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The Sachdev-Ye-Kitaev (SYK) model

Pick a set of random positions



Place electrons randomly on some sites
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Entangle electrons pairwise randomly
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Entangle electrons pairwise randomly

The SYK model



This describes both a strange metal and a black hole!

The SYK model



A. Kitaev, unpublished; S. Sachdev, PRX 5, 041025 (2015)

S. Sachdev and J. Ye, PRL 70, 3339 (1993)

(See also: the “2-Body Random Ensemble” in nuclear physics; did not obtain the large N limit;
T.A. Brody, J. Flores, J.B. French, P.A. Mello, A. Pandey, and S.S.M. Wong, Rev. Mod. Phys. 53, 385 (1981))

The SYK model
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Uij;k` are independent random variables with Uij;k` = 0 and |Uij;k`|2 = U2

N ! 1 yields critical strange metal.



Feynman graph expansion in Uijk`, and graph-by-graph average,
yields exact equations in the large N limit:

G(i!) =
1

i! + µ� ⌃(i!)
, ⌃(⌧) = �U2G2(⌧)G(�⌧)

G(⌧ = 0�) = Q.

Low frequency analysis shows that the solutions must be gapless
and obey

⌃(z) = µ� 1

A

p
z + . . . , G(z) =

Ap
z

where A = e�i⇡/4(⇡/U2)1/4 at half-filling. The ground state is a
non-Fermi liquid, with a continuously variable density Q.
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S. Sachdev and J. Ye, Phys. Rev. Lett. 70, 3339 (1993)
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The SYK model

X

Feynman graph expansion in Uijk`, and graph-by-graph average,
yields exact equations in the large N limit:

G(i!) =
1

i! + µ� ⌃(i!)
, ⌃(⌧) = �U2G2(⌧)G(�⌧)

G(⌧ = 0�) = Q.

Low frequency analysis shows that the solutions must be gapless
and obey

⌃(z) = µ� 1

A

p
z + . . . , G(z) =

Ap
z

where A = e�i⇡/4(⇡/U2)1/4 at half-filling. The ground state is a
non-Fermi liquid, with a continuously variable density Q.
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SYK model:  A solvable realization of quantum 

matter without quasiparticles

• Thermalization and many-body chaos in the

shortest possible ‘Planckian’ time of order ~/(kBT ).
Note that essentially all other solvable models (e.g.
integrable lattice models in one dimension) do not

exhibit many-body chaos.

• The SYK models exhibit eigenstate thermalization

(ETH), and yet many aspects are exactly solvable.

• The SYK models are dual to gravitational theories

in 1 + 1 dimensions which have a black hole hori-

zon. The connection between the SYK models and

black holes with a near-horizon AdS2 geometry was

proposed by SS (2010), and made sharper by Ki-

taev/Maldacena/Stanford (2016). This connection

has been used to examine aspects of the black hole

information problem.
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SYK model:  A solvable realization of quantum 

matter without quasiparticles

• Thermalization and many-body chaos in the

shortest possible ‘Planckian’ time of order ~/(kBT ).
Note that essentially all other solvable models (e.g.
integrable lattice models in one dimension) do not

exhibit many-body chaos.

• The SYK models exhibit eigenstate thermalization

(ETH), and yet many aspects are exactly solvable.

• The SYK models are dual to gravitational theories

in 1 + 1 dimensions which have a black hole hori-

zon. The connection between the SYK models and

black holes with a near-horizon AdS2 geometry was

proposed by SS (2010), and made sharper by Ki-

taev/Maldacena/Stanford (2016). This connection

has been used to examine aspects of the black hole

information problem.
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Prominent systems like the high-Tc cuprates and heavy fermions display intriguing features going beyond
the quasiparticle description. The Sachdev-Ye-Kitaev(SYK) model describes a 0 + 1D quantum cluster with
random all-to-all four-fermion interactions among N Fermion modes which becomes exactly solvable as N !

1, exhibiting a zero-dimensional non-Fermi liquid with emergent conformal symmetry and complete absence
of quasi-particles. Here we study a lattice of complex-fermion SYK dots with random inter-site quadratic

hopping. Combining the imaginary time path integral with real time path integral formulation, we obtain a
heavy Fermi liquid to incoherent metal crossover in full detail, including thermodynamics, low temperature
Landau quasiparticle interactions, and both electrical and thermal conductivity at all scales. We find linear in
temperature resistivity in the incoherent regime, and a Lorentz ratio L ⌘

⇢
T

varies between two universal values
as a function of temperature. Our work exemplifies an analytically controlled study of a strongly correlated
metal.

Introduction - Strongly correlated metals comprise an en-
during puzzle at the heart of condensed matter physics. Com-
monly a highly renormalized heavy Fermi liquid occurs be-
low a small coherence scale, while at higher temperatures a
broad incoherent regime pertains in which quasi-particle de-
scription fails[1–9]. Despite the ubiquity of this phenomenol-
ogy, strong correlations and quantum fluctuations make it
challenging to study. The exactly soluble SYK models pro-
vide a powerful framework to study such physics. The most-
studied SYK4 model, a 0 + 1D quantum cluster of N Ma-
jorana fermion modes with random all-to-all four-fermion
interactions[10–18] has been generalized to SYKq models
with q-fermion interactions. Subsequent works[19, 20] ex-
tended the SYK model to higher spatial dimensions by cou-
pling a lattice of SYK4 quantum clusters by additional four-
fermion “pair hopping” interactions. They obtained electrical
and thermal conductivities completely governed by di↵usive
modes and nearly temperature-independent behavior owing to
the identical scaling of the inter-dot and intra-dot couplings.

Here, we take one step closer to realism by considering a
lattice of complex-fermion SYK clusters with SYK4 intra-
cluster interaction of strength U0 and random inter-cluster
“SYK2” two-fermion hopping of strength t0[21–26]. Un-
like the previous higher dimensional SYK models where lo-
cal quantum criticality governs the entire low temperature
physics, here as we vary the temperature, two distinctive
metallic behaviors appear, resembling the previously men-
tioned heavy fermion systems. We assume t0 ⌧ U0, which
implies strong interactions, and focus on the correlated regime
T ⌧ U0. We show the system has a coherence temperature

scale Ec ⌘ t
2
0/U0[21, 27, 28] between a heavy Fermi liquid

and an incoherent metal. For T < Ec, the SYK2 induces a
Fermi liquid, which is however highly renormalized by the
strong interactions. For T > Ec, the system enters the incoher-
ent metal regime and the resistivity ⇢ depends linearly on tem-
perature. These results are strikingly similar to those of Par-
collet and Georges[29], who studied a variant SYK model ob-
tained in a double limit of infinite dimension and large N. Our
model is simpler, and does not require infinite dimensions. We
also obtain further results on the thermal conductivity , en-
tropy density and Lorentz ratio[30, 31] in this crossover. This
work bridges traditional Fermi liquid theory and the hydrody-
namical description of an incoherent metallic system.

SYK model and Imaginary-time formulation - We consider
a d-dimensional array of quantum dots, each with N species
of fermions labeled by i, j, k · · · ,

H =
X

x

X

i< j,k<l

Ui jkl,xc
†

ix
c
†

jx
c

kx
c

lx
+
X

hxx0i

X

i, j

ti j,xx0c
†

i,xc
j,x0 (1)

where Ui jkl,x = U
⇤

kli j,x and ti j,xx0 = t
⇤

ji,x0x are random zero mean
complex variables drawn from Gaussian distribution whose
variances |Ui jkl,x|

2 = 2U
2
0/N

3 and |ti j,x,x0 |
2 = t

2
0/N.

In the imaginary time formalism, one studies the partition
function Z = Tr e

��(H�µN), with N =
P

i,x c
†

i,xc
i,x, written as

a path integral over Grassman fields cix⌧, c̄ix⌧. Owing to the
self-averaging established for the SYK model at large N, it is
su�cient to study Z̄ =

R
[dc̄][dc]e�S c , with (repeated species

indices are summed over)

S c =
X

x

Z �

0
d⌧ c̄ix⌧(@⌧ � µ)cix⌧ �

Z �

0
d⌧1d⌧2

hX

x

U
2
0

4N3 c̄ix⌧1 c̄ jx⌧1 ckx⌧1 clx⌧1 c̄lx⌧2 c̄kx⌧2 c jx⌧2 cix⌧2 +
X

hxx0i

t
2
0

N
c̄ix⌧1 c jx0⌧1 c̄ jx0⌧2 cix⌧2

i
. (2)

The basic features can be determined by a simple power- counting. Considering for simplicity µ = 0, starting from
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Strongly correlated metals comprise an enduring puzzle at the heart of condensed matter physics.
Commonly a highly renormalized heavy Fermi liquid occurs below a small coherence scale, while at
higher temperatures a broad incoherent regime pertains in which quasi-particle description fails. Despite
the ubiquity of this phenomenology, strong correlations and quantum fluctuations make it challenging to
study. The Sachdev-Ye-Kitaev(SYK) model describes a 0 + 1D quantum cluster with random all-to-all
four-fermion interactions among N Fermion modes which becomes exactly solvable as N ! 1, exhibiting
a zero-dimensional non-Fermi liquid with emergent conformal symmetry and complete absence of quasi-
particles. Here we study a lattice of complex-fermion SYK dots with random inter-site quadratic hopping.
Combining the imaginary time path integral with real time path integral formulation, we obtain a heavy
Fermi liquid to incoherent metal crossover in full detail, including thermodynamics, low temperature
Landau quasiparticle interactions, and both electrical and thermal conductivity at all scales. We find
linear in temperature resistivity in the incoherent regime, and a Lorentz ratio L ⌘

⇢
T

varies between two
universal values as a function of temperature. Our work exemplifies an analytically controlled study of a
strongly correlated metal.

Prominent systems like the high-Tc cuprates and heavy
fermions display intriguing features going beyond the quasi-
particle description[1–9]. The exactly soluble SYK models
provide a powerful framework to study such physics. The
most-studied SYK4 model, a 0 + 1D quantum cluster of N

Majorana fermion modes with random all-to-all four-fermion
interactions[10–18] has been generalized to SYKq models
with q-fermion interactions. Subsequent works[19, 20] ex-
tended the SYK model to higher spatial dimensions by cou-
pling a lattice of SYK4 quantum clusters by additional four-
fermion “pair hopping” interactions. They obtained electrical
and thermal conductivities completely governed by di↵usive
modes and nearly temperature-independent behavior owing to
the identical scaling of the inter-dot and intra-dot couplings.

Here, we take one step closer to realism by considering a
lattice of complex-fermion SYK clusters with SYK4 intra-
cluster interaction of strength U0 and random inter-cluster
“SYK2” two-fermion hopping of strength t0[21–25]. Un-
like the previous higher dimensional SYK models where lo-
cal quantum criticality governs the entire low temperature
physics, here as we vary the temperature, two distinctive
metallic behaviors appear, resembling the previously men-
tioned heavy fermion systems. We assume t0 ⌧ U0, which
implies strong interactions, and focus on the correlated regime
T ⌧ U0. We show the system has a coherence temperature
scale Ec ⌘ t

2
0/U0[21, 26, 27] between a heavy Fermi liquid

and an incoherent metal. For T < Ec, the SYK2 induces a

Fermi liquid, which is however highly renormalized by the
strong interactions. For T > Ec, the system enters the incoher-
ent metal regime and the resistivity ⇢ depends linearly on tem-
perature. These results are strikingly similar to those of Par-
collet and Georges[28], who studied a variant SYK model ob-
tained in a double limit of infinite dimension and large N. Our
model is simpler, and does not require infinite dimensions. We
also obtain further results on the thermal conductivity , en-
tropy density and Lorentz ratio[29, 30] in this crossover. This
work bridges traditional Fermi liquid theory and the hydrody-
namical description of an incoherent metallic system.

SYK model and Imaginary-time formulation - We consider
a d-dimensional array of quantum dots, each with N species
of fermions labeled by i, j, k · · · ,

H =
X

x

X

i< j,k<l

Ui jkl,xc
†

ix
c
†

jx
c

kx
c

lx
+
X

hxx0i

X

i, j

ti j,xx0c
†

i,xc
j,x0 (1)

where Ui jkl,x = U
⇤

kli j,x and ti j,xx0 = t
⇤

ji,x0x are random zero mean
complex variables drawn from Gaussian distribution whose
variances |Ui jkl,x|

2 = 2U
2
0/N

3 and |ti j,x,x0 |
2 = t

2
0/N.

In the imaginary time formalism, one studies the partition
function Z = Tr e

��(H�µN), with N =
P

i,x c
†

i,xc
i,x, written as

a path integral over Grassman fields cix⌧, c̄ix⌧. Owing to the
self-averaging established for the SYK model at large N, it is
su�cient to study Z̄ =

R
[dc̄][dc]e�S c , with (repeated species

indices are summed over)

S c =
X

x

Z �

0
d⌧ c̄ix⌧(@⌧ � µ)cix⌧ �

Z �

0
d⌧1d⌧2

hX

x

U
2
0

4N3 c̄ix⌧1 c̄ jx⌧1 ckx⌧1 clx⌧1 c̄lx⌧2 c̄kx⌧2 c jx⌧2 cix⌧2 +
X

hxx0i

t
2
0

N
c̄ix⌧1 c jx0⌧1 c̄ jx0⌧2 cix⌧2

i
. (2)

The basic features can be determined by a simple power- counting. Considering for simplicity µ = 0, starting from
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Prominent systems like the high-Tc cuprates and heavy fermions display intriguing features going beyond
the quasiparticle description. The Sachdev-Ye-Kitaev(SYK) model describes a 0 + 1D quantum cluster with
random all-to-all four-fermion interactions among N Fermion modes which becomes exactly solvable as N !

1, exhibiting a zero-dimensional non-Fermi liquid with emergent conformal symmetry and complete absence
of quasi-particles. Here we study a lattice of complex-fermion SYK dots with random inter-site quadratic

hopping. Combining the imaginary time path integral with real time path integral formulation, we obtain a
heavy Fermi liquid to incoherent metal crossover in full detail, including thermodynamics, low temperature
Landau quasiparticle interactions, and both electrical and thermal conductivity at all scales. We find linear in
temperature resistivity in the incoherent regime, and a Lorentz ratio L ⌘

⇢
T

varies between two universal values
as a function of temperature. Our work exemplifies an analytically controlled study of a strongly correlated
metal.

Introduction - Strongly correlated metals comprise an en-
during puzzle at the heart of condensed matter physics. Com-
monly a highly renormalized heavy Fermi liquid occurs be-
low a small coherence scale, while at higher temperatures a
broad incoherent regime pertains in which quasi-particle de-
scription fails[1–9]. Despite the ubiquity of this phenomenol-
ogy, strong correlations and quantum fluctuations make it
challenging to study. The exactly soluble SYK models pro-
vide a powerful framework to study such physics. The most-
studied SYK4 model, a 0 + 1D quantum cluster of N Ma-
jorana fermion modes with random all-to-all four-fermion
interactions[10–18] has been generalized to SYKq models
with q-fermion interactions. Subsequent works[19, 20] ex-
tended the SYK model to higher spatial dimensions by cou-
pling a lattice of SYK4 quantum clusters by additional four-
fermion “pair hopping” interactions. They obtained electrical
and thermal conductivities completely governed by di↵usive
modes and nearly temperature-independent behavior owing to
the identical scaling of the inter-dot and intra-dot couplings.

Here, we take one step closer to realism by considering a
lattice of complex-fermion SYK clusters with SYK4 intra-
cluster interaction of strength U0 and random inter-cluster
“SYK2” two-fermion hopping of strength t0[21–26]. Un-
like the previous higher dimensional SYK models where lo-
cal quantum criticality governs the entire low temperature
physics, here as we vary the temperature, two distinctive
metallic behaviors appear, resembling the previously men-
tioned heavy fermion systems. We assume t0 ⌧ U0, which
implies strong interactions, and focus on the correlated regime
T ⌧ U0. We show the system has a coherence temperature

scale Ec ⌘ t
2
0/U0[21, 27, 28] between a heavy Fermi liquid

and an incoherent metal. For T < Ec, the SYK2 induces a
Fermi liquid, which is however highly renormalized by the
strong interactions. For T > Ec, the system enters the incoher-
ent metal regime and the resistivity ⇢ depends linearly on tem-
perature. These results are strikingly similar to those of Par-
collet and Georges[29], who studied a variant SYK model ob-
tained in a double limit of infinite dimension and large N. Our
model is simpler, and does not require infinite dimensions. We
also obtain further results on the thermal conductivity , en-
tropy density and Lorentz ratio[30, 31] in this crossover. This
work bridges traditional Fermi liquid theory and the hydrody-
namical description of an incoherent metallic system.

SYK model and Imaginary-time formulation - We consider
a d-dimensional array of quantum dots, each with N species
of fermions labeled by i, j, k · · · ,

H =
X

x

X

i< j,k<l

Ui jkl,xc
†

ix
c
†

jx
c

kx
c

lx
+
X

hxx0i

X

i, j

ti j,xx0c
†

i,xc
j,x0 (1)

where Ui jkl,x = U
⇤

kli j,x and ti j,xx0 = t
⇤

ji,x0x are random zero mean
complex variables drawn from Gaussian distribution whose
variances |Ui jkl,x|

2 = 2U
2
0/N

3 and |ti j,x,x0 |
2 = t

2
0/N.

In the imaginary time formalism, one studies the partition
function Z = Tr e

��(H�µN), with N =
P

i,x c
†

i,xc
i,x, written as

a path integral over Grassman fields cix⌧, c̄ix⌧. Owing to the
self-averaging established for the SYK model at large N, it is
su�cient to study Z̄ =

R
[dc̄][dc]e�S c , with (repeated species

indices are summed over)

S c =
X

x

Z �

0
d⌧ c̄ix⌧(@⌧ � µ)cix⌧ �

Z �

0
d⌧1d⌧2

hX

x

U
2
0

4N3 c̄ix⌧1 c̄ jx⌧1 ckx⌧1 clx⌧1 c̄lx⌧2 c̄kx⌧2 c jx⌧2 cix⌧2 +
X

hxx0i

t
2
0

N
c̄ix⌧1 c jx0⌧1 c̄ jx0⌧2 cix⌧2

i
. (2)

The basic features can be determined by a simple power- counting. Considering for simplicity µ = 0, starting from
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The density-density correlator is expressed as

DRn(x,t; x
0,t0) ⌘ i✓(t � t

0)h[N(x,t),N(x
0,t0)]i

=
i

2
hNc(x,t)Nq(x

0,t0)i, (10)

where Ns ⌘
N�S '
�'̇s

, Nc/q = N+ ± N�(keeping momentum-
independent components- See Sec.B). Adding a contact term
to ensure that limp!0 DRn(p,! , 0) = 0[31], the action (9)
yields the di↵usive form [32]

DRn(p,!) =
�iNK!

i! � D'p2 + NK =
�NKD'p

2

i! � D'p2 . (11)

From this we identify NK and D' as the compressibility and
charge di↵usion constant, respectively. The electric conduc-
tivity is given by Einstein relation � ⌘ 1/⇢ = NKD', or,
restoring all units,� = NKD'

e
2

~ a
2�d(a is lattice spacing).

Note the proportionality to N: in the standard non-linear
sigma model formulation, the dimensionless conductance is
large, suppressing localization e↵ects. This occurs because
both U and t interactions scatter between all orbitals, destroy-
ing interference from closed loops.

The analysis of energy transport proceeds similarly. Since
energy is the generator of time translations, one considers the
time-reparametrization (TRP) modes induced by ts ! ts+✏s(t)
and defines ✏c/q = 1

2 (✏+ ± ✏�). The e↵ective action for TRP
modes to the lowest-order in p,! reads (Sec. B)

iS ✏ =
X

p

Z +1

�1

d! ✏c,!(2i�!2
T

2
� p

2⇤3(!))✏q,�! + · · · , (12)

where the ellipses has the same meaning as in (9). At low
frequency, the correlation function integral, given in Sec. B,
behaves as ⇤3(!) ⇡ 2�D✏T 2!, which defines the energy dif-
fusion constant D✏ . This identification is seen from the corre-
lator for energy density modes "c/q ⌘

iN�S ✏
�✏̇c/q

,

DR"(p,!) =
i

2
h"c"qip,! =

�NT
2�D✏ p2

i! � D✏ p
2 , (13)

where we add a contact term to ensure conservation of energy
at p = 0. The thermal conductivity reads  = NT�D✏ (kB = 1)
–like �, is O(N).

Scaling collapse, Kadowaki-Woods and Lorentz ra-

tios – Electric/thermal conductivities are obtained from
lim!!0 ⇤2/3(!)/!, expressed as integrals of real-time corre-
lation functions, and can be evaluated numerically for any
T, t0,U0. Introducing generalized resistivities, ⇢' = ⇢, ⇢" =
T/, we find remarkably that for t0,T ⌧ U0, they collapse to
universal functions of one variable,

⇢⇣(t0,T ⌧ U0) =
1
N

R⇣( T

Ec

) ⇣ 2 {', "}, (14)

where R'(T ), R"(T ) are dimensionless universal functions.
This scaling collapse is verified by direct numerical calcula-
tions shown in Fig. 3a. From the scaling form (B2), we see the
low temperature resistivity obeys the usual Fermi liquid form

⇢⇣(T ⌧ Ec) ⇡ ⇢⇣(0) + A⇣T
2, (15)
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FIG. 3. (a): For t0,T ⌧ U0, ⇢'/" “collapse” to R'/"( T
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)/N. (b): The

Lorentz ratio ⇢
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reaches two constants ⇡2
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8 , in the two regimes.
The solid curves are guides to the eyes.
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is
large due to small coherence scale in denominator, charac-
teristic of a strongly correlated Fermi liquid. Famously, the
Kadowaki-Woods ratio, A'/(N�)2, is approximately system-
independent for a wide range of correlated materials[33, 34].
We find here A'

(N�)2 =
R
00
' (0)

2[S0(0)]2N3 is independent of t0 and U0!
Turning now to the incoherent metal regime, in limit of

large arguments, T � 1, the generalized resistivities vary lin-
early with temperature: R⇣(T ) ⇠ c⇣ T . We analytically obtain
c' =

2
p
⇡

and c" =
16
⇡5/2 (Supplementary Information), implying

that the Lorenz number, characterizing the Wiedemann-Franz
law, takes the unusual value L = 

�T
!
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8 for Ec ⌧ T ⌧ U0.
More generally, the scaling form (B2) implies that L is a uni-
versal function of T/Ec, verified numerically as shown in
Fig. 3b. The Lorenz number increases with lower tempera-
ture, saturating at T ⌧ Ec to the Fermi liquid value ⇡2/3.

Conclusion – We have shown that the SYK model pro-
vides a soluble source of strong local interactions which,
when coupled into a higher-dimensional lattice by ordinary
but random electron hopping, reproduces a remarkable num-
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More generally, the scaling form (B2) implies that L is a uni-
versal function of T/Ec, verified numerically as shown in
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ture, saturating at T ⌧ Ec to the Fermi liquid value ⇡2/3.

Conclusion – We have shown that the SYK model pro-
vides a soluble source of strong local interactions which,
when coupled into a higher-dimensional lattice by ordinary
but random electron hopping, reproduces a remarkable num-

Low ‘coherence’ scale

Ec ⇠
t20
U

For T < Ec, the
resistivity, ⇢, and

entropy density, s, are

⇢ =
h

e2

"
c1 + c2

✓
T

Ec

◆2
#

s ⇠ s0

✓
T

Ec

◆

Xue-Yang Song, Chao-Ming Jian, and L. Balents, PRL 119, 216601 (2017)



4

The density-density correlator is expressed as

DRn(x,t; x
0,t0) ⌘ i✓(t � t

0)h[N(x,t),N(x
0,t0)]i

=
i

2
hNc(x,t)Nq(x

0,t0)i, (10)

where Ns ⌘
N�S '
�'̇s

, Nc/q = N+ ± N�(keeping momentum-
independent components- See Sec.B). Adding a contact term
to ensure that limp!0 DRn(p,! , 0) = 0[31], the action (9)
yields the di↵usive form [32]

DRn(p,!) =
�iNK!

i! � D'p2 + NK =
�NKD'p

2

i! � D'p2 . (11)

From this we identify NK and D' as the compressibility and
charge di↵usion constant, respectively. The electric conduc-
tivity is given by Einstein relation � ⌘ 1/⇢ = NKD', or,
restoring all units,� = NKD'

e
2

~ a
2�d(a is lattice spacing).

Note the proportionality to N: in the standard non-linear
sigma model formulation, the dimensionless conductance is
large, suppressing localization e↵ects. This occurs because
both U and t interactions scatter between all orbitals, destroy-
ing interference from closed loops.

The analysis of energy transport proceeds similarly. Since
energy is the generator of time translations, one considers the
time-reparametrization (TRP) modes induced by ts ! ts+✏s(t)
and defines ✏c/q = 1

2 (✏+ ± ✏�). The e↵ective action for TRP
modes to the lowest-order in p,! reads (Sec. B)

iS ✏ =
X

p

Z +1

�1

d! ✏c,!(2i�!2
T

2
� p

2⇤3(!))✏q,�! + · · · , (12)

where the ellipses has the same meaning as in (9). At low
frequency, the correlation function integral, given in Sec. B,
behaves as ⇤3(!) ⇡ 2�D✏T 2!, which defines the energy dif-
fusion constant D✏ . This identification is seen from the corre-
lator for energy density modes "c/q ⌘

iN�S ✏
�✏̇c/q

,

DR"(p,!) =
i

2
h"c"qip,! =

�NT
2�D✏ p2

i! � D✏ p
2 , (13)

where we add a contact term to ensure conservation of energy
at p = 0. The thermal conductivity reads  = NT�D✏ (kB = 1)
–like �, is O(N).

Scaling collapse, Kadowaki-Woods and Lorentz ra-

tios – Electric/thermal conductivities are obtained from
lim!!0 ⇤2/3(!)/!, expressed as integrals of real-time corre-
lation functions, and can be evaluated numerically for any
T, t0,U0. Introducing generalized resistivities, ⇢' = ⇢, ⇢" =
T/, we find remarkably that for t0,T ⌧ U0, they collapse to
universal functions of one variable,

⇢⇣(t0,T ⌧ U0) =
1
N

R⇣( T

Ec

) ⇣ 2 {', "}, (14)

where R'(T ), R"(T ) are dimensionless universal functions.
This scaling collapse is verified by direct numerical calcula-
tions shown in Fig. 3a. From the scaling form (B2), we see the
low temperature resistivity obeys the usual Fermi liquid form

⇢⇣(T ⌧ Ec) ⇡ ⇢⇣(0) + A⇣T
2, (15)

(a)

(b)

FIG. 3. (a): For t0,T ⌧ U0, ⇢'/" “collapse” to R'/"( T

Ec
)/N. (b): The

Lorentz ratio ⇢
T

reaches two constants ⇡2

3 ,
⇡2

8 , in the two regimes.
The solid curves are guides to the eyes.

where the temperature coe�cient of resistivity A⇣ =
R
00

⇣ (0)
2NE

2
c

is
large due to small coherence scale in denominator, charac-
teristic of a strongly correlated Fermi liquid. Famously, the
Kadowaki-Woods ratio, A'/(N�)2, is approximately system-
independent for a wide range of correlated materials[33, 34].
We find here A'

(N�)2 =
R
00
' (0)

2[S0(0)]2N3 is independent of t0 and U0!
Turning now to the incoherent metal regime, in limit of

large arguments, T � 1, the generalized resistivities vary lin-
early with temperature: R⇣(T ) ⇠ c⇣ T . We analytically obtain
c' =

2
p
⇡

and c" =
16
⇡5/2 (Supplementary Information), implying

that the Lorenz number, characterizing the Wiedemann-Franz
law, takes the unusual value L = 

�T
!
⇡2

8 for Ec ⌧ T ⌧ U0.
More generally, the scaling form (B2) implies that L is a uni-
versal function of T/Ec, verified numerically as shown in
Fig. 3b. The Lorenz number increases with lower tempera-
ture, saturating at T ⌧ Ec to the Fermi liquid value ⇡2/3.

Conclusion – We have shown that the SYK model pro-
vides a soluble source of strong local interactions which,
when coupled into a higher-dimensional lattice by ordinary
but random electron hopping, reproduces a remarkable num-

Xue-Yang Song, Chao-Ming Jian, and L. Balents, PRL 119, 216601 (2017)

For Ec < T < U , the
resistivity, ⇢, and

entropy density, s, are

⇢ ⇠ h

e2

✓
T

Ec

◆
, s = s0

Low ‘coherence’ scale

Ec ⇠
t20
U



1. The SYK Model

2. Gauge theories for the pseudogap and 
optimum-doping criticality in the 
cuprates

  
3. Z2 Fractionalization in a SYK t-J model 

4. SYK U(1) gauge theory



SDW LRO
Reconstructed Fermi surface

SDW SRO
Large Fermi surface.

Increasing SDW order

U/t

Antiferromagnetism in the  Hubbard Model
H = �

X

i<j

tijc
†
i↵cj↵ + U

X

i

✓
ni" �

1

2

◆✓
ni# �

1

2

◆
� µ

X

i

c
†
i↵ci↵

tij ! “hopping”. U ! local repulsion, µ ! chemical potential

Mean-field theory with a spin density wave (SDW)

order parameter ~�i = (�1)ix+iy
D
c
†
i↵~�↵�ci�

E
/2

<latexit sha1_base64="4baykf+aGtlGymBq0qnkwChXMWM="></latexit><latexit sha1_base64="4baykf+aGtlGymBq0qnkwChXMWM="></latexit><latexit sha1_base64="4baykf+aGtlGymBq0qnkwChXMWM="></latexit><latexit sha1_base64="4baykf+aGtlGymBq0qnkwChXMWM="></latexit>

Symmetry

breaking

phase 


transition
h~�i = 0

<latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit>

h~�i 6= 0
<latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit><latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit><latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit><latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit>



SDW LRO
Reconstructed Fermi surface

SDW SRO
Large Fermi surface.

Increasing SDW order

U/t

Antiferromagnetism in the  Hubbard Model
H = �

X

i<j

tijc
†
i↵cj↵ + U

X

i

✓
ni" �

1

2

◆✓
ni# �

1

2

◆
� µ

X

i

c
†
i↵ci↵

tij ! “hopping”. U ! local repulsion, µ ! chemical potential

Mean-field theory with a spin density wave (SDW)

order parameter ~�i = (�1)ix+iy
D
c
†
i↵~�↵�ci�

E
/2

<latexit sha1_base64="4baykf+aGtlGymBq0qnkwChXMWM="></latexit><latexit sha1_base64="4baykf+aGtlGymBq0qnkwChXMWM="></latexit><latexit sha1_base64="4baykf+aGtlGymBq0qnkwChXMWM="></latexit><latexit sha1_base64="4baykf+aGtlGymBq0qnkwChXMWM="></latexit>
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h~�i = 0

<latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit>

h~�i 6= 0
<latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit><latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit><latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit><latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit>

Both states have Luttinger volume Fermi surfaces
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Z2 or U(1) topological order.

Reconstructed 
(non-Luttinger-volume) Fermi surface.
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h~�i = 0
<latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit>

h~�i = 0
<latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit><latexit sha1_base64="cwmaWXVDli/9HiEe4deaP/XsRMQ=">AAACBnicdZDNSgMxFIUz9a/Wv6pLQYJFcFVmbLV1IRTduKxgbaEzlEx624ZmMkOSKZShOze+ihsXKm59Bne+jWk7gooeCBy+ey839/gRZ0rb9oeVWVhcWl7JrubW1jc2t/LbO7cqjCWFBg15KFs+UcCZgIZmmkMrkkACn0PTH15O680RSMVCcaPHEXgB6QvWY5Rogzr5fZcT0eeA3RHQxK0P2AS7co7Osd3JF+yifeJUyw42ZiZjTiulklPCTkoKKFW9k393uyGNAxCacqJU27Ej7SVEakY5THJurCAidEj60DZWkACUl8zumOBDQ7q4F0rzhMYz+n0iIYFS48A3nQHRA/W7NoV/1dqx7lW9hIko1iDofFEv5liHeBoK7jIJVPOxMYRKZv6K6YBIQrWJLmdC+LoU/28ax8WzonNdLtQu0jSyaA8doCPkoAqqoStURw1E0R16QE/o2bq3Hq0X63XemrHSmV30Q9bbJzuVmHU=</latexit>

h~�i 6= 0
<latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit><latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit><latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit><latexit sha1_base64="/FBGkyQOV5uNeT6BNPrTT569Cp4=">AAACCXicdZDNTgIxFIU7+If4N+rSTZWYuCIzgoI7ohuXmIiQMIR0ygUaOp2x7ZCQCWs3voobF2rc+gbufBsLjIkaPUmTk+/em9t7/IgzpR3nw8osLC4tr2RXc2vrG5tb9vbOjQpjSaFOQx7Kpk8UcCagrpnm0IwkkMDn0PCHF9N6YwRSsVBc63EE7YD0BesxSrRBHXvf40T0OWBvBDTxagM2wZ5MkYBb7HTsvFNwTtxKycXGzGTMablYdIvYTUkepap17HevG9I4AKEpJ0q1XCfS7YRIzSiHSc6LFUSEDkkfWsYKEoBqJ7NTJvjQkC7uhdI8ofGMfp9ISKDUOPBNZ0D0QP2uTeFftVase5V2wkQUaxB0vqgXc6xDPM0Fd5kEqvnYGEIlM3/FdEAkodqklzMhfF2K/zf148JZwb0q5avnaRpZtIcO0BFyURlV0SWqoTqi6A49oCf0bN1bj9aL9TpvzVjpzC76IevtE+dqmfY=</latexit>
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Anti-nodal spectra compared to cluster DMFT

T = t/30 , U = 7t , p = 0.05

t0 takes di↵erent negative values

Electron Green’s function in Higgs phase of SU(2) gauge theory

M. S. Scheurer, S. Chatterjee, Wei Wu, M. Ferrero, A. Georges, and S. Sachdev, 
PNAS 115, E3665 (2018) and PRX to appear
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3. Z2 Fractionalization in a SYK t-J model 
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Orthogonal metals

R. Nandkishore, M. Metlitski, and T. Senthil, Phys. Rev. B 86, 045128 (2012)

Fractionalize the electron ci↵, ↵ =", # into an “orthogonal
fermion” fi↵ and an Ising spin �z

i = ±1:

ci↵ = �z
i fi↵

This introduces a Z2 gauge invariance

�z
i ! ⌘i�

z
i , fi↵ ! ⌘ifi↵

The orthogonal fermion, f↵, carries both the spin and
charge of the electron.
The Ising matter field, �z, is ‘dark matter’ carrying only
energy, and a Z2 gauge charge.
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Orthogonal metals

Fractionalize the electron cip↵, on sites i = 1 . . . N , with
spin ↵ = 1 . . .M and orbital index p = 1 . . .M 0 into an
“orthogonal fermion” fi↵ and a real scalar �ip:

cip↵ = �ip fi↵

This introduces a Z2 gauge invariance

�ip ! ⌘i�ip , fi↵ ! ⌘ifi↵

The orthogonal fermion fi↵ carries both the spin and charge
of the electron.
The scalar field, �ip, is ‘dark matter’ carrying only energy,
and a Z2 gauge charge.
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We examine the t-J model:

L =
1

2g

X

i,p

(@⌧�ip)
2 +

X

i,↵

f†
i↵

✓
@

@⌧
� µ

◆
fi↵

+
1p
NM

X

i,j,p,↵

tij�ip�jpf
†
i↵fj↵ +

1p
NM

X

i>j,↵�

Jijf
†
i↵fi�f

†
j�fj↵ ,

with the scalar field obeying the fixed length constraint

M 0X

p=1

�2
ip = M 0 .

With tij and Jij independent random numbers with zero mean, L is solvable
in the limit of large number of sites, N , followed by the limit of large M
and M 0 at fixed

k ⌘ M 0

M
.
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A solvable model
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<latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit>

j
<latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit> J

<latexit sha1_base64="q7dJw/gxgqZjRxG+mg3QpodnzwE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL+KpBWMLbSib7bRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jem3GCQUQHkvc5o8ZKjbtuueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDDxWMog==</latexit><latexit sha1_base64="q7dJw/gxgqZjRxG+mg3QpodnzwE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL+KpBWMLbSib7bRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jem3GCQUQHkvc5o8ZKjbtuueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDDxWMog==</latexit><latexit sha1_base64="q7dJw/gxgqZjRxG+mg3QpodnzwE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL+KpBWMLbSib7bRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jem3GCQUQHkvc5o8ZKjbtuueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDDxWMog==</latexit><latexit sha1_base64="q7dJw/gxgqZjRxG+mg3QpodnzwE=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FL+KpBWMLbSib7bRdu9mE3Y1QQn+BFw8qXv1L3vw3btsctPXBwOO9GWbmhYng2rjut1NYWV1b3yhulra2d3b3yvsHDzpOFUOfxSJWrZBqFFyib7gR2EoU0igU2AxHN1O/+YRK81jem3GCQUQHkvc5o8ZKjbtuueJW3RnIMvFyUoEc9W75q9OLWRqhNExQrduem5ggo8pwJnBS6qQaE8pGdIBtSyWNUAfZ7NAJObFKj/RjZUsaMlN/T2Q00nochbYzomaoF72p+J/XTk3/Msi4TFKDks0X9VNBTEymX5MeV8iMGFtCmeL2VsKGVFFmbDYlG4K3+PIy8c+qV1WvcV6pXedpFOEIjuEUPLiAGtxCHXxggPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDDxWMog==</latexit>

i
<latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit>

j
<latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit>

↵
<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit>

i
<latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit>

j
<latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit>

i
<latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit>

j
<latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit>t

<latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit>

t
<latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit>

t
<latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit>

t
<latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit><latexit sha1_base64="WRtzdczY0I9zHAA5quvT1mwIhVs=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx6rGFtoS9lsN+3SzSbsToQS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4LxTe63nrg2IlYPOEl4L6JDJULBKFrpHiv9as2tuzOQZeIVpAYFmv3qV3cQszTiCpmkxnQ8N8FeRjUKJvm00k0NTygb0yHvWKpoxE0vm106JSdWGZAw1rYUkpn6eyKjkTGTKLCdEcWRWfRy8T+vk2J42cuESlLkis0XhakkGJP8bTIQmjOUE0so08LeStiIasrQhpOH4C2+vEz8s/pV3bs7rzWuizTKcATHcAoeXEADbqEJPjAI4Rle4c0ZOy/Ou/Mxby05xcwh/IHz+QODCIzg</latexit>

i
<latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit>

j
<latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit> i

<latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit><latexit sha1_base64="T1JF7X7Iyx6uKzuJ0r2L+T/GypQ=">AAAB53icbVBNS8NAEJ34WetX1aOXxSJ4KokI6q3oxWMLxhbaUDbbSbt2swm7G6GE/gIvHlS8+pe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBw+6CRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxzdTv3WEyrNE3lvxikGMR1IHnFGjZWavFepujV3BrJMvIJUoUCjV/nq9hOWxSgNE1TrjuemJsipMpwJnJS7mcaUshEdYMdSSWPUQT47dEJOrdInUaJsSUNm6u+JnMZaj+PQdsbUDPWiNxX/8zqZia6CnMs0MyjZfFGUCWISMv2a9LlCZsTYEsoUt7cSNqSKMmOzKdsQvMWXl4l/Xruuec2Lav2mSKMEx3ACZ+DBJdThDhrgAwOEZ3iFN+fReXHenY9564pTzBzBHzifPz3yjME=</latexit>

j
<latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit><latexit sha1_base64="k0q4OgbfmI/XgOPC2ul0dIP8JDw=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx5bMLbQhrLZTtptN5uwuxFK6S/w4kHFq3/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fDoUSeZYuizRCSqFVKNgkv0DTcCW6lCGocCm+HobuY3n1BpnsgHM04xiGlf8ogzaqzUGHbLFbfqzkFWiZeTCuSod8tfnV7CshilYYJq3fbc1AQTqgxnAqelTqYxpWxE+9i2VNIYdTCZHzolZ1bpkShRtqQhc/X3xITGWo/j0HbG1Az0sjcT//PamYmugwmXaWZQssWiKBPEJGT2NelxhcyIsSWUKW5vJWxAFWXGZlOyIXjLL68S/6J6U/Ual5XabZ5GEU7gFM7BgyuowT3UwQcGCM/wCm/O0Hlx3p2PRWvByWeO4Q+czx8/dYzC</latexit>

p
<latexit sha1_base64="OhWbGOeHlEIY371R27Fcu94U1WE=">AAAB6XicbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzWbZ3Qgl9Cd48aDi1X/kzX/jps1BWx8MPN6bYWZeJDnTxvO+ncrK6tr6RnXT3dre2d2r7R886jRThAYk5anqRFhTzgQNDDOcdqSiOIk4bUfjm8JvP1GlWSoezETSMMFDwWJGsLHSvXTdfq3uNbwZ0DLxS1KHEq1+7as3SEmWUGEIx1p3fU+aMMfKMMLp1O1lmkpMxnhIu5YKnFAd5rNTp+jEKgMUp8qWMGim/p7IcaL1JIlsZ4LNSC96hfif181MfBnmTMjMUEHmi+KMI5Oi4m80YIoSwyeWYKKYvRWREVaYGJtOEYK/+PIyCc4aVw3/7rzevC7TqMIRHMMp+HABTbiFFgRAYAjP8ApvDndenHfnY95accqZQ/gD5/MHsXWM8A==</latexit><latexit sha1_base64="OhWbGOeHlEIY371R27Fcu94U1WE=">AAAB6XicbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzWbZ3Qgl9Cd48aDi1X/kzX/jps1BWx8MPN6bYWZeJDnTxvO+ncrK6tr6RnXT3dre2d2r7R886jRThAYk5anqRFhTzgQNDDOcdqSiOIk4bUfjm8JvP1GlWSoezETSMMFDwWJGsLHSvXTdfq3uNbwZ0DLxS1KHEq1+7as3SEmWUGEIx1p3fU+aMMfKMMLp1O1lmkpMxnhIu5YKnFAd5rNTp+jEKgMUp8qWMGim/p7IcaL1JIlsZ4LNSC96hfif181MfBnmTMjMUEHmi+KMI5Oi4m80YIoSwyeWYKKYvRWREVaYGJtOEYK/+PIyCc4aVw3/7rzevC7TqMIRHMMp+HABTbiFFgRAYAjP8ApvDndenHfnY95accqZQ/gD5/MHsXWM8A==</latexit><latexit sha1_base64="OhWbGOeHlEIY371R27Fcu94U1WE=">AAAB6XicbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzWbZ3Qgl9Cd48aDi1X/kzX/jps1BWx8MPN6bYWZeJDnTxvO+ncrK6tr6RnXT3dre2d2r7R886jRThAYk5anqRFhTzgQNDDOcdqSiOIk4bUfjm8JvP1GlWSoezETSMMFDwWJGsLHSvXTdfq3uNbwZ0DLxS1KHEq1+7as3SEmWUGEIx1p3fU+aMMfKMMLp1O1lmkpMxnhIu5YKnFAd5rNTp+jEKgMUp8qWMGim/p7IcaL1JIlsZ4LNSC96hfif181MfBnmTMjMUEHmi+KMI5Oi4m80YIoSwyeWYKKYvRWREVaYGJtOEYK/+PIyCc4aVw3/7rzevC7TqMIRHMMp+HABTbiFFgRAYAjP8ApvDndenHfnY95accqZQ/gD5/MHsXWM8A==</latexit><latexit sha1_base64="OhWbGOeHlEIY371R27Fcu94U1WE=">AAAB6XicbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzWbZ3Qgl9Cd48aDi1X/kzX/jps1BWx8MPN6bYWZeJDnTxvO+ncrK6tr6RnXT3dre2d2r7R886jRThAYk5anqRFhTzgQNDDOcdqSiOIk4bUfjm8JvP1GlWSoezETSMMFDwWJGsLHSvXTdfq3uNbwZ0DLxS1KHEq1+7as3SEmWUGEIx1p3fU+aMMfKMMLp1O1lmkpMxnhIu5YKnFAd5rNTp+jEKgMUp8qWMGim/p7IcaL1JIlsZ4LNSC96hfif181MfBnmTMjMUEHmi+KMI5Oi4m80YIoSwyeWYKKYvRWREVaYGJtOEYK/+PIyCc4aVw3/7rzevC7TqMIRHMMp+HABTbiFFgRAYAjP8ApvDndenHfnY95accqZQ/gD5/MHsXWM8A==</latexit>

⌃ =
<latexit sha1_base64="nVE3rRzCGgtciPnPqlmyHh0DTkE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW21A22027dHcTdjdCCf0XXjyoePXnePPfuGlz0NYHA4/3ZpiZFyacaeO6305paXllda28XtnY3Nreqe7uPeg4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo+vcbz1RpVks7804oYHAA8kiRrCx0mP3jg0ERpeo0qvW3Lo7BVokXkFqUKDZq351+zFJBZWGcKx1x3MTE2RYGUY4nVS6qaYJJiM8oB1LJRZUB9n04gk6skofRbGyJQ2aqr8nMiy0HovQdgpshnrey8X/vE5qovMgYzJJDZVktihKOTIxyt9HfaYoMXxsCSaK2VsRGWKFibEh5SF48y8vEv+kflH3bk9rjasijTIcwCEcgwdn0IAbaIIPBCQ8wyu8Odp5cd6dj1lrySlm9uEPnM8fQf2Phg==</latexit><latexit sha1_base64="nVE3rRzCGgtciPnPqlmyHh0DTkE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW21A22027dHcTdjdCCf0XXjyoePXnePPfuGlz0NYHA4/3ZpiZFyacaeO6305paXllda28XtnY3Nreqe7uPeg4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo+vcbz1RpVks7804oYHAA8kiRrCx0mP3jg0ERpeo0qvW3Lo7BVokXkFqUKDZq351+zFJBZWGcKx1x3MTE2RYGUY4nVS6qaYJJiM8oB1LJRZUB9n04gk6skofRbGyJQ2aqr8nMiy0HovQdgpshnrey8X/vE5qovMgYzJJDZVktihKOTIxyt9HfaYoMXxsCSaK2VsRGWKFibEh5SF48y8vEv+kflH3bk9rjasijTIcwCEcgwdn0IAbaIIPBCQ8wyu8Odp5cd6dj1lrySlm9uEPnM8fQf2Phg==</latexit><latexit sha1_base64="nVE3rRzCGgtciPnPqlmyHh0DTkE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW21A22027dHcTdjdCCf0XXjyoePXnePPfuGlz0NYHA4/3ZpiZFyacaeO6305paXllda28XtnY3Nreqe7uPeg4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo+vcbz1RpVks7804oYHAA8kiRrCx0mP3jg0ERpeo0qvW3Lo7BVokXkFqUKDZq351+zFJBZWGcKx1x3MTE2RYGUY4nVS6qaYJJiM8oB1LJRZUB9n04gk6skofRbGyJQ2aqr8nMiy0HovQdgpshnrey8X/vE5qovMgYzJJDZVktihKOTIxyt9HfaYoMXxsCSaK2VsRGWKFibEh5SF48y8vEv+kflH3bk9rjasijTIcwCEcgwdn0IAbaIIPBCQ8wyu8Odp5cd6dj1lrySlm9uEPnM8fQf2Phg==</latexit><latexit sha1_base64="nVE3rRzCGgtciPnPqlmyHh0DTkE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHisYW21A22027dHcTdjdCCf0XXjyoePXnePPfuGlz0NYHA4/3ZpiZFyacaeO6305paXllda28XtnY3Nreqe7uPeg4VYT6JOaxaodYU84k9Q0znLYTRbEIOW2Fo+vcbz1RpVks7804oYHAA8kiRrCx0mP3jg0ERpeo0qvW3Lo7BVokXkFqUKDZq351+zFJBZWGcKx1x3MTE2RYGUY4nVS6qaYJJiM8oB1LJRZUB9n04gk6skofRbGyJQ2aqr8nMiy0HovQdgpshnrey8X/vE5qovMgYzJJDZVktihKOTIxyt9HfaYoMXxsCSaK2VsRGWKFibEh5SF48y8vEv+kflH3bk9rjasijTIcwCEcgwdn0IAbaIIPBCQ8wyu8Odp5cd6dj1lrySlm9uEPnM8fQf2Phg==</latexit>

P =
<latexit sha1_base64="UGlUocznAplkkWr/bVLVNSYshp8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHCsYW2lA222m7dLMJuxuhhP4GLx5UvPqHvPlv3LQ5aOuDgcd7M8zMCxPBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoY+i0Ws2iHVKLhE33AjsJ0opFEosBWOb3O/9YRK81g+mEmCQUSHkg84o8ZKfpNck0qvWnPr7gxkmXgFqUGBZq/61e3HLI1QGiao1h3PTUyQUWU4EzitdFONCWVjOsSOpZJGqINsduyUnFilTwaxsiUNmam/JzIaaT2JQtsZUTPSi14u/ud1UjO4DDIuk9SgZPNFg1QQE5P8c9LnCpkRE0soU9zeStiIKsqMzScPwVt8eZn4Z/Wrund/XmvcFGmU4QiO4RQ8uIAG3EETfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gB6HY1X</latexit><latexit sha1_base64="UGlUocznAplkkWr/bVLVNSYshp8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHCsYW2lA222m7dLMJuxuhhP4GLx5UvPqHvPlv3LQ5aOuDgcd7M8zMCxPBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoY+i0Ws2iHVKLhE33AjsJ0opFEosBWOb3O/9YRK81g+mEmCQUSHkg84o8ZKfpNck0qvWnPr7gxkmXgFqUGBZq/61e3HLI1QGiao1h3PTUyQUWU4EzitdFONCWVjOsSOpZJGqINsduyUnFilTwaxsiUNmam/JzIaaT2JQtsZUTPSi14u/ud1UjO4DDIuk9SgZPNFg1QQE5P8c9LnCpkRE0soU9zeStiIKsqMzScPwVt8eZn4Z/Wrund/XmvcFGmU4QiO4RQ8uIAG3EETfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gB6HY1X</latexit><latexit sha1_base64="UGlUocznAplkkWr/bVLVNSYshp8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHCsYW2lA222m7dLMJuxuhhP4GLx5UvPqHvPlv3LQ5aOuDgcd7M8zMCxPBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoY+i0Ws2iHVKLhE33AjsJ0opFEosBWOb3O/9YRK81g+mEmCQUSHkg84o8ZKfpNck0qvWnPr7gxkmXgFqUGBZq/61e3HLI1QGiao1h3PTUyQUWU4EzitdFONCWVjOsSOpZJGqINsduyUnFilTwaxsiUNmam/JzIaaT2JQtsZUTPSi14u/ud1UjO4DDIuk9SgZPNFg1QQE5P8c9LnCpkRE0soU9zeStiIKsqMzScPwVt8eZn4Z/Wrund/XmvcFGmU4QiO4RQ8uIAG3EETfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gB6HY1X</latexit><latexit sha1_base64="UGlUocznAplkkWr/bVLVNSYshp8=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUA9C0YvHCsYW2lA222m7dLMJuxuhhP4GLx5UvPqHvPlv3LQ5aOuDgcd7M8zMCxPBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWcKoY+i0Ws2iHVKLhE33AjsJ0opFEosBWOb3O/9YRK81g+mEmCQUSHkg84o8ZKfpNck0qvWnPr7gxkmXgFqUGBZq/61e3HLI1QGiao1h3PTUyQUWU4EzitdFONCWVjOsSOpZJGqINsduyUnFilTwaxsiUNmam/JzIaaT2JQtsZUTPSi14u/ud1UjO4DDIuk9SgZPNFg1QQE5P8c9LnCpkRE0soU9zeStiIKsqMzScPwVt8eZn4Z/Wrund/XmvcFGmU4QiO4RQ8uIAG3EETfGDA4Rle4c2Rzovz7nzMW0tOMXMIf+B8/gB6HY1X</latexit>

+
<latexit sha1_base64="EgaC4z1l3Du/b+Qk6nPItozx9HM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx6rGFtoQ9lsJ+3SzSbsboRS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/naXlldW19dJGeXNre2e3srf/qJNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4k/vNJ1SaJ/LBjFIMYtqXPOKMGivdn5a7lapbc6cgi8QrSBUKNLqVr04vYVmM0jBBtW57bmqCMVWGM4GTcifTmFI2pH1sWyppjDoYTy+dkGOr9EiUKFvSkKn6e2JMY61HcWg7Y2oGet7Lxf+8dmaiy2DMZZoZlGy2KMoEMQnJ3yY9rpAZMbKEMsXtrYQNqKLM2HDyELz5lxeJf1a7qnl359X6dZFGCQ7hCE7Agwuowy00wAcGETzDK7w5Q+fFeXc+Zq1LTjFzAH/gfP4AFGSMlw==</latexit><latexit sha1_base64="EgaC4z1l3Du/b+Qk6nPItozx9HM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx6rGFtoQ9lsJ+3SzSbsboRS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/naXlldW19dJGeXNre2e3srf/qJNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4k/vNJ1SaJ/LBjFIMYtqXPOKMGivdn5a7lapbc6cgi8QrSBUKNLqVr04vYVmM0jBBtW57bmqCMVWGM4GTcifTmFI2pH1sWyppjDoYTy+dkGOr9EiUKFvSkKn6e2JMY61HcWg7Y2oGet7Lxf+8dmaiy2DMZZoZlGy2KMoEMQnJ3yY9rpAZMbKEMsXtrYQNqKLM2HDyELz5lxeJf1a7qnl359X6dZFGCQ7hCE7Agwuowy00wAcGETzDK7w5Q+fFeXc+Zq1LTjFzAH/gfP4AFGSMlw==</latexit><latexit sha1_base64="EgaC4z1l3Du/b+Qk6nPItozx9HM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx6rGFtoQ9lsJ+3SzSbsboRS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/naXlldW19dJGeXNre2e3srf/qJNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4k/vNJ1SaJ/LBjFIMYtqXPOKMGivdn5a7lapbc6cgi8QrSBUKNLqVr04vYVmM0jBBtW57bmqCMVWGM4GTcifTmFI2pH1sWyppjDoYTy+dkGOr9EiUKFvSkKn6e2JMY61HcWg7Y2oGet7Lxf+8dmaiy2DMZZoZlGy2KMoEMQnJ3yY9rpAZMbKEMsXtrYQNqKLM2HDyELz5lxeJf1a7qnl359X6dZFGCQ7hCE7Agwuowy00wAcGETzDK7w5Q+fFeXc+Zq1LTjFzAH/gfP4AFGSMlw==</latexit><latexit sha1_base64="EgaC4z1l3Du/b+Qk6nPItozx9HM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklEUG9FLx6rGFtoQ9lsJ+3SzSbsboRS+g+8eFDx6k/y5r9x0+agrQ8GHu/NMDMvTAXXxnW/naXlldW19dJGeXNre2e3srf/qJNMMfRZIhLVCqlGwSX6hhuBrVQhjUOBzXB4k/vNJ1SaJ/LBjFIMYtqXPOKMGivdn5a7lapbc6cgi8QrSBUKNLqVr04vYVmM0jBBtW57bmqCMVWGM4GTcifTmFI2pH1sWyppjDoYTy+dkGOr9EiUKFvSkKn6e2JMY61HcWg7Y2oGet7Lxf+8dmaiy2DMZZoZlGy2KMoEMQnJ3yY9rpAZMbKEMsXtrYQNqKLM2HDyELz5lxeJf1a7qnl359X6dZFGCQ7hCE7Agwuowy00wAcGETzDK7w5Q+fFeXc+Zq1LTjFzAH/gfP4AFGSMlw==</latexit>
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<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit>

�
<latexit sha1_base64="ytICfBDIsooS9qZ1hRynIpyMNqw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zcFH7nEZXmibw30xSDmI4kjzijxkqdfoiG1mqDesNtunOQv8QrSQNKtAf1z/4wYVmM0jBBte55bmqCnCrDmcBZrZ9pTCmb0BH2LJU0Rh3k83Nn5MQqQxIlypY0ZK7+nMhprPU0Dm1nTM1YL3uF+J/Xy0x0GeRcpplByRaLokwQk5DidzLkCpkRU0soU9zeStiYKsqMTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+MBgAk/wAq9O6jw7b877orXilDOH8AvOxzecxo6g</latexit><latexit sha1_base64="ytICfBDIsooS9qZ1hRynIpyMNqw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zcFH7nEZXmibw30xSDmI4kjzijxkqdfoiG1mqDesNtunOQv8QrSQNKtAf1z/4wYVmM0jBBte55bmqCnCrDmcBZrZ9pTCmb0BH2LJU0Rh3k83Nn5MQqQxIlypY0ZK7+nMhprPU0Dm1nTM1YL3uF+J/Xy0x0GeRcpplByRaLokwQk5DidzLkCpkRU0soU9zeStiYKsqMTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+MBgAk/wAq9O6jw7b877orXilDOH8AvOxzecxo6g</latexit><latexit sha1_base64="ytICfBDIsooS9qZ1hRynIpyMNqw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zcFH7nEZXmibw30xSDmI4kjzijxkqdfoiG1mqDesNtunOQv8QrSQNKtAf1z/4wYVmM0jBBte55bmqCnCrDmcBZrZ9pTCmb0BH2LJU0Rh3k83Nn5MQqQxIlypY0ZK7+nMhprPU0Dm1nTM1YL3uF+J/Xy0x0GeRcpplByRaLokwQk5DidzLkCpkRU0soU9zeStiYKsqMTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+MBgAk/wAq9O6jw7b877orXilDOH8AvOxzecxo6g</latexit><latexit sha1_base64="ytICfBDIsooS9qZ1hRynIpyMNqw=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ9lsJ+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zcFH7nEZXmibw30xSDmI4kjzijxkqdfoiG1mqDesNtunOQv8QrSQNKtAf1z/4wYVmM0jBBte55bmqCnCrDmcBZrZ9pTCmb0BH2LJU0Rh3k83Nn5MQqQxIlypY0ZK7+nMhprPU0Dm1nTM1YL3uF+J/Xy0x0GeRcpplByRaLokwQk5DidzLkCpkRU0soU9zeStiYKsqMTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+MBgAk/wAq9O6jw7b877orXilDOH8AvOxzecxo6g</latexit>

↵
<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit>

↵
<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit>

↵
<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit>

↵
<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit>

↵
<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit> ↵

<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit>

↵
<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit>

↵
<latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit><latexit sha1_base64="iAmwYISZUdEnMrqq7swzHM8+V48=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4rGFtoQ5lsN+3SzSbsboQS+iO8eFDx6v/x5r9x0+ag1QcDj/dmmJkXpoJr47pfTmVldW19o7pZ29re2d2r7x886CRTlPk0EYnqhqiZ4JL5hhvBuqliGIeCdcLJTeF3HpnSPJH3ZpqyIMaR5BGnaKzU6aNIx1gb1Btu052D/CVeSRpQoj2of/aHCc1iJg0VqHXPc1MT5KgMp4LNav1MsxTpBEesZ6nEmOkgn587IydWGZIoUbakIXP150SOsdbTOLSdMZqxXvYK8T+vl5noMsi5TDPDJF0sijJBTEKK38mQK0aNmFqCVHF7K6FjVEiNTagIwVt++S/xz5pXTe/uvNG6LtOowhEcwyl4cAEtuIU2+EBhAk/wAq9O6jw7b877orXilDOH8AvOxzcuZY8A</latexit>

p
<latexit sha1_base64="OhWbGOeHlEIY371R27Fcu94U1WE=">AAAB6XicbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzWbZ3Qgl9Cd48aDi1X/kzX/jps1BWx8MPN6bYWZeJDnTxvO+ncrK6tr6RnXT3dre2d2r7R886jRThAYk5anqRFhTzgQNDDOcdqSiOIk4bUfjm8JvP1GlWSoezETSMMFDwWJGsLHSvXTdfq3uNbwZ0DLxS1KHEq1+7as3SEmWUGEIx1p3fU+aMMfKMMLp1O1lmkpMxnhIu5YKnFAd5rNTp+jEKgMUp8qWMGim/p7IcaL1JIlsZ4LNSC96hfif181MfBnmTMjMUEHmi+KMI5Oi4m80YIoSwyeWYKKYvRWREVaYGJtOEYK/+PIyCc4aVw3/7rzevC7TqMIRHMMp+HABTbiFFgRAYAjP8ApvDndenHfnY95accqZQ/gD5/MHsXWM8A==</latexit><latexit sha1_base64="OhWbGOeHlEIY371R27Fcu94U1WE=">AAAB6XicbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzWbZ3Qgl9Cd48aDi1X/kzX/jps1BWx8MPN6bYWZeJDnTxvO+ncrK6tr6RnXT3dre2d2r7R886jRThAYk5anqRFhTzgQNDDOcdqSiOIk4bUfjm8JvP1GlWSoezETSMMFDwWJGsLHSvXTdfq3uNbwZ0DLxS1KHEq1+7as3SEmWUGEIx1p3fU+aMMfKMMLp1O1lmkpMxnhIu5YKnFAd5rNTp+jEKgMUp8qWMGim/p7IcaL1JIlsZ4LNSC96hfif181MfBnmTMjMUEHmi+KMI5Oi4m80YIoSwyeWYKKYvRWREVaYGJtOEYK/+PIyCc4aVw3/7rzevC7TqMIRHMMp+HABTbiFFgRAYAjP8ApvDndenHfnY95accqZQ/gD5/MHsXWM8A==</latexit><latexit sha1_base64="OhWbGOeHlEIY371R27Fcu94U1WE=">AAAB6XicbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzWbZ3Qgl9Cd48aDi1X/kzX/jps1BWx8MPN6bYWZeJDnTxvO+ncrK6tr6RnXT3dre2d2r7R886jRThAYk5anqRFhTzgQNDDOcdqSiOIk4bUfjm8JvP1GlWSoezETSMMFDwWJGsLHSvXTdfq3uNbwZ0DLxS1KHEq1+7as3SEmWUGEIx1p3fU+aMMfKMMLp1O1lmkpMxnhIu5YKnFAd5rNTp+jEKgMUp8qWMGim/p7IcaL1JIlsZ4LNSC96hfif181MfBnmTMjMUEHmi+KMI5Oi4m80YIoSwyeWYKKYvRWREVaYGJtOEYK/+PIyCc4aVw3/7rzevC7TqMIRHMMp+HABTbiFFgRAYAjP8ApvDndenHfnY95accqZQ/gD5/MHsXWM8A==</latexit><latexit sha1_base64="OhWbGOeHlEIY371R27Fcu94U1WE=">AAAB6XicbVBNS8NAEJ3Urxq/qh69LBbBU0lEUG9FLx4rGltoQ9lsN+3SzWbZ3Qgl9Cd48aDi1X/kzX/jps1BWx8MPN6bYWZeJDnTxvO+ncrK6tr6RnXT3dre2d2r7R886jRThAYk5anqRFhTzgQNDDOcdqSiOIk4bUfjm8JvP1GlWSoezETSMMFDwWJGsLHSvXTdfq3uNbwZ0DLxS1KHEq1+7as3SEmWUGEIx1p3fU+aMMfKMMLp1O1lmkpMxnhIu5YKnFAd5rNTp+jEKgMUp8qWMGim/p7IcaL1JIlsZ4LNSC96hfif181MfBnmTMjMUEHmi+KMI5Oi4m80YIoSwyeWYKKYvRWREVaYGJtOEYK/+PIyCc4aVw3/7rzevC7TqMIRHMMp+HABTbiFFgRAYAjP8ApvDndenHfnY95accqZQ/gD5/MHsXWM8A==</latexit>

p
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A solvable model

Equations for the fermion Green’s function G and the boson Green’s function �:

G(i!n) =
1

i!n + µ� ⌃(i!n)
, ⌃(⌧) = �J2G2(⌧)G(�⌧) + k t̃ 2G(⌧)�2(⌧)

�(i!n) =
1

!2
n + ��1

0 � P (i!n) + P (i!n = 0)
, P (⌧) = �2 t̃ 2G(⌧)G(�⌧)�(⌧)

where ��1
0 is determined by solving �(⌧ = 0) = 1/g, and t̃ = tJ .

<latexit sha1_base64="1FvXsRwtb8KwuZKf9FuYWRUivMw="></latexit><latexit sha1_base64="1FvXsRwtb8KwuZKf9FuYWRUivMw="></latexit><latexit sha1_base64="1FvXsRwtb8KwuZKf9FuYWRUivMw="></latexit><latexit sha1_base64="1FvXsRwtb8KwuZKf9FuYWRUivMw="></latexit>



A solvable model

g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4

<latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit>



g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4

<latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit>

A solvable model h�(⌧)�(0)i ⇠ e�m|⌧ |
p
⌧

hf(⌧)f†(0)i ⇠ sgn(⌧)

|⌧ |2�f
<latexit sha1_base64="OalR4G6iASbsHzVAH1cOjO4pTok="></latexit><latexit sha1_base64="OalR4G6iASbsHzVAH1cOjO4pTok="></latexit><latexit sha1_base64="OalR4G6iASbsHzVAH1cOjO4pTok="></latexit><latexit sha1_base64="OalR4G6iASbsHzVAH1cOjO4pTok="></latexit>



g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4

<latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit>

A solvable model h�(⌧)�(0)i ⇠ 1

|⌧ |2�b

hf(⌧)f†(0)i ⇠ sgn(⌧)

|⌧ |2�f
<latexit sha1_base64="ZIFENwvtvNBv1oQU8mYwG43qIYI="></latexit><latexit sha1_base64="ZIFENwvtvNBv1oQU8mYwG43qIYI="></latexit><latexit sha1_base64="ZIFENwvtvNBv1oQU8mYwG43qIYI="></latexit><latexit sha1_base64="ZIFENwvtvNBv1oQU8mYwG43qIYI="></latexit>

�b +�f = 1/2
<latexit sha1_base64="pqGzXzz94OgL64Byp7Nl5yhwIpA="></latexit><latexit sha1_base64="pqGzXzz94OgL64Byp7Nl5yhwIpA="></latexit><latexit sha1_base64="pqGzXzz94OgL64Byp7Nl5yhwIpA="></latexit><latexit sha1_base64="pqGzXzz94OgL64Byp7Nl5yhwIpA="></latexit>

In gapless region, we always have the Fermi liquid form for
the electron Green’s function hc(⌧)c†(0)i ⇠ 1/⌧ , although
Z2 charges remain deconfined. This is a consequences of
the fixed point with a non-zero t term in the t-J model.

<latexit sha1_base64="JG5+7A/XMf+N6iYdCw8rKpYAV8c="></latexit><latexit sha1_base64="JG5+7A/XMf+N6iYdCw8rKpYAV8c="></latexit><latexit sha1_base64="JG5+7A/XMf+N6iYdCw8rKpYAV8c="></latexit><latexit sha1_base64="JG5+7A/XMf+N6iYdCw8rKpYAV8c="></latexit>



A solvable model

g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4

<latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit><latexit sha1_base64="Ph8eiKH3hJ+D1d3+CpchRx9CX4w=">AAACJHicbVDLSgMxFM3U9/gadekm2AqudEYEBRFEBV0qWCt0Sslk7rShmWRIMkIZ+jFu/BU3Lnzgwo3fYloraOuBwOGcc7m5J8o408b3P5zSxOTU9MzsnDu/sLi07K2s3miZKwpVKrlUtxHRwJmAqmGGw22mgKQRh1rUOe37tTtQmklxbboZNFLSEixhlBgrNb3DMIIWEwUFYUD13HOSZRDjSGopwtCthGfADWkm+AgHO3sVNwQR/4SbXtnf9gfA4yQYkjIa4rLpvYaxpHlqxyknWtcDPzONgijDKIeeG+YaMkI7pAV1SwVJQTeKwZE9vGmVGCdS2ScMHqi/JwqSat1NI5tMiWnrUa8v/ufVc5McNAomstyAoN+LkpxjI3G/MRwzBdTwriWEKmb/immbKEJtB9q1JQSjJ4+Tm93twDZztVs+PhnWMYvW0QbaQgHaR8foAl2iKqLoHj2iZ/TiPDhPzpvz/h0tOcOZNfQHzucX3iejqA==</latexit>

Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4

<latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit><latexit sha1_base64="GjJ5BbSo4j+cVfoiQqc6aRmqlk4="></latexit>

Toy model of pseudogap

Toy model of 
overdoped region



A solvable model

g
<latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit><latexit sha1_base64="m5wnS2ZFHSzMTeniJv4LFZgGOr0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/MI4zq</latexit>

k
<latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit><latexit sha1_base64="7otCeUEAKhsHdET4583NyNIcF7U=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORmUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6NpnmdaV+m8dRhDM4h0vwoAZ1uIcGtIABwjO8wpvz6Lw4787HsrXg5DOn8AfO5w/SM4zu</latexit>

2<latexit sha1_base64="GsDr+DbL4XibAfFGFc6ten/iVyQ=">AAAB6HicbVA9TwJBEJ3DL8Qv1NJmIzGxInc0UhJtLCGRjwQuZG+Zg5W9vcvungm58AtsLDTG1p9k579xgSsUfMkkL+/NZGZekAiujet+O4Wt7Z3dveJ+6eDw6PikfHrW0XGqGLZZLGLVC6hGwSW2DTcCe4lCGgUCu8H0buF3n1BpHssHM0vQj+hY8pAzaqzUqg3LFbfqLkE2iZeTCuRoDstfg1HM0gilYYJq3ffcxPgZVYYzgfPSINWYUDalY+xbKmmE2s+Wh87JlVVGJIyVLWnIUv09kdFI61kU2M6Imole9xbif14/NWHdz7hMUoOSrRaFqSAmJouvyYgrZEbMLKFMcXsrYROqKDM2m5INwVt/eZN0alXPJtOqVRq3eRxFuIBLuAYPbqAB99CENjBAeIZXeHMenRfn3flYtRacfOYc/sD5/AF7L4yz</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit><latexit sha1_base64="ab9K7qLmdEnDyLaIxxIgHvV+kzI=">AAAB5HicbVBNT8JAEJ3iF9Yv9OplIzHxRFoueiR68YiJBRJoyHaZwsp22+xuTUjDL/DiQePV3+TNf+MCPSj4kkle3pvJzLwoE1wbz/t2KlvbO7t71X334PDo+KTmnnZ0miuGAUtFqnoR1Si4xMBwI7CXKaRJJLAbTe8WfvcZleapfDSzDMOEjiWPOaPGSg/NYa3uNbwlyCbxS1KHEu1h7WswSlmeoDRMUK37vpeZsKDKcCZw7g5yjRllUzrGvqWSJqjDYnnonFxaZUTiVNmShizV3xMFTbSeJZHtTKiZ6HVvIf7n9XMT34QFl1luULLVojgXxKRk8TUZcYXMiJkllClubyVsQhVlxmbj2hD89Zc3SafZ8G0y9dZtGUYVzuECrsCHa2jBPbQhAAYIL/AG786T8+p8rBorTjlxBn/gfP4AEYWLiw==</latexit>

Gapless boson
�b = 1/4
�f = 1/4

<latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit><latexit sha1_base64="VN6mhOxirCgnguLoQ6yWwbGcFNo="></latexit>

Gapped boson
�f = 1/4
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Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4
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Toy model of pseudogap

Toy model of 
overdoped region



A solvable model
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Gapless boson
�b = 1/4
�f = 1/4
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Gapped boson
�f = 1/4
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Gapless boson

‘quasi-Higgs’

�b = k/(2(k + 2)) < 1/4
�f = 1/(k + 2) > 1/4
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Toy model of pseudogap

Toy model of 
overdoped region

In the overdoped region, Fermi liquid electron spectral function, with

anomalies in other properties, match recent observations in cuprates

(Hussey, Bozovic, Armitage, Taillefer...)
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1. The SYK Model

2. Gauge theories for the pseudogap and 
optimum-doping criticality in the 
cuprates

  
3. Z2 Fractionalization in a SYK t-J model 

4. SYK U(1) gauge theory
Aavishkar Patel



Fermions with random hopping coupled to 
a fluctuating U(1) gauge field
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Fermions with random hopping coupled to 
a fluctuating U(1) gauge field

⌃(i!n) = t2G(i!n) + t2T
X

⌦m 6=0

G(i!n + i⌦m)�G(i!n)

⇧(i⌦m)�⇧(i⌦m = 0)
,

⇧(i⌦m) = t2T
M

N

X

!n

G(i!n)G(i!n + i⌦m), G(i!n) =
1

i!n + µ� ⌃(i!n)
.
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General low energy solution

G(⌧ > 0) = � C(E)
t1�x⌧1�x

, G(⌧ < 0) =
C(E)e�2⇡E

t1�x|⌧ |1�x
.

where E is a parameter universally related to the filling fraction
(E = 0 at half-filling). The exponent x is the solution to

(1/x� 2)(cosh(2⇡E)� cos(⇡x))

tan(⇡x) sin(⇡x)
=

M

N
.
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1. Non-Fermi liquid regime of SYK 
models with linear-in-T resistivity 

2.  Z2 Fractionalization in a SYK t-J model 

3. SYK U(1) gauge theory

Solvable models with fractionalization, 
variable fermion density, and disorder

Overdoped state described by state with fractionalization 
but with a Fermi liquid electron spectral function


