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Optimal and Variational Quantum Metrology

• Entanglement enhanced quantum sensing


• At the interface of quantum information, 
precision measurement & quantum simulation

• identify optimal sensors* allowed by quantum physics

Topics of interest:

*optimality is task-specific: metrological cost-function• implement via variational algorithm/quantum circuits

• Bayesian approach [vs. Fisher] (single shot measurement)
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Optimal metrology with programmable 
quantum sensors

Christian D. Marciniak1,5, Thomas Feldker1,5, Ivan Pogorelov1, Raphael Kaubruegger2,3, 
Denis V. Vasilyev2,3, Rick van Bijnen2,3, Philipp Schindler1, Peter Zoller2,3, Rainer Blatt1,2 & 
Thomas Monz1,4 ✉

Quantum sensors are an established technology that has created new opportunities 
for precision sensing across the breadth of science. Using entanglement for quantum 
enhancement will allow us to construct the next generation of sensors that can 
approach the fundamental limits of precision allowed by quantum physics. However, 
determining how state-of-the-art sensing platforms may be used to converge to these 
ultimate limits is an outstanding challenge. Here we merge concepts from the !eld of 
quantum information processing with metrology, and successfully implement 
experimentally a programmable quantum sensor operating close to the fundamental 
limits imposed by the laws of quantum mechanics. We achieve this by using 
low-depth, parametrized quantum circuits implementing optimal input states and 
measurement operators for a sensing task on a trapped-ion experiment. With 26 ions, 
we approach the fundamental sensing limit up to a factor of 1.45 ± 0.01, 
outperforming conventional spin-squeezing with a factor of 1.87 ± 0.03. Our approach 
reduces the number of averages to reach a given Allan deviation by a factor of 
1.59 ± 0.06 compared with traditional methods not using entanglement-enabled 
protocols. We further perform on-device quantum-classical feedback optimization to 
‘self-calibrate’ the programmable quantum sensor with comparable performance. 
This ability illustrates that this next generation of quantum sensor can be used 
without previous knowledge of the device or its noise environment.

Quantum sensing, that is using quantum systems to enable or enhance 
sensing, is arguably the most mature quantum technology so far. Quan-
tum sensors have already found applications in many disciplines. Most 
of these sensors are ‘quantum-enabled’, that is, they use the properties 
of a quantum system to perform a metrological task. Such applications 
have expanded rapidly in fields such as biology1,2, medicine3, chemistry4 
or precision navigation5 alongside traditional applications in physics 
such as inertial sensing6–8 or timekeeping9. Quantum-enabled sensors 
perform close to or at the standard quantum limit (SQL) that originates 
from the quantum noise of the classical states used to initialize them. 
The latest generation of sensing technologies is going beyond the SQL 
by using entangled states. These ‘quantum-enhanced’ sensors are used 
in gravitational wave astronomy10, enable the long-standing photo-
damage limit in life science microscopy to be exceeded11 and promise 
improved atomic clocks12. However, these existing quantum-enhanced 
sensors, while beating the SQL, do not come close to what is ultimately 
allowed by quantum mechanics13. Convergence to this ultimate bound 
is an open challenge in sensing14.

A parallel development in quantum technology that has seen mas-
sive progress alongside quantum sensing is quantum information 
processing, pursuing a ‘quantum advantage’ in computation and simu-
lation on near-term hardware15. A crucial capability that has been devel-
oped in this context is the targeted creation of entangled many-body 

states16–20. A promising strategy is to use low-depth variational quan-
tum circuits through hybrid quantum-classical algorithms21–24. Inte-
grating this ability to program tailored entanglement into all aspects 
of sensing—including measurement protocols25,26—will allow the con-
struction of the next generation of sensors, able to closely approach 
fundamental sensing limits. The concept of such a ‘programmable 
quantum sensor’ can be implemented on a great variety of hardware 
platforms, and is applicable to a wide range of sensing tasks. Moreover, 
their programmability makes such sensors amenable to on-device 
variational optimization of their performance, enabling an optimal 
usage of entanglement even on noisy and non-universal present-day 
quantum hardware.

Here we demonstrate the experimental implementation of a pro-
grammable quantum sensor27 performing close to the optimal with 
respect to the absolute quantum limit in sensing. We consider optimal 
quantum interferometery on trapped ions as a specific but highly per-
tinent example that promises applications ranging from improving 
atomic clocks and the global positioning system to magnetometry and 
inertial sensing. Our general approach is to define a cost function for the 
sensing task relative to which optimality is defined. We use low-depth 
variational quantum circuits to search for and obtain optimal input 
states and measurement operators on the programmable sensor. This 
allows us to apply on-device quantum-classical feedback optimization, 
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We discuss quantum variational optimization of Ramsey interferometry with ensembles of N entangled
atoms, and its application to atomic clocks based on a Bayesian approach to phase estimation. We identify
best input states and generalized measurements within a variational approximation for the corresponding
entangling and decoding quantum circuits. These circuits are built from basic quantum operations available
for the particular sensor platform, such as one-axis twisting, or finite range interactions. Optimization is
defined relative to a cost function, which in the present study is the Bayesian mean squared error of the
estimated phase for a given prior distribution; i.e., we optimize for a finite dynamic range of the
interferometer. In analogous variational optimizations of optical atomic clocks, we use the Allan deviation
for a given Ramsey interrogation time as the relevant cost function for the long-term instability.
Remarkably, even low-depth quantum circuits yield excellent results that closely approach the fundamental
quantum limits for optimal Ramsey interferometry and atomic clocks. The quantum metrological schemes
identified here are readily applicable to atomic clocks based on optical lattices, tweezer arrays, or trapped
ions. While in the present work variationally optimized circuits are found with classical simulations,
optimization can also be performed “on” the (physical) quantum sensor, also in regimes not accessible to
classical computations and in the presence of imperfections.

DOI: 10.1103/PhysRevX.11.041045 Subject Areas: Quantum Physics, Quantum Information

I. INTRODUCTION

Recent progress in quantum technology of sensors has
provided us with the most precise measurement devices
available in physical sciences. Examples include the
development of optical clocks [1], atom [2] and light [3]
interferometers, and magnetic field sensing [4]. These
achievements have opened the door to novel applications
from the practical to the scientific. Atomic clocks and
atomic interferometers allow height measurements in
relativistic geodesy [5–8] or fundamental tests of our
understanding of the laws of nature [9–11], such as time
variation of the fine structure constant. In the continuing
effort to push the boundaries of quantum sensing, entan-
glement as a key element of quantum physics gives the
opportunity to reduce quantum fluctuations inherent in
quantum measurements below the standard quantum
limit (SQL), i.e., what is possible with uncorrelated

constituents [12]. Squeezed light improves gravitational
wave detection [13], allows life science microscopy below
the photodamage limit [14], and further, squeezing has
been demonstrated in atom interferometers [15–30].
However, beyond the SQL, quantum physics imposes
ultimate limits on quantum sensing, and one of the key
challenges is to identify and, in particular, devise exper-
imentally realistic strategies defining optimal quantum
sensors [31].
In our discussion below we focus on optimal Ramsey

interferometry, where “optimality” is defined as achieving
the best average signal-to-noise ratio for phase estimation
in a single-shot measurement. The distinguishing feature of
the present work is that we consider optimal Ramsey
interferometry with finite dynamic range; i.e., we wish
to achieve optimal sensitivity for phases ϕ in a given finite
interval of width δϕ [31–37] as is relevant for numerous
applications including atomic clocks [38–48]. To imple-
ment this optimal Ramsey interferometry we devise an
approach based on variational quantum circuits [49–56].
Here, entangled input states and the entangled measure-
ment protocols [57–63] defining the generalized Ramsey
interferometer are represented as variational quantum
circuits built from “natural” quantum resources available
on the specific sensor platform (see Fig. 1), which are

*These authors contributed equally to this work.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI.
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We study multiparameter sensing of two-dimensional (2D) and three-dimensional (3D) vector fields
within the Bayesian framework for SU(2) quantum interferometry. We establish a method to determine
the optimal quantum sensor, which establishes the fundamental limit on the precision of simultaneously
estimating multiple parameters with an N -atom sensor. Keeping current experimental platforms in mind,
we present sensors that have limited entanglement capabilities and yet significantly outperform sensors
that operate without entanglement and approach the optimal quantum sensor in terms of performance.
Furthermore, we show how these sensors can be implemented on current programmable quantum sensors
with variational quantum circuits by minimizing a metrological cost function. The resulting circuits pre-
pare tailored entangled states and perform measurements in an appropriate entangled basis to realize the
best-possible quantum sensor given the native entangling resources available on a given sensor platform.
Notable examples include a 2D and 3D quantum “compass” and a 2D sensor that provides a scalable
improvement over unentangled sensors. Our results on optimal and variational multiparameter quantum
metrology are useful for advancing precision measurements in fundamental science and ensuring the sta-
bility of quantum computers, which can be achieved through the incorporation of optimal quantum sensors
in a quantum feedback loop.

DOI: 10.1103/PRXQuantum.4.020333

I. INTRODUCTION

The goal of quantum metrology [1–4] is to enable
and enhance measurements of parameters of physical sys-
tems using quantum systems that serve as probes. Quan-
tum physics limits the performance of sensors employ-
ing uncorrelated (classical) input states, establishing the
so-called standard quantum limit (SQL). At the same
time, quantum physics provides us with entanglement as
a resource to overcome the SQL and approach the ulti-
mate limits for measurement precision in quantum sensing,
which define the optimal quantum sensor (OQS). Iden-
tifying and eventually building such an OQS is one of
the outstanding challenges in quantum metrology. This
involves, first, the identification of optimal entangled input
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states and measurements for a given sensing task. Sub-
sequently, the question arises of how quantum sensors
operating close to the limits defined by the OQS can be
implemented on specific quantum sensor platforms given
the experimental (entangling) resources.

For single-parameter quantum metrology, there is a
clear theoretical understanding of the OQS [2,5,6] and
recent experiments with programmable quantum sensors
have demonstrated close-to-optimal N -atom Ramsey inter-
ferometry with low-depth entangling quantum circuits
[7]. In contrast, we are interested below in multiparam-
eter quantum metrology [8–12], which deals with the
precise estimation of several parameters simultaneously
and hence is relevant for numerous practical applications
[13–19], e.g., vector-field sensing [20–22], which is related
to magnetometry [23–30] or electrometry [31–33].

A fundamental difference between multiparameter and
single-parameter metrology arises from the potential
incompatibility of optimal measurements for different
parameters encoded by noncommuting Hamiltonians. This
distinctive feature of multiparameter quantum metrology
has been studied primarily within the framework of quan-
tum Fisher information (FI), where the sensor precision is
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Denis V. Vasilyev2,3, Rick van Bijnen2,3, Philipp Schindler1, Peter Zoller2,3, Rainer Blatt1,2 & 
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Quantum sensors are an established technology that has created new opportunities 
for precision sensing across the breadth of science. Using entanglement for quantum 
enhancement will allow us to construct the next generation of sensors that can 
approach the fundamental limits of precision allowed by quantum physics. However, 
determining how state-of-the-art sensing platforms may be used to converge to these 
ultimate limits is an outstanding challenge. Here we merge concepts from the !eld of 
quantum information processing with metrology, and successfully implement 
experimentally a programmable quantum sensor operating close to the fundamental 
limits imposed by the laws of quantum mechanics. We achieve this by using 
low-depth, parametrized quantum circuits implementing optimal input states and 
measurement operators for a sensing task on a trapped-ion experiment. With 26 ions, 
we approach the fundamental sensing limit up to a factor of 1.45 ± 0.01, 
outperforming conventional spin-squeezing with a factor of 1.87 ± 0.03. Our approach 
reduces the number of averages to reach a given Allan deviation by a factor of 
1.59 ± 0.06 compared with traditional methods not using entanglement-enabled 
protocols. We further perform on-device quantum-classical feedback optimization to 
‘self-calibrate’ the programmable quantum sensor with comparable performance. 
This ability illustrates that this next generation of quantum sensor can be used 
without previous knowledge of the device or its noise environment.

Quantum sensing, that is using quantum systems to enable or enhance 
sensing, is arguably the most mature quantum technology so far. Quan-
tum sensors have already found applications in many disciplines. Most 
of these sensors are ‘quantum-enabled’, that is, they use the properties 
of a quantum system to perform a metrological task. Such applications 
have expanded rapidly in fields such as biology1,2, medicine3, chemistry4 
or precision navigation5 alongside traditional applications in physics 
such as inertial sensing6–8 or timekeeping9. Quantum-enabled sensors 
perform close to or at the standard quantum limit (SQL) that originates 
from the quantum noise of the classical states used to initialize them. 
The latest generation of sensing technologies is going beyond the SQL 
by using entangled states. These ‘quantum-enhanced’ sensors are used 
in gravitational wave astronomy10, enable the long-standing photo-
damage limit in life science microscopy to be exceeded11 and promise 
improved atomic clocks12. However, these existing quantum-enhanced 
sensors, while beating the SQL, do not come close to what is ultimately 
allowed by quantum mechanics13. Convergence to this ultimate bound 
is an open challenge in sensing14.

A parallel development in quantum technology that has seen mas-
sive progress alongside quantum sensing is quantum information 
processing, pursuing a ‘quantum advantage’ in computation and simu-
lation on near-term hardware15. A crucial capability that has been devel-
oped in this context is the targeted creation of entangled many-body 

states16–20. A promising strategy is to use low-depth variational quan-
tum circuits through hybrid quantum-classical algorithms21–24. Inte-
grating this ability to program tailored entanglement into all aspects 
of sensing—including measurement protocols25,26—will allow the con-
struction of the next generation of sensors, able to closely approach 
fundamental sensing limits. The concept of such a ‘programmable 
quantum sensor’ can be implemented on a great variety of hardware 
platforms, and is applicable to a wide range of sensing tasks. Moreover, 
their programmability makes such sensors amenable to on-device 
variational optimization of their performance, enabling an optimal 
usage of entanglement even on noisy and non-universal present-day 
quantum hardware.

Here we demonstrate the experimental implementation of a pro-
grammable quantum sensor27 performing close to the optimal with 
respect to the absolute quantum limit in sensing. We consider optimal 
quantum interferometery on trapped ions as a specific but highly per-
tinent example that promises applications ranging from improving 
atomic clocks and the global positioning system to magnetometry and 
inertial sensing. Our general approach is to define a cost function for the 
sensing task relative to which optimality is defined. We use low-depth 
variational quantum circuits to search for and obtain optimal input 
states and measurement operators on the programmable sensor. This 
allows us to apply on-device quantum-classical feedback optimization, 
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We discuss quantum variational optimization of Ramsey interferometry with ensembles of N entangled
atoms, and its application to atomic clocks based on a Bayesian approach to phase estimation. We identify
best input states and generalized measurements within a variational approximation for the corresponding
entangling and decoding quantum circuits. These circuits are built from basic quantum operations available
for the particular sensor platform, such as one-axis twisting, or finite range interactions. Optimization is
defined relative to a cost function, which in the present study is the Bayesian mean squared error of the
estimated phase for a given prior distribution; i.e., we optimize for a finite dynamic range of the
interferometer. In analogous variational optimizations of optical atomic clocks, we use the Allan deviation
for a given Ramsey interrogation time as the relevant cost function for the long-term instability.
Remarkably, even low-depth quantum circuits yield excellent results that closely approach the fundamental
quantum limits for optimal Ramsey interferometry and atomic clocks. The quantum metrological schemes
identified here are readily applicable to atomic clocks based on optical lattices, tweezer arrays, or trapped
ions. While in the present work variationally optimized circuits are found with classical simulations,
optimization can also be performed “on” the (physical) quantum sensor, also in regimes not accessible to
classical computations and in the presence of imperfections.

DOI: 10.1103/PhysRevX.11.041045 Subject Areas: Quantum Physics, Quantum Information

I. INTRODUCTION

Recent progress in quantum technology of sensors has
provided us with the most precise measurement devices
available in physical sciences. Examples include the
development of optical clocks [1], atom [2] and light [3]
interferometers, and magnetic field sensing [4]. These
achievements have opened the door to novel applications
from the practical to the scientific. Atomic clocks and
atomic interferometers allow height measurements in
relativistic geodesy [5–8] or fundamental tests of our
understanding of the laws of nature [9–11], such as time
variation of the fine structure constant. In the continuing
effort to push the boundaries of quantum sensing, entan-
glement as a key element of quantum physics gives the
opportunity to reduce quantum fluctuations inherent in
quantum measurements below the standard quantum
limit (SQL), i.e., what is possible with uncorrelated

constituents [12]. Squeezed light improves gravitational
wave detection [13], allows life science microscopy below
the photodamage limit [14], and further, squeezing has
been demonstrated in atom interferometers [15–30].
However, beyond the SQL, quantum physics imposes
ultimate limits on quantum sensing, and one of the key
challenges is to identify and, in particular, devise exper-
imentally realistic strategies defining optimal quantum
sensors [31].
In our discussion below we focus on optimal Ramsey

interferometry, where “optimality” is defined as achieving
the best average signal-to-noise ratio for phase estimation
in a single-shot measurement. The distinguishing feature of
the present work is that we consider optimal Ramsey
interferometry with finite dynamic range; i.e., we wish
to achieve optimal sensitivity for phases ϕ in a given finite
interval of width δϕ [31–37] as is relevant for numerous
applications including atomic clocks [38–48]. To imple-
ment this optimal Ramsey interferometry we devise an
approach based on variational quantum circuits [49–56].
Here, entangled input states and the entangled measure-
ment protocols [57–63] defining the generalized Ramsey
interferometer are represented as variational quantum
circuits built from “natural” quantum resources available
on the specific sensor platform (see Fig. 1), which are
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atoms, and its application to atomic clocks based on a Bayesian approach to phase estimation. We identify
best input states and generalized measurements within a variational approximation for the corresponding
entangling and decoding quantum circuits. These circuits are built from basic quantum operations available
for the particular sensor platform, such as one-axis twisting, or finite range interactions. Optimization is
defined relative to a cost function, which in the present study is the Bayesian mean squared error of the
estimated phase for a given prior distribution; i.e., we optimize for a finite dynamic range of the
interferometer. In analogous variational optimizations of optical atomic clocks, we use the Allan deviation
for a given Ramsey interrogation time as the relevant cost function for the long-term instability.
Remarkably, even low-depth quantum circuits yield excellent results that closely approach the fundamental
quantum limits for optimal Ramsey interferometry and atomic clocks. The quantum metrological schemes
identified here are readily applicable to atomic clocks based on optical lattices, tweezer arrays, or trapped
ions. While in the present work variationally optimized circuits are found with classical simulations,
optimization can also be performed “on” the (physical) quantum sensor, also in regimes not accessible to
classical computations and in the presence of imperfections.
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I. INTRODUCTION

Recent progress in quantum technology of sensors has
provided us with the most precise measurement devices
available in physical sciences. Examples include the
development of optical clocks [1], atom [2] and light [3]
interferometers, and magnetic field sensing [4]. These
achievements have opened the door to novel applications
from the practical to the scientific. Atomic clocks and
atomic interferometers allow height measurements in
relativistic geodesy [5–8] or fundamental tests of our
understanding of the laws of nature [9–11], such as time
variation of the fine structure constant. In the continuing
effort to push the boundaries of quantum sensing, entan-
glement as a key element of quantum physics gives the
opportunity to reduce quantum fluctuations inherent in
quantum measurements below the standard quantum
limit (SQL), i.e., what is possible with uncorrelated

constituents [12]. Squeezed light improves gravitational
wave detection [13], allows life science microscopy below
the photodamage limit [14], and further, squeezing has
been demonstrated in atom interferometers [15–30].
However, beyond the SQL, quantum physics imposes
ultimate limits on quantum sensing, and one of the key
challenges is to identify and, in particular, devise exper-
imentally realistic strategies defining optimal quantum
sensors [31].
In our discussion below we focus on optimal Ramsey

interferometry, where “optimality” is defined as achieving
the best average signal-to-noise ratio for phase estimation
in a single-shot measurement. The distinguishing feature of
the present work is that we consider optimal Ramsey
interferometry with finite dynamic range; i.e., we wish
to achieve optimal sensitivity for phases ϕ in a given finite
interval of width δϕ [31–37] as is relevant for numerous
applications including atomic clocks [38–48]. To imple-
ment this optimal Ramsey interferometry we devise an
approach based on variational quantum circuits [49–56].
Here, entangled input states and the entangled measure-
ment protocols [57–63] defining the generalized Ramsey
interferometer are represented as variational quantum
circuits built from “natural” quantum resources available
on the specific sensor platform (see Fig. 1), which are
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We study multiparameter sensing of two-dimensional (2D) and three-dimensional (3D) vector fields
within the Bayesian framework for SU(2) quantum interferometry. We establish a method to determine
the optimal quantum sensor, which establishes the fundamental limit on the precision of simultaneously
estimating multiple parameters with an N -atom sensor. Keeping current experimental platforms in mind,
we present sensors that have limited entanglement capabilities and yet significantly outperform sensors
that operate without entanglement and approach the optimal quantum sensor in terms of performance.
Furthermore, we show how these sensors can be implemented on current programmable quantum sensors
with variational quantum circuits by minimizing a metrological cost function. The resulting circuits pre-
pare tailored entangled states and perform measurements in an appropriate entangled basis to realize the
best-possible quantum sensor given the native entangling resources available on a given sensor platform.
Notable examples include a 2D and 3D quantum “compass” and a 2D sensor that provides a scalable
improvement over unentangled sensors. Our results on optimal and variational multiparameter quantum
metrology are useful for advancing precision measurements in fundamental science and ensuring the sta-
bility of quantum computers, which can be achieved through the incorporation of optimal quantum sensors
in a quantum feedback loop.
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I. INTRODUCTION

The goal of quantum metrology [1–4] is to enable
and enhance measurements of parameters of physical sys-
tems using quantum systems that serve as probes. Quan-
tum physics limits the performance of sensors employ-
ing uncorrelated (classical) input states, establishing the
so-called standard quantum limit (SQL). At the same
time, quantum physics provides us with entanglement as
a resource to overcome the SQL and approach the ulti-
mate limits for measurement precision in quantum sensing,
which define the optimal quantum sensor (OQS). Iden-
tifying and eventually building such an OQS is one of
the outstanding challenges in quantum metrology. This
involves, first, the identification of optimal entangled input
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states and measurements for a given sensing task. Sub-
sequently, the question arises of how quantum sensors
operating close to the limits defined by the OQS can be
implemented on specific quantum sensor platforms given
the experimental (entangling) resources.

For single-parameter quantum metrology, there is a
clear theoretical understanding of the OQS [2,5,6] and
recent experiments with programmable quantum sensors
have demonstrated close-to-optimal N -atom Ramsey inter-
ferometry with low-depth entangling quantum circuits
[7]. In contrast, we are interested below in multiparam-
eter quantum metrology [8–12], which deals with the
precise estimation of several parameters simultaneously
and hence is relevant for numerous practical applications
[13–19], e.g., vector-field sensing [20–22], which is related
to magnetometry [23–30] or electrometry [31–33].

A fundamental difference between multiparameter and
single-parameter metrology arises from the potential
incompatibility of optimal measurements for different
parameters encoded by noncommuting Hamiltonians. This
distinctive feature of multiparameter quantum metrology
has been studied primarily within the framework of quan-
tum Fisher information (FI), where the sensor precision is
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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
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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
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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 
ion represents a qubit, or spin-1/2, encoded in the internal electronic 
levels |↓〉 = |S1/2, mj = 1/2〉, |↑〉 = |D5/2, mj = 5/2〉, which are used as 
the computational basis35. A bichromatic laser beam that off-resonantly 
couples all the ions to the transverse phonon modes, realizes an XY 
resource Hamiltonian
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where Jij ≃ J0/|i − j|α, with 0 < α < 3 (see Methods), are long-range 
antiferromagnetic couplings, and B is an effective, uniform magnetic 
field33. This Hamiltonian is capable of creating highly entangled 
states32,34,35 and constitutes our first resource for building variational 
states. It is complemented by Hamiltonians σ= ∆^ ^H

j
j
z

R
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2
0  generating 

local spin rotations around the z axis, which are realized by a steerable, 
strongly focused off-resonance laser beam inducing a level shift ∆0. 
The current optical setup limits the number of individually addressable 
qubits to 20.
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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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<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/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>

→
<latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/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>

E(0)
θ = ⟨Ψθ ∣ ĤT ∣ Ψθ⟩

8 ions.

iteration i

N=20 ions

• 15 parameters

• circuit depth = 6

• budget:  calls to simulator105

Lattice Schwinger Model (1D QED)

vac
<latexit sha1_base64="VKyiWAawe9A2TQmeDxxN1z8MyXk=">AAAB9nicfVDLSsNAFL2prxpfrS7dBIvgQsIkrbY7C25cVrAPaEKZjLdtaF5mJqUlFPwLd6ILcevHuHHlR/gDTlsFi+hZHc4993WcyHO5IORNySwtr6yuZdfVjc2t7Z1cfrfBwyRmWGehF8Yth3L03ADrwhUetqIYqe942HQG59N6c4gxd8PgSowjtH3aC9yuy6iQkm0JHAne1dIhZZNOrkB086RMCNEkKRdLRkWSIiEl09QMncxQOPt4z98CQK2Te7WuQ5b4GAjmUc7bGPTkzf1jg0TCTmOMwlhM1MN/XZzF0jj1qVbCMaJsQHuYJoxPfgrtRHQrIzt1gygRGLCFYkp97lPR/yXyse8sisjdQO6yfDpAKuMSAmPVmk3V+rqMQ5UxfP+q/U0apm4Q3bgkheopzJGFfTiAIzCgDFW4gBrUgcEN3MEDPCoj5V55Up7n1ozy1bMHC1BePgFOHZca</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="bShu5/Dvl/AXlaSXdIpIMlRUlpQ=">AAAB9nicfVDLSsNAFL2prxpfVZdugkVwIWHSVttlwY3LCvYBJpTJeNsOTSYxMyktod/hTnQhbv0YN/6N01rBInpWh3PPfR0/DrhUhHwYuZXVtfWN/Ka5tb2zu1fYP2jJKE0YNlkUREnHpxIDLrCpuAqwEydIQz/Atj+8nNXbI0wkj8SNmsTohbQveI8zqrTkuQrHSvasbETZtFsoErt0XiWEWJpUyxWnpkmZkEqpZDk2maMICzS6hXf3LmJpiEKxgEp5i6Kvbx6cOSRWXpZgHCVqap7865Is0caZz3RTiTFlQ9rHLGVy+lO4TVWvNvYyLuJUoWBLxYyGMqRq8EuUk9BfFlFyoXe5IR0i1XEphYnpzqdaA1vHYeoYvn+1/iatku0Q27kmxfrFIpA8HMExnIIDVajDFTSgCQzu4QGe4NkYG4/Gi/H6Zc0Zi55DWILx9gm5SZR4</latexit>

e+
<latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit>

e+
<latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit><latexit sha1_base64="WAFc4zBAOAcQNxqWTuOQYXyjMTw=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIsgCMPMaK3dFdy4rGgf0I4lk6ZtaCYzJBmhDP0ENy4UcesXufNvzLQVVPRAyOGce7n3niDmTGnH+bByS8srq2v59cLG5tb2TnF3r6miRBLaIBGPZDvAinImaEMzzWk7lhSHAaetYHyZ+a17KhWLxK2exNQP8VCwASNYG+mG3p30iiXHdrzTsldFju1WPbdcMcRzMiDXnv1OCRao94rv3X5EkpAKTThWquM6sfZTLDUjnE4L3UTRGJMxHtKOoQKHVPnpbNUpOjJKHw0iaZ7QaKZ+70hxqNQkDExliPVI/fYy8S+vk+jBhZ8yESeaCjIfNEg40hHK7kZ9JinRfGIIJpKZXREZYYmJNukUTAhfl6L/SdOzXRPR9Vmpdr6IIw8HcAjH4EIFanAFdWgAgSE8wBM8W9x6tF6s13lpzlr07MMPWG+fJo2Nqg==</latexit>

e�
<latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit><latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit><latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit><latexit sha1_base64="GO+Hfw8nf6MJYiKXEXANrsWaHqY=">AAAB6nicdVDLSgMxFL1TX7W+qi7dBIvgxmFmtNbuCm5cVrQPaMeSSdM2NJMZkoxQhn6CGxeKuPWL3Pk3ZtoKKnog5HDOvdx7TxBzprTjfFi5peWV1bX8emFjc2t7p7i711RRIgltkIhHsh1gRTkTtKGZ5rQdS4rDgNNWML7M/NY9lYpF4lZPYuqHeCjYgBGsjXRD7056xZJjO95p2asix3arnluuGOI5GZBrz36nBAvUe8X3bj8iSUiFJhwr1XGdWPsplpoRTqeFbqJojMkYD2nHUIFDqvx0tuoUHRmljwaRNE9oNFO/d6Q4VGoSBqYyxHqkfnuZ+JfXSfTgwk+ZiBNNBZkPGiQc6Qhld6M+k5RoPjEEE8nMroiMsMREm3QKJoSvS9H/pOnZrono+qxUO1/EkYcDOIRjcKECNbiCOjSAwBAe4AmeLW49Wi/W67w0Zy169uEHrLdPKZWNrA==</latexit>

e�
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vac
<latexit sha1_base64="VKyiWAawe9A2TQmeDxxN1z8MyXk=">AAAB9nicfVDLSsNAFL2prxpfrS7dBIvgQsIkrbY7C25cVrAPaEKZjLdtaF5mJqUlFPwLd6ILcevHuHHlR/gDTlsFi+hZHc4993WcyHO5IORNySwtr6yuZdfVjc2t7Z1cfrfBwyRmWGehF8Yth3L03ADrwhUetqIYqe942HQG59N6c4gxd8PgSowjtH3aC9yuy6iQkm0JHAne1dIhZZNOrkB086RMCNEkKRdLRkWSIiEl09QMncxQOPt4z98CQK2Te7WuQ5b4GAjmUc7bGPTkzf1jg0TCTmOMwlhM1MN/XZzF0jj1qVbCMaJsQHuYJoxPfgrtRHQrIzt1gygRGLCFYkp97lPR/yXyse8sisjdQO6yfDpAKuMSAmPVmk3V+rqMQ5UxfP+q/U0apm4Q3bgkheopzJGFfTiAIzCgDFW4gBrUgcEN3MEDPCoj5V55Up7n1ozy1bMHC1BePgFOHZca</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="K/ZutvnBMH3q+JbgLmR5kVLxa2k=">AAAB9nicfVC7TgJBFJ31iesLtLTZSEwszGZ2QaGTxMYSE3kk7IbMjheYsC9nZglkw3fYGS2MrR9jY2VlbeEPOIAmEqOnOjn33NfxYp8JifGLtrC4tLyymlnT1zc2t7azuZ26iBJOoUYjP+JNjwjwWQg1yaQPzZgDCTwfGl7/bFJvDIALFoWXchSDG5BuyDqMEqkk15EwlKJjpANCx+1sHpv2cQljbChSKhStsiIFjIu2bVgmniJ/+vGa4+/6W7WdfXauIpoEEErqEyFaEHbVzb0jC8fSTTnEEZdj/eBfl6BcGSc+3UkExIT2SRfShIrxT6GVyE556KYsjBMJIZ0rpiQQAZG9X6IYBd68CIKFapcTkD4QFZeUwHVnOtXomSoOXcXw/avxN6nbpoVN6wLnKydohgzaQ/voEFmohCroHFVRDVF0jW7QHbrXhtqt9qA9zqwL2lfPLpqD9vQJvamY6g==</latexit><latexit sha1_base64="bShu5/Dvl/AXlaSXdIpIMlRUlpQ=">AAAB9nicfVDLSsNAFL2prxpfVZdugkVwIWHSVttlwY3LCvYBJpTJeNsOTSYxMyktod/hTnQhbv0YN/6N01rBInpWh3PPfR0/DrhUhHwYuZXVtfWN/Ka5tb2zu1fYP2jJKE0YNlkUREnHpxIDLrCpuAqwEydIQz/Atj+8nNXbI0wkj8SNmsTohbQveI8zqrTkuQrHSvasbETZtFsoErt0XiWEWJpUyxWnpkmZkEqpZDk2maMICzS6hXf3LmJpiEKxgEp5i6Kvbx6cOSRWXpZgHCVqap7865Is0caZz3RTiTFlQ9rHLGVy+lO4TVWvNvYyLuJUoWBLxYyGMqRq8EuUk9BfFlFyoXe5IR0i1XEphYnpzqdaA1vHYeoYvn+1/iatku0Q27kmxfrFIpA8HMExnIIDVajDFTSgCQzu4QGe4NkYG4/Gi/H6Zc0Zi55DWILx9gm5SZR4</latexit>

fermionic matter field
quantized electric field
1D: Jordan-Wigner: fermions → spins

DIviding RECTangles (DIRECT)

global optimization 
in noisy landscape

E(1) exp
E(1) theory

σ(∆exp)
<latexit sha1_base64="Rudi3CX32M4qz20swo5VyedldJk="></latexit><latexit sha1_base64="Rudi3CX32M4qz20swo5VyedldJk="></latexit><latexit sha1_base64="Rudi3CX32M4qz20swo5VyedldJk="></latexit><latexit sha1_base64="Rudi3CX32M4qz20swo5VyedldJk="></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><latexit sha1_base64="bfk5n4YWyEGk4bYN/4PuQpfTk+4=">AAAB+3icbVDLSsNAFJ3UV62vWJduBlvBVUmqYN0VdOGygn1AE8pkMmmHzkzCzEQsob/ixoUibv0Rd/6NkzYLrR64cDjnXu69J0gYVdpxvqzS2vrG5lZ5u7Kzu7d/YB9WeypOJSZdHLNYDgKkCKOCdDXVjAwSSRAPGOkH0+vc7z8QqWgs7vUsIT5HY0EjipE20siueiqKEKdsBuveDWEa1Ud2zWm0nBzQaZw3ry7cpiHOUnELUgMFOiP70wtjnHIiNGZIqaHrJNrPkNQUMzKveKkiCcJTNCZDQwXiRPnZ4vY5PDVKCKNYmhIaLtSfExniSs14YDo50hO16uXif94w1VHLz6hIUk0EXi6KUgZ1DPMgYEglwdr8HVKEJTW3QjxBEmFt4qqYENzVl/+SXrPhGn7XrLXrRRxlcAxOwBlwwSVog1vQAV2AwSN4Ai/g1Zpbz9ab9b5sLVnFzBH4BevjGyilk8E=</latexit>
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0
<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/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>

→
<latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit><latexit sha1_base64="bNwgiVKU/PzCJQ8jHivOCdljnoE=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BKvgqSQi6LHgxWMF+wFpKJvtpl262Q27E6WE/gwvHhTx6q/x5r9x2+agrQ8GHu/NMDMvSgU36HnfTmltfWNzq7xd2dnd2z+oHh61jco0ZS2qhNLdiBgmuGQt5ChYN9WMJJFgnWh8O/M7j0wbruQDTlIWJmQoecwpQSsFPc2HIyRaq6d+tebVvTncVeIXpAYFmv3qV2+gaJYwiVQQYwLfSzHMiUZOBZtWeplhKaFjMmSBpZIkzIT5/OSpe26VgRsrbUuiO1d/T+QkMWaSRLYzITgyy95M/M8LMoxvwpzLNEMm6WJRnAkXlTv73x1wzSiKiSWEam5vdemIaELRplSxIfjLL6+S9mXd9+r+/VWtcVbEUYYTOIUL8OEaGnAHTWgBBQXP8ApvDjovzrvzsWgtOcXMMfyB8/kDubWRbw==</latexit>
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0.6
<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
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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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Variational Approach to …
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Variational approximations for entangling/decoding 
quantum circuits, implemented on `programmable 
quantum sensor’ (many-body dynamics)

What is the cost function?

… on Atomic NISQ Devices
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• What is optimal … ? wishlist:

✓best signal to noise ratio for N atoms
GHZ states!

Optimality is defined via a 
metrological cost function
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L. Pezzè et al.,, Rev. Mod. Phys. 90, 035005 (2018). R. Demkowicz-Dobrzański et al., in Progress in Optics Vol 60 2015) pp. 345; K. Macieszczak et al., New J. Phys. 16, 113002 (2014)
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• What is optimal … ?

Optimality is defined via a 
metrological cost function
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• How to implement the optimal Ramsey interferometer?

Below: variational quantum circuits for entangler/decoder built from available q-resources

Variational Approach to …

… with shallow-depth circuits (!?)
… solve  a complex quantum many-body problem 

(to be optimized in a variational algorithm)

… on Atomic NISQ Devices
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(a) (b) Transverse field
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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

quantum sensor

application: atomic clocks

Ramsey interferometry

|↓〉
|↓〉

|↓〉
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… …
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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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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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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

programmable quantum sensor

Generalized Ramsey 
interferometer

spins read out

free 
evolution

|↓〉
|↓〉

|↓〉

e−iϕJz

…

Variational ansatz for Entangler and Decoder

cost function:        over all possible   {  ,    ,    }𝒞metrological(θ, ϑ) → max/min 𝒰en(θ) 𝒰de(ϑ) ϕest

variational parameters to be optimized in theory, or `on-device’ in quantum feedback loop (i.e., in presence of imperfections and decoherence) 

SQL

N atoms

OQI

circuit depth

𝒰en(θ) 𝒰de(ϑ)



uibk |

Quantum Hardware 1: Trapped Ion Quantum Computer

17

4

(a) (b) Transverse field

0.0 0.5 1.0 1.5 2.0

12

14

16

18

20

m
ea

n
of

la
rg

es
td

om
ai

n 
si

ze

 Bz /J0

~

103 103 103  Bz /J0 = 1.6~
 Bz /J0 = 1.0~

 Bz /J0 = 0.1~

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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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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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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Quantum Metrology & Quantum Parameter Estimation
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with finite dynamic range
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∑

m
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• mean square error with respect to phase ϕ
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(0) random
1/2

III. SPIN SQUEEZING BY NONLINEAR
INTERACTIONS

A. One-axis twisting

2S

(b) correlated
1/2

2S

FIG. 1. Schematic illustrations of S-spin states in terms of
2S individual 1/2 spins. (a) Coherent spin state constructed
from 28 uncorrelated 1/2 spina. (b) Squeezed spin state con-
structed from 2S correlated 1/2 spina.

An S-spin system can be regarded as a collective sys-
tem consisting of 2S elementary 2 spins [13]. Any pure
state of a 2 spin is a CSS l8~, QI, )g = cos alt')A, +
e'~" sin ~zl$)~, where lt')A, (lJ)~) is the eigenstate of S,
with the eigenvalue 2 (—2) in the kth 2-spin system. The
components normal to (8A, , PI, ) are completely uncertain,
having a variance of 41. The S-spin CSS l8, P) is equiv-
alent to a set of 2S elementary spins all pointing in the
same mean direction (8, $) as shown in Fig. 1(a). Since
there are no quantum-mechanical correlations among
these elementary spins, the variance of the components
normal to the mean direction is simply the sum of the
variances of the individual elementary spins, and is thus
2. Now, if appropriate quantum-mechanical correlations
are established among the elementary spins as schemati-
cally shown in Fig. 1(b), it is possible to partly cancel out
fluctuations in one direction at the expense of those en-
hanced in the other direction. This is the basic concept of
spin squeezing. The spin vector 8 in a squeezed spin state
can be conceived as an elliptical cone [7] as schematically
shown in Fig. 1(b). Such a state has an elliptical QPD in
contrast to the isotropic one for a CSS. We regard spin
as squeezed only if the variance of one spin component
normal to the mean spin vector is smaller than the SQL
of z. We have thus excluded mere mathematical coor-
dinate dependency and included quantum correlation in
our notion of squeezing. This notion naturally reflects
the improved performance of spin systems.
To correlate the elementary spins requires a nonlinear

interaction because a linear Hamiltonian merely rotates
the individual spins and does not establish quantum cor-
relations among them [14]. A 2-spin system cannot be
squeezed since it is equivalent to a system with only one
elementary spin, which therefore has no partner to be
correlated with.

(S )=Scos s @2, (S„)=0, (S,) =0,
(QS2) s [2S(1—cos2(2s —1) P) (S ~1)Q] (2)

FIG. 2. State evolutions by one-axis twisting in terms of
the quasiprobability distribution (QPD} on the sphere for
S = 20. The densities of the figures are normalized by the
maximum value Q,„of Q(8, $). (a) shows the initial co-
herent spin state l8=2, /=0) (Q „=1). (b) and (c) show
one-axis twisted states generated by the unitary transforma-
tion U = exp[—ipS, /2]; (b) optimally squeezed at p = 0.199
(Q „=0.445) and (c) excessively twisted at p, = 0.399
(Q „=0.241}. Although not clear from the figure, the
QPD of (c}deviates from a geodesic (swirliness).

Now we demonstrate how the spin can be squeezed
by nonlinear interaction. We consider a class of unitary
transformations U(t) = exp[—itF(S, )] generated by the
Harniltonian H = hF(S ) and see how they deform the
noise distribution. The ladder operators S~ —= S + iS„
evolve as

S+(t) = Ut S+(0)U = S~(0) exp[it f(S,)]
and S (t) = [S+(t)]t, where
f(S.) = F(S.+1)—F(S.).

The lowest-order nonlinear interaction F(S~) = yS~
leads to f(S', ) = 2y(S, + 2), rotation proportional to
S„which twists the quantum fluctuations as shown in
Fig. 2(b) [15]. This is analogous to self phase -modulation
in the photon system [16]. The components after twisting
are given by S = -[S+e'"& +1/ )+e '&i + / )S ] and
S = —'[S e'"i +'/ ) —e '"~ + / )S ] where S and
S, denote S,(t) and S,(0), and p = 2yt. With the CSS

2S ~/'2
l2, 0) = 2 p& o (A, ) lS, S —k) as an initial state,
we show in Figs. 2(b) and 2(c) how uncertainties are
deformed by twisting as p, increases. Uncertainties are
redistributed between certain orthogonal components in
the y-z plane.
Let us rotate the distribution around the x axis by the

unitary transformation S = exp(ivS )Sexp(—ivS~) to
see how the uncertainties are redistributed. The means
and variances become

Variationally Optimized Ramsey Interferometer

e−iϕJz

free 
evolution

free 
evolution
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1. Theory prediction for Trapped Ion QC Experiment θopt, ϑopt →
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CSS

Pδϕ(ϕ)

N=12 ions, δϕ = 0.7

(0, 0): Coherent spin state (classical interferometry), CSS
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δϕ

CSS SSS

Pδϕ(ϕ)

(0, 0): Coherent spin state (classical interferometry), CSS

(1, 0): Squeezed spin state, SSS


e−iϕJz

Encoding increases sensitivity around 0

1. Theory prediction for Trapped Ion QC Experimentθopt, ϑopt →
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δϕ

CSS SSS

Pδϕ(ϕ)

(0, 0): Coherent spin state (classical interferometry), CSS

(1, 0): Squeezed spin state, SSS

(0, 2): CSS with Decoding


e−iϕJz

Decoding increases dynamic range
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1. Theory prediction for Trapped Ion QC Experiment θopt, ϑopt →
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CSS SSS

Pδϕ(ϕ)

… on an optical clock transition!

(0, 0): Coherent spin state (classical interferometry), CSS

(1, 0): Squeezed spin state, SSS

(0, 2): CSS with Decoding

(1, 2): Encoding + Decoding

Combining increases sensitivity and range
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1. Experiment vs. Theory: ‘Reducing Ignorance’ in Bayesian Update
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Figure 2. Generalized Ramsey sequence performance measurements. Markers are experimental data with 1� statistical
uncertainties, and solid lines are theory with no free parameters. a 16 ion chain expectation value of spin operator hJzi /~ as a
function of evaluation pulse phase �. 50 experiments are averaged per point, and 5 full traces are recorded to calculate mean
and standard deviation of each curve. b MSE calculated from traces in a for optimal linear estimator �est. Overlaid in grey
is the prior distribution P�� (�) with �� ⇡ 0.79 (minimum of BMSE vs ��). c ��/�� as a function of prior width �� for 12
ions in the four variational sequences. The blue shaded region corresponds roughly to classical Ramsey sequences. The red
shaded region is inaccessible to single-shot measurement schemes, where the boundary corresponds to the optimal quantum
interferometer (OQI) [33]. Each point is produced by numerically integrating curves as in b over � as per Eq. M2. The OQI,
the standard quantum limit (SQL) and the phase slip limit (PSL) are indicated by black lines (Methods M4). Inset ��/�� as
a function of particle number at the prior width indicated by the dashed line. N = 16 points calculated from data in b. d Allan
deviation normalized to noise bandwidth b↵, averaging time ⌧ and reference frequency !A as a function of prior width with PSL,
SQL, Heisenberg limit (HL) and optimal quantum clock (OQC) based on the OQI are indicated by black lines (Methods M5).
Raw data, color scheme, and markers from c.

N = 12 N = 26

�� 0.6893 0.792 0.5480 0.7403

(0, 0) �3.56(3) dB �3.63(8) dB �3.22(3) dB �4.53(3) dB
(1, 0) �4.61(12) dB �4.34(4) dB �5.63(7) dB �5.39(2) dB
(1, 2) �5.06(11) dB �5.18(8) dB �5.84(9) dB �6.75(2) dB

OQI �5.86 dB �8.36 dB

Table I. Comparison of measured values of ��/�� at two
values of �� corresponding to the minima of the (1, 0) (smaller
��) and (1, 2) (larger ��) scheme, respectively. Note that the
location of the minimum for (1, 2) and (0, 0) is identical to
within the measurement resolution presented. For reference,
the minimum of the optimal quantum interferometer (OQI,
border to shaded red region in Fig. 2 c) is given as well.

the twisting parameters in (✓,#) is no longer feasible.249

Minimization of the cost function is therefore achieved250

by a feedback loop where a classical optimization routine251

proposes new parameter sets to trial based on measure-252

ments performed on the quantum sensor. We employ a253

global, gradient-free optimization routine with an internal254

representation or ‘meta-model’ of the cost function (S5).255

The meta-model uses the known structure of the re-256

source operations to learn an estimate of the cost function257

landscape based on the measurements, as seen in Fig. 3258

a for a 26 ion chain and the (1, 2) circuit. Calibration of259

twisting angles is performed at a lower ion number (20),260

and then approximately scaled to the larger number. The261

cost function estimates are below the competing CSS (0, 0)262

and direct spin-squeezing (1, 0) after ⇡ 20 measurements263

despite this lack in accurate calibration. A full iteration264

of the algorithm is completed after ⇡ 50 measurements265

in Fig. 3 a.266
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ing candidates for a minimum are resampled using ‘fine’268
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confidence about predictions made on sparse data by270
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(1,0)-interferometer: SSS with  measurement


Wigner function of the measurement operator


Wigner function of the state (SSS)

Jy

squeezing (nen, nde) = (1,0)
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squeezing (nen, nde) = (1,0)
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0.2

0.8
�0 = 0�0 = 0

0.2

0.8
�1 = ⇡

3�1 = ⇡
3

p(
m
|�
)

0 N/4 N/2
0.2

0.8
�2 = 2⇡

3�2 = 2⇡
3

m
0 N/4 N/2

m
0 N/4 N/2

m

(g)

0.2

0.8
�0 = 0�0 = 0

0.2

0.8
�1 = ⇡

3�1 = ⇡
3

p(
m
|�
)

0 N/4 N/2
0.2

0.8
�2 = 2⇡

3�2 = 2⇡
3

m
0 N/4 N/2

m
0 N/4 N/2

m

(g)

optimal interferometer



uibk | 41

squeezing (nen, nde) = (1,0) variational (nen, nde) = (1,3)
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Toward the Heisenberg Limit [Bayesian]
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effective measurement variance (19) reads ðΔϕMÞ−2≡
ðΔϕÞ−2 − ðδϕÞ−2.
In Fig. 7 we plot ðΔϕMÞ × N, the measurement error

scaled to the atom number, for the (2,5) variational
interferometer (solid lines) as a function of the prior width
δϕ for a range of atom numbers N. In addition, we indicate
the HL and the π-corrected HL (see below) as dotted lines
and show results for a GHZ interferometer with spin x-
parity measurement [70] (dashed lines). In the case of the
GHZ interferometer with a normal prior, we have

ðΔϕGHZ
M Þ2 ¼ eðNδϕÞ2

N2
− ðδϕÞ2; ð21Þ

showing that the GHZ interferometer attains the HL
uncertainty ΔϕM → 1=N for a given prior width δϕ only
for atom numbers N ≲ 1=δϕ. This fact is illustrated in
Fig. 7 by the dashed lines which diverge from the HL for
smaller and smaller δϕ as N grows. In contrast, the
variational interferometer (solid lines) is of the order of
the π-corrected HL [34,35,37,108], ΔϕM → π=N, for a
wide range of prior widths δϕ as N increases.
Intuitively, the emergence of π-corrected HL can be

understood as follows. The optimal N-atom quantum
interferometer can be described as a von Neumann
measurement in the particle permutation symmetric sub-
space [31,34]. Thus, there are N þ 1 possible measurement
outcomes to distinguish at most N þ 1 phase values in
the interval ½−π; π&. The corresponding estimation error
for evenly spread estimates reads Δϕ ∼ ð1=2Þ2π=
ðN þ 1Þ → π=N.
For large δϕ the solid lines in Fig. 7 exhibit strong

deviations from the asymptotic π-corrected HL behavior.
The cusps are explained by phase slips outside the interval

½−π; π& which lead to a squared estimation error of 4π2. For
a normal prior distribution, the performance of an inter-
ferometer limited by the π-corrected HL including the
phase slips is given by

ðΔϕπHL
M Þ2 ¼ π2

N2
þ 4π2

!
1 − erf

πffiffiffi
2

p
δϕ

#
: ð22Þ

Results of this section are obtained in the absence of
decoherence.

G. Finite range interactions

Our previous discussion assumed infinite range inter-
actions as entangling quantum resource, while, e.g., neutral
atoms stored in tweezer arrays feature finite range inter-
actions. The variational optimization of the BMSE can be
directly generalized to finite range interactions, which we
illustrate by optimizing a sensor based on Rydberg dressing
resources [109,110] DμðθÞ ¼ exp½−iθðHD

μ =V0Þ&, as is real-
ized in alkaline earth tweezer clocks [46–48]. The effective
interaction Hamiltonian we use for the optimization reads

HD
μ ¼

XN

k;l¼1

V0R6
C=4

jrk − rlj6 þ R6
C
σμkσ

μ
l ðμ ¼ x; y; zÞ; ð23Þ

where rk represents the position of particle k. The inter-
action strength at short distances V0 and interaction radius
RC depend on the Rydberg level and the dressing laser used
to let the particles interact [111].
Reference [66] presented a study of variationally opti-

mized spin-squeezed input states, and we refer to this work
for the elementary gates we employ as building blocks for
variationally optimizing entangling and decoding opera-
tions. In analogy to Eqs. (6) and (7), we write the entangler
and decoder, effectively replacing the T x;z by Dx;z. In a
similar way we can rewrite Eq. (9) to account for dynamics
in full 2N-dimensional Hilbert space.
Figure 8(a) shows the optimized Δϕ=δϕ for a 4 × 4

square array for RC ¼ a with a the lattice constant. We find
variational solutions approximating the OQI, similarly to
the OAT interactions in Fig. 2. In contrast to the infinite
range OAT interaction, we are not able to exactly reproduce
the optimal GHZ state interferometer at δϕ < 1=N.
Nonetheless, at any prior distribution width significant
improvement beyond the uncorrelated interferometer is
achieved, and in particular around global minimum of
the optimal interferometer (vertical dashed line), the
decoder-enhanced circuits clearly surpass sensitivity of
entangled input states only.
In Fig. 8(b) we further study the dependence on the scaled

interaction radiusRC=a for a fixedpriordistributionwidthδϕ
corresponding to the minima of variational and optimal
interferometer curves in Fig. 8(a) (vertical dashed line). We
see that even in the limit of an effective nearest-neighbor

FIG. 7. Plot of ΔϕMN, i.e., the standard deviation of an
effective measurement rescaled by the ensemble size N, versus
prior width δϕ. Solid lines show results for the optimized
interferometer with circuit depth ðnen; ndeÞ ¼ ð2; 5Þ in compari-
son to the analytic expression describing a GHZ state interfer-
ometer [Eq. (21)] shown with dashed lines and the π-corrected
Heisenberg limit including phase slips [Eq. (22)] shown
with dotted lines. The Heisenberg limit and the π-corrected
Heisenberg limit are indicated with dotted horizontal lines.

QUANTUM VARIATIONAL OPTIMIZATION OF RAMSEY … PHYS. REV. X 11, 041045 (2021)

041045-9

(ΔϕM)2 ≥
1
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2. `On-device’ optimization for  in experiment θopt, ϑopt
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*Modified DIRECT global optimizer with trigonometric covariance kernel and GP meta-model [R. van Bijnen; and C Kokail et al., Nature 2019]

26 ion optimizer* run of (1, 2) sequence, 7 free parameters, twisting angles not calibrated

SSS

CSS
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Vij =
R6

C

R6
C + |ri � rj |6
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ATOMIC PHYSICS

Seconds-scale coherence on an optical clock
transition in a tweezer array
Matthew A. Norcia, Aaron W. Young, William J. Eckner, Eric Oelker, Jun Ye, Adam M. Kaufman*

Coherent control of high–quality factor optical transitions in atoms has revolutionized precision
frequency metrology. Leading optical atomic clocks rely on the interrogation of such transitions in
either single ions or ensembles of neutral atoms to stabilize a laser frequency at high precision and
accuracy. We demonstrate a platform that combines the key strengths of these two approaches, based
on arrays of individual strontium atoms held within optical tweezers. We report coherence times
of 3.4 seconds, single-ensemble duty cycles up to 96% through repeated interrogation, and frequency
stability of 4.7 × 10−16 (t/s)–1/2. These results establish optical tweezer arrays as a powerful tool
for coherent control of optical transitions for metrology and quantum information science.

O
ptical clocks based on neutral atoms and
ions achieve exceptional precision and
accuracy (1–6), with applications in rel-
ativistic geodesy (7), tests of relativity
(8), and searches for dark matter (9).

Achieving such performance requires balanc-
ing competing desirable features, including a
high particle number, isolation of atoms from
collisions, insensitivity to motional effects, and
high–duty cycle operation (10, 11).
The leading platforms for optical clocks—

based on trapped single ions and ensembles of
neutral atoms confined within optical lattices—
take distinct approaches in the pursuit of pre-
cision and accuracy. Clocks based on single
ions use single-particle control and detection
to enable high–duty cycle interrogation of an
isolated atom (6, 12). Optical lattice clocks, on
the other hand, typically interrogate thousands
of atoms in parallel to reach exceptionally low
atom shot noise, enabling frequency measure-
ments with precision below the part-per-1018

level within 1 hour (2).
Working with large atom numbers creates

challenges associatedwith laser frequency noise
aliasing and interatomic collisions, which can
be difficult to address simultaneously. Fre-
quency noise aliasing through the so-called
Dick effect arises from dead time between
subsequent interrogations of the atoms (13).
Methods have been developed to overcome
dead-time effects by interleaving interroga-
tion of two independent clock ensembles in
separate chambers (2, 14), and techniques
for high-precision nondestructive detection
have been explored (15, 16).
Interatomic collisions can limit both the

precision and accuracy of a clock, but they
can be mitigated by isolating the atoms from
one another. This has recently been demon-
strated in a Fermi-degenerate optical lattice

clock, in which a well-defined number of atoms
occupies each lattice site (17). This approach
relies on evaporative cooling and a quantum
phase transition in the Hubbard model ground
state, and therefore typically requires long
gaps between clock interrogations, leading
to increased sensitivity to noise aliasing. The
sub–micrometer-scale optical lattices essen-
tial for such Hubbard-regime physics also
limit the current record for atom-light co-
herence (8 s), because dephasing from atomic
tunneling must be balanced against deco-
herence attributable to scattering from the
lattice (17, 18). This suggests that the next
frontier in atomic coherence will require
new tools that allow control of the atomic
spacing (18).
Here, we demonstrate the core capabilities

for an optical-frequency metrology platform
based on arrays of individual strontium atoms
trapped in optical tweezers (see Fig. 1A). The
platform combines the high duty cycle and
microscopic control techniques of ion clocks
with the scaling capacity inherent in neutral
atoms, and it allows for a high degree of atomic
isolation and coherence. The single-atom oc-
cupancy readily achieved in tweezers elimi-
nates perturbations associated with atomic
collisions; the low temperatures and relatively
large spatial separation between tweezers can
suppress motional and tunneling effects. The
tweezer platform also enables rapid, state-
selective, nondestructive detection (19–24) and
thus repeated clock interrogation of the same
atoms. These experimental conditions allow
the duty cycles, stability, and atom-optical co-
herence reported in this work.
Combining coherent control of the clock

transition with the microscopic control af-
forded by optical tweezers may also prove
useful in several subfields of quantum infor-
mation science more broadly. Such control
is necessary for proposals for quantum gates
based on spin-orbital exchange interactions
(25–27). Further, single-photon Rydberg tran-
sitions from the excited clock state allow

access to many-body spin models and gate
architectures with fast time scales rela-
tive to dissipation rates, which may lead to
improvement over analogous schemes with
alkali species (28–30). Rydberg dressing on the
clock transition of microscopically controlled
atoms also provides a clear path to the gen-
eration of entangled states with improved
metrological performance (31, 32), a long-
standing goal for optical clocks.
Our platform (21) consists of one-dimensional

arrays of neutral, bosonic 88Sr atoms that are
tightly confined within optical tweezers and
cooled using three-dimensional sideband cool-
ing (Fig. 1). With each run of our experiment,
individual tweezers have an approximately 50%
probability of being empty or of containing a
single atom; multiple occupancies are sup-
pressed by light-assisted collisions (33). For
the current work, we use 10 traps, generated by
applying 10 radio-frequency tones to an acousto-
optic deflector. Imaging is performed with neg-
ligible atom loss by simultaneously scattering
photons on the broad 1S0 to 1P1 transition at
461 nm and cooling on the narrow-linewidth
1S0 to

3P1 transition at 689 nm (21, 22, 24).
We interrogate the 1S0 to

3P0 optical “clock”
transition, which is induced in our bosonic
atoms by applying a magnetic field (3, 34),
using light from a highly stable laser re-
ferenced to a crystalline optical cavity (2).
Magnetic field values of 0.14 to 2.2 mT and
probe intensities ranging from 50 mW/cm2

to 5 W/cm2 are used to generate Rabi fre-
quencies from 0.125 Hz for our narrowest-
linewidth Rabi spectroscopy up to 17 Hz for
Ramsey spectroscopy (35). By comparing im-
ages of the atomic array taken before and after
probing, we infer the excitation to the 3P0 state
from the apparent loss of atoms in the 1S0
ground state. Because the imaging is highly
nondestructive (23, 24), we can repeat this in-
terrogation cycle many times before preparing
a new ensemble of atoms (Fig. 1B). The tweez-
er light has a wavelength near 813.4272 nm,
where the light shifts to 1S0 and

3P0 are nearly
equal [the so-called “magic wavelength” (36)].
The use of a “magic angle” technique (21)
allows us to also achieve state-insensitive trap-
ping on the 1S0 to 3P1 transition at this wave-
length, enabling sideband cooling to average
phonon numbers of 0.2 along the axis of the
clock interrogation.
These conditions enable coherent atom-

light interactions on seconds-long time scales.
Figure 1B (inset) shows the inferred excitation
probability associated with a 1.5-s laser probe
pulse as a function of laser frequency, with the
intensity of the probe pulse tuned tomaximize
transfer probability. The full width at half
maximum (FWHM) of this feature is below
500 mHz, extracted by fitting a Gaussian
function to the excitation probability. We fur-
ther characterize the atom-light coherence
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through Ramsey spectroscopy, where we scan
the duration of the gap between two p/2 pulses
from the clock laser. Because the laser is held at
the probe light–shifted resonance frequency of
the clock transition, we observe oscillations

in the final transfer fraction occurring at the
difference between this frequency and that of
the bare clock transition. The contrast of these
oscillations persists with a 1/e decay time of up
to 3.4 ± 0.4 s (Fig. 1C), providing a measure of

our atom-light coherence and a bound on our
atom-atom coherence.
We observe more rapid decay of Ramsey

contrast when operating with deep tweezers,
with a rate that depends linearly on the depth
of the tweezers (Fig. 2A). This can be largely
attributed to slight variations in the optical
frequencies of the tweezer light across the
different traps, stemming from the different
radio-frequency tones applied to the acousto-
optic deflector (adjacent tweezers are separated
by 5MHz). Because of this frequency difference,
all traps cannot be operated at exactly themagic
wavelength at the same time. The predicted
magnitude of this effect is illustrated by the
black line in the inset of Fig. 2A; the dashed
gray line is an expectation that shows the
combined effect of this non-magic behavior
and the Raman scattering from the excited
state (18). We use the spatial resolution of
our system to study this dephasing effect at a
single-atom level in Fig. 2, B and C. For the
deepest tweezers used in Fig. 2A, we fit the
phase of the Ramsey fringes for each site in
the array at different hold times. We observe
a relative shift in this phase between tweezers
that increases linearly with hold time and
with the distance from the center of the
array (Fig. 2B), from which we extract the
relative frequency shifts between atoms in
different tweezers. These frequency shifts
are plotted in Fig. 2C for selected depths,
and they agree well with predictions based
on the known derivative of the differential
polarizability of the clock transition, –15.5 ±
1.1 (mHz/ER)/MHz (37, 38). To eliminate this
dephasing mechanism in the future, the
tweezers could be projected using a digital

Norcia et al., Science 366, 93–97 (2019) 4 October 2019 2 of 4

Fig. 1. Clock transition interrogation in an optical tweezer array.
(A) Apparatus for interrogation of 1S0 to 3P0 “clock” transition in tweezer
arrays of strontium atoms. Using a high–numerical aperture (NA > 0.65)
objective, we project tightly confining optical potentials to trap single strontium
atoms. By tuning these traps near the so-called “magic” wavelength, we can
ensure that the clock transition is minimally sensitive to the local intensity
experienced by the atoms. (B) Repeated interrogation of clock transition. Top:
Image of a single ensemble of atoms loaded into tweezers with ~50% filling.
After interrogating the clock transition, excitation of the 3P0 state can be inferred
from apparent atom loss in a second image. By repumping atoms between

interrogation cycles, each ensemble can be interrogated many times before
losing atoms. Bottom: Image averaged over many such ensembles. Inset:
Narrow-line Rabi spectrum of clock transition retrieved without repeated
interrogation. Fits to sinc and Gaussian functions are shown in gray and black,
respectively. In this case, a 1.5-s probe yields an approximately Fourier-limited
Gaussian linewidth of 450 ± 20 mHz. (C) Ramsey spectroscopy in 200-photon
recoil energy (ER) deep tweezers, showing a coherence time of 3.4 ± 0.4 s.
The frequency of the fringes is set by the differential light shift imposed on the
clock transition by the probe beam. These data were taken using the repeated
imaging technique outlined in the text.

Fig. 2. Single-site resolved coherence studies. (A) Ramsey contrast as a function of evolution time for
different trap depths, showing tweezer-induced contrast decay. Inset: 1/e Gaussian decay rates for
Ramsey contrast versus tweezer depth, in units of the tweezer photon recoil energy ER. For deep tweezers,
contrast decay rate is proportional to tweezer depth. This can largely be explained by variations in the
frequency of the trapping light across the tweezer array as a result of different radio-frequency tones used to
generate the tweezer spots, whose expected contribution is represented by the black line. The combined
expectation of both this effect and Raman scattering, as inferred from measured depopulation rates from
3P0, is illustrated by the gray dashed line (18, 35). (B) Measured relative Ramsey phase shifts for individual
traps in 1800-ER tweezers. (C) Inferred relative frequency shifts for individual tweezers at different depths,
with predictions based on the known sensitivity to trap detuning (37, 38).
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`On-device' optimization in regime of quantum advantage

• Classical optimization of variational entangler and decoder is 
challenging in regime  spins, and in 2D etc. N > 50

• `On-device’ optimization in presence of decoherence & imperfections
T.-X. Zheng, … P. C. Maurer, Preparation of Metrological States in Dipolar-Interacting Spin Systems, Npj Quantum Information (2022).
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• Optimal quantum metrology & parameter 
estimation with variational quantum circuits Trapped ion experiment

- on-device optimization

- cost function optimized with low-depth 
variational circuits native to device
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ATOMIC PHYSICS

Seconds-scale coherence on an optical clock
transition in a tweezer array
Matthew A. Norcia, Aaron W. Young, William J. Eckner, Eric Oelker, Jun Ye, Adam M. Kaufman*

Coherent control of high–quality factor optical transitions in atoms has revolutionized precision
frequency metrology. Leading optical atomic clocks rely on the interrogation of such transitions in
either single ions or ensembles of neutral atoms to stabilize a laser frequency at high precision and
accuracy. We demonstrate a platform that combines the key strengths of these two approaches, based
on arrays of individual strontium atoms held within optical tweezers. We report coherence times
of 3.4 seconds, single-ensemble duty cycles up to 96% through repeated interrogation, and frequency
stability of 4.7 × 10−16 (t/s)–1/2. These results establish optical tweezer arrays as a powerful tool
for coherent control of optical transitions for metrology and quantum information science.

O
ptical clocks based on neutral atoms and
ions achieve exceptional precision and
accuracy (1–6), with applications in rel-
ativistic geodesy (7), tests of relativity
(8), and searches for dark matter (9).

Achieving such performance requires balanc-
ing competing desirable features, including a
high particle number, isolation of atoms from
collisions, insensitivity to motional effects, and
high–duty cycle operation (10, 11).
The leading platforms for optical clocks—

based on trapped single ions and ensembles of
neutral atoms confined within optical lattices—
take distinct approaches in the pursuit of pre-
cision and accuracy. Clocks based on single
ions use single-particle control and detection
to enable high–duty cycle interrogation of an
isolated atom (6, 12). Optical lattice clocks, on
the other hand, typically interrogate thousands
of atoms in parallel to reach exceptionally low
atom shot noise, enabling frequency measure-
ments with precision below the part-per-1018

level within 1 hour (2).
Working with large atom numbers creates

challenges associatedwith laser frequency noise
aliasing and interatomic collisions, which can
be difficult to address simultaneously. Fre-
quency noise aliasing through the so-called
Dick effect arises from dead time between
subsequent interrogations of the atoms (13).
Methods have been developed to overcome
dead-time effects by interleaving interroga-
tion of two independent clock ensembles in
separate chambers (2, 14), and techniques
for high-precision nondestructive detection
have been explored (15, 16).
Interatomic collisions can limit both the

precision and accuracy of a clock, but they
can be mitigated by isolating the atoms from
one another. This has recently been demon-
strated in a Fermi-degenerate optical lattice

clock, in which a well-defined number of atoms
occupies each lattice site (17). This approach
relies on evaporative cooling and a quantum
phase transition in the Hubbard model ground
state, and therefore typically requires long
gaps between clock interrogations, leading
to increased sensitivity to noise aliasing. The
sub–micrometer-scale optical lattices essen-
tial for such Hubbard-regime physics also
limit the current record for atom-light co-
herence (8 s), because dephasing from atomic
tunneling must be balanced against deco-
herence attributable to scattering from the
lattice (17, 18). This suggests that the next
frontier in atomic coherence will require
new tools that allow control of the atomic
spacing (18).
Here, we demonstrate the core capabilities

for an optical-frequency metrology platform
based on arrays of individual strontium atoms
trapped in optical tweezers (see Fig. 1A). The
platform combines the high duty cycle and
microscopic control techniques of ion clocks
with the scaling capacity inherent in neutral
atoms, and it allows for a high degree of atomic
isolation and coherence. The single-atom oc-
cupancy readily achieved in tweezers elimi-
nates perturbations associated with atomic
collisions; the low temperatures and relatively
large spatial separation between tweezers can
suppress motional and tunneling effects. The
tweezer platform also enables rapid, state-
selective, nondestructive detection (19–24) and
thus repeated clock interrogation of the same
atoms. These experimental conditions allow
the duty cycles, stability, and atom-optical co-
herence reported in this work.
Combining coherent control of the clock

transition with the microscopic control af-
forded by optical tweezers may also prove
useful in several subfields of quantum infor-
mation science more broadly. Such control
is necessary for proposals for quantum gates
based on spin-orbital exchange interactions
(25–27). Further, single-photon Rydberg tran-
sitions from the excited clock state allow

access to many-body spin models and gate
architectures with fast time scales rela-
tive to dissipation rates, which may lead to
improvement over analogous schemes with
alkali species (28–30). Rydberg dressing on the
clock transition of microscopically controlled
atoms also provides a clear path to the gen-
eration of entangled states with improved
metrological performance (31, 32), a long-
standing goal for optical clocks.
Our platform (21) consists of one-dimensional

arrays of neutral, bosonic 88Sr atoms that are
tightly confined within optical tweezers and
cooled using three-dimensional sideband cool-
ing (Fig. 1). With each run of our experiment,
individual tweezers have an approximately 50%
probability of being empty or of containing a
single atom; multiple occupancies are sup-
pressed by light-assisted collisions (33). For
the current work, we use 10 traps, generated by
applying 10 radio-frequency tones to an acousto-
optic deflector. Imaging is performed with neg-
ligible atom loss by simultaneously scattering
photons on the broad 1S0 to 1P1 transition at
461 nm and cooling on the narrow-linewidth
1S0 to

3P1 transition at 689 nm (21, 22, 24).
We interrogate the 1S0 to

3P0 optical “clock”
transition, which is induced in our bosonic
atoms by applying a magnetic field (3, 34),
using light from a highly stable laser re-
ferenced to a crystalline optical cavity (2).
Magnetic field values of 0.14 to 2.2 mT and
probe intensities ranging from 50 mW/cm2

to 5 W/cm2 are used to generate Rabi fre-
quencies from 0.125 Hz for our narrowest-
linewidth Rabi spectroscopy up to 17 Hz for
Ramsey spectroscopy (35). By comparing im-
ages of the atomic array taken before and after
probing, we infer the excitation to the 3P0 state
from the apparent loss of atoms in the 1S0
ground state. Because the imaging is highly
nondestructive (23, 24), we can repeat this in-
terrogation cycle many times before preparing
a new ensemble of atoms (Fig. 1B). The tweez-
er light has a wavelength near 813.4272 nm,
where the light shifts to 1S0 and

3P0 are nearly
equal [the so-called “magic wavelength” (36)].
The use of a “magic angle” technique (21)
allows us to also achieve state-insensitive trap-
ping on the 1S0 to 3P1 transition at this wave-
length, enabling sideband cooling to average
phonon numbers of 0.2 along the axis of the
clock interrogation.
These conditions enable coherent atom-

light interactions on seconds-long time scales.
Figure 1B (inset) shows the inferred excitation
probability associated with a 1.5-s laser probe
pulse as a function of laser frequency, with the
intensity of the probe pulse tuned tomaximize
transfer probability. The full width at half
maximum (FWHM) of this feature is below
500 mHz, extracted by fitting a Gaussian
function to the excitation probability. We fur-
ther characterize the atom-light coherence
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through Ramsey spectroscopy, where we scan
the duration of the gap between two p/2 pulses
from the clock laser. Because the laser is held at
the probe light–shifted resonance frequency of
the clock transition, we observe oscillations

in the final transfer fraction occurring at the
difference between this frequency and that of
the bare clock transition. The contrast of these
oscillations persists with a 1/e decay time of up
to 3.4 ± 0.4 s (Fig. 1C), providing a measure of

our atom-light coherence and a bound on our
atom-atom coherence.
We observe more rapid decay of Ramsey

contrast when operating with deep tweezers,
with a rate that depends linearly on the depth
of the tweezers (Fig. 2A). This can be largely
attributed to slight variations in the optical
frequencies of the tweezer light across the
different traps, stemming from the different
radio-frequency tones applied to the acousto-
optic deflector (adjacent tweezers are separated
by 5MHz). Because of this frequency difference,
all traps cannot be operated at exactly themagic
wavelength at the same time. The predicted
magnitude of this effect is illustrated by the
black line in the inset of Fig. 2A; the dashed
gray line is an expectation that shows the
combined effect of this non-magic behavior
and the Raman scattering from the excited
state (18). We use the spatial resolution of
our system to study this dephasing effect at a
single-atom level in Fig. 2, B and C. For the
deepest tweezers used in Fig. 2A, we fit the
phase of the Ramsey fringes for each site in
the array at different hold times. We observe
a relative shift in this phase between tweezers
that increases linearly with hold time and
with the distance from the center of the
array (Fig. 2B), from which we extract the
relative frequency shifts between atoms in
different tweezers. These frequency shifts
are plotted in Fig. 2C for selected depths,
and they agree well with predictions based
on the known derivative of the differential
polarizability of the clock transition, –15.5 ±
1.1 (mHz/ER)/MHz (37, 38). To eliminate this
dephasing mechanism in the future, the
tweezers could be projected using a digital
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Fig. 1. Clock transition interrogation in an optical tweezer array.
(A) Apparatus for interrogation of 1S0 to 3P0 “clock” transition in tweezer
arrays of strontium atoms. Using a high–numerical aperture (NA > 0.65)
objective, we project tightly confining optical potentials to trap single strontium
atoms. By tuning these traps near the so-called “magic” wavelength, we can
ensure that the clock transition is minimally sensitive to the local intensity
experienced by the atoms. (B) Repeated interrogation of clock transition. Top:
Image of a single ensemble of atoms loaded into tweezers with ~50% filling.
After interrogating the clock transition, excitation of the 3P0 state can be inferred
from apparent atom loss in a second image. By repumping atoms between

interrogation cycles, each ensemble can be interrogated many times before
losing atoms. Bottom: Image averaged over many such ensembles. Inset:
Narrow-line Rabi spectrum of clock transition retrieved without repeated
interrogation. Fits to sinc and Gaussian functions are shown in gray and black,
respectively. In this case, a 1.5-s probe yields an approximately Fourier-limited
Gaussian linewidth of 450 ± 20 mHz. (C) Ramsey spectroscopy in 200-photon
recoil energy (ER) deep tweezers, showing a coherence time of 3.4 ± 0.4 s.
The frequency of the fringes is set by the differential light shift imposed on the
clock transition by the probe beam. These data were taken using the repeated
imaging technique outlined in the text.

Fig. 2. Single-site resolved coherence studies. (A) Ramsey contrast as a function of evolution time for
different trap depths, showing tweezer-induced contrast decay. Inset: 1/e Gaussian decay rates for
Ramsey contrast versus tweezer depth, in units of the tweezer photon recoil energy ER. For deep tweezers,
contrast decay rate is proportional to tweezer depth. This can largely be explained by variations in the
frequency of the trapping light across the tweezer array as a result of different radio-frequency tones used to
generate the tweezer spots, whose expected contribution is represented by the black line. The combined
expectation of both this effect and Raman scattering, as inferred from measured depopulation rates from
3P0, is illustrated by the gray dashed line (18, 35). (B) Measured relative Ramsey phase shifts for individual
traps in 1800-ER tweezers. (C) Inferred relative frequency shifts for individual tweezers at different depths,
with predictions based on the known sensitivity to trap detuning (37, 38).
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• Optimization in classically inaccessible regime

complexity of quantum 
many-body problem !



Outlook

• Single → Multi-parameter q-metrology and field sensing
R Kaubruegger, A Sankar, D Vasilyev & PZ, PRX Quantum (2023)

• Parameter Estimation in Quantum Metrology vs. 
Hamiltonian Learning in Quantum Simulation

B = (Bx, By, Bz) (?)
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learn the structure and couplings of the many-body 
Hamiltonian from many preparations and measurements

many-body

quench

L Pastori et al., PRX Quantum (2022)

U(ϕ) = exp [−i(ϕx Jx + ϕy Jy + ϕz Jz)]
non-commuting


