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This talk:

Measuring / characterizing / quantifying 
entanglement in quantum simulation?

`Randomized measurement’ toolbox synthetic quantum matter
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The Credo of Quantum Simulation
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Exponentially large Hilbert space

Feynman… which is may be difficult to represent on classical computers
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1. INTRODUCTION 

On the program it says this is a keynote speech--and I don't  know 
what a keynote speech is. I do not intend in any way to suggest what should 
be in this meeting as a keynote of the subjects or anything like that. I have 
my own things to say and to talk about and there's no implication that 
anybody needs to talk about the same thing or anything like it. So what I 
want to talk about is what Mike Dertouzos suggested that nobody would 
talk about. I want to talk about the problem of simulating physics with 
computers and I mean that in a specific way which I am going to explain. 
The reason for doing this is something that I learned about from Ed 
Fredkin, and my entire interest in the subject has been inspired by him. It 
has to do with learning something about the possibilities of computers, and 
also something about possibilities in physics. If we suppose that we know all 
the physical laws perfectly, of course we don't  have to pay any attention to 
computers. It's interesting anyway to entertain oneself with the idea that 
we've got something to learn about physical laws; and if I take a relaxed 
view here (after all I 'm here and not at home) I'll admit that we don't  
understand everything. 

The first question is, What kind of computer are we going to use to 
simulate physics? Computer theory has been developed to a point where it 
realizes that it doesn't make any difference; when you get to a universal 
computer, it doesn't matter how it's manufactured, how it's actually made. 
Therefore my question is, Can physics be simulated by a universal com- 
puter? I would like to have the elements of this computer locally intercon- 
nected, and therefore sort of think about cellular automata as an example 
(but I don't  want to force it). But I do want something involved with the 
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locality of interaction. I would not like to think of a very enormous 
computer with arbitrary interconnections throughout the entire thing. 

Now, what kind of physics are we going to imitate? First, I am going to 
describe the possibility of simulating physics in the classical approximation, 
a thing which is usuaUy described by local differential equations. But the 
physical world is quantum mechanical, and therefore the proper problem is 
the simulation of quantum physics--which is what I really want to talk 
about, but I'U come to that later. So what kind of simulation do I mean? 
There is, of course, a kind of approximate simulation in which you design 
numerical algorithms for differential equations, and then use the computer 
to compute these algorithms and get an approximate view of what ph2csics 
ought to do. That's an interesting subject, but is not what I want to talk 
about. I want to talk about the possibility that there is to be an exact 
simulation, that the computer will do exactly the same as nature. If this is to 
be proved and the type of computer is as I've already explained, then it's 
going to be necessary that everything that happens in a finite volume of 
space and time would have to be exactly analyzable with a finite number of 
logical operations. The present theory of physics is not that way, apparently. 
It allows space to go down into infinitesimal distances, wavelengths to  get 
infinitely great, terms to be summed in infinite order, and so forth; and 
therefore, if this proposition is right, physical law is wrong. 

So good, we already have a suggestion of how we might modify 
physical law, and that is the kind of reason why I like to study this sort of 
problem. To take an example, we might change the idea that space is 
continuous to the idea that space perhaps is a simple lattice and everything 
is discrete (so that we can put it into a finite number of digits) and that time 
jumps discontinuously. Now let's see what kind of a physical world it would 
be or what kind of problem of computation we would have. For example, 
the first difficulty that would come out is that the speed of light would 
depend slightly on the direction, and there might be other anisotropies in 
the physics that we could detect experimentally. They might be very small 
anisotropies. Physical knowledge is of course always incomplete, and you 
can always say we'll try to design something which beats experiment a t  the 
present time, but which predicts anistropies on some scale to be found later. 
That's fine. That would be good physics if you could predict something 
consistent with all the known facts and suggest some new fact that we didn't  
explain, but I have no specific examples. So I'm not objecting to the fact 
that it's anistropic in principle, it's a question of how anistropic. If you  tell 
me it's so-and-so anistropic, I'll tell you about the experiment with the 
lithium atom which shows that the anistropy is less than that much, and 
that this here theory of yours is impossible. 
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Entanglement in Quantum Simulation
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Quantum Many-Body System

Schrödinger
The system is in a superposition state 
of all possible configurations …

Entanglement

Today we build quantum simulators …

Feynman

Polar MoleculesRydberg Arrays CQED & PhotonicTrapped ions Optical Lattices

© UIBK, JQI, … © MPQ, … © Harvard, Paris … © TU Wien© JILA
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How to measure / characterize / quantify entanglement in quantum simulation?
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Outline of this talk

Programmable Quantum Simulators [Overview]

Randomized Measurement Toolbox

Overview: atomic platforms, and opportunities etc.

Example 1: Measuring Renyi Entanglement Entropies

Example 2: Tomography of the Entanglement Hamiltonian arXiv:2009.09000

A. Elben, B. Vermersch et al., 2018-…

Brydges et al., Science 2019

development of theoretical framework, and application to experiment

C Kokail R. van BijnenA Elben B Vermersch

→ Grenoble

M. Dalmonte

→ ICTP

see earlier talks: M. Lukin, …
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spin-spin interaction as Rydberg Van der Waals

Programmable Analog Quantum Simulators
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Rydberg Tweezer Arrays [1D,2D,3D] Trapped-Ions [1D, 2D]

Harvard - MIT, Palaiseau, JILA, Caltech, Wisconsin, Sandia, … Innsbruck, JQI  …

focused 

laser

… and single site  
control & readout

NISQ devices: few tens of atoms, scaling to ~ few hundred (no error correction)

Engineered Spin Models & Hamiltonians

Ĥ Ising =
∑
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phonon-mediated spin-spin interaction
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Analog Quantum Simulators
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Experiments done today …

time

| i
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Ut = e−iHt

quench 
dynamics

∣Ψ⟩

Learn the entanglement properties of quantum state |Ψ⟩

Entanglement as a resource

highly entangled stateinitial product state
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Analog Quantum Simulators
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Experiments done today …

time

Ut = e−iHt

quench 
dynamics

∣Ψ⟩

projective measurements

Probability to see a 
specific configuration

Repeat
P (s)
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quantum

expectation value

Learn the entanglement properties of quantum state |Ψ⟩

Entanglement as a resource

highly entangled stateinitial product state
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Programming Quantum Simulators
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Complex quantum circuits from available resources

time

entangle

entangle

• we can build highly entangled quantum states 
from available quantum resources 
parametrized by θ1, θ2, …

| (✓)i

<latexit sha1_base64="igbV5kZDKEN15JmgZfY1HJQtfSM="></latexit>

depth of circuit

Entanglement as a resource
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Programming Quantum Simulators
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Complex quantum circuits from available resources

time

entangle

entangle

classical 
computer

measurements

optimize on classical machine

# variational parameters

evaluate on quantum machine 
… efficiently

C (θ) = . . . →TPU
<latexit sha1_base64="AOMlWxtL62sL302YUA7eWfQ/C6g="></latexit>

cost function:

Variational Classical-Quantum Algorithms

quantum 
device

quantum feedback

Farhi et al., arXiv:1411.4028

McClean et al. NJP (2016)
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Programming Quantum Simulators
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Complex quantum circuits from available resources

time

entangle

entangle

classical 
computer

measurements

Variational Quantum Simulation 

quantum 
device

quantum feedback

ĤT =
∑

nα
hα

n σ̂
α
n +

∑

n#αβ
hαβ

n# σ̂
α
n σ̂

β
#
+ . . .
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target Hamiltonian (e.g. lattice model) Variational Quantum Eigensolver

C (θ) = 〈ψ(θ)| ĤT |ψ(θ)〉→TPU
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lowest energy 
~ ground state

cost function with 
variational parameters θ

Hamiltonian never 
physically realized on quantum computer / chemistry:  

JR McClean et al, NJP 2016
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(2) our focus on quantum lattice models of condensed matter and 
high-energy physics, incorporating their intrinsic symmetries in trial 
states, and thus greatly reducing the number of variational parameters; 
and (3) an advanced global optimization algorithm specifically suited 
for noisy, high-dimensional and gradient-free optimization problems, 
and a re-use of measurement data to efficiently find ground states of 
whole classes of Hamiltonians.

Finally, we measure not only the energy of the target model, but 
also the Hamiltonian variance of the prepared states, allowing for 
quantitative self-verification of the acquired results on the quantum 
device itself. We are able to measure the algorithmic error bars of the 
final energies, that is, the uncertainty on the approximate ground-state 
energy resulting from the variational ansatz state at finite circuit depth.

Target model and quantum resources
In VQS there exists a clear distinction between the target model 
Hamiltonian to be studied and the resources available in the laboratory 
that are used to produce trial states θΨ| ( ) . We now describe the 
Schwinger model as our target problem and list the available quantum 
resources provided by the trapped-ion analogue quantum simulator.

Target–lattice Schwinger model
The Schwinger model on a lattice is a paradigmatic formulation of 
one-dimensional quantum electrodynamics, and a prototype of Abelian 
lattice gauge theory36. It describes the interactions between a scalar 

fermion field, representing both matter and antimatter with electric 
charges, and an Abelian U(1) gauge field as a quantized electromagnetic 
field. We use a Kogut–Susskind encoding to map fermionic configura-
tions to a spin-1/2 lattice, where a spin-down (or spin-up) on an odd 
(or even) lattice site indicates the presence of a positron (or electron) 
(see Extended Data Fig. 5 and Supplementary Information section I 
for details). For open boundary conditions, and with a Jordan–Wigner 
transformation37, our target Hamiltonian reads

¯∑ ∑ ∑σ σ σ= + . . + − +
=

−
+

+
−

= =

> > > > >H w m g L[ H c ]
2

( 1) (1)
j

N

j j
j

N
j

j
z

j

N

jT
1

1

1
1 1

2

where j labels the lattice site, for a system of length N, H.c. is the 
Hermitian conjugate and σ̂j

a are Pauli operators. Here the first term 
describes the creation or annihilation of a particle–antiparticle pair, 
mapped to a spin flip-flop term with coupling w. In the following, we 
set w = 1 as the energy unit. The second term is the matter mass term, 
with bare mass m. The last term, with coupling ̄g, is the electric-field 
energy. The one-dimensional character of our model allows the electric 
field L̂j to be eliminated in accordance with Gauss’ law31

σ− = + −−
> > >L L 1

2
[ ( 1) ] (2)j j j

z j
1

that is, we express the electric field in terms of Pauli operators, 
σ= − ∑ + −=ε> >L [ ( 1) ]j ℓ

j
ℓ
z ℓ

0
1
2 1 , in ĤT. Here ε0 is a background electric 

field, which is set to zero. The Hamiltonian ĤT thus reduces to an effec-
tive spin-1/2 model with exotic long-range interactions originating 
from squaring L̂j. We note that ĤT exhibits a charge conservation sym-
metry σ σ= ∑ˆ ˆz

j j
z

tot  and, within the charge symmetry sector σ =ˆ 0z
tot , a 

!CP symmetry. Such a symmetry consists of charge conjugation and 
spatial reflection, which are not present separately owing to the stag-
gered fermion encoding, at finite size and with open boundary condi-
tions (see Supplementary Information section IV).

The complexity of the lattice Schwinger Hamiltonian has so far 
prevented a direct laboratory implementation using AQS24,38. DQS of 
the lattice Schwinger model has been previously reported13 with four 
qubits and four Trotter steps, requiring a total of 220 quantum gates. 
In contrast, we show below that VQS allows well converged quantum 
simulation of ground states of the lattice Schwinger model for up to 20 
qubits, and with the unique opportunity to self-verify the answers on 
the quantum device itself.

Resource–trapped-ion analogue quantum simulator
Our experimental simulator consists of N = 20 trapped 40Ca+ ions that 
are confined as a one-dimensional string in a linear Paul trap. Each 
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Fig. 1 | Classical–quantum feedback loop of VQS. Optimization of cost 
functions with function evaluations performed on a programmable 20-
qubit (blue dots) trapped-ion analogue quantum simulator. Variational 
control parameters are passed to the analogue quantum simulator, which 
generates trial states θΨ| ( )  through quench dynamics from a set of 
resource Hamiltonians with symmetry-protecting quantum circuits, 
consisting of entangling operations (orange boxes) and single-qubit 
operations (shaded blue circles), corresponding to quantum resources. 
Measurement results for correlation functions are obtained by rotating the 
qubits to the proper basis (green boxes) followed by quantum projective 
measurements in the standard basis. A central data repository stores the 
information on the obtained many-body correlation functions and allows 
for data re-evaluation for different Hamiltonian parameters (see Methods). 
The classical central processing unit (CPU) optimizes the parameters θ 
based on the measurement outcomes.
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 Hybrid classical–quantum algorithms aim to variationally solve optimization problems using a feedback loop between a 
classical computer and a quantum co-processor, while benefiting from quantum resources. Here we present experiments 
that demonstrate self-verifying, hybrid, variational quantum simulation of lattice models in condensed matter and 
high-energy physics. In contrast to analogue quantum simulation, this approach forgoes the requirement of realizing 
the targeted Hamiltonian directly in the laboratory, thus enabling the study of a wide variety of previously intractable 
target models. We focus on the lattice Schwinger model, a gauge theory of one-dimensional quantum electrodynamics. 
Our quantum co-processor is a programmable, trapped-ion analogue quantum simulator with up to 20 qubits, capable of 
generating families of entangled trial states respecting the symmetries of the target Hamiltonian. We determine ground 
states, energy gaps and additionally, by measuring variances of the Schwinger Hamiltonian, we provide algorithmic 
errors for the energies, thus taking a step towards verifying quantum simulation.

The development of quantum simulators provides us with tools to 
solve the quantum many-body problem of condensed matter and high- 
energy physics1,2. In analogue quantum simulation (AQS), highly con-
trollable quantum systems directly realize specific model Hamiltonians 
using the natural quantum resources available for a given physical plat-
form3–10. AQS can be scaled to a large number of particles while still 
maintaining excellent quantum coherence. However, for complex target 
models, such as lattice gauge theories, realization in the framework of 
AQS becomes increasingly challenging. In contrast, digital quantum 
simulation (DQS) is able to propagate the many-body wavefunctions 
for a generic quantum many-body Hamiltonian as Trotterized time 
evolution on a universal quantum computer11–14. Yet the realization 
of a large-scale, fault-tolerant quantum computer remains a long-term 
goal, and thus far DQS has remained limited to very small system sizes. 
In this Article, we focus on variational quantum simulation (VQS) as 
a third way of simulating many-body quantum systems. We combine 
hybrid quantum variational techniques with the recent development of 
programmable analogue quantum simulators, which provides us with 
potentially scalable analogue quantum devices, capable of performing 
a restricted set of high-fidelity quantum operations. Essentially, VQS 
provides a framework for quantum simulation of complex lattice mod-
els beyond AQS and DQS, producing the best possible answers—for 
given quantum resources—such as are available in today’s laboratories.

Quantum variational techniques have been developed in quantum 
chemistry and in the context of classical optimization15–19. A quantum 
device prepares a family of (possibly) highly entangled variational trial 
states θΨ| ( )  with θ a vector parameterizing the quantum circuit that 
generates the quantum state. In a closed feedback loop (Fig. 1), a clas-
sical computer then optimizes the parameters θ over a relevant cost 
function: for example, to compute ground states of a given target 
Hamiltonian ĤT we seek to minimize θ θΨ Ψ| |>H( ) ( )T . The role of the 
quantum device is to perform the classically difficult task of evaluating 
observables from highly entangled states. For lattice spin models, a 
generic Hamiltonian, Ĥ ĥ= ∑ i iT , is decomposed into strings 
ĥ σ σ∝ …ˆ ˆi j

a
j
a
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s
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1  of Pauli operators σ̂j
a, where j labels the lattice site and the 

a values are Cartesian coordinates. The energy cost function then 
becomes the sum of expectation values of correlation functions 

θ θΨ Ψ| |>h( ) ( )i , which are individually measured on the quantum 
device. In this procedure, the target Hamiltonian ĤT exists only as a set 
of measurement prescriptions and never needs to be realized physically 
in the laboratory, endowing the experimenter with great freedom in 
the choice of models available for quantum simulation. In addition, 
once the classical parameters θ corresponding to (a good approxima-
tion of) the ground state are found, the state can be re-prepared at will 
and is available for further study.

Small-scale, pioneering experiments with hybrid algorithms run-
ning on quantum computers of two to six qubits have been shown to 
successfully tackle problems in quantum chemistry18,20–22 and, more 
recently, in condensed matter and high-energy physics23,24. In these 
experiments, scaling to larger system sizes is limited by the available 
quantum computing hardware, as well as by a rapid increase in the 
number of variational parameters θ. Moreover, an inherent challenge 
of quantum variational techniques is the rapidly increasing number of 
measurements needed for the classical computer to successfully navi-
gate the resulting high-dimensional energy landscape with increasing 
system size, from which information can only be obtained through 
inherently noisy projective measurements. Finally, when variational 
techniques can be scaled up to a regime where classical simulations 
become intractable, we are faced with the long-standing problem of 
how to verify the answers produced, that is, assessing how close the 
variational trial states and energies are to the exact values. So far, the 
scalability and applicability of VQS remain key challenges25–29.

Here we demonstrate how VQS can be scaled up for lattice models, 
by employing existing programmable analogue quantum simulator 
platforms. We perform quantum simulations of the ground state of the 
lattice Schwinger model30,31, using a trapped-ion quantum simulator 
with up to 20 qubits32, which naturally implements a long-range XY 
spin model33–35 and single-site spin rotations. The key enabling ele-
ments are: (1) the use of a programmable analogue quantum simulator 
as potentially scalable, although non-universal, quantum hardware;  
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solve the quantum many-body problem of condensed matter and high- 
energy physics1,2. In analogue quantum simulation (AQS), highly con-
trollable quantum systems directly realize specific model Hamiltonians 
using the natural quantum resources available for a given physical plat-
form3–10. AQS can be scaled to a large number of particles while still 
maintaining excellent quantum coherence. However, for complex target 
models, such as lattice gauge theories, realization in the framework of 
AQS becomes increasingly challenging. In contrast, digital quantum 
simulation (DQS) is able to propagate the many-body wavefunctions 
for a generic quantum many-body Hamiltonian as Trotterized time 
evolution on a universal quantum computer11–14. Yet the realization 
of a large-scale, fault-tolerant quantum computer remains a long-term 
goal, and thus far DQS has remained limited to very small system sizes. 
In this Article, we focus on variational quantum simulation (VQS) as 
a third way of simulating many-body quantum systems. We combine 
hybrid quantum variational techniques with the recent development of 
programmable analogue quantum simulators, which provides us with 
potentially scalable analogue quantum devices, capable of performing 
a restricted set of high-fidelity quantum operations. Essentially, VQS 
provides a framework for quantum simulation of complex lattice mod-
els beyond AQS and DQS, producing the best possible answers—for 
given quantum resources—such as are available in today’s laboratories.

Quantum variational techniques have been developed in quantum 
chemistry and in the context of classical optimization15–19. A quantum 
device prepares a family of (possibly) highly entangled variational trial 
states θΨ| ( )  with θ a vector parameterizing the quantum circuit that 
generates the quantum state. In a closed feedback loop (Fig. 1), a clas-
sical computer then optimizes the parameters θ over a relevant cost 
function: for example, to compute ground states of a given target 
Hamiltonian ĤT we seek to minimize θ θΨ Ψ| |>H( ) ( )T . The role of the 
quantum device is to perform the classically difficult task of evaluating 
observables from highly entangled states. For lattice spin models, a 
generic Hamiltonian, Ĥ ĥ= ∑ i iT , is decomposed into strings 
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θ θΨ Ψ| |>h( ) ( )i , which are individually measured on the quantum 
device. In this procedure, the target Hamiltonian ĤT exists only as a set 
of measurement prescriptions and never needs to be realized physically 
in the laboratory, endowing the experimenter with great freedom in 
the choice of models available for quantum simulation. In addition, 
once the classical parameters θ corresponding to (a good approxima-
tion of) the ground state are found, the state can be re-prepared at will 
and is available for further study.

Small-scale, pioneering experiments with hybrid algorithms run-
ning on quantum computers of two to six qubits have been shown to 
successfully tackle problems in quantum chemistry18,20–22 and, more 
recently, in condensed matter and high-energy physics23,24. In these 
experiments, scaling to larger system sizes is limited by the available 
quantum computing hardware, as well as by a rapid increase in the 
number of variational parameters θ. Moreover, an inherent challenge 
of quantum variational techniques is the rapidly increasing number of 
measurements needed for the classical computer to successfully navi-
gate the resulting high-dimensional energy landscape with increasing 
system size, from which information can only be obtained through 
inherently noisy projective measurements. Finally, when variational 
techniques can be scaled up to a regime where classical simulations 
become intractable, we are faced with the long-standing problem of 
how to verify the answers produced, that is, assessing how close the 
variational trial states and energies are to the exact values. So far, the 
scalability and applicability of VQS remain key challenges25–29.

Here we demonstrate how VQS can be scaled up for lattice models, 
by employing existing programmable analogue quantum simulator 
platforms. We perform quantum simulations of the ground state of the 
lattice Schwinger model30,31, using a trapped-ion quantum simulator 
with up to 20 qubits32, which naturally implements a long-range XY 
spin model33–35 and single-site spin rotations. The key enabling ele-
ments are: (1) the use of a programmable analogue quantum simulator 
as potentially scalable, although non-universal, quantum hardware;  
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trollable quantum systems directly realize specific model Hamiltonians 
using the natural quantum resources available for a given physical plat-
form3–10. AQS can be scaled to a large number of particles while still 
maintaining excellent quantum coherence. However, for complex target 
models, such as lattice gauge theories, realization in the framework of 
AQS becomes increasingly challenging. In contrast, digital quantum 
simulation (DQS) is able to propagate the many-body wavefunctions 
for a generic quantum many-body Hamiltonian as Trotterized time 
evolution on a universal quantum computer11–14. Yet the realization 
of a large-scale, fault-tolerant quantum computer remains a long-term 
goal, and thus far DQS has remained limited to very small system sizes. 
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a third way of simulating many-body quantum systems. We combine 
hybrid quantum variational techniques with the recent development of 
programmable analogue quantum simulators, which provides us with 
potentially scalable analogue quantum devices, capable of performing 
a restricted set of high-fidelity quantum operations. Essentially, VQS 
provides a framework for quantum simulation of complex lattice mod-
els beyond AQS and DQS, producing the best possible answers—for 
given quantum resources—such as are available in today’s laboratories.

Quantum variational techniques have been developed in quantum 
chemistry and in the context of classical optimization15–19. A quantum 
device prepares a family of (possibly) highly entangled variational trial 
states θΨ| ( )  with θ a vector parameterizing the quantum circuit that 
generates the quantum state. In a closed feedback loop (Fig. 1), a clas-
sical computer then optimizes the parameters θ over a relevant cost 
function: for example, to compute ground states of a given target 
Hamiltonian ĤT we seek to minimize θ θΨ Ψ| |>H( ) ( )T . The role of the 
quantum device is to perform the classically difficult task of evaluating 
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θ θΨ Ψ| |>h( ) ( )i , which are individually measured on the quantum 
device. In this procedure, the target Hamiltonian ĤT exists only as a set 
of measurement prescriptions and never needs to be realized physically 
in the laboratory, endowing the experimenter with great freedom in 
the choice of models available for quantum simulation. In addition, 
once the classical parameters θ corresponding to (a good approxima-
tion of) the ground state are found, the state can be re-prepared at will 
and is available for further study.

Small-scale, pioneering experiments with hybrid algorithms run-
ning on quantum computers of two to six qubits have been shown to 
successfully tackle problems in quantum chemistry18,20–22 and, more 
recently, in condensed matter and high-energy physics23,24. In these 
experiments, scaling to larger system sizes is limited by the available 
quantum computing hardware, as well as by a rapid increase in the 
number of variational parameters θ. Moreover, an inherent challenge 
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gate the resulting high-dimensional energy landscape with increasing 
system size, from which information can only be obtained through 
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techniques can be scaled up to a regime where classical simulations 
become intractable, we are faced with the long-standing problem of 
how to verify the answers produced, that is, assessing how close the 
variational trial states and energies are to the exact values. So far, the 
scalability and applicability of VQS remain key challenges25–29.

Here we demonstrate how VQS can be scaled up for lattice models, 
by employing existing programmable analogue quantum simulator 
platforms. We perform quantum simulations of the ground state of the 
lattice Schwinger model30,31, using a trapped-ion quantum simulator 
with up to 20 qubits32, which naturally implements a long-range XY 
spin model33–35 and single-site spin rotations. The key enabling ele-
ments are: (1) the use of a programmable analogue quantum simulator 
as potentially scalable, although non-universal, quantum hardware;  
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<latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3 //2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit><latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3 //2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit><latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3 //2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit><latexit sha1_base64="KTZiBI+koPOFYHj8hJgifLWuC+Q=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3 //2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPkD+qNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AchgkM0=</latexit> 1

<latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit><latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit><latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit><latexit sha1_base64="VfvzHO1I3gxzYLGYDlSeuTCZhp4=">AAAB8nicbVC7SgNBFL3rM8ZX1NJmSBCswm4aLQM2lhHMAzZLmJ2dTYbMY5mZFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w448xY3//2trZ3dvf2KwfVw6Pjk9Pa2XnPqFwT2iWKKz2IsaGcSdq1zHI6yDTFIua0H0/vFn7/iWrDlHy0s4xGAo8lSxnB1knh0KQpFozPUDCqNfymvwTaJEFJGlCiM6p9DRNFckGlJRwbEwZ+ZqMCa8sIp/PqMDc0w2SKxzR0VGJBTVQsT56jK6ckKFXaPWnRUv29UWBhzEzEblJgOzHr3kL8zwtzm95GBZNZbqkkq4/SnCOr0CI/SpimxLrACcNEM3crIhOsMbGupaorIViPvEl6rWbg+EOr0a6XdVTgEupwDQHcQBvuoQNdIKDgGV7hzbPei/fufaxGt7xy5wL+wPv8AcnkkM4=</latexit>

3
<latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit><latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit><latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit><latexit sha1_base64="ANxL+g1TqyFpFWmhNXI6vrDXkes=">AAAB8nicbVC7SgNBFL0bXzG+opY2Q4JgFXZjoWXAxjKCecBmCbOzs8mQeSwzs0II+QwbC0Vs/Ro7/8ZJsoUmHhg4nHMvc8+JM86M9f1vr7S1vbO7V96vHBweHZ9UT8+6RuWa0A5RXOl+jA3lTNKOZZbTfqYpFjGnvXhyt/B7T1QbpuSjnWY0EngkWcoItk4KByZNsWB8iq6H1brf8JdAmyQoSB0KtIfVr0GiSC6otIRjY8LAz2w0w9oywum8MsgNzTCZ4BENHZVYUBPNlifP0aVTEpQq7Z60aKn+3phhYcxUxG5SYDs2695C/M8Lc5veRjMms9xSSVYfpTlHVqFFfpQwTYl1gROGiWbuVkTGWGNiXUsVV0KwHnmTdJuNwPGHZr1VK+oowwXU4AoCuIEW3EMbOkBAwTO8wptnvRfv3ftYjZa8Yucc/sD7/AHM7JDQ</latexit>

4
<latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit><latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit><latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit><latexit sha1_base64="1UFk0aQJUR9Huw6w5zs2yoRyrbw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dhBbBVZkpgi4LblxWsA+YDiWTybSheQxJRiiln+HGhSJu/Rp3/o1pOwttPRA4nHMvuefEGWfG+v63V9ra3tndK+9XDg6Pjk+qp2ddo3JNaIcornQ/xoZyJmnHMstpP9MUi5jTXjy5W/i9J6oNU/LRTjMaCTySLGUEWyeFA5OmWDA+RdfDat1v+EugTRIUpA4F2sPq1yBRJBdUWsKxMWHgZzaaYW0Z4XReGeSGZphM8IiGjkosqIlmy5Pn6NIpCUqVdk9atFR/b8ywMGYqYjcpsB2bdW8h/ueFuU1voxmTWW6pJKuP0pwjq9AiP0qYpsS6wAnDRDN3KyJjrDGxrqWKKyFYj7xJus1G4PhDs96qFXWU4QJqcAUB3EAL7qENHSCg4Ble4c2z3ov37n2sRktesXMOf+B9/gDOcJDR</latexit>

|∆θ|
<latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit><latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit><latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit><latexit sha1_base64="ucKovd91F8aGbKV3uviVMbjox04=">AAACEnicbVC7SgNBFJ31bXxFLW0Go6BN2E2jZUALywgmEbIh3J29a4bMPpi5K4Q132Djr9hYKGJrZeffOHkUvg4MczjnXu69J8iUNOS6n87c/MLi0vLKamltfWNzq7y90zJprgU2RapSfR2AQSUTbJIkhdeZRogDhe1gcDb227eojUyTKxpm2I3hJpGRFEBW6pWPfRNFEEs15Ad3/jkqAu4HqQrNMLZfUfKpjwSju4NeueJW3Qn4X+LNSIXN0OiVP/wwFXmMCQkFxnQ8N6NuAZqkUDgq+bnBDMQAbrBjaQIxmm4xOWnED60S8ijV9iXEJ+r3jgJiM17RVsZAffPbG4v/eZ2cotNuIZMsJ0zEdFCUK04pH+fDQ6lRkI0jlCC0tLty0QcNgmyKJRuC9/vkv6RVq3qWX9Yq9f1ZHCtsj+2zI+axE1ZnF6zBmkywe/bIntmL8+A8Oa/O27R0zpn17LIfcN6/ACUmnac=</latexit>

2
<latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit><latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit><latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit><latexit sha1_base64="DhGoK2QaIgAUjpSInORaHPJXPYM=">AAAB8nicbVC7SgNBFJ31GeMramkzJAhWYTeNlgEbywjmAZslzM7OJkPmsczcFcKSz7CxUMTWr7Hzb5wkW2jigYHDOfcy95w4E9yC7397W9s7u3v7lYPq4dHxyWnt7LxndW4o61IttBnExDLBFesCB8EGmWFExoL14+ndwu8/MWO5Vo8wy1gkyVjxlFMCTgqHNk2J5GKGW6Naw2/6S+BNEpSkgUp0RrWvYaJpLpkCKoi1YeBnEBXEAKeCzavD3LKM0CkZs9BRRSSzUbE8eY6vnJLgVBv3FOCl+nujINLamYzdpCQwseveQvzPC3NIb6OCqywHpujqozQXGDRe5McJN4yCC5xwQg13t2I6IYZQcC1VXQnBeuRN0ms1A8cfWo12vayjgi5RHV2jAN2gNrpHHdRFFGn0jF7Rmwfei/fufaxGt7xy5wL9gff5A8tokM8=</latexit>

Experiment
<latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit><latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit><latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit><latexit sha1_base64="Ur0IzwiK22HSqJ9/DhHFmLoFd34=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GVoEVyXpRpcFEVxWsA9oQ5lMbtqhM0mYmYg1FH/FjQtF3Pof7vwbJ20W2npg4HDOPcy9x084U9pxvq3S2vrG5lZ5u7Kzu7d/YB8edVScSgptGvNY9nyigLMI2pppDr1EAhE+h64/ucr97j1IxeLoTk8T8AQZRSxklGgjDe2TgQpDIhif4uuHBCQTEOmhXXPqzhx4lbgFqaECraH9NQhimuZZyolSfddJtJcRqRnlMKsMUgUJoRMygr6hERGgvGy+/QyfGSXAYSzNizSeq78TGRFKTYVvJgXRY7Xs5eJ/Xj/V4aWXsShJNUR08VGYcqxjnFeBAyaBanN5wAiVzOyK6ZhIQrUprGJKcJdPXiWdRt01/LZRa1aLOsroFFXROXLRBWqiG9RCbUTRI3pGr+jNerJerHfrYzFasorMMfoD6/MHu/OVSQ==</latexit>

Theory
<latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit><latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit><latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit><latexit sha1_base64="bmR/wPitz6HXoI60VEMEiqVCnqM=">AAAB+XicbVBNS8NAEJ34WetX1KOXpUXwVJJe9Fjw4rFCv6ANZbPZtEt3N2F3Uwih/8SLB0W8+k+8+W/ctjlo64OBx3szzMwLU8608bxvZ2d3b//gsHJUPT45PTt3Ly57OskUoV2S8EQNQqwpZ5J2DTOcDlJFsQg57Yezh6Xfn1OlWSI7Jk9pIPBEspgRbKw0dt2RjmMsGM9RZ0oTlY/dutfwVkDbxC9JHUq0x+7XKEpIJqg0hGOth76XmqDAyjDC6aI6yjRNMZnhCR1aKrGgOihWly/QjVUiFCfKljRopf6eKLDQOheh7RTYTPWmtxT/84aZie+Dgsk0M1SS9aI448gkaBkDipiixNivI4aJYvZWRKZYYWJsWFUbgr/58jbpNRu+5U/NeqtWxlGBa6jBLfhwBy14hDZ0gcAcnuEV3pzCeXHenY91645TzlzBHzifP4wNk3s=</latexit>
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E (0)
<latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit><latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit><latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit><latexit sha1_base64="VkTyBg+BMil0+Gwb0uH3E+uV5Bc=">AAACI3icbVC7TsMwFHV4lvIqMLJYtKCyVEkXGCshJMYi0YfUlMpxblqrjhPZDqKK8gf8Bj/ACn/AhlgYWPkO3MdAW45k6eic+/LxYs6Utu0va2V1bX1jM7eV397Z3dsvHBw2VZRICg0a8Ui2PaKAMwENzTSHdiyBhB6Hlje8GvutB5CKReJOj2LohqQvWMAo0UbqFc5cFQQkZHyEXREx4YPQ2NXwaGal11npPi3b51mpVyjaFXsCvEycGSmiGeq9wo/rRzQJzTjKiVIdx451NyVSM8ohy7uJgpjQIelDx1BBQlDddPKfDJ8axcdBJM0z50zUvx0pCZUahZ6pDIkeqEVvLP7ndRIdXHZTJuJEg6DTRUHCsY7wOBzsMwlUmyx8Rqhk5lZMB0QSqk2Ec1s8SYags7wJxlmMYZk0qxXH8NtqsVaaRZRDx+gElZGDLlAN3aA6aiCKntALekVv1rP1bn1Yn9PSFWvWc4TmYH3/AoS4pHs=</latexit>
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<latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit>

E (1)
<latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit><latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit><latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit><latexit sha1_base64="TexzOZvZyhhQkcCYRHV90dqtbUs=">AAACBXicbVDLSsNAFJ34rPUVdamLwVaom5JEwboriOCygn1AE8tkMmmHTh7MTMQSsnHjr7hxoYhb/8Gdf+OkzUKrBy4czrl35t7jxowKaRhf2sLi0vLKammtvL6xubWt7+x2RJRwTNo4YhHvuUgQRkPSllQy0os5QYHLSNcdX+R+945wQaPwRk5i4gRoGFKfYiSVNNAPbOH7KKBsAm1J7tUL6WVWvU1r5nFWHegVo94wckCjfmKdn5qWIsZMMQtSAQVaA/3T9iKcBCSUmCEh+qYRSydFXFLMSFa2E0FihMdoSPqKhiggwkmnV2TwSCke9COuKpRwqv6cSFEgxCRwVWeA5EjMe7n4n9dPpN9wUhrGiSQhnn3kJwzKCOaRQI9ygqVKwKMIc6p2hXiEOMJSBVdWIZjzJ/8lHatuKn5tVZrVIo4S2AeHoAZMcAaa4Aq0QBtg8ACewAt41R61Z+1Ne5+1LmjFzB74Be3jG7m6l/I=</latexit>

1
<latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49U caZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49U caZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49U caZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49U caZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit>

2
<latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit>

3
<latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit>

4
<latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit>

5
<latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit> 6

<latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit>

→
<latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ 8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ 8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ 8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ 8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit>
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<latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit><latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit><latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit><latexit sha1_base64="mqP+IaB9bVlxgI52UT+8cwXVm/c=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIOwFiJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9q36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5CacMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5RHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7gHmr0=</latexit>

0.7
<latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit><latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit><latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit><latexit sha1_base64="dDjSTdbkrRPKKJoN2Kcf1RgkSew=">AAACDHicbVC7TsMwFL0prxJeBUYWiwqJKUq6lLESC2OR6ENqo8pxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgL3MdCWI1k6OudenesTZZxp4/vfTmlre2d3r7zvHhweHZ9UTs/aOs0VoS2S8lR1I6wpZ5K2DDOcdjNFsYg47UTj25nfeaJKs1Q+mElGQ4GHkiWMYGOlsK+TBAvGJ8j36oNK1ff8OdAmCZakCks0B5WffpySXFBpCMda9wI/M2GBlWGE06nbzzXNMBnjIe1ZKrGgOizmR0/RlVVilKTKPmnQXP27UWCh9UREdlJgM9Lr3kz8z+vlJrkJCyaz3FBJFkFJzpFJ0awBFDNFibFfjhkmitlbERlhhYmxPbkrMRrLRY7r2nKC9So2SbvmBb4X3NeqDbSsqQwXcAnXEEAdGnAHTWgBgUd4gVd4c56dd+fD+VyMlpzlzjmswPn6Bbmjmr4=</latexit>

0.8
<latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit><latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit><latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit><latexit sha1_base64="qhPoQZLavUj5GKIc9BhyMBo2tj4=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiqpIudKzEwlgk+pDaqLpxnNaq7QTbQaqi/gIrK/wDG2LlH/gFvgK3zUBbjmTp6Jx7da5PmHKmjed9O6Wt7Z3dvfK+e3B4dHxSOT3r6CRThLZJwhPVC0FTziRtG2Y47aWKggg57YaT27nffaJKs0Q+mGlKAwEjyWJGwFgpGOg4BsH4FHu1xrBS9WreAniT+AWpogKtYeVnECUkE1QawkHrvu+lJshBGUY4nbmDTNMUyARGtG+pBEF1kC+OnuErq0Q4TpR90uCF+ncjB6H1VIR2UoAZ63VvLv7n9TMTN4KcyTQzVJJlUJxxbBI8bwBHTFFi7JcjBkQxeysmY1BAjO3JXYnRIJc5rmvL8der2CSdes33av59vdrERU1ldIEu0TXy0Q1qojvUQm1E0CN6Qa/ozXl23p0P53M5WnKKnXO0AufrF7s/mr8=</latexit>

0.9
<latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit><latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit><latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit><latexit sha1_base64="55igi831W08+NP/D8QWgJpB8jRc=">AAACDHicbVC7TsMwFHXKq4RXgZHFokJiipIuwFaJhbFI9CG1UXXjOK1V2wm2g1RV/QVWVvgHNsTKP/ALfAVum4G2HMnS0Tn36lyfKONMG9//dkobm1vbO+Vdd2//4PCocnzS0mmuCG2SlKeqE4GmnEnaNMxw2skUBRFx2o5GtzO//USVZql8MOOMhgIGkiWMgLFS2NNJAoLxMfa9m36l6nv+HHidBAWpogKNfuWnF6ckF1QawkHrbuBnJpyAMoxwOnV7uaYZkBEMaNdSCYLqcDI/eoovrBLjJFX2SYPn6t+NCQitxyKykwLMUK96M/E/r5ub5DqcMJnlhkqyCEpyjk2KZw3gmClKjP1yzIAoZm/FZAgKiLE9uUsxGuQix3VtOcFqFeukVfMC3wvua9U6LmoqozN0ji5RgK5QHd2hBmoigh7RC3pFb86z8+58OJ+L0ZJT7JyiJThfv7zbmsA=</latexit>

Particle Density
<latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit><latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit><latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit><latexit sha1_base64="fKnaJZ6ABwoIie2kz7hzaWrOj9I=">AAACA3icbVDLSgMxFM3UV62vqjvdBIvgqsx0o8uCLlxWsA9oh5LJZNrQJDMkd4RhKLjxV9y4UMStP+HOvzFtZ6GtBwKHc+5Nck6QCG7Adb+d0tr6xuZWebuys7u3f1A9POqYONWUtWksYt0LiGGCK9YGDoL1Es2IDATrBpPrmd99YNrwWN1DljBfkpHiEacErDSsngxMFBHJRYZbRAOnguEbpgyHbFituXV3DrxKvILUUIHWsPo1CGOaSqaACmJM33MT8PPi2mllkBqWEDohI9a3VBHJjJ/PM0zxuVVCHMXaHgV4rv7eyIk0JpOBnZQExmbZm4n/ef0Uois/5ypJgSm6eChKBYYYzwrBIdeMgs0fckI1t3/FdEw0oWBrq9gSvOXIq6TTqHtu3btr1Jq4qKOMTtEZukAeukRNdItaqI0oekTP6BW9OU/Oi/PufCxGS06xc4z+wPn8AfHal5Y=</latexit>

6
<latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit>

1
<latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit>

2
<latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit>

3
<latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit>

4
<latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit>

5
<latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit>

exact
ground state

<latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit><latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit><latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit><latexit sha1_base64="JA0s5M5ljFZbk/2/i/ea8P1GMtM=">AAACCHicbZA9SwNBEIb3/IzxK2pp4ZIgWIW7NFoGbCwjmA/IhbC3N5cs2ds7dufEEFLa+FdsLBSx9SfY+W/cJFdo4gsLL+/MMDtPkEph0HW/nbX1jc2t7cJOcXdv/+CwdHTcMkmmOTR5IhPdCZgBKRQ0UaCETqqBxYGEdjC6ntXb96CNSNQdjlPoxWygRCQ4Qxv1S2e+iSIWCzmm8MA4Ut+nA51kKqQGGUK/VHGr7lx01Xi5qZBcjX7pyw8TnsWgkEtmTNdzU+xNmEbBJUyLfmYgZXzEBtC1VrEYTG8yP2RKz20S0ijR9imk8/T3xITFxozjwHbGDIdmuTYL/6t1M4yuehOh0gxB8cWiKJMUEzqjQkOhgaOFEArGtbB/pXzItAVi2RUtBG/55FXTqlU9629rlXo5x1Egp6RMLohHLkmd3JAGaRJOHskzeSVvzpPz4rw7H4vWNSefOSF/5Hz+AGQemXM=</latexit>
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1
<latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit><latexit sha1_base64="OAB7sUSa4nJEenVswd9wPsHoWrs=">AAACCnicbVDLSsNAFL2prxpfVZduBovgqiTd6LLgxmUF+4A0lMlk0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR1hTzgTtGGY47WeK4jTitBdN7uZ674kqzaR4NNOMhikeCZYwgo2lgoFOEpwyPkX+sFb3Gt6i0CbwS1CHstrD2s8gliRPqTCEY60D38tMWGBlGOF05g5yTTNMJnhEAwsFTqkOi8XJM3RlmRglUtkWBi3YvxsFTrWeppGdTLEZ63VtTv6nBblJbsOCiSw3VJClUZJzZCSa/49ipigx9uGYYaKYvRWRMVaYGJuSu2KjsVj6uK4Nx1+PYhN0mw3fa/gPzXoLlTFV4QIu4Rp8uIEW3EMbOkBAwgu8wpvz7Lw7H87ncrTilDvnsFLO1y/GRppG</latexit>

2
<latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit><latexit sha1_base64="oq1K73835qZOX7a6OH7e30jZqlI=">AAACCnicbVDLSsNAFJ3UV42vqks3g0VwVZJudFlw47KCfUAays1k0g6dzISZiVBC/8CtW/0Hd+LWn/AX/AqnbRa29cKFwzn3cu49UcaZNp737VS2tnd296r77sHh0fFJ7fSsq2WuCO0QyaXqR6ApZ4J2DDOc9jNFIY047UWTu7nee6JKMykezTSjYQojwRJGwFgqGOgkgZTxKW4Oa3Wv4S0KbwK/BHVUVntY+xnEkuQpFYZw0DrwvcyEBSjDCKczd5BrmgGZwIgGFgpIqQ6LxckzfGWZGCdS2RYGL9i/GwWkWk/TyE6mYMZ6XZuT/2lBbpLbsGAiyw0VZGmU5Bwbief/45gpSox9OGZAFLO3YjIGBcTYlNwVGw1i6eO6Nhx/PYpN0G02fK/hPzTrLVzGVEUX6BJdIx/doBa6R23UQQRJ9IJe0Zvz7Lw7H87ncrTilDvnaKWcr1/H4ppH</latexit>

3
<latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit><latexit sha1_base64="GP5DrthQNIBd2TUSVwYHYcHtRZM=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIXuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4ByX6aSA==</latexit>

4
<latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit><latexit sha1_base64="nkpz69U/XDpGkyLFIQbKn3ubynU=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIEXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/LGppJ</latexit>

5
<latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit><latexit sha1_base64="v0QHr600CdSfGIaMCuvzMr4aPSg=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuSlIQXRbcuKxgH5CGcjOZtEMnM2FmIpTQP3DrVv/Bnbj1J/wFv8Jpm4VtvXDhcM69nHtPlHGmjed9OxubW9s7u5U9d//g8Oi4enLa0TJXhLaJ5FL1ItCUM0HbhhlOe5mikEacdqPx3UzvPlGlmRSPZpLRMIWhYAkjYCwV9HWSQMr4BF8PqjWv7s0LrwO/BDVUVmtQ/enHkuQpFYZw0DrwvcyEBSjDCKdTt59rmgEZw5AGFgpIqQ6L+clTfGmZGCdS2RYGz9m/GwWkWk/SyE6mYEZ6VZuR/2lBbpLbsGAiyw0VZGGU5BwbiWf/45gpSox9OGZAFLO3YjICBcTYlNwlGw1i4eO6Nhx/NYp10GnUfa/uPzRqTVzGVEHn6AJdIR/doCa6Ry3URgRJ9IJe0Zvz7Lw7H87nYnTDKXfO0FI5X7/MtppK</latexit>

6
<latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit><latexit sha1_base64="IdN4RXjGHl6VcND3+ExbjQA0rXs=">AAACCnicbVDLSsNAFJ34rPFVdelmsAiuStKFuiy4cVnBPiAN5WYyaYdOZsLMRCihf+DWrf6DO3HrT/gLfoXTNgvbeuHC4Zx7OfeeKONMG8/7djY2t7Z3dit77v7B4dFx9eS0o2WuCG0TyaXqRaApZ4K2DTOc9jJFIY047Ubju5nefaJKMykezSSjYQpDwRJGwFgq6OskgZTxCb4eVGte3ZsXXgd+CWqorNag+tOPJclTKgzhoHXge5kJC1CGEU6nbj/XNAMyhiENLBSQUh0W85On+NIyMU6ksi0MnrN/NwpItZ6kkZ1MwYz0qjYj/9OC3CS3YcFElhsqyMIoyTk2Es/+xzFTlBj7cMyAKGZvxWQECoixKblLNhrEwsd1bTj+ahTroNOo+17df2jUmriMqYLO0QW6Qj66QU10j1qojQiS6AW9ojfn2Xl3PpzPxeiGU+6coaVyvn4BzlKaSw==</latexit>

∆exp
<latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit><latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit><latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit><latexit sha1_base64="sJSchgPN0TMm53FbmPa7EpTxdmk=">AAACBnicdVDLSgNBEJz1GeNr1aMIg4ngKUxCJMktoAePEYwK2RBmJ706OPtgplcSlpy8+CtePCji1W/w5t84iRFUtKChqOqmu8tPlDTI2LszMzs3v7CYW8ovr6yurbsbm2cmTrWAtohVrC98bkDJCNooUcFFooGHvoJz//pw7J/fgDYyjk5xmEA35JeRDKTgaKWeu+OZIOChVENa9I5AIe95CAPMYJCMij23wEpsAspK1QPWqI9JrdpgFUbLU6tApmj13DevH4s0hAiF4sZ0yizBbsY1SqFglPdSAwkX1/wSOpZGPATTzSZvjOieVfo0iLWtCOlE/T6R8dCYYejbzpDjlfntjcW/vE6KQb2byShJESLxuShIFcWYjjOhfalBoI2gL7nQ0t5KxRXXXKBNLm9D+PqU/k/OKqWy5SeVQrM4jSNHtsku2SdlUiNNckxapE0EuSX35JE8OXfOg/PsvHy2zjjTmS3yA87rB3eqmQc=</latexit>

Optimization Trajectory for Schwinger Ground State

• optimal energy

E (0)
θ

= 〈Ψθ | ĤT |Ψθ〉→min
<latexit sha1_base64="Q+ifCG6nuWSHt9i4Nx+pLUa8cF8="></latexit><latexit sha1_base64="R/QZLY3L+ayLOmcWKu2AwTS11G0="></latexit><latexit sha1_base64="R/QZLY3L+ayLOmcWKu2AwTS11G0="></latexit><latexit sha1_base64="R/QZLY3L+ayLOmcWKu2AwTS11G0="></latexit><latexit sha1_base64="KvwEFJLmjW7kyB0ugzEwvGWGBXg="></latexit>

• measure the error bar as energy variance

(
∆E (0)

θ

)2
= 〈Ψθ |

(
E (0)
θ

− ĤT

)2
|Ψθ〉 ≥ 0

<latexit sha1_base64="2qugXFoU2JTyuLI0bCS3pRbLuWg="></latexit><latexit sha1_base64="u8O7yGyzznlku9bcWnctCXj1XNs="></latexit><latexit sha1_base64="u8O7yGyzznlku9bcWnctCXj1XNs="></latexit><latexit sha1_base64="u8O7yGyzznlku9bcWnctCXj1XNs="></latexit><latexit sha1_base64="8il7UgTZAmOpYG8FBrDgu5Xbo1c="></latexit>

=0 for eigenstate

up to 20 ions, 15 parameters, circuit depth = 6, budget:  calls to quantum simulator105

self-verification

E(1) exp

E(1) theory

m=0.1, w= ḡ =1
<latexit sha1_base64="2QgwCakxjci1YxfeceRRUoZOx98="></latexit>
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New Many-Body Physics

… enabled by programmable q-simulators & classical postprocessing

• Measuring / quantifying entanglement

Y =

AND AND AND

c1 c2 c2N

13

C Kokail R. van BijnenA Elben B Vermersch

→ Grenoble

M. Dalmonte

→ ICTP
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Progammable Analog Quantum Simulator

14

Experiments done today …

time

| i
<latexit sha1_base64="ygSEs8KjThkC3fwPqwa22KOrzVE="></latexit>

Ut = e−iHt

quench 
dynamics

Learn the entanglement properties of quantum state ?|Ψ⟩
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Progammable Analog Quantum Simulator

15

Experiments done today …

time

Ut = e−iHt

quench 
dynamics

projective measurements

Probability to see a 
specific configuration

Repeat
P (s)

<latexit sha1_base64="TXdMP+0anVHxy6un9zDKQlSrn+Q="></latexit>

quantum

expectation value

Learn the entanglement properties of quantum state ?|Ψ⟩
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Randomized Measurements

16

Measurement post-processing

time

random unitary

global vs. local

e−iHt

quench dynamics
Probability to see a 

specific configuration

P ,U (s)
<latexit sha1_base64="G68dKoEN+wft9LUHvD3xGHGvkZ4="></latexit>

is a random variable

depending on U

Repeat

(Cross-) Correlation of probabilities

P ,U (s1)P ,U (s2)
<latexit sha1_base64="1+SP9t+Omna8Mx4QC+TZfR25K/Y="></latexit>

‘Noise’ or ensemble average (e.g. CUE)

experiment `day 1, lab 1’ experiment `day 2 lab 2’

UUDQGRP

<latexit sha1_base64="O+pGmbsas9T9h/mAnfn7pAfbar4="></latexit>

post-processing of |Ψ⟩

… hybrid classical-quantum protocols
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Randomized Measurements

17

Measurement post-processing

time

random unitary

e−iHt

quench dynamics
Probability to see a 

specific configuration

P ,U (s)
<latexit sha1_base64="G68dKoEN+wft9LUHvD3xGHGvkZ4="></latexit>

is a random variable

depending on U

Repeat

(Cross-) Correlation of probabilities

P ,U (s1)P ,U (s2)
<latexit sha1_base64="1+SP9t+Omna8Mx4QC+TZfR25K/Y="></latexit>

Renyi entropies and entanglement Scrambling (OTOCs) Renyi Negativities

A Elben et al. PRL, PRA 2018, PRA 2019

Brydges et al., Science 2019

B Vermersch, et al., PRX 2019 
M. Joshi et al, PRL 2020


A Elben, R Kueng, HY Huang, R van Bijnen, C 
Kokail, M Dalmonte, P Calabrese, B Kraus, J 
Preskill, PZ, B Vermersch, arXiv:2007.06305

Cross-platform verification

A Elben et al., PRL 2020

UUDQGRP

<latexit sha1_base64="O+pGmbsas9T9h/mAnfn7pAfbar4="></latexit>

post-processing of |Ψ⟩

global vs. local
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Entanglement Properties of Quantum State

… what should we measure?

Quantum system in a pure state

|Ψ⟩ = ∑
μA,μB

cμA,μB
|μA⟩ ⊗ |μB⟩

bipartition A:B

A

<latexit sha1_base64="tHHyAiF6eq4GJWX0+NJYprXTzKE=">AAAB+3icdVDLSsNAFJ3UV62vqks3g0VwFZISWrurunHZgn1AG8pketMOnTyYmQgl9Avc6he4E7d+jB/gfzhpI1jRAxcO59zLvfd4MWdSWdaHUdjY3NreKe6W9vYPDo/KxyddGSWCQodGPBJ9j0jgLISOYopDPxZAAo9Dz5vdZn7vAYRkUXiv5jG4AZmEzGeUKC21r0flimXWHMtpONgyrSUyYldrVgPbuVJBOVqj8udwHNEkgFBRTqQc2Fas3JQIxSiHRWmYSIgJnZEJDDQNSQDSTZeHLvCFVsbYj4SuUOGl+nMiJYGU88DTnQFRU/nby8S/vEGi/Cs3ZWGcKAjpapGfcKwinH2Nx0wAVXyuCaGC6VsxnRJBqNLZrG3xBJmBWuhcvp/H/5Nu1bQds952Ks2bPKEiOkPn6BLZqI6a6A61UAdRBOgRPaFnY2G8GK/G26q1YOQzp2gNxvsXYpCVVA==</latexit>

| i

<latexit sha1_base64="Cj8O6eg2rLFCZsp6n82oyLzNxBc=">AAACBXicbVDLSsNAFL2pr1pfVZdugkVwVRIp1GXRjcsK9oFNKJPpbTt0MgkzE6GErP0Bt/oH7sSt3+EP+B1O2yxs64ELh3Pu5d57gpgzpR3n2ypsbG5t7xR3S3v7B4dH5eOTtooSSbFFIx7JbkAUciawpZnm2I0lkjDg2AkmtzO/84RSsUg86GmMfkhGgg0ZJdpIj94Edeo1Fcv65YpTdeaw14mbkwrkaPbLP94gokmIQlNOlOq5Tqz9lEjNKMes5CUKY0InZIQ9QwUJUfnp/OLMvjDKwB5G0pTQ9lz9O5GSUKlpGJjOkOixWvVm4n9eL9HDaz9lIk40CrpYNEy4rSN79r49YBKp5lNDCJXM3GrTMZGEahPS0pZAEhNOVjLBuKsxrJP2VdWtVev3tUrjJo+oCGdwDpfgQh0acAdNaAEFAS/wCm/Ws/VufVifi9aClc+cwhKsr18zn5lw</latexit>

B

<latexit sha1_base64="D1X8EKPvdrgFfoCkhbwgVCVpGhA=">AAAB+3icdVDLSsNAFJ34rPVVdelmsAiuQmIiaXelbly2YB/QljKZ3rRDJw9mJkIp+QK3+gXuxK0f4wf4H07aClb0DAOHc+7l3nv8hDOpLOvD2Njc2t7ZLewV9w8Oj45LJ6dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dx5/e5n7nAYRkcXSvZgkMQjKOWMAoUVpq1oelsmVaVafiVLFlOp5+bk5uPNdxsG1aC5TRCo1h6bM/imkaQqQoJ1L2bCtRgzkRilEOWbGfSkgInZIx9DSNSAhyMF8smuFLrYxwEAv9I4UX6s+OOQmlnIW+rgyJmsjfXi7+5fVSFVQGcxYlqYKILgcFKccqxvnVeMQEUMVnmhAqmN4V0wkRhCqdzdoUX5ApqEzn8n08/p+0r03bNb2mW67VVwkV0Dm6QFfIRh6qoTvUQC1EEaBH9ISejcx4MV6Nt2XphrHqOUNrMN6/AJ99lXw=</latexit>

Schmidt decomposition

|Ψ⟩ =
χA

∑
α=1

λα |ΦA
α⟩ ⊗ |ΦB

α⟩

Schmidt values

 product stateχA = 1

 entangled stateχA > 1

18

Reduced density matrix

ρA = TrB [ |Ψ⟩⟨Ψ |] ≡
χA

∑
α=1

λ2
α |ΦA

α⟩⟨ΦA
α | density matrix of rank χA

L. Amico, R. Fazio, A. Osterloh, and V. Vedral, RMP (2008)
B. Zeng et al., Quantum information meets quantum matter (Springer, 2019).

V. Eisler & I. Peschel, J Phys A (2017).
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Entanglement Properties of Quantum State

… what should we measure?

Quantum system in a pure state

|Ψ⟩ = ∑
μA,μB

cμA,μB
|μA⟩ ⊗ |μB⟩

bipartition A:B

A

<latexit sha1_base64="tHHyAiF6eq4GJWX0+NJYprXTzKE=">AAAB+3icdVDLSsNAFJ3UV62vqks3g0VwFZISWrurunHZgn1AG8pketMOnTyYmQgl9Avc6he4E7d+jB/gfzhpI1jRAxcO59zLvfd4MWdSWdaHUdjY3NreKe6W9vYPDo/KxyddGSWCQodGPBJ9j0jgLISOYopDPxZAAo9Dz5vdZn7vAYRkUXiv5jG4AZmEzGeUKC21r0flimXWHMtpONgyrSUyYldrVgPbuVJBOVqj8udwHNEkgFBRTqQc2Fas3JQIxSiHRWmYSIgJnZEJDDQNSQDSTZeHLvCFVsbYj4SuUOGl+nMiJYGU88DTnQFRU/nby8S/vEGi/Cs3ZWGcKAjpapGfcKwinH2Nx0wAVXyuCaGC6VsxnRJBqNLZrG3xBJmBWuhcvp/H/5Nu1bQds952Ks2bPKEiOkPn6BLZqI6a6A61UAdRBOgRPaFnY2G8GK/G26q1YOQzp2gNxvsXYpCVVA==</latexit>

| i

<latexit sha1_base64="Cj8O6eg2rLFCZsp6n82oyLzNxBc=">AAACBXicbVDLSsNAFL2pr1pfVZdugkVwVRIp1GXRjcsK9oFNKJPpbTt0MgkzE6GErP0Bt/oH7sSt3+EP+B1O2yxs64ELh3Pu5d57gpgzpR3n2ypsbG5t7xR3S3v7B4dH5eOTtooSSbFFIx7JbkAUciawpZnm2I0lkjDg2AkmtzO/84RSsUg86GmMfkhGgg0ZJdpIj94Edeo1Fcv65YpTdeaw14mbkwrkaPbLP94gokmIQlNOlOq5Tqz9lEjNKMes5CUKY0InZIQ9QwUJUfnp/OLMvjDKwB5G0pTQ9lz9O5GSUKlpGJjOkOixWvVm4n9eL9HDaz9lIk40CrpYNEy4rSN79r49YBKp5lNDCJXM3GrTMZGEahPS0pZAEhNOVjLBuKsxrJP2VdWtVev3tUrjJo+oCGdwDpfgQh0acAdNaAEFAS/wCm/Ws/VufVifi9aClc+cwhKsr18zn5lw</latexit>

B

<latexit sha1_base64="D1X8EKPvdrgFfoCkhbwgVCVpGhA=">AAAB+3icdVDLSsNAFJ34rPVVdelmsAiuQmIiaXelbly2YB/QljKZ3rRDJw9mJkIp+QK3+gXuxK0f4wf4H07aClb0DAOHc+7l3nv8hDOpLOvD2Njc2t7ZLewV9w8Oj45LJ6dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dx5/e5n7nAYRkcXSvZgkMQjKOWMAoUVpq1oelsmVaVafiVLFlOp5+bk5uPNdxsG1aC5TRCo1h6bM/imkaQqQoJ1L2bCtRgzkRilEOWbGfSkgInZIx9DSNSAhyMF8smuFLrYxwEAv9I4UX6s+OOQmlnIW+rgyJmsjfXi7+5fVSFVQGcxYlqYKILgcFKccqxvnVeMQEUMVnmhAqmN4V0wkRhCqdzdoUX5ApqEzn8n08/p+0r03bNb2mW67VVwkV0Dm6QFfIRh6qoTvUQC1EEaBH9ISejcx4MV6Nt2XphrHqOUNrMN6/AJ99lXw=</latexit>

Schmidt decomposition

|Ψ⟩ =
χA

∑
α=1

λα |ΦA
α⟩ ⊗ |ΦB

α⟩
 product stateχA = 1

 entangled stateχA > 1

Interpretation as a Thermal State

ρA = e−H̃A =
χA

∑
α=1

e−ξα |ΦA
α⟩⟨ΦA

α | with the Entanglement 
Hamiltonian H̃A

λ2
α

19
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Entanglement Properties of Quantum State

Entanglement entropies

bipartition A:B

A

<latexit sha1_base64="tHHyAiF6eq4GJWX0+NJYprXTzKE=">AAAB+3icdVDLSsNAFJ3UV62vqks3g0VwFZISWrurunHZgn1AG8pketMOnTyYmQgl9Avc6he4E7d+jB/gfzhpI1jRAxcO59zLvfd4MWdSWdaHUdjY3NreKe6W9vYPDo/KxyddGSWCQodGPBJ9j0jgLISOYopDPxZAAo9Dz5vdZn7vAYRkUXiv5jG4AZmEzGeUKC21r0flimXWHMtpONgyrSUyYldrVgPbuVJBOVqj8udwHNEkgFBRTqQc2Fas3JQIxSiHRWmYSIgJnZEJDDQNSQDSTZeHLvCFVsbYj4SuUOGl+nMiJYGU88DTnQFRU/nby8S/vEGi/Cs3ZWGcKAjpapGfcKwinH2Nx0wAVXyuCaGC6VsxnRJBqNLZrG3xBJmBWuhcvp/H/5Nu1bQds952Ks2bPKEiOkPn6BLZqI6a6A61UAdRBOgRPaFnY2G8GK/G26q1YOQzp2gNxvsXYpCVVA==</latexit>

| i

<latexit sha1_base64="Cj8O6eg2rLFCZsp6n82oyLzNxBc=">AAACBXicbVDLSsNAFL2pr1pfVZdugkVwVRIp1GXRjcsK9oFNKJPpbTt0MgkzE6GErP0Bt/oH7sSt3+EP+B1O2yxs64ELh3Pu5d57gpgzpR3n2ypsbG5t7xR3S3v7B4dH5eOTtooSSbFFIx7JbkAUciawpZnm2I0lkjDg2AkmtzO/84RSsUg86GmMfkhGgg0ZJdpIj94Edeo1Fcv65YpTdeaw14mbkwrkaPbLP94gokmIQlNOlOq5Tqz9lEjNKMes5CUKY0InZIQ9QwUJUfnp/OLMvjDKwB5G0pTQ9lz9O5GSUKlpGJjOkOixWvVm4n9eL9HDaz9lIk40CrpYNEy4rSN79r49YBKp5lNDCJXM3GrTMZGEahPS0pZAEhNOVjLBuKsxrJP2VdWtVev3tUrjJo+oCGdwDpfgQh0acAdNaAEFAS/wCm/Ws/VufVifi9aClc+cwhKsr18zn5lw</latexit>

B

<latexit sha1_base64="D1X8EKPvdrgFfoCkhbwgVCVpGhA=">AAAB+3icdVDLSsNAFJ34rPVVdelmsAiuQmIiaXelbly2YB/QljKZ3rRDJw9mJkIp+QK3+gXuxK0f4wf4H07aClb0DAOHc+7l3nv8hDOpLOvD2Njc2t7ZLewV9w8Oj45LJ6dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dx5/e5n7nAYRkcXSvZgkMQjKOWMAoUVpq1oelsmVaVafiVLFlOp5+bk5uPNdxsG1aC5TRCo1h6bM/imkaQqQoJ1L2bCtRgzkRilEOWbGfSkgInZIx9DSNSAhyMF8smuFLrYxwEAv9I4UX6s+OOQmlnIW+rgyJmsjfXi7+5fVSFVQGcxYlqYKILgcFKccqxvnVeMQEUMVnmhAqmN4V0wkRhCqdzdoUX5ApqEzn8n08/p+0r03bNb2mW67VVwkV0Dm6QFfIRh6qoTvUQC1EEaBH9ISejcx4MV6Nt2XphrHqOUNrMN6/AJ99lXw=</latexit>

S(n)
A = −

1
n − 1

log TrAρn
A

SVN
A = − TrA (ρA log ρA)

Renyi

Von Neumann

 for : purity n = 2 TrAρ2
A

Entanglement spectrum

Rem.: tomography ∼ χA2NA

… with what resources?

purity of ρA

entanglement spectrumtomography of EH

ρA = e−H̃A =
χA

∑
α=1

e−ξα |ΦA
α⟩⟨ΦA

α |

20

… what & how measure?

 product vs.  entangled state, or  SA = 0 SA > 0 TrAρ2
A < 1
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Entanglement Properties of Quantum State

Entanglement entropies

S(n)
A = −

1
n − 1

log TrAρn
A

SVN
A = − TrA (ρA log ρA)

Renyi

Von Neumann

 for : purity n = 2 TrAρ2
A

 product vs.  entangled state, or  SA = 0 SA > 0 TrAρ2
A < 1

Entanglement spectrum and Hamiltonian

Rem.: tomography ∼ χA2NA

purity of ρA

entanglement spectrumtomography of EH

ρA = e−H̃A =
χA

∑
α=1

e−ξα |ΦA
α⟩⟨ΦA

α |

21

• Entanglement measures

• detection of topological phases

• detection of quantum phase transitions

• extremely hard to obtain numerically

Why measure entanglement spectrum?

… protocol to measure?
… with what resources?

N. Regnault, arXiv:1510.07670 (Les Houches Lectures)

in
cr
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si

ng
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ity

 / 
in
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io

n
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Randomized Measurements for second order Renyi entropy

22

Measurement post-processing

time

e−iHt

quench dynamics

Random single spin rotations are sufficient

( 0 , 1 , 0 ) = sA
<latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit><latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit><latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit><latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit>

(

0
,

1
,

0)
=

s
A

<latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit>

P (sA) = Tr
h
UA⇢AU

†
A |sAi hsA|

i
PU (sA) = Tr

h
UA⇢AU

†
A |sAi hsA|

i

<latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit><latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit><latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit><latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit>

UA =
O

ui
<latexit sha1_base64="KbulCNRBU67G+FEcPfXCnliVH84="></latexit><latexit sha1_base64="KbulCNRBU67G+FEcPfXCnliVH84="></latexit><latexit sha1_base64="KbulCNRBU67G+FEcPfXCnliVH84="></latexit><latexit sha1_base64="KbulCNRBU67G+FEcPfXCnliVH84="></latexit>

ui 2 CUE(d)
<latexit sha1_base64="70hnL5sds7ArFIWT9gxIcbBr4CI="></latexit><latexit sha1_base64="70hnL5sds7ArFIWT9gxIcbBr4CI="></latexit><latexit sha1_base64="70hnL5sds7ArFIWT9gxIcbBr4CI="></latexit><latexit sha1_base64="70hnL5sds7ArFIWT9gxIcbBr4CI="></latexit>

u1

u2

u3

ρA

A. Elben et al. PRA (2019). T Brydges et al., Science (2019)

Hamming distance

XU = 2NA
X

sA,s0A

(�2)�D[sA,s0A] PU (sA)PU (s
0
A)| {z }

<latexit sha1_base64="I9lAVcKjaaxXoiBCAWfplEAKh/0="></latexit><latexit sha1_base64="I9lAVcKjaaxXoiBCAWfplEAKh/0="></latexit><latexit sha1_base64="I9lAVcKjaaxXoiBCAWfplEAKh/0="></latexit><latexit sha1_base64="I9lAVcKjaaxXoiBCAWfplEAKh/0="></latexit> Cross correlation

between configurations

random variable

with XU = 2NA
X

sA ,s0A

(°2)°D[sA ,s0A ]PU (sA)PU (s0A)

<latexit sha1_base64="RNEfXeWBv2Dx8IsGZpjKpXjnO7c="></latexit>

TrAΩ
2
A = XU

<latexit sha1_base64="E5yEzAsm/0vSg/HdIN7+jbt7MNk=">AAACHnicfVDLSsNAFJ34rPEVFdwIEiyCCwlJK9ouhBY3Lqv0BU0Nk+ltG5oXMxNpCVn6Ee78DHfuRBfixoV+gz/htFWwFD2ry7nnnsM9dug6jOv6hzQzOze/sJhakpdXVtfWlY3NKgsiSqBCAjegdRszcB0fKtzhLtRDCtizXajZvbPhvnYNlDmBX+aDEJoe7vhO2yGYC8pSsqrJoc+pF5dpYhVjk3YDq3iVSU5Vc+QeU2glZiA8hhFx3aoklpLWNT2f07N5dXowNH2EdGHb+LzZvb8sWcqb2QpI5IHPiYsZa4DfEb91Dw095E2REAaUJ/L+vypGqBAOdbIZMQgx6eEOxBFhyW+iEfF2rt+MHT+MOPhkYhljj3mYd6dINvDsSRKY44ss08M9wKJWzoHK5shV7WqiM1nU8POr+vdQzWjGkZa/EH0cozFSaAftoQNkoBNUQOeohCqIoFv0gJ7Qs3QnPUov0utYOiN932yhCUjvX4hqqEM=</latexit>

purity
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10 - 20 ion quantum simulator:

Global quench with 

| (t)i = e�iHt | 0i

<latexit sha1_base64="/Q3F4lfTQTenrKTlZDvuoHr9P94=">AAACI3icbZBLSgNBEIZ74ju+oi7dNAZRF4YZCcSNILpxqWAekBlDT6eiTXoedNcIYZgjeAxP4FZP4E7cuHDpPexJghhjQcPP/1dR1Z8fS6HRtj+swszs3PzC4lJxeWV1bb20sdnQUaI41HkkI9XymQYpQqijQAmtWAELfAlNv3+e5817UFpE4TUOYvACdhuKnuAMjdUp7bl9wNSNtdjHg4yeULhJDwW9oJjRn6hjZ51S2a7Yw6LTwhmLMhnXZaf05XYjngQQIpdM67Zjx+ilTKHgErKim2iIGe+zW2gbGbIAtJcOP5TRXeN0aS9S5oVIh+7viZQFWg8C33QGDO/03yw3/8vaCfaOvVSEcYIQ8tGiXiIpRjSnQ7tCAUc5MIJxJcytlN8xxTgahhNbfMUMnpyL85fCtGgcVZxqpXZVLZ+ejQktkm2yQ/aJQ2rklFyQS1InnDyQJ/JMXqxH69V6s95HrQVrPLNFJsr6/AaUSKRR</latexit>

| 0i = |"#i⌦
N
2

<latexit sha1_base64="okPmd/zLRtZOifvbEjYUvWPbP6U="></latexit>

with

B � max{Jij}

<latexit sha1_base64="wbg5Nblg9h88n7YHmOHXwED/om0=">AAACEXicbVDLSsNAFJ3UV62vqLhyM1gEVyWRQl2WuhFXFewDmhAm00k6djIJMxOxhHyFX+BWv8CduPUL/AD/w0nbhW09cOFwzr2cy/ETRqWyrG+jtLa+sblV3q7s7O7tH5iHR10ZpwKTDo5ZLPo+koRRTjqKKkb6iSAo8hnp+ePrwu89EiFpzO/VJCFuhEJOA4qR0pJnnrSgE4bQidCTk8FbL6MPuZN7ZtWqWVPAVWLPSRXM0fbMH2cY4zQiXGGGpBzYVqLcDAlFMSN5xUklSRAeo5AMNOUoItLNpu/n8FwrQxjEQg9XcKr+vchQJOUk8vVmhNRILnuF+J83SFVw5WaUJ6kiHM+CgpRBFcOiCzikgmDFJpogLKj+FeIREggr3dhCii/QmKiiF3u5hVXSvazZ9Vrjrl5ttuYNlcEpOAMXwAYN0AQ3oA06AIMMvIBX8GY8G+/Gh/E5Wy0Z85tjsADj6xdlRZ1x</latexit>

2 4 6 8 10
i

0.0

0.5
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T
rh Ω2 [1

!
i]

i

0
1

2
3

4
5

2 4 6 8 10
i

0

1

2

3

S
(2

)
[1

!
i]

Quench dynamics with long-range XY-Model

2 4 6 8 10
i

0

1

2

3

S
(2
)

[1
→

i]

2 4 6 8 10
i

0.0

0.5

1.0

T
r[ ρ2 [1

→
i]

]

0
1

2
3

4
5

i = 1

i = 3
i = 2

i = 10

purity  for TrAρ2
A A = [1,…, i]

Renyi entropy S(2)
A

H = ∑
i<j

(Jijσ+
i σ−

j +  h.c.) + B∑
i

σz
i

T Brydges, A Elben et al., Science 2019
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Randomized Measurements
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Measurement post-processing

time

e−iHt

quench dynamics

Randomized Tomography

( 0 , 1 , 0 ) = sA
<latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit><latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit><latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit><latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit>

(

0
,

1
,

0)
=

s
A

<latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit>

ρA

P (sA) = Tr
h
UA⇢AU

†
A |sAi hsA|

i
PU (sA) = Tr

h
UA⇢AU

†
A |sAi hsA|

i

<latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit><latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit><latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit><latexit sha1_base64="lGefN68/a9o5W19tJIQDY8VZ9ac="></latexit>

u1

u2

u3

ρRT
A = ∑

sA,sA′ 
∑
UA

PU(sA)(−2)−D[sA,s′ A]UA |s′ A⟩⟨s′ A |U†
A

How many random unitaries  and measurements ?NU NM

UA = ⊗ ui ui ∈ CUE(d)

Scaling with subsystem size |A |

Predicting Many Properties of a Quantum 
System from Very Few Measurements 

HY Huang, R Kueng, J Preskill, Nat. Phys. (2020)

A. Elben et al., PRA (2019) (see also Eisert et al.)

Tomography review: A Acharya et al., J Phys A (2019).
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Entanglement Hamiltonian Tomography C Kokail R. van Bijnen A. Elben B. Vermersch

→ Grenoble

arXiv:2009.09000

bipartition A:B

A

<latexit sha1_base64="tHHyAiF6eq4GJWX0+NJYprXTzKE=">AAAB+3icdVDLSsNAFJ3UV62vqks3g0VwFZISWrurunHZgn1AG8pketMOnTyYmQgl9Avc6he4E7d+jB/gfzhpI1jRAxcO59zLvfd4MWdSWdaHUdjY3NreKe6W9vYPDo/KxyddGSWCQodGPBJ9j0jgLISOYopDPxZAAo9Dz5vdZn7vAYRkUXiv5jG4AZmEzGeUKC21r0flimXWHMtpONgyrSUyYldrVgPbuVJBOVqj8udwHNEkgFBRTqQc2Fas3JQIxSiHRWmYSIgJnZEJDDQNSQDSTZeHLvCFVsbYj4SuUOGl+nMiJYGU88DTnQFRU/nby8S/vEGi/Cs3ZWGcKAjpapGfcKwinH2Nx0wAVXyuCaGC6VsxnRJBqNLZrG3xBJmBWuhcvp/H/5Nu1bQds952Ks2bPKEiOkPn6BLZqI6a6A61UAdRBOgRPaFnY2G8GK/G26q1YOQzp2gNxvsXYpCVVA==</latexit>

| i

<latexit sha1_base64="Cj8O6eg2rLFCZsp6n82oyLzNxBc=">AAACBXicbVDLSsNAFL2pr1pfVZdugkVwVRIp1GXRjcsK9oFNKJPpbTt0MgkzE6GErP0Bt/oH7sSt3+EP+B1O2yxs64ELh3Pu5d57gpgzpR3n2ypsbG5t7xR3S3v7B4dH5eOTtooSSbFFIx7JbkAUciawpZnm2I0lkjDg2AkmtzO/84RSsUg86GmMfkhGgg0ZJdpIj94Edeo1Fcv65YpTdeaw14mbkwrkaPbLP94gokmIQlNOlOq5Tqz9lEjNKMes5CUKY0InZIQ9QwUJUfnp/OLMvjDKwB5G0pTQ9lz9O5GSUKlpGJjOkOixWvVm4n9eL9HDaz9lIk40CrpYNEy4rSN79r49YBKp5lNDCJXM3GrTMZGEahPS0pZAEhNOVjLBuKsxrJP2VdWtVev3tUrjJo+oCGdwDpfgQh0acAdNaAEFAS/wCm/Ws/VufVifi9aClc+cwhKsr18zn5lw</latexit>

B

<latexit sha1_base64="D1X8EKPvdrgFfoCkhbwgVCVpGhA=">AAAB+3icdVDLSsNAFJ34rPVVdelmsAiuQmIiaXelbly2YB/QljKZ3rRDJw9mJkIp+QK3+gXuxK0f4wf4H07aClb0DAOHc+7l3nv8hDOpLOvD2Njc2t7ZLewV9w8Oj45LJ6dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dx5/e5n7nAYRkcXSvZgkMQjKOWMAoUVpq1oelsmVaVafiVLFlOp5+bk5uPNdxsG1aC5TRCo1h6bM/imkaQqQoJ1L2bCtRgzkRilEOWbGfSkgInZIx9DSNSAhyMF8smuFLrYxwEAv9I4UX6s+OOQmlnIW+rgyJmsjfXi7+5fVSFVQGcxYlqYKILgcFKccqxvnVeMQEUMVnmhAqmN4V0wkRhCqdzdoUX5ApqEzn8n08/p+0r03bNb2mW67VVwkV0Dm6QFfIRh6qoTvUQC1EEaBH9ISejcx4MV6Nt2XphrHqOUNrMN6/AJ99lXw=</latexit>

25

ρA = e−H̃A =
χA

∑
α=1

e−ξα |ΦA
α⟩⟨ΦA

α |

entanglement

Hamiltonian

entanglement

spectrum

Remarks:
- tomography exponentially expensive with 

size of , 

- efficient if we know something about the 

quantum state (MPS, low rank, …)

A ∼ χA2NA

Basic idea:  We make an ansatz for  with quasi-local few-body terms,

                    which we fit to data, and verify with few measurements

H̃A

Challenge: efficient tomography of H̃A

what is the operator structure of ? … in quantum simulationH̃A

review: A Acharya et al. J Phys A (2019).
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On the quasi-local ansatz for the Entanglement Hamiltonian

26

Jij =
J0

| i − j |η B ≫ |Jij |with for

bipartition A:B

A

<latexit sha1_base64="tHHyAiF6eq4GJWX0+NJYprXTzKE=">AAAB+3icdVDLSsNAFJ3UV62vqks3g0VwFZISWrurunHZgn1AG8pketMOnTyYmQgl9Avc6he4E7d+jB/gfzhpI1jRAxcO59zLvfd4MWdSWdaHUdjY3NreKe6W9vYPDo/KxyddGSWCQodGPBJ9j0jgLISOYopDPxZAAo9Dz5vdZn7vAYRkUXiv5jG4AZmEzGeUKC21r0flimXWHMtpONgyrSUyYldrVgPbuVJBOVqj8udwHNEkgFBRTqQc2Fas3JQIxSiHRWmYSIgJnZEJDDQNSQDSTZeHLvCFVsbYj4SuUOGl+nMiJYGU88DTnQFRU/nby8S/vEGi/Cs3ZWGcKAjpapGfcKwinH2Nx0wAVXyuCaGC6VsxnRJBqNLZrG3xBJmBWuhcvp/H/5Nu1bQds952Ks2bPKEiOkPn6BLZqI6a6A61UAdRBOgRPaFnY2G8GK/G26q1YOQzp2gNxvsXYpCVVA==</latexit>

| i

<latexit sha1_base64="Cj8O6eg2rLFCZsp6n82oyLzNxBc=">AAACBXicbVDLSsNAFL2pr1pfVZdugkVwVRIp1GXRjcsK9oFNKJPpbTt0MgkzE6GErP0Bt/oH7sSt3+EP+B1O2yxs64ELh3Pu5d57gpgzpR3n2ypsbG5t7xR3S3v7B4dH5eOTtooSSbFFIx7JbkAUciawpZnm2I0lkjDg2AkmtzO/84RSsUg86GmMfkhGgg0ZJdpIj94Edeo1Fcv65YpTdeaw14mbkwrkaPbLP94gokmIQlNOlOq5Tqz9lEjNKMes5CUKY0InZIQ9QwUJUfnp/OLMvjDKwB5G0pTQ9lz9O5GSUKlpGJjOkOixWvVm4n9eL9HDaz9lIk40CrpYNEy4rSN79r49YBKp5lNDCJXM3GrTMZGEahPS0pZAEhNOVjLBuKsxrJP2VdWtVev3tUrjJo+oCGdwDpfgQh0acAdNaAEFAS/wCm/Ws/VufVifi9aClc+cwhKsr18zn5lw</latexit>

B

<latexit sha1_base64="D1X8EKPvdrgFfoCkhbwgVCVpGhA=">AAAB+3icdVDLSsNAFJ34rPVVdelmsAiuQmIiaXelbly2YB/QljKZ3rRDJw9mJkIp+QK3+gXuxK0f4wf4H07aClb0DAOHc+7l3nv8hDOpLOvD2Njc2t7ZLewV9w8Oj45LJ6dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dx5/e5n7nAYRkcXSvZgkMQjKOWMAoUVpq1oelsmVaVafiVLFlOp5+bk5uPNdxsG1aC5TRCo1h6bM/imkaQqQoJ1L2bCtRgzkRilEOWbGfSkgInZIx9DSNSAhyMF8smuFLrYxwEAv9I4UX6s+OOQmlnIW+rgyJmsjfXi7+5fVSFVQGcxYlqYKILgcFKccqxvnVeMQEUMVnmhAqmN4V0wkRhCqdzdoUX5ApqEzn8n08/p+0r03bNb2mW67VVwkV0Dm6QFfIRh6qoTvUQC1EEaBH9ISejcx4MV6Nt2XphrHqOUNrMN6/AJ99lXw=</latexit>

Structure of Entanglement Hamiltonian : quasi-local few-body terms?H̃A

example:  thermal state from quench

TrB |Ψt⟩⟨Ψt | ⟶ ρA ∼ e−βHA

system Hamiltonian on A

Example:

Suggests ansatz for   as deformation of system Hamiltonian  + corrections (new physics?)H̃A HA ≡ H |A

Bisognano-Wichmann theorem (QFT)

Conformal Field Theory
- for ground states

- in quench dynamics, ground states

heuristic approach: 
test & verify

few parameters

H = ∑
i<j

(Jijσ+
i σ−

j +  h.c.) + B∑
i

σz
i

Hamiltonians  of physical systems: as sum of quasi-local few-body termsH
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On the quasi-local ansatz for the Entanglement Hamiltonian
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few parameters

H = ∑
i<j

(Jijσ+
i σ−

j +  h.c.) + B∑
i

σz
i Jij =

J0

| i − j |η B ≫ [Jij]with for

bipartition A:B

A

<latexit sha1_base64="tHHyAiF6eq4GJWX0+NJYprXTzKE=">AAAB+3icdVDLSsNAFJ3UV62vqks3g0VwFZISWrurunHZgn1AG8pketMOnTyYmQgl9Avc6he4E7d+jB/gfzhpI1jRAxcO59zLvfd4MWdSWdaHUdjY3NreKe6W9vYPDo/KxyddGSWCQodGPBJ9j0jgLISOYopDPxZAAo9Dz5vdZn7vAYRkUXiv5jG4AZmEzGeUKC21r0flimXWHMtpONgyrSUyYldrVgPbuVJBOVqj8udwHNEkgFBRTqQc2Fas3JQIxSiHRWmYSIgJnZEJDDQNSQDSTZeHLvCFVsbYj4SuUOGl+nMiJYGU88DTnQFRU/nby8S/vEGi/Cs3ZWGcKAjpapGfcKwinH2Nx0wAVXyuCaGC6VsxnRJBqNLZrG3xBJmBWuhcvp/H/5Nu1bQds952Ks2bPKEiOkPn6BLZqI6a6A61UAdRBOgRPaFnY2G8GK/G26q1YOQzp2gNxvsXYpCVVA==</latexit>

| i

<latexit sha1_base64="Cj8O6eg2rLFCZsp6n82oyLzNxBc=">AAACBXicbVDLSsNAFL2pr1pfVZdugkVwVRIp1GXRjcsK9oFNKJPpbTt0MgkzE6GErP0Bt/oH7sSt3+EP+B1O2yxs64ELh3Pu5d57gpgzpR3n2ypsbG5t7xR3S3v7B4dH5eOTtooSSbFFIx7JbkAUciawpZnm2I0lkjDg2AkmtzO/84RSsUg86GmMfkhGgg0ZJdpIj94Edeo1Fcv65YpTdeaw14mbkwrkaPbLP94gokmIQlNOlOq5Tqz9lEjNKMes5CUKY0InZIQ9QwUJUfnp/OLMvjDKwB5G0pTQ9lz9O5GSUKlpGJjOkOixWvVm4n9eL9HDaz9lIk40CrpYNEy4rSN79r49YBKp5lNDCJXM3GrTMZGEahPS0pZAEhNOVjLBuKsxrJP2VdWtVev3tUrjJo+oCGdwDpfgQh0acAdNaAEFAS/wCm/Ws/VufVifi9aClc+cwhKsr18zn5lw</latexit>

B

<latexit sha1_base64="D1X8EKPvdrgFfoCkhbwgVCVpGhA=">AAAB+3icdVDLSsNAFJ34rPVVdelmsAiuQmIiaXelbly2YB/QljKZ3rRDJw9mJkIp+QK3+gXuxK0f4wf4H07aClb0DAOHc+7l3nv8hDOpLOvD2Njc2t7ZLewV9w8Oj45LJ6dtGaeCQovGPBZdn0jgLIKWYopDNxFAQp9Dx5/e5n7nAYRkcXSvZgkMQjKOWMAoUVpq1oelsmVaVafiVLFlOp5+bk5uPNdxsG1aC5TRCo1h6bM/imkaQqQoJ1L2bCtRgzkRilEOWbGfSkgInZIx9DSNSAhyMF8smuFLrYxwEAv9I4UX6s+OOQmlnIW+rgyJmsjfXi7+5fVSFVQGcxYlqYKILgcFKccqxvnVeMQEUMVnmhAqmN4V0wkRhCqdzdoUX5ApqEzn8n08/p+0r03bNb2mW67VVwkV0Dm6QFfIRh6qoTvUQC1EEaBH9ISejcx4MV6Nt2XphrHqOUNrMN6/AJ99lXw=</latexit>

Example:

Suggests  as deformation of system Hamiltonian  + corrections (new physics?)H̃A HA ≡ H |A

Structure of Entanglement Hamiltonian : quasi-local few-body terms?H̃A

deformed system Hamiltonian (base level)

Ansatz:

H̃A(J̃, B̃) = ∑
ij

(J̃ijσ+
i σ−

j +  h.c.) + ∑
i

B̃iσz
i + …

few variational parameters

Hamiltonians  of physical systems: as sum of quasi-local few-body termsH

corrections (level 1)

∑
ij

B̃ijσz
i σz

j + ∑
ijk

(J̃ijkσ+
i σ−

j σz
k + h.c.)
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Entanglement Hamiltonian Tomography (EHT)
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Here: from randomized local unitaries

time

e−iHt

quench dynamics

Protocol: 

( 0 , 1 , 0 ) = sA
<latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit><latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit><latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit><latexit sha1_base64="QsfoaeNOqliPKWhYctn/RIliQvQ="></latexit>

(

0
,

1
,

0)
=

s
A

<latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit><latexit sha1_base64="ZUAVGUuCRugPLiF02HVJ5Mjd+/I="></latexit>

A
u1

u2

u3

U1

<latexit sha1_base64="NfJF30me0blfOzeMBC4An8DG2LQ=">AAAB/nicbVBNS8NAEN3Ur1q/qh69BIvgqSRS0WPRi8eKpi20oWy2k3bpZhN2J0IJBf+AV/0H3sSrf8U/4O9w2+ZgWx8MPN6bYWZekAiu0XG+rcLa+sbmVnG7tLO7t39QPjxq6jhVDDwWi1i1A6pBcAkechTQThTQKBDQCka3U7/1BErzWD7iOAE/ogPJQ84oGunB67m9csWpOjPYq8TNSYXkaPTKP91+zNIIJDJBte64ToJ+RhVyJmBS6qYaEspGdAAdQyWNQPvZ7NSJfWaUvh3GypREe6b+nchopPU4CkxnRHGol72p+J/XSTG89jMukxRBsvmiMBU2xvb0b7vPFTAUY0MoU9zcarMhVZShSWdhS6DoCHBSMsG4yzGskuZF1a1VL+9rlfpNHlGRnJBTck5cckXq5I40iEcYGZAX8krerGfr3fqwPuetBSufOSYLsL5+Afhgle0=</latexit>

U2

<latexit sha1_base64="Csqwnm0G42dN/QPawJVpLU1XtFg=">AAAB/nicbVBNS8NAEN34WetX1aOXYBE8laRU9Fj04rGiaQttKJvtpF262YTdiVBCwT/gVf+BN/HqX/EP+DvctjnY1gcDj/dmmJkXJIJrdJxva219Y3Nru7BT3N3bPzgsHR03dZwqBh6LRazaAdUguAQPOQpoJwpoFAhoBaPbqd96AqV5LB9xnIAf0YHkIWcUjfTg9aq9UtmpODPYq8TNSZnkaPRKP91+zNIIJDJBte64ToJ+RhVyJmBS7KYaEspGdAAdQyWNQPvZ7NSJfW6Uvh3GypREe6b+nchopPU4CkxnRHGol72p+J/XSTG89jMukxRBsvmiMBU2xvb0b7vPFTAUY0MoU9zcarMhVZShSWdhS6DoCHBSNMG4yzGskma14tYql/e1cv0mj6hATskZuSAuuSJ1ckcaxCOMDMgLeSVv1rP1bn1Yn/PWNSufOSELsL5+Afn4le4=</latexit>

U3

<latexit sha1_base64="ZZu6Ug6T6mQZbQPdYVNol6x3/70=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV2N6DHoxWNENwkkS5id9CZDZh/MzAphCfgDXvUPvIlXf8Uf8DucJHswiQUNRVU33V1+IrjStv1trayurW9sFraK2zu7e/ulg8OGilPJ0GWxiGXLpwoFj9DVXAtsJRJp6Ats+sPbid98Qql4HD3qUYJeSPsRDzij2kgPbveiWyrbFXsKskycnJQhR71b+un0YpaGGGkmqFJtx060l1GpORM4LnZShQllQ9rHtqERDVF52fTUMTk1So8EsTQVaTJV/05kNFRqFPqmM6R6oBa9ifif1051cO1lPEpSjRGbLQpSQXRMJn+THpfItBgZQpnk5lbCBlRSpk06c1t8SYeox0UTjLMYwzJpnFecauXyvlqu3eQRFeAYTuAMHLiCGtxBHVxg0IcXeIU369l6tz6sz1nripXPHMEcrK9f+5CV7w==</latexit>

U4

<latexit sha1_base64="DnG6DQ2i95cGcCguwW+W4F8+Yxc=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BLx4jukkgWcLsZDYZMvtgplcIS8Af8Kp/4E28+iv+gN/hJNmDSSxoKKq66e7yEyk02va3VVhb39jcKm6Xdnb39g/Kh0dNHaeKcZfFMlZtn2ouRcRdFCh5O1Gchr7kLX90O/VbT1xpEUePOE64F9JBJALBKBrpwe3VeuWKXbVnIKvEyUkFcjR65Z9uP2ZpyCNkkmrdcewEvYwqFEzySambap5QNqID3jE0oiHXXjY7dULOjNInQaxMRUhm6t+JjIZaj0PfdIYUh3rZm4r/eZ0Ug2svE1GSIo/YfFGQSoIxmf5N+kJxhnJsCGVKmFsJG1JFGZp0Frb4io44TkomGGc5hlXSvKg6terlfa1Sv8kjKsIJnMI5OHAFdbiDBrjAYAAv8Apv1rP1bn1Yn/PWgpXPHMMCrK9f/SiV8A==</latexit>

U5

<latexit sha1_base64="MMdED+LOYe62JtzSje1gHAjDjmg=">AAAB/nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRi0WPRi8eKpi20oWy2k3bpZhN2N0IJBf+AV/0H3sSrf8U/4O9w2+ZgWx8MPN6bYWZekHCmtON8W4W19Y3NreJ2aWd3b/+gfHjUVHEqKXo05rFsB0QhZwI9zTTHdiKRRAHHVjC6nfqtJ5SKxeJRjxP0IzIQLGSUaCM9eL1ar1xxqs4M9ipxc1KBHI1e+afbj2kaodCUE6U6rpNoPyNSM8pxUuqmChNCR2SAHUMFiVD52ezUiX1mlL4dxtKU0PZM/TuRkUipcRSYzojooVr2puJ/XifV4bWfMZGkGgWdLwpTbuvYnv5t95lEqvnYEEIlM7fadEgkodqks7AlkGSEelIywbjLMayS5kXVvazW7i8r9Zs8oiKcwCmcgwtXUIc7aIAHFAbwAq/wZj1b79aH9TlvLVj5zDEswPr6Bf7AlfE=</latexit>

· ·
·

<latexit sha1_base64="bG4QDKtFPWz/thvVHEhfAz2bP0A=">AAACAXicbVDLSgNBEJyNrxhfUY9eBoPgKexKRI9BLx4jmAckS5idnU3GzM4sM71CWHLyB7zqH3gTr36JP+B3OEn2YBILGoqqbrq7gkRwA6777RTW1jc2t4rbpZ3dvf2D8uFRy6hUU9akSijdCYhhgkvWBA6CdRLNSBwI1g5Gt1O//cS04Uo+wDhhfkwGkkecErBSq0dDBaZfrrhVdwa8SrycVFCORr/80wsVTWMmgQpiTNdzE/AzooFTwSalXmpYQuiIDFjXUkliZvxsdu0En1klxJHStiTgmfp3IiOxMeM4sJ0xgaFZ9qbif143hejaz7hMUmCSzhdFqcCg8PR1HHLNKIixJYRqbm/FdEg0oWADWtgSaDJiMCnZYLzlGFZJ66Lq1aqX97VK/SaPqIhO0Ck6Rx66QnV0hxqoiSh6RC/oFb05z8678+F8zlsLTj5zjBbgfP0C8DSXnw==</latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

1
(s
)

<latexit sha1_base64="xITsf1Bg3IL7MOrgvLhQeQkeprE=">AAACFHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVoCIYK1gYi0TaSm0UOY7TWnWcyHaQqii/wQ+wwh+wIVZ2foDvwGkz0JYjWT46517de4+fMCqVZX0blbX1jc2t6nZtZ3dv/8A8POrKOBWYODhmsej7SBJGOXEUVYz0E0FQ5DPS8yd3hd97IkLSmD+qaULcCI04DSlGSkueedLxMsez88bQj1kgp5H+MplfeGbdalozwFVil6QOSnQ882cYxDiNCFeYISkHtpUoN0NCUcxIXhumkiQIT9CIDDTlKCLSzWYH5PBcKwEMY6EfV3Cm/u3IUCSL3XRlhNRYLnuF+J83SFV442aUJ6kiHM8HhSmDKoZFGjCggmDFppogLKjeFeIxEggrndnCFF+gCVF5TQdjL8ewSrqXTbvVvHpo1du3ZURVcArOQAPY4Bq0wT3oAAdgkIMX8ArejGfj3fgwPuelFaPsOQYLML5+AWbjntw=</latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

2
(s
)

<latexit sha1_base64="jcd5RdLzGUIrg+206DrKhfI0gdM=">AAACFHicbVC7TsMwFHV4lvIKMDCwRFRIZamSqgjGChbGIpG2UhtFjuO0Vh07sh2kKspv8AOs8AdsiJWdH+A7cNoMtOVIlo/OuVf33hMklEhl29/G2vrG5tZ2Zae6u7d/cGgeHXclTwXCLuKUi34AJaaEYVcRRXE/ERjGAcW9YHJX+L0nLCTh7FFNE+zFcMRIRBBUWvLN046fuX4zrw8DTkM5jfWXyfzSN2t2w57BWiVOSWqgRMc3f4YhR2mMmUIUSjlw7ER5GRSKIIrz6jCVOIFoAkd4oCmDMZZeNjsgty60EloRF/oxZc3Uvx0ZjGWxm66MoRrLZa8Q//MGqYpuvIywJFWYofmgKKWW4laRhhUSgZGiU00gEkTvaqExFBApndnClEDACVZ5VQfjLMewSrrNhtNqXD20au3bMqIKOAPnoA4ccA3a4B50gAsQyMELeAVvxrPxbnwYn/PSNaPsOQELML5+AWiMnt0=</latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

3
(s
)

<latexit sha1_base64="z0TOo8fq+AwSQ2Qj6Hk8x8nKWyc=">AAACFHicbVC7TsMwFHXKq5RXgIGBJaJCKkuVQBGMFSyMRSK0UhtFjuO0Vh07sh2kKspv8AOs8AdsiJWdH+A7cNoMtOVIlo/OuVf33hMklEhl299GZWV1bX2julnb2t7Z3TP3Dx4lTwXCLuKUi14AJaaEYVcRRXEvERjGAcXdYHxb+N0nLCTh7EFNEuzFcMhIRBBUWvLNo46fuf5F3hgEnIZyEusvk/mZb9btpj2FtUycktRBiY5v/gxCjtIYM4UolLLv2InyMigUQRTntUEqcQLRGA5xX1MGYyy9bHpAbp1qJbQiLvRjypqqfzsyGMtiN10ZQzWSi14h/uf1UxVdexlhSaowQ7NBUUotxa0iDSskAiNFJ5pAJIje1UIjKCBSOrO5KYGAY6zymg7GWYxhmTyeN51W8/K+VW/flBFVwTE4AQ3ggCvQBnegA1yAQA5ewCt4M56Nd+PD+JyVVoyy5xDMwfj6BWo1nt4=</latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

4
(s
)

<latexit sha1_base64="UDw4zbi+1I63NZY3+j6DMqar/U4=">AAACFHicbVC7TsMwFHXKq5RXgIGBJaJCKkuVoCIYK1gYi0TaSm0UOY7TWnXsyHaQqii/wQ+wwh+wIVZ2foDvwGkz0JYjWT46517de0+QUCKVbX8blbX1jc2t6nZtZ3dv/8A8POpKngqEXcQpF/0ASkwJw64iiuJ+IjCMA4p7weSu8HtPWEjC2aOaJtiL4YiRiCCotOSbJx0/c/1W3hgGnIZyGusvk/mFb9btpj2DtUqcktRBiY5v/gxDjtIYM4UolHLg2InyMigUQRTntWEqcQLRBI7wQFMGYyy9bHZAbp1rJbQiLvRjypqpfzsyGMtiN10ZQzWWy14h/ucNUhXdeBlhSaowQ/NBUUotxa0iDSskAiNFp5pAJIje1UJjKCBSOrOFKYGAE6zymg7GWY5hlXQvm06refXQqrdvy4iq4BScgQZwwDVog3vQAS5AIAcv4BW8Gc/Gu/FhfM5LK0bZcwwWYHz9Amvent8=</latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

5
(s
)

<latexit sha1_base64="3K2t08aCdQpR2kIshtzBA29zEIg=">AAACFHicbVC7TsMwFHV4lvIKMDCwRFRIZakS1ArGChbGIpG2UhtFjuO0Vh07sh2kKspv8AOs8AdsiJWdH+A7cNoMtOVIlo/OuVf33hMklEhl29/G2vrG5tZ2Zae6u7d/cGgeHXclTwXCLuKUi34AJaaEYVcRRXE/ERjGAcW9YHJX+L0nLCTh7FFNE+zFcMRIRBBUWvLN046fuX4rrw8DTkM5jfWXyfzSN2t2w57BWiVOSWqgRMc3f4YhR2mMmUIUSjlw7ER5GRSKIIrz6jCVOIFoAkd4oCmDMZZeNjsgty60EloRF/oxZc3Uvx0ZjGWxm66MoRrLZa8Q//MGqYpuvIywJFWYofmgKKWW4laRhhUSgZGiU00gEkTvaqExFBApndnClEDACVZ5VQfjLMewSrpXDafZaD00a+3bMqIKOAPnoA4ccA3a4B50gAsQyMELeAVvxrPxbnwYn/PSNaPsOQELML5+AW2HnuA=</latexit>

χ2(g̃) = ∑
U,s

Tr (U |s⟩⟨s |U†
exp (−H̃A(g̃))

Z(g̃) ) − PU(s)

2

• Ansatz for , which is physically motivated H̃A(g̃)
• Best fit to experimental observations: g̃
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Experiment: EH-Fit for a quench with 10 ions (sub-system 1:5)

… and similar results for 20 ions and (sub-system 8:14)
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1 : 5

<latexit sha1_base64="H/sb0L/JYxcDawpobEWzjs+Jq2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9iVSMRTwIvHiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZKNONNFslIdwJquBSKN1Gg5J1YcxoGkreDye3cbz9xbUSkHnEacz+kIyWGglG00oN3c9Uvlt2KuwBZJ15GypCh0S9+9QYRS0KukElqTNdzY/RTqlEwyWeFXmJ4TNmEjnjXUkVDbvx0ceqMnFtlQIaRtqWQLNTfEykNjZmGge0MKY7NqjcX//O6CQ6v/VSoOEGu2HLRMJEEIzL/mwyE5gzl1BLKtLC3EjammjK06RRsCN7qy+ukdVnxqpXafbVcL2Vx5OEMSnABHtSgDnfQgCYwGMEzvMKbI50X5935WLbmnGzmFP7A+fwBZuqNIg==</latexit>
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t = 5ms

<latexit sha1_base64="lkFfZdLu9zmFa1nsEadGx4DtFjY=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LC2CBymJVOpFKHjxWMF+QBPKZrtpl+4mYXdSLKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzAsSwTU4zrdV2Njc2t4p7pb29g8Oj+zjk7aOU0VZi8YiVt2AaCZ4xFrAQbBuohiRgWCdYHw39zsTpjSPo0eYJsyXZBjxkFMCRurbNuBbfO1desCeIJN61rcrTtVZAK8TNycVlKPZt7+8QUxTySKggmjdc50E/Iwo4FSwWclLNUsIHZMh6xkaEcm0ny0un+FzowxwGCtTEeCF+nsiI1LrqQxMpyQw0qveXPzP66UQ3vgZj5IUWESXi8JUYIjxPAY84IpREFNDCFXc3IrpiChCwYRVMiG4qy+vk/ZV1a1V6w+1SqOcx1FEZ6iMLpCL6qiB7lETtRBFE/SMXtGblVkv1rv1sWwtWPnMKfoD6/MHgZiS3A==</latexit>

t = 4ms

<latexit sha1_base64="UP3lXIn3m0iVnM85e8Kf1wErx1Y=">AAAB+XicbVBNSwMxEM36WevXqkcvoUXwIGVXCvUiFLx4rGA/oLuUbJq2oUl2SWaLZek/8eJBEa/+E2/+G9N2D9r6YODx3gwz86JEcAOe9+1sbG5t7+wW9or7B4dHx+7JacvEqaasSWMR605EDBNcsSZwEKyTaEZkJFg7Gt/N/faEacNj9QjThIWSDBUfcErASj3XBXyLq8FVAOwJMmlmPbfsVbwF8Drxc1JGORo99yvoxzSVTAEVxJiu7yUQZkQDp4LNikFqWELomAxZ11JFJDNhtrh8hi+s0seDWNtSgBfq74mMSGOmMrKdksDIrHpz8T+vm8LgJsy4SlJgii4XDVKBIcbzGHCfa0ZBTC0hVHN7K6YjogkFG1bRhuCvvrxOWtcVv1qpPVTL9VIeRwGdoxK6RD6qoTq6Rw3URBRN0DN6RW9O5rw4787HsnXDyWfO0B84nz+ACZLb</latexit>

t = 3ms

<latexit sha1_base64="v/UuIm6LXYAq9BDfqEIje2YeDk8=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LC2CBymJFupFKHjxWMF+QBPKZrtpl+4mYXdSLKH/xIsHRbz6T7z5b9y2OWjrg4HHezPMzAsSwTU4zrdV2Njc2t4p7pb29g8Oj+zjk7aOU0VZi8YiVt2AaCZ4xFrAQbBuohiRgWCdYHw39zsTpjSPo0eYJsyXZBjxkFMCRurbNuBbfO1desCeIJN61rcrTtVZAK8TNycVlKPZt7+8QUxTySKggmjdc50E/Iwo4FSwWclLNUsIHZMh6xkaEcm0ny0un+FzowxwGCtTEeCF+nsiI1LrqQxMpyQw0qveXPzP66UQ3vgZj5IUWESXi8JUYIjxPAY84IpREFNDCFXc3IrpiChCwYRVMiG4qy+vk/ZV1a1V6w+1SqOcx1FEZ6iMLpCL6qiB7lETtRBFE/SMXtGblVkv1rv1sWwtWPnMKfoD6/MHfnqS2g==</latexit>

t = 2ms

<latexit sha1_base64="UyBNvN0Vp6ncG2KEzrikOlM7VzE=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LC2CBylJKdSLUPDisYL9gCaUzXbTLt1Nwu6kWEL/iRcPinj1n3jz37htc9DWBwOP92aYmRckgmtwnG+rsLW9s7tX3C8dHB4dn9inZx0dp4qyNo1FrHoB0UzwiLWBg2C9RDEiA8G6weRu4XenTGkeR48wS5gvySjiIacEjDSwbcC3uOZde8CeIJN6PrArTtVZAm8SNycVlKM1sL+8YUxTySKggmjdd50E/Iwo4FSweclLNUsInZAR6xsaEcm0ny0vn+NLowxxGCtTEeCl+nsiI1LrmQxMpyQw1uveQvzP66cQ3vgZj5IUWERXi8JUYIjxIgY85IpREDNDCFXc3IrpmChCwYRVMiG46y9vkk6t6tarjYd6pVnO4yiiC1RGV8hFDdRE96iF2oiiKXpGr+jNyqwX6936WLUWrHzmHP2B9fkDfOuS2Q==</latexit>

y R k j 9 8 e d 3 N0

0.2

0.4

0.6

0.8

1

t [Kb]

e�
⇠ ↵

1 : 5

<latexit sha1_base64="H/sb0L/JYxcDawpobEWzjs+Jq2Q=">AAAB6nicbVDLSgNBEOyNrxhfUY9ehgTBU9iVSMRTwIvHiOYByRJmJ5NkyOzsMtMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcRSGHTdbye3sbm1vZPfLeztHxweFY9PWiZKNONNFslIdwJquBSKN1Gg5J1YcxoGkreDye3cbz9xbUSkHnEacz+kIyWGglG00oN3c9Uvlt2KuwBZJ15GypCh0S9+9QYRS0KukElqTNdzY/RTqlEwyWeFXmJ4TNmEjnjXUkVDbvx0ceqMnFtlQIaRtqWQLNTfEykNjZmGge0MKY7NqjcX//O6CQ6v/VSoOEGu2HLRMJEEIzL/mwyE5gzl1BLKtLC3EjammjK06RRsCN7qy+ukdVnxqpXafbVcL2Vx5OEMSnABHtSgDnfQgCYwGMEzvMKbI50X5935WLbmnGzmFP7A+fwBZuqNIg==</latexit>

0 2 4 6 8

0

2

4

t [ms]
S
A

(1-p)e�H̃A+p1

<latexit sha1_base64="UrRiDPWk7EOPoxm67s1rlwbFP24="></latexit>

coh. dyn.

<latexit sha1_base64="7BD2aVCv/E/9EcQ4pGS0ZnY+0xo=">AAACA3icbVDLSsNAFL3xWeur6tLNYBFchaQIdVlw47KCfUgbymQyaYdOZsLMRAilS7/ArX6BO3Hrh/gB/ofTNgvbeuDC4Zx7ufeeMOVMG8/7djY2t7Z3dkt75f2Dw6PjyslpW8tMEdoikkvVDbGmnAnaMsxw2k0VxUnIaScc3878zhNVmknxYPKUBgkeChYzgo2VHokcuSjKhTuoVD3XmwOtE78gVSjQHFR++pEkWUKFIRxr3fO91AQTrAwjnE7L/UzTFJMxHtKepQInVAeT+cFTdGmVCMVS2RIGzdW/ExOcaJ0noe1MsBnpVW8m/uf1MhPfBBMm0sxQQRaL4owjI9HsexQxRYnhuSWYKGZvRWSEFSbGZrS0JQwlj6Zlm4u/msI6addc/9qt39eqDVQkVIJzuIAr8KEODbiDJrSAQAIv8ApvzrPz7nw4n4vWDaeYOYMlOF+/cWWXpw==</latexit>

e�H̃A -part

<latexit sha1_base64="vh93WOvJaCasN5SHnVzK7ySKPwc=">AAACGHicbVDLSgNBEJyN7/ha9aiHwSB4SdiVQDwqXnKMYFRI1jA720mGzD6Y6RXDshc/wy/wql/gTbx68wP8DydxD2osaCiquqeny0+k0Og4H1Zpbn5hcWl5pby6tr6xaW9tX+o4VRzaPJaxuvaZBikiaKNACdeJAhb6Eq780dnEv7oFpUUcXeA4AS9kg0j0BWdopJ69BzdZtYtCBpA1895p3kW4w6yaMIV5z644NWcKOkvcglRIgVbP/uwGMU9DiJBLpnXHdRL0MvOW4BLycjfVkDA+YgPoGBqxELSXTa/I6YFRAtqPlakI6VT9OZGxUOtx6JvOkOFQ//Um4n9eJ8X+sZeJKEkRIv69qJ9KijGdREIDoYCjHBvCuBLmr5QPmWIcTXC/tvh+LIO8bHJx/6YwSy6Pam691jivV05okdAy2SX75JC4pEFOSJO0SJtwck8eyRN5th6sF+vVevtuLVnFzA75Bev9Cz34oMo=</latexit>

NU = 500

<latexit sha1_base64="DJUE8jJCdoJoIu3zJ+ujdaLhFvk=">AAACA3icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEi9C0IsnieAmkWQJs5PZZMjM7DIzK4SQo1/gVb/Am3j1Q/wA/8NJsgeTWNBQVHXT3RUmnGnjut9ObmV1bX0jv1nY2t7Z3SvuH9R1nCpCfRLzWDVDrClnkvqGGU6biaJYhJw2wsHNxG88UaVZLB/MMKGBwD3JIkawsdLjXcdHV+jCdTvFklt2p0DLxMtICTLUOsWfdjcmqaDSEI61bnluYoIRVoYRTseFdqppgskA92jLUokF1cFoevAYnVili6JY2ZIGTdW/EyMstB6K0HYKbPp60ZuI/3mt1ESXwYjJJDVUktmiKOXIxGjyPeoyRYnhQ0swUczeikgfK0yMzWhuS6jwgJqxzcVbTGGZ1M/K3nm5cn9eql5nCeXhCI7hFDyoQBVuoQY+EBDwAq/w5jw7786H8zlrzTnZzCHMwfn6BTYZl0o=</latexit>

NM = 150

<latexit sha1_base64="4atmVa8BOD7gNscpwnPOvFHUXKQ=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKexKJF6EoBcvSgTzkGQJs5PZZMjM7DLTK4SQo1/gVb/Am3j1Q/wA/8NJsgeTWNBQVHXT3RXEghtw3W8ns7K6tr6R3cxtbe/s7uX3D+omSjRlNRqJSDcDYpjgitWAg2DNWDMiA8EaweB64jeemDY8Ug8wjJkvSU/xkFMCVnq869ziS+ydu518wS26U+Bl4qWkgFJUO/mfdjeiiWQKqCDGtDw3Bn9ENHAq2DjXTgyLCR2QHmtZqohkxh9NDx7jE6t0cRhpWwrwVP07MSLSmKEMbKck0DeL3kT8z2slEF74I67iBJiis0VhIjBEePI97nLNKIihJYRqbm/FtE80oWAzmtsSaDJgMLa5eIspLJP6WdErFcv3pULlKk0oi47QMTpFHiqjCrpBVVRDFEn0gl7Rm/PsvDsfzuesNeOkM4doDs7XLyrFl0M=</latexit>

⇢A(g̃) = (1� p)e�H̃A(g̃) + p
1
DA

<latexit sha1_base64="XBQ7ltBLPo+/34gpufv2s3j6ZhY="></latexit>

Ansatz for the reduced density matrix
with  decoherence parameterp

η ≃ 1.2

ρA(g̃, p) ≡ (1 − NAp)ρcoh
A (g̃) + p∑

i∈A

Tri [ρcoh
A (g̃)] ⊗

1i

2

ρcoh
A (g̃) ≡ exp (−H̃A(g̃))

C KokailSeeing Schmidt decomposition live:  from data published in Brydges et al., Science 2019|Ψ⟩ =
χA

∑
α=1

λα |ΦA
α⟩ ⊗ |ΦB

α⟩

λα = e−ξα

Von Neumann SA
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Fmax(⇢1, ⇢2) =
Tr[⇢1⇢2]

max{Tr[⇢21],Tr[⇢22]}

<latexit sha1_base64="Hug3qH0PEyv/d9qh5A4P6Xfc4E4="></latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

1
(s
)

<latexit sha1_base64="xITsf1Bg3IL7MOrgvLhQeQkeprE=">AAACFHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVoCIYK1gYi0TaSm0UOY7TWnWcyHaQqii/wQ+wwh+wIVZ2foDvwGkz0JYjWT46517de4+fMCqVZX0blbX1jc2t6nZtZ3dv/8A8POrKOBWYODhmsej7SBJGOXEUVYz0E0FQ5DPS8yd3hd97IkLSmD+qaULcCI04DSlGSkueedLxMsez88bQj1kgp5H+MplfeGbdalozwFVil6QOSnQ882cYxDiNCFeYISkHtpUoN0NCUcxIXhumkiQIT9CIDDTlKCLSzWYH5PBcKwEMY6EfV3Cm/u3IUCSL3XRlhNRYLnuF+J83SFV442aUJ6kiHM8HhSmDKoZFGjCggmDFppogLKjeFeIxEggrndnCFF+gCVF5TQdjL8ewSrqXTbvVvHpo1du3ZURVcArOQAPY4Bq0wT3oAAdgkIMX8ArejGfj3fgwPuelFaPsOQYLML5+AWbjntw=</latexit>

·10
−2

q

P
(q
) s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

2(
s)

<latexit sha1_base64="jcd5RdLzGUIrg+206DrKhfI0gdM=">AAACFHicbVC7TsMwFHV4lvIKMDCwRFRIZamSqgjGChbGIpG2UhtFjuO0Vh07sh2kKspv8AOs8AdsiJWdH+A7cNoMtOVIlo/OuVf33hMklEhl29/G2vrG5tZ2Zae6u7d/cGgeHXclTwXCLuKUi34AJaaEYVcRRXE/ERjGAcW9YHJX+L0nLCTh7FFNE+zFcMRIRBBUWvLN046fuX4zrw8DTkM5jfWXyfzSN2t2w57BWiVOSWqgRMc3f4YhR2mMmUIUSjlw7ER5GRSKIIrz6jCVOIFoAkd4oCmDMZZeNjsgty60EloRF/oxZc3Uvx0ZjGWxm66MoRrLZa8Q//MGqYpuvIywJFWYofmgKKWW4laRhhUSgZGiU00gEkTvaqExFBApndnClEDACVZ5VQfjLMewSrrNhtNqXD20au3bMqIKOAPnoA4ccA3a4B50gAsQyMELeAVvxrPxbnwYn/PSNaPsOQELML5+AWiMnt0=</latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

4
(s
)

<latexit sha1_base64="UDw4zbi+1I63NZY3+j6DMqar/U4=">AAACFHicbVC7TsMwFHXKq5RXgIGBJaJCKkuVoCIYK1gYi0TaSm0UOY7TWnXsyHaQqii/wQ+wwh+wIVZ2foDvwGkz0JYjWT46517de0+QUCKVbX8blbX1jc2t6nZtZ3dv/8A8POpKngqEXcQpF/0ASkwJw64iiuJ+IjCMA4p7weSu8HtPWEjC2aOaJtiL4YiRiCCotOSbJx0/c/1W3hgGnIZyGusvk/mFb9btpj2DtUqcktRBiY5v/gxDjtIYM4UolHLg2InyMigUQRTntWEqcQLRBI7wQFMGYyy9bHZAbp1rJbQiLvRjypqpfzsyGMtiN10ZQzWWy14h/ucNUhXdeBlhSaowQ/NBUUotxa0iDSskAiNFp5pAJIje1UJjKCBSOrOFKYGAE6zymg7GWY5hlXQvm06refXQqrdvy4iq4BScgQZwwDVog3vQAS5AIAcv4BW8Gc/Gu/FhfM5LK0bZcwwWYHz9Amvent8=</latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P U
5
(s
)

<latexit sha1_base64="3K2t08aCdQpR2kIshtzBA29zEIg=">AAACFHicbVC7TsMwFHV4lvIKMDCwRFRIZakS1ArGChbGIpG2UhtFjuO0Vh07sh2kKspv8AOs8AdsiJWdH+A7cNoMtOVIlo/OuVf33hMklEhl29/G2vrG5tZ2Zae6u7d/cGgeHXclTwXCLuKUi34AJaaEYVcRRXE/ERjGAcW9YHJX+L0nLCTh7FFNE+zFcMRIRBBUWvLN046fuX4rrw8DTkM5jfWXyfzSN2t2w57BWiVOSWqgRMc3f4YhR2mMmUIUSjlw7ER5GRSKIIrz6jCVOIFoAkd4oCmDMZZeNjsgty60EloRF/oxZc3Uvx0ZjGWxm66MoRrLZa8Q//MGqYpuvIywJFWYofmgKKWW4laRhhUSgZGiU00gEkTvaqExFBApndnClEDACVZ5VQfjLMewSrpXDafZaD00a+3bMqIKOAPnoA4ccA3a4B50gAsQyMELeAVvxrPxbnwYn/PSNaPsOQELML5+AW2HnuA=</latexit>

·10 −
2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

PU
3
(s
)

<latexit sha1_base64="z0TOo8fq+AwSQ2Qj6Hk8x8nKWyc=">AAACFHicbVC7TsMwFHXKq5RXgIGBJaJCKkuVQBGMFSyMRSK0UhtFjuO0Vh07sh2kKspv8AOs8AdsiJWdH+A7cNoMtOVIlo/OuVf33hMklEhl299GZWV1bX2julnb2t7Z3TP3Dx4lTwXCLuKUi14AJaaEYVcRRXEvERjGAcXdYHxb+N0nLCTh7EFNEuzFcMhIRBBUWvLNo46fuf5F3hgEnIZyEusvk/mZb9btpj2FtUycktRBiY5v/gxCjtIYM4UolLLv2InyMigUQRTntUEqcQLRGA5xX1MGYyy9bHpAbp1qJbQiLvRjypqqfzsyGMtiN10ZQzWSi14h/uf1UxVdexlhSaowQ7NBUUotxa0iDSskAiNFJ5pAJIje1UIjKCBSOrO5KYGAY6zymg7GWYxhmTyeN51W8/K+VW/flBFVwTE4AQ3ggCvQBnegA1yAQA5ewCt4M56Nd+PD+JyVVoyy5xDMwfj6BWo1nt4=</latexit>

Given Data 
Set

e�H̃A

<latexit sha1_base64="kxEKkgJeoAD4k7FQ52lw5dY+G7s=">AAAB+XicbVDJSgNBEO1xjXEb9eilMQheHHpCtmPUS44RzAJJDD2dmqRJz0J3TyAM+RMvHhTx6p9482/sLAeNPih4vFdFVT0vFlxpQr6sjc2t7Z3dzF52/+Dw6Ng+OW2qKJEMGiwSkWx7VIHgITQ01wLasQQaeAJa3vhu7rcmIBWPwgc9jaEX0GHIfc6oNlLftuExve5qLgaQ1mb9m1nfzhGnTCqkSDBx8pVSsVQwhCyA3RXJoRXqffuzO4hYEkComaBKdVwS615KpeZMwCzbTRTElI3pEDqGhjQA1UsXl8/wpVEG2I+kqVDjhfpzIqWBUtPAM50B1SO17s3F/7xOov1KL+VhnGgI2XKRnwisIzyPAQ+4BKbF1BDKJDe3YjaikjJtwsqaENz1l/+SZt5xC075vpCr3q7iyKBzdIGukIvKqIpqqI4aiKEJekIv6NVKrWfrzXpftm5Yq5kz9AvWxze4wZO+</latexit>

⇢A

<latexit sha1_base64="2N2F7pZ/YVo+XuUIiVbTP7ltmE8=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKoR6rXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2j09Uv2rfrniVb058Crxc1KBHM1++as3UDSNmbRUEGO6vpfYICPacirYtNRLDUsIHZMh6zoqScxMkM2vneIzpwxwpLQrafFc/T2RkdiYSRy6zpjYkVn2ZuJ/Xje10WWQcZmklkm6WBSlAluFZ6/jAdeMWjFxhFDN3a2Yjogm1LqASi4Ef/nlVdK+qPq1av2uVmlc53EU4QRO4Rx8qEMDbqEJLaDwCM/wCm9IoRf0jj4WrQWUzxzDH6DPH2L2jwU=</latexit>

Fmax(e
�H̃A , ⇢A)

<latexit sha1_base64="ro19doPe7BMSS7dnbl26Ze1iL5E="></latexit>

A.Elben et.al. 
Phys. Rev. Lett. 124, 010504see cross-platform verification of NISQ
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F
m
a
x

KA = 0

<latexit sha1_base64="q09MvLqkE4tWhdQYxIKy3t0y5Wk=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqmRqy7QLoeJGcFPBPqAdhkyaaUMzD5KMUsZ+ihsXirj1S9z5N2baCip6IHA4517uyfFizqRC6MPIrayurW/kNwtb2zu7e2ZxvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi87u3VEgWhTdqGlMnwKOQ+YxgpSXXLA4CrMYE8/Rq5p7DM4hcs4TKVrWBUA1qUjlt2FVNapW6Xa9Bq4zmKIElWq75PhhGJAloqAjHUvYtFCsnxUIxwumsMEgkjTGZ4BHtaxrigEonnUefwWOtDKEfCf1CBefq940UB1JOA09PZkHlby8T//L6ifLrTsrCOFE0JItDfsKhimDWAxwyQYniU00wEUxnhWSMBSZKt1XQJXz9FP5POhVdVNm+rpaacFlHHhyCI3ACLGCDJrgELdAGBNyBB/AEno1749F4MV4XozljuXMAfsB4+wRZIJNT</latexit>

H̃A =

X

i,j<i

J̃ij

�
�
+
i �

�
j +H.c.

�
+

X

i

B̃i�
z
i

<latexit sha1_base64="AF92DWZWoIqX+jvbcR+evT7DjfE="></latexit>

C Kokail



uibk |

Testing the Ansatz via Fidelity Estimation

31

0 1 2 3 4 5
0.2

0.4

0.6

0.8

1

t [ms]

F
m
a
x

0 1 2 3 4 5 6 7 8 9 10
t [ms]

Fmax(⇢1, ⇢2) =
Tr[⇢1⇢2]

max{Tr[⇢21],Tr[⇢22]}

<latexit sha1_base64="Hug3qH0PEyv/d9qh5A4P6Xfc4E4="></latexit>

A.Elben et.al. 
Phys. Rev. Lett. 124, 010504see cross-platform verification of NISQ

0 1 2 3 4 5 6 7 8 9 10
t [ms]0 1 2 3 4 5 6 7 8 9 10

t [ms]

a
a
a

KA = 0

<latexit sha1_base64="q09MvLqkE4tWhdQYxIKy3t0y5Wk=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqmRqy7QLoeJGcFPBPqAdhkyaaUMzD5KMUsZ+ihsXirj1S9z5N2baCip6IHA4517uyfFizqRC6MPIrayurW/kNwtb2zu7e2ZxvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi87u3VEgWhTdqGlMnwKOQ+YxgpSXXLA4CrMYE8/Rq5p7DM4hcs4TKVrWBUA1qUjlt2FVNapW6Xa9Bq4zmKIElWq75PhhGJAloqAjHUvYtFCsnxUIxwumsMEgkjTGZ4BHtaxrigEonnUefwWOtDKEfCf1CBefq940UB1JOA09PZkHlby8T//L6ifLrTsrCOFE0JItDfsKhimDWAxwyQYniU00wEUxnhWSMBSZKt1XQJXz9FP5POhVdVNm+rpaacFlHHhyCI3ACLGCDJrgELdAGBNyBB/AEno1749F4MV4XozljuXMAfsB4+wRZIJNT</latexit>

K(1)
A ,K(2)

A

<latexit sha1_base64="xhulEX6jYUPG4LcJi7IuNwjcidM="></latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

1
(s
)

<latexit sha1_base64="xITsf1Bg3IL7MOrgvLhQeQkeprE=">AAACFHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVoCIYK1gYi0TaSm0UOY7TWnWcyHaQqii/wQ+wwh+wIVZ2foDvwGkz0JYjWT46517de4+fMCqVZX0blbX1jc2t6nZtZ3dv/8A8POrKOBWYODhmsej7SBJGOXEUVYz0E0FQ5DPS8yd3hd97IkLSmD+qaULcCI04DSlGSkueedLxMsez88bQj1kgp5H+MplfeGbdalozwFVil6QOSnQ882cYxDiNCFeYISkHtpUoN0NCUcxIXhumkiQIT9CIDDTlKCLSzWYH5PBcKwEMY6EfV3Cm/u3IUCSL3XRlhNRYLnuF+J83SFV442aUJ6kiHM8HhSmDKoZFGjCggmDFppogLKjeFeIxEggrndnCFF+gCVF5TQdjL8ewSrqXTbvVvHpo1du3ZURVcArOQAPY4Bq0wT3oAAdgkIMX8ArejGfj3fgwPuelFaPsOQYLML5+AWbjntw=</latexit>

·10
−2

q

P
(q
) s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

2(
s)

<latexit sha1_base64="jcd5RdLzGUIrg+206DrKhfI0gdM=">AAACFHicbVC7TsMwFHV4lvIKMDCwRFRIZamSqgjGChbGIpG2UhtFjuO0Vh07sh2kKspv8AOs8AdsiJWdH+A7cNoMtOVIlo/OuVf33hMklEhl29/G2vrG5tZ2Zae6u7d/cGgeHXclTwXCLuKUi34AJaaEYVcRRXE/ERjGAcW9YHJX+L0nLCTh7FFNE+zFcMRIRBBUWvLN046fuX4zrw8DTkM5jfWXyfzSN2t2w57BWiVOSWqgRMc3f4YhR2mMmUIUSjlw7ER5GRSKIIrz6jCVOIFoAkd4oCmDMZZeNjsgty60EloRF/oxZc3Uvx0ZjGWxm66MoRrLZa8Q//MGqYpuvIywJFWYofmgKKWW4laRhhUSgZGiU00gEkTvaqExFBApndnClEDACVZ5VQfjLMewSrrNhtNqXD20au3bMqIKOAPnoA4ccA3a4B50gAsQyMELeAVvxrPxbnwYn/PSNaPsOQELML5+AWiMnt0=</latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

4
(s
)

<latexit sha1_base64="UDw4zbi+1I63NZY3+j6DMqar/U4=">AAACFHicbVC7TsMwFHXKq5RXgIGBJaJCKkuVoCIYK1gYi0TaSm0UOY7TWnXsyHaQqii/wQ+wwh+wIVZ2foDvwGkz0JYjWT46517de0+QUCKVbX8blbX1jc2t6nZtZ3dv/8A8POpKngqEXcQpF/0ASkwJw64iiuJ+IjCMA4p7weSu8HtPWEjC2aOaJtiL4YiRiCCotOSbJx0/c/1W3hgGnIZyGusvk/mFb9btpj2DtUqcktRBiY5v/gxDjtIYM4UolHLg2InyMigUQRTntWEqcQLRBI7wQFMGYyy9bHZAbp1rJbQiLvRjypqpfzsyGMtiN10ZQzWWy14h/ucNUhXdeBlhSaowQ/NBUUotxa0iDSskAiNFp5pAJIje1UJjKCBSOrOFKYGAE6zymg7GWY5hlXQvm06refXQqrdvy4iq4BScgQZwwDVog3vQAS5AIAcv4BW8Gc/Gu/FhfM5LK0bZcwwWYHz9Amvent8=</latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P U
5
(s
)

<latexit sha1_base64="3K2t08aCdQpR2kIshtzBA29zEIg=">AAACFHicbVC7TsMwFHV4lvIKMDCwRFRIZakS1ArGChbGIpG2UhtFjuO0Vh07sh2kKspv8AOs8AdsiJWdH+A7cNoMtOVIlo/OuVf33hMklEhl29/G2vrG5tZ2Zae6u7d/cGgeHXclTwXCLuKUi34AJaaEYVcRRXE/ERjGAcW9YHJX+L0nLCTh7FFNE+zFcMRIRBBUWvLN046fuX4rrw8DTkM5jfWXyfzSN2t2w57BWiVOSWqgRMc3f4YhR2mMmUIUSjlw7ER5GRSKIIrz6jCVOIFoAkd4oCmDMZZeNjsgty60EloRF/oxZc3Uvx0ZjGWxm66MoRrLZa8Q//MGqYpuvIywJFWYofmgKKWW4laRhhUSgZGiU00gEkTvaqExFBApndnClEDACVZ5VQfjLMewSrpXDafZaD00a+3bMqIKOAPnoA4ccA3a4B50gAsQyMELeAVvxrPxbnwYn/PSNaPsOQELML5+AW2HnuA=</latexit>

·10 −
2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

PU
3
(s
)

<latexit sha1_base64="z0TOo8fq+AwSQ2Qj6Hk8x8nKWyc=">AAACFHicbVC7TsMwFHXKq5RXgIGBJaJCKkuVQBGMFSyMRSK0UhtFjuO0Vh07sh2kKspv8AOs8AdsiJWdH+A7cNoMtOVIlo/OuVf33hMklEhl299GZWV1bX2julnb2t7Z3TP3Dx4lTwXCLuKUi14AJaaEYVcRRXEvERjGAcXdYHxb+N0nLCTh7EFNEuzFcMhIRBBUWvLNo46fuf5F3hgEnIZyEusvk/mZb9btpj2FtUycktRBiY5v/gxCjtIYM4UolLLv2InyMigUQRTntUEqcQLRGA5xX1MGYyy9bHpAbp1qJbQiLvRjypqqfzsyGMtiN10ZQzWSi14h/uf1UxVdexlhSaowQ7NBUUotxa0iDSskAiNFJ5pAJIje1UIjKCBSOrO5KYGAY6zymg7GWYxhmTyeN51W8/K+VW/flBFVwTE4AQ3ggCvQBnegA1yAQA5ewCt4M56Nd+PD+JyVVoyy5xDMwfj6BWo1nt4=</latexit>

e�H̃A

<latexit sha1_base64="kxEKkgJeoAD4k7FQ52lw5dY+G7s=">AAAB+XicbVDJSgNBEO1xjXEb9eilMQheHHpCtmPUS44RzAJJDD2dmqRJz0J3TyAM+RMvHhTx6p9482/sLAeNPih4vFdFVT0vFlxpQr6sjc2t7Z3dzF52/+Dw6Ng+OW2qKJEMGiwSkWx7VIHgITQ01wLasQQaeAJa3vhu7rcmIBWPwgc9jaEX0GHIfc6oNlLftuExve5qLgaQ1mb9m1nfzhGnTCqkSDBx8pVSsVQwhCyA3RXJoRXqffuzO4hYEkComaBKdVwS615KpeZMwCzbTRTElI3pEDqGhjQA1UsXl8/wpVEG2I+kqVDjhfpzIqWBUtPAM50B1SO17s3F/7xOov1KL+VhnGgI2XKRnwisIzyPAQ+4BKbF1BDKJDe3YjaikjJtwsqaENz1l/+SZt5xC075vpCr3q7iyKBzdIGukIvKqIpqqI4aiKEJekIv6NVKrWfrzXpftm5Yq5kz9AvWxze4wZO+</latexit>

⇢A

<latexit sha1_base64="2N2F7pZ/YVo+XuUIiVbTP7ltmE8=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKoR6rXjxWsLXQLiWbZtvYbLIkWaEs/Q9ePCji1f/jzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewjHNzP/4Ylpw5W8t5OEBTEZSh5xSqyT2j09Uv2rfrniVb058Crxc1KBHM1++as3UDSNmbRUEGO6vpfYICPacirYtNRLDUsIHZMh6zoqScxMkM2vneIzpwxwpLQrafFc/T2RkdiYSRy6zpjYkVn2ZuJ/Xje10WWQcZmklkm6WBSlAluFZ6/jAdeMWjFxhFDN3a2Yjogm1LqASi4Ef/nlVdK+qPq1av2uVmlc53EU4QRO4Rx8qEMDbqEJLaDwCM/wCm9IoRf0jj4WrQWUzxzDH6DPH2L2jwU=</latexit>

Fmax(e
�H̃A , ⇢A)

<latexit sha1_base64="ro19doPe7BMSS7dnbl26Ze1iL5E="></latexit>

Given Data 
Set

K(1)
A =

X

k<l2A

J̃XY
kl (�x

k�
y
l � �y

k�
x
l )

<latexit sha1_base64="IQ9SwBP0t/knu2UhrBSBAc6org4="></latexit>

K(2)
A =

X

k<l

X

m 6=k,l

J̃XY Z
klm (�x

k�
y
l �

z
m � �y

k�
x
l �

z
m)

<latexit sha1_base64="GAXp0hVxCJwu2Rlsc3JJmWcWG0Y="></latexit>
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Fmax(⇢1, ⇢2) =
Tr[⇢1⇢2]

max{Tr[⇢21],Tr[⇢22]}

<latexit sha1_base64="Hug3qH0PEyv/d9qh5A4P6Xfc4E4="></latexit>

A.Elben et.al. 
Phys. Rev. Lett. 124, 010504see cross-platform verification of NISQ
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a
a
a

KA = 0

<latexit sha1_base64="q09MvLqkE4tWhdQYxIKy3t0y5Wk=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqmRqy7QLoeJGcFPBPqAdhkyaaUMzD5KMUsZ+ihsXirj1S9z5N2baCip6IHA4517uyfFizqRC6MPIrayurW/kNwtb2zu7e2ZxvyOjRBDaJhGPRM/DknIW0rZiitNeLCgOPE673uQi87u3VEgWhTdqGlMnwKOQ+YxgpSXXLA4CrMYE8/Rq5p7DM4hcs4TKVrWBUA1qUjlt2FVNapW6Xa9Bq4zmKIElWq75PhhGJAloqAjHUvYtFCsnxUIxwumsMEgkjTGZ4BHtaxrigEonnUefwWOtDKEfCf1CBefq940UB1JOA09PZkHlby8T//L6ifLrTsrCOFE0JItDfsKhimDWAxwyQYniU00wEUxnhWSMBSZKt1XQJXz9FP5POhVdVNm+rpaacFlHHhyCI3ACLGCDJrgELdAGBNyBB/AEno1749F4MV4XozljuXMAfsB4+wRZIJNT</latexit>

K(1)
A ,K(2)

A

<latexit sha1_base64="xhulEX6jYUPG4LcJi7IuNwjcidM="></latexit>

K(1)
A ,K(2)

A ,K(3)
A ,K(4)

A

<latexit sha1_base64="eicMBST5aWoDac3siqlvXFtHAVo="></latexit>

K(3)
A =

X

k<l2A

J̃ZZ
kl �z

k�
z
l +

X

k<l<m2A

J̃ZZZ
klm �z

k�
z
l �

z
m

<latexit sha1_base64="zSCuyhxN17ARAR7b06wvDixZZvs="></latexit>

K(4)
A =

X

k<l

X

m 6=k,l

J̃XXZ
klm (�x

k�
x
l �

z
m + �y

k�
y
l �

z
m)

<latexit sha1_base64="K5/vr58glGvJhkJs4n7AXXC2VxM="></latexit>

·10−2

q

P
(q
)

s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>

P
U

1
(s
)

<latexit sha1_base64="xITsf1Bg3IL7MOrgvLhQeQkeprE=">AAACFHicbVC7TsMwFHXKq5RXgIGBxaJCKkuVoCIYK1gYi0TaSm0UOY7TWnWcyHaQqii/wQ+wwh+wIVZ2foDvwGkz0JYjWT46517de4+fMCqVZX0blbX1jc2t6nZtZ3dv/8A8POrKOBWYODhmsej7SBJGOXEUVYz0E0FQ5DPS8yd3hd97IkLSmD+qaULcCI04DSlGSkueedLxMsez88bQj1kgp5H+MplfeGbdalozwFVil6QOSnQ882cYxDiNCFeYISkHtpUoN0NCUcxIXhumkiQIT9CIDDTlKCLSzWYH5PBcKwEMY6EfV3Cm/u3IUCSL3XRlhNRYLnuF+J83SFV442aUJ6kiHM8HhSmDKoZFGjCggmDFppogLKjeFeIxEggrndnCFF+gCVF5TQdjL8ewSrqXTbvVvHpo1du3ZURVcArOQAPY4Bq0wT3oAAdgkIMX8ArejGfj3fgwPuelFaPsOQYLML5+AWbjntw=</latexit>

·10
−2

q

P
(q
) s

<latexit sha1_base64="zQiMoM/CB+/9X9CxHLINlou1JWA=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRKp6LLoxmUF+4A2lslk0g6dTMLMjVBCvsAfcKt/4E7c+hX+gN/hpM3Cth4Y5nDOvdzD8WLBNdj2t1VaW9/Y3CpvV3Z29/YPqodHHR0lirI2jUSkeh7RTHDJ2sBBsF6sGAk9wbre5Db3u09MaR7JB5jGzA3JSPKAUwJGehx4kfD1NDRfqrNhtWbX7RnwKnEKUkMFWsPqz8CPaBIyCVQQrfuOHYObEgWcCpZVBolmMaETMmJ9QyUJmXbTWeoMnxnFx0GkzJOAZ+rfjZSEOo9mJkMCY73s5eJ/Xj+B4NpNuYwTYJLODwWJwBDhvALsc8UoiKkhhCpusmI6JopQMEUtXPEUmTDIKqYYZ7mGVdK5qDuN+uV9o9a8KSoqoxN0is6Rg65QE92hFmojihR6Qa/ozXq23q0P63M+WrKKnWO0AOvrF9SUm3Q=</latexit>
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Q.: Why entanglement Hamiltonian

      quasi-local and few-body?
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Bisognano-Wichmann Theorem of QFT
Conformal Field Theory

Q.: Why entanglement Hamiltonian

      quasi-local and few-body?

34

predict quasi-local entanglement Hamiltonian

Quantum simulation as testbed for lattice-BW & CFT

• for ground states (BW+CFT)

• quench dynamics 1+1D (CFT) to critical point

validity, assumptions: continuum → lattice, … ?

Potential to `discover’ new physics

M. Dalmonte

→ ICTP

P. Calabrese

SISSA

thanks for insights and discussions

M. Dalmonte et al., Nat. Phys. (2018); G. Giudici et al. PRB (2018). 
P. Calabrese & J. Cardy, J Phys A (2009)

X Wen, S Ryu & AW Ludwig, J Stat Mech (2018).
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Bisognano-Wichmann Theorem [ground states]
physical system entanglement Hamiltonian

Hamiltonian density (here 1D)

AB
x

0

Lorentz invariance

BW Entanglement Hamiltonian (here 1D)

H̃A
x

0

ρA ∼ e− ∫x>0 dx β(x) H(x)

with `temperature’ β(x) ∼ x

H(x)

EH as local, few-body Hamiltonian with spatially dependent couplings

H̃A ∼ ∫x>0
dx [x H(x)]

H̃A(x)

M. Dalmonte

→ ICTP

Lattice models? Numerical examples show that this works well in many cases

Can our Entanglement Hamiltonian Tomography measure BW?

M. Dalmonte et al., Nat. Phys. (2018).
G. Giudici et al. PRB (2018).



EHT applied to ground states … in light of Bisognano-Wichmann on lattice

Ansatz for the entanglement Hamiltonian: 

J̃ij =
#0 + #1(i+ j) + #2(i+ j)2

2|i� j|↵

<latexit sha1_base64="MDVXK9ViImkpmpVZxGUZsS2FJSs="></latexit>

B̃i = B(#0 + #1i+ #2i
2)

<latexit sha1_base64="+0A8XN8T4Ft4NE57l3mi7UqcGlo="></latexit>

where we choose a parabolic deformation

System Hamiltonian
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<latexit sha1_base64="brFroUrnoIOFedTS5b1VUaLDBAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVW9m2q9Vas0SB5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xe4ya</latexit>

200

<latexit sha1_base64="l4yyeSGjw0O/loKqHPLgSD89FP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHmquOyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uwxs/EypJkSu2WhSmkmBMFn+TkdCcoZxZQpkW9lbCJlRThjadkg3BW395k3RqVa9ebdzXK02Sx1GEC7iEa/CgAU24gxa0gcEYnuEV3hzpvDjvzseqteDkM+fwB87nD1EQjRI=</latexit>

200

<latexit sha1_base64="l4yyeSGjw0O/loKqHPLgSD89FP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHmquOyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uwxs/EypJkSu2WhSmkmBMFn+TkdCcoZxZQpkW9lbCJlRThjadkg3BW395k3RqVa9ebdzXK02Sx1GEC7iEa/CgAU24gxa0gcEYnuEV3hzpvDjvzseqteDkM+fwB87nD1EQjRI=</latexit>

200

<latexit sha1_base64="l4yyeSGjw0O/loKqHPLgSD89FP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHmquOyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uwxs/EypJkSu2WhSmkmBMFn+TkdCcoZxZQpkW9lbCJlRThjadkg3BW395k3RqVa9ebdzXK02Sx1GEC7iEa/CgAU24gxa0gcEYnuEV3hzpvDjvzseqteDkM+fwB87nD1EQjRI=</latexit>

0

<latexit sha1_base64="brFroUrnoIOFedTS5b1VUaLDBAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVW9m2q9Vas0SB5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xe4ya</latexit>

0

<latexit sha1_base64="brFroUrnoIOFedTS5b1VUaLDBAk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSyx2WK27VXYJsEi8nFcjRHJa/BqOYpRFKwwTVuu+5ifEzqgxnAuelQaoxoWxKx9i3VNIItZ8tD52TK6uMSBgrW9KQpfp7IqOR1rMosJ0RNRO97i3E/7x+asJbP+MySQ1KtloUpoKYmCy+JiOukBkxs4Qyxe2thE2ooszYbEo2BG/95U3SqVW9m2q9Vas0SB5HES7gEq7Bgzo04B6a0AYGCM/wCm/Oo/PivDsfq9aCk8+cwx84nz9xe4ya</latexit>

200

<latexit sha1_base64="l4yyeSGjw0O/loKqHPLgSD89FP8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKoR4LXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeY3i787hPXRsTqEWcJ9yM6ViIUjKKVHmquOyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uwxs/EypJkSu2WhSmkmBMFn+TkdCcoZxZQpkW9lbCJlRThjadkg3BW395k3RqVa9ebdzXK02Sx1GEC7iEa/CgAU24gxa0gcEYnuEV3hzpvDjvzseqteDkM+fwB87nD1EQjRI=</latexit>

NM

<latexit sha1_base64="Wjbfmsu/FFszYUUOpBQitaun5Yg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCFy9KRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8fXMbz9xbUSsHnGScD+iQyVCwSha6eGuf9svV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt+eZW0LqreZbV2f1mpkzyOIpzAKZyDBzWoww00oAkMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8A7xeNeg==</latexit>

N
U

<latexit sha1_base64="kMq/qAPYKyBzO7DC2HCjqsnHoS0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUI8FL56komkLbSib7bRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hY3Nre6e4W9rbPzg8Kh+ftHScKoY+i0WsOiHVKLhE33AjsJMopFEosB1ObuZ++wmV5rF8NNMEg4iOJB9yRo2VHu76fr9ccavuAmSdeDmpQI5mv/zVG8QsjVAaJqjWXc9NTJBRZTgTOCv1Uo0JZRM6wq6lkkaog2xx6oxcWGVAhrGyJQ1ZqL8nMhppPY1C2xlRM9ar3lz8z+umZngdZFwmqUHJlouGqSAmJvO/yYArZEZMLaFMcXsrYWOqKDM2nZINwVt9eZ20rqperVq/r1UaJI+jCGdwDpfgQR0acAtN8IHBCJ7hFd4c4bw4787HsrXg5DOn8AfO5w/7N42C</latexit>

NM

<latexit sha1_base64="Wjbfmsu/FFszYUUOpBQitaun5Yg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCFy9KRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8fXMbz9xbUSsHnGScD+iQyVCwSha6eGuf9svV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt+eZW0LqreZbV2f1mpkzyOIpzAKZyDBzWoww00oAkMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8A7xeNeg==</latexit>

NM

<latexit sha1_base64="Wjbfmsu/FFszYUUOpBQitaun5Yg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeCFy9KRfsBbSib7aZdutmE3YlQQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8fXMbz9xbUSsHnGScD+iQyVCwSha6eGuf9svV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkUjbvxsfuqUnFllQMJY21JI5urviYxGxkyiwHZGFEdm2ZuJ/3ndFMMrPxMqSZErtlgUppJgTGZ/k4HQnKGcWEKZFvZWwkZUU4Y2nZINwVt+eZW0LqreZbV2f1mpkzyOIpzAKZyDBzWoww00oAkMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8A7xeNeg==</latexit>
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<latexit sha1_base64="a09T9bVLREBUjwlRYq7ACwKF5fQ=">AAAB63icbVBNSwMxEJ2tX7V+VT16CVbBU9m1hYqnghePFewHtEvJptk2NMkuSVYoS/+CFw+KePUPefPfmG33oK0PBh7vzTAzL4g508Z1v53CxubW9k5xt7S3f3B4VD4+6egoUYS2ScQj1QuwppxJ2jbMcNqLFcUi4LQbTO8yv/tElWaRfDSzmPoCjyULGcEmkxq3Xm1YrrhVdwG0TrycVCBHa1j+GowikggqDeFY677nxsZPsTKMcDovDRJNY0ymeEz7lkosqPbTxa1zdGmVEQojZUsatFB/T6RYaD0Tge0U2Ez0qpeJ/3n9xIQ3fspknBgqyXJRmHBkIpQ9jkZMUWL4zBJMFLO3IjLBChNj4ynZELzVl9dJ57rq1auNh3qleZHHUYQzOIcr8KABTbiHFrSBwASe4RXeHOG8OO/Ox7K14OQzp/AHzucP3W6NYw==</latexit>

T = 10ms

<latexit sha1_base64="rNQ4uuIblFVxynIY80/Igb05MvA=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WayCBymJFOpFKHjxWKFf0Iay2W7apZtN2J2oJfanePGgiFd/iTf/jds2B219MPB4b4aZeX4suAbH+bZya+sbm1v57cLO7t7+gV08bOkoUZQ1aSQi1fGJZoJL1gQOgnVixUjoC9b2xzczv33PlOaRbMAkZl5IhpIHnBIwUt8uNvA1dp3eRQ/YI6ShnvbtklN25sCrxM1ICWWo9+2v3iCiScgkUEG07rpODF5KFHAq2LTQSzSLCR2TIesaKknItJfOT5/iM6MMcBApUxLwXP09kZJQ60nom86QwEgvezPxP6+bQHDlpVzGCTBJF4uCRGCI8CwHPOCKURATQwhV3NyK6YgoQsGkVTAhuMsvr5LWZdmtlKt3lVLtNIsjj47RCTpHLqqiGrpFddREFD2gZ/SK3qwn68V6tz4WrTkrmzlCf2B9/gC6iZL0</latexit>

B = 0.78

<latexit sha1_base64="ZgK03og6VuT4NqJI9UZv12K9Bxg=">AAAB73icbVBNSwMxEJ3Ur1q/qh69hBbB07IrQnsRil48VrAf0C4lm2bb0Gx2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvCARXBvX/UaFjc2t7Z3ibmlv/+DwqHx80tZxqihr0VjEqhsQzQSXrGW4EaybKEaiQLBOMLmd+50npjSP5YOZJsyPyEjykFNirNS9wdfYdWr1QbnqOu4CeJ14OalCjuag/NUfxjSNmDRUEK17npsYPyPKcCrYrNRPNUsInZAR61kqScS0ny3uneFzqwxxGCtb0uCF+nsiI5HW0yiwnRExY73qzcX/vF5qwrqfcZmkhkm6XBSmApsYz5/HQ64YNWJqCaGK21sxHRNFqLERlWwI3urL66R96XhXTu3+qtqo5HEU4QwqcAEe1KABd9CEFlAQ8Ayv8IYe0Qt6Rx/L1gLKZ07hD9DnD4oajkA=</latexit>
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<latexit sha1_base64="fvDbXU3JBzKCFC/JRcCbiHavRow=">AAAB+3icdVDLSsNAFJ34rPUV69LN0CIISkjS2NRdwY24qmAf0JYymU7boZNJmJmIJeRX3LhQxK0/4s6/cfoQVPTAhcM593LvPUHMqFS2/WGsrK6tb2zmtvLbO7t7++ZBoSmjRGDSwBGLRDtAkjDKSUNRxUg7FgSFASOtYHI581t3REga8Vs1jUkvRCNOhxQjpaW+WegqygYkvc76KT2D9NTJ+mbJtqrl87JfgbblVaqO62vi+lX3woOOZc9RAkvU++Z7dxDhJCRcYYak7Dh2rHopEopiRrJ8N5EkRniCRqSjKUchkb10fnsGj7UygMNI6OIKztXvEykKpZyGge4MkRrL395M/MvrJGpY7aWUx4kiHC8WDRMGVQRnQcABFQQrNtUEYUH1rRCPkUBY6bjyOoSvT+H/pOlajmf5N16pVlzGkQNHoAhOgAN8UANXoA4aAIN78ACewLORGY/Gi/G6aF0xljOH4AeMt0+zW5Qm</latexit>

J̃i,i+2

<latexit sha1_base64="+W0h2SBt+ELDiEBTHMY3uhATkvk=">AAAB+3icdVDLSsNAFJ34rPVV69LN0CIISkjS2sRdwY24qmAf0IYwmUzboZMHMxOxhPyKGxeKuPVH3Pk3Th+Cih64cDjnXu69x08YFdIwPrSV1bX1jc3CVnF7Z3dvv3RQ7og45Zi0ccxi3vORIIxGpC2pZKSXcIJCn5GuP7mc+d07wgWNo1s5TYgbolFEhxQjqSSvVB5IygKSXedeRs8gPbVyr1Q1dKd2XrMb0NDrDce0bEUs27Eu6tDUjTmqYImWV3ofBDFOQxJJzJAQfdNIpJshLilmJC8OUkEShCdoRPqKRigkws3mt+fwWCkBHMZcVSThXP0+kaFQiGnoq84QybH47c3Ev7x+KoeOm9EoSSWJ8GLRMGVQxnAWBAwoJ1iyqSIIc6puhXiMOMJSxVVUIXx9Cv8nHUs367p9U682K8s4CuAIVMAJMIENmuAKtEAbYHAPHsATeNZy7VF70V4XrSvacuYQ/ID29gm04JQn</latexit>

B̃i

<latexit sha1_base64="VTAslYFMJmMAGsOzp3koRbvbPp4=">AAAB9HicdVDLSsNAFL2pr1pfVZduhhbBVUhLsS6LblxWsA9oQ5lMJu3QySTOTAol5DvcuFDErR/jzr9x0laoogcu93DOvcyd48WcKe04n1ZhY3Nre6e4W9rbPzg8Kh+fdFWUSEI7JOKR7HtYUc4E7WimOe3HkuLQ47TnTW9yvzejUrFI3Ot5TN0QjwULGMHaSO5QM+7T9DobpSwblauOXXdyoDVyuSQ1e9GdKqzQHpU/hn5EkpAKTThWalBzYu2mWGpGOM1Kw0TRGJMpHtOBoQKHVLnp4ugMnRvFR0EkTQmNFur6RopDpeahZyZDrCfqt5eLf3mDRAdXbspEnGgqyPKhIOFIRyhPAPlMUqL53BBMJDO3IjLBEhNtciqZEL5/iv4n3bpda9jNu0a1VVnFUYQzqMAF1KAJLbiFNnSAwAM8wjO8WDPryXq13pajBWu1cwo/YL1/AUV+klg=</latexit>
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<latexit sha1_base64="TvIXO7SDY9U7iDhLSSvNGXWWePE=">AAAB63icdVDLSsNAFL2pr1pfVZduhhbBVUii0LoruHHhoj76gDaUyXTSDp1JwsxEKKW/4MaFIm79IXf+jZM2gooeuHA4517uvSdIOFPacT6swsrq2vpGcbO0tb2zu1feP2irOJWEtkjMY9kNsKKcRbSlmea0m0iKRcBpJ5hcZH7nnkrF4uhOTxPqCzyKWMgI1pnk3VzdDspVx3YWQI59ep4Tr1bPiJtbVcjRHJTf+8OYpIJGmnCsVM91Eu3PsNSMcDov9VNFE0wmeER7hkZYUOXPFrfO0bFRhiiMpalIo4X6fWKGhVJTEZhOgfVY/fYy8S+vl+qw7s9YlKSaRmS5KEw50jHKHkdDJinRfGoIJpKZWxEZY4mJNvGUTAhfn6L/Sduz3TO7du1VG5U8jiIcQQVOwIUaNOASmtACAmN4gCd4toT1aL1Yr8vWgpXPHMIPWG+ffD+Nyg==</latexit>

PLS

<latexit sha1_base64="yi0xIGL9p6M8ipr3GwE+MOYsDc4=">AAAB6nicdVDLSgMxFL3xWeur6tJNaBFcDTNFrMuCGxcuKrUPaIeSSTNtaCYzJBmhDP0ENy4UcesXufNvzLQVquiBkMM593LvPUEiuDau+4nW1jc2t7YLO8Xdvf2Dw9LRcVvHqaKsRWMRq25ANBNcspbhRrBuohiJAsE6weQ69zsPTGkey3szTZgfkZHkIafEWKnZuG0OShXXqbo58Aq5XBDPmf9uBZZoDEof/WFM04hJQwXRuue5ifEzogyngs2K/VSzhNAJGbGepZJETPvZfNUZPrPKEIexsk8aPFdXOzISaT2NAlsZETPWv71c/MvrpSa88jMuk9QwSReDwlRgE+P8bjzkilEjppYQqrjdFdMxUYQam07RhvB9Kf6ftKuOd+HU7qqVenkZRwFOoQzn4EEN6nADDWgBhRE8wjO8IIGe0Ct6W5SuoWXPCfwAev8C7MSNeQ==</latexit>

EH

<latexit sha1_base64="uWfLQCNYJOo8rs4F6slIxm9+1is=">AAAB6XicdVDLSgNBEOyNrxhfUY9ehgTB07K7idl4C4iQYxQTA8kSZiezyZDZBzOzQljyB148KOLVP/Lm3zh5CCpa0FBUddPd5SecSWVZH0ZubX1jcyu/XdjZ3ds/KB4edWScCkLbJOax6PpYUs4i2lZMcdpNBMWhz+mdP7mc+3f3VEgWR7dqmlAvxKOIBYxgpaWbq+agWLbMeuW84taQZVZrddtxNXHcunNRRbZpLVCGFVqD4nt/GJM0pJEiHEvZs61EeRkWihFOZ4V+KmmCyQSPaE/TCIdUetni0hk61coQBbHQFSm0UL9PZDiUchr6ujPEaix/e3PxL6+XqqDuZSxKUkUjslwUpBypGM3fRkMmKFF8qgkmgulbERljgYnS4RR0CF+fov9JxzHtquleO+VGaRVHHk6gBGdggwsNaEIL2kAggAd4gmdjYjwaL8brsjVnrGaO4QeMt0+pZI1f</latexit>
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<latexit sha1_base64="Nw8sMhPywX4ONSJ2vShyt51KzyI=">AAAB7nicbVBNS8NAEJ34WetX1aOXpUXwYkmkUI8FLx4r2A9oY9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+OxubW9s7u4W94v7B4dFx6eS0beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVOp77mF3VZ4NSxa26C5B14uWkAjmag9JXfxizNOIKmaTG9Dw3QT+jGgWTfFbsp4YnlE3oiPcsVTTixs8W587IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtoQvNWX10n7uurVqvX7WqVRzuMowDmU4RI8qEMD7qAJLWAwgWd4hTcncV6cd+dj2brh5DNn8AfO5w8+I47F</latexit>

NA = 8

<latexit sha1_base64="9Q3rldI/Dg/XTHHDciiyeGwlHpg=">AAAB7nicbVDLSgNBEOyNrxhfUY9ehgTBU9gVIbkIES+eJIJ5QLKE2UknGTI7u8zMCmHJR3jxoIhXv8ebf+Mk2YMmFjQUVd10dwWx4Nq47reT29jc2t7J7xb29g8Oj4rHJy0dJYphk0UiUp2AahRcYtNwI7ATK6RhILAdTG7nfvsJleaRfDTTGP2QjiQfckaNldr3/RtyTWr9YtmtuAuQdeJlpAwZGv3iV28QsSREaZigWnc9NzZ+SpXhTOCs0Es0xpRN6Ai7lkoaovbTxbkzcm6VARlGypY0ZKH+nkhpqPU0DGxnSM1Yr3pz8T+vm5hhzU+5jBODki0XDRNBTETmv5MBV8iMmFpCmeL2VsLGVFFmbEIFG4K3+vI6aV1WvKtK9eGqXC9lceThDEpwAR5UoQ530IAmMJjAM7zCmxM7L86787FszTnZzCn8gfP5A4hRjk0=</latexit>

(a)

<latexit sha1_base64="Lw7V4AUn7YcOwUlF6R49wsb51b0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMSL2FXAvEY8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8NNMY/ZCOJB9yRo2VHsr0ql8suRV3AbJOvIyUIEOjX/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM7zxUy7jxKBky0XDRBATkfnfZMAVMiOmllCmuL2VsDFVlBmbTsGG4K2+vE5a1xWvWqndV0v1yyyOPJzBOZTBgxrU4Q4a0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz+De404</latexit>

(b)

<latexit sha1_base64="G5kAPZcOqvI/zbo8arXvRjtAG5g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMSL2FXAvEY8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8NNMY/ZCOJB9yRo2VHsrBVb9YcivuAmSdeBkpQYZGv/jVG0QsCVEaJqjWXc+NjZ9SZTgTOCv0Eo0xZRM6wq6lkoao/XRx6oxcWGVAhpGyJQ1ZqL8nUhpqPQ0D2xlSM9ar3lz8z+smZnjjp1zGiUHJlouGiSAmIvO/yYArZEZMLaFMcXsrYWOqKDM2nYINwVt9eZ20ritetVK7r5bql1kceTiDcyiDBzWowx00oAkMRvAMr/DmCOfFeXc+lq05J5s5hT9wPn8AhQCNOQ==</latexit>

(c)

<latexit sha1_base64="RRvQTx8STVoLWq/+QF4bVz3/1VE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMSL2FXAvEY8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8NNMY/ZCOJB9yRo2VHsrsql8suRV3AbJOvIyUIEOjX/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM7zxUy7jxKBky0XDRBATkfnfZMAVMiOmllCmuL2VsDFVlBmbTsGG4K2+vE5a1xWvWqndV0v1yyyOPJzBOZTBgxrU4Q4a0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz+GhY06</latexit>
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<latexit sha1_base64="TvIXO7SDY9U7iDhLSSvNGXWWePE=">AAAB63icdVDLSsNAFL2pr1pfVZduhhbBVUii0LoruHHhoj76gDaUyXTSDp1JwsxEKKW/4MaFIm79IXf+jZM2gooeuHA4517uvSdIOFPacT6swsrq2vpGcbO0tb2zu1feP2irOJWEtkjMY9kNsKKcRbSlmea0m0iKRcBpJ5hcZH7nnkrF4uhOTxPqCzyKWMgI1pnk3VzdDspVx3YWQI59ep4Tr1bPiJtbVcjRHJTf+8OYpIJGmnCsVM91Eu3PsNSMcDov9VNFE0wmeER7hkZYUOXPFrfO0bFRhiiMpalIo4X6fWKGhVJTEZhOgfVY/fYy8S+vl+qw7s9YlKSaRmS5KEw50jHKHkdDJinRfGoIJpKZWxEZY4mJNvGUTAhfn6L/Sduz3TO7du1VG5U8jiIcQQVOwIUaNOASmtACAmN4gCd4toT1aL1Yr8vWgpXPHMIPWG+ffD+Nyg==</latexit>

PLS

<latexit sha1_base64="yi0xIGL9p6M8ipr3GwE+MOYsDc4=">AAAB6nicdVDLSgMxFL3xWeur6tJNaBFcDTNFrMuCGxcuKrUPaIeSSTNtaCYzJBmhDP0ENy4UcesXufNvzLQVquiBkMM593LvPUEiuDau+4nW1jc2t7YLO8Xdvf2Dw9LRcVvHqaKsRWMRq25ANBNcspbhRrBuohiJAsE6weQ69zsPTGkey3szTZgfkZHkIafEWKnZuG0OShXXqbo58Aq5XBDPmf9uBZZoDEof/WFM04hJQwXRuue5ifEzogyngs2K/VSzhNAJGbGepZJETPvZfNUZPrPKEIexsk8aPFdXOzISaT2NAlsZETPWv71c/MvrpSa88jMuk9QwSReDwlRgE+P8bjzkilEjppYQqrjdFdMxUYQam07RhvB9Kf6ftKuOd+HU7qqVenkZRwFOoQzn4EEN6nADDWgBhRE8wjO8IIGe0Ct6W5SuoWXPCfwAev8C7MSNeQ==</latexit>

EH

<latexit sha1_base64="uWfLQCNYJOo8rs4F6slIxm9+1is=">AAAB6XicdVDLSgNBEOyNrxhfUY9ehgTB07K7idl4C4iQYxQTA8kSZiezyZDZBzOzQljyB148KOLVP/Lm3zh5CCpa0FBUddPd5SecSWVZH0ZubX1jcyu/XdjZ3ds/KB4edWScCkLbJOax6PpYUs4i2lZMcdpNBMWhz+mdP7mc+3f3VEgWR7dqmlAvxKOIBYxgpaWbq+agWLbMeuW84taQZVZrddtxNXHcunNRRbZpLVCGFVqD4nt/GJM0pJEiHEvZs61EeRkWihFOZ4V+KmmCyQSPaE/TCIdUetni0hk61coQBbHQFSm0UL9PZDiUchr6ujPEaix/e3PxL6+XqqDuZSxKUkUjslwUpBypGM3fRkMmKFF8qgkmgulbERljgYnS4RR0CF+fov9JxzHtquleO+VGaRVHHk6gBGdggwsNaEIL2kAggAd4gmdjYjwaL8brsjVnrGaO4QeMt0+pZI1f</latexit>
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B = 0.88

<latexit sha1_base64="6W3c3aFsNY2cQJIC/lFDXWLuXEY=">AAAB73icdVDLSgMxFL1TX7W+qi7dhBbB1TCjhdaFUHTjsoJ9QDuUTJppQzOZaZIRytCfcONCEbf+jjv/xrQdwYoeCJyccy/33uPHnCntOJ9Wbm19Y3Mrv13Y2d3bPygeHrVUlEhCmyTikez4WFHOBG1qpjntxJLi0Oe07Y9v5n77gUrFInGvpzH1QjwULGAEayN1rtEVcuxarV8sO7azgPlfXK4SN7PKkKHRL370BhFJQio04VipruvE2kux1IxwOiv0EkVjTMZ4SLuGChxS5aWLfWfo1CgDFETSPKHRQv3ZkeJQqWnom8oQ65H67c3Fv7xuooOalzIRJ5oKshwUJBzpCM2PRwMmKdF8aggmkpldERlhiYk2ERVMCN+Xov9J69x2K3b1rlKul7I48nACJTgDF6pQh1toQBMIcHiEZ3ixJtaT9Wq9LUtzVtZzDCuw3r8ArhmOWQ==</latexit>

B = 0.7

<latexit sha1_base64="SOLpnwd6hfPWUml/nVAr9AhxPII=">AAAB7nicdVDLSgMxFL3js9ZX1aWb0CK4GmZKsW6EohuXFewD2qFk0kwbmkmGJCOUoR/hxoUibv0ed/6NmbZCFT0QcjjnXu69J0w408bzPp219Y3Nre3CTnF3b//gsHR03NYyVYS2iORSdUOsKWeCtgwznHYTRXEcctoJJze533mgSjMp7s00oUGMR4JFjGBjpc41ukKeWx+UKp5b9XKgFXKxIL47/70KLNEclD76Q0nSmApDONa653uJCTKsDCOczor9VNMEkwke0Z6lAsdUB9l83Rk6s8oQRVLZJwyaq6sdGY61nsahrYyxGevfXi7+5fVSE10GGRNJaqggi0FRypGRKL8dDZmixPCpJZgoZndFZIwVJsYmVLQhfF+K/iftquvX3PpdrdIoL+MowCmU4Rx8qEMDbqEJLSAwgUd4hhcncZ6cV+dtUbrmLHtO4Aec9y8dZI4I</latexit>

B = 0.8

<latexit sha1_base64="6XVgL40bM8DT6XLj4qKkJMs+izc=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LC2Cp5BoofUgFL14rGDaQhvKZrtpl242YXcjlNAf4cWDIl79Pd78N27bCFb0wcLb92aYmRcknCntOJ9WYW19Y3OruF3a2d3bPygfHrVVnEpCPRLzWHYDrChngnqaaU67iaQ4CjjtBJObud95oFKxWNzraUL9CI8ECxnB2kida3SFHLsxKFcd21nAfC8uV4mbW1XI0RqUP/rDmKQRFZpwrFTPdRLtZ1hqRjidlfqpogkmEzyiPUMFjqjys8W6M3RqlCEKY2me0Gih/uzIcKTUNApMZYT1WP325uJfXi/VYcPPmEhSTQVZDgpTjnSM5rejIZOUaD41BBPJzK6IjLHERJuESiaE70vR/6R9brs1u35XqzYreRxFOIEKnIELdWjCLbTAAwITeIRneLES68l6td6WpQUr7zmGFVjvXzL0jhc=</latexit>

B = 0.6

<latexit sha1_base64="z9QqLlK1V0DyB2M+Xou3DUpqpFg=">AAAB7nicdVDLSsNAFL3xWeur6tLN0CK4Com2thuh6MZlBfuANpTJdNIOnUzCzEQooR/hxoUibv0ed/6N0zSCih4YOHPOvdx7jx9zprTjfFgrq2vrG5uFreL2zu7efungsKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3q98Lv3VCoWiTs9i6kX4rFgASNYG6l7hS6RY18MSxXHbtQdA/OtVXNyXsuIazsZKpCjNSy9D0YRSUIqNOFYqb7rxNpLsdSMcDovDhJFY0ymeEz7hgocUuWl2bpzdGKUEQoiaZ7QKFO/d6Q4VGoW+qYyxHqifnsL8S+vn+ig4aVMxImmgiwHBQlHOkKL29GISUo0nxmCiWRmV0QmWGKiTUJFE8LXpeh/0jmz3apdv61WmuU8jgIcQxlOwYU6NOEGWtAGAlN4gCd4tmLr0XqxXpelK1becwQ/YL19AjxBjh0=</latexit>

(a)

<latexit sha1_base64="Lw7V4AUn7YcOwUlF6R49wsb51b0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMSL2FXAvEY8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8NNMY/ZCOJB9yRo2VHsr0ql8suRV3AbJOvIyUIEOjX/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM7zxUy7jxKBky0XDRBATkfnfZMAVMiOmllCmuL2VsDFVlBmbTsGG4K2+vE5a1xWvWqndV0v1yyyOPJzBOZTBgxrU4Q4a0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz+De404</latexit>

(b)

<latexit sha1_base64="G5kAPZcOqvI/zbo8arXvRjtAG5g=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMSL2FXAvEY8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8NNMY/ZCOJB9yRo2VHsrBVb9YcivuAmSdeBkpQYZGv/jVG0QsCVEaJqjWXc+NjZ9SZTgTOCv0Eo0xZRM6wq6lkoao/XRx6oxcWGVAhpGyJQ1ZqL8nUhpqPQ0D2xlSM9ar3lz8z+smZnjjp1zGiUHJlouGiSAmIvO/yYArZEZMLaFMcXsrYWOqKDM2nYINwVt9eZ20ritetVK7r5bql1kceTiDcyiDBzWowx00oAkMRvAMr/DmCOfFeXc+lq05J5s5hT9wPn8AhQCNOQ==</latexit>

(c)

<latexit sha1_base64="RRvQTx8STVoLWq/+QF4bVz3/1VE=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMSL2FXAvEY8OIxonlAsoTZSScZMju7zMwKYcknePGgiFe/yJt/4yTZgyYWNBRV3XR3BbHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSnYBqFFxi03AjsBMrpGEgsB1Mbud++wmV5pF8NNMY/ZCOJB9yRo2VHsrsql8suRV3AbJOvIyUIEOjX/zqDSKWhCgNE1TrrufGxk+pMpwJnBV6icaYsgkdYddSSUPUfro4dUYurDIgw0jZkoYs1N8TKQ21noaB7QypGetVby7+53UTM7zxUy7jxKBky0XDRBATkfnfZMAVMiOmllCmuL2VsDFVlBmbTsGG4K2+vE5a1xWvWqndV0v1yyyOPJzBOZTBgxrU4Q4a0AQGI3iGV3hzhPPivDsfy9ack82cwh84nz+GhY06</latexit>

10�7

<latexit sha1_base64="Nw8sMhPywX4ONSJ2vShyt51KzyI=">AAAB7nicbVBNS8NAEJ34WetX1aOXpUXwYkmkUI8FLx4r2A9oY9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+OxubW9s7u4W94v7B4dFx6eS0beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVOp77mF3VZ4NSxa26C5B14uWkAjmag9JXfxizNOIKmaTG9Dw3QT+jGgWTfFbsp4YnlE3oiPcsVTTixs8W587IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtoQvNWX10n7uurVqvX7WqVRzuMowDmU4RI8qEMD7qAJLWAwgWd4hTcncV6cd+dj2brh5DNn8AfO5w8+I47F</latexit>

0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
0

0.2

0.4

0.6

0.8

1

B

e�
⇠ ↵

ED

EHT

0.5 0.6 0.7 0.8 0.9

5

10

15

B

⇠ ↵

10�7

<latexit sha1_base64="Nw8sMhPywX4ONSJ2vShyt51KzyI=">AAAB7nicbVBNS8NAEJ34WetX1aOXpUXwYkmkUI8FLx4r2A9oY9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+OxubW9s7u4W94v7B4dFx6eS0beJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVOp77mF3VZ4NSxa26C5B14uWkAjmag9JXfxizNOIKmaTG9Dw3QT+jGgWTfFbsp4YnlE3oiPcsVTTixs8W587IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMbzxM6GSFLliy0VhKgnGZP47GQrNGcqpJZRpYW8lbEw1ZWgTKtoQvNWX10n7uurVqvX7WqVRzuMowDmU4RI8qEMD7qAJLWAwgWd4hTcncV6cd+dj2brh5DNn8AfO5w8+I47F</latexit>

B = 0.68

<latexit sha1_base64="75ThNfqJ9AIlSW7h7pIRKX2wBtM=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07IrYnsRil48VrAf0C4lm2bb0GyyJlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NIyVYQ2ieRSdUKsKWeCNg0znHYSRXEcctoOx7czv/1ElWZSPJhJQoMYDwWLGMHGSp0bdI0896rWL1c815sDrRI/JxXI0eiXv3oDSdKYCkM41rrre4kJMqwMI5xOS71U0wSTMR7SrqUCx1QH2fzeKTqzygBFUtkSBs3V3xMZjrWexKHtjLEZ6WVvJv7ndVMT1YKMiSQ1VJDFoijlyEg0ex4NmKLE8IklmChmb0VkhBUmxkZUsiH4yy+vktaF61+61fvLSh3lcRThBE7hHHyoQh3uoAFNIMDhGV7hzXl0Xpx352PRWnDymWP4A+fzB4f7jj0=</latexit>

B = 0.78

<latexit sha1_base64="VJLWNNVHVUW6ujoRXWFe7Ws54rY=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07IrhfYiFL14rGA/oF1KNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLmd+50nqjSL5YOZJjQQeCRZxAg2VureoGvkubX6oFzxXG8BtE78nFQgR3NQ/uoPY5IKKg3hWOue7yUmyLAyjHA6K/VTTRNMJnhEe5ZKLKgOssW9M3RhlSGKYmVLGrRQf09kWGg9FaHtFNiM9ao3F//zeqmJ6kHGZJIaKslyUZRyZGI0fx4NmaLE8KklmChmb0VkjBUmxkZUsiH4qy+vk/aV61fd2n210kB5HEU4g3O4BB9q0IA7aEILCHB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AYmAjj4=</latexit>

B = 0.88

<latexit sha1_base64="4OTzP8+aEl1Kk7BaUIXqp+/uej0=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbB07IrhfYiFL14rGA/oF1KNs22oUl2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDDhTBvP+3YKG5tb2zvF3dLe/sHhUfn4pK3jVBHaIjGPVTfEmnImacsww2k3URSLkNNOOLmd+50nqjSL5YOZJjQQeCRZxAg2VureoGvkufX6oFzxXG8BtE78nFQgR3NQ/uoPY5IKKg3hWOue7yUmyLAyjHA6K/VTTRNMJnhEe5ZKLKgOssW9M3RhlSGKYmVLGrRQf09kWGg9FaHtFNiM9ao3F//zeqmJ6kHGZJIaKslyUZRyZGI0fx4NmaLE8KklmChmb0VkjBUmxkZUsiH4qy+vk/aV61fd2n210kB5HEU4g3O4BB9q0IA7aEILCHB4hld4cx6dF+fd+Vi2Fpx85hT+wPn8AYsFjj8=</latexit>

2RLS

<latexit sha1_base64="b022TLkegZeSdytFbxv4dTlhuE0=">AAAB63icdVDLSgMxFM3UV62vqks3oUVwVWbGlml3BTcuXNRHH9AOJZNm2tAkMyQZoQz9BTcuFHHrD7nzb8y0FVT0wIXDOfdy7z1BzKjStv1h5dbWNza38tuFnd29/YPi4VFHRYnEpI0jFslegBRhVJC2ppqRXiwJ4gEj3WB6kfndeyIVjcSdnsXE52gsaEgx0pnk3lzdDotlu+JUG7Zdg4a45w2vakjNrXv1GnQq9gJlsEJrWHwfjCKccCI0ZkipvmPH2k+R1BQzMi8MEkVihKdoTPqGCsSJ8tPFrXN4apQRDCNpSmi4UL9PpIgrNeOB6eRIT9RvLxP/8vqJDut+SkWcaCLwclGYMKgjmD0OR1QSrNnMEIQlNbdCPEESYW3iKZgQvj6F/5OOa4KqeNduuVlaxZEHJ6AEzoADPNAEl6AF2gCDCXgAT+DZ4taj9WK9Lltz1mrmGPyA9fYJxdWN/Q==</latexit>

a)
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Revealing new physics in quench dynamics

CFT predicts corrections to EH as `distortion of the 
system Hamiltonian’. Can we detect them?

We simulate a global quench in the transverse field 
Ising model ( )η → ∞
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Ansatz for the entanglement Hamiltonian: 

with        motivated from the local lattice 
momenta 
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Conclusions and Outlook

• Revealing and quantifying entanglement as 
a key challenge in quantum simulation

Randomized measurement toolbox
Protocols: from entanglement entropies 
to entanglement Hamiltonian tomography
Tailored to today’s quantum simulation platforms
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Randomized measurement toolbox
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Figure 4: Domain statistics and reconstructed single shot images of 53 spins. (a) Top and bottom: reconstructed
images based on binary detection of spin state (see Appendix E).The top image shows a chain of 53 ions in bright spin states.
The other three images show 53 ions in combinations of bright and dark spin states. Center: statistics of the sizes of domains,
or blocks with spins pointing along the same direction. Histograms are plotted on a logarithmic scale, to visualize the rare
regions with large domains. Dashed lines are fits to exponential functions, which could be expected for infinite-temperature
thermal state. Long tails of deviations are clearly visible, and varies depending on B̃z/J0. (b) Mean of the largest domain sizes
in each single experimental shot. Error bars are the standard deviation of the mean (see Appendix F). Dashed lines represent
a piecewise linear fit, from which we extract the transition point (see text). The green, yellow, and red data points correspond
to the transverse fields shown in the domain statistics data on the left.

The occurrence of long domains of correlated spins in
the state |"ix (fluorescing spins) signifies the fully po-
larized initial state, where the correlations in the initial
state are largely preserved by the interactions. With an
increasing transverse field, the absence of spin-ordering
is reflected by exponentially small probabilities for ob-
serving long strings. We plot the domain length statis-
tics in Fig. 4a at late times (see Appendix F), for three
example transverse field strengths, B̃z/J0 = (0.1, 1.0,
1.6). The dashed lines in Fig. 4a are fits to exponen-
tials on the histogram of domain sizes. The rare occur-
rence of especially large domains (e.g. the red boxes in
Fig. 4a) shows the existence of many-body high-order
correlations, where the order is given by the length of
the domain. We plot the mean of the largest domain size
in Fig. 4b, as a function of the normalized transverse field
strength. The average longest domain size ranges from
12 to 20, and shows a sharp transition across the critical
point of the DPT. We fit this observable to a piecewise
linear function, and extract the critical point to be B̃z/J0

= 0.89(7). For more details, see Appendix F.
The DPT studied here, with up to 53 trapped ion

qubits, is the largest quantum simulation ever performed
with high-e�ciency single shot individual qubit measure-
ments. This gives access to arbitrary many-body corre-
lators that carry information that is di�cult or impossi-
ble to model classically. This experimental platform can
be extended to tackle provably hard quantum problems
such as Ising sampling [36]. Given an even higher level
of control over the interactions between spins, as already
demonstrated for smaller numbers of trapped ion qubits
[37], this same system can be upgraded to a universal
quantum computer.

APPENDIX A: CONFINEMENT OF LONG ION
CHAINS

The ion chain is confined in a 3-layer linear Paul trap
with ⌫cm = 4.85 MHz transverse center-of-mass motional
frequency [30]. The harmonic axial confinement is kept
low enough so that the lowest energy conformation of the
ions is linear; for 8� 16 ions the axial center-of-mass fre-
quency is ⇠ 400 kHz and for 53 ions it is ⇠ 200 kHz. The
ion spacing is anisotropic across the chain, with typical
spacings of 1.5 µm at the center of the chain and 3.5 µm
at either end [38].

The e↵ective lifetime of an ion chain is limited by
Langevin collisions with the residual background gas in
the UHV apparatus [39], which in general re-orders the
crystal but can also melt the crystal and even ultimately
eject the ions from rf-heating or other mechanisms. This
can be mitigated by quickly re-cooling the chain, and
we expect that occasionally the crystal returns without
notice. Rarely, such collisions with the background gas
are inelastic, either populating the 171Yb+ ion in the
metastable F7/2 state or forming a YbH+ molecule. The
355 nm Raman laser quickly returns the ions back to their
atomic ground state manifold, with a small probability
of creating doubly-charged ions. The mean time between
Langevin collisions is expected to be of order 1 collision
per hour per trapped ion, and we expect that the mean
lifetime for a chain of ions might therefore scale inversely
with the number of ions. For 53 ions we observe an av-
erage lifetime of about 5 minutes. However, we observe
rare events where a long ion chain survives for about 30
minutes. We speculate that either the chain is consis-
tently re-captured instantaneously, or the local pressure
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