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Correlation functions from hydrodynamics beyond the
Boltzmann-Gibbs paradigm
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Department of Mathematics, King’s College London

in part with Giuseppe Del Vecchio Del Vecchio

“The art of mathematical physics”

pour le 60ième anniversaire d’Hubert Saleur.

Comme on dit par ici, bonne fête Hubert!

(Paris)
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One-dimensional many-body interacting systems with conservation laws

We are given some Hamiltonian H for an extensive (infinitely long) system in one dimension,

which admits a certain number of conservation laws,

∂tqi + ∂xji = 0, ∂tQi = 0, Qi =
∑
x∈Z

qi(x)

For illustration purposes, I concentrate on the XX model:

H = −
∑
x∈Z

[
σ1
xσ

1
x+1 + σ2

xσ
2
x+1 + hσ3

x

]
but all ideas hold for more general systems, integrable or not.

I will consider throughout a thermal state

〈· · ·〉 = Z−1Tr
(
e−βH · · ·

)
but all ideas hold for more general states such as GGEs e−

∑
i β

iQi .
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Correlations at large scales of space and time

The problem under study: dominant correlations at large scales of space and time:

〈a(x, t)b(0, 0)〉c ∼ ??? (|x|, t→∞)

where 〈a(x, t)b(0, 0)〉c = 〈a(x, t)b(0, 0)〉 − 〈a(x, t)〉〈b(0, 0)〉 is the covariance.

I will be concentrating on hyperbolic scaling,

|x|, t→∞, x/t fixed.
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Correlations at large scales of space and time

The problem under study: dominant correlations at large scales of space and time:

〈a(x, t)b(0, 0)〉c ∼ ??? (|x|, t→∞)

where 〈a(x, t)b(0, 0)〉c = 〈a(x, t)b(0, 0)〉 − 〈a(x, t)〉〈b(0, 0)〉 is the covariance.

I will be concentrating on hyperbolic scaling,

|x|, t→∞, x/t fixed.

• Even in integrable systems, with Bethe ansatz and inverse scattering, this is a monumental

problem: dynamics is difficult

• Hydrodynamics offers a number of universal principles, valid with or without integrability,

which give asymptotics in terms of much simpler quantities; much of these are fully

accessible in integrable systems via TBA and GHD.
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Boltzmann-Gibbs principle: physical picture

There is a reduction of the number of degrees of freedom, a projection onto slowly

decaying hydrodynamic modes (or ballistic waves),

lim
x,t→∞

〈a(0, 0)b(x, t)〉c ∼ projection of a onto modes qi

× propagation 〈qi(0, 0)qj(x, t)〉c

× projection of modes qj onto b

x0
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qi’sa(0, 0) b(x, t)
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Boltzmann-Gibbs principle: theorems

Define inner product (“susceptibilities” with wavenumber k) (we look for k → 0)

〈a, b〉k =
∑
x

eikx〈a†(x)b(0)〉c

Define matrix of susceptibilities (or static correlation matrix)

Cij = 〈qi, qj〉0, with inverse CijC
jm = δmi
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Boltzmann-Gibbs principle: theorems

Define inner product (“susceptibilities” with wavenumber k) (we look for k → 0)

〈a, b〉k =
∑
x

eikx〈a†(x)b(0)〉c

Define matrix of susceptibilities (or static correlation matrix)

Cij = 〈qi, qj〉0, with inverse CijC
jm = δmi

Define an appropriate generalised limit k → 0, t→∞ with kt fixed (hyperbolic scaling)

lim
kt=κ

f(t, k) = banach lim
T→∞

1

T

∫ T

0

dt f(t, κ/t)
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Boltzmann-Gibbs principle: theorems

Define inner product (“susceptibilities” with wavenumber k) (we look for k → 0)

〈a, b〉k =
∑
x

eikx〈a†(x)b(0)〉c

Define matrix of susceptibilities (or static correlation matrix)

Cij = 〈qi, qj〉0, with inverse CijC
jm = δmi

Define an appropriate generalised limit k → 0, t→∞ with kt fixed (hyperbolic scaling)

lim
kt=κ

f(t, k) = banach lim
T→∞

1

T

∫ T

0

dt f(t, κ/t)

Theorem [BD 2020]. In every short-range homogeneous quantum spin chain, for any local

operator a, b, we have

lim
kt=κ
〈a(t), b〉k =

∑
i,j,m,n

〈a, qi〉0 Cij Sjm(κ)Cmn 〈qn, b〉0

where Sjm(κ) = lim
kt=κ
〈qj(t), qm〉k
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Boltzmann-Gibbs principle: theorems

Theorem [BD 2020]. In every short-range homogeneous quantum spin chain, for any local

operator a, b, we have

lim
kt=κ
〈a(t), b〉k =

∑
i,j,m,n

〈a, qi〉0 Cij Sjm(κ)Cmn 〈qn, b〉0

where Sjm(κ) = lim
kt=κ
〈qj(t), qm〉k

• 〈·, ·〉0 gives rise to an inner product and a Hilbert space, interpreted as the Hilbert space

of extensive homogeneous observables H.

• Time evolution τt = eit[H,·] gives rise to a unitary operator on H.
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Boltzmann-Gibbs principle: theorems

Theorem [BD 2020]. In every short-range homogeneous quantum spin chain, for any local

operator a, b, we have

lim
kt=κ
〈a(t), b〉k =

∑
i,j,m,n

〈a, qi〉0 Cij Sjm(κ)Cmn 〈qn, b〉0

where Sjm(κ) = lim
kt=κ
〈qj(t), qm〉k

• 〈·, ·〉0 gives rise to an inner product and a Hilbert space, interpreted as the Hilbert space

of extensive homogeneous observables H.

• Time evolution τt = eit[H,·] gives rise to a unitary operator on H.

• The space of conserved charges is rigorously defined as Q = ∩tker τt ⊂ H.

• The conserved quantities qi are any finite or countable basis, Q = span{qi}.
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Boltzmann-Gibbs principle: theorems

Theorem [BD 2020]. In every short-range homogeneous quantum spin chain, for any local

operator a, b, we have

lim
kt=κ
〈a(t), b〉k =

∑
i,j,m,n

〈a, qi〉0 Cij Sjm(κ)Cmn 〈qn, b〉0

where Sjm(κ) = lim
kt=κ
〈qj(t), qm〉k

• 〈·, ·〉0 gives rise to an inner product and a Hilbert space, interpreted as the Hilbert space

of extensive homogeneous observables H.

• Time evolution τt = eit[H,·] gives rise to a unitary operator on H.

• The space of conserved charges is rigorously defined as Q = ∩tker τt ⊂ H.

• The conserved quantities qi are any finite or countable basis, Q = span{qi}.
• Q is infinite-dimensional in integrable systems. It is conjectured to be finite-dimensional in

chaotic systems.
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Boltzmann-Gibbs principle: theorems

Theorem [BD 2020]. Under an appropriate extension of the space of local operators (as

elements of the Gelfand-Naimark-Segal space), every local density qi has an associated local

current ji satisfying

∂tqi(x, t) + ∂xji(x, t) = 0

and for every local qi, qm,

d

dκ
Sim(κ) = i

∑
n

A n
i Snm(κ) = i

∑
n

〈ji, ql〉0ClnSnm(κ)
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Boltzmann-Gibbs principle: theorems

Theorem [BD 2020]. Under an appropriate extension of the space of local operators (as

elements of the Gelfand-Naimark-Segal space), every local density qi has an associated local

current ji satisfying

∂tqi(x, t) + ∂xji(x, t) = 0

and for every local qi, qm,

d

dκ
Sim(κ) = i

∑
n

A n
i Snm(κ) = i

∑
n

〈ji, ql〉0ClnSnm(κ)

The solution is S(κ) = exp[iAκ]C. Physically, the equation comes from linear response,

leading to wave-propagation equations

∂tδqi(x, t) +
∑
j

A j
i ∂xδqj(x, t) = 0, A j

i =
∂〈ji〉
∂〈qj〉

[physical argument can be extended to nonlinear response for higher-point functions: BD 2019 and especially Fava,

Biswas, Gopalakrishnan, Vasseur, Parameswaran 2021]
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Boltzmann-Gibbs principle: fluid-cell averaging

A more physical way of re-writing the final result is using fluid-cell averaging

〈a(`x, `t)b(0, 0)〉c ∼ `−1
∑
i,j,n

〈a, qi〉0 Cij δ(x− At) nj 〈qn, b〉0

a(x, t) =
1

R2

R∑
y=−R

∫ R

−R
ds a(x+ y, t+ s)

x

t

R
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<latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit>

a(`x, `t)
<latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit>

`� R→∞
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Boltzmann-Gibbs principle: application to integrable systems

The result can be evaluated in integrable systems

〈a(`x, `t)b(0, 0)〉c ∼ `−1
∑
i,j,n

〈a, qi〉0 Cij δ(x− At) nj 〈qn, b〉0

• C: known from TBA

• A: known from GHD

• 〈a, qi〉0 = −∂〈a〉/∂βi: known if the GGE average 〈a〉 is known

15
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Boltzmann-Gibbs principle: application to integrable systems

The result can be evaluated in integrable systems

〈a(`x, `t)b(0, 0)〉c ∼ `−1
∑
i,j,n

〈a, qi〉0 Cij δ(x− At) nj 〈qn, b〉0

• C: known from TBA

• A: known from GHD

• 〈a, qi〉0 = −∂〈a〉/∂βi: known if the GGE average 〈a〉 is known

For conserved densities

〈qi(`x, `t)qj(0, 0)〉c ∼ `−1

∫
dk ρp(k)(1− n(k))δ(x− veff(k)t)hdr

i (k)hdr
j (k)

16
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Boltzmann-Gibbs principle: application to XX model

XX model:

H = −
∑
x∈Z

[
σ1
xσ

1
x+1 + σ2

xσ
2
x+1 + hσ3

x

]
By Jordan-Wigner transformation: veff(k) = 4 sin k, and σ3 = 2a†xax − 1: conserved

fermion density with h(k) = 2.

17
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Boltzmann-Gibbs principle: application to XX model

XX model:

H = −
∑
x∈Z

[
σ1
xσ

1
x+1 + σ2

xσ
2
x+1 + hσ3

x

]
By Jordan-Wigner transformation: veff(k) = 4 sin k, and σ3 = 2a†xax − 1: conserved

fermion density with h(k) = 2.

|x|, t→∞, x/t = ξ

Boltzmann-Gibbs principle gives

〈σ3
x(t)σ3

0(0)〉c ∼ 2

π

∫ π

−π
dk δ(x− v(k)t)n(k)(1− n(k))

=
2

πt
√

16− ξ2

∑
a=±

na(1− na) (|ξ| < 4)

where

n± =
1

1 + exp
[
− β

(
2h∓

√
16− ξ2

)]
18
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Boltzmann-Gibbs principle: application to XX model

XX model:

H = −
∑
x∈Z

[
σ1
xσ

1
x+1 + σ2

xσ
2
x+1 + hσ3

x

]
By Jordan-Wigner transformation: veff(k) = 4 sin k, and σ3 = 2a†xax − 1: conserved

fermion density with h(k) = 2.

|x|, t→∞, x/t = ξ

By direct Wick’s theorem and saddle point analysis

〈σ3
x(t)σ3

0(0)〉c ∼ 2

π|t|
√

16− ξ2

∑
a=±
×

× na

(
1− na + ai (1− n−a)(−1)xe−2ai(x arcsin(ξ/4)+t

√
16−ξ2)

)

19
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Boltzmann-Gibbs principle: application to XX model

XX model:

H = −
∑
x∈Z

[
σ1
xσ

1
x+1 + σ2

xσ
2
x+1 + hσ3

x

]
By Jordan-Wigner transformation: veff(k) = 4 sin k, and σ3 = 2a†xax − 1: conserved

fermion density with h(k) = 2.

|x|, t→∞, x/t = ξ

By direct Wick’s theorem and saddle point analysis; fluid-cell averaging cancels oscillatory

term

〈σ3
x(t)σ3

0(0)〉c ∼ 2

π|t|
√

16− ξ2

∑
a=±
×

× na

(
1− na + ai (1− n−a)(−1)xe−2ai(x arcsin(ξ/4)+t

√
16−ξ2)

)
= Boltzmann-Gibbs result

20
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Boltzmann-Gibbs principle: application to XX model

XX model:

H = −
∑
x∈Z

[
σ1
xσ

1
x+1 + σ2

xσ
2
x+1 + hσ3

x

]
By Jordan-Wigner transformation: σ± = exp

(
iπ
∑x−1
y=0 a

†
yay

)
a†x ⇒ zero overlap

〈σ+, qk〉0 = 0 with all conserved quantities qk = c†kck (where ck = F.T. of ax).

21
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Boltzmann-Gibbs principle: application to XX model

XX model:

H = −
∑
x∈Z

[
σ1
xσ

1
x+1 + σ2

xσ
2
x+1 + hσ3

x

]
By Jordan-Wigner transformation: σ± = exp

(
iπ
∑x−1
y=0 a

†
yay

)
a†x ⇒ zero overlap

〈σ+, qk〉0 = 0 with all conserved quantities qk = c†kck (where ck = F.T. of ax).

|x|, t→∞, x/t = ξ

Boltzmann-Gibbs principle gives

〈σ+
x (t)σ−0 (0)〉c ∼ 0

22
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Boltzmann-Gibbs principle: application to XX model

XX model:

H = −
∑
x∈Z

[
σ1
xσ

1
x+1 + σ2

xσ
2
x+1 + hσ3

x

]
By Jordan-Wigner transformation: σ± = exp

(
iπ
∑x−1
y=0 a

†
yay

)
a†x ⇒ zero overlap

〈σ+, qk〉0 = 0 with all conserved quantities qk = c†kck (where ck = F.T. of ax).

|x|, t→∞, x/t = ξ

Fredholm determinant calculation gives exponential decay, subleading to Euler scale

[Its, Izergin, Korepin, Slavnov 1992; Jie (PhD thesis) 1998]

〈σ+
x (t)σ−0 (0)〉c � exp[−ζ(ξ)t]

∼ 0

= Boltzmann-Gibbs result
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Boltzmann-Gibbs principle: application to XX model

Three different types of behaviours are seen:

• Monotonic algebraic decay: BG predicts

• Oscillating algebraic decay: BG does not predict

• Exponential decay: BG does not predict

Can we explain / evaluate oscillatory algebraic decay, and exponential decay, using

general hydrodynamic principles?

24
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Finite-frequency hydrodynamic projections

The theorems on hydrodynamic projections stay valid if we replace time evolution by

τt = eitadH → τ̃t = e−iωteitadH

and if we replace space translation by

ιx : a(y) 7→ a(y + x) → ι̃x = eikxιx

That is, Hilbert space of “homogeneous” extensive observables H̃ is based on ι̃x, and τ̃t is

valid time-evolution unitary operators it. [BD 2020]

25
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Finite-frequency hydrodynamic projections

The theorems on hydrodynamic projections stay valid if we replace time evolution by

τt = eitadH → τ̃t = e−iωteitadH

and if we replace space translation by

ιx : a(y) 7→ a(y + x) → ι̃x = eikxιx

That is, Hilbert space of “homogeneous” extensive observables H̃ is based on ι̃x, and τ̃t is

valid time-evolution unitary operators it. [BD 2020]

Redo the same hydrodynamic projection construction, but based on oscillating time evolution

and space translation: hydrodynamics near (ω, k) instead of (0, 0).

x

t

R
<latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit>

R
<latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit>

b(0, 0)
<latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit>

a(`x, `t)
<latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit>

!
<latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit><latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit><latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit><latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit>

k
<latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit><latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit><latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit><latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit>
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Finite-frequency hydrodynamic projections

New fluid-cell average that extracts the oscillating part:

a(x, t) =
1

R2

R∑
y=−R

∫ R

−R
ds eiky−iωsa(x+ y, t+ s)

New “susceptibility”

〈a, b〉0 =
∑
x

eikx〈a†(x)b(0)〉c

New condition of conservation

i[H,Qi] = ωQi, Qi =
∑
x

eikxqi(x)
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Finite-frequency hydrodynamic projections

Same formula

〈a(`x, `t)b(0, 0)〉c ∼ `−1
∑
i,j,n

〈a, qi〉0 Cij δ(x− At) nj 〈qn, b〉0

x

t

R
<latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit>

R
<latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit>

b(0, 0)
<latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit>

a(`x, `t)
<latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit>

!
<latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit><latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit><latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit><latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit>

k
<latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit><latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit><latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit><latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit>

x

t

R
<latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit>

R
<latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit><latexit sha1_base64="+nkURtdGAEUB0e3m2ZAtfiFtG5A=">AAAB/nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jER84BkCbOT2WTI7Owy0yuEJeDdq/6CN/Hqr/gHfoaTZA8msaChqOqmuytIpDDout/O2vrG5tZ2Yae4u7d/cFg6Om6aONWMN1gsY90OqOFSKN5AgZK3E81pFEjeCkZ3U7/1xLURsXrEccL9iA6UCAWjaKX6Q69UdivuDGSVeDkpQ45ar/TT7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZoRNybpU+CWNtSyGZqX8nMhoZM44C2xlRHJplbyr+53VSDG/8TKgkRa7YfFGYSoIxmX5N+kJzhnJsCWVa2FsJG1JNGdpsFrb0U2RDRuWkaKPxloNYJc3LiudWvPpVuXqbh1SAUziDC/DgGqpwDzVoAAMOL/AKb86z8+58OJ/z1jUnnzmBBThfvzQ6lhk=</latexit>

b(0, 0)
<latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit><latexit sha1_base64="ac5/b58DOi1Bm/ZkDXI8xvl/GJ4=">AAACDnicbVDLSsNAFJ34rPXRqEs3g0WoIGUigi6LblxWsA9oQ5lMJu3QySTMQyih/+Derf6CO3HrL/gHfoaTNgvbeuDC4Zx7uYcTpJwpjdC3s7a+sbm1Xdop7+7tH1Tcw6O2SowktEUSnshugBXlTNCWZprTbiopjgNOO8H4Lvc7T1QqlohHPUmpH+OhYBEjWFtp4Fb6MdYjgjkMaugCnQ/cKqqjGeAq8QpSBQWaA/enHybExFRowrFSPQ+l2s+w1IxwOi33jaIpJmM8pD1LBY6p8rNZ8Ck8s0oIo0TaERrO1L8XGY6VmsSB3cxjqmUvF//zekZHN37GRGo0FWT+KDIc6gTmLcCQSUo0n1iCiWQ2KyQjLDHRtquFL6HRJO9nWrbVeMtFrJL2Zd1Dde/hqtq4LUoqgRNwCmrAA9egAe5BE7QAAQa8gFfw5jw7786H8zlfXXOKm2OwAOfrF67Smxk=</latexit>

a(`x, `t)
<latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit><latexit sha1_base64="fTFgWlIiBIGtlD2j7Yquuperz5M=">AAACGHicbVDLSsNAFJ3UV62vqCtxM1iEClISEXRZdOOygn1AE8pkctMOnTyYmYilFP/DvVv9BXfi1p1/4Gc4SbOw1QPDHM65l3vv8RLOpLKsL6O0tLyyulZer2xsbm3vmLt7bRmngkKLxjwWXY9I4CyClmKKQzcRQEKPQ8cbXWd+5x6EZHF0p8YJuCEZRCxglCgt9c0DJyRqSAnHpOYA5/jhNP/USd+sWnUrB/5L7IJUUYFm3/x2/JimIUSKciJlz7YS5U6IUIxymFacVEJC6IgMoKdpREKQ7iQ/YYqPteLjIBb6RQrn6u+OCQmlHIeerswWloteJv7n9VIVXLoTFiWpgojOBgWpPjDGWR7YZwKo4mNNCBVM74rpkAhClU5tboqfKpolNa3oaOzFIP6S9lndtur27Xm1cVWEVEaH6AjVkI0uUAPdoCZqIYoe0TN6Qa/Gk/FmvBsfs9KSUfTsozkYnz/Mop96</latexit>

k
<latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit><latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit><latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit><latexit sha1_base64="pOoypjxgcOatFVfTIf2VHwnRNS4=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5id7SRDZmeXmVkhLAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BIrg2rvvtFDY2t7Z3irulvf2Dw6Py8UlLx6li2GSxiFUnoBoFl9g03AjsJAppFAhsB+P7md9+QqV5LB/NJEE/okPJB5xRY6XGuF+uuFV3DrJOvJxUIEe9X/7phTFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5sfOiUXVgnJIFa2pCFz9e9ERiOtJ1FgOyNqRnrVm4n/ed3UDG79jMskNSjZYtEgFcTEZPY1CblCZsTEEsoUt7cSNqKKMmOzWdoSpoaNGBXTko3GWw1inbSuqp5b9RrXldpdHlIRzuAcLsGDG6jBA9ShCQwQXuAV3pxn5935cD4XrQUnnzmFJThfv1xEljI=</latexit>

!
<latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit><latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit><latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit><latexit sha1_base64="MHuEW7nByCP9k9o/+c/XpFn0NY0=">AAACA3icbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJczOziZj5rHM9Aoh5Ojdq/6CN/Hqh/gHfoaTZA8msaChqOqmuytKBbfg+99eYW19Y3OruF3a2d3bPygfHjWtzgxlDaqFNu2IWCa4Yg3gIFg7NYzISLBWNLyd+q0nZizX6gFGKQsl6SuecErASc2ulqxPeuWKX/VnwKskyEkF5aj3yj/dWNNMMgVUEGs7gZ9COCYGOBVsUupmlqWEDkmfdRxVRDIbjmfXTvCZU2KcaONKAZ6pfyfGRFo7kpHrlAQGdtmbiv95nQyS63DMVZoBU3S+KMkEBo2nr+OYG0ZBjBwh1HB3K6YDYggFF9DCljgDOqBETEoummA5iFXSvKgGfjW4v6zUbvKQiugEnaJzFKArVEN3qI4aiKJH9IJe0Zv37L17H97nvLXg5TPHaAHe1y9F2phe</latexit>
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Application to XX model

For every ξ ∈ (−4, 4) there are two modes of velocity ξ

k± : v(k±) = 4 sin(k±) = ξ

Then, there is an extensive (ω, k)-conserved quantity with ω = E(k+)− E(k−) and

k = k+ − k−:

Q = c†(k+)c(k−)

Using this, finite-frequency hydro projection correctly predicts

〈σ3
x(t)σ3

0(0)〉c ω,k∼ 2i

πt
√

16− ξ2

∑
a=±

ana(1−n−a)(−1)xe−2ai(x arcsin(ξ/4)+t
√

16−ξ2)

Finite-frequency hydrodynamic projections give the correct oscillating algebraic decay! It is due

to the presence of two modes of different energies but with the same velocity.
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Correlation functions of twist fields and ballistic fluctuation theory

A “twist field” is a field eλϕi(x,t) where the “potential” ϕi(x, t) is formally defined by solving

the continuity equations:

qi(x, t) = ∂xϕi(x, t), ji(x, t) = −∂tϕi(x, t)

The two-point function is an exponential of a path-independent line integral in space-time:

〈e−λ(ϕi(x,t)−ϕi(0,0)〉 = 〈exp
[
λ

∫ (x,t)

(0,0)

(jidt− qidx)
]
〉

(0, 0)
<latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit><latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit><latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit><latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit>

(x, t)
<latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit><latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit><latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit><latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit>

(0, 0)
<latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit><latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit><latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit><latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit>

(x, t)
<latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit><latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit><latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit><latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit>

'i
<latexit sha1_base64="L6P+bv14gz2jDxjDPnAPqQsyiiE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF2yptKJPJpBk6Mwkzk0IJ/QDXbvUb3IlbP8NP8C+ctlnY1gMXDufcy733BCln2rjut1NaW9/Y3CpvV3Z29/YPqodHbZ1kitAWSXiiHgOsKWeStgwznD6mimIRcNoJhrdTvzOiSrNEPphxSn2BB5JFjGBjpafeCKs0Zn3Wr9bcujsDWiVeQWpQoNmv/vTChGSCSkM41rrruanxc6wMI5xOKr1M0xSTIR7QrqUSC6r9fHbwBJ1ZJURRomxJg2bq34kcC63HIrCdAptYL3tT8T+vm5no2s+ZTDNDJZkvijKOTIKm36OQKUoMH1uCiWL2VkRirDAxNqOFLWFmSEwwn1QqNhtvOYlV0r6oe27du7+sNW6KlMpwAqdwDh5cQQPuoAktICDgBV7hzXl23p0P53PeWnKKmWNYgPP1C1vRmdU=</latexit><latexit sha1_base64="L6P+bv14gz2jDxjDPnAPqQsyiiE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF2yptKJPJpBk6Mwkzk0IJ/QDXbvUb3IlbP8NP8C+ctlnY1gMXDufcy733BCln2rjut1NaW9/Y3CpvV3Z29/YPqodHbZ1kitAWSXiiHgOsKWeStgwznD6mimIRcNoJhrdTvzOiSrNEPphxSn2BB5JFjGBjpafeCKs0Zn3Wr9bcujsDWiVeQWpQoNmv/vTChGSCSkM41rrruanxc6wMI5xOKr1M0xSTIR7QrqUSC6r9fHbwBJ1ZJURRomxJg2bq34kcC63HIrCdAptYL3tT8T+vm5no2s+ZTDNDJZkvijKOTIKm36OQKUoMH1uCiWL2VkRirDAxNqOFLWFmSEwwn1QqNhtvOYlV0r6oe27du7+sNW6KlMpwAqdwDh5cQQPuoAktICDgBV7hzXl23p0P53PeWnKKmWNYgPP1C1vRmdU=</latexit><latexit sha1_base64="L6P+bv14gz2jDxjDPnAPqQsyiiE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF2yptKJPJpBk6Mwkzk0IJ/QDXbvUb3IlbP8NP8C+ctlnY1gMXDufcy733BCln2rjut1NaW9/Y3CpvV3Z29/YPqodHbZ1kitAWSXiiHgOsKWeStgwznD6mimIRcNoJhrdTvzOiSrNEPphxSn2BB5JFjGBjpafeCKs0Zn3Wr9bcujsDWiVeQWpQoNmv/vTChGSCSkM41rrruanxc6wMI5xOKr1M0xSTIR7QrqUSC6r9fHbwBJ1ZJURRomxJg2bq34kcC63HIrCdAptYL3tT8T+vm5no2s+ZTDNDJZkvijKOTIKm36OQKUoMH1uCiWL2VkRirDAxNqOFLWFmSEwwn1QqNhtvOYlV0r6oe27du7+sNW6KlMpwAqdwDh5cQQPuoAktICDgBV7hzXl23p0P53PeWnKKmWNYgPP1C1vRmdU=</latexit><latexit sha1_base64="L6P+bv14gz2jDxjDPnAPqQsyiiE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF2yptKJPJpBk6Mwkzk0IJ/QDXbvUb3IlbP8NP8C+ctlnY1gMXDufcy733BCln2rjut1NaW9/Y3CpvV3Z29/YPqodHbZ1kitAWSXiiHgOsKWeStgwznD6mimIRcNoJhrdTvzOiSrNEPphxSn2BB5JFjGBjpafeCKs0Zn3Wr9bcujsDWiVeQWpQoNmv/vTChGSCSkM41rrruanxc6wMI5xOKr1M0xSTIR7QrqUSC6r9fHbwBJ1ZJURRomxJg2bq34kcC63HIrCdAptYL3tT8T+vm5no2s+ZTDNDJZkvijKOTIKm36OQKUoMH1uCiWL2VkRirDAxNqOFLWFmSEwwn1QqNhtvOYlV0r6oe27du7+sNW6KlMpwAqdwDh5cQQPuoAktICDgBV7hzXl23p0P53PeWnKKmWNYgPP1C1vRmdU=</latexit>

'i
<latexit sha1_base64="L6P+bv14gz2jDxjDPnAPqQsyiiE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF2yptKJPJpBk6Mwkzk0IJ/QDXbvUb3IlbP8NP8C+ctlnY1gMXDufcy733BCln2rjut1NaW9/Y3CpvV3Z29/YPqodHbZ1kitAWSXiiHgOsKWeStgwznD6mimIRcNoJhrdTvzOiSrNEPphxSn2BB5JFjGBjpafeCKs0Zn3Wr9bcujsDWiVeQWpQoNmv/vTChGSCSkM41rrruanxc6wMI5xOKr1M0xSTIR7QrqUSC6r9fHbwBJ1ZJURRomxJg2bq34kcC63HIrCdAptYL3tT8T+vm5no2s+ZTDNDJZkvijKOTIKm36OQKUoMH1uCiWL2VkRirDAxNqOFLWFmSEwwn1QqNhtvOYlV0r6oe27du7+sNW6KlMpwAqdwDh5cQQPuoAktICDgBV7hzXl23p0P53PeWnKKmWNYgPP1C1vRmdU=</latexit><latexit sha1_base64="L6P+bv14gz2jDxjDPnAPqQsyiiE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF2yptKJPJpBk6Mwkzk0IJ/QDXbvUb3IlbP8NP8C+ctlnY1gMXDufcy733BCln2rjut1NaW9/Y3CpvV3Z29/YPqodHbZ1kitAWSXiiHgOsKWeStgwznD6mimIRcNoJhrdTvzOiSrNEPphxSn2BB5JFjGBjpafeCKs0Zn3Wr9bcujsDWiVeQWpQoNmv/vTChGSCSkM41rrruanxc6wMI5xOKr1M0xSTIR7QrqUSC6r9fHbwBJ1ZJURRomxJg2bq34kcC63HIrCdAptYL3tT8T+vm5no2s+ZTDNDJZkvijKOTIKm36OQKUoMH1uCiWL2VkRirDAxNqOFLWFmSEwwn1QqNhtvOYlV0r6oe27du7+sNW6KlMpwAqdwDh5cQQPuoAktICDgBV7hzXl23p0P53PeWnKKmWNYgPP1C1vRmdU=</latexit><latexit sha1_base64="L6P+bv14gz2jDxjDPnAPqQsyiiE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF2yptKJPJpBk6Mwkzk0IJ/QDXbvUb3IlbP8NP8C+ctlnY1gMXDufcy733BCln2rjut1NaW9/Y3CpvV3Z29/YPqodHbZ1kitAWSXiiHgOsKWeStgwznD6mimIRcNoJhrdTvzOiSrNEPphxSn2BB5JFjGBjpafeCKs0Zn3Wr9bcujsDWiVeQWpQoNmv/vTChGSCSkM41rrruanxc6wMI5xOKr1M0xSTIR7QrqUSC6r9fHbwBJ1ZJURRomxJg2bq34kcC63HIrCdAptYL3tT8T+vm5no2s+ZTDNDJZkvijKOTIKm36OQKUoMH1uCiWL2VkRirDAxNqOFLWFmSEwwn1QqNhtvOYlV0r6oe27du7+sNW6KlMpwAqdwDh5cQQPuoAktICDgBV7hzXl23p0P53PeWnKKmWNYgPP1C1vRmdU=</latexit><latexit sha1_base64="L6P+bv14gz2jDxjDPnAPqQsyiiE=">AAACB3icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF2yptKJPJpBk6Mwkzk0IJ/QDXbvUb3IlbP8NP8C+ctlnY1gMXDufcy733BCln2rjut1NaW9/Y3CpvV3Z29/YPqodHbZ1kitAWSXiiHgOsKWeStgwznD6mimIRcNoJhrdTvzOiSrNEPphxSn2BB5JFjGBjpafeCKs0Zn3Wr9bcujsDWiVeQWpQoNmv/vTChGSCSkM41rrruanxc6wMI5xOKr1M0xSTIR7QrqUSC6r9fHbwBJ1ZJURRomxJg2bq34kcC63HIrCdAptYL3tT8T+vm5no2s+ZTDNDJZkvijKOTIKm36OQKUoMH1uCiWL2VkRirDAxNqOFLWFmSEwwn1QqNhtvOYlV0r6oe27du7+sNW6KlMpwAqdwDh5cQQPuoAktICDgBV7hzXl23p0P53PeWnKKmWNYgPP1C1vRmdU=</latexit>

=
jidt � qidx

<latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit><latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit><latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit><latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit>

�<latexit sha1_base64="qSkLmVT2BPdVI3IIZ6IqkiC7RWY=">AAAB/3icbVDLSgNBEOz1GddX1KOXwSB4MeyKoMegF48JmAckS5idnU2GzD6Y6RXCkoNnr/oN3sSrn+In+BdOkj2YxIKGoqqb7i4/lUKj43xba+sbm1vbpR17d2//4LB8dNzSSaYYb7JEJqrjU82liHkTBUreSRWnkS952x/dT/32E1daJPEjjlPuRXQQi1AwikZqXPbLFafqzEBWiVuQChSo98s/vSBhWcRjZJJq3XWdFL2cKhRM8ondyzRPKRvRAe8aGtOIay+fHToh50YJSJgoUzGSmfp3IqeR1uPIN50RxaFe9qbif143w/DWy0WcZshjNl8UZpJgQqZfk0AozlCODaFMCXMrYUOqKEOTzcKWIEM2ZFRObNtk4y4nsUpaV1XXqbqN60rtrkipBKdwBhfgwg3U4AHq0AQGHF7gFd6sZ+vd+rA+561rVjFzAguwvn4BhHqWBA==</latexit><latexit sha1_base64="qSkLmVT2BPdVI3IIZ6IqkiC7RWY=">AAAB/3icbVDLSgNBEOz1GddX1KOXwSB4MeyKoMegF48JmAckS5idnU2GzD6Y6RXCkoNnr/oN3sSrn+In+BdOkj2YxIKGoqqb7i4/lUKj43xba+sbm1vbpR17d2//4LB8dNzSSaYYb7JEJqrjU82liHkTBUreSRWnkS952x/dT/32E1daJPEjjlPuRXQQi1AwikZqXPbLFafqzEBWiVuQChSo98s/vSBhWcRjZJJq3XWdFL2cKhRM8ondyzRPKRvRAe8aGtOIay+fHToh50YJSJgoUzGSmfp3IqeR1uPIN50RxaFe9qbif143w/DWy0WcZshjNl8UZpJgQqZfk0AozlCODaFMCXMrYUOqKEOTzcKWIEM2ZFRObNtk4y4nsUpaV1XXqbqN60rtrkipBKdwBhfgwg3U4AHq0AQGHF7gFd6sZ+vd+rA+561rVjFzAguwvn4BhHqWBA==</latexit><latexit sha1_base64="qSkLmVT2BPdVI3IIZ6IqkiC7RWY=">AAAB/3icbVDLSgNBEOz1GddX1KOXwSB4MeyKoMegF48JmAckS5idnU2GzD6Y6RXCkoNnr/oN3sSrn+In+BdOkj2YxIKGoqqb7i4/lUKj43xba+sbm1vbpR17d2//4LB8dNzSSaYYb7JEJqrjU82liHkTBUreSRWnkS952x/dT/32E1daJPEjjlPuRXQQi1AwikZqXPbLFafqzEBWiVuQChSo98s/vSBhWcRjZJJq3XWdFL2cKhRM8ondyzRPKRvRAe8aGtOIay+fHToh50YJSJgoUzGSmfp3IqeR1uPIN50RxaFe9qbif143w/DWy0WcZshjNl8UZpJgQqZfk0AozlCODaFMCXMrYUOqKEOTzcKWIEM2ZFRObNtk4y4nsUpaV1XXqbqN60rtrkipBKdwBhfgwg3U4AHq0AQGHF7gFd6sZ+vd+rA+561rVjFzAguwvn4BhHqWBA==</latexit><latexit sha1_base64="qSkLmVT2BPdVI3IIZ6IqkiC7RWY=">AAAB/3icbVDLSgNBEOz1GddX1KOXwSB4MeyKoMegF48JmAckS5idnU2GzD6Y6RXCkoNnr/oN3sSrn+In+BdOkj2YxIKGoqqb7i4/lUKj43xba+sbm1vbpR17d2//4LB8dNzSSaYYb7JEJqrjU82liHkTBUreSRWnkS952x/dT/32E1daJPEjjlPuRXQQi1AwikZqXPbLFafqzEBWiVuQChSo98s/vSBhWcRjZJJq3XWdFL2cKhRM8ondyzRPKRvRAe8aGtOIay+fHToh50YJSJgoUzGSmfp3IqeR1uPIN50RxaFe9qbif143w/DWy0WcZshjNl8UZpJgQqZfk0AozlCODaFMCXMrYUOqKEOTzcKWIEM2ZFRObNtk4y4nsUpaV1XXqbqN60rtrkipBKdwBhfgwg3U4AHq0AQGHF7gFd6sZ+vd+rA+561rVjFzAguwvn4BhHqWBA==</latexit>

(0, 0)
<latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit><latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit><latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit><latexit sha1_base64="J+Nb7fD6d44Iorb+ri9Qi+oMQd8=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBahgpSNCHosevFYwbSFNpTNdtMu3WzC7kYIob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMCxLBtcH42ymtrW9sbpW3Kzu7e/sH1cOjto5TRZlHYxGrbkA0E1wyz3AjWDdRjESBYJ1gcjfzO09MaR7LR5MlzI/ISPKQU2Ks5NXxBT4fVGu4gedAq8QtSA0KtAbVr/4wpmnEpKGCaN1zcWL8nCjDqWDTSj/VLCF0QkasZ6kkEdN+Pj92is6sMkRhrGxJg+bq74mcRFpnUWA7I2LGetmbif95vdSEN37OZZIaJuliUZgKZGI0+xwNuWLUiMwSQhW3tyI6JopQY/Op2BDc5ZdXSfuy4eKG+3BVa94WcZThBE6hDi5cQxPuoQUeUODwDK/w5kjnxXl3PhatJaeYOYY/cD5/ABS/jYk=</latexit>

(x, t)
<latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit><latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit><latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit><latexit sha1_base64="zuoL9EgHnayPYkWQ4aMVRoLe6dU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3SzSbsTsRS+hu8eFDEqz/Im//GbZuDtj4YeLw3w8y8MJXCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYZJMM+6zRCa6FVLDpVDcR4GSt1LNaRxK3gyHt1O/+ci1EYl6wFHKg5j2lYgEo2glv/J0jmfdUtmtujOQZeLlpAw56t3SV6eXsCzmCpmkxrQ9N8VgTDUKJvmk2MkMTykb0j5vW6pozE0wnh07IadW6ZEo0bYUkpn6e2JMY2NGcWg7Y4oDs+hNxf+8dobRdTAWKs2QKzZfFGWSYEKmn5Oe0JyhHFlCmRb2VsIGVFOGNp+iDcFbfHmZNC6qnlv17i/LtZs8jgIcwwlUwIMrqMEd1MEHBgKe4RXeHOW8OO/Ox7x1xclnjuAPnM8f6guOFQ==</latexit>
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Correlation functions of twist fields and ballistic fluctuation theory

Recall that

σ+
x = a†x exp

(
iπ
x−1∑
y=0

a†yay

)
This involves the fermion density q0(x, t) = a†x(t)ax(t).

Doing properly the JW transformation, one gets a “space-time Jordan-Wigner string”

〈σ+
x (t)σ−0 (0)〉 � 〈a†x(t)eiπ(ϕ0(x,t)−ϕ0(0,0))a0(0)〉

The presence of a “string” leads to a field that is semi-local, and this is one reason why σ±x do

not project onto extensive conserved charges.
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Correlation functions of twist fields and ballistic fluctuation theory

To the quantity

〈exp
[
λ

∫ (x,t)

(0,0)

(jidt− qidx)
]
〉

we apply large-deviation theory:

〈exp
[
λ

∫ (`x,`t)

(0,0)

(jidt− qidx)
]
〉 � exp

[
`Fi(λ;x, t)]

Fi(λ;x, t) may be evaluated using Euler-scale Macroscopic Fluctuation Theory [BD,

Sasamoto, Yoshimura to appear], or using the ballistic fluctuation theory [Myers, Bhaseen, Harris, Doyon

2019; Doyon, Myers 2019], in terms solely of objects from Euler hydrodynamics, as explained in

Takato’s talk.
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Correlation functions of twist fields and ballistic fluctuation theory

Its basis is the concept of “measure bias”

lim
`→∞

〈exp
[
λ
∫ (`x,`t)

(−`x,−`t)(jidt− qidx)
]
· · ·〉

〈exp
[
λ
∫ (`x,`t)

(−`x,−`t)(jidt− qidx)
]
〉

= 〈· · ·〉λ

By using path-invariance and hydrodynamic projections, one can show, order by order in λ,

that 〈· · ·〉λ must be a (G)GE, and that the λ-dependent GGE satisfies a flow equation

∂λβ
j(λ; ξ) = sgn

(
x1− tA(λ; ξ)

) j
i
, βj(0; ξ) = βj , ξ = x/t.

jidt � qidx
<latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit><latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit><latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit><latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit>
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Correlation functions of twist fields and ballistic fluctuation theory

The flow determines the large-deviation, with associated “specific free energy” – scaled

cumulant generating function – given by

Fi(λ;x, t) =

∫ λ

0

dλ′
(
t ji(λ

′; ξ)− x qi(λ′; ξ)
)

In the XX model for the fermion number (i = 0), the GGE along the flow is described by the

function

w(λ; ξ; k) = βE(k) + λ sgn
(
x− t v(k)

)
and the scaled cumulant generating function is

F0(λ;x, t) =

∫ π

−π

dk

2π
|x− t v(k)| log

(1 + e−w(λ;ξ;k)

1 + e−w(k)

)
.
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Correlation functions of twist fields and ballistic fluctuation theory

Using the flow on states and the SCGF, the required correlation function factorises into:

[BD, Del Vecchio Del Vecchio 2021]

• an exponential decay due to the interaction between the “boundary fermions” that occurs

well within the region between them where λ-GGE is established,

• and a contribution from the large-deviation for fluctuations of total spin, or total spin

transport:

〈a†`x(`t)eλ(ϕ0(`x,`t)−ϕ0(0,0))a0(0)〉 � 〈a†`x(`t)a0(0)〉λ exp
[
`F0(λ;x, t

]

jidt � qidx
<latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit><latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit><latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit><latexit sha1_base64="aRf/TvuyoZmqDiVkm7GeNAFThME=">AAACLXicbZDLSsNAFIYnXmu8RV26GSyCm5ZEBF0W3bisYC/QljCZTNuxk4szJ2IJeQofxLVbfQYXgrgV38JJW9S2/jDw851zOGd+LxZcgW2/GQuLS8srq4U1c31jc2vb2tmtqyiRlNVoJCLZ9IhigoesBhwEa8aSkcATrOENLvJ6445JxaPwGoYx6wSkF/IupwQ0cq1SOyDQp0TgG5fjtC0D7GeAS/iH3/7ye9cq2mV7JDxvnIkpoomqrvXV9iOaBCwEKohSLceOoZMSCZwKlpntRLGY0AHpsZa2IQmY6qSjb2X4UBMfdyOpXwh4RP9OpCRQahh4ujM/Vs3WcvhfrZVA96yT8jBOgIV0vKibCAwRzjPCPpeMghhqQ6jk+lZM+0QSCjrJqS1+AjRPKTNNnY0zm8S8qR+XHbvsXJ0UK+eTlApoHx2gI+SgU1RBl6iKaoiiB/SEntGL8Wi8Gu/Gx7h1wZjM7KEpGZ/fYWCn3g==</latexit>
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<latexit sha1_base64="gy2qmCuo1XSIFP4JW2UncNkFJiI=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUASQ+/sbDJmdnaZmRXCkqN3r/oL3sSrH+If+BlOkj2YxIKGoqqb7i4/EVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDx6mirE5jEauWj5oJLlndcCNYK1EMI1+wpj+8mfjNJ6Y0j+W9GSWsG2Ff8pBTNFZq4EMnwH6vVHYr7hRkmXg5KUOOWq/00wlimkZMGipQ67bnJqaboTKcCjYudlLNEqRD7LO2pRIjprvZ9NoxObVKQMJY2ZKGTNW/ExlGWo8i33ZGaAZ60ZuI/3nt1IRX3YzLJDVM0tmiMBXExGTyOgm4YtSIkSVIFbe3EjpAhdTYgOa2BKmhA4piXLTReItBLJPGecVzK97dRbl6nYdUgGM4gTPw4BKqcAs1qAOFR3iBV3hznp1358P5nLWuOPnMEczB+foFFWiYQA==</latexit><latexit sha1_base64="gy2qmCuo1XSIFP4JW2UncNkFJiI=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUASQ+/sbDJmdnaZmRXCkqN3r/oL3sSrH+If+BlOkj2YxIKGoqqb7i4/EVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDx6mirE5jEauWj5oJLlndcCNYK1EMI1+wpj+8mfjNJ6Y0j+W9GSWsG2Ff8pBTNFZq4EMnwH6vVHYr7hRkmXg5KUOOWq/00wlimkZMGipQ67bnJqaboTKcCjYudlLNEqRD7LO2pRIjprvZ9NoxObVKQMJY2ZKGTNW/ExlGWo8i33ZGaAZ60ZuI/3nt1IRX3YzLJDVM0tmiMBXExGTyOgm4YtSIkSVIFbe3EjpAhdTYgOa2BKmhA4piXLTReItBLJPGecVzK97dRbl6nYdUgGM4gTPw4BKqcAs1qAOFR3iBV3hznp1358P5nLWuOPnMEczB+foFFWiYQA==</latexit><latexit sha1_base64="gy2qmCuo1XSIFP4JW2UncNkFJiI=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUASQ+/sbDJmdnaZmRXCkqN3r/oL3sSrH+If+BlOkj2YxIKGoqqb7i4/EVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDx6mirE5jEauWj5oJLlndcCNYK1EMI1+wpj+8mfjNJ6Y0j+W9GSWsG2Ff8pBTNFZq4EMnwH6vVHYr7hRkmXg5KUOOWq/00wlimkZMGipQ67bnJqaboTKcCjYudlLNEqRD7LO2pRIjprvZ9NoxObVKQMJY2ZKGTNW/ExlGWo8i33ZGaAZ60ZuI/3nt1IRX3YzLJDVM0tmiMBXExGTyOgm4YtSIkSVIFbe3EjpAhdTYgOa2BKmhA4piXLTReItBLJPGecVzK97dRbl6nYdUgGM4gTPw4BKqcAs1qAOFR3iBV3hznp1358P5nLWuOPnMEczB+foFFWiYQA==</latexit><latexit sha1_base64="gy2qmCuo1XSIFP4JW2UncNkFJiI=">AAACA3icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUASQ+/sbDJmdnaZmRXCkqN3r/oL3sSrH+If+BlOkj2YxIKGoqqb7i4/EVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDx6mirE5jEauWj5oJLlndcCNYK1EMI1+wpj+8mfjNJ6Y0j+W9GSWsG2Ff8pBTNFZq4EMnwH6vVHYr7hRkmXg5KUOOWq/00wlimkZMGipQ67bnJqaboTKcCjYudlLNEqRD7LO2pRIjprvZ9NoxObVKQMJY2ZKGTNW/ExlGWo8i33ZGaAZ60ZuI/3nt1IRX3YzLJDVM0tmiMBXExGTyOgm4YtSIkSVIFbe3EjpAhdTYgOa2BKmhA4piXLTReItBLJPGecVzK97dRbl6nYdUgGM4gTPw4BKqcAs1qAOFR3iBV3hznp1358P5nLWuOPnMEczB+foFFWiYQA==</latexit>

a
<latexit sha1_base64="AnWmRSZMaiAvqR6m1HMUc3OPJus=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUatF+uuFV3DrJOvJxUIEe9X/7phQnLYq6QSWpM13NT9CdUo2CST0u9zPCUshEd8K6lisbc+JP5oVNyYZWQRIm2pZDM1b8TExobM44D2xlTHJpVbyb+53UzjG79iVBphlyxxaIokwQTMvuahEJzhnJsCWVa2FsJG1JNGdpslraEGbIho3JastF4q0Gsk9ZV1XOrXuO6UrvLQyrCGZzDJXhwAzV4gDo0gQGHF3iFN+fZeXc+nM9Fa8HJZ05hCc7XL0xAlig=</latexit><latexit sha1_base64="AnWmRSZMaiAvqR6m1HMUc3OPJus=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUatF+uuFV3DrJOvJxUIEe9X/7phQnLYq6QSWpM13NT9CdUo2CST0u9zPCUshEd8K6lisbc+JP5oVNyYZWQRIm2pZDM1b8TExobM44D2xlTHJpVbyb+53UzjG79iVBphlyxxaIokwQTMvuahEJzhnJsCWVa2FsJG1JNGdpslraEGbIho3JastF4q0Gsk9ZV1XOrXuO6UrvLQyrCGZzDJXhwAzV4gDo0gQGHF3iFN+fZeXc+nM9Fa8HJZ05hCc7XL0xAlig=</latexit><latexit sha1_base64="AnWmRSZMaiAvqR6m1HMUc3OPJus=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUatF+uuFV3DrJOvJxUIEe9X/7phQnLYq6QSWpM13NT9CdUo2CST0u9zPCUshEd8K6lisbc+JP5oVNyYZWQRIm2pZDM1b8TExobM44D2xlTHJpVbyb+53UzjG79iVBphlyxxaIokwQTMvuahEJzhnJsCWVa2FsJG1JNGdpslraEGbIho3JastF4q0Gsk9ZV1XOrXuO6UrvLQyrCGZzDJXhwAzV4gDo0gQGHF3iFN+fZeXc+nM9Fa8HJZ05hCc7XL0xAlig=</latexit><latexit sha1_base64="AnWmRSZMaiAvqR6m1HMUc3OPJus=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUatF+uuFV3DrJOvJxUIEe9X/7phQnLYq6QSWpM13NT9CdUo2CST0u9zPCUshEd8K6lisbc+JP5oVNyYZWQRIm2pZDM1b8TExobM44D2xlTHJpVbyb+53UzjG79iVBphlyxxaIokwQTMvuahEJzhnJsCWVa2FsJG1JNGdpslraEGbIho3JastF4q0Gsk9ZV1XOrXuO6UrvLQyrCGZzDJXhwAzV4gDo0gQGHF3iFN+fZeXc+nM9Fa8HJZ05hCc7XL0xAlig=</latexit>
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Results in the XX model

An analysis of both factors (saddle point, and ballistic fluctuation theory) gives the correct

results (|x|, t→∞, x/t = ξ ∈ R)
〈σ+
x (t)σ−0 (0)〉 (E(k) = 4h− 2 cos k, v(k) = 4 sin k)

�



exp

[
|t|
∫ π

−π

dk

2π
|ξ − v(k)| log

∣∣∣ tanh
βE(k)

2

∣∣∣] (|ξ| ≤ 4)

exp

[
|x|
∫ π

−π

dk

2π
log
∣∣∣ tanh

βE(k)

2

∣∣∣] (|ξ| > 4, |h| ≤ 2)

[Its, Izergin, Korepin, Slavnov 1992; Jie (PhD thesis) 1998][– asymptotics of Fredholm determinants]

eiΦ(x,t) exp
[
− |x|min

(
arccosh(|h|/2),

arccosh(|ξ|/4)−
√

1− 16

ξ2

) ]
×

× exp

[
|x|
∫ π

−π

dk

2π
log
∣∣∣ tanh

βE(k)

2

∣∣∣] (|ξ| > 4, |h| > 2)

[BD, Del Vecchio Del Vecchio 2021 – hydrodynamics]
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Results in the XX model

Comparison with numerics, e.g. in space-like region, e−|x|/ξ

0.5 1.0 1.5 2.0 2.5 3.0
h

-1.15

-0.95

-0.75

-0.55

-0.35

-
1

ξ

β=0.5

β=0.75

β=1.

β=1.25

β=1.5

β=1.75

β=2.

Theory
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Conclusions

Finite-frequency hydro projection

• Related works in interacting models where “dynamical symmetries” are used to bound

finite-frequency Drude weights [Buça, Tindall, Jaksch 2019; Medenjak, Prosen Zadnik 2020].

• Probably the principles used here can be extended to generic integrable models using the

finite-density form factors (see reviews [De Nardis, BD, Medenjak, Panfil 2021; Cortés Cubero,

Yoshimura, Spohn 2021]).

• Finite-frequency hydrodynamic equations? Higher-point functions?

Twist fields

• Immediately applicable to other fields of interest such as eiαφ in the sine-Gordon model [in

progress with del Vecchio del Vecchio, Kormos], potentially for Ψ field in Lieb-Liniger.

• Can be used to study non-equilibrium dynamics of entanglement entropy....
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