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FIG. 10: Isosurface and surface plot of C(!y) for a 10-sweep
smeared T-shape source with quark positions as in the seventh
configuration of Table I. The maximum expulsion is 8.3% and
the isosurface is set to 4.4%. Further details are described in
the caption of Fig. 6.

FIG. 11: Isosurface and surface plot of C(!y) for a 10-sweep
smeared Y-shape source with quark positions as in the seventh
configuration of Table I. The maximum expulsion is 8.3% and
the isosurface is set to 4.4%. Further details are described in
the caption of Fig. 6.

FIG. 12: Isosurface and surface plot of C(!y) for a 10-sweep
smeared L-shape source with quark separations of " = 10.
The maximum expulsion is 8.8% and the isosurface is set to
4.4%. Further details are described in the caption of Fig. 6.

tive three-quark potential for the various quark positions,
source shapes and Euclidean time evolutions. The vac-
uum expectation value for W3Q is

〈W3Q(τ)〉 =
∞
∑

n=0

Cn exp(−a Vn τ), (4)

where Vn is the potential energy of the n-th excited state
and Cn describes the overlap of the source with the n-
th state. The effective potential is extracted from the
Wilson loop via the standard ratio

a V ("r, τ) = ln

(

W3Q("r, τ)

W3Q("r, τ + 1)

)

. (5)

If the ground state is indeed dominant, plotting V as a
function of τ will show a plateau and any curvature can
be associated with excited state contributions. Statistical
uncertainties are estimated via the jackknife method [16].

Our results for the various quark positions and source
shapes are shown in Fig. 16. All small shapes are stable
against noise over a long period of time evolution and
even some of the largest shapes show some stability be-
fore being lost into the noise.

Robust plateaus are revealed for the first four quark
positions of Table I for the T and Y shape sources. This
suggests the ground state has been isolated and indeed
the four lowest effective potentials of the T- and Y-shape
sources agree. This result was foreseen in the qualita-
tive analysis where Figs. 6 and 7 for the T- and Y-shape
sources respectively displayed the same correlations be-
tween the action density and the quark positions.

Conversely, the disagreement between Figs. 10 and 11
indicates the ground state has not been isolated in one
or possibly both cases. Indeed the nontrivial slopes of
the seventh effective potentials of Fig. 16 for the Y- and
T-shape sources confirm this. On the other hand, the
curves are sufficiently flat to estimate an effective poten-
tial at small values of τ , and given knowledge of the node
position from our qualitative analysis, one can make con-
tact with models for the effective potential.

The expected "r dependence of the baryonic potential
is [2, 4]

V3Q =
3

2
V0 −

1

2

∑

j<k

g2CF

4πrjk
+ σL , (6)

where CF = 4/3, σ is the string tension of the qq̄ poten-
tial and L is a length linking the quarks. There are two
models which predominate the discussion of L; namely
the ∆ and Y ansätze.

In the ∆-ansatz, the potential is expressed by a sum
of two body potentials [4]. In this case L = L∆/2 =
3〈dqq〉/2 where L∆ is the sum of the inter-quark dis-
tances. In the Y-ansatz [2, 6], L = LY = 3〈rs〉 is the
sum of the distances of the quarks to the Fermat point.



One of the surprising lessons of AdS/CFT:

Conventional gauge theory may be used to 
describe quantum gravity (dynamical geometry) 

in higher dimensions

The focus of this talk is another (related) aspect of  
gauge /gravity relation. Confinement gives rise to an 
obvious  lower dimensional dynamical  geometrical 

object:
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’t Hooft’74 

or to put it differently

P � 1

N2
P ⇠ 1

c

Figure 1: Glueball production in the worldsheet scattering proceeds through string
intersection and interconnection. At large Nc the probability of interconnection is
suppressed by 1/N2

c .

Things get more interesting at large Nc because the production of bulk glueballs is now
suppressed and as a result the UV cuto↵ ⇤UV is parametrically higher than mg. Let us stress
that by ⇤UV we understand the scale where a violation of two-dimensional unitarity is a real
physical e↵ect, rather than an artifact of a perturbative expansion. For any Nc perturbative
two-dimensional unitarity is broken at energies around ⇤QCD, so that the two-dimensional
theory is necessarily strongly coupled in the energy range ⇤QCD < E < ⇤UV .

Semiclassically bulk glueball production proceeds through string self-intersections fol-
lowed by interconnections and by pinching o↵ of a closed string loop (see Fig. 1). In four
dimensions the cuto↵ energy ⇤UV was estimated [10] to scale as

⇤UV ⇠ Nc

`s
, (1)

where `s ⇠ m
�1
g is the string width, which is related to the Regge slope ↵

0 and to the
dynamical QCD scale ⇤QCD as

↵
0 ⌘ `

2
s

2⇡
⇠ ⇤�2

QCD .

It is straightforward to adopt the estimate of [10] to the 3D case with the same result
(1) for the cuto↵. The main di↵erence between the 3D and the 4D cases is that in 3D a
string self-intersection, once formed, stays for a macroscopically long time in the absence
of interconnections. This a↵ects the mass spectrum of produced glueballs without changing
the cuto↵ scale.

The principal conclusion from the above discussion is that the Nc ! 1 limit at fixed
energy results in a two-dimensional theory, which gets strongly coupled at E ⇠ `

�1
s , but

stays unitary up to arbitrary high energies. It is this theory that we call the worldsheet
theory of confining strings. The first step in understanding planar gluodynamics amounts
to solving (to a reasonable extent) the worldsheet theory.
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In the ’t Hooft limit

confining strings

are as “fundamental” as

critical strings

at least as a 2d geometrical object



ISO(1, D � 1) ! ISO(1, 1)⇥ SO(D � 2)

Theory of Goldstone Bosons

These X
µ’s are the coordinates of the embedding of the string worldsheet into the target

space. Hence their transformation rules under the full Poincaré group ISO(D � 1, 1) are
simply those of the space-time coordinates. These are analogues of the sigma model U field
in the chiral pion Lagrangian. The Lorentz invariant Lagrangian is then simply a sum of
local geometric invariants constructed with the help of the embedding X

µ,

Sstring = �

Z
d
2
�
p
� deth↵�

✓
`
�2
s

+
1

↵0

�
K

i

↵�

�2
+ . . .

◆
(4)

where h↵� is the induced metric on the world-sheet,

h↵� = @↵X
µ
@�Xµ (5)

K
i

↵�
is the second fundamental form (the extrinsic curvature) of the world-sheet. The first

term in (4) is the Nambu–Goto (NG) action, the second one is the rigidity term introduced
by Polyakov [8] and Kleinert [9], and dots stand for higher derivative geometric invariants.2

The tension of the string `
�2
s
, the rigidity parameter ↵0, and the coe�cients in front of all

other higher-derivative operators are free parameters of the low energy e↵ective theory to be
determined either from experiment (or from the lattice data for the QCD string), or from
matching the e↵ective theory to the microscopic theory in the UV (which can be done, for
example, for cosmic strings in weakly coupled models).

Much of our discussion will deal with infinitely long strings because we are concerned
with the form of the bulk action. IR e↵ects such as finite size e↵ects and boundary terms
can be included at a later stage.

As expected, the action (4) is invariant under the linearly realized ISO(1, 1)⇥SO(D�2)
symmetry, which is the unbroken subgroup of ISO(D�1, 1) in the presence of a long straight
string. The ISO(1, 1) factor acts as a worldsheet Poincaré group, and SO(D� 2) acts as in
(2). The remaining spatial translations act as in (1), and the action of the remaining broken
boosts and rotations J↵i following from the linear transformation law for Xµ is

�↵i
✏
X

j = �✏(�ij�↵ +X
i
@
↵
X

j) , (6)

where ✏ is an infinitesimal parameter of the boost/rotation.
Often as a starting point for formulating the string dynamics one chooses the manifestly

covariant formalism, where all components of Xµ are considered as independent dynamical
fields. Then the action (4) is invariant under an additional gauge symmetry, world sheet
reparametrizations, and the formulation presented here arises as a result of gauge fixing
defined by (3). The transformation rule (6) in this language arises as a combination of a
conventional linearly realized boost/rotation on the components of Xµ, and a compensating
gauge transformation restoring the gauge condition (3). We deliberately chose a somewhat
less elegant formulation, to stress the analogy with the more familiar case of Goldstones for

2Naively, at this order there are two additional operators, (Ki↵
↵)

2 and R. In two dimensions R is a total
derivative and the three operators are related by the Gauss-Codazzi equation so that in two dimensions only
one of the extrinsic curvature squares has to be kept.

2

(Long) String as seen by an Effective Field Theorist
Lüscher ’81 

Polchinski, Strominger’91 
Lüscher, Weisz ’04 

Aharony et al ’07-11 
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Large N QCD is hard because the worldsheet theory is
✴not free

i
<latexit sha1_base64="Y3uuVtudDXjFOsVR6Bxh0mOGroU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU4P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo1riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A0HmM8A==</latexit>

j
<latexit sha1_base64="gREFavtgwTUsZLl1REiXwIoMf6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVa9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0f2M8Q==</latexit>

k
<latexit sha1_base64="n8qxIrz6g+e35vWk/ZXHmhavo4A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rXuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD04GM8g==</latexit>

l
<latexit sha1_base64="xJawdpQ2gbGOeopnGIX3Ah0d9jc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUEP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo1riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A1QWM8w==</latexit>

= �ik�jl
i`2ss

4
<latexit sha1_base64="CdS2DIzGfXvXsZQqWX0OWX5/bl4=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZWtCNUHTjsoK9QGccMulpG5u5kGSEMsxDuPFV3LhQxK0Ld76NaTuCtv4Q+PjPOUnO78ecSWVZX8bC4tLyymphrbi+sbm1be7sNmWUCAoNGvFItH0igbMQGoopDu1YAAl8Di1/eDmut+5BSBaFN2oUgxuQfsh6jBKlLc88Pne6wBXxUjbMfvCOZylzgHNP3lawdCJ9A65mnlmyytZEeB7sHEooV90zP51uRJMAQkU5kbJjW7FyUyIUoxyyopNIiAkdkj50NIYkAOmmk6UyfKidLu5FQp9Q4Yn7eyIlgZSjwNedAVEDOVsbm//VOonqnbkpC+NEQUinD/USjlWExwnhLhNAFR9pIFQw/VdMB0QQqnSORR2CPbvyPDQrZfukbF9XS7WLPI4C2kcH6AjZ6BTV0BWqowai6AE9oRf0ajwaz8ab8T5tXTDymT30R8bHN4dfnxg=</latexit>

tree level



Large N QCD is hard because the worldsheet theory is
✴not free

i
<latexit sha1_base64="Y3uuVtudDXjFOsVR6Bxh0mOGroU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU4P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo1riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A0HmM8A==</latexit>

j
<latexit sha1_base64="gREFavtgwTUsZLl1REiXwIoMf6s=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cWbC20oWy2k3bbzSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCopeNUMWyyWMSqHVCNgktsGm4EthOFNAoEPgbju5n/+IRK81g+mEmCfkQHkoecUWOlxqhXrrhVdw6ySrycVCBHvVf+6vZjlkYoDRNU647nJsbPqDKcCZyWuqnGhLIxHWDHUkkj1H42P3RKzqzSJ2GsbElD5urviYxGWk+iwHZG1Az1sjcT//M6qQlv/IzLJDUo2WJRmApiYjL7mvS5QmbExBLKFLe3EjakijJjsynZELzll1dJ66LqXVa9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU3Z+S8OO/Ox6K14OQzx/AHzucP0f2M8Q==</latexit>

k
<latexit sha1_base64="n8qxIrz6g+e35vWk/ZXHmhavo4A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUGPfLFbfqzkFWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgdNSL9WYUDamQ+xaKmmE2s/mh07JmVUGJIyVLWnIXP09kdFI60kU2M6ImpFe9mbif143NeGNn3GZpAYlWywKU0FMTGZfkwFXyIyYWEKZ4vZWwkZUUWZsNiUbgrf88ippXVS9y6rXuKrUbvM4inACp3AOHlxDDe6hDk1ggPAMr/DmPDovzrvzsWgtOPnMMfyB8/kD04GM8g==</latexit>

l
<latexit sha1_base64="xJawdpQ2gbGOeopnGIX3Ah0d9jc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUEP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo1riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A1QWM8w==</latexit>

= �ik�jl
i`2ss

4
<latexit sha1_base64="CdS2DIzGfXvXsZQqWX0OWX5/bl4=">AAACFHicbZDLSgMxFIYzXmu9jbp0EyyCIJSZWtCNUHTjsoK9QGccMulpG5u5kGSEMsxDuPFV3LhQxK0Ld76NaTuCtv4Q+PjPOUnO78ecSWVZX8bC4tLyymphrbi+sbm1be7sNmWUCAoNGvFItH0igbMQGoopDu1YAAl8Di1/eDmut+5BSBaFN2oUgxuQfsh6jBKlLc88Pne6wBXxUjbMfvCOZylzgHNP3lawdCJ9A65mnlmyytZEeB7sHEooV90zP51uRJMAQkU5kbJjW7FyUyIUoxyyopNIiAkdkj50NIYkAOmmk6UyfKidLu5FQp9Q4Yn7eyIlgZSjwNedAVEDOVsbm//VOonqnbkpC+NEQUinD/USjlWExwnhLhNAFR9pIFQw/VdMB0QQqnSORR2CPbvyPDQrZfukbF9XS7WLPI4C2kcH6AjZ6BTV0BWqowai6AE9oRf0ajwaz8ab8T5tXTDymT30R8bHN4dfnxg=</latexit>

tree level

✴not integrable
Xi(p+ + q+)X

i(p� + q�) ! Xj(p+)X
j(q+)X

k(p�)X
k(q�)

�`6s
D � 26

24⇡
p+q+p�q�(p+ + q+)

2(p� + q�)
2

one loop
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tree level

✴strongly coupled in the UV: 2d gravity rather 
than a QFT

✴not integrable
Xi(p+ + q+)X

i(p� + q�) ! Xj(p+)X
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k(p�)X
k(q�)
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24⇡
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one loop



The best hope to understand the UV behavior is to 
find a “close by” integrable model and perturb around 

it.

An alternative complementary  
approach would be the S-matrix bootstrap: we are 

after an isolated 2d theory here.
Miro, Guerrieri, Hebbar, Penedones, Vieira’ 19

This is not hopeless: thanks to the asymptotic 
 freedom we know “atoms” of the (2d) space-time in 

this case. These are quarks and gluons of perturbative 
QCD.



2

hard collision

zigzag

time

FIG. 1: High energy worldsheet scattering at D = 2 proceeds

through a hard collision followed by a prolonged zigzag phase.

Given the underlying gauge theory is asymptotically free
it is natural to assume that the high energy limit of the
worldsheet scattering is largely determined by these ge-
ometric considerations.

To test the ASA further one needs to understand how
asymptotic freedom of the bulk theory translates into the
properties of the high energy worldsheet scattering. As
phrased so far the worldsheet dynamics appears to be
rather disconnected from perturbative QCD.

Recently a progress in this direction was achieved via
the analysis of the D = 2 case [4]. A pure Yang–Mills
theory at D = 2 is topological and exactly solvable even
at finite Nc [21–26]. To introduce local dynamics one
considers, following [27–29], a version of the model with
additional massive adjoint (s)quarks. At heavy (s)quark
masses, m`s � 1, the model can be treated perturba-
tively. The worldsheet theory arises as a subsector in
a discrete ✓-vacuum [30]. Each adjoint (s)quark field  

maps into a color singlet excitation on the worldsheet.
The color flux of (s)quarks can be thought to be screened
by infinitely heavy fundamental charges at spatial infin-
ity, which produce a flux tube. Multiparticle states on
the worldsheet are created by single trace operators of
the form

On = TrPe
i
H
A
 1 . . . n , (3)

where n is the number of particles. High energy scatter-
ing on the worldsheet is indeed dominated by time delays
proportional to the collision energy. The scattering pro-
ceeds through the formation of zigzag configurations, see
Fig. 1, which are responsible for the geometric time delay.
When an elusive gravitational description of the world-
sheet dynamics is achieved zigzags are expected to map
into black holes.

Focusing on the worldsheet dynamics brings in an ad-
vantage that the worldsheet theory always lives in two di-
mensions independently of the dimensionalityD of an un-
derlying gauge theory. This makes it straightforward to
uplift the knowledge gained in the analytically tractable

D = 2 case into higher dimensions. Of course, the pres-
ence of massless gluons precludes a direct perturbative
analysis at D = 3, 4 in certain regimes. However, it
is not unreasonable to expect the major qualitative fea-
tures present in the perturbative regime to survive also
at strong coupling.
In particular, analogously to (3), in D > 2 pure glue

theories the wordsheet excitations are created by insert-
ing the gluon field strength inside the Polyakov loop. Let
us consider a long confining string stretched along z di-
rection in the D = 4 case. Then one expects to find
one-particle excitations corresponding to operators

Oi = TrPe
i
H
z A

Fzi , Oa = TrPe
i
H
z A

Fij , (4)

where i = x, y label transverse spatial directions. Oi op-
erators match quantum numbers of the Goldstone modes
and are guaranteed to produce massless worldsheet exci-
tations. The Oa operator matches the quantum numbers
of the worldsheet axion. The corresponding excitation
is not protected and expected to acquire a mass and to
be unstable. In the lattice description operators (4) are
obtained by inserting into the Polyakov loop either a pla-
quette along one of the longitudinal directions (Oi’s), or
in the transverse plane (Oa). At D = 3 one is left with
a single longitudinal plaquette.
This completely demystifies the ASA—it reduces to

the statement that the wordsheet theory has the mini-
mal excitation spectrum compatible with the bulk matter
content. This also provides a dual view of the Goldstone
modes. Low energy Goldstone modes, as well as their co-
herent multiparticle excitations, are most appropriately
described by geometric deformations of the string world-
sheet. On the other hand, hard one-particle Goldstone
excitations can be thought of as gluons. The geometric
phase shift (2) arises in both descriptions, even though
the detailed underlying pictures are a bit di↵erent. In
the Goldstone language the time delay corresponding to
(2) arises as a consequence of the linear relation between
the energy of a string segment and its proper length L

[19],

L = `
2
sE .

In the gluon description it comes about in the same way
as in the D = 2 case—hard gluons overshoot each other,
proceed through the zigzag stage, and eventually get
turned back by a long string stretched between them.
This again results in a time delay proportional to the
collision energy. Both mechanisms are semiclassical in
nature, however, they are quite di↵erent. In particular,
the first one corresponds to a pure transmission, while
the latter is a total reflection. This di↵erence is not ob-
servable for identical particles. However, if we replace
one of the gluons with an adjoint (s)quark the di↵erence
becomes physically detectable.
To see yet another distinction consider, for simplicity,

theD = 3 case when the worldsheet carries a single stable

 High-Energy Worldsheet Scattering

Asymptotic Freedom+Confinement=Integrability



Worldsheet theory lives in d=2 independently  of D
Good chances to draw useful lessons from analytically 

tractable lower dimensional models (D=2)

Unlike a bulk theory, the string worldsheet is always two-dimensional, so it is plausible that
many properties of the worldsheet S-matrix at D = 2 can be directly lifted to D = 3 and
D = 4.

We take quarks to be Majorana fermions, which proved to be the simplest case in the
studies of the hadron spectrum [36]. A peculiarity of the D = 2 case is that for massless
quarks the color charge is shielded rather than confined [40,41]. Hence we are led to consider
the setup where fermions are massive, so that the action is

S =

Z
d
2
�Tr

⇢
� 1

2g2
F

µ⌫
Fµ⌫ +  ̄(i�µr(ad)

µ � m) 

�
. (1)

In the present paper we restrict to the heavy mass case,

m
2 � g

2
N , (2)

when the theory is amenable to a straightforward perturbative expansion. It will be in-
teresting to understand the light mass regime as well. Conventionally it is studied using
the bosonization technique [42–44]. Unfortunately, it does not appear to be useful for our
purposes. The bosonic description is weakly coupled at m

2 ⌧ g
2, so that the quark mass

vanishes in the planar limit, and one does not get a description of the confining phase at
N = 1. For instance, the string tension calculated in [44] vanishes in the ’tHooft limit.

The rest of the paper is organized as follows. In section 2 we describe the setup in
detail. We explain that the string worldsheet arises as a subsector in the discrete ✓-vacuum
present in QCD2 [45]. Similarly to higher dimensions this subsector decouples from the
rest of the theory in the planar limit but retains a non-trivial scattering. ✓-vacua in QCD2

are discrete analogs of constant electric field backgrounds studied in the Abelian massive
Schwinger model by Coleman [43]. We review the Hamiltonian description of these vacua
and the corresponding one-particle excitations—“the free quarks”.

In section 3 we study two-particle worldsheet excitations. We encounter an interesting
puzzle here. Namely, naively the number of two-particle excitations on the worldsheet does
not match the expectation based on the one-particle spectrum—apparently there are “extra”
two-particle excitations. These excitations have a simple string interpretation and somewhat
related to “half-asymptotic states” described by Coleman in the massive Schwinger model
at ✓ = ⇡ (see also [46] for a detailed discussion). However, a careful examination of the
two-particle Hamiltonian and of the resulting scattering reveals that the extra states are
an illusion as far as the on-shell scattering data is concerned. Nevertheless, as a price
for resolving this apparent contradiction the worldsheet theory exhibits an interesting non-
locality. In section 4 we discuss some of the implications of this non-locality. We argue that
two-particle excitations on the worldsheet exhibit some features expected from a quantum
black hole. In particular this system provides a specific realization of complementarity.

In section 5 we compare worldsheet scattering to the gravitational dressing introduced
in [47] and recasted recently in the operator formalism as a T T̄ deformation [48–50], building

3

 perturbative in heavy mass regime m2 � g2N
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But is there a worldsheet geometry to talk about at D=2?



Z
DAe�SY MO(0)O†(t) ! e�EOt + . . .

Worldsheet theory at D=4 
(as seen on a lattice)

OP = TrPei
H
A
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Worldsheet Theory at D=2

✴pure YM is an interesting theory of non-critical strings 
solved at all N  

Migdal’75, Kazakov, Kostov’80, Rusakov’90, Witten’91, Gross,Taylor’93,…

✴shows that there is a path to non-critical strings without 
a Liouville mode 
✴a bit too minimalistic—no local d.o.f. whatsoever

OP = TrPei
H
A
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Worldsheet Theory at D=2

✴local d.o.f. appear in the presence of adjoint matter 
✴interesting results on the spectrum

Daley, Klebanov’92, Kutasov’93, Katz et al’13, Cherman et al’19,… 

✴worldsheet dynamics was not explored until recently

OP = TrPei
H
A 1 2 . . . n
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More about the Massive Schwinger Model* 
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The massive Schwinger model  is quan tum electrodynamics of  a Dirac particle o f  
mass m and charge e in 1 + 1 dimensions.  It is known that  the physics of  the model  
depends on an arbitrary parameter  independent  of  e and m, an angle, O, I 01 < zr. I 
give a physical explanation of  this angle, and explain why a corresponding parameter  
does not  appear in (3 q- 1)-dimensional electrodynamics. I also compute  some quanti tat-  
ive properties of  the theory for both  weak coupling, e ~ m, and strong coupling, e >~ m, 
and conjecture a qualitative description of  the model  that  interpolates smoothly between 
weak and s t rong coupling. A typical quanti tat ive result is that  for weak coupling and  
I 0 I ~ ~, the number  of  stable particles in the theory is 

4m z 1 
- -  [2V3 - -  In(2 + x/3)] + O(1). 

~re ~ (1 - -  0~/,r 2) 

I do similar computat ions for a generalization of  the model  with "flavor SU(2)," i.e., 
with two fermions of  equal charge and mass. For  weak coupling the results are very 
much like those for the massive Schwinger model,  but for strong coupling there are 
some surprising differences. 

1. INTRODUCTION AND CONCLUSIONS 

The massive Schwinger model is quantum electrodynamics in two-dimensional 
space-time. The model is defined by the Lagrangian density 1 

where 
= - - I F ~ , . F  '~ + ~ ( i ~  - -  e d l  - -  m)~b, 

r . .  = e . A .  - -  ~ ,  

(1.1) 

(1.2) 

* Work supported in par t  by the Nat ional  Science Founda t ion  under Grant  No.  MPS75- 
20427. 

1 Notat ion:  g0o = - -g l l  = 1. ¢01 = _el0 = 1. {~,~, V v} = 2gu~. x is always the space coordinate,  
x x, and p is always the spatial momen tum,  pL O(x) is the unit step function; 0 is an angle. H is a 
canonical m o m e n t u m  density; ~r is a numerical  constant.  
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O-Vacua in Two-Dimensional Quantum Chromodynamics (*). 

:E. WITTEN (**) 

Lyman Laboratory o/ Physics, Harvard University - Cambridge, Mass. 02138 

(ricevuto il 23 Febbraio 1979) 

S u m m a r y .  - -  I t  is shown that 0-vacua exist in two-dimensional non- 
Abelian gauge theories, as welt as in the Abelian theories. 

1 .  - I n t r o d u c t i o n .  

I n  the  last  few years,  i t  has been realized t ha t  U1 gauge theories in two 
dimensions possess not  just  a single vacuum,  bu t  a one-parameter  family of 
vacua,  the (~ 0-vacua ~> (1). This is t rue regardless of whether  the  U1 s y m m e t r y  
is spontaneously broken.  When  the U1 s y m m e t r y  is not  spontaneously broken,  
the 0-vacua correspond to the possible presence of a background  electric 
field (3). When  the U1 s y m m e t r y  is spontaneously  broken,  the  existence of 
0-vacua is connected with the existence of instantons (s). 

I n  this pape r  it will be shown tha t  an analogous phenomenon,  mult iple  
v a c u u m  states,  occurs in non-Abelian gauge theories in two dimensions. How- 
ever, instead of a one-parameter  family  of vacua,  there exists in this case only 
a finite, discrete set of possible v a c u u m  states.  

(*) To speed up publication, the author of this paper has agreed to not receive the 
proofs for correction. 
(**) Research is supported in part by the National Science Foundation under Grant 
No. PHY77-22864, and by the Harvard Society of Fellows. 
(1) J. LOWENSTEIN and J. SWIECA: Ann.  o] Phys.,  68, 172 (1971). 
(3) S. COLEMAN: Ann.  of Phys.,  101, 239 (1976). 
(s) A.M. POLYAKOV: Nucl. Phys.,  121 B, 429 (1977); G. 'T HOOFT: Nucl. Phys.,  72 B, 
461 (1974); C. CALLA~, R. DASHEN and D. J. GROSS: Phys. Lett., 63 B, 334 (1976). 
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Hamiltonian Formalism on the Worldsheet

✴Introduce heavy “end-of-the-world” fundamental quarks

⌦
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where ✏(�) is the sign function. Here
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is the charge density of dynamical fermions and ⇢abd accounts for the presence of heavy charges
at the boundaries,

⇢
a
bd = T

a
�(� � L) + T̄

a
�(� + L) .

T
a and T̄

a are generators of the fundamental and antifundamental representations acting
on the boundary charges. Importantly, these are quantum mechanical operators rather than
c-numbers. They may be thought to describe dynamics of internal color degrees of freedom
which survive even in the limit when the mass of the boundary charges is taken to infinity.

To describe physical states one starts with an enlarged Hilbert space,

H0 = V ⌦ Hf ⌦ V̄ ,

where Hf is the Hilbert space of free dynamical quarks  a, and V , V̄ are vector spaces
describing the states of boundary fundamental and antifundamental charges. Physical states
|phi are the states of H0 which do not carry color, i.e., they are annihilated by total color
charges

Q
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The total Hamiltonian is a sum of a free fermion Hamiltonian and of the energy stored in
the chromoelectric field,
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where the latter may be presented as the sum of three terms,
Z
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1

2g2
(Ea)2 = H0 +H2 +H4 .

The first term

H0 = 2Lg2
C2

2
(8)

is the vacuum energy responsible for the classical string tension with C2 standing for the
quadratic Casimir in the fundamental representation,

C2 = (T a)2 =
N
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2N
⇡ N

2
.

The second term describes interaction of dynamical quarks with the chromoelectric field
produced by the boundary charges,
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Hamiltonian Formalism on the Worldsheet

✴Introduce heavy “end-of-the-world” fundamental quarks
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a are generators of the fundamental and antifundamental representations acting
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c-numbers. They may be thought to describe dynamics of internal color degrees of freedom
which survive even in the limit when the mass of the boundary charges is taken to infinity.

To describe physical states one starts with an enlarged Hilbert space,
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Extended Hilbert space

Hext = Hfree ⌦ V̄ ⌦ V
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Physical states

where ✏(�) is the sign function. Here
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is the charge density of dynamical fermions and ⇢abd accounts for the presence of heavy charges
at the boundaries,

⇢
a
bd = T

a
�(� � L) + T̄

a
�(� + L) .

T
a and T̄

a are generators of the fundamental and antifundamental representations acting
on the boundary charges. Importantly, these are quantum mechanical operators rather than
c-numbers. They may be thought to describe dynamics of internal color degrees of freedom
which survive even in the limit when the mass of the boundary charges is taken to infinity.

To describe physical states one starts with an enlarged Hilbert space,

H0 = V ⌦ Hf ⌦ V̄ ,

where Hf is the Hilbert space of free dynamical quarks  a, and V , V̄ are vector spaces
describing the states of boundary fundamental and antifundamental charges. Physical states
|phi are the states of H0 which do not carry color, i.e., they are annihilated by total color
charges

Q
a|phi =

✓
T
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Z
⇢
a

◆
|phi = 0 . (6)

The total Hamiltonian is a sum of a free fermion Hamiltonian and of the energy stored in
the chromoelectric field,
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◆
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where the latter may be presented as the sum of three terms,
Z

d�
1

2g2
(Ea)2 = H0 +H2 +H4 .

The first term

H0 = 2Lg2
C2

2
(8)

is the vacuum energy responsible for the classical string tension with C2 standing for the
quadratic Casimir in the fundamental representation,

C2 = (T a)2 =
N

2 � 1

2N
⇡ N

2
.

The second term describes interaction of dynamical quarks with the chromoelectric field
produced by the boundary charges,

H2 =
g
2

2
(T̄ a � T

a)

Z
d��⇢

a(�) , (9)
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✴required for the energy to be finite 
✴ensures translational invariance 
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is the charge density of dynamical fermions and ⇢abd accounts for the presence of heavy charges
at the boundaries,
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T
a and T̄

a are generators of the fundamental and antifundamental representations acting
on the boundary charges. Importantly, these are quantum mechanical operators rather than
c-numbers. They may be thought to describe dynamics of internal color degrees of freedom
which survive even in the limit when the mass of the boundary charges is taken to infinity.

To describe physical states one starts with an enlarged Hilbert space,

H0 = V ⌦ Hf ⌦ V̄ ,

where Hf is the Hilbert space of free dynamical quarks  a, and V , V̄ are vector spaces
describing the states of boundary fundamental and antifundamental charges. Physical states
|phi are the states of H0 which do not carry color, i.e., they are annihilated by total color
charges

Q
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The total Hamiltonian is a sum of a free fermion Hamiltonian and of the energy stored in
the chromoelectric field,
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where the latter may be presented as the sum of three terms,
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The first term
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is the vacuum energy responsible for the classical string tension with C2 standing for the
quadratic Casimir in the fundamental representation,

C2 = (T a)2 =
N
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2
.

The second term describes interaction of dynamical quarks with the chromoelectric field
produced by the boundary charges,
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is the charge density of dynamical fermions and ⇢abd accounts for the presence of heavy charges
at the boundaries,
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a are generators of the fundamental and antifundamental representations acting
on the boundary charges. Importantly, these are quantum mechanical operators rather than
c-numbers. They may be thought to describe dynamics of internal color degrees of freedom
which survive even in the limit when the mass of the boundary charges is taken to infinity.

To describe physical states one starts with an enlarged Hilbert space,

H0 = V ⌦ Hf ⌦ V̄ ,

where Hf is the Hilbert space of free dynamical quarks  a, and V , V̄ are vector spaces
describing the states of boundary fundamental and antifundamental charges. Physical states
|phi are the states of H0 which do not carry color, i.e., they are annihilated by total color
charges
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The total Hamiltonian is a sum of a free fermion Hamiltonian and of the energy stored in
the chromoelectric field,
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where the latter may be presented as the sum of three terms,
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The first term
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is the vacuum energy responsible for the classical string tension with C2 standing for the
quadratic Casimir in the fundamental representation,

C2 = (T a)2 =
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The second term describes interaction of dynamical quarks with the chromoelectric field
produced by the boundary charges,
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✴required for the energy to be finite 
✴ensures translational invariance 
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⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

�L
<latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>



m2 � g2N
<latexit sha1_base64="2v54EnpE7ektSPMMk40+Oz40t2Y=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEV2WmCLosunElFewFOtOSSTPT0CQzJBmhDH0NNy4UcevLuPNtTNtZaOsPgY//nMM5+cOUM21c99tZW9/Y3Nou7ZR39/YPDitHx22dZIrQFkl4oroh1pQzSVuGGU67qaJYhJx2wvHtrN55okqzRD6aSUoDgWPJIkawsZYv+nU/jlHcr6P7QaXq1ty50Cp4BVShUHNQ+fKHCckElYZwrHXPc1MT5FgZRjidlv1M0xSTMY5pz6LEguogn988RefWGaIoUfZJg+bu74kcC60nIrSdApuRXq7NzP9qvcxE10HOZJoZKsliUZRxZBI0CwANmaLE8IkFTBSztyIywgoTY2Mq2xC85S+vQrte8yw/XFYbN0UcJTiFM7gAD66gAXfQhBYQSOEZXuHNyZwX5935WLSuOcXMCfyR8/kDbcCQng==</latexit><latexit sha1_base64="2v54EnpE7ektSPMMk40+Oz40t2Y=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEV2WmCLosunElFewFOtOSSTPT0CQzJBmhDH0NNy4UcevLuPNtTNtZaOsPgY//nMM5+cOUM21c99tZW9/Y3Nou7ZR39/YPDitHx22dZIrQFkl4oroh1pQzSVuGGU67qaJYhJx2wvHtrN55okqzRD6aSUoDgWPJIkawsZYv+nU/jlHcr6P7QaXq1ty50Cp4BVShUHNQ+fKHCckElYZwrHXPc1MT5FgZRjidlv1M0xSTMY5pz6LEguogn988RefWGaIoUfZJg+bu74kcC60nIrSdApuRXq7NzP9qvcxE10HOZJoZKsliUZRxZBI0CwANmaLE8IkFTBSztyIywgoTY2Mq2xC85S+vQrte8yw/XFYbN0UcJTiFM7gAD66gAXfQhBYQSOEZXuHNyZwX5935WLSuOcXMCfyR8/kDbcCQng==</latexit><latexit sha1_base64="2v54EnpE7ektSPMMk40+Oz40t2Y=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEV2WmCLosunElFewFOtOSSTPT0CQzJBmhDH0NNy4UcevLuPNtTNtZaOsPgY//nMM5+cOUM21c99tZW9/Y3Nou7ZR39/YPDitHx22dZIrQFkl4oroh1pQzSVuGGU67qaJYhJx2wvHtrN55okqzRD6aSUoDgWPJIkawsZYv+nU/jlHcr6P7QaXq1ty50Cp4BVShUHNQ+fKHCckElYZwrHXPc1MT5FgZRjidlv1M0xSTMY5pz6LEguogn988RefWGaIoUfZJg+bu74kcC60nIrSdApuRXq7NzP9qvcxE10HOZJoZKsliUZRxZBI0CwANmaLE8IkFTBSztyIywgoTY2Mq2xC85S+vQrte8yw/XFYbN0UcJTiFM7gAD66gAXfQhBYQSOEZXuHNyZwX5935WLSuOcXMCfyR8/kDbcCQng==</latexit><latexit sha1_base64="2v54EnpE7ektSPMMk40+Oz40t2Y=">AAAB83icbZDLSgMxFIbPeK31VnXpJlgEV2WmCLosunElFewFOtOSSTPT0CQzJBmhDH0NNy4UcevLuPNtTNtZaOsPgY//nMM5+cOUM21c99tZW9/Y3Nou7ZR39/YPDitHx22dZIrQFkl4oroh1pQzSVuGGU67qaJYhJx2wvHtrN55okqzRD6aSUoDgWPJIkawsZYv+nU/jlHcr6P7QaXq1ty50Cp4BVShUHNQ+fKHCckElYZwrHXPc1MT5FgZRjidlv1M0xSTMY5pz6LEguogn988RefWGaIoUfZJg+bu74kcC60nIrSdApuRXq7NzP9qvcxE10HOZJoZKsliUZRxZBI0CwANmaLE8IkFTBSztyIywgoTY2Mq2xC85S+vQrte8yw/XFYbN0UcJTiFM7gAD66gAXfQhBYQSOEZXuHNyZwX5935WLSuOcXMCfyR8/kDbcCQng==</latexit>

At                        states can be characterized by  a number of               
fermions (“partons”)

✴Vacuum

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

�L
<latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>

|0i = |0if ⌦ ēi ⌦ ei ⌘ |0if ⌦ 1
<latexit sha1_base64="13jrZ+UyozO6pKlNAxaTfffFFMo=">AAACPHicbZA7SwNBEMf3fMb4OrW0WQyCVbgTQRshaGMZ0TwgF4+9zVyyZG/v3N0LhDMfzMYPYWdlY6GIrbWbh6KJAwM//jPDzPyDhDOlHefJmptfWFxazq3kV9fWNzbtre2qilNJoUJjHst6QBRwJqCimeZQTySQKOBQC7rnw3qtB1KxWFzrfgLNiLQFCxkl2ki+fXXneJKINofTH/JDL9YsAoW9gMgMBj77FuCGeXCbst5ssxcR3QnCzB34dsEpOqPAs+BOoIAmUfbtR68V0zQCoSknSjVcJ9HNjEjNKIdB3ksVJIR2SRsaBgUx65rZ6PkB3jdKC4exNCk0Hqm/JzISKdWPAtM5vFBN14bif7VGqsOTZsZEkmoQdLwoTDnWMR46iVtMAtW8b4BQycytmHaIJFQbv/PGBHf65VmoHhZdw5dHhdLZxI4c2kV76AC56BiV0AUqowqi6B49o1f0Zj1YL9a79TFunbMmMzvoT1ifX1d4sJk=</latexit><latexit sha1_base64="13jrZ+UyozO6pKlNAxaTfffFFMo=">AAACPHicbZA7SwNBEMf3fMb4OrW0WQyCVbgTQRshaGMZ0TwgF4+9zVyyZG/v3N0LhDMfzMYPYWdlY6GIrbWbh6KJAwM//jPDzPyDhDOlHefJmptfWFxazq3kV9fWNzbtre2qilNJoUJjHst6QBRwJqCimeZQTySQKOBQC7rnw3qtB1KxWFzrfgLNiLQFCxkl2ki+fXXneJKINofTH/JDL9YsAoW9gMgMBj77FuCGeXCbst5ssxcR3QnCzB34dsEpOqPAs+BOoIAmUfbtR68V0zQCoSknSjVcJ9HNjEjNKIdB3ksVJIR2SRsaBgUx65rZ6PkB3jdKC4exNCk0Hqm/JzISKdWPAtM5vFBN14bif7VGqsOTZsZEkmoQdLwoTDnWMR46iVtMAtW8b4BQycytmHaIJFQbv/PGBHf65VmoHhZdw5dHhdLZxI4c2kV76AC56BiV0AUqowqi6B49o1f0Zj1YL9a79TFunbMmMzvoT1ifX1d4sJk=</latexit><latexit sha1_base64="13jrZ+UyozO6pKlNAxaTfffFFMo=">AAACPHicbZA7SwNBEMf3fMb4OrW0WQyCVbgTQRshaGMZ0TwgF4+9zVyyZG/v3N0LhDMfzMYPYWdlY6GIrbWbh6KJAwM//jPDzPyDhDOlHefJmptfWFxazq3kV9fWNzbtre2qilNJoUJjHst6QBRwJqCimeZQTySQKOBQC7rnw3qtB1KxWFzrfgLNiLQFCxkl2ki+fXXneJKINofTH/JDL9YsAoW9gMgMBj77FuCGeXCbst5ssxcR3QnCzB34dsEpOqPAs+BOoIAmUfbtR68V0zQCoSknSjVcJ9HNjEjNKIdB3ksVJIR2SRsaBgUx65rZ6PkB3jdKC4exNCk0Hqm/JzISKdWPAtM5vFBN14bif7VGqsOTZsZEkmoQdLwoTDnWMR46iVtMAtW8b4BQycytmHaIJFQbv/PGBHf65VmoHhZdw5dHhdLZxI4c2kV76AC56BiV0AUqowqi6B49o1f0Zj1YL9a79TFunbMmMzvoT1ifX1d4sJk=</latexit><latexit sha1_base64="13jrZ+UyozO6pKlNAxaTfffFFMo=">AAACPHicbZA7SwNBEMf3fMb4OrW0WQyCVbgTQRshaGMZ0TwgF4+9zVyyZG/v3N0LhDMfzMYPYWdlY6GIrbWbh6KJAwM//jPDzPyDhDOlHefJmptfWFxazq3kV9fWNzbtre2qilNJoUJjHst6QBRwJqCimeZQTySQKOBQC7rnw3qtB1KxWFzrfgLNiLQFCxkl2ki+fXXneJKINofTH/JDL9YsAoW9gMgMBj77FuCGeXCbst5ssxcR3QnCzB34dsEpOqPAs+BOoIAmUfbtR68V0zQCoSknSjVcJ9HNjEjNKIdB3ksVJIR2SRsaBgUx65rZ6PkB3jdKC4exNCk0Hqm/JzISKdWPAtM5vFBN14bif7VGqsOTZsZEkmoQdLwoTDnWMR46iVtMAtW8b4BQycytmHaIJFQbv/PGBHf65VmoHhZdw5dHhdLZxI4c2kV76AC56BiV0AUqowqi6B49o1f0Zj1YL9a79TFunbMmMzvoT1ifX1d4sJk=</latexit>

✴ One-particle state (“free quark”)

|ki = |k, ai ⌦ T a
<latexit sha1_base64="FBRfhUZwhBhgVRKD3iBWa7JUvsE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCymJCLoRim5cVugNmlhOppN26GQSZiZCSbt146u4caGIW9/AnW/jtM1CW38Y+PjPOZw5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331BxKgmtk5jHshWAopwJWtdMc9pKJIUo4LQZDG4m9eYDlYrFoqaHCfUj6AkWMgLaWB0bjwaeBNHj9Go0OIWcvViziCpcu4eOXXLKzlR4EdwcSihXtWN/ed2YpBEVmnBQqu06ifYzkJoRTsdFL1U0ATKAHm0bFGAW+dn0kjE+Nk4Xh7E0T2g8dX9PZBApNYwC0xmB7qv52sT8r9ZOdXjpZ0wkqaaCzBaFKcc6xpNYcJdJSjQfGgAimfkrJn2QQLQJr2hCcOdPXoTGWdk1fHdeqlzncRTQITpCJ8hFF6iCblEV1RFBj+gZvaI368l6sd6tj1nrkpXPHKA/sj5/AK+Mmk0=</latexit><latexit sha1_base64="FBRfhUZwhBhgVRKD3iBWa7JUvsE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCymJCLoRim5cVugNmlhOppN26GQSZiZCSbt146u4caGIW9/AnW/jtM1CW38Y+PjPOZw5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331BxKgmtk5jHshWAopwJWtdMc9pKJIUo4LQZDG4m9eYDlYrFoqaHCfUj6AkWMgLaWB0bjwaeBNHj9Go0OIWcvViziCpcu4eOXXLKzlR4EdwcSihXtWN/ed2YpBEVmnBQqu06ifYzkJoRTsdFL1U0ATKAHm0bFGAW+dn0kjE+Nk4Xh7E0T2g8dX9PZBApNYwC0xmB7qv52sT8r9ZOdXjpZ0wkqaaCzBaFKcc6xpNYcJdJSjQfGgAimfkrJn2QQLQJr2hCcOdPXoTGWdk1fHdeqlzncRTQITpCJ8hFF6iCblEV1RFBj+gZvaI368l6sd6tj1nrkpXPHKA/sj5/AK+Mmk0=</latexit><latexit sha1_base64="FBRfhUZwhBhgVRKD3iBWa7JUvsE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCymJCLoRim5cVugNmlhOppN26GQSZiZCSbt146u4caGIW9/AnW/jtM1CW38Y+PjPOZw5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331BxKgmtk5jHshWAopwJWtdMc9pKJIUo4LQZDG4m9eYDlYrFoqaHCfUj6AkWMgLaWB0bjwaeBNHj9Go0OIWcvViziCpcu4eOXXLKzlR4EdwcSihXtWN/ed2YpBEVmnBQqu06ifYzkJoRTsdFL1U0ATKAHm0bFGAW+dn0kjE+Nk4Xh7E0T2g8dX9PZBApNYwC0xmB7qv52sT8r9ZOdXjpZ0wkqaaCzBaFKcc6xpNYcJdJSjQfGgAimfkrJn2QQLQJr2hCcOdPXoTGWdk1fHdeqlzncRTQITpCJ8hFF6iCblEV1RFBj+gZvaI368l6sd6tj1nrkpXPHKA/sj5/AK+Mmk0=</latexit><latexit sha1_base64="FBRfhUZwhBhgVRKD3iBWa7JUvsE=">AAACCXicbZDLSsNAFIYnXmu9RV26GSyCCymJCLoRim5cVugNmlhOppN26GQSZiZCSbt146u4caGIW9/AnW/jtM1CW38Y+PjPOZw5f5BwprTjfFtLyyura+uFjeLm1vbOrr2331BxKgmtk5jHshWAopwJWtdMc9pKJIUo4LQZDG4m9eYDlYrFoqaHCfUj6AkWMgLaWB0bjwaeBNHj9Go0OIWcvViziCpcu4eOXXLKzlR4EdwcSihXtWN/ed2YpBEVmnBQqu06ifYzkJoRTsdFL1U0ATKAHm0bFGAW+dn0kjE+Nk4Xh7E0T2g8dX9PZBApNYwC0xmB7qv52sT8r9ZOdXjpZ0wkqaaCzBaFKcc6xpNYcJdJSjQfGgAimfkrJn2QQLQJr2hCcOdPXoTGWdk1fHdeqlzncRTQITpCJ8hFF6iCblEV1RFBj+gZvaI368l6sd6tj1nrkpXPHKA/sj5/AK+Mmk0=</latexit>

mass ⇡ m
<latexit sha1_base64="uJEcT3MKEegY+1FJRrgcDjEMUSc=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBFdlRgRdFt24rGAv0BlKJk3b0NxIMtIy1I2v4saFIm59C3e+jWk7C239IfDxn3OSnD9RjBobBN9eYWV1bX2juFna2t7Z3fP3DxpGphqTOpZM6laCDGFUkLqllpGW0gTxhJFmMryZ1psPRBsqxb0dKxJz1Be0RzGyzur4RxFP5CiLNIccGTOJkFJajiDv+OWgEswElyHMoQxy1Tr+V9SVOOVEWMzcVe0wUDbOkLYUMzIpRakhCuEh6pO2Q4E4MXE222ACT53ThT2p3REWztzfExnixox54jo5sgOzWJua/9Xaqe1dxRkVKrVE4PlDvZRBK+E0DtilmmDLxg4Q1tT9FeIB0ghbF1rJhRAurrwMjfNK6Pjuoly9zuMogmNwAs5ACC5BFdyCGqgDDB7BM3gFb96T9+K9ex/z1oKXzxyCP/I+fwD8xZc3</latexit><latexit sha1_base64="uJEcT3MKEegY+1FJRrgcDjEMUSc=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBFdlRgRdFt24rGAv0BlKJk3b0NxIMtIy1I2v4saFIm59C3e+jWk7C239IfDxn3OSnD9RjBobBN9eYWV1bX2juFna2t7Z3fP3DxpGphqTOpZM6laCDGFUkLqllpGW0gTxhJFmMryZ1psPRBsqxb0dKxJz1Be0RzGyzur4RxFP5CiLNIccGTOJkFJajiDv+OWgEswElyHMoQxy1Tr+V9SVOOVEWMzcVe0wUDbOkLYUMzIpRakhCuEh6pO2Q4E4MXE222ACT53ThT2p3REWztzfExnixox54jo5sgOzWJua/9Xaqe1dxRkVKrVE4PlDvZRBK+E0DtilmmDLxg4Q1tT9FeIB0ghbF1rJhRAurrwMjfNK6Pjuoly9zuMogmNwAs5ACC5BFdyCGqgDDB7BM3gFb96T9+K9ex/z1oKXzxyCP/I+fwD8xZc3</latexit><latexit sha1_base64="uJEcT3MKEegY+1FJRrgcDjEMUSc=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBFdlRgRdFt24rGAv0BlKJk3b0NxIMtIy1I2v4saFIm59C3e+jWk7C239IfDxn3OSnD9RjBobBN9eYWV1bX2juFna2t7Z3fP3DxpGphqTOpZM6laCDGFUkLqllpGW0gTxhJFmMryZ1psPRBsqxb0dKxJz1Be0RzGyzur4RxFP5CiLNIccGTOJkFJajiDv+OWgEswElyHMoQxy1Tr+V9SVOOVEWMzcVe0wUDbOkLYUMzIpRakhCuEh6pO2Q4E4MXE222ACT53ThT2p3REWztzfExnixox54jo5sgOzWJua/9Xaqe1dxRkVKrVE4PlDvZRBK+E0DtilmmDLxg4Q1tT9FeIB0ghbF1rJhRAurrwMjfNK6Pjuoly9zuMogmNwAs5ACC5BFdyCGqgDDB7BM3gFb96T9+K9ex/z1oKXzxyCP/I+fwD8xZc3</latexit><latexit sha1_base64="uJEcT3MKEegY+1FJRrgcDjEMUSc=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CZYBFdlRgRdFt24rGAv0BlKJk3b0NxIMtIy1I2v4saFIm59C3e+jWk7C239IfDxn3OSnD9RjBobBN9eYWV1bX2juFna2t7Z3fP3DxpGphqTOpZM6laCDGFUkLqllpGW0gTxhJFmMryZ1psPRBsqxb0dKxJz1Be0RzGyzur4RxFP5CiLNIccGTOJkFJajiDv+OWgEswElyHMoQxy1Tr+V9SVOOVEWMzcVe0wUDbOkLYUMzIpRakhCuEh6pO2Q4E4MXE222ACT53ThT2p3REWztzfExnixox54jo5sgOzWJua/9Xaqe1dxRkVKrVE4PlDvZRBK+E0DtilmmDLxg4Q1tT9FeIB0ghbF1rJhRAurrwMjfNK6Pjuoly9zuMogmNwAs5ACC5BFdyCGqgDDB7BM3gFb96T9+K9ex/z1oKXzxyCP/I+fwD8xZc3</latexit>

E0 ⇡ g2N

2
L ⌘ 2L/`2s

<latexit sha1_base64="qnVqqqmViw7AYRMvGi4wEvbyduY=">AAACFnicbVDLSsNAFJ34tr6qLt0MFsGNmgRBl0URXIhUsA9oYphMb+vQSSbOTIol9Cvc+CtuXCjiVtz5N07bLLR6YOBwzrncuSdMOFPatr+sqemZ2bn5hcXC0vLK6lpxfaOmRCopVKngQjZCooCzGKqaaQ6NRAKJQg71sHs69Os9kIqJ+Fr3E/Aj0olZm1GijRQU984C2yNJIsU9zjo3Lr70hMljd3DhwV3Kehi7FwcecB6oGzcolux9ewT8lzg5KaEclaD46bUETSOINeVEqaZjJ9rPiNSMchgUvFRBQmiXdKBpaEwiUH42OmuAd4zSwm0hzYs1Hqk/JzISKdWPQpOMiL5Vk95Q/M9rprp97GcsTlINMR0vaqcca4GHHeEWk0A17xtCqGTmr5jeEkmoNk0WTAnO5Ml/Sc3ddwy/OiyVT/I6FtAW2ka7yEFHqIzOUQVVEUUP6Am9oFfr0Xq23qz3cXTKymc20S9YH9/Bup3Y</latexit><latexit sha1_base64="qnVqqqmViw7AYRMvGi4wEvbyduY=">AAACFnicbVDLSsNAFJ34tr6qLt0MFsGNmgRBl0URXIhUsA9oYphMb+vQSSbOTIol9Cvc+CtuXCjiVtz5N07bLLR6YOBwzrncuSdMOFPatr+sqemZ2bn5hcXC0vLK6lpxfaOmRCopVKngQjZCooCzGKqaaQ6NRAKJQg71sHs69Os9kIqJ+Fr3E/Aj0olZm1GijRQU984C2yNJIsU9zjo3Lr70hMljd3DhwV3Kehi7FwcecB6oGzcolux9ewT8lzg5KaEclaD46bUETSOINeVEqaZjJ9rPiNSMchgUvFRBQmiXdKBpaEwiUH42OmuAd4zSwm0hzYs1Hqk/JzISKdWPQpOMiL5Vk95Q/M9rprp97GcsTlINMR0vaqcca4GHHeEWk0A17xtCqGTmr5jeEkmoNk0WTAnO5Ml/Sc3ddwy/OiyVT/I6FtAW2ka7yEFHqIzOUQVVEUUP6Am9oFfr0Xq23qz3cXTKymc20S9YH9/Bup3Y</latexit><latexit sha1_base64="qnVqqqmViw7AYRMvGi4wEvbyduY=">AAACFnicbVDLSsNAFJ34tr6qLt0MFsGNmgRBl0URXIhUsA9oYphMb+vQSSbOTIol9Cvc+CtuXCjiVtz5N07bLLR6YOBwzrncuSdMOFPatr+sqemZ2bn5hcXC0vLK6lpxfaOmRCopVKngQjZCooCzGKqaaQ6NRAKJQg71sHs69Os9kIqJ+Fr3E/Aj0olZm1GijRQU984C2yNJIsU9zjo3Lr70hMljd3DhwV3Kehi7FwcecB6oGzcolux9ewT8lzg5KaEclaD46bUETSOINeVEqaZjJ9rPiNSMchgUvFRBQmiXdKBpaEwiUH42OmuAd4zSwm0hzYs1Hqk/JzISKdWPQpOMiL5Vk95Q/M9rprp97GcsTlINMR0vaqcca4GHHeEWk0A17xtCqGTmr5jeEkmoNk0WTAnO5Ml/Sc3ddwy/OiyVT/I6FtAW2ka7yEFHqIzOUQVVEUUP6Am9oFfr0Xq23qz3cXTKymc20S9YH9/Bup3Y</latexit><latexit sha1_base64="qnVqqqmViw7AYRMvGi4wEvbyduY=">AAACFnicbVDLSsNAFJ34tr6qLt0MFsGNmgRBl0URXIhUsA9oYphMb+vQSSbOTIol9Cvc+CtuXCjiVtz5N07bLLR6YOBwzrncuSdMOFPatr+sqemZ2bn5hcXC0vLK6lpxfaOmRCopVKngQjZCooCzGKqaaQ6NRAKJQg71sHs69Os9kIqJ+Fr3E/Aj0olZm1GijRQU984C2yNJIsU9zjo3Lr70hMljd3DhwV3Kehi7FwcecB6oGzcolux9ewT8lzg5KaEclaD46bUETSOINeVEqaZjJ9rPiNSMchgUvFRBQmiXdKBpaEwiUH42OmuAd4zSwm0hzYs1Hqk/JzISKdWPQpOMiL5Vk95Q/M9rprp97GcsTlINMR0vaqcca4GHHeEWk0A17xtCqGTmr5jeEkmoNk0WTAnO5Ml/Sc3ddwy/OiyVT/I6FtAW2ka7yEFHqIzOUQVVEUUP6Am9oFfr0Xq23qz3cXTKymc20S9YH9/Bup3Y</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

�L
<latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>



✴ Two-particle states

|k1, k2imes =
X

a

|k1, k2, a, ai ⌦ 1
<latexit sha1_base64="J4oiV3YAFrneBkImcYoRQknU93E=">AAACKnicbVBNS8NAEN3Ur1q/qh69LBbBQylJEfQiVL14rGA/oClhst20SzebsLsRSuzv8eJf8dKDUrz6Q9y2EbT1wcDjvRlm5vkxZ0rb9tTKra1vbG7ltws7u3v7B8XDo6aKEklog0Q8km0fFOVM0IZmmtN2LCmEPqctf3g381tPVCoWiUc9imk3hL5gASOgjeQVb56HnlMeelVXguhz6qUhVeNrVyWhBz9eGcqQ+W6kmenAbgh64AepM/aKJbtiz4FXiZOREspQ94oTtxeRJKRCEw5KdRw71t0UpGaE03HBTRSNgQyhTzuGCjD7uun81TE+M0oPB5E0JTSeq78nUgiVGoW+6ZxdqJa9mfif10l0cNVNmYgTTQVZLAoSjnWEZ7nhHpOUaD4yBIhk5lZMBiCBaJNuwYTgLL+8SprVimP4w0WpdpvFkUcn6BSdIwddohq6R3XUQAS9oDf0jj6sV2tiTa3PRWvOymaO0R9YX9/XHqeF</latexit><latexit sha1_base64="J4oiV3YAFrneBkImcYoRQknU93E=">AAACKnicbVBNS8NAEN3Ur1q/qh69LBbBQylJEfQiVL14rGA/oClhst20SzebsLsRSuzv8eJf8dKDUrz6Q9y2EbT1wcDjvRlm5vkxZ0rb9tTKra1vbG7ltws7u3v7B8XDo6aKEklog0Q8km0fFOVM0IZmmtN2LCmEPqctf3g381tPVCoWiUc9imk3hL5gASOgjeQVb56HnlMeelVXguhz6qUhVeNrVyWhBz9eGcqQ+W6kmenAbgh64AepM/aKJbtiz4FXiZOREspQ94oTtxeRJKRCEw5KdRw71t0UpGaE03HBTRSNgQyhTzuGCjD7uun81TE+M0oPB5E0JTSeq78nUgiVGoW+6ZxdqJa9mfif10l0cNVNmYgTTQVZLAoSjnWEZ7nhHpOUaD4yBIhk5lZMBiCBaJNuwYTgLL+8SprVimP4w0WpdpvFkUcn6BSdIwddohq6R3XUQAS9oDf0jj6sV2tiTa3PRWvOymaO0R9YX9/XHqeF</latexit><latexit sha1_base64="J4oiV3YAFrneBkImcYoRQknU93E=">AAACKnicbVBNS8NAEN3Ur1q/qh69LBbBQylJEfQiVL14rGA/oClhst20SzebsLsRSuzv8eJf8dKDUrz6Q9y2EbT1wcDjvRlm5vkxZ0rb9tTKra1vbG7ltws7u3v7B8XDo6aKEklog0Q8km0fFOVM0IZmmtN2LCmEPqctf3g381tPVCoWiUc9imk3hL5gASOgjeQVb56HnlMeelVXguhz6qUhVeNrVyWhBz9eGcqQ+W6kmenAbgh64AepM/aKJbtiz4FXiZOREspQ94oTtxeRJKRCEw5KdRw71t0UpGaE03HBTRSNgQyhTzuGCjD7uun81TE+M0oPB5E0JTSeq78nUgiVGoW+6ZxdqJa9mfif10l0cNVNmYgTTQVZLAoSjnWEZ7nhHpOUaD4yBIhk5lZMBiCBaJNuwYTgLL+8SprVimP4w0WpdpvFkUcn6BSdIwddohq6R3XUQAS9oDf0jj6sV2tiTa3PRWvOymaO0R9YX9/XHqeF</latexit><latexit sha1_base64="J4oiV3YAFrneBkImcYoRQknU93E=">AAACKnicbVBNS8NAEN3Ur1q/qh69LBbBQylJEfQiVL14rGA/oClhst20SzebsLsRSuzv8eJf8dKDUrz6Q9y2EbT1wcDjvRlm5vkxZ0rb9tTKra1vbG7ltws7u3v7B8XDo6aKEklog0Q8km0fFOVM0IZmmtN2LCmEPqctf3g381tPVCoWiUc9imk3hL5gASOgjeQVb56HnlMeelVXguhz6qUhVeNrVyWhBz9eGcqQ+W6kmenAbgh64AepM/aKJbtiz4FXiZOREspQ94oTtxeRJKRCEw5KdRw71t0UpGaE03HBTRSNgQyhTzuGCjD7uun81TE+M0oPB5E0JTSeq78nUgiVGoW+6ZxdqJa9mfif10l0cNVNmYgTTQVZLAoSjnWEZ7nhHpOUaD4yBIhk5lZMBiCBaJNuwYTgLL+8SprVimP4w0WpdpvFkUcn6BSdIwddohq6R3XUQAS9oDf0jj6sV2tiTa3PRWvOymaO0R9YX9/XHqeF</latexit>

mesons

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

decouple from the worldsheet 
in the planar limit



✴ Two-particle states
scattering states on the worldsheet

|k1, k2isc =
X

a1,a2

|k1, k2, a1, a2i ⌦ T a1T a2

<latexit sha1_base64="oAKkILIfERHRlhsdrC9NvLEbrU8="></latexit><latexit sha1_base64="oAKkILIfERHRlhsdrC9NvLEbrU8="></latexit><latexit sha1_base64="oAKkILIfERHRlhsdrC9NvLEbrU8="></latexit><latexit sha1_base64="oAKkILIfERHRlhsdrC9NvLEbrU8="></latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>
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✴ Two-particle states
scattering states on the worldsheet

|k1, k2isc =
X

a1,a2

|k1, k2, a1, a2i ⌦ T a1T a2
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Too many states for a pair of identical particles ?!

•Momenta take values on a plane, rather than on a half-plane 
•Exchange term is missing in the inner product

a) b)

Figure 6: a) As a consequence of planarity two-particle collisions on the worldsheet
reduce to pure reflection. b) This is no longer the case for multiparticle processes.
However, planarity still highly restricts possible flavor orderings at infinity. On both
panels dashed colored lines show the flow of quark flavors. Empty double lines show
gluons exchange.

limit), which can be chosen in the form

|k1, k2i ⇡ 2N�3/2|k1, k2, a1, a2iF ⌦ T
a1T

a2 . (20)

However, the apparent extra state is still present. Indeed, ordinarily two-particle states
for identical particles can be uniquely mapped into a half-plane, parametrized by a total
momentum kt 2 (�1,1), and a positive relative momentum kr � 0. The states (20) cover
the whole plane instead,

k1, k2 2 (�1,1) .

Another way to see that particles apparently acquired identity is to calculate the scalar
product of the states (20). Ignoring 1/N corrections one finds3,

hk0
1, k

0
2|k1, k2i = �(k1 � k

0
1)�(k2 � k

0
2) ,

so that the exchange term is missing. So the states (20) seem to describe a system of two
distinguishable particles—a string attached to each of the particles allows to tell them apart.

This is a problem, because quantum particles are not entitled for an identity. To see that
the very same string saves the day as before, let us calculate the e↵ective Hamiltonian in this
case. The relevant matrix elements are again presented in the Appendix B. They are very
similar to what we previously found for two flavors. The only novelty is that in addition to

3Note that in our notations hk0
1, k

0
2| = 2N�3/2h0|�a2

k0
2
�a1

k0
1

⌦ T a2T a1 .
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�L
<latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>



✴ n-particle states
scattering states on the worldsheet

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

�L
<latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>

…

|k1, . . . , kni =
X

ai

|k1, a1; . . . ; kn, aniT a
1 . . . T a

n

<latexit sha1_base64="iRBjtyeWEptV+2zsYwRs9OCgp9c="></latexit>

Infinite (quantum Boltzman) Statistics

hk1, . . . , kn|k01, . . . , k0ni = �(k1 � k01) . . . �(kn � k0n)
<latexit sha1_base64="KJoDsF/YvaS5q9zndKtmDUILoLU="></latexit>

1
<latexit sha1_base64="FPBIvK44hjehgr3A3+ZW3N9yfas=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBe5mMuA==</latexit> 2

<latexit sha1_base64="n1MAzNfRoZHOBlX8XFW0UmzJUFU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqpe87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfR2MuQ==</latexit>

n
<latexit sha1_base64="z8oU+EiS6b1iZ6F4ZJlP27y60OM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUkP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvsuo1riq12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A2A2M9Q==</latexit>n� 1

<latexit sha1_base64="fG07gjbENMBEZXJkRVa7Z/03ME8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBiyVRQY9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7dRvPaHSPJaPZpygH9GB5CFn1FjpQZ55vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeO1nXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJrnVe+i6t1fVmo3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AGxZ41n</latexit>

Need to learn how to do perturbation theory in this space



Dynamics

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

�1
<latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit>

�2
<latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

�1
<latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit>

�2
<latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit>

|Li
⌦

<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

�1
<latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit>

�2
<latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

�1
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|Ri

Figure 4: |Li and |Ri sectors arise as a consequence of the color ordering. Note that
the ordering of quarks in space does not need to agree with the color ordering. This
leads to a possibility of zigzag configurations, as shown on the top.

case [43]. This results in the e↵ective center-of-mass Hamiltonian Heff defined by

hk0
1, k

0
2|H|k,�ki = �(k0

1 + k
0
2)hk0|Heff |ki . (16)

The details of the calculations are presented in the Appendix B. As follows from eqs. (43),
(44) there, the |Li and |Ri sectors are completely decoupled, and the corresponding Hamil-
tonians are

hk0|HL(R)
eff |ki = �(k � k

0)2!k � g
2
N

4⇡

✓
U(k, k0)

P
(k � k0)2

± i⇡�
0(k � k

0)

◆
(17)

The function U(k, k0) is given by (45) and it is equal to unity both in a non-relativistic regime
k, k

0 ⌧ m and in the ultra-relativistic one. Hence, in view of (39), after transitioning into
the position space, each of the e↵ective Hamiltonians (17) essentially describe a free fermion
moving in a potential of the form

V
L(R)(�) =

g
2
N

4
(|�| ± �) , (18)

see Fig. 5. This potential does give rise to a non-trivial scattering phase shift, confirming
that the world-sheet S-matrix is indeed non-trivial in the strict planar limit.

Furthermore, we see that the “beads on a rubber band” picture turns out correct at the
end of the day. In the two-to-two scattering of two “free” quarks of di↵erent flavors they
always end up reflecting from each other, as a consequence of the semiconfining potential
(18). The linearly growing segment of this potential is due to a confining string formed during
the zigzag period of the collision shown on the top panel of Fig. 4. As a consistency check,
note that the slope of the potential (18) is twice larger than the tension of the fundamental
string (11) in agreement with the zigzag interpretation.

On the other hand, thanks to the semiconfining nature of the potential (18), the standard
counting of asymptotic states holds as well. Namely, the |Li-sector describes in-states where
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Let’s calculate the Hamiltonian

One finds
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<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

�1
<latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit>

�2
<latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

�1
<latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit>

�2
<latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit>

|Li
⌦

<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

�1
<latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit><latexit sha1_base64="2ueJ4+yZ8vFlNas8UpJBLmK8Vw8=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KrsiWG8FLx4ruG2hXUo2zbax2SQkWaEs/Q9ePKh49Qd589+YtnvQ1gcDj/dmmJkXK86M9f1vb219Y3Nru7RT3t3bPzisHB23jMw0oSGRXOpOjA3lTNDQMstpR2mK05jTdjy+nfntJ6oNk+LBThSNUjwULGEEWye1esqwftCvVP2aPwdaJUFBqlCg2a989QaSZCkVlnBsTDfwlY1yrC0jnE7LvcxQhckYD2nXUYFTaqJ8fu0UnTtlgBKpXQmL5urviRynxkzS2HWm2I7MsjcT//O6mU3qUc6EyiwVZLEoyTiyEs1eRwOmKbF84ggmmrlbERlhjYl1AZVdCMHyy6skvKzd1IL7q2qjXqRRglM4gwsI4BoacAdNCIHAIzzDK7x50nvx3r2PReuaV8ycwB94nz+1o464</latexit>

�2
<latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit><latexit sha1_base64="SfXLLNpTfjQdC8WG/wrOUAAvgXM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYL0VvHisYNpCG8pmu2nXbnbD7kYoof/BiwcVr/4gb/4bt2kO2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjpapItQnkkvVC7GmnAnqG2Y47SWK4jjktBtObxd+94kqzaR4MLOEBjEeCxYxgo2VOoNEs2FjWK25dTcHWideQWpQoD2sfg1GkqQxFYZwrHXfcxMTZFgZRjidVwappgkmUzymfUsFjqkOsvzaObqwyghFUtkSBuXq74kMx1rP4tB2xthM9Kq3EP/z+qmJmkHGRJIaKshyUZRyZCRavI5GTFFi+MwSTBSztyIywQoTYwOq2BC81ZfXid+o39S9+6taq1mkUYYzOIdL8OAaWnAHbfCBwCM8wyu8OdJ5cd6dj2VrySlmTuEPnM8ftyaOuQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

V̄
<latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit><latexit sha1_base64="02L+lZCc3Mqb6veHYU1GdXWIH7I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWMG2hDWWznbRLN5uwuxFK6I/w4kHFq//Hm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SjmaYYxHQkecQZNVbq9EOq8vZsUK25dXcBsk68gtSgQGtQ/eoPE5bFKA0TVOue56YmyKkynAmcVfqZxpSyCR1hz1JJY9RBvjh3Ri6sMiRRomxJQxbq74mcxlpP49B2xtSM9ao3F//zepmJGkHOZZoZlGy5KMoEMQmZ/06GXCEzYmoJZYrbWwkbU0WZsQlVbAje6svrxL+q39a9h+tas1GkUYYzOIdL8OAGmnAPLfCBwQSe4RXenNR5cd6dj2VrySlmTuEPnM8f2TaPaQ==</latexit>

V
<latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit><latexit sha1_base64="Wy5F8IOeuU/R+9NaOaWJI8yCKQM=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjy2YNpCG8pmO23XbjZhdyOU0F/gxYOKV/+SN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHssHM00wiOhI8iFn1Fip2eqXK27VXYCsEy8nFcjR6Je/eoOYpRFKwwTVuuu5iQkyqgxnAmelXqoxoWxCR9i1VNIIdZAtDp2RC6sMyDBWtqQhC/X3REYjradRaDsjasZ61ZuL/3nd1AxrQcZlkhqUbLlomApiYjL/mgy4QmbE1BLKFLe3EjamijJjsynZELzVl9eJf1W9rXrN60q9lqdRhDM4h0vw4AbqcA8N8IEBwjO8wpvz6Lw4787HsrXg5DOn8AfO5w8eN4yk</latexit>

�1
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|Ri

Figure 4: |Li and |Ri sectors arise as a consequence of the color ordering. Note that
the ordering of quarks in space does not need to agree with the color ordering. This
leads to a possibility of zigzag configurations, as shown on the top.

case [43]. This results in the e↵ective center-of-mass Hamiltonian Heff defined by

hk0
1, k

0
2|H|k,�ki = �(k0

1 + k
0
2)hk0|Heff |ki . (16)

The details of the calculations are presented in the Appendix B. As follows from eqs. (43),
(44) there, the |Li and |Ri sectors are completely decoupled, and the corresponding Hamil-
tonians are

hk0|HL(R)
eff |ki = �(k � k

0)2!k � g
2
N

4⇡

✓
U(k, k0)

P
(k � k0)2

± i⇡�
0(k � k

0)

◆
(17)

The function U(k, k0) is given by (45) and it is equal to unity both in a non-relativistic regime
k, k

0 ⌧ m and in the ultra-relativistic one. Hence, in view of (39), after transitioning into
the position space, each of the e↵ective Hamiltonians (17) essentially describe a free fermion
moving in a potential of the form

V
L(R)(�) =

g
2
N

4
(|�| ± �) , (18)

see Fig. 5. This potential does give rise to a non-trivial scattering phase shift, confirming
that the world-sheet S-matrix is indeed non-trivial in the strict planar limit.

Furthermore, we see that the “beads on a rubber band” picture turns out correct at the
end of the day. In the two-to-two scattering of two “free” quarks of di↵erent flavors they
always end up reflecting from each other, as a consequence of the semiconfining potential
(18). The linearly growing segment of this potential is due to a confining string formed during
the zigzag period of the collision shown on the top panel of Fig. 4. As a consistency check,
note that the slope of the potential (18) is twice larger than the tension of the fundamental
string (11) in agreement with the zigzag interpretation.

On the other hand, thanks to the semiconfining nature of the potential (18), the standard
counting of asymptotic states holds as well. Namely, the |Li-sector describes in-states where

10

zigzag

V (�)

�

Figure 5: Potential describing a two-particle collision in the |Li-sector.

the  1 quarks enters the collision from the left, and  2 enters from the right. Similarly, for
out-states in the |Li-sector  1 exits the collision on the left, while  2 exits on the right. The
|Ri-sector describes the complementary kinematics with left and right interchanged.

The absence of transitions in the two-to-two scattering remains true also at higher orders
in the perturbation theory, with multiparton intermediate states taken into account. The
fastest way to see this is to use a covariant description of the ✓-vacuum [45]. Namely, adding
auxiliary charges at infinity is equivalent to calculating a path integral on a plane in the
presence of a large circular Wilson line,

Z✓[⌘] =

Z
D D ̄DAµe

iSQCDTrPe
i
H
d�µAµ+i

H
ds⌘ 

, (19)

where we introduced a fermionic source ⌘(�) along the Wilson line, so that Z✓[⌘] becomes a
generating functional for worldsheet scattering amplitudes. As usual, in the ’t Hooft limit
only the planar diagrams survive, so that the two-to-two scattering of di↵erent flavors reduces
to the total reflection, see Fig. 6a). For multiparticle processes of the type  1 2 ! many

the  1-flavor does not need to reflect back any more, see e.g. Fig. 6b). However, planarity
still imposes strong restrictions on possible orderings of the incoming and outgoing flavors
along the circle at infinity.

3.2 Identical Particles

To conclude the discussion of the two-to-two scattering on the worldsheet let us discuss what
happens when identical particles are present in the initial/final states. We turn back to the
single flavor case and consider the   !   scattering. In this case we have a single family
of the worldsheet excitations (in addition to mesons, which again decouple in the planar
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FIG. 1: High energy worldsheet scattering at D = 2 proceeds

through a hard collision followed by a prolonged zigzag phase.

Given the underlying gauge theory is asymptotically free
it is natural to assume that the high energy limit of the
worldsheet scattering is largely determined by these ge-
ometric considerations.

To test the ASA further one needs to understand how
asymptotic freedom of the bulk theory translates into the
properties of the high energy worldsheet scattering. As
phrased so far the worldsheet dynamics appears to be
rather disconnected from perturbative QCD.

Recently a progress in this direction was achieved via
the analysis of the D = 2 case [4]. A pure Yang–Mills
theory at D = 2 is topological and exactly solvable even
at finite Nc [21–26]. To introduce local dynamics one
considers, following [27–29], a version of the model with
additional massive adjoint (s)quarks. At heavy (s)quark
masses, m`s � 1, the model can be treated perturba-
tively. The worldsheet theory arises as a subsector in
a discrete ✓-vacuum [30]. Each adjoint (s)quark field  

maps into a color singlet excitation on the worldsheet.
The color flux of (s)quarks can be thought to be screened
by infinitely heavy fundamental charges at spatial infin-
ity, which produce a flux tube. Multiparticle states on
the worldsheet are created by single trace operators of
the form

On = TrPe
i
H
A
 1 . . . n , (3)

where n is the number of particles. High energy scatter-
ing on the worldsheet is indeed dominated by time delays
proportional to the collision energy. The scattering pro-
ceeds through the formation of zigzag configurations, see
Fig. 1, which are responsible for the geometric time delay.
When an elusive gravitational description of the world-
sheet dynamics is achieved zigzags are expected to map
into black holes.

Focusing on the worldsheet dynamics brings in an ad-
vantage that the worldsheet theory always lives in two di-
mensions independently of the dimensionalityD of an un-
derlying gauge theory. This makes it straightforward to
uplift the knowledge gained in the analytically tractable

D = 2 case into higher dimensions. Of course, the pres-
ence of massless gluons precludes a direct perturbative
analysis at D = 3, 4 in certain regimes. However, it
is not unreasonable to expect the major qualitative fea-
tures present in the perturbative regime to survive also
at strong coupling.
In particular, analogously to (3), in D > 2 pure glue

theories the wordsheet excitations are created by insert-
ing the gluon field strength inside the Polyakov loop. Let
us consider a long confining string stretched along z di-
rection in the D = 4 case. Then one expects to find
one-particle excitations corresponding to operators

Oi = TrPe
i
H
z A

Fzi , Oa = TrPe
i
H
z A

Fij , (4)

where i = x, y label transverse spatial directions. Oi op-
erators match quantum numbers of the Goldstone modes
and are guaranteed to produce massless worldsheet exci-
tations. The Oa operator matches the quantum numbers
of the worldsheet axion. The corresponding excitation
is not protected and expected to acquire a mass and to
be unstable. In the lattice description operators (4) are
obtained by inserting into the Polyakov loop either a pla-
quette along one of the longitudinal directions (Oi’s), or
in the transverse plane (Oa). At D = 3 one is left with
a single longitudinal plaquette.
This completely demystifies the ASA—it reduces to

the statement that the wordsheet theory has the mini-
mal excitation spectrum compatible with the bulk matter
content. This also provides a dual view of the Goldstone
modes. Low energy Goldstone modes, as well as their co-
herent multiparticle excitations, are most appropriately
described by geometric deformations of the string world-
sheet. On the other hand, hard one-particle Goldstone
excitations can be thought of as gluons. The geometric
phase shift (2) arises in both descriptions, even though
the detailed underlying pictures are a bit di↵erent. In
the Goldstone language the time delay corresponding to
(2) arises as a consequence of the linear relation between
the energy of a string segment and its proper length L

[19],

L = `
2
sE .

In the gluon description it comes about in the same way
as in the D = 2 case—hard gluons overshoot each other,
proceed through the zigzag stage, and eventually get
turned back by a long string stretched between them.
This again results in a time delay proportional to the
collision energy. Both mechanisms are semiclassical in
nature, however, they are quite di↵erent. In particular,
the first one corresponds to a pure transmission, while
the latter is a total reflection. This di↵erence is not ob-
servable for identical particles. However, if we replace
one of the gluons with an adjoint (s)quark the di↵erence
becomes physically detectable.
To see yet another distinction consider, for simplicity,

theD = 3 case when the worldsheet carries a single stable
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Zigzags restore much of the D>2 stringy dynamics



Leading N-particle Hamiltonian

HN =
nX

i=1

q
p
2
i +m2 +

N�1X

i=1

(qi � qi+1 � |qi � qi+1|)
<latexit sha1_base64="AVeIpZjRKHTZ2VQ0Fv9C/m8ne/A="></latexit>

✴Poincare invariant at the level of classical Poison brackets 
✴Integrable in the massless limit 

c.f. “folded strings”   Bardeen, Bars, Hanson, Peccei ‘76



The Zigzag Model

H =
NX

i=1

|pi|+
N�1X

i=1

(qi,i+1 + |qi,i+1|)
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where

Poincare algebra

{H,P} = 0 {J, P} = H {J,H} = P
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⌦
<latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit><latexit sha1_base64="VfoMLicLZ6Uj8hT32bjVfl9ZEKo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lst+3STTbuToQS+ie8eFDx6u/x5r9x0+agrQ8GHu/NMDMvTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GJVqxn2mpNLtkBouRcx9FCh5O9GcRqHkrXB8k/utJ66NUPE9ThIeRHQYi4FgFK3U7ioUETeVXrXm1t0ZyDLxClKDAs1e9avbVyyNeIxMUmM6nptgkFGNgkk+rXRTwxPKxnTIO5bG1G4Jstm9U3JilT4ZKG0rRjJTf09kNDJmEoW2M6I4MoteLv7ndVIcXAaZiJMUeczmiwapJKhI/jzpC80ZyokllGlhbyVsRDVlaCPKQ/AWX14m/ln9qu7dndca10UaZTiCYzgFDy6gAbfQBB8YSHiGV3hzHp0X5935mLeWnGLmEP7A+fwBKNCPlQ==</latexit>

�L
<latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit><latexit sha1_base64="+qjil1D328Fa91A8vR4BvSeCu1Q=">AAAB6XicbZA9SwNBEIbn4leMX1FLm8Ug2BjuRNAyaGNhEcV8QHKEvc1esmRv79idE8KRf2BjoYit/8jOf+MmuUITX1h4eGeGnXmDRAqDrvvtFFZW19Y3ipulre2d3b3y/kHTxKlmvMFiGet2QA2XQvEGCpS8nWhOo0DyVjC6mdZbT1wbEatHHCfcj+hAiVAwitZ6OLvrlStu1Z2JLIOXQwVy1Xvlr24/ZmnEFTJJjel4boJ+RjUKJvmk1E0NTygb0QHvWFQ04sbPZptOyIl1+iSMtX0Kycz9PZHRyJhxFNjOiOLQLNam5n+1TorhlZ8JlaTIFZt/FKaSYEymZ5O+0JyhHFugTAu7K2FDqilDG07JhuAtnrwMzfOqZ/n+olK7zuMowhEcwyl4cAk1uIU6NIBBCM/wCm/OyHlx3p2PeWvByWcO4Y+czx8M340H</latexit>

L
<latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit><latexit sha1_base64="4y+op8NyTB1ylYFUF065s+H/YlA=">AAAB6HicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbQM2lhYJGA+IDnC3mYuWbO3d+zuCeHIL7CxUMTWn2Tnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+PbWb39hErzWD6YSYJ+RIeSh5xRY63Gfb9ccavuXGQVvBwqkKveL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWtR0gi1n80XnZIz6wxIGCv7pCFz9/dERiOtJ1FgOyNqRnq5NjP/q3VTE177GZdJalCyxUdhKoiJyexqMuAKmRETC5QpbnclbEQVZcZmU7IheMsnr0LroupZblxWajd5HEU4gVM4Bw+uoAZ3UIcmMEB4hld4cx6dF+fd+Vi0Fpx85hj+yPn8AaOLjNA=</latexit>

…
1

<latexit sha1_base64="FPBIvK44hjehgr3A3+ZW3N9yfas=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU8Prlilt15yCrxMtJBXLU++Wv3iBmaYTSMEG17npuYvyMKsOZwGmpl2pMKBvTIXYtlTRC7WfzQ6fkzCoDEsbKljRkrv6eyGik9SQKbGdEzUgvezPxP6+bmvDGz7hMUoOSLRaFqSAmJrOvyYArZEZMLKFMcXsrYSOqKDM2m5INwVt+eZW0LqreZdVrXFVqt3kcRTiBUzgHD66hBvdQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBe5mMuA==</latexit> 2
<latexit sha1_base64="n1MAzNfRoZHOBlX8XFW0UmzJUFU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZq1frrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJu1b1Lqpe87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPfR2MuQ==</latexit>

p1
<latexit sha1_base64="dlkuLvRLPKTpeNEp4w3DSOdaGBU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0kPS9frniVt05yCrxclKBHI1++as3iFkaoTRMUK27npsYP6PKcCZwWuqlGhPKxnSIXUsljVD72fzUKTmzyoCEsbIlDZmrvycyGmk9iQLbGVEz0sveTPzP66YmvPYzLpPUoGSLRWEqiInJ7G8y4AqZERNLKFPc3krYiCrKjE2nZEPwll9eJa1a1buo1u4vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAAzo2c</latexit>

q1,2
<latexit sha1_base64="XpjSzzAHEcT3ZtkrNEno3Xn590U=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJJUQY9FLx4r2A9oQ9lsN+3SzSbuToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKVWo+9zDuvTnqlsltxZyDLxMtJGXLUe6Wvbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YqmjEjZ/Nzp2QU6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjtZ0IlKXLF5ovCVBKMyfR30heaM5RjSyjTwt5K2JBqytAmVLQheIsvL5NmteJdVKr3l+XaTR5HAY7hBM7AgyuowR3UoQEMRvAMr/DmJM6L8+58zFtXnHzmCP7A+fwBor+PGw==</latexit> p2

<latexit sha1_base64="zVqSm7nkuXHALgIZSph8/BQiwIg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh6Rf65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8Slq1qndRrd1fVuo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AECUo2d</latexit>

pN
<latexit sha1_base64="66lAMOV8OdCg9bnkdFLAB9TDMvI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04kkq2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dlZW19Y3Ngtbxe2d3b390sFhU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWjm6nfekKleSwfzThBP6IDyUPOqLHSQ9K765XKbsWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n81OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwis/4zJJDUo2XxSmgpiYTP8mfa6QGTG2hDLF7a2EDamizNh0ijYEb/HlZdKsVrzzSvX+oly7zuMowDGcwBl4cAk1uIU6NIDBAJ7hFd4c4bw4787HvHXFyWeO4A+czx8swo25</latexit>

qN�1,N
<latexit sha1_base64="p0mIrfMHrMdVb0NpngHBklnaY3g=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ40LJbBT0WvXgqFeyHtEvJptk2NMmuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb+goUYTWScQj1QqwppxJWjfMcNqKFcUi4LQZDG8mfvOJKs0ieW9GMfUF7ksWMoKNlR4eu2n1zDutjruFoltyp0CLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp+N8J9E0xmSI+7RtqcSCaj+dHjxGx1bpoTBStqRBU/X3RIqF1iMR2E6BzUDPexPxP6+dmPDKT5mME0MlmS0KE45MhCbfox5TlBg+sgQTxeytiAywwsTYjPI2BG/+5UXSKJe881L57qJYuc7iyMEhHMEJeHAJFbiFGtSBgIBneIU3RzkvzrvzMWtdcrKZA/gD5/MH1niPxg==</latexit>

N � 1
<latexit sha1_base64="k0ecUs5MJj0TOaze3UBBf230Vp4=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbAbBT0GvXiSiOYByRJmJ51kyOzsMjMrhCWf4MWDIl79Im/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwupn6zSdUmkfy0Yxj9EM6kLzPGTVWerg787rFklt2ZyDLxMtICTLUusWvTi9iSYjSMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtlTRE7aezUyfkxCo90o+ULWnITP09kdJQ63EY2M6QmqFe9Kbif147Mf0rP+UyTgxKNl/UTwQxEZn+TXpcITNibAllittbCRtSRZmx6RRsCN7iy8ukUSl75+XK/UWpep3FkYcjOIZT8OASqnALNagDgwE8wyu8OcJ5cd6dj3lrzslmDuEPnM8fgPmNSA==</latexit> N

<latexit sha1_base64="FUcBaOutMug4qVqfNLwic8W1axE=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY9BL54kAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpexflSv2yVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6ffjNY=</latexit>

Qa = (p1, q1,2, p2, . . . , qN�1,N , pN )
<latexit sha1_base64="50JfLxKxPM+kFsXddQuAOGI6Yls=">AAACEnicbZBNS8MwGMfT+Tbn29Sjl+IQNqijrYJehKEXT2MD9wJbKWmWbmFpWpNUGGWfwYtfxYsHRbx68ua3Md160M0/BP78nudJ8vy9iBIhTfNby62srq1v5DcLW9s7u3vF/YO2CGOOcAuFNORdDwpMCcMtSSTF3YhjGHgUd7zxTVrvPGAuSMju5CTCTgCHjPgEQamQW6w0XXhVjlzLuHcTy7CnRuTaRn8QSpGS+qll1FNWr7jFklk1Z9KXjZWZEsjUcItf6hoUB5hJRKEQPcuMpJNALgmieFroxwJHEI3hEPeUZTDAwklmK031E0UGuh9ydZjUZ/T3RAIDISaBpzoDKEdisZbC/2q9WPqXTkJYFEvM0PwhP6a6DPU0H31AOEaSTpSBiBP1Vx2NIIdIqhQLKgRrceVl07ar1lnVbp6XatdZHHlwBI5BGVjgAtTALWiAFkDgETyDV/CmPWkv2rv2MW/NadnMIfgj7fMHHQubPQ==</latexit>

Sa = (s1, s1,2, s2, . . . , sN�1,N , sN )
<latexit sha1_base64="6OIMWz64tv3DSAJ4NFgb8BXMomY=">AAACEnicbVDLSgMxFM34rPU16tJNsAgtjGVmFHQjFN24KhXtA9phyKSZNjTzIMkIZeg3uPFX3LhQxK0rd/6NmXYW2nog5HDOvTe5x4sZFdI0v7Wl5ZXVtfXCRnFza3tnV9/bb4ko4Zg0ccQi3vGQIIyGpCmpZKQTc4ICj5G2N7rO/PYD4YJG4b0cx8QJ0CCkPsVIKsnVK3cuuiwL1zKEm1qGPVG3bfT6kRSZUj+xjHqm1SuuXjKr5hRwkVg5KYEcDVf/UmNwEpBQYoaE6FpmLJ0UcUkxI5NiLxEkRniEBqSraIgCIpx0utIEHiulD/2IqxNKOFV/d6QoEGIceKoyQHIo5r1M/M/rJtK/cFIaxokkIZ495CcMyghm+cA+5QRLNlYEYU7VXyEeIo6wVCkWVQjW/MqLpGVXrdOqfXtWql3lcRTAITgCZWCBc1ADN6ABmgCDR/AMXsGb9qS9aO/ax6x0Sct7DsAfaJ8/NSabTA==</latexit>

si = sign(pi) , si,i+1 = sign(qi,i+1)
<latexit sha1_base64="zUS4Mn37upoUyKTa2uE3Iab/D1w=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgtljJTBYWiFN24rGAf0ClDJk3b0ExmTDJiGfo3bvwVN4KK6NI/MW1HsK0HAodzzuXmHi9kVCrL+jIWFpeWV1ZTa+n1jc2tbXNntyaDSGBSxQELRMNDkjDKSVVRxUgjFAT5HiN1r3818uv3REga8Fs1CEnLR11OOxQjpSXXvJAuPXd8L3iIoaRdPsyGLs05pbxTckpQujHN0yN7OB25+5VzrpmxCtYYcJ7YCcmABBXXfHXaAY58whVmSMqmbYWqFSOhKGZkmHYiSUKE+6hLmppy5BPZisd3DuGhVtqwEwj9uIJj9e9EjHwpB76nkz5SPTnrjcT/vGakOmetmPIwUoTjyaJOxKAK4Kg02KaCYMUGmiAsqP4rxD0kEFa62rQuwZ49eZ7UigX7uFC8OcmUL5M6UmAfHIAssMEpKINrUAFVgMEjeAZv4N14Ml6MD+NzEl0wkpk9MAXj+wfqLqS3</latexit>

where

Equations of motion

Q̇a = Sa�1 � Sa+1
<latexit sha1_base64="1OtX3k1NpImqXztF9ZFCqzp7+pg=">AAACAXicbVBNS8MwGE7n15xfVS+Cl+AQBNlop6AXYejF44buA7ZS0izdwtK0JKkwSr34V7x4UMSr/8Kb/8Z060E3Hwh5eJ73fZP38SJGpbKsb6OwtLyyulZcL21sbm3vmLt7bRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl445vM7zwQIWnI79UkIk6Ahpz6FCOlJdc86A9CBZsuurpzE1Sx00p2n9qpa5atqjUFXCR2TsogR8M1v/QoHAeEK8yQlD3bipSTIKEoZiQt9WNJIoTHaEh6mnIUEOkk0w1SeKyVAfRDoQ9XcKr+7khQIOUk8HRlgNRIznuZ+J/Xi5V/6SSUR7EiHM8e8mMGVQizOOCACoIVm2iCsKD6rxCPkEBY6dBKOgR7fuVF0q5V7bNqrXlerl/ncRTBITgCJ8AGF6AObkEDtAAGj+AZvII348l4Md6Nj1lpwch79sEfGJ8/kWmVrQ==</latexit>

where
S0 = S2N = �1

<latexit sha1_base64="iMQR1U39gS/TQp5OgahQE3m7Arw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4sSRV0Euh6MWTVGo/oA1hs920SzebuLsplNDf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9re1srq2vrGZ28pv7+zu7RcODpsqSiShDRLxSLZ9rChngjY005y2Y0lx6HPa8oe3U781olKxSDzqcUzdEPcFCxjB2khu3bMrdS8t308q545XKNolewa0TJyMFCFDzSt8dXsRSUIqNOFYqY5jx9pNsdSMcDrJdxNFY0yGuE87hgocUuWms6Mn6NQoPRRE0pTQaKb+nkhxqNQ49E1niPVALXpT8T+vk+jg2k2ZiBNNBZkvChKOdISmCaAek5RoPjYEE8nMrYgMsMREm5zyJgRn8eVl0iyXnItS+eGyWL3J4sjBMZzAGThwBVW4gxo0gMATPMMrvFkj68V6tz7mrStWNnMEf2B9/gDrNZDk</latexit>



Topological invariant: “Ising Hamiltonian”

T2N =
1

2

2NX

i=0

SaSa+1

<latexit sha1_base64="+k6vu5P4q82Q3fQ99tpOOglPk3Y=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQhZJEQTeFohtXUukTmhgm02k7dPJgZiKUkH9w46+4caGIWzfu/BsnbRbaemDgcM653LnHixgV0jC+tcLS8srqWnG9tLG5tb2j7+61RRhzTFo4ZCHvekgQRgPSklQy0o04Qb7HSMcbX2d+54FwQcOgKScRcXw0DOiAYiSV5OonTTexbtNqYtqhykErtUXsuwmtGul95jRc1HATdGqmrl42KsYUcJGYOSmDHHVX/7L7IY59EkjMkBA904ikkyAuKWYkLdmxIBHCYzQkPUUD5BPhJNObUniklD4chFy9QMKp+nsiQb4QE99TSR/JkZj3MvE/rxfLwaWT0CCKJQnwbNEgZlCGMCsI9iknWLKJIghzqv4K8QhxhKWqsaRKMOdPXiRtq2KeVay783LtKq+jCA7AITgGJrgANXAD6qAFMHgEz+AVvGlP2ov2rn3MogUtn9kHf6B9/gDPPp18</latexit>

asymptotic regions
NL �NR

<latexit sha1_base64="ukLHojK/TSB+2bBIKDedOGTvR6M=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBiyWpgh4LIniQUsV+QBvCZrtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gUJZ0o7zrdVWFldW98obpa2tnd29+z9g5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UalYLB71OKFehAeChYxgbaR23b87q/sPvl12Ks4MaJm4OSlDjoZvf/X6MUkjKjThWKmu6yTay7DUjHA6KfVSRRNMRnhAu4YKHFHlZbNzJ+jEKH0UxtKU0Gim/p7IcKTUOApMZ4T1UC16U/E/r5vq8MrLmEhSTQWZLwpTjnSMpr+jPpOUaD42BBPJzK2IDLHERJuESiYEd/HlZdKqVtzzSvX+oly7yeMowhEcwym4cAk1uIUGNIHACJ7hFd6sxHqx3q2PeWvBymcO4Q+szx9WtY7s</latexit>

si,i+1 = �1
<latexit sha1_base64="Uko3ms7+BtuWS3RpDd5vjXwvK54=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMgqGE3CnoRgl48RjAPSJYwO+lNhszOLjOzQljyG148KOLVn/Hm3zh5HDRa0FBUddPdFSSCa+O6X05uaXlldS2/XtjY3NreKe7uNXScKoZ1FotYtQKqUXCJdcONwFaikEaBwGYwvJ34zUdUmsfywYwS9CPalzzkjBordXQ346f8xBtfn3ndYsktu1OQv8SbkxLMUesWPzu9mKURSsME1brtuYnxM6oMZwLHhU6qMaFsSPvYtlTSCLWfTW8ekyOr9EgYK1vSkKn6cyKjkdajKLCdETUDvehNxP+8dmrCKz/jMkkNSjZbFKaCmJhMAiA9rpAZMbKEMsXtrYQNqKLM2JgKNgRv8eW/pFEpe+flyv1FqXozjyMPB3AIx+DBJVThDmpQBwYJPMELvDqp8+y8Oe+z1pwzn9mHX3A+vgGNa5C1</latexit>

at intermediate times counts                          along the worldsheetNL �NR
<latexit sha1_base64="ukLHojK/TSB+2bBIKDedOGTvR6M=">AAAB7nicbVBNS8NAEJ3Ur1q/oh69LBbBiyWpgh4LIniQUsV+QBvCZrtpl242YXcjlNAf4cWDIl79Pd78N27bHLT1wcDjvRlm5gUJZ0o7zrdVWFldW98obpa2tnd29+z9g5aKU0lok8Q8lp0AK8qZoE3NNKedRFIcBZy2g9H11G8/UalYLB71OKFehAeChYxgbaR23b87q/sPvl12Ks4MaJm4OSlDjoZvf/X6MUkjKjThWKmu6yTay7DUjHA6KfVSRRNMRnhAu4YKHFHlZbNzJ+jEKH0UxtKU0Gim/p7IcKTUOApMZ4T1UC16U/E/r5vq8MrLmEhSTQWZLwpTjnSMpr+jPpOUaD42BBPJzK2IDLHERJuESiYEd/HlZdKqVtzzSvX+oly7yeMowhEcwym4cAk1uIUGNIHACJ7hFd6sxHqx3q2PeWvBymcO4Q+szx9WtY7s</latexit>

A)

B)

C)



Dynamical Charges

I =
2N�1X

a=1

Fa(S)Qa

<latexit sha1_base64="ckCp9PZT7g3P7Slq/uJkhPQbULU=">AAACBXicbVDLSsNAFJ34rPUVdamLYBHqwpJUQTeFoiC6kRbtA9oabqaTdujkwcxEKCEbN/6KGxeKuPUf3Pk3TtsstPXAhcM593LvPU7IqJCm+a3NzS8sLi1nVrKra+sbm/rWdl0EEcekhgMW8KYDgjDqk5qkkpFmyAl4DiMNZ3Ax8hsPhAsa+HdyGJKOBz2fuhSDVJKt712X2iLy7BhKVnIfF2+OrOTShvztYdUGW8+ZBXMMY5ZYKcmhFBVb/2p3Axx5xJeYgRAtywxlJwYuKWYkybYjQULAA+iRlqI+eER04vEXiXGglK7hBlyVL42x+nsiBk+IoeeoTg9kX0x7I/E/rxVJ96wTUz+MJPHxZJEbMUMGxigSo0s5wZINFQHMqbrVwH3ggKUKLqtCsKZfniX1YsE6LhSrJ7nyeRpHBu2ifZRHFjpFZXSFKqiGMHpEz+gVvWlP2ov2rn1MWue0dGYH/YH2+QMs0JcT</latexit>

coefficient functions satisfy

@bFa(S)(Sb�1 � Sb+1) = 0 for a 6= b
<latexit sha1_base64="8AP4K9Q0J/sACFUanFRrsAqD8KU="></latexit>

which is solved by

Fa(S) = Fa(Ta)
<latexit sha1_base64="aawXpwVUNXQL56U1HRzxeFoLXvc=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAjtpiRV0I1QFMRlxb6gDeFmOmmHTh7MTAol9E/cuFDErX/izr9x0mahrQcu93DOvcyd48WcSWVZ38ba+sbm1nZhp7i7t39waB4dt2WUCEJbJOKR6HogKWchbSmmOO3GgkLgcdrxxneZ35lQIVkUNtU0pk4Aw5D5jIDSkmua+N6F8lPlJmtNFyquWbKq1hx4ldg5KaEcDdf86g8ikgQ0VISDlD3bipWTglCMcDor9hNJYyBjGNKepiEEVDrp/PIZPtfKAPuR0BUqPFd/b6QQSDkNPD0ZgBrJZS8T//N6ifKvnZSFcaJoSBYP+QnHKsJZDHjABCWKTzUBIpi+FZMRCCBKh1XUIdjLX14l7VrVvqjWHi9L9ds8jgI6RWeojGx0heroATVQCxE0Qc/oFb0ZqfFivBsfi9E1I985QX9gfP4AsR6RwQ==</latexit>

where

Ta =
1

2

a�1X

b=0

SbSb+1 =
a

2
�# sign flips(0, a)

<latexit sha1_base64="rOTTIQgRPh/cvR1oCwbtqieb4fI="></latexit>



2N�1X

a=1

Fa(S)(S
a�1 � Sa+1) = 0

<latexit sha1_base64="biVLFkw3HQV+tihWGQQjNb432NA=">AAACE3icbVDLSgMxFM3UV62vqks3g0VolZaZKuimUBTElVRqH9DHcCfNtKGZB0lGKMP8gxt/xY0LRdy6ceffmD4W2nog5OSce7m5xw4YFdIwvrXE0vLK6lpyPbWxubW9k97dqws/5JjUsM983rRBEEY9UpNUMtIMOAHXZqRhD6/GfuOBcEF9716OAtJxoe9Rh2KQSrLSx20RulYEJTPuRsXbvBlfW5Ct5rLVbgTqlR/fJ2acKxlWOmMUjAn0RWLOSAbNULHSX+2ej0OXeBIzEKJlGoHsRMAlxYzEqXYoSAB4CH3SUtQDl4hONNkp1o+U0tMdn6vjSX2i/u6IwBVi5Nqq0gU5EPPeWPzPa4XSuehE1AtCSTw8HeSETJe+Pg5I71FOsGQjRQBzqv6q4wFwwFLFmFIhmPMrL5J6sWCeFop3Z5ny5SyOJDpAhyiLTHSOyugGVVANYfSIntEretOetBftXfuYlia0Wc8++gPt8wccqJvB</latexit>

the only remaining equation

can be reduced to the set of linear recursion relations

Fa(Ta�1 �
Sa�1

2
)� Fa(Ta�1 +

Sa�1

2
) = Sa�1(Fa�1(Ta�1)� Fa+1(Ta�1))

<latexit sha1_base64="4J4BeQ4lpDwXn4LxiBt2RFEfKuo=">AAACUHicbZFLSwMxFIXv1Hd9VV26CRahpbTMVEE3gigUlxVbFdoy3EnTGpp5kGSEMvQnuunO3+HGhaJpO0K1Xgj5OOdekpx4keBK2/arlVlaXlldW9/Ibm5t7+zm9vbvVRhLypo0FKF89FAxwQPW1FwL9hhJhr4n2IM3uJ74D89MKh4GDT2MWMfHfsB7nKI2kpvr11wsNNwEy86onNzNoB2aEVIdFctzbmnBvUiFAqmlkLZO5hIszQlFN5e3K/a0yCI4KeQhrbqbG7e7IY19FmgqUKmWY0e6k6DUnAo2yrZjxSKkA+yzlsEAfaY6yTSQETk2Spf0QmlWoMlUnZ9I0Fdq6Hum00f9pP56E/E/rxXr3nkn4UEUaxbQ2UG9WBAdkkm6pMslo1oMDSCV3NyV0CeUSLX5g6wJwfn75EW4r1ack0r19jR/eZXGsQ6HcAQFcOAMLuEG6tAECi/wBh/waY2td+srY81af3Y4gF+VyX4DROevxA==</latexit>







 this produces 2N-2 translationally invariant charges

 which asymptotically reduce to pi, q
L
i,i+1, q

R
i,i+1

<latexit sha1_base64="WZmVJBHWFzZljmZEOYl+jIAL44k=">AAACCHicbVDLSsNAFJ34rPUVdenCwSIIlpJUQcFN0Y0LF1XsA9oYJtNJO3QyiTMToYQu3fgrblwo4tZPcOffOE0jaOuBgXPPuZc793gRo1JZ1pcxMzs3v7CYW8ovr6yurZsbm3UZxgKTGg5ZKJoekoRRTmqKKkaakSAo8BhpeP3zkd+4J0LSkN+oQUScAHU59SlGSkuuuRO5tNg+vbu9dBNapAf2MK2ufyrXLFglKwWcJnZGCiBD1TU/250QxwHhCjMkZcu2IuUkSCiKGRnm27EkEcJ91CUtTTkKiHSS9JAh3NNKB/qh0I8rmKq/JxIUSDkIPN0ZINWTk95I/M9rxco/cRLKo1gRjseL/JhBFcJRKrBDBcGKDTRBWFD9V4h7SCCsdHZ5HYI9efI0qZdL9mGpfHVUqJxlceTANtgF+8AGx6ACLkAV1AAGD+AJvIBX49F4Nt6M93HrjJHNbIE/MD6+AVPEmEE=</latexit>

e.g., for N=3 

with 2 left-movers
I1,2 =

1 + s1
2

p1 +
1 + s1,2

2
q1,2 +

1 + s2
2

✓
3

2
+ T3

◆
p2

<latexit sha1_base64="jh69QApPK1PZcISqXpNGBEPZxWE="></latexit>



 this produces 2N-2 translationally invariant charges

 which asymptotically reduce to pi, q
L
i,i+1, q

R
i,i+1

<latexit sha1_base64="WZmVJBHWFzZljmZEOYl+jIAL44k=">AAACCHicbVDLSsNAFJ34rPUVdenCwSIIlpJUQcFN0Y0LF1XsA9oYJtNJO3QyiTMToYQu3fgrblwo4tZPcOffOE0jaOuBgXPPuZc793gRo1JZ1pcxMzs3v7CYW8ovr6yurZsbm3UZxgKTGg5ZKJoekoRRTmqKKkaakSAo8BhpeP3zkd+4J0LSkN+oQUScAHU59SlGSkuuuRO5tNg+vbu9dBNapAf2MK2ufyrXLFglKwWcJnZGCiBD1TU/250QxwHhCjMkZcu2IuUkSCiKGRnm27EkEcJ91CUtTTkKiHSS9JAh3NNKB/qh0I8rmKq/JxIUSDkIPN0ZINWTk95I/M9rxco/cRLKo1gRjseL/JhBFcJRKrBDBcGKDTRBWFD9V4h7SCCsdHZ5HYI9efI0qZdL9mGpfHVUqJxlceTANtgF+8AGx6ACLkAV1AAGD+AJvIBX49F4Nt6M93HrjJHNbIE/MD6+AVPEmEE=</latexit>

e.g., for N=3 

with 2 left-movers
I1,2 =

1 + s1
2

p1 +
1 + s1,2

2
q1,2 +

1 + s2
2

✓
3

2
+ T3

◆
p2

<latexit sha1_base64="jh69QApPK1PZcISqXpNGBEPZxWE="></latexit>

One more charge comes from the boundary   

P̃ =

⇢
QL +QR � PL , at t ! �1
QL +QR � PR , at t ! +1

<latexit sha1_base64="4xo02X22v8bXrrhWL5g67refEcI="></latexit>

This allows to calculate the time delay

which reproduces          -deformed  massless fermionT T̄
<latexit sha1_base64="PCKTkO33XpVI5/sQOEvMAqe+z68=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj04rFCv6ANZbLdtEs3m7i7EUron/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/OCRHBtXPfbWVvf2NzaLuwUd/f2Dw5LR8ctHaeKsiaNRaw6AWomuGRNw41gnUQxjALB2sH4bua3n5jSPJYNM0mYH+FQ8pBTNFbqNHoBqqwx7ZfKbsWdg6wSLydlyFHvl756g5imEZOGCtS667mJ8TNUhlPBpsVeqlmCdIxD1rVUYsS0n83vnZJzqwxIGCtb0pC5+nsiw0jrSRTYzgjNSC97M/E/r5ua8MbPuExSwyRdLApTQUxMZs+TAVeMGjGxBKni9lZCR6iQGhtR0YbgLb+8SlrVindZqT5clWu3eRwFOIUzuAAPrqEG91CHJlAQ8Ayv8OY8Oi/Ou/OxaF1z8pkT+APn8wcVLY//</latexit>

e2i�(s) = eis`
2
s/4



Shadow Poincare Symmetry

H =
NX

i=1

|pi|+
N�1X

i=1

(qi,i+1 + |qi,i+1|)
<latexit sha1_base64="x8pGJAPtFQ3+r6IZ12cc5TEHMYw="></latexit>

P =
nX

i=1

pi
<latexit sha1_base64="V+jC+3CYWBrQttinLxVUklyJNXo=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVJIq6KVQ9OKxgv2ANobNdtMu3WzC7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zMCxLOlHacb2tldW19Y7OwVdze2d3bt0sHLRWnktAmiXksOwFWlDNBm5ppTjuJpDgKOG0Ho+up336gUrFY3OlxQr0IDwQLGcHaSL5datR6Ko38jNXcyb1IfObbZafizICWiZuTMuRo+PZXrx+TNKJCE46V6rpOor0MS80Ip5NiL1U0wWSEB7RrqMARVV42O32CTozSR2EsTQmNZurviQxHSo2jwHRGWA/VojcV//O6qQ4vvYyJJNVUkPmiMOVIx2iaA+ozSYnmY0MwkczcisgQS0y0SatoQnAXX14mrWrFPatUb8/L9as8jgIcwTGcggsXUIcbaEATCDzCM7zCm/VkvVjv1se8dcXKZw7hD6zPH+1vk8k=</latexit>

J =
NX

i=1

qi|pi|+
1

2

N�1X

i=1

(qi + qi+1)(qi,i+1 + |qi,i+1|)
<latexit sha1_base64="Ae9nSamm5MyQ0Tt626nvNsWaxkI="></latexit>

H̃ = quasilinear
<latexit sha1_base64="gwxnuXH8nwHh2PGVe+NRGz3M0fU="></latexit>

P̃ = quasilinear
<latexit sha1_base64="5puBRYqz1Y704bNjAFaFn6VGEyQ="></latexit>

{H,P} = 0 {J, P} = H {J,H} = P
<latexit sha1_base64="SfowFFxu63PuPNTrXNOuoP16cmc=">AAACMXicdVDLS8MwHE59zvmqevQSHIIHGe0UFMZg6KV4quAesJaRZukWlj5IUmGU/kte/E/Eyw6KePWfMOt60E2/EPj4vt8j+byYUSENY6qtrK6tb2yWtsrbO7t7+/rBYVtECcekhSMW8a6HBGE0JC1JJSPdmBMUeIx0vPHtzO88Ei5oFD7ISUzcAA1D6lOMpJL6uuWk0Dq3naxhOPX8pKmTj009lpDsLstNaP3nKidr2E69r1eMqpEDLhOzIBVQwO7rL84gwklAQokZEqJnGrF0U8QlxYxkZScRJEZ4jIakp2iIAiLcNF+ewVOlDKAfcXVDCXP1Z0eKAiEmgacqAyRHYtGbiX95vUT6125KwziRJMTzRX7CoIzgLD44oJxgySaKIMypeivEI8QRlirksgrBXPzyMmnXquZFtXZ/WWneFHGUwDE4AWfABFegCSxggxbA4Am8gjfwrj1rU+1D+5yXrmhFzxH4Be3rGyMVqP0=</latexit>

{H̃, P̃} = 0 {J, P̃} = H̃ {J, H̃} = P̃
<latexit sha1_base64="aF92louBT3MxgLktuRFILGcBtSI="></latexit>

physical Poincare

shadow Poincare

{H, H̃} = {P, P̃} = 4NLNR {P, H̃} = {H, P̃} = 0
<latexit sha1_base64="cCVJ5Z3kiKKDs0GUeHznd7GYdtw="></latexit>



This was a classical analysis. However, the resulting 
classical time delay coincides with that of a one-loop 
exact integrable quantum model (“flat space JT gravity”)

From now on we can proceed in a complete analogy with the derivation presented in
Section 2 of [8]. Namely, on an infinite plane we can fix the conformal gauge where the
non-vanishing components of the vielbein e

a
↵ are (in the light cone coordinates)

e
±
± = e

⌦±�
. (21)

Variation of (18) w.r.t. �a implies that both ⌦ and � are constant, which without a loss of
generality can be set to zero on a plane by an appropriate choice of boundary conditions at
infinity. As a result (20) turns into

@+X
� = �T++

⇤
, (22)

@�X
+ = �T��

⇤
, (23)

@+X
+ = @�X

� =
T+�

⇤
. (24)

where we introduced
X

a = ⇤�1
✏
a
b�

b
. (25)

Dynamical coordinates identified in [8] satisfy exactly the same equations, so that (25) pro-
vides a desired gauge invariant relation between the Lagrange multipliers �a’s and dynamical
clocks and rods (or, equivalently, target space coordinates). In particular, in the Minkowski
vacuum one finds

X
a = �

a
,

which is invariant under the diagonal combination of spacetime translations and of global
shifts (19).

The rest of the S-matrix derivation proceeds verbatim as presented in [8]. Namely, one
treats (22), (23), and (24) as Heisenberg equations which determine operators Xa in terms
of undressed field theory operators. Using these operators in the mode decomposition of
asymptotic states one arrives at the gravitational dressing formula (1) for the S-matrix.
Note that as a consequence of (17) on an infinite plane dynamical coordinates (25) agree
on-shell with those introduced in [8]. The advantage of the present formalism is that it
provides a gauge invariant definition of coordinates, which also makes the corresponding
global translational symmetry manifest. This is all what we need to calculate the partition
function on a torus, which will be our next step.

3 Finite Volume Spectrum

To summarize the results of the previous section, we arrived at the following form for the
action describing the T T̄ deformation,

ST T̄ =
⇤

2

Z
✏
↵�
✏ab (@↵X

a � e
a
↵)

�
@�X

b � e
b
�

�
+ S0( , g↵�) , (26)

7

Strongly suggests that it should be possible to quantize the 
zigzag model preserving integrability and Poincare.  

 

May lead to a construction of  off-shell observables for 
TT-deformed theories (not in a conventional Fock space)



Some Questions

✴“Flat space JT gravity” arises as an integrable UV 
asymptotics on the worldsheet. What is the full (non-
integrable) gravitational theory on the worldsheet? 

✴More generally one expects a map

S =

Z
Tr

�
�✏↵�F↵� + V (�)

�
+matter

<latexit sha1_base64="KRtZ3kMVMW9N7req9pFanfMJetc="></latexit>

“Dilaton gravities”+matter
What are the details of this map?

worldsheet


