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Nontrivial topological structures of non-Abelian gauge fields were dis-
covered in the 1970s. Instanton solutions, describing vacuum tunneling
through topological barriers, have fermionic zero modes which are at the
origin of ‘t Hooft effective Lagrangian. In the 1980s, instanton ensembles
have been used to explain chiral symmetry breaking. In the 1990s, a large
set of numerical simulations were performed deriving Euclidean correlation
functions. The special role of scalar diquarks in nucleons and color super-
conductivity in dense quark matter has been elucidated. In these lectures,
we discuss further developments of physics related to gauge topology. We
show that the instanton–anti-instanton “streamline” configurations describe
“sphaleron transitions” in high-energy collisions, which result in production
of hadronic clusters with nontrivial topological/chiral charges. (They are
not yet observed, but discussions of dedicated experiments at the LHC and
RHIC are ongoing.) Another new direction is instanton effects in hadronic
spectroscopy, both in the rest frame and on the light front. We will discuss
their role in central and spin-dependent potentials, form factors and anti-
quark nuclear “sea”. Finally, we summarize the advances in the semiclassical
theory of deconfinement, and chiral phase transitions at finite temperature,
in QCD, and in some of its “deformed” versions.
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1. Brief overview of gauge topology

We start these lectures with a map, outlining the role and interdepen-
dence of various topological structures in the QCD vacuum. The phe-
nomenon of color confinement (the left blue region in Fig. 1) was first related
to center vortices, associated with a phase π for a quark looping around,
changing the sign of the linking Wilson line. Two such vortices combined
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together, lead to a singularity with a phase 2π, shown by the white arrow,
known as the Dirac string. Their ends are identified as magnetic monopoles
(blue disks). Confinement is their Bose–Einstein condensation, perhaps the
most physical signature of this phenomenon.
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Fig. 1. Map of gauge topology, explanations are in the text.

The right yellow region of Fig. 1 is associated with another major non-
perturbative phenomenon, chiral symmetry breaking. The pink disk refers
to instantons, 4D solitons in Euclidean space-time. Fermions in this field
have zero modes, elevating each instanton into the ‘t Hooft multi-fermion
operator. The four black arrows correspond to the case of two quark flavors,
u, d. The resulting 4-fermion vertex is similar to the Nambu–Jona-Lasinio
hypothetical interaction, and also breaks spontaneously SU(Nf)A chiral sym-
metry provided the instanton density is sufficiently large.

At finite temperature, the Polyakov line has a number of eigenvalues or
holonomies µi(T ) (see below). The instanton solution amended by such
asymptotics for the A0 field splits into instanton constituents, known as
instanton-dyons or instanton-monopoles1. Like instantons, they have topo-
logical charges. Unlike instantons, the charges are not quantized to inte-
gers Q. This is possible since they are connected by Dirac strings due to
their magnetic charges. Ensembles of these topological objects will be shown
to generate both confinement, and chiral breaking at the end of these lec-
tures.

1 Both names were criticized: they are neither the dyons of Schwinger, nor monopoles
of Dirac, but Euclidean self-dual objects, with equal E and B up to a sign. Perhaps a
new name, emphasizing their Euclidean nature, is needed: can it e.g. be instantino?
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Last but not least is the phenomenon of Poisson duality, started as a tech-
nical observation relating partition functions derived in terms of monopoles
and in terms of instanton-dyons. As we will discuss below, it has a wider
meaning: their equality brings to mind equivalence of two other great ap-
proaches to classical dynamics, by Hamilton and Lagrange, respectively.

The detailed discussion of these configurations, in addition to discussions
about the QCD flux tubes and holographic QCD etc., can be found in [1].

2. Brief history of instantons

2.1. Semiclassical theory based on path integrals: instantons and fluctons

The quantum mechanics courses include semiclassical methods based on
certain representation of the wave function, starting with the celebrated
Bohr–Sommerfeld quantization condition applied to the oscillator and hy-
drogen atom, and followed by the Wentzel–Kramers–Brillouin (WKB) ap-
proximation, developed in 1926. Unfortunately, subsequent study has shown
that generalization of those to physical systems with more than one degree
of freedom, as well as to systematic order-by-order account for quantum
fluctuations, is not possible.

By definition, the Feynman path integral gives the density matrix in
coordinate representation (see e.g. a very pedagogical Feynman–Hibbs book)

ρ (xi, xf , ttot) =

x(ttot)=xf∫

x(0)=xi

Dx(t) ei S[x(t)]/ℏ . (1)

Note that it is a function of the initial and final coordinates, as well as the
time needed for the transition. Here, S is the classical action of the system,
e.g. for a particle of mass m in a static potential V (x), it is

S =

ttot∫

0

dt

[
m

2

(
dx

dt

)2

− V (x)

]
.

Feynman has shown that the oscillating exponent along the path provides
the correct weight of the path integral (1). For reference, the same object can
also be written in a form closer to that used in quantum mechanics courses.
Heisenberg wrote it as a matrix element of the time evolution operator, the
exponential of the Hamiltonian2

ρ (xi, xf , ttot) = ⟨xf | eiĤttot |xi⟩ (2)
between states in which a particle is localized in–out.

2 Here, we assume that the motion happens in a time-independent potential, for oth-
erwise, the exponential is time ordered.
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The Schrödinger set of stationary states Ĥ|n⟩ = En|n⟩ can also be used
as a basis set. Since the Hamiltonian is diagonal in this basis, there is a
single (not double) sum

ρ (xi, xf , t) =
∑

n

ψ∗
n (xf)ψn(xi) e

iEnt (3)

with ψn(x) = ⟨n|x⟩. Oscillating weights for different states are often hard
to calculate and one may wonder if it is possible to analytically continue in
time to the Euclidean version with i absorbed into it. For reasons which will
soon become clear, we will also define this imaginary time on a circle with
circumference β

τ = i t ∈ [0, β] .

In this way, we will be able to describe the quantum+statistical mechan-
ics of a particle in a heat bath with temperature T related to the circle
circumference

β =
ℏ
T
.

Such periodic time is known as the Matsubara time. Expression (3) is now

ρ(x, x, t) =
∑

n

|ψn(x)|2 e−En/T (4)

which sums the quantum-mechanical probabilities to find a particle at point x
times its thermal weight. Performing the integral over all x and using the
normalization of the weight functions, one finds the expression for the ther-
mal partition function

Z =
∑

n

e−En/T . (5)

We will use this expression below in a Feynman path integral form, with
(i) taken over all periodic paths with the same endpoints, and with (ii)
Euclidean or rotated time. The probability to find a particle at a certain
point is then

P (x0, ttot) =

x(β)=x0∫

x(0)=x0

Dx(τ) e−SE[x(τ)]/ℏ . (6)

Note that here, the exponent is not oscillating and equals the Euclidean
action

SE =

β∫

0

dτ

[
m

2

(
dx

dτ

)2

+ V (x)

]
(7)

in which the sign of the potential is reversed and the time derivative is
understood to be over τ .
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Looking for the periodic paths with the minimal action, one may start
with the simplest, i.e. a particle at rest with x(τ) = const! Such a path is
dominant for small time (Matsubara circle), with β → 0 (or high temper-
ature T )3. If one ignores the time dependence and velocity on the paths,
there is no kinetic term and only the potential one in the action contributes.
Thus,

P (x0, β) ∼ e−
V (x0)
T , (8)

which corresponds to the classical4 thermal distribution for a particle in a
potential V .

Since the weight is exp(−S[x(τ)]), the paths with the smallest action
should give the largest contribution. These paths satisfy the classical (Eu-
clidean) equation of motion, as we will carry below. The semiclassical ap-
proximation — the dominance of these paths — would be justified as soon
as the corresponding action is large

Scl ≡ S[xcl(τ)] ≫ ℏ . (9)

Such classical paths were called fluctons in [2]. These paths should have
Euclidean time period β = ℏ/T . For simplicity, let us start with “cold” QM
or vanishingly small T , β → ∞. Little thinking of how to arrange a classical
path with a very long period leads to the following solution: the particle
should roll to the top of the (flipped) potential with exactly such energy
as to sit there for very long time before it will roll back to the (arbitrary)
point x0 from which the path started. The classical paths corresponding to
relaxation toward the potential bottom take the form of a path climbing up
from an arbitrary point x0 to the maximum, see Fig. 2.

x

V(x)
x0

Fig. 2. Sketch of the flucton path climbing toward the (flipped) minimum of the
potential.

3 Note that it is opposite to the limit discussed above in the Hamiltonian approach.
4 Note that if we would keep ℏ ̸= 1, the one in β and in the exponent exp(−S/ℏ) would

cancel out, confirming the classical nature of this limit.
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Let us start with the harmonic oscillator as the unavoidable first example.
For simplicity, let us use the canonical units, in which the particle mass
is m = 1 and the oscillator frequency is Ω = 1, so that our (Euclidean)
Lagrangian5 is simplified to

LE =
ẋ(τ)2

2
+
x(τ)2

2
. (10)

Due to this sign, in Euclidean time τ , the oscillator does not oscillate eit

but relaxes e−τ . For a harmonic oscillator, the classical equations of motion
(EOM) are of course not difficult to solve. However, it is always easier to
get solutions using energy conservation (the first integral of motion for static
potentials). Since we are interested in solutions with zero energy E = 0, they
correspond to ẋ2 = 2V (x). The boundary conditions are x0 at τ = 0 plus
periodicity on a circle with circumference β. This solution is

xflucton(τ) = x0

(
eβ−τ + eτ

)

eβ + 1
(11)

defined for τ ∈ [0, β]. The particle moves toward x = 0 and reaches some
minimal value, at τ = β/2, and then returns to the initial point x0 again
at τ = β. Due to the periodicity in τ , one may shift its range to τ ∈
[−β/2, β/2]. The minimal value at τ = β/2

xmin =
x0

cosh
(
β
2

) →β→∞ 0

is exponentially small at low temperature. The climbing to the potential
top at x = 0 is nearly accomplished, if the period is large.

The solution in the zero temperature or β → ∞ limit simplifies to
x0 e

−|τ |. In the opposite limit of small β or high T , there is no time to
move far from x0, so in this case, the particle does not move at all. The
classical action of the flucton path is

Sflucton = x20 tanh

(
β

2

)
. (12)

The result means that the particle distribution

P (x0) ∼ exp


− x20

coth
(
β
2

)


 (13)

5 Note again the flipped sign of the potential term. In Minkowski time, the potential
has sign minus.
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is Gaussian at any temperature. Note that the width of the distribution

〈
x2
〉
=

1

2
coth

(
β

2

)
=

1

2
+

1

eβ − 1
(14)

is the ground-state energy plus the contribution due to the thermal excita-
tions, which we already mentioned at the beginning of the chapter. Thus,
the flucton reproduces the well-known results for the harmonic oscillator,
see e.g. Feynman’s Statistical Mechanics.

Flucton solutions for several well-used QM problems (anharmonic oscil-
lator, quartic double well, sin-like potential) were discussed in detail in [12].
Unlike WKB, one can define and calculate semiclassical series in ℏ by the
well-defined procedure, using Feynman diagrams. Finite-temperature fluc-
tons were used for anharmonic oscillator and 4-nucleon clustering in [11].

Quantum mechanical instantons were introduced6 by [4] in the context
of tunneling in the double-well potential. In the inverted potential, it is a
path going from one maximum to another.

For an early pedagogical review, including the one-loop (determinant)
calculation by the same tedious scattering-phase method see ABC of in-
stantons [5]. Two-loop corrections were first calculated in [6], some tech-
nical errors in it were corrected by Shuryak and Wohler in [7]. Three-loop
corrections have been calculated by Escobar-Ruiz, Turbiner, and Shuryak
in [8].

The calculation goes in the same standard way, the path is written as
a classical plus quantum fluctuation δx(τ), and then the action is expanded
in powers of δx(τ). One technical (but important) difference between the
instantons and fluctons is that in the former case the fluctuation operator
(O(δx(τ)2)) has a zero mode, related to time-shift symmetry. Therefore, the
Green function for the fluctuations needs to be defined in a nonzero mode
subspace of the Hilbert space. This complication leads to new features, such
as additional diagrams not following directly from the Lagrangian.

The Gauge theory instanton was found in the famous work by Belavin,
Polyakov, Schwartz, and Tyupkin, and since known as the BPST instan-
ton [9]. Let us recall how it was obtained, as some of the expressions will be
useful for later use. To find the classical solution corresponding to tunneling,
BPST used the following 4-dimensional spherical ansatz depending on the
radial trial function f

gAa
µ = ηaµν∂νF (y) , F (y) = 2

ξ(y)∫

0

dξ′f
(
ξ′
)

(15)

6 It is interesting that the first application to the QFT problem — pairs production in
constant electric field — was done already in 1931 by Sauter [3].
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with ξ = ln(x2/ρ2) and η the ‘t Hooft symbol defined by

ηaµν =





ϵaµν µ, ν = 1, 2, 3 ,
δaµ ν = 4 ,

−δaν µ = 4 .
(16)

We also define η̄aµν by changing the sign of the last two equations. Upon
substitution of the gauge fields in the gauge Lagrangian (Gµν)

2, one finds
that the effective Lagrangian has the form of

Leff =

∫
dξ

[
ḟ2

2
+ 2f2(1− f)2

]
(17)

corresponding to the motion of a particle in a double-well potential. The
Euclidean solution is that of a quantum mechanical instanton, connecting
the maxima of the flipped potential. The corresponding field is

Aa
µ(x) =

2

g

ηaµνxν
x2 + ρ2

. (18)

Here, ρ is an arbitrary parameter characterizing the size of the instanton.
Like in the potential we discussed in the preceding section, its appearance
is dictated by the scale invariance of the classical Yang–Mills equation. The
ansatz itself perhaps needs some explanation. The ‘t Hooft symbol projects
to sefl-dual fields, which is best captured by the identity

S =
1

4g2

∫
d4xGa

µνG
a
µν =

1

4g2

∫
d4x

[
±Ga

µνG̃
a
µν +

1

2

(
Ga

µν ∓ G̃a
µν

)2]
,

(19)
where G̃µν = 1/2ϵµνρσGρσ is the dual field strength tensor (the field tensor
in which the roles of electric and magnetic fields are interchanged). Since the
first term is a topological invariant (see below) and the last term is always
positive, it is clear that the action is minimal if the field is (anti)self-dual 7

Ga
µν = ±G̃a

µν . (20)

In a simpler language, it means that the Euclidean electric and magnetic
fields are the same8. The action density is given by

(
Ga

µν

)2
=

192ρ4

(x2 + ρ2)4
. (21)

7 This condition is written in Euclidean space. In Minkowski space, there is an extra
i in the electric field.

8 In the BPST paper, the self-duality condition (1st order differential equation) was
solved, rather than (2nd order) EOM for the quartic oscillator.
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It is spherically symmetric and very well localized, at large distances, it is
∼ x−8. The action depends on the scale only via the running coupling

S =
8π2

g2(ρ)
. (22)

The one-loop (determinant) quantum corrections were calculated in the clas-
sic paper by ‘t Hooft [10]. The two-loop and higher-order quantum correc-
tions have not been calculated to this day due to the difficulties with the
part of the Green functions related to the nonzero modes.

2.2. Chiral symmetry breaking in QCD

Chiral symmetries are additional symmetries that appear when quarks
are massless. Since the mass term is the only one in the QCD Lagrangian
connecting spinors with right (R) and left (L) chiralities, the SU(Nf) symme-
try of flavor quark rotations gets doubled by acting on the L- and R-quarks
separately. Also, it can be viewed as vector and axial-vector transformations,
in which rotations on the L- and R-spinors are in the same or opposite di-
rections. The latters are further split into U(1)A (acting on all quarks by
exp(iγ5θ) and SU(Nf)A.

The physics of the nonperturbative vacuum of strong interaction started
even before QCD. Nambu and Jona-Lasinio (NJL) [13], inspired by BCS
theory of superconductivity, have qualitatively explained that strong enough
attraction of quarks can break SU(Nf)A chiral symmetry spontaneously and,
among many other effects, create near-massless pions.

Instantons, the basis for a semiclassical theory of the QCD vacuum and
hadrons, have been discovered in 1970s [9], and soon ‘t Hooft has found their
fermionic zero modes and formulated his famous effective Lagrangian [10].
Not only did it solve the famous “U(1)A problem” — by making the η′

non-Goldstone and heavy — but it also produces a strong attraction in
the σ and π channels. In the framework of the so-called instanton liquid
model (ILM) [14], it provided a microscopic (QCD-based) basis for chiral
symmetry breaking, chiral perturbation theory, and the pion properties. Its
two parameters

ρ =
1

3
fm , nI+Ī =

1

R4
= 1 fm−4 (23)

play the same role as the cutoff and coupling in the NJL model. These
parameters have withstood the scrutiny of time, and describe rather well
the chiral dynamics related to pions, the Euclidean correlation functions in
the few femtometers range, the interacting ensemble of instantons, and much
more, see [15] for a review.
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The subject of these lectures is many other uses of instantons discussed
in recent works. We will consider quark pair production and its role in
the isospin asymmetry of the nucleon “sea”, the inclusion of ĪI molecules in
mesonic form factors, and forces between quarks in hadrons.

2.3. Euclidean correlation functions

This analysis originally started from the small-distance OPE and the
QCD sum rule method, it moved to intermediate distances (see review e.g.
in [16]).

First, the experimentally known correlation functions were reproduced
by the instanton liquid model at small distances at a quantitative level.
Then, for many mesonic channels [18, 19], significant numerical efforts were
made allowing to calculate the relevant correlation functions till larger dis-
tances (of about 1.5 fm), where they decay by a few decades. As a result,
the predictive power of the model has been explored in substantial depth.
Many of the coupling constants and even hadronic masses were calculated,
with good agreement with experiment and lattice.

2.4. Diquarks and color superconductivity

Subsequent calculations of baryonic correlators [20] have revealed further
surprising facts. In the instanton vacuum, the nucleon was shown to be
made of a “constituent quark” plus a deeply bound diquark, with a mass
nearly the same as that of constituent quarks. On the other hand, decuplet
baryons (like ∆++) had shown no such diquarks, remaining a weakly bound
set of three constituent quarks. Deeply bound scalar diquarks are a direct
consequence of the ‘t Hooft Lagrangian, a mechanism that is also shared by
the Nambu–Jona-Lasinio interaction [21] but ignored for a long time.

It also leads to the realization that diquarks can become the Cooper pairs
in dense quark matter, see [22] for a review on “color superconductivity”.

3. The topological landscape and sphaleron production processes

There has been significant development in the understanding of the
“topological landscape” in relation between instantons and sphaleron pro-
duction processes, see [23]. Recently there has been a renewed interest,
due to the possible experimental searches for sphaleron production at the
RHIC/LHC [24]. The sphalerons are 3-dimensional, static, and purely mag-
netic configurations that minimize the energy functional. To quantify them,
we will focus on two main variables. Their topological Chern–Simons num-
ber and their squared field size are
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NCS ≡ ϵαβγ

16π2

∫
d3x

(
Aa

α∂βA
a
γ +

1

3
ϵabcAa

αA
b
βA

c
γ

)
, ρ2 ≡

∫
d3xx⃗ 2B⃗ 2

∫
d3xB⃗ 2

.

(24)
If those are kept constant, by adding pertinent Lagrange multipliers to the
action, we can find the minimal possible energy and Chern–Simons number
in parametric form

Umin(κ, ρ) =
(
1− κ2

)2 3π2
g2ρ

, NCS(κ) =
1

4
sign(κ)(1−|κ|)2(2+|κ|) , (25)

where κ = 0 corresponds to the top of the barrier, known as the “sphaleron”.
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Fig. 3. The potential energy Umin(NCS, ρ) (in units of 1/g2ρ) versus the Chern–
Simons number NCS for the “sphaleron path” between NCS = 0 and NCS = 1.

Production of sphaleron-path states can be described semi-classically
using instanton–anti-instanton “streamline” [17, 25, 26] and their explosion
in Minkowski space-time by [27]. The new results consist in estimates of
how one can produce QCD sphalerons, as topologically-charged clusters in
double-diffractive events, with a cluster of few GeV mass at the center.
Its decay modes into multiple 3-mesons channels were calculated using the
‘t Hooft Lagrangian [24].

4. Mesons and baryon light-front wave functions and isospin
asymmetry of the nucleon “sea”

High-energy processes, as in the famed electron–nucleon deep inelastic
scattering, produced a rich “parton phenomenology” in the form of par-
ton distribution functions (PDFs), distribution amplitudes (DAs), trans-
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verse momentum distribution (TMDs), etc. They are pertinent matrix ele-
ments of light-front wave functions (LFWFs), which are not well understood
from first principles. In [28, 29], light-front DAs and PDFs were explored
in the instanton liquid model using the large momentum effective theory
(LaMET) formulation [30], although the LaMET matching kernels may well
be contaminated by nonperturbative small size instanton and anti-instanton
contributions (also ĪI molecules as we discuss below) [31].

Furthermore, the understanding of the light-front Hamiltonians is only
in its initial stage. In [32], LFWFs for several mesons and baryons were
calculated, including for the first time the 5-quark component of the baryon,
in relation to the isospin asymmetry puzzle. The canonical process of quark
pair production via gluons is “flavor blind”, and yet the anti-quark sea of the
nucleon is very asymmetric, as shown in Fig. 4 (right). As noted in [33], the
‘t Hooft Lagrangian is flavor asymmetric, say a d quark can produce a ūu
pair (Fig. 4 (left)) but not a d̄d. If it would be the only process, the d̄/ū
ratio would be 2, as there are two u quarks and only one d in the nucleon.
This observation is not very far from the currently reported data for x ∼ 0.2.

THE 5-QUARK SECTOR OF THE BARYONS 

11

relating it to the observed parameters of the exclusive
processes (formfactors etc) and the valence quark PDFs,
and the proceed with calculation of the other sectors of
the physical state.

x1
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x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

x1
<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

(a) (b)

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

ū
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FIG. 9: The only diagram in which 4-quark interaction con-
nects the 3 and 5 quark sectors, generating the ū sea.

The Hamitonian matrix element corresponding to the
diagram shown in Fig9 we calculated between the nu-
cleon and each of the pentaquark wave functions, de-
fined above, by the following 2+4 dimensional integral
over variables in 3q and 5q sectors, related by certain
delta functions

hN |H|5q, ii = Ḡ

Z
dsdtJ(s, t)ds0dt0du0dw0J(s0, t0, u0, w0)(33)

 N (s, t)�(x1 � x0
1)�(x2 � x0

2) i(s
0, t0, u0, w0)

The meaning of the delta functions is clear from the dia-
gram, they are of course expressed via proper integration
variables and numerically approximated by narrow Gaus-
sians. After these matrix elements are calculated, the
5-quark “tail” wave function is calculated via standard
perturbation theory expression

 tail(s
0, t0, u0, w0) = �

X

i

hN |H|5q, ii
M2

i � M2
N

 i(s
0, t0, u0, w0)(34)

The typical value of the overlap integral itself for di↵er-
ent pentaquark state is ⇠ 10�3, and using for e↵ective
coupling Ḡ the same value as we defined for G from the
nucleon, namely ⇠ 17GeV 2, one finds that admixture
of several pentaquarks to the nucleon is at the level of
a percent. The resulting 5-quark “tails” of the nucleon
and Delta baryons calculated in this way are given in
the Appendix. The normalized distribution of the 5-th
body, namely ū(x), over its momentum fraction is shown
in Fig.10. One can see a peak at xū ⇠ 0.05, which looks a
generic phenomenon. The oscillations at large xū reflect
strong correlations in the wave function between quarks,
as well as perhaps indicate the insu�ciently large func-
tional basis used. This part of the distribution is perhaps
numerically unreliable.

VII. PERTURBATIVE AND
TOPOLOGY-INDUCED ANTIQUARK SEA

The results of our calculation cannot be directly com-
pared to the sea quark and antiquark PDFs, already

FIG. 10: The distribution over that ū in its momentum frac-
tion, for the Nucleon and Delta 5-quark “tails” (solid and
dashed, respectively).

plotted in Fig.5, as those include large perturbative con-
tributions, from gluon-induced quark pair production
g ! ūu, d̄d, dominant at very small x. However, these
processes are basically flavor and chirality-independent,
while the observed flavor and spin asymmetries of the sea
indicate that there must also exist some nonperturbative
mechanism of its formation. For a general recent review
see [18].

As originally emphasized by Dorokhov and Kochelev
[23], The ’t Hooft topology-induced 4-quark interaction
leads to processes

u ! u(d̄d), d ! d(ūu)

but not

u ! u(ūu), d ! d(d̄d)

which are forbidden by Pauli principle applied to zero
modes. Since there are two u quarks and only one d in
the proton, one expects this mechanism to produce twice
more d̄ than ū.

The available experimental data, for the difference
of the sea antiquarks distributions d̄ � ū (from [18]) is
shown in Fig.11. In this di↵erence the symmetric gluon
production should be cancelled out, and therefore it is
sensitive only to a non-perturbative contributions.

Few comments: (i) First of all, the sign of the di↵er-
ence is indeed as predicted by the topological interaction,
there are more anti-d than anti-u quarks;
(ii) Second, since 2-1=1, this representation of the data
directly give us the nonperturbative antiquark produc-
tion per valence quark, e.g. that of ū. This means it can
be directly compared to the distribution we calculated
from the 5-quark tail of the nucleon and Delta baryons,
Fig.10.
(iii) The overall shape is qualitative similar, although our
calculation has a peak at xū ⇠ 0.05 while the experimen-
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relating it to the observed parameters of the exclusive
processes (formfactors etc) and the valence quark PDFs,
and the proceed with calculation of the other sectors of
the physical state.

x1
<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

x1
<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

(a) (b)

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

ū
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FIG. 9: The only diagram in which 4-quark interaction con-
nects the 3 and 5 quark sectors, generating the ū sea.

The Hamitonian matrix element corresponding to the
diagram shown in Fig9 we calculated between the nu-
cleon and each of the pentaquark wave functions, de-
fined above, by the following 2+4 dimensional integral
over variables in 3q and 5q sectors, related by certain
delta functions

hN |H|5q, ii = Ḡ

Z
dsdtJ(s, t)ds0dt0du0dw0J(s0, t0, u0, w0)(33)

 N (s, t)�(x1 � x0
1)�(x2 � x0

2) i(s
0, t0, u0, w0)

The meaning of the delta functions is clear from the dia-
gram, they are of course expressed via proper integration
variables and numerically approximated by narrow Gaus-
sians. After these matrix elements are calculated, the
5-quark “tail” wave function is calculated via standard
perturbation theory expression

 tail(s
0, t0, u0, w0) = �

X

i

hN |H|5q, ii
M2

i � M2
N

 i(s
0, t0, u0, w0)(34)

The typical value of the overlap integral itself for di↵er-
ent pentaquark state is ⇠ 10�3, and using for e↵ective
coupling Ḡ the same value as we defined for G from the
nucleon, namely ⇠ 17GeV 2, one finds that admixture
of several pentaquarks to the nucleon is at the level of
a percent. The resulting 5-quark “tails” of the nucleon
and Delta baryons calculated in this way are given in
the Appendix. The normalized distribution of the 5-th
body, namely ū(x), over its momentum fraction is shown
in Fig.10. One can see a peak at xū ⇠ 0.05, which looks a
generic phenomenon. The oscillations at large xū reflect
strong correlations in the wave function between quarks,
as well as perhaps indicate the insu�ciently large func-
tional basis used. This part of the distribution is perhaps
numerically unreliable.

VII. PERTURBATIVE AND
TOPOLOGY-INDUCED ANTIQUARK SEA

The results of our calculation cannot be directly com-
pared to the sea quark and antiquark PDFs, already

FIG. 10: The distribution over that ū in its momentum frac-
tion, for the Nucleon and Delta 5-quark “tails” (solid and
dashed, respectively).

plotted in Fig.5, as those include large perturbative con-
tributions, from gluon-induced quark pair production
g ! ūu, d̄d, dominant at very small x. However, these
processes are basically flavor and chirality-independent,
while the observed flavor and spin asymmetries of the sea
indicate that there must also exist some nonperturbative
mechanism of its formation. For a general recent review
see [18].

As originally emphasized by Dorokhov and Kochelev
[23], The ’t Hooft topology-induced 4-quark interaction
leads to processes

u ! u(d̄d), d ! d(ūu)

but not

u ! u(ūu), d ! d(d̄d)

which are forbidden by Pauli principle applied to zero
modes. Since there are two u quarks and only one d in
the proton, one expects this mechanism to produce twice
more d̄ than ū.

The available experimental data, for the difference
of the sea antiquarks distributions d̄ � ū (from [18]) is
shown in Fig.11. In this di↵erence the symmetric gluon
production should be cancelled out, and therefore it is
sensitive only to a non-perturbative contributions.

Few comments: (i) First of all, the sign of the di↵er-
ence is indeed as predicted by the topological interaction,
there are more anti-d than anti-u quarks;
(ii) Second, since 2-1=1, this representation of the data
directly give us the nonperturbative antiquark produc-
tion per valence quark, e.g. that of ū. This means it can
be directly compared to the distribution we calculated
from the 5-quark tail of the nucleon and Delta baryons,
Fig.10.
(iii) The overall shape is qualitative similar, although our
calculation has a peak at xū ⇠ 0.05 while the experimen-

which creates strong  
flavor asymmetry of the sea 

up to \bar d/\bar u =2
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relating it to the observed parameters of the exclusive
processes (formfactors etc) and the valence quark PDFs,
and the proceed with calculation of the other sectors of
the physical state.
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x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

x1
<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

(a) (b)

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

ū
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FIG. 9: The only diagram in which 4-quark interaction con-
nects the 3 and 5 quark sectors, generating the ū sea.

The Hamitonian matrix element corresponding to the
diagram shown in Fig9 we calculated between the nu-
cleon and each of the pentaquark wave functions, de-
fined above, by the following 2+4 dimensional integral
over variables in 3q and 5q sectors, related by certain
delta functions

hN |H|5q, ii = Ḡ

Z
dsdtJ(s, t)ds0dt0du0dw0J(s0, t0, u0, w0)(33)

 N (s, t)�(x1 � x0
1)�(x2 � x0

2) i(s
0, t0, u0, w0)

The meaning of the delta functions is clear from the dia-
gram, they are of course expressed via proper integration
variables and numerically approximated by narrow Gaus-
sians. After these matrix elements are calculated, the
5-quark “tail” wave function is calculated via standard
perturbation theory expression

 tail(s
0, t0, u0, w0) = �

X

i

hN |H|5q, ii
M2

i � M2
N

 i(s
0, t0, u0, w0)(34)

The typical value of the overlap integral itself for di↵er-
ent pentaquark state is ⇠ 10�3, and using for e↵ective
coupling Ḡ the same value as we defined for G from the
nucleon, namely ⇠ 17GeV 2, one finds that admixture
of several pentaquarks to the nucleon is at the level of
a percent. The resulting 5-quark “tails” of the nucleon
and Delta baryons calculated in this way are given in
the Appendix. The normalized distribution of the 5-th
body, namely ū(x), over its momentum fraction is shown
in Fig.10. One can see a peak at xū ⇠ 0.05, which looks a
generic phenomenon. The oscillations at large xū reflect
strong correlations in the wave function between quarks,
as well as perhaps indicate the insu�ciently large func-
tional basis used. This part of the distribution is perhaps
numerically unreliable.

VII. PERTURBATIVE AND
TOPOLOGY-INDUCED ANTIQUARK SEA

The results of our calculation cannot be directly com-
pared to the sea quark and antiquark PDFs, already

FIG. 10: The distribution over that ū in its momentum frac-
tion, for the Nucleon and Delta 5-quark “tails” (solid and
dashed, respectively).

plotted in Fig.5, as those include large perturbative con-
tributions, from gluon-induced quark pair production
g ! ūu, d̄d, dominant at very small x. However, these
processes are basically flavor and chirality-independent,
while the observed flavor and spin asymmetries of the sea
indicate that there must also exist some nonperturbative
mechanism of its formation. For a general recent review
see [18].

As originally emphasized by Dorokhov and Kochelev
[23], The ’t Hooft topology-induced 4-quark interaction
leads to processes

u ! u(d̄d), d ! d(ūu)

but not

u ! u(ūu), d ! d(d̄d)

which are forbidden by Pauli principle applied to zero
modes. Since there are two u quarks and only one d in
the proton, one expects this mechanism to produce twice
more d̄ than ū.

The available experimental data, for the difference
of the sea antiquarks distributions d̄ � ū (from [18]) is
shown in Fig.11. In this di↵erence the symmetric gluon
production should be cancelled out, and therefore it is
sensitive only to a non-perturbative contributions.

Few comments: (i) First of all, the sign of the di↵er-
ence is indeed as predicted by the topological interaction,
there are more anti-d than anti-u quarks;
(ii) Second, since 2-1=1, this representation of the data
directly give us the nonperturbative antiquark produc-
tion per valence quark, e.g. that of ū. This means it can
be directly compared to the distribution we calculated
from the 5-quark tail of the nucleon and Delta baryons,
Fig.10.
(iii) The overall shape is qualitative similar, although our
calculation has a peak at xū ⇠ 0.05 while the experimen-

mixing between N and  
All pentaquark  

calculated  
It is hard to plot function  
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focus.
Since this integral is a flavor non-singlet quantity where the

contributions from gluon splitting cancel out in the di�erence,
the result is essentially scale independent. Therefore, there
is no scale at which the sea quarks disappear by perturbative
evolution, and this flavor di�erence of the antiquark distribu-
tions must be a manifestation of non-perturbative aspects of
quantum chromodynamics (QCD). Despite what one may hear,
the proton is never just three valence quarks and glue.

II. How to Measure Sea Quark Distributions

A. Deep Inelastic Scattering

The relationships between the distributions of the quarks of
various flavors and experimental data are covered by essentially
all textbooks in high energy and nuclear physics. Here it will
be quickly reviewed to define the notation and to point out
the salient features of each technique. Figure 4 illustrates the
kinematics for deep inelastic lepton scattering (DIS) with an
incident lepton of four momentum p and outgoing momentum
p0 and a target of four momentum P. The momentum transfer
through the virtual photon is q = p � p0 and Q2 = �q2 > 0.
If the scattering takes place from a very light constituent of
mass m carrying a fraction x of the momentum of the target,
the squared invariant mass of the quark after the collision is
(xP+q)2 = x2P2�Q2+2 x P ·q ⇡ m2 ⇡ 0 and the momentum
fraction x = Q2/(2 P · q). Intuitively (at least to some) if
one considers the target in a fast moving reference frame, the
lifetime of each virtual state of the target is Lorentz dilated
and the longitudinal extent of the target is Lorentz contracted
so that a hard (large energy and momentum transfer) probe
sees a collection of quarks that is frozen in time with the
probability distribution f(x) for each flavor and interacts with
the appropriate electro-weak cross section.

It can be proven for deep inelastic scattering that the cross
section factorizes. (For details, see the discussion for example
in Ref. [18]. )

�h =
’

i= f , f̄ ,G

π 1

0

d⇠
⇠

Ci

 
x
⇠
,

Q2

µ2 ,
µ2
f

µ2 , ↵s(µ
2)

!
�i/h

⇣
⇠, µ f , µ

2
⌘

(6)

where the sum is over all quark flavors and glue. The Ci are
hard scattering functions that are ultraviolet and infrared safe
and calculable in perturbation theory. They are a function
of quark flavor, the physical process (for example the nature
of the vector boson being exchanged in DIS and the order of
perturbation theory of the calculation), the renormalization
scale µ2, the factorization scale µ2

f and the strong coupling
constant ↵s , but not the distribution of partons. The renormal-
ization scheme eliminates the ultraviolet divergences of the
hard scattering amplitude. The parton distributions for each
flavor i, �i/h , contain all the infrared sensitivity, are specific to
the particular hadron, h, and depend on the factorization scale
µ f and the factorization scheme, but do not depend on the hard
scattering process. If defined consistently, they are universal.
Therefore, one can combine data from di�erent kinds of exper-
iments to determine the parton distributions. The factorization

Figure 2. The ratios of d̄/ū measured by the NUSEA collabora-
tion [12] at a scale of 54 GeV2 and NA-51 [11] at scales of 25-30
GeV2. The NUSEA analysis was based on a next-to-leading order
analysis assuming the other parton distributions were well described by
contemporaneous global fits( [13] [14]) and that nuclear corrections for
deuterium are small. The curves are next-to-leading order global fits
of CTEQ6, CTEQ10 [16] and CTEQ14 [17] in MS renormalization
scheme, all at scales of 54 GeV2, to show how the parameterizations
have changed over time, especially in the unmeasured region.

scale defines the separation of short-distance and long-distance
e�ects. By convention, one often sets the renormalization
and factorization scales in deep inelastic scattering to Q2, but
that is not necessary. For hadron-hadron reactions, one must
integrate over the parton distributions of both the beam and
target, but the separation of the hard scattering functions from
the parton distributions remains. In such reactions, the choice
of renormalization and factorization scales to be used is less
obvious. In all cases, since the hard scattering functions depend
on the order of perturbation theory, the scheme and scales,
the parton distributions are not directly physical observables.
It is not consistent to use parton distributions obtained from,
for example, fits using next to leading order hard scattering
functions in calculations done at a di�erent order or to directly
compare various parton distribution functions when they are
not defined consistently.

Another important feature of QCD is that if the factorization
and renormalization scales are taken as µ2 = µ2

f = Q2, then
QCD allows one to calculate the parton distributions at higher
Q2. This is the DGLAP QCD evolution of Dokshitzer [19],
Gribov, Lipatov [20], Altarelli and Parisi [21].

µ
d �i/h

�
x, µ f , µ2�
dµ

=

’
j= f , f̄ ,G

π 1

x

d⇠
⇠

Pi j

✓
x
⇠
, ↵s(µ2)

◆
�i/h

⇣
⇠, µ f , µ

2
⌘
. (7)
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relating it to the observed parameters of the exclusive
processes (formfactors etc) and the valence quark PDFs,
and the proceed with calculation of the other sectors of
the physical state.

x1
<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

x1
<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

(a) (b)

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
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FIG. 9: The only diagram in which 4-quark interaction con-
nects the 3 and 5 quark sectors, generating the ū sea.

The Hamitonian matrix element corresponding to the
diagram shown in Fig9 we calculated between the nu-
cleon and each of the pentaquark wave functions, de-
fined above, by the following 2+4 dimensional integral
over variables in 3q and 5q sectors, related by certain
delta functions

hN |H|5q, ii = Ḡ

Z
dsdtJ(s, t)ds0dt0du0dw0J(s0, t0, u0, w0)(33)

 N (s, t)�(x1 � x0
1)�(x2 � x0

2) i(s
0, t0, u0, w0)

The meaning of the delta functions is clear from the dia-
gram, they are of course expressed via proper integration
variables and numerically approximated by narrow Gaus-
sians. After these matrix elements are calculated, the
5-quark “tail” wave function is calculated via standard
perturbation theory expression

 tail(s
0, t0, u0, w0) = �

X

i

hN |H|5q, ii
M2

i � M2
N

 i(s
0, t0, u0, w0)(34)

The typical value of the overlap integral itself for di↵er-
ent pentaquark state is ⇠ 10�3, and using for e↵ective
coupling Ḡ the same value as we defined for G from the
nucleon, namely ⇠ 17GeV 2, one finds that admixture
of several pentaquarks to the nucleon is at the level of
a percent. The resulting 5-quark “tails” of the nucleon
and Delta baryons calculated in this way are given in
the Appendix. The normalized distribution of the 5-th
body, namely ū(x), over its momentum fraction is shown
in Fig.10. One can see a peak at xū ⇠ 0.05, which looks a
generic phenomenon. The oscillations at large xū reflect
strong correlations in the wave function between quarks,
as well as perhaps indicate the insu�ciently large func-
tional basis used. This part of the distribution is perhaps
numerically unreliable.

VII. PERTURBATIVE AND
TOPOLOGY-INDUCED ANTIQUARK SEA

The results of our calculation cannot be directly com-
pared to the sea quark and antiquark PDFs, already

FIG. 10: The distribution over that ū in its momentum frac-
tion, for the Nucleon and Delta 5-quark “tails” (solid and
dashed, respectively).

plotted in Fig.5, as those include large perturbative con-
tributions, from gluon-induced quark pair production
g ! ūu, d̄d, dominant at very small x. However, these
processes are basically flavor and chirality-independent,
while the observed flavor and spin asymmetries of the sea
indicate that there must also exist some nonperturbative
mechanism of its formation. For a general recent review
see [18].

As originally emphasized by Dorokhov and Kochelev
[23], The ’t Hooft topology-induced 4-quark interaction
leads to processes

u ! u(d̄d), d ! d(ūu)

but not

u ! u(ūu), d ! d(d̄d)

which are forbidden by Pauli principle applied to zero
modes. Since there are two u quarks and only one d in
the proton, one expects this mechanism to produce twice
more d̄ than ū.

The available experimental data, for the difference
of the sea antiquarks distributions d̄ � ū (from [18]) is
shown in Fig.11. In this di↵erence the symmetric gluon
production should be cancelled out, and therefore it is
sensitive only to a non-perturbative contributions.

Few comments: (i) First of all, the sign of the di↵er-
ence is indeed as predicted by the topological interaction,
there are more anti-d than anti-u quarks;
(ii) Second, since 2-1=1, this representation of the data
directly give us the nonperturbative antiquark produc-
tion per valence quark, e.g. that of ū. This means it can
be directly compared to the distribution we calculated
from the 5-quark tail of the nucleon and Delta baryons,
Fig.10.
(iii) The overall shape is qualitative similar, although our
calculation has a peak at xū ⇠ 0.05 while the experimen-
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relating it to the observed parameters of the exclusive
processes (formfactors etc) and the valence quark PDFs,
and the proceed with calculation of the other sectors of
the physical state.
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<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

x1
<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

(a) (b)

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
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FIG. 9: The only diagram in which 4-quark interaction con-
nects the 3 and 5 quark sectors, generating the ū sea.

The Hamitonian matrix element corresponding to the
diagram shown in Fig9 we calculated between the nu-
cleon and each of the pentaquark wave functions, de-
fined above, by the following 2+4 dimensional integral
over variables in 3q and 5q sectors, related by certain
delta functions

hN |H|5q, ii = Ḡ

Z
dsdtJ(s, t)ds0dt0du0dw0J(s0, t0, u0, w0)(33)

 N (s, t)�(x1 � x0
1)�(x2 � x0

2) i(s
0, t0, u0, w0)

The meaning of the delta functions is clear from the dia-
gram, they are of course expressed via proper integration
variables and numerically approximated by narrow Gaus-
sians. After these matrix elements are calculated, the
5-quark “tail” wave function is calculated via standard
perturbation theory expression

 tail(s
0, t0, u0, w0) = �

X

i

hN |H|5q, ii
M2

i � M2
N

 i(s
0, t0, u0, w0)(34)

The typical value of the overlap integral itself for di↵er-
ent pentaquark state is ⇠ 10�3, and using for e↵ective
coupling Ḡ the same value as we defined for G from the
nucleon, namely ⇠ 17GeV 2, one finds that admixture
of several pentaquarks to the nucleon is at the level of
a percent. The resulting 5-quark “tails” of the nucleon
and Delta baryons calculated in this way are given in
the Appendix. The normalized distribution of the 5-th
body, namely ū(x), over its momentum fraction is shown
in Fig.10. One can see a peak at xū ⇠ 0.05, which looks a
generic phenomenon. The oscillations at large xū reflect
strong correlations in the wave function between quarks,
as well as perhaps indicate the insu�ciently large func-
tional basis used. This part of the distribution is perhaps
numerically unreliable.

VII. PERTURBATIVE AND
TOPOLOGY-INDUCED ANTIQUARK SEA

The results of our calculation cannot be directly com-
pared to the sea quark and antiquark PDFs, already

FIG. 10: The distribution over that ū in its momentum frac-
tion, for the Nucleon and Delta 5-quark “tails” (solid and
dashed, respectively).

plotted in Fig.5, as those include large perturbative con-
tributions, from gluon-induced quark pair production
g ! ūu, d̄d, dominant at very small x. However, these
processes are basically flavor and chirality-independent,
while the observed flavor and spin asymmetries of the sea
indicate that there must also exist some nonperturbative
mechanism of its formation. For a general recent review
see [18].

As originally emphasized by Dorokhov and Kochelev
[23], The ’t Hooft topology-induced 4-quark interaction
leads to processes

u ! u(d̄d), d ! d(ūu)

but not

u ! u(ūu), d ! d(d̄d)

which are forbidden by Pauli principle applied to zero
modes. Since there are two u quarks and only one d in
the proton, one expects this mechanism to produce twice
more d̄ than ū.

The available experimental data, for the difference
of the sea antiquarks distributions d̄ � ū (from [18]) is
shown in Fig.11. In this di↵erence the symmetric gluon
production should be cancelled out, and therefore it is
sensitive only to a non-perturbative contributions.

Few comments: (i) First of all, the sign of the di↵er-
ence is indeed as predicted by the topological interaction,
there are more anti-d than anti-u quarks;
(ii) Second, since 2-1=1, this representation of the data
directly give us the nonperturbative antiquark produc-
tion per valence quark, e.g. that of ū. This means it can
be directly compared to the distribution we calculated
from the 5-quark tail of the nucleon and Delta baryons,
Fig.10.
(iii) The overall shape is qualitative similar, although our
calculation has a peak at xū ⇠ 0.05 while the experimen-

which creates strong  
flavor asymmetry of the sea 

up to \bar d/\bar u =2
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relating it to the observed parameters of the exclusive
processes (formfactors etc) and the valence quark PDFs,
and the proceed with calculation of the other sectors of
the physical state.
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<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

d
<latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit><latexit sha1_base64="VFuwgu+V5p0BTRBgWq/UWrlORlI=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM1m0q7dbMLuRiihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLUsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1A6pRcIktw43AbqqQxoHATjC+m/mdJ1SaJ/LBTFL0YzqUPOKMGis1w0Gl6tbcOcgq8QpShQKNQeWrHyYsi1EaJqjWPc9NjZ9TZTgTOC33M40pZWM6xJ6lksao/Xx+6JScWyUkUaJsSUPm6u+JnMZaT+LAdsbUjPSyNxP/83qZiW78nMs0MyjZYlGUCWISMvuahFwhM2JiCWWK21sJG1FFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfH6Yzo</latexit>

x1
<latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit><latexit sha1_base64="KmiCmp/Vi2lHqOrsKrsYkuPSi60=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt0dxN2J2IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviKWw6LrfTmltfWNzq7xd2dnd2z+oHh61bZQYxlsskpHpBtRyKTRvoUDJu7HhVAWSd4LJbe53HrmxItIPOI25r+hIi1Awirn0NPAqg2rNrbtzkFXiFaQGBZqD6ld/GLFEcY1MUmt7nhujn1KDgkk+q/QTy2PKJnTEexnVVHHrp/NbZ+QsU4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7Yu659a9+8ta46aIowwncArn4MEVNOAOmtACBmN4hld4c5Tz4rw7H4vWklPMHMMfOJ8/QMiNtA==</latexit>

x2
<latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit><latexit sha1_base64="Akp+sGFHCQNeqan2vZLSuyZOX9Y=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGC/YA2lM120y7d3YTdiVhC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkNvc7j9xYEekHnMbcV3SkRSgYxVx6GtTLg0rVrblzkFXiFaQKBZqDyld/GLFEcY1MUmt7nhujn1KDgkk+K/cTy2PKJnTEexnVVHHrp/NbZ+Q8U4YkjExWGslc/T2RUmXtVAVZp6I4tsteLv7n9RIMr/1U6DhBrtliUZhIghHJHydDYThDOc0IZUZktxI2poYyzOLJQ/CWX14l7XrNc2ve/WW1cVPEUYJTOIML8OAKGnAHTWgBgzE8wyu8Ocp5cd6dj0XrmlPMnMAfOJ8/Qk2NtQ==</latexit>

x0
1

<latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit><latexit sha1_base64="1zqKC5ehDb0t0jkQ7ksR3CZPpZk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE0GPRi8cKphbaUDbbbbt0swm7E7GE/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TJxqxn0Wy1i3Q2q4FIr7KFDydqI5jULJH8LxTe4/PHJtRKzucZLwIKJDJQaCUbSS/9TzTiu9as2tuzOQZeIVpAYFmr3qV7cfszTiCpmkxnQ8N8EgoxoFk3xa6aaGJ5SN6ZB3LFU04ibIZsdOyYlV+mQQa1sKyUz9PZHRyJhJFNrOiOLILHq5+J/XSXFwFWRCJSlyxeaLBqkkGJP8c9IXmjOUE0so08LeStiIasrQ5pOH4C2+vExa53XPrXt3F7XGdRFHGY7gGM7Ag0towC00wQcGAp7hFd4c5bw4787HvLXkFDOH8AfO5w+h/Y3l</latexit>

x0
2

<latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit><latexit sha1_base64="xnuJtscApugQb7gsHD3zkzku764=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mKoMeiF48VTFtoQ9lsN+3S3U3Y3Ygl9Dd48aCIV3+QN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZTW1jc2t8rblZ3dvf2D6uFRW8epItQnMY9VN8Saciapb5jhtJsoikXIaSec3OZ+55EqzWL5YKYJDQQeSRYxgo2V/KdB47wyqNbcujsHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQH2fzYGTqzyhBFsbIlDZqrvycyLLSeitB2CmzGetnLxf+8Xmqi6yBjMkkNlWSxKEo5MjHKP0dDpigxfGoJJorZWxEZY4WJsfnkIXjLL6+SdqPuuXXv/rLWvCniKMMJnMIFeHAFTbiDFvhAgMEzvMKbI50X5935WLSWnGLmGP7A+fwBo4ON5g==</latexit>

x3
<latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit><latexit sha1_base64="TQ33fRXyPFetK0LUClcfydpelNI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+qd98oVt+rOQJaJl5MK5Kj3yl/dfszSCKVhgmrd8dzE+BlVhjOBk1I31ZhQNqID7FgqaYTaz2anTsiJVfokjJUtachM/T2R0UjrcRTYzoiaoV70puJ/Xic14ZWfcZmkBiWbLwpTQUxMpn+TPlfIjBhbQpni9lbChlRRZmw6JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEOuI2i</latexit>

x0
3

<latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit><latexit sha1_base64="j7JnMPub0UaZgIBCHRgxmtDUklk=">AAAB63icbVBNS8NAEJ3Ur1q/oh69LBbRU0lU0GPRi8cK9gPaUDbbTbt0dxN2N2IJ/QtePCji1T/kzX/jps1BWx8MPN6bYWZemHCmjed9O6WV1bX1jfJmZWt7Z3fP3T9o6ThVhDZJzGPVCbGmnEnaNMxw2kkUxSLktB2Ob3O//UiVZrF8MJOEBgIPJYsYwSaXnvoXp3236tW8GdAy8QtShQKNvvvVG8QkFVQawrHWXd9LTJBhZRjhdFrppZommIzxkHYtlVhQHWSzW6foxCoDFMXKljRopv6eyLDQeiJC2ymwGelFLxf/87qpia6DjMkkNVSS+aIo5cjEKH8cDZiixPCJJZgoZm9FZIQVJsbGU7Eh+IsvL5PWec33av79ZbV+U8RRhiM4hjPw4QrqcAcNaAKBETzDK7w5wnlx3p2PeWvJKWYO4Q+czx9vxo3T</latexit>

(a) (b)

u
<latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit><latexit sha1_base64="HdrHs+9WrEY+c6wp70bq3BGtMmw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8A4a2M+Q==</latexit>

u
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FIG. 9: The only diagram in which 4-quark interaction con-
nects the 3 and 5 quark sectors, generating the ū sea.

The Hamitonian matrix element corresponding to the
diagram shown in Fig9 we calculated between the nu-
cleon and each of the pentaquark wave functions, de-
fined above, by the following 2+4 dimensional integral
over variables in 3q and 5q sectors, related by certain
delta functions

hN |H|5q, ii = Ḡ

Z
dsdtJ(s, t)ds0dt0du0dw0J(s0, t0, u0, w0)(33)

 N (s, t)�(x1 � x0
1)�(x2 � x0

2) i(s
0, t0, u0, w0)

The meaning of the delta functions is clear from the dia-
gram, they are of course expressed via proper integration
variables and numerically approximated by narrow Gaus-
sians. After these matrix elements are calculated, the
5-quark “tail” wave function is calculated via standard
perturbation theory expression

 tail(s
0, t0, u0, w0) = �

X

i

hN |H|5q, ii
M2

i � M2
N

 i(s
0, t0, u0, w0)(34)

The typical value of the overlap integral itself for di↵er-
ent pentaquark state is ⇠ 10�3, and using for e↵ective
coupling Ḡ the same value as we defined for G from the
nucleon, namely ⇠ 17GeV 2, one finds that admixture
of several pentaquarks to the nucleon is at the level of
a percent. The resulting 5-quark “tails” of the nucleon
and Delta baryons calculated in this way are given in
the Appendix. The normalized distribution of the 5-th
body, namely ū(x), over its momentum fraction is shown
in Fig.10. One can see a peak at xū ⇠ 0.05, which looks a
generic phenomenon. The oscillations at large xū reflect
strong correlations in the wave function between quarks,
as well as perhaps indicate the insu�ciently large func-
tional basis used. This part of the distribution is perhaps
numerically unreliable.

VII. PERTURBATIVE AND
TOPOLOGY-INDUCED ANTIQUARK SEA

The results of our calculation cannot be directly com-
pared to the sea quark and antiquark PDFs, already

FIG. 10: The distribution over that ū in its momentum frac-
tion, for the Nucleon and Delta 5-quark “tails” (solid and
dashed, respectively).

plotted in Fig.5, as those include large perturbative con-
tributions, from gluon-induced quark pair production
g ! ūu, d̄d, dominant at very small x. However, these
processes are basically flavor and chirality-independent,
while the observed flavor and spin asymmetries of the sea
indicate that there must also exist some nonperturbative
mechanism of its formation. For a general recent review
see [18].

As originally emphasized by Dorokhov and Kochelev
[23], The ’t Hooft topology-induced 4-quark interaction
leads to processes

u ! u(d̄d), d ! d(ūu)

but not

u ! u(ūu), d ! d(d̄d)

which are forbidden by Pauli principle applied to zero
modes. Since there are two u quarks and only one d in
the proton, one expects this mechanism to produce twice
more d̄ than ū.

The available experimental data, for the difference
of the sea antiquarks distributions d̄ � ū (from [18]) is
shown in Fig.11. In this di↵erence the symmetric gluon
production should be cancelled out, and therefore it is
sensitive only to a non-perturbative contributions.

Few comments: (i) First of all, the sign of the di↵er-
ence is indeed as predicted by the topological interaction,
there are more anti-d than anti-u quarks;
(ii) Second, since 2-1=1, this representation of the data
directly give us the nonperturbative antiquark produc-
tion per valence quark, e.g. that of ū. This means it can
be directly compared to the distribution we calculated
from the 5-quark tail of the nucleon and Delta baryons,
Fig.10.
(iii) The overall shape is qualitative similar, although our
calculation has a peak at xū ⇠ 0.05 while the experimen-
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focus.
Since this integral is a flavor non-singlet quantity where the

contributions from gluon splitting cancel out in the di�erence,
the result is essentially scale independent. Therefore, there
is no scale at which the sea quarks disappear by perturbative
evolution, and this flavor di�erence of the antiquark distribu-
tions must be a manifestation of non-perturbative aspects of
quantum chromodynamics (QCD). Despite what one may hear,
the proton is never just three valence quarks and glue.

II. How to Measure Sea Quark Distributions

A. Deep Inelastic Scattering

The relationships between the distributions of the quarks of
various flavors and experimental data are covered by essentially
all textbooks in high energy and nuclear physics. Here it will
be quickly reviewed to define the notation and to point out
the salient features of each technique. Figure 4 illustrates the
kinematics for deep inelastic lepton scattering (DIS) with an
incident lepton of four momentum p and outgoing momentum
p0 and a target of four momentum P. The momentum transfer
through the virtual photon is q = p � p0 and Q2 = �q2 > 0.
If the scattering takes place from a very light constituent of
mass m carrying a fraction x of the momentum of the target,
the squared invariant mass of the quark after the collision is
(xP+q)2 = x2P2�Q2+2 x P ·q ⇡ m2 ⇡ 0 and the momentum
fraction x = Q2/(2 P · q). Intuitively (at least to some) if
one considers the target in a fast moving reference frame, the
lifetime of each virtual state of the target is Lorentz dilated
and the longitudinal extent of the target is Lorentz contracted
so that a hard (large energy and momentum transfer) probe
sees a collection of quarks that is frozen in time with the
probability distribution f(x) for each flavor and interacts with
the appropriate electro-weak cross section.

It can be proven for deep inelastic scattering that the cross
section factorizes. (For details, see the discussion for example
in Ref. [18]. )
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where the sum is over all quark flavors and glue. The Ci are
hard scattering functions that are ultraviolet and infrared safe
and calculable in perturbation theory. They are a function
of quark flavor, the physical process (for example the nature
of the vector boson being exchanged in DIS and the order of
perturbation theory of the calculation), the renormalization
scale µ2, the factorization scale µ2

f and the strong coupling
constant ↵s , but not the distribution of partons. The renormal-
ization scheme eliminates the ultraviolet divergences of the
hard scattering amplitude. The parton distributions for each
flavor i, �i/h , contain all the infrared sensitivity, are specific to
the particular hadron, h, and depend on the factorization scale
µ f and the factorization scheme, but do not depend on the hard
scattering process. If defined consistently, they are universal.
Therefore, one can combine data from di�erent kinds of exper-
iments to determine the parton distributions. The factorization

Figure 2. The ratios of d̄/ū measured by the NUSEA collabora-
tion [12] at a scale of 54 GeV2 and NA-51 [11] at scales of 25-30
GeV2. The NUSEA analysis was based on a next-to-leading order
analysis assuming the other parton distributions were well described by
contemporaneous global fits( [13] [14]) and that nuclear corrections for
deuterium are small. The curves are next-to-leading order global fits
of CTEQ6, CTEQ10 [16] and CTEQ14 [17] in MS renormalization
scheme, all at scales of 54 GeV2, to show how the parameterizations
have changed over time, especially in the unmeasured region.

scale defines the separation of short-distance and long-distance
e�ects. By convention, one often sets the renormalization
and factorization scales in deep inelastic scattering to Q2, but
that is not necessary. For hadron-hadron reactions, one must
integrate over the parton distributions of both the beam and
target, but the separation of the hard scattering functions from
the parton distributions remains. In such reactions, the choice
of renormalization and factorization scales to be used is less
obvious. In all cases, since the hard scattering functions depend
on the order of perturbation theory, the scheme and scales,
the parton distributions are not directly physical observables.
It is not consistent to use parton distributions obtained from,
for example, fits using next to leading order hard scattering
functions in calculations done at a di�erent order or to directly
compare various parton distribution functions when they are
not defined consistently.

Another important feature of QCD is that if the factorization
and renormalization scales are taken as µ2 = µ2

f = Q2, then
QCD allows one to calculate the parton distributions at higher
Q2. This is the DGLAP QCD evolution of Dokshitzer [19],
Gribov, Lipatov [20], Altarelli and Parisi [21].

µ
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Pi j

✓
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2
⌘
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Fig. 4. Sea generation via the ‘t Hooft Lagrangian (left) and the data on the d̄/ū
ratio versus the antiquark momentum fraction x (right).

A calculation [32] of the admixture of the 5-q states to the nucleon LFWF
leads to the right magnitude for the asymmetry and shape of the first-gener-
ation anti-quarks in agreement with the data.

5. “Dense instanton ensemble”

The original instanton liquid model focused on the quark condensate
and chiral symmetry breaking and, therefore, on the stand-alone instantons,
whose zero modes get collectivized. But the instanton ensemble also includes
close instanton–anti-instanton pairs or molecules. In so far, the application
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of the “molecular component” of the semiclassical ensemble was made only
in connection to the phase transitions in hot/dense matter. Indeed, this
component is the only one which survives at temperatures T > Tc, where
chiral symmetry is restored. Account for both components together started
with [35]. The “molecular component” was also shown to be important
at high baryonic densities, where it contributes to quark pairing and color
superconductivity [36].

The ĪI molecules were also observed on the lattice. The stand-alone
instantons are seen via “deep cooling”, during which the instanton–anti-
instanton molecules get annihilated. The close ĪI pairs have been qualita-
tively studied in the recent work [37], which studied their evolution during
cooling, see Fig. 5. When extrapolated to zero cooling (left-hand side of the
plots), one sees that while the instanton size fits previous expectations (23),
the density seems to actually be significantly larger.
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Figure 2. (Color online) Evolution of the average instanton size (leftmost upper), density (right-
most upper) and the histogram of sizes (lower) with the Gradient flow time for 100 quenched gauge
field configurations corresponding to � = 4.2 (see Tab. 2). The error bars for the instanton size
show the width of the distribution rather than the standard deviation of the mean. For the density,
the error bars incorporate an estimate of the systematic uncertainty associated to the distance filter
discussed in the text.

when the density drops. We have checked that, if the Gradient flow is driven by the Iwasaki
gauge action, the observed evolution does not differ from the one described above.

4 Momentum running, flow evolution and flavor effects

As we have discussed in Sec. 2, the running of two- and three-gluon Green’s functions can
be combined to yield a strong coupling definition, the estimate of which, computed from
the gauge fields for a semiclassical multi-instanton ensemble leaves us with a very striking
signature for the presence of instantons. In the following, we will use this coupling obtained
from the lattice gauge fields to detect instantons by analyzing its running both at large-
and small-momenta, as explained in Ref. [29], for all the set-up’s of Tab. 1. We will then
compare the obtained results with the ones stemming from instanton localization for the
quenched case at � = 4.2 derived in the previous section, and will also study their evolution
with the Gradient flow time. Furthermore, we will take advantage of the other lattice
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Figure 5. (Color online) Comparison of the instanton density evolution with Gradient flow time
(in units of t0 = 0.01125fm2) from instanton localization (red) and from ↵MOM(k) (blue). The
dashed lines correspond to Eq. (4.3) resulting from the toy model described in the text which
fits either localization (red) or Green’s functions estimates (blue). The value at zero flow time
extrapolated from the instanton localization estimates strikingly coincides with the result from the
Green’s functions.

Now, as Eq. (2.11) tells, the IR running of ↵MOM(k) is basically determined by the
instanton density and, thus, a direct comparison of the results of the low-momenta fits
shown in Fig. 6 makes possible the scrutiny of the evolution of this density with the number
of flavors. Indeed, it suggests that the instanton density increases monotonously with the
number of dynamical flavors. If we furthermore accept that the ratio �⇢2/⇢̄2 is the same for
Nf = 0, Nf = 2+1 and Nf = 2+1+1, we obtain that the instanton density increases by a
factor 1.3(1) from Nf = 0 to Nf = 2+1 and by a factor 1.5(1) from Nf = 0 to Nf = 2+1+1.
These two ratios are nearly compatible within the errors and this suggests a very mild effect
of the charm quark on the instanton density, certainly owing to its sizeable mass threshold.
The role of the charm quark and the dependence on the quark masses has not been studied
in detail yet but the fact that the instanton density grows with the presence of dynamical
flavors has been previously reported, for instance, in Ref. [11]. In the previous reference it
was interpreted as follows: it is well known that an isolated instanton produces a zero mode
of the fermion determinant [11, 48] and, as a consequence of this and the action of a given
gauge field being weighted by [det(/D + m)]NF , the existence of zero modes of the Dirac
operator would be highly improbable in the chiral limit. Becoming more improbable the
larger is the number of light fermion flavors. Thereupon, a large density of instantons can
be understood as favoring the instanton superposition and thus suppressing the effect of
isolated instantons. Or, in other words, it can be thought to enhance non-linear effects and
pseudo-particle interactions destroying the zero-modes associated to the single instanton

– 20 –

Fig. 5. The dependence of the mean instanton sizes (left) and density (right) on
the gradient flow cooling time τ = t/t0 (arbitrary units). The quantum vacuum
corresponds to an extrapolation to τ → 0.

6. Form factors: including instantons in the hard block

More recently, we have explored the nonperturbative contributions to
the “hard block” of mesonic form factors [38]. We calculated the photon,
scalar, graviton and dilaton FFs for the pion, rho, and scalar a0 (brother
of η′). The field at the instanton center is rather strong

Grms ≡
√(

Ga
µν(0)

)2
=

√
192/ρ2 ≈ 5 GeV2 ,

for a typical size of ρ = 1/3 fm. This scale is comparable to Q2 in the
so-called semi-hard region.
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One example, which was studied a lot experimentally, is the electromag-
netic pion form factor, shown in Fig. 6 (right). It is dominated by the dia-
gram with three propagators made of nonzero Dirac modes (the left-most),
not the one with Dirac zero modes (in the middle). The contributions of
the “dense instanton liquid”, through κ = π2nI+Īρ

4 → 1, are shown by the
middle curve in Fig. 6 (right). The sum of the perturbative and instanton-
induced form factor reproduces the data.

Including instanton effects in the hard block

3
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FIG. 1. The perturbative one-gluon exchange diagrams: (a) explains our notations for momenta

of quarks and mesons. The thin solid lines are free quark propagators, the red star indicates the

virtual photon (or scalar) vertex, bringing in large momentum qµ, and the shaded ovals represent

the (light-front) mesonic density matrices (distributions). The diagram (b) indicates a “Born-

style contribution”, in which the gluon propagator is substituted by the Fourier transform of the

instanton field. The diagrams (c,d) contain three propagators in the instanton background (thick

lines). In (c) all of them are SNZ , made of nonzero Dirac modes, while in (d) two of them are SZ

made of quark zero modes. This last contribution we will refer to as the “’t Hooft-style term”.)

down at larger momentum transfer. This section also includes a subsection I C with a

brief introduction to instanton e↵ects and related parameters.

Since the paper contains a lot of technical details, not so important for a first reading,

we decided to collect all the results for the pion and rho meson in section II. The actual

calculations start from the perturbative ones in section IIIA. Part of it is well known but

it also has new contributions from meson’s chirally non-diagonal contribution proportional

to �2
⇡/Q2, for the exact definition see (101). As discussed in subsection III E, these results

can be generalized to a large set of e↵ective 4-quark scattering operators, as a substitute

for one-gluon exchange. A simple warm-up calculation of this kind consists in taking the

Quark propagators in the instanton field are 
Known analytically 

 (for massless quarks only). 

Performing LSZ “amputation” on them 
One obtains local hard block 

Integration over instanton location restore 
4-momentum conservation 

The results (exp(-Q\rho)) are averaged 
Over instanton size distribution 

And become power-like

Too many technical details 
=> paper is about 50 pages 

So I present result only 
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Fig. 10.9 The vector form factors of the pion times squared momentum transfer,
Q2Fπ (Q

2) (GeV2) versus Q2(GeV2). Closed discs show the total perturbative contribution.
Squares correspond to the instanton contribution from nonzero mode propagators. The dotted line
above is their sum. A curve in the l.h.s. is the usual dipole formula, and open points are from
experimental measurements. We do not show data points at smaller Q2, where they do agree with
the dipole formula curve

10.6.2 Scalar Form Factors of the Pseudoscalar Mesons

One can think of point-like scalar quantum, hitting one of the quarks with
momentum transfer qµ to be the Higgs boson. If so, the corresponding couplings
are Yukawa couplings λqof the standard model: but, of course, it is unimportant for
form factors. (For example, lattice groups use for convenience λu = 1,λd = 0.).

The amplitude of elastic scattering of a virtual scalar on a pion, with a
perturbative one-gluon exchange between quarks, leads to the following scattering
amplitude:

Sπa = −(λu + λd )MQ

[(
2πCFαsf

2
π χπ

NcQ2MQ

) ∫ 1

0

dx1dx2

x1x2 +m2
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2
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1+ 2
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)
+ 1

6
ϕπ (x1)ϕ

T ′
π (x2)

)]

Note that scalar amplitudes have negative overall sign, which does not matter as
couplings λq are arbitrary. This sign of course does not affect contribution to the
form factor, the square bracket.

we calculated photon, scalar, graviton and dilaton FFs 
for pion, rho and scalar a_0 (brother of eta’) 

they are mostly dominated by diagram c (NZ modes) 
or just strong instanton fields, not zero modes
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and is therefore
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The contribution V π
c , with three nonzero mode propagators, is

V π
c = ϵµ(q)(p

µ + p′µ) (eu + ed)

[
κπ2f 2
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The functionGV is averaged over the instanton size distribution, as explained in
Shuryak and Zahed (2020). There is only a single integral over distribution φ̃, since
the other one coincides with the normalization and is just 1.

The contribution of the zero mode (’t Hooft vertex) part to the vector pion form
factor is zero

V π
d = −ϵµ(q)(pµ + p′µ) (eu + ed) (10.35)

×
[(

1
N2
c (Nc + 1)

)
4κπ2f 2

πχ
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dx1dx2ϕ

P
π (x1)ϕ

′T
π (x2)

]

This contribution vanishes after the x integration is carried.
The summary plot of the vector pion form factor is shown in Fig. 10.9, for

flat distributions φπ (x) = φ̃π (x) = 1. The perturbative contributions V π
a (closed

circles) is the sum of both chiral structures of the pion density matrices.
The instanton Born-style contributions to V π

b is relatively close to V π
a if the

instanton diluteness parameter κ = 1. To avoid misunderstanding, we note that Vb

amplitude does not really constitute a consistent account for instanton effects, as
are Vc, Vd , and it is not shown in the summary plot.

The instanton-inducedV π
c (squares) at κ = 1 is comparable to perturbativeV π

a in
magnitude but has a different dependence onQ2. Taken together (dots) they predict
the pion form factor for corresponding values of Q2, reasonably well joining the
experimental data at the lower end. We remind the reader that it is not a fit: no
parameters were specially tuned for this to happen.

diagram with 3 non-zero mode propagators 
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diagram containing zero mode propagators 
(t’Hooft vertex) 

one-gluon exchange

instantons

Fig. 6. Left: Two diagrams with quark propagators in the instanton fields. Right:
Vector form factor of the pion Q2Fπ(Q

2). Open points correspond to some experi-
mental data points, thin curve on the left is a standard dipole fit. The dotted line
at the top is the sum of the perturbative and instanton contributions

The expressions for the perturbative, nonzero-mode and zero-mode parts
are
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(26)
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Here, φP
π , φ

T
π are the pion DAs associated with the pseudoscalar γ5 and

tensor σµν channels. The leading twist φπ is the standard matrix element of
the axial current γµγ5. In Fig. 6, all three DAs are taken to be just constant,
independent of x. (Therefore, all tensor DAs with an x-derivative vanish.)

7. Instanton-induced inter-quark forces

Historically, hadronic spectroscopy got a solid foundation in 1970s with
the discovery of nonrelativistic quarkonia made of heavy c, b quarks. In the
first approximation, those are well described by the simple Cornell potential

VCornell(r) = −4αs

3

1

r
+ σTr , (29)

which correctly attributes the short-distance potential to the perturbative
gluon exchange, and its large-distance O(r) contribution to the tension of a
confining flux tube (the QCD string). The issues to be discussed deal with
the nonperturbative origins of the inter-quark interactions at intermediate
distances r ∼ 0.2–0.5 fm.

Later developments in [39, 40] connected the static inter-quark potential
to the correlator of static Wilson lines (central)

e−VC(r)T =
〈
W (x⃗1)W

† (x⃗2)
〉
. (30)

The spin-dependent forces were related to such correlators with two magnetic
fields (VSS, Vtensor), or a magnetic and electric field for the spin–orbit one.
To evaluate such nonlocal quantities, one needs to use lattice simulations or
rely on a certain model of the vacuum fields. In Fig. 7 (left), we show the
predictions from a “dense instanton model” to the central potential compared
to the linear potential, and its version from [41] including the string quantum
vibrations (resummed “Lusher terms”). One can see that instantons can
complement smoothly the flux tube at intermediate distances.
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FIG. 3. Nonrelativisitc energies Mi � 2Mb for spin averaged b̄b states as a function of prin-

cipal quantum number n. Five red squares show the experimentally determined masses of

⌥[1S], ⌘b[1S],⌥[2S],⌥[3S],⌥[4S], the blue circles correspond to standard Cornell potential, while

black closed circles are based on the instanton-induced potential shown in Fig.1.
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but for bb states with N>4 or  
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instantons on the other hand 
are selfdual E=B
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explains spin splittings rather well, except in light-light mesons
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FIG. 5. Spin-spin potential for c̄c system multiplied by distance squared r2VSS (GeV �1) versus

r (GeV )�1.The solid line is the exponential fit (19) to lattice measurements [20]. The dash-dotted

line shows the regulated laplacian of the Coulomb potential (??) with � = 0.6 GeV �1. The blue

dashed line show the instanton contribution.
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row of numbers shows the experimental values (MeV) (rounded to 1 MeV ). The second gives
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h~r2Vinst/3M1M2i 7. 30. 48. 90.

formulae given above, and then calculated their matrix elements at the 1P shell. The

results are given in the Table III.

One conclusion is that “theory” (the sum of the last two raws) and the “lattice” are

basically in agreement. The other is that their disagreement with experiment (the upper

raw) is dramatically growing for light quark systems. This implies that for light quarks

something important is missed, in the theory as it is developed up to this point.

D. Brief summary of the section

The phenomenological direction of this section has aimed at mesons, from heavy char-

monia to heavy-light and to light-light ones. Using data for spin splittings in 1S shell (2

14

0 1 2 3 4
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

FIG. 5. Spin-spin potential for c̄c system multiplied by distance squared r2VSS (GeV �1) versus

r (GeV )�1.The solid line is the exponential fit (19) to lattice measurements [20]. The dash-dotted

line shows the regulated laplacian of the Coulomb potential (??) with � = 0.6 GeV �1. The blue

dashed line show the instanton contribution.

TABLE II. “Hyperfine” splittings of certain L = 0 mesons with J = 1 and J = 0. The first

row of numbers shows the experimental values (MeV) (rounded to 1 MeV ). The second gives

matrix elements of the lattice-based spin-spin potential (19), the next two are those for (regulated)

Coulomb and instanton-induced spin-spin forces.

flavors M⌥ � M⌘b
MJ/ � M⌘c

M(D⇤) � M(D) M(K⇤) � M(K) M(⇢) � M(⇡)

Exp 61. 116. 137. 398. 636.

hV lat
SS /3M1M2i 46. 108. 98. 170.

h~r2VC/3M1M2i 28. 58. 48. 82.

h~r2Vinst/3M1M2i 7. 30. 48. 90.

formulae given above, and then calculated their matrix elements at the 1P shell. The

results are given in the Table III.

One conclusion is that “theory” (the sum of the last two raws) and the “lattice” are

basically in agreement. The other is that their disagreement with experiment (the upper

raw) is dramatically growing for light quark systems. This implies that for light quarks

something important is missed, in the theory as it is developed up to this point.

D. Brief summary of the section

The phenomenological direction of this section has aimed at mesons, from heavy char-

monia to heavy-light and to light-light ones. Using data for spin splittings in 1S shell (2

11

is of opposite sign and half the spin-orbit contribution from the cental potential. This can

be understood from (16-17) if we assume that V2(r) is short range, so that V (r) = �V1(r).

This string-induced spin-orbit e↵ect is dubbed scalar-like in contrast to the Coulomb-

induced spin-orbit e↵ect which is vector-like.

FIG. 4. Perturbative (upper plot) and instanton-induced (lower plot) spin-dependent potentials for

charmonium. The black solid, blue dashed and red dash-dotted lines are for r2VSS , r2VSL, r2VT ,

in GeV �1, versus r in n GeV �1.

B. Lattice studies

Four decades later, after famous quarkonia discoveries and the formulation of pertur-

bative quarkonium theory, static spin-spin potentials have been evaluated on the lattice,

using correlators of Wilson lines with explicit field strengths. Koma and Koma found

[19] that while VSS is indeed rather short range, it does not fit to vector+scalar exchange

paradigm: a pseudoscalar glueball exchange has been proposed. Let us jump another

lattice

instanton-induced

smeared delta function 
normalized to Coulomb

we also studied splittings of 1P states h,chi_0,chi_1,chi_2 
and calculated matrix elements of VSS,VSL,VT also

massless pion is due to zero modes (t’ Hooft Lagrangian) 

correct mass of rho meson needs “molecular forces” to be included
Flavors MΥ−Mηb MJ/ψ−Mηc M(D∗)−M(D) M(K∗)−M(K) M(ρ)−M(π)

Exp. 61. 116. 137. 398. 636.〈
V lat
SS

〉
/3M1M2 46. 108. 98. 170.〈

∇⃗2VC

〉
/3M1M2 28. 58. 48. 82.〈

∇⃗2Vinst

〉
/3M1M2 7. 30. 48. 90.

Fig. 7. The central potential VC (left) and spin–spin r2VSS(r) (right) versus dis-
tance r, (GeV−1). The lattice result is one of the parameterization, given in [42],
the perturbative is the Laplacian of (regulated) Coulomb term.

One problem with the electric flux tube model is that it does not provide
magnetic fields, while instantons are self-dual and have B (as large as E)
badly needed to generate the spin forces. We calculated the instanton contri-
butions to spin forces, see VSS, in comparison to the lattice potential, pertur-
bative and instanton-induced in Fig. 7 (right). Note that the area below the
perturbative and instanton-induced terms is comparable. The correspond-
ing matrix elements (using the Cornell wave functions with proper quark
masses) are shown in the table. One can see that e.g. for charmonium, the
magntitude of the spin–spin term is in agreement with the lattice estimate
and the level splitting. We also considered the L = 1 families of mesons,
from heavy to light, and considered other spin-dependent potentials. We
also discussed ĪI molecules, which provide somewhat different potentials
due to their different field content.

However, for heavy–light and light–light cases, this VSS is not enough.
The missing part is attributed to the part of the quark propagators contain-
ing zero modes (the ‘t Hooft Lagrangian). It works well for heavy–light and
the pions, as expected.
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8. Hadrons on the light front

In the rest frame, the nonrelativistic description of hadrons and their
constituents is most natural for heavy quarks, with the use of nonrelativistic
kinetic energy and potentials. However, this approach is not justified for
light quarks, as masses and transverse momenta are comparable. Their
quantum motion is complicated as illustrated in Fig. 8 (left). The situation
however is much more “democratic” on the light front, where all constituents
motion are frozen anyway in Fig. 8 (right). All interactions can be deduced
from the pertinent Wilson loops and modulo tunneling due to zero modes.

Fig. 8. Q̄Q meson in the rest frame (left) and in the light-front frame (right).

8.1. Light-front Hamiltonian from the QCD vacuum

Indeed, let QQ̄ ≡ Q1Q2 be the world lines assigned to the Wilson lines
composing a meson in Fig. 8 (right). In the Euclidean signature, the Wilson
lines are sloped at an angle θ, and their light-like limit follows by analytical
continuation from Euclidean angle to Minkowskian rapidity θ → −iχ [34,
43–45]. For the squared meson mass operator or light-front Hamiltonian
HLF, the result is [34]

HLF ≈
k2⊥+m

2
Q

xx̄
+2P+P−

≈
k2⊥+m

2
Q

xx̄
+2M(VCg(ξx)+VC(ξx)+VSD(ξx, b⊥)+VTH(ξx, b⊥)) . (31)

On the light front, the invariant distance ξx is

Mξx =
(
|id/dx|2 +M2b⊥

2
) 1

2
. (32)

The longitudinal distance γb3 = id/dx/M is the conjugate of Björken-x or
x = k3/P 3.



4-A1.18 E. Shuryak, I. Zahed

The one-gluon exchange potential VCg in the instanton vacuum is

VCg(ξx) = −g
2TA

1 T
A
2

2π2
1

ξx

∞∫

0

dxxsinx

x2 + (ξxmG(xρ/ξx))2
→ −g

2TA
1 T

A
2

4π

e−mGξx

ξx
,

(33)
with the running gluon mass [46]

mG(kρ) = mG (kρK1(kρ)) ,

mGρ ≈ 2

(
6κ

N2
c − 1

) 1
2

≈ 0.55 (34)

using the estimate κ = π2ρ4nI+Ī in the right-most result.
The instanton-induced central potential VC is

VC(ξx) =

(
4κ

Ncρ

)
H
(
ξ̃x

)
, (35)

with the integral operator

H(ξx) =

∞∫

0

y2dy

+1∫

−1

dt

×
[
1− cos

(
πy√
y2 + 1

)
cos


π

(
y2 + ξ̃ 2x + 2ξxyt

y2 + ξ̃ 2x + 2ξ̃xyt+ 1

) 1
2




− y + ξxt
(
y2 + ξ2x + 2ξ̃xyt

) 1
2

sin

(
πy√
y2 + 1

)
sin


π
(

y2 + ξ̃ 2x + 2ξ̃xyt

y2 + ξ2x + 2ξ̃xyt+ 1

)1
2



]
,

(36)

with the dimensionless invariant distance on the light front ξ̃x = ξx/ρ. H(ξ̃x)
admits the short-distance limit

H(ξ̃x) ≈ +

(
π3

48
− π3

3
J1(2π)

)
ξ̃2x +

(
−π

3
(
438 + 7π2

)

30720
+
J2(2π)

80

)
ξ̃4x (37)

and the large-distance limit

H(ξx) ≈ −2π2

3
(πJ0(π) + J1(π)) +

C

ξ̃px
(38)
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with p ≪ 1 and C > 0. The large asymptotic is to be subtracted in the
definition of the potential. In the dense instanton vacuum [34], the central
potential (35) is almost linear at intermediate distances of 0.2–0.5 fm, and
is expected to be taken over by the linearity of the confining potential at
larger distances.

The spin potentials receive a contribution from both the perturbative
and nonperturbative parts of the underlying gluonic fields. In particular,
the nonperturbative instanton-induced spin potentials can be derived in a
closed form

VSD(ξx, b⊥) = 2M

((
l1⊥ · S2⊥
mQ1mQ2

− l2⊥ · S1⊥
mQ1mQ2

)
1

ξx
V′
C(ξx)

+
1

mQ1mQ2

((
S1⊥ · b̂⊥

)(
S2⊥b̂⊥

)
− 1

2
S1⊥ · S2⊥

)
2b2⊥
ξx

V′′
C(ξx)

)

(39)

with the respective spins S⃗1,2 = σ⃗1,2/2 and transverse orbital momenta

l1,2⊥ = ±
(
b⊥ ×mQ1,2s1,23̂

)
⊥ , s1,2 = sgn(v1,2) →

Mx1,2
mQ1,2

. (40)

The contributions stemming from the zero modes VTH(ξx, b⊥) are not in-
cluded. They follow from the ‘t Hooft determinantal interaction properly
continued to the light front.

8.2. Light-front spectra and wave functions

We have used the light-front Hamiltonian (31) to analyze heavy and light
mesons and baryons. One strategy consists in linearizing the confining part
of the potential (instanton induced at small distances and string induced at
large distances), and treating the Coulomb and spin contributions pertur-
batively. More specifically, the central part of the potential can be redefined
using the “einbein trick”

2MVC (x, b⊥) = 2σT
(
|id/dx|2 +M2b2⊥

) 1
2 → σT

( |id/dx|2 + b b2⊥
a

+ a

)

(41)
with a, b variational parameters. The minimization with respect to a would
lead back to a previous expression, but the trick is to do it after the Hamil-
tonian is diagonalized. It is also followed by the substitution b → M2 ≈
(2mQ)

2 for heavy mesons and most light ones. The light-front Hamiltonian
is then

HLF = H0 + Ṽ + Vperp + Vspin , (42)
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with

H0 =
σT
a

(
− ∂2

∂x2
− b

∂2

∂k⃗2⊥

)
+ σTa+ 4

(
m2

Q + k2⊥
)

(43)

and Ṽ
Ṽ
(
x, k⃗⊥

)
≡
(
m2

Q + k2⊥
)( 1

xx̄
− 4

)
, (44)

where x̄ = 1 − x. H0 is diagonal in the functional basis used [34]. We
use the momentum representation, with k⃗⊥ as a variable. The residual
interaction has nonzero matrix elements ⟨n1|V (x, k⃗⊥)|n2⟩ for all n1, n2 pairs.
The perturbative part Vperp for heavy quarks is the Coulomb term, with
running coupling and other radiative corrections. Finally, the last term
Vspin contains matrices in spin variables and in orbital momenta.

To solve the problem, we have two numerical strategies. First, we used
a (truncated) basis set and write the Hamiltonian in the form of a 12×12

matrix, and diagonalize H0 + Ṽ , to find its eigenvalues as a function of the
remaining parameter a. The results for the three lowest states n = 1, 2, 3 are
shown in Fig. 9 (left). The near flatness in a around the minima suggests
a = 25 as a common value. This procedure preserves the orthonormality of
the eigen-spectrum.
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Fig. 9. Left: Squared masses M2
n for b̄b mesons for n = 1, 2, 3 versus the variational

parameter a. Right: Squared masses for n = 0 . . . 5 (left to right) and orbital
momentum m = 0, 1, 2 (down to up), calculated from the light-front Hamiltonian
HLF (red triangles), and shifted by a constant, M2

n+1 − 5 GeV2. For comparison,
the blue circles show the squared masses M2

n+1 calculated from the Schrödinger
equation in the CM frame, with only linear plus centrifugal potentials.

Another approach worked out later is a direct numerical solution in 3D
space of transverse momenta and x. To our delight, the wave functions found
in both methods agree within the width of the lines.
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The calculated masses (shifted by a constant “mass renormalization”, to
make n = 0, m = 0 states the same) are shown in Fig. 9 (right). The
right-hand side part shows good agreement between the masses obtained
solving the Schrödinger equation in the rest frame (blue circles) and the
masses following from the light-front frame (red triangles). The slope is
correct and is determined by the same string tension σT. The splittings
in orbital momentum are of the same scale, but not identical. This is ex-
pected, as we compare the 2-dimensional m-states on the light front, with
the 3-dimensional L-states in the center-of-mass frame. The irregularity be-
tween the third and fourth set of states is due to our use of a modest basis
set, with only three radial functions (altogether 12 functions if one counts
them with 4 longitudinal harmonics). This can be eliminated using a larger
set. The corresponding wave function for bottomium is shown in Fig. 10
(left), and for a typical light meson q̄q is shown Fig. 10 (right). Further
details can be found in our subsequent papers.
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Fig. 10. Distribution amplitudes for b̄b (left) and a “generic” light q̄q meson (right)
as a function of x, for the three lowest states n = 0, 1, 2. For the bottomium, the
difference between the three curves is too small to be visible. For the light meson,
the differences are visible. With increasing n, the DAs become narrower and higher
at x = 1

2 .

9. Semiclassical theory of deconfinement and chiral phase
transitions based on instanton-dyons

Instanton-dyons are topological solutions of the YM equations at finite
temperatures. Their semiclassical ensembles were studied by a number of
methods, including direct Monte-Carlo simulation, for SU(2) and SU(3) the-
ories, with and without fermions. We present these results and compare
them with those from lattice studies. We also consider two types of QCD
deformations. One consists in adding operators with powers of the Polyakov



4-A1.22 E. Shuryak, I. Zahed

line, affecting deconfinement. Another consists in changing the quark peri-
odicity condition, affecting the chiral transition. We will also discuss how
lattice configurations (with realistic quark masses) can be used to unravel
the zero and near-zero Dirac modes of the underlying gauge configurations.
The results are in good agreement with the analytic instanton-dyon the-
ory. In sum, the QCD phase transitions are well described in terms of such
semiclassical configurations.

Remarkably, the partition function for monopoles follows from that of
instanton-dyons by the Poisson duality, which is tightly related to the Hamil-
ton and Jacobi duality when describing dynamical systems. More details
regarding this and further discussions on the QCD flux tubes are in [1].

9.1. Instanton-dyons on the lattice

A thorough discussion of the Kraan–van Baal solution for an instanton,
containing Nc instanton-dyons, or the formalism leading to their zero modes,
is not possible in this short review, and we refer to the original papers for
that. For completeness, we recall that the eigenvalues of Polyakov line,
designated as µi(T ), i = 1 . . . Nc can be regarded as locations on a unit
circle. Their differences νi = µI+1 − µi are lengths of the corresponding
fractions of the circle, Si = νiS, where

S =
8π2

g2
=

(
11

3
Nc −

2

3
Nf

)
log

(
T

ΛQCD

)
.

Also, if quarks are given different periodicity phases zf , f = 1 . . . Nf over the
Matsubara circle, the normalizable physical zero mode belongs to the dyon
for which zf belongs to the sector zf ∈ [µi, µi+1]. So, using different zf , one
can see all dyon types.

Let us start with the description of the efforts to identify these objects
on the lattice. The key method is “cooling” of vacuum configurations, which
was used efficiently to identify ensembles of instantons in the 1990s. The first
lattice observation of instanton-dyons was via “constrained minimization” by
Langfeld and Ilgenfritz [47], fixing ⟨P ⟩, in which self-dual clusters with non-
integer topological charges were seen. Gattringer et al. and Ilgenfritz et al.
have since introduced and refined the “fermionic filter” allowing to identify
the instanton-dyons via distinct zero modes and variable periodicity phases.

Some of the recent progress in these directions can be found in [48, 49].
QCD simulations with realistic masses were performed at and near Tc, using
domain wall fermions with good chiral symmetry. Using overlap fermions
with exact chiral symmetry, the focus was on exact zero modes (and near-
zero ones). The left part in Fig. 11 shows a typical landscape of the zero-
mode densities. There are three different dyon types for Nc = 3. The shape
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of isolated peaks is well described by analytic formulae from van Baal and
collaborators, and derived for a single dyon. They are apparently undis-
turbed by millions of perturbative gluons present in the ensemble.

5

FIG. 6: ⇢(x, y) of the zero mode of conf. 2960 at � = ⇡ (left
top), ⇡/3 (right top) and �⇡/3 (bottom). T = 1.08Tc.

All of the ⇢(x, t) plots also look very similar due to all
3 peaks being very close to each other (around 1 lattice
spacing). We therefore just show one of them. See fig. 7.

FIG. 7: ⇢(x, t) of the zero mode of conf. 2960 at � = ⇡ /3.
T = 1.08Tc. y and z at peak location.

If we make a integration around the dominating peak
we find a contribution of the overall normalization of size
0.74. Thus, even though it is dominating, other small
contributions also exist, which end up contributing a sub-
stantial part.

The peak is also not symmetric around the maximum.
This indicates that the other dyons are sitting on one side
of the dyon. How much we can get the two sides to be-
have di↵erently depends on the Polyakov loop, through
the angles µi. This is a good way to exclude a stan-
dard(deconfining) instanton as shown in fig 8.

log(⇢(x))

x

FIG. 8: log(⇢(x)) of the zero mode of conf. 2960 at � = ⇡
(black) and the log of the analytic formula for P = 0.4 and
P = 1 though the maximum. T = 1.08Tc. Red peak only has
been scaled to fit in height, while blue peak uses the found
normalization.

The picture is consistent in all the configurations ex-
plored. Below we show another configuration for the an-
gle � = ⇡/3. This is for a configuration di↵erent from all
the previous ones. This is mostly to show that the picture
is consistent through many di↵erent configurations.

We show the ⇢(x, y) and ⇢(x, t) plot for the lattice re-
sults in fig. 9 and 11 which we compare to the analytic
solution in fig. 10 and 12.

FIG. 9: ⇢(x, y) of the zero mode of conf. 3620 at � = ⇡/3.
T = 1.08Tc.

excellent agreement of the shape
with analytic formulae

extracting the shape of 
the fermonic zero mode

and modyfying the phase
one can find all 3 dyons

4

FIG. 3: ⇢(x, t) of the zero mode of conf. 2000 at � = ⇡/3.
T = Tc.

FIG. 4: Analytic zero mode density ⇢(x, t) at � = ⇡/3. Main
dyon centered at the origin. Two other dyons at (0.2, 0.0, 0.0)
and (�0.2, 0.0, 0.0).

Focusing now on another configuration at the same
temperature, we can at the angle � = ⇡ see a strong
indication that the value of the holonomy µi should be
confining (o↵ course the values can fluctuate from con-
figuration to configuration). We see that in fig. 5, where
the fastest fallo↵ can be reproduced by both the confin-
ing and deconfining holonomy, but only for the confining
holonomy is it possible to get a strong enough tilt to one
side.

log(⇢(x))

x

FIG. 5: log(⇢(x)) of the zero mode of conf. 2660 at � = ⇡
(blue) and the log of the peak in fig. 4(green) and the peak
of a fit with µ1 = µ2 = µ3 = 0(red) though the maximum.
T = Tc. Peaks has been scaled to fit in height.

B. T = 1.08Tc

When we use the overlap operator using anti periodic
boundary conditions at T = 1.08Tc, we find a single
strong peak for configurations with Qtop = ±1. This
does not mean that there is only one topological object
in the system. It shows that there is one which is not
strongly a↵ected by opposite type of topological objects,
such that it dominates the contribution to the zero mode.
This is not the case when we start to turn the bound-
ary condition to other values. We look at the angles
� = ⇡,⇡/3,�⇡/3. In the confined phase, these values
correspond to one sector each, and has the largest dis-
tance to the angles of the Polyakov loop µi. We show an
example of ⇢(x, y) at these 3 angles in fig. 6.

We found that their fields 
interfere with each other

 the interaction between them
Is in excellent agreement with 

van Baal analytic formulae ⌧
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FIG. 14: ⇢(x, y) of the zero mode of conf. 2540 at T = 1.08Tc.
� = ⇡(red), � = ⇡/3(blue), � = �⇡/3(green). Peak height
has been normalized to that of � = ⇡.

Other cases overlap much stronger like in fig. 15.
When one do the fits though, this case fits very well with
dyons at a distance around 0.14 (around one lattice spac-
ing), which is close but not overlapping completely. Also
when dyons are close in analytic solutions, the peak of the
density can, dependent on the dyons position, be shifted
slightly to the side.

At T = Tc in fig. 16 and 17 we observe more peaks
which overlap with each other (atleast after summing
over t), and we still observe that the dyons don’t always
sit on top of each other. Also it appears that the typical
distance is larger, though this need more statistics.

FIG. 15: ⇢(x, y) of the zero mode of conf. 2960 at T = 1.08Tc.
� = ⇡(red), � = ⇡/3(blue), � = �⇡/3(green). Peak height
has been normalized to that of � = ⇡.

FIG. 16: ⇢(x, y) of the zero mode of conf. 2000 at T = Tc.
� = ⇡(red), � = ⇡/3(blue), � = �⇡/3(green). Peak height
has been scaled to be similar to that of � = ⇡.

FIG. 17: ⇢(x, y) of the zero mode of conf. 2660 at T = Tc.
� = ⇡(red), � = ⇡/3(blue), � = �⇡/3(green). Peak height
has been scaled to be similar to that of � = ⇡.

VII. STRONG OVERLAP

In some cases we observe several peaks to be overlap-
ping with each other strongly. In these cases one would
most likely need a Qtop = N solution to fit the behavior
completely. Still if we do our 2d slices such that the slice
is dominated by 1 of the several peaks, we can still ob-
tain a behavior similar to that of the Qtop = 1. We show
an example of this where we in fig. 18 show the density
⇢(x, y) and the density ⇢(x, t) in fig. 19 and 20. While we
can see the other peaks in the ⇢(x, t) plots, they are not
too large. We compare the ⇢(x, t) plots to the analytic
formula in fig. 21 and 22, which has been chosen such
that they resemble the lattice results.
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FIG. 6: ⇢(x, y) of the zero mode of conf. 2960 at � = ⇡ (left
top), ⇡/3 (right top) and �⇡/3 (bottom). T = 1.08Tc.

All of the ⇢(x, t) plots also look very similar due to all
3 peaks being very close to each other (around 1 lattice
spacing). We therefore just show one of them. See fig. 7.

FIG. 7: ⇢(x, t) of the zero mode of conf. 2960 at � = ⇡ /3.
T = 1.08Tc. y and z at peak location.

If we make a integration around the dominating peak
we find a contribution of the overall normalization of size
0.74. Thus, even though it is dominating, other small
contributions also exist, which end up contributing a sub-
stantial part.

The peak is also not symmetric around the maximum.
This indicates that the other dyons are sitting on one side
of the dyon. How much we can get the two sides to be-
have di↵erently depends on the Polyakov loop, through
the angles µi. This is a good way to exclude a stan-
dard(deconfining) instanton as shown in fig 8.

log(⇢(x))

x

FIG. 8: log(⇢(x)) of the zero mode of conf. 2960 at � = ⇡
(black) and the log of the analytic formula for P = 0.4 and
P = 1 though the maximum. T = 1.08Tc. Red peak only has
been scaled to fit in height, while blue peak uses the found
normalization.

The picture is consistent in all the configurations ex-
plored. Below we show another configuration for the an-
gle � = ⇡/3. This is for a configuration di↵erent from all
the previous ones. This is mostly to show that the picture
is consistent through many di↵erent configurations.

We show the ⇢(x, y) and ⇢(x, t) plot for the lattice re-
sults in fig. 9 and 11 which we compare to the analytic
solution in fig. 10 and 12.

FIG. 9: ⇢(x, y) of the zero mode of conf. 3620 at � = ⇡/3.
T = 1.08Tc.

excellent agreement of the shape
with analytic formulae

extracting the shape of 
the fermonic zero mode

and modyfying the phase
one can find all 3 dyons

4

FIG. 3: ⇢(x, t) of the zero mode of conf. 2000 at � = ⇡/3.
T = Tc.

FIG. 4: Analytic zero mode density ⇢(x, t) at � = ⇡/3. Main
dyon centered at the origin. Two other dyons at (0.2, 0.0, 0.0)
and (�0.2, 0.0, 0.0).

Focusing now on another configuration at the same
temperature, we can at the angle � = ⇡ see a strong
indication that the value of the holonomy µi should be
confining (o↵ course the values can fluctuate from con-
figuration to configuration). We see that in fig. 5, where
the fastest fallo↵ can be reproduced by both the confin-
ing and deconfining holonomy, but only for the confining
holonomy is it possible to get a strong enough tilt to one
side.

log(⇢(x))

x

FIG. 5: log(⇢(x)) of the zero mode of conf. 2660 at � = ⇡
(blue) and the log of the peak in fig. 4(green) and the peak
of a fit with µ1 = µ2 = µ3 = 0(red) though the maximum.
T = Tc. Peaks has been scaled to fit in height.

B. T = 1.08Tc

When we use the overlap operator using anti periodic
boundary conditions at T = 1.08Tc, we find a single
strong peak for configurations with Qtop = ±1. This
does not mean that there is only one topological object
in the system. It shows that there is one which is not
strongly a↵ected by opposite type of topological objects,
such that it dominates the contribution to the zero mode.
This is not the case when we start to turn the bound-
ary condition to other values. We look at the angles
� = ⇡,⇡/3,�⇡/3. In the confined phase, these values
correspond to one sector each, and has the largest dis-
tance to the angles of the Polyakov loop µi. We show an
example of ⇢(x, y) at these 3 angles in fig. 6.

We found that their fields 
interfere with each other

 the interaction between them
Is in excellent agreement with 

van Baal analytic formulae ⌧
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FIG. 14: ⇢(x, y) of the zero mode of conf. 2540 at T = 1.08Tc.
� = ⇡(red), � = ⇡/3(blue), � = �⇡/3(green). Peak height
has been normalized to that of � = ⇡.

Other cases overlap much stronger like in fig. 15.
When one do the fits though, this case fits very well with
dyons at a distance around 0.14 (around one lattice spac-
ing), which is close but not overlapping completely. Also
when dyons are close in analytic solutions, the peak of the
density can, dependent on the dyons position, be shifted
slightly to the side.

At T = Tc in fig. 16 and 17 we observe more peaks
which overlap with each other (atleast after summing
over t), and we still observe that the dyons don’t always
sit on top of each other. Also it appears that the typical
distance is larger, though this need more statistics.

FIG. 15: ⇢(x, y) of the zero mode of conf. 2960 at T = 1.08Tc.
� = ⇡(red), � = ⇡/3(blue), � = �⇡/3(green). Peak height
has been normalized to that of � = ⇡.

FIG. 16: ⇢(x, y) of the zero mode of conf. 2000 at T = Tc.
� = ⇡(red), � = ⇡/3(blue), � = �⇡/3(green). Peak height
has been scaled to be similar to that of � = ⇡.

FIG. 17: ⇢(x, y) of the zero mode of conf. 2660 at T = Tc.
� = ⇡(red), � = ⇡/3(blue), � = �⇡/3(green). Peak height
has been scaled to be similar to that of � = ⇡.

VII. STRONG OVERLAP

In some cases we observe several peaks to be overlap-
ping with each other strongly. In these cases one would
most likely need a Qtop = N solution to fit the behavior
completely. Still if we do our 2d slices such that the slice
is dominated by 1 of the several peaks, we can still ob-
tain a behavior similar to that of the Qtop = 1. We show
an example of this where we in fig. 18 show the density
⇢(x, y) and the density ⇢(x, t) in fig. 19 and 20. While we
can see the other peaks in the ⇢(x, t) plots, they are not
too large. We compare the ⇢(x, t) plots to the analytic
formula in fig. 21 and 22, which has been chosen such
that they resemble the lattice results.
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Fig. 11. Left: Space slice of density of an exact zero mode from QCD simulation
at T = Tc. The three colors refer to dyons of three different types. Right: Tau-
dependence of a dyon, perturbed by nearby dyons. See the text.

Previous works, however, have not analyzed the “topological clusters”,
the situations in which two or three dyons overlap strongly. The Kraan–
van Baal solution presents analytic formulae for these cases, and good agree-
ment was also found in the numerical analysis of instanton-dyon ensembles
in [48, 49]. The right part in Fig. 11 is an example of a (Euclidean time)
τ -dependence of the density. An isolated dyon should show no such depen-
dence at all, and what is seen is a result of an interference with overlapping
dyons. Locating those and using analytic expressions for the zero-mode
density confirms their identity. The semiclassical description of zero and
near-zero Dirac modes on the lattice is quite accurate, at least in terms of
the zero-mode shapes.

9.2. Studies of instanton-dyon ensembles

The simplest limiting case is weak coupling or very high temperature
(T → ∞), in which the dyon density is exponentially small, with their
interactions and back reactions negligible. In QCD with Nf quarks, all twist
factors are equal to zf = π and all the L dyons combine in a ‘t Hooft vertex
with 2Nf legs. For Nf = 1, U(1)A chiral symmetry is explicitly broken at
any T , with exponentially small ⟨q̄q⟩. For Nf > 1 and SU(Nf)A, chiral
symmetry is unbroken. Thus, there should be “molecules” L̄L, similar to
ĪI molecules originally discussed in [35, 50, 51], and called “bions” by Ünsal
and collaborators.
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The opposite case is a dense ensemble at T ∼ Tc discussed by mean-field
approximation in a number of settings [52–54]. Here, we will only discuss
the numerical simulations for the SU(2) in [55, 56] and SU(3) in [57, 58]
color groups, without (Nf = 0) and with two quark flavors (Nf = 2).

The first physics issue is the deconfinement phase transition. Recall that
the Gross–Pisarski–Yaffe (GPY) perturbative potential for the Polyakov line
favors a trivial ⟨P ⟩ = 1 case and disfavors confinement l ⟨P ⟩ = 0. Therefore,
to have confinement, the nonperturbative effects — with a sufficient density
of the dyons in the simulations — should overcome the GPY potential. In
Fig. 12, we see that this happens differently for SU(2) and SU(3) pure gauge
theories. In the former, the minimum gradually shifts to the confining value6

split into two factors: one containing all factors which de-
pend on parameters unchanged in the simulations, and
the second one related to dyons’s collective variables.

Z = ZunchangedZchanged. (19)

The weight for one caloron (L + M pair) was explicitly
calculated in [20]: at zero holonomy it agrees with the
instanton result by ’t Hooft. Part of the answer is the
factor coming from the metric volume element

p
g in the

space of L, M collective variables. Later Diakonov [12]
combined this result with the previously known answer
for the metric of two monopoles of the same kind (e.g.
M, M pair) into an elegant expression for any number of
L, M dyons now called Diakonov determinant det G.

Taking the dilute limit r12 ! 1 in both cases both
formulas reduce to the same r12 dependence and one finds
that the caloron weight from [20] needs to be divided by
the factor (4⇡⌫)(4⇡⌫̄) (see appendix C)

Zunchanged =
⇤2

(4⇡)2
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Note that at the trivial holonomy ⌫ ! 0 limit, Zunchanged

is ⇠ 1/⌫: it is to be canceled by the diagonal part of the
det(G) in the second part.

We need to do the simulation for di↵erent amount of
M and L dyons. We divide the weight into a M part and
a L part, and sum over all number of particles

Zunchanged =
X
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exp(�Ṽ3
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3
⌫2⌫̄2) (21)
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where we use that the amount of dyons and antidyons is
the same. We simplify this as

Zunchanged =
X
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exp(�Ṽ3
4⇡2
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Ṽ3d⌫

⌘NM
�2 

1

NL!

⇣
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Zchanged is the interactions explained in section III and
thus also depends on the number of particles

Zchanged =
1

Ṽ
2(NL+NM )
3

Z
D3x det(G) exp(��DDD̄(x))

�f ⌘ � log(Zchanged)/Ṽ3, (23)
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FIG. 5: (Color online). Free Energy density f as a function of
⌫ at S = 6, MD = 2 and NM = NL = 16. The di↵erent curves
corresponds to di↵erent densities. • n = 0.53, ⌅ n = 0.37,
⌥ n = 0.27, N n = 0.20, H n = 0.15, � n = 0.12. Not all
densities are shown.

normalized such that Zchanged = 1 for no interactions
included. Combining Zchanged with Zunchanged we get in

the limit Ṽ3 ! 1

Z =
X
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exp

✓
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For Ṽ3 ! 1 the partition function is completely domi-
nated by the maximum of the exponent. Finding the free
energy corresponds to finding the minimum of

f =
4⇡2

3
⌫2⌫̄2 � 2nM ln
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d⌫e
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�

�2nL ln
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�
+ �f. (25)

Note that as the dyon density increases, it changes
its shape, producing a non-trivial minimum at ⌫ 6= 0.
Furthermore, at high density this minimum moves to ⌫ =
1/2, the confining value.

VI. SELF CONSISTENCY

The partition function we simulate depends on several
parameters, changed from one simulation set to another.
Those include (i) the number of the dyons NM , NL; (ii)
the radius of the S3 sphere r; (iii) the action parameter
S; (iv) the value of the holonomy ⌫, (v) the value of the
Debye mass MD; (vi) the auxiliary factor �, which is then
integrated over as explained in section IV.

In principle, the aim of our study is to obtain the de-
pendence of the free energy on all of those parameters (i-
v). While the practical cost of the simulations restricts
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Confinement remains one the most interesting and challenging nonperturbative phenomenon in
non-Abelian gauge theories. Recent semiclassical (for SU(2)) and lattice (for QCD) studies have
suggested that confinement arises from interactions of statistical ensembles of instanton-dyons with
the Polyakov loop. In this work, we extend studies of semiclassical ensemble of dyons to the SU(3)
Yang-Mills theory. We find that such interactions do generate the expected first-order deconfinement
phase transition. The properties of the ensemble, including correlations and topological susceptibil-
ity, are studied over a range of temperatures above and below Tc. Additionally, the dyon ensemble is
studied in the Yang-Mills theory containing an extra trace-deformation term. It is shown that such
a term can cause the theory to remain confined and even retain the same topological observables at
high temperatures.

I. INTRODUCTION

Quantum Chromodynamics (QCD) is the quantum
field theory describing the fundamental particles and
forces that make up nuclear physics. While QCD is re-
markably successful in describing nuclear physics, many
phenomena remain beyond the scope of what can be stud-
ied analytically. Notably, nonperturbative phenomena
such as confinement – the disappearance of quarks and
gluons from the physical spectrum – is not completely un-
derstood. Confinement occurs not just in QCD, but in
various Yang-Mills theories with or without quarks, mak-
ing it clear that it emerges from the non-perturbative be-
havior of the gluons, rather than the quarks. Above cer-
tain critical temperature Tc deconfinement takes place,
and the QCD-like theories turn into a new form of mat-
ter, the Quark-Gluon Plasma (QGP).

Historically the first mechanism of the deconfinement
transition was a ’dual superconductor’ model [1–3]. At
T < Tc the chromoelectrically-charged quarks and glu-
ons are connected by QCD flux tubes, dual to magnetic
flux tubes in superconductor. With the advent of lat-
tice gauge theories many aspects of this scenario were
put to the test. In particular, the profile of the QCD
flux tubes [4] was found to agree well with dual super-
conductor model. Monopoles were observed and found
to rotate around these flux tubes, as expected. Bose-
Einstein condensation of monopoles was detected and its
critical temperature was shown to coincide with Tc [5].
A high density of monopoles was found to be responsible
for unusual kinetic properties of QGP [6].

Euclidean formulation of the gauge theory lead to dis-
covery of 4D topological solitons known as BPST instan-
tons [7]. A model of their ensemble, the Instanton Liquid
Model (ILM) [8], has explained how instantons generate
chiral symmetry breaking. As certain extrema of the
path integral over gauge configurations, they form a ba-
sis for semiclassical theory, consistently including fluctua-
tions around classical fields. Furthermore, one can study
the interaction between instantons in their statistical en-
semble: those studies explained behavior of correlation

functions of various mesonic and baryonic currents, for
review see e.g. Ref. [9]. Yet the instanton theory has not
reproduced confinement.

Euclidean formulation of finite temperature QCD nat-
urally led to a nonzero value of the Polyakov loop hP i 6= 0
as a signature of deconfinement. Note that through-
out this paper we use hP i as shorthand for 1

3 hTr[P (~x)]i.
It can be interpreted as the nonzero vacuum expecta-
tion value (VEV) of the time component of the gauge
field A0, also known as nonzero holonomy. The natu-
ral question was then how to deform the instanton con-
figurations in a way consistent with nonzero holonomy
in the bulk. It was answered in Refs. [10, 11], who
discovered that instantons dissolve into Nc (number of
colors) constituent solitons, called instanton-dyons (or
instanton-monopoles). Like original instantons, they are
(anti)selfdual, so their actions and topological charges are
equal. But, unlike instantons, their actions and topologi-
cal charges are not quantized to integers; standard index
theorems are avoided because instanton-dyons have mag-
netic charges and therefore are still connected by Dirac
strings.

It was then realized that instanton-dyons provide a
very valuable bridge between the theory of monopoles
and instantons, providing a way to explain both confine-
ment and chiral symmetry breaking in a single setting.
Unlike monopoles, the instanton-dyons are semiclassical
objects, allowing for the construction of a consistent the-
ory of an interacting ensemble. Last but not least, the
statistical sum in terms of instanton-dyons is ”Poisson
dual” to that based on monopoles, see Refs. [12, 13].

Semiclassical approaches to finite-T gauge theories,
with and without quarks, have lately been subject of
multiple studies. Confinement in this theory is due to
the back reaction of the dyon ensemble on the Polyakov
loop, forcing it to take zero value at T < Tc, see e.g. Ref.
[14] for a simple model, Ref. [15] for mean-field analysis,
and Refs. [16, 17] for numerical simulations of the SU(2)
gauge theory. It is important that they are semiclas-
sical objects, unlike the QCD monopoles [13], with the
actions Sdyons ⇠ 1/g2 ⇠ log(T/⇤) growing with temper-
ature. Therefore their densities are suppressed at high T
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studied in the Yang-Mills theory containing an extra trace-deformation term. It is shown that such
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I. INTRODUCTION

Quantum Chromodynamics (QCD) is the quantum
field theory describing the fundamental particles and
forces that make up nuclear physics. While QCD is re-
markably successful in describing nuclear physics, many
phenomena remain beyond the scope of what can be stud-
ied analytically. Notably, nonperturbative phenomena
such as confinement – the disappearance of quarks and
gluons from the physical spectrum – is not completely un-
derstood. Confinement occurs not just in QCD, but in
various Yang-Mills theories with or without quarks, mak-
ing it clear that it emerges from the non-perturbative be-
havior of the gluons, rather than the quarks. Above cer-
tain critical temperature Tc deconfinement takes place,
and the QCD-like theories turn into a new form of mat-
ter, the Quark-Gluon Plasma (QGP).

Historically the first mechanism of the deconfinement
transition was a ’dual superconductor’ model [1–3]. At
T < Tc the chromoelectrically-charged quarks and glu-
ons are connected by QCD flux tubes, dual to magnetic
flux tubes in superconductor. With the advent of lat-
tice gauge theories many aspects of this scenario were
put to the test. In particular, the profile of the QCD
flux tubes [4] was found to agree well with dual super-
conductor model. Monopoles were observed and found
to rotate around these flux tubes, as expected. Bose-
Einstein condensation of monopoles was detected and its
critical temperature was shown to coincide with Tc [5].
A high density of monopoles was found to be responsible
for unusual kinetic properties of QGP [6].

Euclidean formulation of the gauge theory lead to dis-
covery of 4D topological solitons known as BPST instan-
tons [7]. A model of their ensemble, the Instanton Liquid
Model (ILM) [8], has explained how instantons generate
chiral symmetry breaking. As certain extrema of the
path integral over gauge configurations, they form a ba-
sis for semiclassical theory, consistently including fluctua-
tions around classical fields. Furthermore, one can study
the interaction between instantons in their statistical en-
semble: those studies explained behavior of correlation

functions of various mesonic and baryonic currents, for
review see e.g. Ref. [9]. Yet the instanton theory has not
reproduced confinement.

Euclidean formulation of finite temperature QCD nat-
urally led to a nonzero value of the Polyakov loop hP i 6= 0
as a signature of deconfinement. Note that through-
out this paper we use hP i as shorthand for 1

3 hTr[P (~x)]i.
It can be interpreted as the nonzero vacuum expecta-
tion value (VEV) of the time component of the gauge
field A0, also known as nonzero holonomy. The natu-
ral question was then how to deform the instanton con-
figurations in a way consistent with nonzero holonomy
in the bulk. It was answered in Refs. [10, 11], who
discovered that instantons dissolve into Nc (number of
colors) constituent solitons, called instanton-dyons (or
instanton-monopoles). Like original instantons, they are
(anti)selfdual, so their actions and topological charges are
equal. But, unlike instantons, their actions and topologi-
cal charges are not quantized to integers; standard index
theorems are avoided because instanton-dyons have mag-
netic charges and therefore are still connected by Dirac
strings.

It was then realized that instanton-dyons provide a
very valuable bridge between the theory of monopoles
and instantons, providing a way to explain both confine-
ment and chiral symmetry breaking in a single setting.
Unlike monopoles, the instanton-dyons are semiclassical
objects, allowing for the construction of a consistent the-
ory of an interacting ensemble. Last but not least, the
statistical sum in terms of instanton-dyons is ”Poisson
dual” to that based on monopoles, see Refs. [12, 13].

Semiclassical approaches to finite-T gauge theories,
with and without quarks, have lately been subject of
multiple studies. Confinement in this theory is due to
the back reaction of the dyon ensemble on the Polyakov
loop, forcing it to take zero value at T < Tc, see e.g. Ref.
[14] for a simple model, Ref. [15] for mean-field analysis,
and Refs. [16, 17] for numerical simulations of the SU(2)
gauge theory. It is important that they are semiclas-
sical objects, unlike the QCD monopoles [13], with the
actions Sdyons ⇠ 1/g2 ⇠ log(T/⇤) growing with temper-
ature. Therefore their densities are suppressed at high T
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of interactions Z0, which can be expressed analytically directly from the input parameters, and Znp the contributions
of the dyon interaction, whose calculation is the subject of the simulation of the partition function, performed by
Monte-Carlo algorithms in this work. The total partition function is their product Z = ZGPY Z0Znp.

The statistical weight for a single instanton was explicitly calculated in Ref. [23] for SU(2). Taking the dilute limit,
which removes interaction between the dyons, this gives
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of 4⇡⌫i is divided out for each dyon type. This is to remove a constant term that appears remains when taking the
dilute limit in Znp. Knowing this, it is easy to construct the instanton weight in SU(3) and extend it to an arbitrary
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B. The partition function and dyon interactions

A complete calculation of the dyons’ free energy re-
quires the construction of the dyonic partition function.
We start first with e↵ects that are not induced by the
dyons’ non-perturbative interactions. In the absence of
all dyonic e↵ects, there is a perturbative interaction be-
tween thermal gluons and the holonomy. This generates
the Gross-Pisarski-Ya↵e potential VGPY [22], which ap-
pears in the an exponent in the partition function. For
SU(3), this is given by

VGPY

T Ṽ3

=
4⇡2

3
(2(⌫(1 � ⌫))2 + (2⌫(1 � 2⌫))2). (5)

Here the potential is shown with factors divided out so
that it has units of free energy density. This potential
disfavors confinement, having a minimum at the trivial
holonomy ⌫ = 0, and a maximum at the confining holon-
omy ⌫ = 1

3 .
The dyon contribution to the partition function con-

sists of two parts, the contributions of the dyons in the
absence of interactions Z0, which can be expressed ana-
lytically directly from the input parameters, and Znp the
contributions of the dyon interaction, whose calculation
is the subject of the simulation of the partition function,
performed by Monte-Carlo algorithms in this work. The
total partition function is their product Z = Z0Znp.

The statistical weight for a single instanton was explic-
itly calculated in Ref. [23] for SU(2). Taking the dilute
limit, which removes interaction between the dyons, this
gives

Z
SU(2)
0 =

⇤

(4⇡)2
S4

0e�S2
0⌫

8⌫
3 �1(1 � ⌫)

8(1�⌫)
3 �1 (6)

It is easy to see how this factors into the weight for each
individual dyon: Each dyon species contributes a factor

of
p
⇤S0e

�p
So⌫ and the two holonomy terms stem from

the holonomies of the individual M- and L-type dyons.
A factor of 4⇡⌫i is divided out for each dyon type. This
is to remove a constant term that appears remains when
taking the dilute limit in Znp. Knowing this, it is easy
to construct the instanton weight in SU(3) and extend
it to an arbitrary number of dyons by summation. The
partition function, assuming an equal number of dyons
and antidyons, is

Z0 =
X

NM1,NL,NM2

✓
1

NM1!
(Ṽ3d⌫)

NM1

◆2

⇥
✓
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where d⌫ is the weight of an individual dyon with holon-
omy ⌫,

d⌫ =
⇤

4⇡
S2

0e�S0⌫⌫
8⌫
3 �1. (8)

Now we may take the limit V ! 1 and assume equal
densities of M1- and M2-type dyons. Additionally we
resolve the factorial terms with Stirling’s approxima-
tion carried out to three terms ln N ! ⇡ N ln N � N +
ln(

p
2⇡N). The free energy F = � ln(Z) is given by the

following expression

f =
4⇡2

3
(2(⌫(1 � ⌫))2 + (2⌫(1 � 2⌫))2)

� 4nM ln


d⌫e

nM

�
� 2nL ln


d1�2⌫e

nL

�

+
ln(8⇡3N2

MNL)

Ṽ3

+ �f

(9)

where �f is the free energy density stemming from the
interactions of the dyons. If the dyons have classical bi-
nary interactions �Sclass and a volume metric G, their
contributions to the partition function and the free en-
ergy density are

Znp =
1

Ṽ
(4NM1+2NL)
3

Z
Dx det (G)e��Sclass (10)

�f = � ln(Znp) (11)

The set of parameters that minimizes the free energy
density corresponds to the physical dyon ensemble in the
infinite volume limit. This elucidates the main procedure
of this work: to first compute the free energy density of
the ensemble for a wide range of parameters, and then
locate their values which minimize it.

The classical interactions between dyons and antidyons
are, at distances exceeding the dyon cores, asymptot-
ically Coulomb-like. For generic SU(Nc) theories, the

7

TABLE II. Values of the parameters of the ensemble above
and below the critical temperature Tc from linear fits to the
nearest data points on either side of the phase transition at
S0 = 13.18.

T ! T�
c T ! T+

c

⌫ 1/3 0.236

hP i 0 0.392

nM 0.550 0.529

nL 0.550 0.068

At temperatures below Tc the ensemble is in the con-
fined phase with ⌫ = 1/3 and nM = nL, as can be seen
in Fig. 3 (left). At densities below the physical one,
the minimum shifts to the left as the nonperturbative
interactions become weak compared to the perturbative
contribution to the free energy. At higher densities the
ensemble prefers to remain in the confined phase, but
with a larger free energy minimum and curvature of the
potential.

The deconfined phase has a similar structure, but with
the global minimum occurring at ⌫ < 1/3 and nM > nL.
However at densities above that of the global minimum,
the minima continue to move towards larger ⌫. At these
densities, the repulsive core dominates and it becomes en-
ergetically favorable to make the many Mi dyons smaller
at the cost of making the few L dyons larger. It is possi-
ble that at densities higher than what were studied here,
the ensemble may have a minimum at ⌫ > 1/3.

These plots only show a slice of the full space of pa-
rameters explored for each value of S0 for specific values
of nM/nL. The structure of the first-order phase transi-
tion can be seen more clearly in Fig. 4. By considering
the minimum free energy density selected from all com-
binations of nM and nL as a function of the holonomy,
the two local minima – one in the confined phase and
the other in the deconfined – are clearly visible. At the
value of S0 nearest to the critical value, the free energy
at the two minima are nearly degenerate and the global
minimum switches between the two as the temperature
changes.

This structure is di↵erent from the that of SU(2). In
SU(2), where the phase transition is second order, rather
than having two degenerate minima, the holonomy po-
tential flattens near Tc (see e.g. Fig. 5 of Ref. [16]). This
allows the minimum to quickly, but smoothly, shift from
the confining holonomy to smaller values. Additionally,
there is a ⌫ $ 1 � ⌫ symmetry not present in SU(3).

B. Temperature dependence of the parameters

The free energy density f , unlike other physical quan-
tities, remains continuous across even a first-order phase
transition, as we see in Fig. 5. Its derivative, however,
may not. The free energy varies with temperature much
more rapidly in the confined phase than the deconfined.

FIG. 4. (Color online) Holonomy dependence of the minimum
free energy density near the phase transition. Error bars not
shown for readability.

FIG. 5. Temperature dependence of the free energy density
of the dyon ensemble.

The most important feature of the dyon ensemble
for describing the deconfinement transition is the av-
erage Polyakov loop as a function of the temperature
hP (T )i. Below Tc, the holonomy takes the confining
value ⌫ = 1/3, hP i = 0. At Tc the value jumps to ⇠ 0.4
and then continues to increase as T increases. The value
of the average Polyakov loop above the phase transition
shows qualitative agreement with the lattice data [21],
but does not increase with temperature as quickly. A

critical: 
jump in  

holonomy

red dots move to the right at higher T

Fig. 12. Free energy f versus the holonomy parameter ν for SU(2) (top) and SU(3)
(bottom) pure gauge theories. Different curves are for different instanton densities
(or temperatures). See the text.
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of ν = 1/2 and stays there at high densities. In the latter, there is a jump,
indicating a first-order transition. There is no place here for comparison with
lattice data. We just mention that the SU(3) case ⟨P ⟩ jumps to a value 0.4,
remarkably close to the reported lattice value. The deformation of the SU(3)
gauge theory by an operator ∼ P 2 in the instanton-dyon ensembles is also
in agreement with the lattice simulation. In particular, the deconfinement
temperature is observed to increase with the size of the jump decreasing.

The second nonperturbative issue is chiral symmetry breaking at low T .
Again, it requires a sufficient density of the dyons, so that their zero modes
can get collectivized 9.

9.3. QCD deformation by modified quark periodicity phases

This deformation came first under the name of “imaginary chemical po-
tentials” [59]. Its usage is different for small and large deformations. In
the former case, the motivation was due to the fact that imaginary chemical
potentials can be simulated by usual Monte-Carlo algorithms, while those
with real µ cannot. A plot of the lattice results for negative µ2 < 0 allows
the extrapolation to real µ, e.g. by Taylor series. This strategy has been
used in many lattice studies.

For a large phase, Roberge and Weiss predicted a first order transitions
close to z = (2k+1)π/Nc, due to different Nc branches of the gluonic GPY
potential. Of course, it is a perturbative argument expected to be true at
large T only. Indeed, when dyons are numerous this transition ends, and
according to [60] it happens at TRW = 1.34(7) Tc = 208(5) MeV.

Another form of deformed QCD is to select imaginary chemical potentials
proportional to T , so that the quark fugacities are exp(izf), f = 1 . . . Nf , with
certain T -independent periodic phases. Moving from conventional zf = π
(quarks are fermions) to other values, one should see multiple phase tran-
sitions, each time when one of the zf crosses the Polyakov phases µi(T ),
as the fermion zero modes jump from one instanton-dyon to another. The
‘ultimate” selection for Nc = Nf theories was proposed in [61], with zf sug-
gested to be located “democratically”, with one phase located inside each of
the holonomy sectors [µi+1, µi] (for T < Tdeconfinement).

In Fig. 13, we show ensembles of instanton-dyons simulations for Nc =
Nf = 2 QCD and Z2QC2D, with one quark being a fermion and one being a
boson. The plots show drastic changes in both phase transitions. Deconfine-
ment changes from a crossover to a strong first order, and chiral restoration

9 Note that already in 1961, the NJL model has shown that one needs a large enough
4-fermion coupling to break chiral symmetry.
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is not seen at all10. We note that the multiply deformed worlds (such as
ZNcQCD) are unphysical and qualitatively different from ours. We expect
them to be separated by singularities. Indeed, we recall that ZNcQCD has
a completely different flavor and chiral symmetries (except at high T when
all µi are near zero). Its chiral symmetry is split diagonally for all flavors
(U(1)A)

Nf−1, each broken explicitly by diquark ‘t Hooft operators for each
dyon type. Obviously, this chiral symmetry breaking has no relation to the
spontaneously broken SU(Nf ) chiral symmetry concurring in our world, and
due to the multi-quark operators with finite instanton-dyon density.

symmetric phase u=>M
d=>L

< ūu > 6=< d̄d >

Second deformation: QCD2 and Z2QCD are dramatically different!

6

FIG. 4: Debye Mass Md as a function of action parameter
S, for the Z2-symmetric model (red squares) and the usual
QCD-like model with Nc = Nf = 2 (blue circles).

FIG. 5: The Dirac eigenvalue distribution ⇢(�) for ensemble
of 64 (Blue triangle) and 128 (Red square) dyons, for Z2-
symmetric model at S = 6. The upper plot shows the region
of smaller eigenvalues, in which one can see the finite volume
“dip”, of a width which scales approximately as 1/V4 as ex-
pected. The lower plot shows the same data sets, but in wider
range of eigenvalues: it displays the “inverse cusp” shape of
the distribution discussed in the text.

⇢(�) to �! 0 and to extract the value of the quark con-
densate.) In the other model, the Nc = Nf = 2 QCD,
such “inverse cusp” is absent, see II.

So far our discussion assumed an infinite volume limit,
in which case the Dirac eigenvalue spectrum extends till
� = 0. However, it is well known that any finite-size sys-
tems, with 4-volume V4, have the smallest eigenvalues of
the order O(1/V4). This creates the so called “finite size
dip”, in the eigenvalue distribution, also clearly visible in
Fig. 5(upper). One can see that doubling of the volume,
from 64 to 128 dyons at the same density, reduces the
width of this dip roughly by factor two, as expected.

As the holonomy jumps away from its confining value
0.5, the dyon densities become di↵erent. Unlike the fun-
damental quarks, where the holonomy goes down, the
densities of L dyons become larger than that of M dyons.
The total density goes down, but the reduction in M
dyons, leaves space for a few more L dyons. This means
that on one hand the density is larger for L dyons, and
the zero-mode density is therefore higher. On the other
hand, the factor in the exponential in Tij (Eq. 4) is ⌫̄
for L dyons, and ⌫ for M dyons. This means that as ⌫
becomes smaller, the e↵ective density of the zero-modes
associated with L dyons become smaller, while the zero-
modes associated with M dyons gets an increased e↵ec-
tive density. It is therefore the interplay between these
two e↵ects, that control which of the condensates are
largest. This results in what we show in Fig. 6, where
the M dyon condensate appears to be slightly larger than
the L dyon condensate, and both condensates decreases
slightly in accordance with the total density of dyons. It
is also observed that since each gas of zero-modes e↵ec-
tively works as a Nf = 1 ensemble, with non-vanishing
condensates even at the lowest densities we studied[30]
(the r.h.s. of the plot). The other model – Nc = Nf = 2
QCD –has condensate shown by black triangles: it clearly
has chiral symmetry restoration,at S > 8 we detected no
presence of a condensate.
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FIG. 6: Chiral condensate generated by u quarks and L dyons
(red squares) and d quarks interacting with M dyons (blue
circles) as a function of action S, for the Z2-symmetric model.
For comparison we also show the results from II for the usual
QCD-like model with Nc = Nf = 2 by black triangles.
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FIG. 2: The mean Polyakov loop P as a function of action pa-
rameter S, for Z2-symmetric model (red squares), compared
to that for the Nc = Nf = 2 QCD with the usual anti-periodic
quarks (blue circles).

V. CHIRAL SYMMETRY BREAKING

As we already explained above, the main feature of the
ZNc

-symmetric model with Nf = Nc distribute all types
of quarks evenly, so that each type of dyons would have
one quark flavor possessing zero modes with it. This is
in contrast to the usual QCD, in which all quarks are an-
tiperiodic and thus all have zero modes only with twisted
L-type dyons.

The simplest examples considered in this work are two
Nc = Nf = 2 theories, the Z2-symmetric model and the
two color QCD. In the former case the partition function
includes two independent fermionic determinants, one for
M and one for L dyons, with a single quark species each.
In the latter, one has a square (two-species) of the deter-
minant of hopping matrix over the L-dyons only.

Here we remind well known facts about chiral sym-
metry breaking in such cases, and the consequences for
such determinants. Theories with a single quark flavor
have only a single Ua(1) symmetry, broken explicitly by
the fermionic e↵ective action. Indeed, it includes terms
 ̄L R or  ̄R L directly coupling components with op-
posite chiralities. So, there are no chiral symmetries to
break, and condensates are always nonzero, proportional
to density of the topological objects.

The case with two or more flavors is di↵erent: there is
the SU(Nf ) flavor symmetry, which can be either bro-
ken or not, depending on the strength of the 2Nf -quark
e↵ective interaction.

A. Dirac eigenvalue distribution

Di↵erences in chiral breaking mechanisms in these two
models indicated above also manifest themselves in the
Dirac eigenvalue distribution.

For a proper persepctive, let us remind that for the

SU(Nf ) flavors with Nf > 2 a general Stern-Smilga the-
orem [29] states that the eigenvalue distribution at small
� has the so called “cusp” singularity

⇢(�) ⇠ |�|(N2
f � 4) (7)

For Nf > 2 the coe�cient is positive – this is known
as “direct cusp”, and was also observed, both on the
lattice and in the instanton models. In the particular case
Nf = 2 this cusp is absent: this fact can be traced to the
absence of symmetric dabc structure constant in the case
of SU(2) group. Indeed, both the calculations done in the
instanton liquid framework (for examples and references
see [8]) and our previous studies II of the Nf = 2 theory
had produced “flat” eigenvalue distribution

⇢Nf =2(�) ⇠ const (8)

In the Nf = 1 case the Smilga-Stern derivation does
not apply, but empirically it has been observed that the
distribution does have a singularity at � = 0 of the
form of the “inverse cusp”, ⇠ �|�|, with negative co-
e�cient. Our results for the Z(Nc)-QCD under consid-
eration shown in Fig. 5 also show the “inverse cusp” with
linear behavior of ⇢(�). (We use this fact to extrapolate

FIG. 3: (upper) Densities of L dyons (red squares) and
M dyons (blue circles), as a function of action parameter S,
for the Z2-symmetric model. (lower) the same for the usual
QCD-like model with Nc = Nf = 2 and anti-periodic quarks.

confining phase
 gets much more

robust: strong first order
mixed phase (flat F)

is observed at medium densities

<P>

QCD

Fig. 13. Quark condensates (left) and Polyakov line (right) versus the action pa-
rameter S(T ). The higher temperatures are recorded on the right vertical axis. The
blue circles in the right plot are for QCD with Nc = Nf = 2 and the red squares are
for Z2QC2D. A crossover in the former, changes to a first-order transition in the
latter. The black triangles on the left are for QCD with Nc = Nf = 2, with restored
chiral SU(2)A symmetry above S > 8. The blue discs and red squares show two
chiral condensates for Z2QC2D. We clearly see a transition from a symmetric to
an asymmetric phase, with no chiral symmetry restoration.

Another take on these unusual phases with modified quark periodicities
historically came from supersymmetry. Davies, Hollowood, and Khose [62]
considered N = 1 SYM theory on R3 × S1 with a small circle and bosonic
gluinos, and evaluated the quark condensate using instanton-dyons. In this
case, the gluino term in the GPY potential changes sign, canceling the gluon
contribution.

10 Note that SU(2) is somewhat of a special case. If the group is SU(3) and two sectors
of M1,M2 dyons would have z1, z2 located in them, ultimately at high T , these sectors
shrink as µi(T ) move towards zero. When they cross phases z1, z2, the zero modes
would return to L dyons, and thus at infinite T would become similar to undeformed
QCD, with chiral symmetry restored.
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Ünsal [63] considered theories with more than one flavor of gluinos (ad-
joint fermions), Na > 1. The GPY potential was found to be multiplied by
(1 − Na), and for Na > 1 was inverted, favoring confinement at weak cou-
pling (small circle or high T ). It was suggested that with confinement present
both at small and large L = 1/T , there would be continuity (no phase tran-
sitions) at any L. However, lattice studies [64] have found two deconfined
phases in between those two limits, preventing in general such continuity.
The considerations based on the GPY potentials at weak coupling (high
temperature), do not necessarily carry to intermediate temperatures, where
the phase transitions are located.

10. Summary

The physics of instantons is now nearly 50 years old, yet we are still find-
ing new applications in the vast land of hadronic physics. Indeed, only re-
cently, the large contributions due to the instanton–anti-instanton molecules
came to focus. Recently, we used these contributions to solve two old puzzles.
Specifically, the nonperturbative nature of the quark–anti-quark potentials
and the large observed mesonic form factors in the semi-hard regime with
Q2 ∼ few GeV2 can be explained by these fields in the QCD vacuum.

The physics of diquarks, first appearing in connection to color supercon-
ductivity, again came to the front of spectroscopy, with recent discovery of
the double charmed tetraquark state Tcc made of ccūd̄.

The development of light-front Hamiltonians and wave functions entered
a stage at which properties of all hadrons, from bottomonium to pions, and
with all kinds of baryons and exotica can be systematically calculated. The
traditional distinction between heavy and light physics (absence of nonrel-
ativism in the former case) is no longer present on the light front, so all of
them are studied in the same setting.

Methods for solving the corresponding equations include variational ones,
diagonalization of Hamiltonian written as matrices in an appropriate basis,
and even direct numerical solutions. This new “spectroscopy on the light-
front” program is going to bridge the gap between the usual spectroscopy, the
Euclidean version (lattice and instantons) and the light-front observables.

The semiclassical theory based on ensembles of instanton-dyons repro-
duces semi-quantitatively the main lattice findings of deconfinement in pure
gauge theories and chiral phase transitions in QCD with light quarks. De-
forming QCD by an extra action with powers of the Polyakov loop shift/mod-
ify the deconfinement transition. Deforming it via quark periodicity phases
leads to phases with drastically different deconfinement and chiral transi-
tions. While all these phases have multiple unphysical properties, their
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existence shed light on the mechanisms driving the QCD phase transitions.
Their key feature are “jumps” of the fermion zero modes, from one dyon type
to another.

The dyon zero modes from lattice QCD simulations preserve remarkably
well their shapes on the lattice, even in the case of their strong overlaps.
Millions of thermal gluons do not seem to affect them.

Finally, we note that instanton-dyon simulations are simple multiple in-
tegrals over the instanton-dyon collective variables. Thus, it is relatively
easy to get to say Nd ∼ 300 of instanton-dyons. In contrast, the lattice
simulations which are of course based on first principles, their current cost
limits them to about Nd ∼ O(10) instanton-dyons, as e.g. seen from Fig. 2.
If the instanton-dyon ensembles are important for QCD phase transitions as
we suggest, then their current values for Nd are perhaps too small to get an
accurate description of their phases.

There seems to be enough new land to cover for the next 50 years.

This is an extended version of the lecture presented at the 61st Cracow
School of Theoretical Physics on the Electron–Ion Collider Physics, Septem-
ber 20—24, 2022, on-line.
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