uX1UhM2/IzLJDVM0vmiMBXQxHAWABxwxagRE0sIVdzeCumIKEKNjaliQ/j6FP5POkcurrsYX9drzYsijzLYA/vgEGBwBprgCrRAG1CQgAfwBJ6d1Hl0XpzXeWvJKWZ2wQ84b58GwpIm</latexit>

| i

<latexit sha1_base64="xSwAw2m1o9T3qK31VB2+e3NPotU=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WjZatd6KInisYG2hXUo2TdvQbHZNskJZ+ie8eFAQr/4cb/4b0+0KKvpg4PHeDDPzglhwbTzvw5mbX1hcWi6sFFfX1jc2S1vbtzpKFGUNGolItQKimeCSNQw3grVixUgYCNYMRhdTv3nPlOaRvDHjmPkhGUje55QYK7Uuu2mnrvmkWyp77rGHz0485LlehoxU8RFGOFfKkKPeLb13ehFNQiYNFUTrNvZi46dEGU4FmxQ7iWYxoSMyYG1LJQmZ9tPs3gnat0oP9SNlSxqUqd8nUhJqPQ4D2xkSM9S/van4l9dOTL/qp1zGiWGSzhb1E4FMhKbPox5XjBoxtoRQxe2tiA6JItTYiIo2hK9P0f+keejiiovxdaVcO8/zKMAu7MEBYDiFGlxBHRpAQcADPMGzc+c8Oi/O66x1zslnduAHnLdPyjuQSQ==</latexit>

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

filtering a state1

energy filter



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

DoS

H =
NX

n=1

hi

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

<latexit sha1_base64="pGct8JVXmmVWwHEMdNcmrjIlzBQ=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgadlo1XorevFYwVqhu5Rsmm1Dk+yaZAtl6e/w4kFBvPpfvPlvTLcrqOiDgcd7M8zMCxPOtPG8D6e0sLi0vFJeraytb2xuVbd3bnWcKkLbJOaxuguxppxJ2jbMcHqXKIpFyGknHF3O/M6YKs1ieWMmCQ0EHkgWMYKNlQJfs4HAvcxvaTbtVWuee+Kh81MPeq6XIycNdIwgKpQaKNDqVd/9fkxSQaUhHGvdRV5iggwrwwin04qfappgMsID2rVUYkF1kOVHT+GBVfowipUtaWCufp/IsNB6IkLbKbAZ6t/eTPzL66YmagQZk0lqqCTzRVHKoYnhLAHYZ4oSwyeWYKKYvRWSIVaYGJtTxYbw9Sn8n3SOXFR3Ebqu15oXRR5lsAf2wSFA4Aw0wRVogTYg4B48gCfw7IydR+fFeZ23lpxiZhf8gPP2Cd84kqM=</latexit>� 

<latexit sha1_base64="vbcS8mMTSQ81S+kHDjt3jg+rTsI=">AAAB9HicdVBNSwMxEM3Wr1q/qh69BIvgaUm0ar0VvXisYG2hu5Rsmm1Ds9klyQpl7d/w4kFBvPpjvPlvTLcrqOiDgcd7M8zMCxLBtUHowyktLC4tr5RXK2vrG5tb1e2dWx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsE48uZ37ljSvNY3phJwvyIDCUPOSXGSt6919LcU0QOBetXa8g9Qfj8FEHkohw5aeBjDHGh1ECBVr/67g1imkZMGiqI1j2MEuNnRBlOBZtWvFSzhNAxGbKepZJETPtZfvMUHlhlAMNY2ZIG5ur3iYxEWk+iwHZGxIz0b28m/uX1UhM2/IzLJDVM0vmiMBXQxHAWABxwxagRE0sIVdzeCumIKEKNjaliQ/j6FP5POkcurrsYX9drzYsijzLYA/vgEGBwBprgCrRAG1CQgAfwBJ6d1Hl0XpzXeWvJKWZ2wQ84b58GwpIm</latexit>

| i

<latexit sha1_base64="xSwAw2m1o9T3qK31VB2+e3NPotU=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WjZatd6KInisYG2hXUo2TdvQbHZNskJZ+ie8eFAQr/4cb/4b0+0KKvpg4PHeDDPzglhwbTzvw5mbX1hcWi6sFFfX1jc2S1vbtzpKFGUNGolItQKimeCSNQw3grVixUgYCNYMRhdTv3nPlOaRvDHjmPkhGUje55QYK7Uuu2mnrvmkWyp77rGHz0485LlehoxU8RFGOFfKkKPeLb13ehFNQiYNFUTrNvZi46dEGU4FmxQ7iWYxoSMyYG1LJQmZ9tPs3gnat0oP9SNlSxqUqd8nUhJqPQ4D2xkSM9S/van4l9dOTL/qp1zGiWGSzhb1E4FMhKbPox5XjBoxtoRQxe2tiA6JItTYiIo2hK9P0f+keejiiovxdaVcO8/zKMAu7MEBYDiFGlxBHRpAQcADPMGzc+c8Oi/O66x1zslnduAHnLdPyjuQSQ==</latexit>

E 

<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) 

filtering a state1

energy filter



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

O(E)
<latexit sha1_base64="F1e9bigjMlKW7ZDkcmjNZzHi1A0="></latexit>

hP�(E) |O|P�(E) i ⇒

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

DoS

H =
NX

n=1

hi

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

<latexit sha1_base64="pGct8JVXmmVWwHEMdNcmrjIlzBQ=">AAAB9XicdVBNSwMxEM3Wr1q/qh69BIvgadlo1XorevFYwVqhu5Rsmm1Dk+yaZAtl6e/w4kFBvPpfvPlvTLcrqOiDgcd7M8zMCxPOtPG8D6e0sLi0vFJeraytb2xuVbd3bnWcKkLbJOaxuguxppxJ2jbMcHqXKIpFyGknHF3O/M6YKs1ieWMmCQ0EHkgWMYKNlQJfs4HAvcxvaTbtVWuee+Kh81MPeq6XIycNdIwgKpQaKNDqVd/9fkxSQaUhHGvdRV5iggwrwwin04qfappgMsID2rVUYkF1kOVHT+GBVfowipUtaWCufp/IsNB6IkLbKbAZ6t/eTPzL66YmagQZk0lqqCTzRVHKoYnhLAHYZ4oSwyeWYKKYvRWSIVaYGJtTxYbw9Sn8n3SOXFR3Ebqu15oXRR5lsAf2wSFA4Aw0wRVogTYg4B48gCfw7IydR+fFeZ23lpxiZhf8gPP2Cd84kqM=</latexit>� 

<latexit sha1_base64="vbcS8mMTSQ81S+kHDjt3jg+rTsI=">AAAB9HicdVBNSwMxEM3Wr1q/qh69BIvgaUm0ar0VvXisYG2hu5Rsmm1Ds9klyQpl7d/w4kFBvPpjvPlvTLcrqOiDgcd7M8zMCxLBtUHowyktLC4tr5RXK2vrG5tb1e2dWx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsE48uZ37ljSvNY3phJwvyIDCUPOSXGSt6919LcU0QOBetXa8g9Qfj8FEHkohw5aeBjDHGh1ECBVr/67g1imkZMGiqI1j2MEuNnRBlOBZtWvFSzhNAxGbKepZJETPtZfvMUHlhlAMNY2ZIG5ur3iYxEWk+iwHZGxIz0b28m/uX1UhM2/IzLJDVM0vmiMBXQxHAWABxwxagRE0sIVdzeCumIKEKNjaliQ/j6FP5POkcurrsYX9drzYsijzLYA/vgEGBwBprgCrRAG1CQgAfwBJ6d1Hl0XpzXeWvJKWZ2wQ84b58GwpIm</latexit>

| i

<latexit sha1_base64="xSwAw2m1o9T3qK31VB2+e3NPotU=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WjZatd6KInisYG2hXUo2TdvQbHZNskJZ+ie8eFAQr/4cb/4b0+0KKvpg4PHeDDPzglhwbTzvw5mbX1hcWi6sFFfX1jc2S1vbtzpKFGUNGolItQKimeCSNQw3grVixUgYCNYMRhdTv3nPlOaRvDHjmPkhGUje55QYK7Uuu2mnrvmkWyp77rGHz0485LlehoxU8RFGOFfKkKPeLb13ehFNQiYNFUTrNvZi46dEGU4FmxQ7iWYxoSMyYG1LJQmZ9tPs3gnat0oP9SNlSxqUqd8nUhJqPQ4D2xkSM9S/van4l9dOTL/qp1zGiWGSzhb1E4FMhKbPox5XjBoxtoRQxe2tiA6JItTYiIo2hK9P0f+keejiiovxdaVcO8/zKMAu7MEBYDiFGlxBHRpAQcADPMGzc+c8Oi/O66x1zslnduAHnLdPyjuQSQ==</latexit>

E 

<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) 

filtering a state

decrease energy variance ⇒ microcanonical

<latexit sha1_base64="bMkmT4EVv0my9yEOmu8WcnhlcAQ="></latexit>

h |P�(E)| i ⇒ LDOS

1

energy filter



energy filter

filter as ensemble

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

DoS

H =
NX

n=1

hi

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

<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) 

2



energy filter

filter as ensemble

diagonal in energy eigenbasis ⇒ microcanonical

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

DoS

H =
NX

n=1

hi

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

<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) 

2



energy filter

filter as ensemble

diagonal in energy eigenbasis ⇒ microcanonical

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

DoS

H =
NX

n=1

hi

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

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) 

2



energy filter

filter as ensemble

diagonal in energy eigenbasis ⇒ microcanonical

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

DoS

H =
NX

n=1

hi

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

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) 

2



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

exp


� (H � E)2

2�2

�
⇡

RX

m=�R

cme
�i2mE/↵

e
i2mH/↵

computing observables

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/↵

computing observables

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/↵

computing observables

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/↵

computing observables

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/↵

computing observables

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



<latexit sha1_base64="EiloZB0+4dOwRIiT5nfgSVn4000="></latexit>

D�, (E) = h |P�(E)| i

computing observables

e.g. (broadened) local density of states

<latexit sha1_base64="184vRLUDA7x2ypnE5y/dPg6zTVo="></latexit>

P�(E) =
RX

m=�R

cme�i(H�E)tm

<latexit sha1_base64="WiB1US4oEDvC5Z2Tet0KsEExeQE=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4Gmcmqwch6MWTRDELTIbQ0+kkTXoWumvEEPIZXjwo4tWv8ebf2FkEFX1Q8Hiviqp6fiy4Asv6MFJLyyura+n1zMbm1vZOdnevoaJEUlankYhkyyeKCR6yOnAQrBVLRgJfsKY/vJj6zTsmFY/CWxjFzAtIP+Q9Tgloyb05u786aXeZANLJ5izTKTnF0wq2zHzRcvJlTQqOXbSK2DatGXJogVon+97uRjQJWAhUEKVc24rBGxMJnAo2ybQTxWJCh6TPXE1DEjDljWcnT/CRVrq4F0ldIeCZ+n1iTAKlRoGvOwMCA/Xbm4p/eW4CvYo35mGcAAvpfFEvERgiPP0fd7lkFMRIE0Il17diOiCSUNApZXQIX5/i/0nDMe2SWbgu5KrnizjS6AAdomNkozKqoktUQ3VEUYQe0BN6NsB4NF6M13lryljM7KMfMN4+AQoakSA=</latexit>

R = xN/�
<latexit sha1_base64="6M3pTP69sti+1Eatz4YxR2RF3qQ=">AAAB8HicdVDLSgMxFM34rPVVdekmWARX48y009aFUHTjSirYh7RDyaRpG5pkhiQjlKFf4caFIm79HHf+jelDUNEDFw7n3Mu994Qxo0o7zoe1tLyyurae2chubm3v7Ob29hsqSiQmdRyxSLZCpAijgtQ11Yy0YkkQDxlphqPLqd+8J1LRSNzqcUwCjgaC9ilG2kh3usvPPchPr7u5vGN7Jc8/q0DHLviOVygbUvRc3/Ghazsz5MECtW7uvdOLcMKJ0JghpdquE+sgRVJTzMgk20kUiREeoQFpGyoQJypIZwdP4LFRerAfSVNCw5n6fSJFXKkxD00nR3qofntT8S+vneh+JUipiBNNBJ4v6icM6ghOv4c9KgnWbGwIwpKaWyEeIomwNhllTQhfn8L/ScOz3ZJdvCnmqxeLODLgEByBE+CCMqiCK1ADdYABBw/gCTxb0nq0XqzXeeuStZg5AD9gvX0C67yP2w==</latexit>

tm = 2m/N

Lu et al. PRX Quantum 2, 02032 (2021)
E

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

DoS

<latexit sha1_base64="vbcS8mMTSQ81S+kHDjt3jg+rTsI=">AAAB9HicdVBNSwMxEM3Wr1q/qh69BIvgaUm0ar0VvXisYG2hu5Rsmm1Ds9klyQpl7d/w4kFBvPpjvPlvTLcrqOiDgcd7M8zMCxLBtUHowyktLC4tr5RXK2vrG5tb1e2dWx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsE48uZ37ljSvNY3phJwvyIDCUPOSXGSt6919LcU0QOBetXa8g9Qfj8FEHkohw5aeBjDHGh1ECBVr/67g1imkZMGiqI1j2MEuNnRBlOBZtWvFSzhNAxGbKepZJETPtZfvMUHlhlAMNY2ZIG5ur3iYxEWk+iwHZGxIz0b28m/uX1UhM2/IzLJDVM0vmiMBXQxHAWABxwxagRE0sIVdzeCumIKEKNjaliQ/j6FP5POkcurrsYX9drzYsijzLYA/vgEGBwBprgCrRAG1CQgAfwBJ6d1Hl0XpzXeWvJKWZ2wQ84b58GwpIm</latexit>

| i

<latexit sha1_base64="xSwAw2m1o9T3qK31VB2+e3NPotU=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WjZatd6KInisYG2hXUo2TdvQbHZNskJZ+ie8eFAQr/4cb/4b0+0KKvpg4PHeDDPzglhwbTzvw5mbX1hcWi6sFFfX1jc2S1vbtzpKFGUNGolItQKimeCSNQw3grVixUgYCNYMRhdTv3nPlOaRvDHjmPkhGUje55QYK7Uuu2mnrvmkWyp77rGHz0485LlehoxU8RFGOFfKkKPeLb13ehFNQiYNFUTrNvZi46dEGU4FmxQ7iWYxoSMyYG1LJQmZ9tPs3gnat0oP9SNlSxqUqd8nUhJqPQ4D2xkSM9S/van4l9dOTL/qp1zGiWGSzhb1E4FMhKbPox5XjBoxtoRQxe2tiA6JItTYiIo2hK9P0f+keejiiovxdaVcO8/zKMAu7MEBYDiFGlxBHRpAQcADPMGzc+c8Oi/O66x1zslnduAHnLdPyjuQSQ==</latexit>

E 

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

P�(E)



<latexit sha1_base64="EiloZB0+4dOwRIiT5nfgSVn4000="></latexit>

D�, (E) = h |P�(E)| i

computing observables

e.g. (broadened) local density of states

<latexit sha1_base64="184vRLUDA7x2ypnE5y/dPg6zTVo="></latexit>

P�(E) =
RX

m=�R

cme�i(H�E)tm

<latexit sha1_base64="WiB1US4oEDvC5Z2Tet0KsEExeQE=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4Gmcmqwch6MWTRDELTIbQ0+kkTXoWumvEEPIZXjwo4tWv8ebf2FkEFX1Q8Hiviqp6fiy4Asv6MFJLyyura+n1zMbm1vZOdnevoaJEUlankYhkyyeKCR6yOnAQrBVLRgJfsKY/vJj6zTsmFY/CWxjFzAtIP+Q9Tgloyb05u786aXeZANLJ5izTKTnF0wq2zHzRcvJlTQqOXbSK2DatGXJogVon+97uRjQJWAhUEKVc24rBGxMJnAo2ybQTxWJCh6TPXE1DEjDljWcnT/CRVrq4F0ldIeCZ+n1iTAKlRoGvOwMCA/Xbm4p/eW4CvYo35mGcAAvpfFEvERgiPP0fd7lkFMRIE0Il17diOiCSUNApZXQIX5/i/0nDMe2SWbgu5KrnizjS6AAdomNkozKqoktUQ3VEUYQe0BN6NsB4NF6M13lryljM7KMfMN4+AQoakSA=</latexit>

R = xN/�
<latexit sha1_base64="6M3pTP69sti+1Eatz4YxR2RF3qQ=">AAAB8HicdVDLSgMxFM34rPVVdekmWARX48y009aFUHTjSirYh7RDyaRpG5pkhiQjlKFf4caFIm79HHf+jelDUNEDFw7n3Mu994Qxo0o7zoe1tLyyurae2chubm3v7Ob29hsqSiQmdRyxSLZCpAijgtQ11Yy0YkkQDxlphqPLqd+8J1LRSNzqcUwCjgaC9ilG2kh3usvPPchPr7u5vGN7Jc8/q0DHLviOVygbUvRc3/Ghazsz5MECtW7uvdOLcMKJ0JghpdquE+sgRVJTzMgk20kUiREeoQFpGyoQJypIZwdP4LFRerAfSVNCw5n6fSJFXKkxD00nR3qofntT8S+vneh+JUipiBNNBJ4v6icM6ghOv4c9KgnWbGwIwpKaWyEeIomwNhllTQhfn8L/ScOz3ZJdvCnmqxeLODLgEByBE+CCMqiCK1ADdYABBw/gCTxb0nq0XqzXeeuStZg5AD9gvX0C67yP2w==</latexit>

tm = 2m/N
<latexit sha1_base64="NWjrYYjWINEcUPHYdOQ2FG2QklI="></latexit>

D�, (E) =
RX

m=�R

cma (tm)eiEtm
<latexit sha1_base64="19I2fddrJySMzfUwVxxPGmbvxx8=">AAACEHicdZDNSgMxFIUz/tb6N+rSTbAobiwTrVp3ohuXFawVOrVk0tsamskMSUYo076BG1/FjQsFcevSnW9jOq2gohcCh+/cy809QSy4Np734UxMTk3PzObm8vMLi0vL7srqpY4SxaDKIhGpq4BqEFxC1XAj4CpWQMNAQC3ong792i0ozSN5YXoxNELakbzNGTUWNd0tX1DZEYD9iua4D9fpDj8zzXDQHxFfZXbTLXjFfY8cHXjYK3pZZaJM9ggmY1JA46o03Xe/FbEkBGmYoFrXiRebRkqV4UzAIO8nGmLKurQDdSslDUE30uyeAd60pIXbkbJPGpzR7xMpDbXuhYHtDKm50b+9IfzLqyemXW6kXMaJAclGi9qJwCbCw3BwiytgRvSsoExx+1fMbqiizNgI8zaEr0vx/6K2WySlIiHnpcLxyTiPHFpHG2gbEXSIjtEZqqAqYugOPaAn9OzcO4/Oi/M6ap1wxjNr6Ec5b58djpyH</latexit>

h |e�iHtm | i

Lu et al. PRX Quantum 2, 02032 (2021)
E

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

DoS

<latexit sha1_base64="vbcS8mMTSQ81S+kHDjt3jg+rTsI=">AAAB9HicdVBNSwMxEM3Wr1q/qh69BIvgaUm0ar0VvXisYG2hu5Rsmm1Ds9klyQpl7d/w4kFBvPpjvPlvTLcrqOiDgcd7M8zMCxLBtUHowyktLC4tr5RXK2vrG5tb1e2dWx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsE48uZ37ljSvNY3phJwvyIDCUPOSXGSt6919LcU0QOBetXa8g9Qfj8FEHkohw5aeBjDHGh1ECBVr/67g1imkZMGiqI1j2MEuNnRBlOBZtWvFSzhNAxGbKepZJETPtZfvMUHlhlAMNY2ZIG5ur3iYxEWk+iwHZGxIz0b28m/uX1UhM2/IzLJDVM0vmiMBXQxHAWABxwxagRE0sIVdzeCumIKEKNjaliQ/j6FP5POkcurrsYX9drzYsijzLYA/vgEGBwBprgCrRAG1CQgAfwBJ6d1Hl0XpzXeWvJKWZ2wQ84b58GwpIm</latexit>

| i

<latexit sha1_base64="xSwAw2m1o9T3qK31VB2+e3NPotU=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WjZatd6KInisYG2hXUo2TdvQbHZNskJZ+ie8eFAQr/4cb/4b0+0KKvpg4PHeDDPzglhwbTzvw5mbX1hcWi6sFFfX1jc2S1vbtzpKFGUNGolItQKimeCSNQw3grVixUgYCNYMRhdTv3nPlOaRvDHjmPkhGUje55QYK7Uuu2mnrvmkWyp77rGHz0485LlehoxU8RFGOFfKkKPeLb13ehFNQiYNFUTrNvZi46dEGU4FmxQ7iWYxoSMyYG1LJQmZ9tPs3gnat0oP9SNlSxqUqd8nUhJqPQ4D2xkSM9S/van4l9dOTL/qp1zGiWGSzhb1E4FMhKbPox5XjBoxtoRQxe2tiA6JItTYiIo2hK9P0f+keejiiovxdaVcO8/zKMAu7MEBYDiFGlxBHRpAQcADPMGzc+c8Oi/O66x1zslnduAHnLdPyjuQSQ==</latexit>

E 

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

P�(E)



<latexit sha1_base64="EiloZB0+4dOwRIiT5nfgSVn4000="></latexit>

D�, (E) = h |P�(E)| i

computing observables

e.g. (broadened) local density of states

<latexit sha1_base64="184vRLUDA7x2ypnE5y/dPg6zTVo="></latexit>

P�(E) =
RX

m=�R

cme�i(H�E)tm

<latexit sha1_base64="WiB1US4oEDvC5Z2Tet0KsEExeQE=">AAAB8nicdVDJSgNBEO2JW4xb1KOXxiB4Gmcmqwch6MWTRDELTIbQ0+kkTXoWumvEEPIZXjwo4tWv8ebf2FkEFX1Q8Hiviqp6fiy4Asv6MFJLyyura+n1zMbm1vZOdnevoaJEUlankYhkyyeKCR6yOnAQrBVLRgJfsKY/vJj6zTsmFY/CWxjFzAtIP+Q9Tgloyb05u786aXeZANLJ5izTKTnF0wq2zHzRcvJlTQqOXbSK2DatGXJogVon+97uRjQJWAhUEKVc24rBGxMJnAo2ybQTxWJCh6TPXE1DEjDljWcnT/CRVrq4F0ldIeCZ+n1iTAKlRoGvOwMCA/Xbm4p/eW4CvYo35mGcAAvpfFEvERgiPP0fd7lkFMRIE0Il17diOiCSUNApZXQIX5/i/0nDMe2SWbgu5KrnizjS6AAdomNkozKqoktUQ3VEUYQe0BN6NsB4NF6M13lryljM7KMfMN4+AQoakSA=</latexit>

R = xN/�
<latexit sha1_base64="6M3pTP69sti+1Eatz4YxR2RF3qQ=">AAAB8HicdVDLSgMxFM34rPVVdekmWARX48y009aFUHTjSirYh7RDyaRpG5pkhiQjlKFf4caFIm79HHf+jelDUNEDFw7n3Mu994Qxo0o7zoe1tLyyurae2chubm3v7Ob29hsqSiQmdRyxSLZCpAijgtQ11Yy0YkkQDxlphqPLqd+8J1LRSNzqcUwCjgaC9ilG2kh3usvPPchPr7u5vGN7Jc8/q0DHLviOVygbUvRc3/Ghazsz5MECtW7uvdOLcMKJ0JghpdquE+sgRVJTzMgk20kUiREeoQFpGyoQJypIZwdP4LFRerAfSVNCw5n6fSJFXKkxD00nR3qofntT8S+vneh+JUipiBNNBJ4v6icM6ghOv4c9KgnWbGwIwpKaWyEeIomwNhllTQhfn8L/ScOz3ZJdvCnmqxeLODLgEByBE+CCMqiCK1ADdYABBw/gCTxb0nq0XqzXeeuStZg5AD9gvX0C67yP2w==</latexit>

tm = 2m/N
<latexit sha1_base64="NWjrYYjWINEcUPHYdOQ2FG2QklI="></latexit>

D�, (E) =
RX

m=�R

cma (tm)eiEtm
<latexit sha1_base64="19I2fddrJySMzfUwVxxPGmbvxx8=">AAACEHicdZDNSgMxFIUz/tb6N+rSTbAobiwTrVp3ohuXFawVOrVk0tsamskMSUYo076BG1/FjQsFcevSnW9jOq2gohcCh+/cy809QSy4Np734UxMTk3PzObm8vMLi0vL7srqpY4SxaDKIhGpq4BqEFxC1XAj4CpWQMNAQC3ong792i0ozSN5YXoxNELakbzNGTUWNd0tX1DZEYD9iua4D9fpDj8zzXDQHxFfZXbTLXjFfY8cHXjYK3pZZaJM9ggmY1JA46o03Xe/FbEkBGmYoFrXiRebRkqV4UzAIO8nGmLKurQDdSslDUE30uyeAd60pIXbkbJPGpzR7xMpDbXuhYHtDKm50b+9IfzLqyemXW6kXMaJAclGi9qJwCbCw3BwiytgRvSsoExx+1fMbqiizNgI8zaEr0vx/6K2WySlIiHnpcLxyTiPHFpHG2gbEXSIjtEZqqAqYugOPaAn9OzcO4/Oi/M6ap1wxjNr6Ec5b58djpyH</latexit>

h |e�iHtm | i

Lu et al. PRX Quantum 2, 02032 (2021)
E

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

DoS

<latexit sha1_base64="vbcS8mMTSQ81S+kHDjt3jg+rTsI=">AAAB9HicdVBNSwMxEM3Wr1q/qh69BIvgaUm0ar0VvXisYG2hu5Rsmm1Ds9klyQpl7d/w4kFBvPpjvPlvTLcrqOiDgcd7M8zMCxLBtUHowyktLC4tr5RXK2vrG5tb1e2dWx2nirI2jUWsugHRTHDJ2oYbwbqJYiQKBOsE48uZ37ljSvNY3phJwvyIDCUPOSXGSt6919LcU0QOBetXa8g9Qfj8FEHkohw5aeBjDHGh1ECBVr/67g1imkZMGiqI1j2MEuNnRBlOBZtWvFSzhNAxGbKepZJETPtZfvMUHlhlAMNY2ZIG5ur3iYxEWk+iwHZGxIz0b28m/uX1UhM2/IzLJDVM0vmiMBXQxHAWABxwxagRE0sIVdzeCumIKEKNjaliQ/j6FP5POkcurrsYX9drzYsijzLYA/vgEGBwBprgCrRAG1CQgAfwBJ6d1Hl0XpzXeWvJKWZ2wQ84b58GwpIm</latexit>

| i

<latexit sha1_base64="xSwAw2m1o9T3qK31VB2+e3NPotU=">AAAB8HicdVBNSwMxEJ31s9avqkcvwSJ4WjZatd6KInisYG2hXUo2TdvQbHZNskJZ+ie8eFAQr/4cb/4b0+0KKvpg4PHeDDPzglhwbTzvw5mbX1hcWi6sFFfX1jc2S1vbtzpKFGUNGolItQKimeCSNQw3grVixUgYCNYMRhdTv3nPlOaRvDHjmPkhGUje55QYK7Uuu2mnrvmkWyp77rGHz0485LlehoxU8RFGOFfKkKPeLb13ehFNQiYNFUTrNvZi46dEGU4FmxQ7iWYxoSMyYG1LJQmZ9tPs3gnat0oP9SNlSxqUqd8nUhJqPQ4D2xkSM9S/van4l9dOTL/qp1zGiWGSzhb1E4FMhKbPox5XjBoxtoRQxe2tiA6JItTYiIo2hK9P0f+keejiiovxdaVcO8/zKMAu7MEBYDiFGlxBHRpAQcADPMGzc+c8Oi/O66x1zslnduAHnLdPyjuQSQ==</latexit>

E 

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

P�(E)

Q simulator : prepare state, 
evolve, measure <latexit sha1_base64="Ry0anaVmtaou1eor0tAW9Z045qo="></latexit>

tmax / 1

�



<latexit sha1_base64="lqc4IFiZlG2OxJO6JXVXeAydqNE="></latexit>

Ã�, (E) =
h |P�(E)AP�(E)| i

h |P�(E)2| i

computing observables

can compute observables:

potential problem: denominator too small
shown to be large enough in vicinity of 

<latexit sha1_base64="2hOMPztJAg8S40lsVqskU+ibJB0=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8LTMxmngLiuAxgjGBZAmzk9lkyOzDmVkhLPkJLx4UxKuf482/cfIQVLSgoajqprvLT6TQBuMPZ2FxaXllNbeWX9/Y3Nou7Oze6jhVjDdYLGPV8qnmUkS8YYSRvJUoTkNf8qY/vJj4zXuutIijGzNKuBfSfiQCwaixUuuym3XqWoy7hSJ28WmZlAjC7gkm1RKekbPKMSIunqIIc9S7hfdOL2ZpyCPDJNW6TXBivIwqI5jk43wn1TyhbEj7vG1pREOuvWx67xgdWqWHgljZigyaqt8nMhpqPQp92xlSM9C/vYn4l9dOTVD1MhElqeERmy0KUolMjCbPo55QnBk5soQyJeytiA2ooszYiPI2hK9P0f+kWXJJ2SXkulysnc/zyME+HMAREKhADa6gDg1gIOEBnuDZuXMenRfndda64Mxn9uAHnLdP6A+QXg==</latexit>

E 

Lu et al. PRX Quantum 2, 02032 (2021)



<latexit sha1_base64="lqc4IFiZlG2OxJO6JXVXeAydqNE="></latexit>

Ã�, (E) =
h |P�(E)AP�(E)| i

h |P�(E)2| i

computing observables

can compute observables:

potential problem: denominator too small
shown to be large enough in vicinity of 

<latexit sha1_base64="2hOMPztJAg8S40lsVqskU+ibJB0=">AAAB8HicdVDLSgNBEOz1GeMr6tHLYBA8LTMxmngLiuAxgjGBZAmzk9lkyOzDmVkhLPkJLx4UxKuf482/cfIQVLSgoajqprvLT6TQBuMPZ2FxaXllNbeWX9/Y3Nou7Oze6jhVjDdYLGPV8qnmUkS8YYSRvJUoTkNf8qY/vJj4zXuutIijGzNKuBfSfiQCwaixUuuym3XqWoy7hSJ28WmZlAjC7gkm1RKekbPKMSIunqIIc9S7hfdOL2ZpyCPDJNW6TXBivIwqI5jk43wn1TyhbEj7vG1pREOuvWx67xgdWqWHgljZigyaqt8nMhpqPQp92xlSM9C/vYn4l9dOTVD1MhElqeERmy0KUolMjCbPo55QnBk5soQyJeytiA2ooszYiPI2hK9P0f+kWXJJ2SXkulysnc/zyME+HMAREKhADa6gDg1gIOEBnuDZuXMenRfndda64Mxn9uAHnLdP6A+QXg==</latexit>

E 

<latexit sha1_base64="ZThfkxpgo3UxoOzKaWwkIgOH0Ic="></latexit>

A�(E) =
tr[AP�(E)]

tr[P�(E)]

better convergence

Lu et al. PRX Quantum 2, 02032 (2021)



<latexit sha1_base64="8u4dCvmt49up2NsfYoLys8kh4NI="></latexit>

A�(E) =
tr[AP�(E)]

tr[P�(E)]

computing observables

expectation values in filter ensemble

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



<latexit sha1_base64="ttKcSu0DJb3KAEOQRY4kBS/sSDI="></latexit>

A�(E) =

P
 h |AP�(E)| iP
 0h 0|P�(E)| 0i

algorithm

can be computed using Monte Carlo sampling

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



algorithm

<latexit sha1_base64="Q0bo4HP4XTAQszpgcO28dTY0wfo="></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="Q0bo4HP4XTAQszpgcO28dTY0wfo="></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) 
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simulating classically with TNS we can reach <latexit sha1_base64="qOe+zae0SjvfQCxBtFHPUz/eXOI="></latexit>
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test on non-integrable Ising chain
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more challenging: off-diagonal part of ETH
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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
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<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 PRB 109, 134304 (2024)

<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 PRB 109, 134304 (2024)

<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 PRB 109, 134304 (2024)

<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 PRB 109, 134304 (2024)

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 PRB 109, 134304 (2024)

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 PRB 109, 134304 (2024)

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>!



filter ensemble as ETH probe

errors from two filters with independent widths

<latexit sha1_base64="OxwFV26PuSlK6Ax68yQM6ANTTYs="></latexit>
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filter ensemble as ETH probe

errors from two filters with independent widths

<latexit sha1_base64="OxwFV26PuSlK6Ax68yQM6ANTTYs="></latexit>

S
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O

(!) = e
S(E+!)�S(E)

2 |fO(E + !/2,!)|2
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✓
�
2

N2

◆�
filter ensemble

filter in energy difference
<latexit sha1_base64="giUiyMJ7zuFKVwxqRUAMq8VQ37U="></latexit>
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numerical results

model: quantum Ising chain

<latexit sha1_base64="/qxc4kvEj8pYhm3lIXHBpHZCkMk="></latexit>

H = �J

N�1X
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Luo et al PRB 109, 134304 (2024)



numerical results

<latexit sha1_base64="igIXxujFuV1yS6IqjyL7G1u5byw="></latexit>
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model: quantum Ising chain

Luo et al PRB 109, 134304 (2024)



numerical results

<latexit sha1_base64="igIXxujFuV1yS6IqjyL7G1u5byw="></latexit>

H = �J

N�1X

i=1

�
z
i �

z
i+1 � J2

N�2X

i=1

�
z
i �

z
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i=1

(g + ri)�
x
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integrable

<latexit sha1_base64="h3/ggotO8FdOfex5fssMmevWUcE=">AAACCXicdVDLSgMxFM34rPVVdekmWARFGWZqrXVXdOOygn1Apw6ZNNOGJpkhyYhl6NaNv+LGhSJu/QN3/o3pQ1DRAxcO59zLvfcEMaNKO86HNTM7N7+wmFnKLq+srq3nNjbrKkokJjUcsUg2A6QIo4LUNNWMNGNJEA8YaQT985HfuCFS0Uhc6UFM2hx1BQ0pRtpIfg52oRf3kNARTw+kT/eHHvQOoadolyOfXt/6ubxjHzvuaekIOrYzxpiU3UIZulMlD6ao+rl3rxPhhBOhMUNKtVwn1u0USU0xI8OslygSI9xHXdIyVCBOVDsdfzKEu0bpwDCSpoSGY/X7RIq4UgMemE6OdE/99kbiX14r0WG5nVIRJ5oIPFkUJgzqCI5igR0qCdZsYAjCkppbIe4hibA24WVNCF+fwv9JvWC7Jbt4WcxXzqZxZMA22AF7wAUnoAIuQBXUAAZ34AE8gWfr3nq0XqzXSeuMNZ3ZAj9gvX0CnvWZrg==</latexit>

g �x
i

model: quantum Ising chain

Luo et al PRB 109, 134304 (2024)



numerical results

<latexit sha1_base64="igIXxujFuV1yS6IqjyL7G1u5byw="></latexit>

H = �J

N�1X

i=1
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non-
integrable

<latexit sha1_base64="ozMO0KfBNqRsFQ5Fu2WFhu+T8s8="></latexit>

J2 �z
i �

z
i+2

integrable

<latexit sha1_base64="h3/ggotO8FdOfex5fssMmevWUcE=">AAACCXicdVDLSgMxFM34rPVVdekmWARFGWZqrXVXdOOygn1Apw6ZNNOGJpkhyYhl6NaNv+LGhSJu/QN3/o3pQ1DRAxcO59zLvfcEMaNKO86HNTM7N7+wmFnKLq+srq3nNjbrKkokJjUcsUg2A6QIo4LUNNWMNGNJEA8YaQT985HfuCFS0Uhc6UFM2hx1BQ0pRtpIfg52oRf3kNARTw+kT/eHHvQOoadolyOfXt/6ubxjHzvuaekIOrYzxpiU3UIZulMlD6ao+rl3rxPhhBOhMUNKtVwn1u0USU0xI8OslygSI9xHXdIyVCBOVDsdfzKEu0bpwDCSpoSGY/X7RIq4UgMemE6OdE/99kbiX14r0WG5nVIRJ5oIPFkUJgzqCI5igR0qCdZsYAjCkppbIe4hibA24WVNCF+fwv9JvWC7Jbt4WcxXzqZxZMA22AF7wAUnoAIuQBXUAAZ34AE8gWfr3nq0XqzXSeuMNZ3ZAj9gvX0CnvWZrg==</latexit>

g �x
i

model: quantum Ising chain

Luo et al PRB 109, 134304 (2024)



numerical results

<latexit sha1_base64="igIXxujFuV1yS6IqjyL7G1u5byw="></latexit>

H = �J
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disordered

<latexit sha1_base64="lH5srU0IGyx5XlqrKeIgHcxDRds=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgE3Qwztda6K7pxWcE+oK1DJs20oUlmSDJiGYobf8WNC0Xc+hXu/BvTh6CiBy4czrmXe+8JYkaVdt0PKzM3v7C4lF3OrayurW/Ym1t1FSUSkxqOWCSbAVKEUUFqmmpGmrEkiAeMNILB+dhv3BCpaCSu9DAmHY56goYUI20k396RPoXtuI+Ejnh6OGor2uPIp9e3vp13nWPXOy0dQddxJ5iQslcoQ2+m5MEMVd9+b3cjnHAiNGZIqZbnxrqTIqkpZmSUayeKxAgPUI+0DBWIE9VJJy+M4L5RujCMpCmh4UT9PpEirtSQB6aTI91Xv72x+JfXSnRY7qRUxIkmAk8XhQmDOoLjPGCXSoI1GxqCsKTmVoj7SCKsTWo5E8LXp/B/Ui84XskpXhbzlbNZHFmwC/bAAfDACaiAC1AFNYDBHXgAT+DZurcerRfrddqasWYz2+AHrLdPw+eXsg==</latexit>

ri �x
i

non-
integrable

<latexit sha1_base64="ozMO0KfBNqRsFQ5Fu2WFhu+T8s8="></latexit>
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z
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integrable

<latexit sha1_base64="h3/ggotO8FdOfex5fssMmevWUcE=">AAACCXicdVDLSgMxFM34rPVVdekmWARFGWZqrXVXdOOygn1Apw6ZNNOGJpkhyYhl6NaNv+LGhSJu/QN3/o3pQ1DRAxcO59zLvfcEMaNKO86HNTM7N7+wmFnKLq+srq3nNjbrKkokJjUcsUg2A6QIo4LUNNWMNGNJEA8YaQT985HfuCFS0Uhc6UFM2hx1BQ0pRtpIfg52oRf3kNARTw+kT/eHHvQOoadolyOfXt/6ubxjHzvuaekIOrYzxpiU3UIZulMlD6ao+rl3rxPhhBOhMUNKtVwn1u0USU0xI8OslygSI9xHXdIyVCBOVDsdfzKEu0bpwDCSpoSGY/X7RIq4UgMemE6OdE/99kbiX14r0WG5nVIRJ5oIPFkUJgzqCI5igR0qCdZsYAjCkppbIe4hibA24WVNCF+fwv9JvWC7Jbt4WcxXzqZxZMA22AF7wAUnoAIuQBXUAAZ34AE8gWfr3nq0XqzXSeuMNZ3ZAj9gvX0CnvWZrg==</latexit>

g �x
i

model: quantum Ising chain

Luo et al PRB 109, 134304 (2024)



broadened spectral function

integrable

non-
integrable

disordered

<latexit sha1_base64="/QrejS+RNCoI8p0MDndK3UQsoDc=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU9kttepBKHrxJBXsB7RLyabZNjTJLklWKEv/ghcPinj1D3nz35htK6jog4HHezPMzAtizrRx3Q8nt7S8srqWXy9sbG5t7xR391o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+OrzG/fU6VZJO/MJKa+wEPJQkawyaSbi6rbL5bcsjsDmhOvYsmJ653XashbWCVYoNEvvvcGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76ezWKTqyygCFkbIlDZqp3ydSLLSeiMB2CmxG+reXiX953cSEZ37KZJwYKsl8UZhwZCKUPY4GTFFi+MQSTBSztyIywgoTY+Mp2BC+PkX/k1al7NXK1dtqqX65iCMPB3AIx+DBKdThGhrQBAIjeIAneHaE8+i8OK/z1pyzmNmHH3DePgE4TY24</latexit>

N = 40
<latexit sha1_base64="MUAhgxdeXae+kb01sBUg5PVkVVU=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4iklpqx6EogiepIL9gDaUzXbTLt1swu5GKKE/wosHRbz6e7z5b9y2EVT0wcDjvRlm5vkxZ0o7zoe1sLi0vLKaW8uvb2xubRd2dpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8keXU791T6VikbjT45h6IR4IFjCCtZFaV8c3545d6RWKju3MgObELRlScdyzahW5mVWEDPVe4b3bj0gSUqEJx0p1XCfWXoqlZoTTSb6bKBpjMsID2jFU4JAqL52dO0GHRumjIJKmhEYz9ftEikOlxqFvOkOsh+q3NxX/8jqJDk69lIk40VSQ+aIg4UhHaPo76jNJieZjQzCRzNyKyBBLTLRJKG9C+PoU/U+aJdut2uXbcrF2kcWRg304gCNw4QRqcA11aACBETzAEzxbsfVovViv89YFK5vZgx+w3j4BoZqOeQ==</latexit>

E/N = 0.5

sufficiently narrow filters

Luo et al PRB 109, 134304 (2024)



mapping out the function

integrable

non-
integrable

disordered

<latexit sha1_base64="/QrejS+RNCoI8p0MDndK3UQsoDc=">AAAB63icdVBNSwMxEJ2tX7V+VT16CRbBU9kttepBKHrxJBXsB7RLyabZNjTJLklWKEv/ghcPinj1D3nz35htK6jog4HHezPMzAtizrRx3Q8nt7S8srqWXy9sbG5t7xR391o6ShShTRLxSHUCrClnkjYNM5x2YkWxCDhtB+OrzG/fU6VZJO/MJKa+wEPJQkawyaSbi6rbL5bcsjsDmhOvYsmJ653XashbWCVYoNEvvvcGEUkElYZwrHXXc2Pjp1gZRjidFnqJpjEmYzykXUslFlT76ezWKTqyygCFkbIlDZqp3ydSLLSeiMB2CmxG+reXiX953cSEZ37KZJwYKsl8UZhwZCKUPY4GTFFi+MQSTBSztyIywgoTY+Mp2BC+PkX/k1al7NXK1dtqqX65iCMPB3AIx+DBKdThGhrQBAIjeIAneHaE8+i8OK/z1pyzmNmHH3DePgE4TY24</latexit>

N = 40

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

|fO(E,!)|2

Luo et al PRB 109, 134304 (2024)



<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 PRB 109, 134304 (2024)



other results with TNS + filter method



other results with TNS + filter method
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(classical / quantum) tools to get dynamical 

properties

To concludeThanks for your attention!

spectral properties of a 
QMB Hamiltonian

Yang, Iblisdir, Cirac, MCB, PRL124, 100602 (2020)
Lu, PRX Quantum 2, 020321 (2021)

Yang, Cirac, MCB, PRB 106, 024307 (2022)
Luo, Trivedi, MCB, Cirac, PRB 109, 134304 (2024)

further possibilities: apply to non-
ergodic systems, probe fluctuation-
dissipation relations, further explore 

off-diagonal matrix elements…


