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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)

I will consider throughout a thermal state

〈· · ·〉 = Z−1Tr
(
e−βH · · ·

)
but all results / 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.

3



'

&

$

%

Correlations at large scales of space and time

For illustration purposes, I concentrate on the XX model:

H = −
∑
x∈Z

[
σ1
xσ

1
x+1 + σ2

xσ
2
x+1 + hσ3

x

]
By Wick’s theorem and saddle point analysis (|x|, t→∞, x/t = ξ ∈ (−4, 4))

〈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)

)
where

n± =
1

1 + exp
[
− β

(
2h∓

√
16− ξ2

)]

4



'

&

$

%

Correlations at large scales of space and time

Asymptotics of Fredholm determinants (|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]

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 – from hydrodynamics]
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Correlations at large scales of space and time

Three different types of behaviours are seen:

• Monotonic algebraic decay

• Oscillating algebraic decay

• Exponential decay

Can we explain these results using general hydrodynamic principles applied to the XX

model? What are these principles?

6



'

&

$

%

Boltzmann-Gibbs principle (conventional hydrodynamic projections)

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
<latexit sha1_base64="kHU4m2VEmYqNdWoQl8ld6LeW5dY=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUabr9ccavuHGSdeDmpQI56v/zTCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258SfzQ6fkwiohiRJtSyGZq38nJjQ2ZhwHtjOmODSr3kz8z+tmGN36E6HSDLlii0VRJgkmZPY1CYXmDOXYEsq0sLcSNqSaMrTZLG0JM2RDRuW0ZKPxVoNYJ62rqudWvcZ1pXaXh1SEMziHS/DgBmrwAHVoAgMOL/AKb86z8+58OJ+L1oKTz5zCEpyvX/23lfc=</latexit><latexit sha1_base64="kHU4m2VEmYqNdWoQl8ld6LeW5dY=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUabr9ccavuHGSdeDmpQI56v/zTCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258SfzQ6fkwiohiRJtSyGZq38nJjQ2ZhwHtjOmODSr3kz8z+tmGN36E6HSDLlii0VRJgkmZPY1CYXmDOXYEsq0sLcSNqSaMrTZLG0JM2RDRuW0ZKPxVoNYJ62rqudWvcZ1pXaXh1SEMziHS/DgBmrwAHVoAgMOL/AKb86z8+58OJ+L1oKTz5zCEpyvX/23lfc=</latexit><latexit sha1_base64="kHU4m2VEmYqNdWoQl8ld6LeW5dY=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUabr9ccavuHGSdeDmpQI56v/zTCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258SfzQ6fkwiohiRJtSyGZq38nJjQ2ZhwHtjOmODSr3kz8z+tmGN36E6HSDLlii0VRJgkmZPY1CYXmDOXYEsq0sLcSNqSaMrTZLG0JM2RDRuW0ZKPxVoNYJ62rqudWvcZ1pXaXh1SEMziHS/DgBmrwAHVoAgMOL/AKb86z8+58OJ+L1oKTz5zCEpyvX/23lfc=</latexit><latexit sha1_base64="kHU4m2VEmYqNdWoQl8ld6LeW5dY=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUabr9ccavuHGSdeDmpQI56v/zTCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258SfzQ6fkwiohiRJtSyGZq38nJjQ2ZhwHtjOmODSr3kz8z+tmGN36E6HSDLlii0VRJgkmZPY1CYXmDOXYEsq0sLcSNqSaMrTZLG0JM2RDRuW0ZKPxVoNYJ62rqudWvcZ1pXaXh1SEMziHS/DgBmrwAHVoAgMOL/AKb86z8+58OJ+L1oKTz5zCEpyvX/23lfc=</latexit>

qi’sa(0, 0) b(x, t)
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Boltzmann-Gibbs principle (conventional hydrodynamic projections)

Define inner product (“susceptibilities” with wavenumber k)

〈a, b〉k =
∑
x

eikx〈a†(x)b(0)〉c

Define matrix of susceptibilities (or static correlation matrix)

Cij = 〈qi, qj〉0
inverse CijC

jm = δmi . In limit k → 0, t→∞ with kt fixed, hydrodynamic projection

principle [Zwanzig 1961; Mori 1965; .... ; Spohn 2014; Mendl, Spohn 2015; BD, Spohn 2017; BD 2018]

lim
kt
〈a(t), b〉k =

∑
i,j,m,n

〈a, qi〉0 Cij Sjm(kt)Cmn 〈qn, b〉0

where

Sjm(kt) = lim
kt
〈qj(t), qm〉k

Theorem [BD 2020]: under an appropriate definition of limkt this holds in every short-range

homogeneous quantum spin chain.
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Boltzmann-Gibbs principle (conventional hydrodynamic projections)

Remarks:

• 〈·, ·〉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 operators on H.

• The space of conserved charges is mathematically defined as the ∩t of kernel of τt.
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Boltzmann-Gibbs principle (conventional hydrodynamic projections)

Apply linearised response to Euler equation for averages qi(x, t), ji(x, t) in space-time

dependent, entropy-maximised fluid cells:

∂tqi(x, t) + ∂xji(x, t) = 0

This leads to linearised equation for perturbations of state

∂tδqi(x, t) +
∑
j

A j
i ∂xδqj(x, t) = 0, A j

i =
∂〈ji〉
∂〈qj〉

and translates into equations for correlations

∂

∂(kt)
Sjm(kt) = i

∑
n

A n
j Snm(kt)

[Similar techniques for higher-point functions BD 2019; Fava, Biswas, Gopalakrishnan, Vasseur, Parameswaran 2021]

Theorem [BD 2020]: under an appropriate definition of “local” this holds for every local

conserved densities qj , qm.
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Boltzmann-Gibbs principle (conventional hydrodynamic projections)

A more physical way of re-writing this 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
<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)
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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 (conventional hydrodynamic projections)

Typically algebraic decay along velocities spectrum(A) = {veff
k }:

x

t

x0
<latexit sha1_base64="kHU4m2VEmYqNdWoQl8ld6LeW5dY=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUabr9ccavuHGSdeDmpQI56v/zTCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258SfzQ6fkwiohiRJtSyGZq38nJjQ2ZhwHtjOmODSr3kz8z+tmGN36E6HSDLlii0VRJgkmZPY1CYXmDOXYEsq0sLcSNqSaMrTZLG0JM2RDRuW0ZKPxVoNYJ62rqudWvcZ1pXaXh1SEMziHS/DgBmrwAHVoAgMOL/AKb86z8+58OJ+L1oKTz5zCEpyvX/23lfc=</latexit><latexit sha1_base64="kHU4m2VEmYqNdWoQl8ld6LeW5dY=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUabr9ccavuHGSdeDmpQI56v/zTCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258SfzQ6fkwiohiRJtSyGZq38nJjQ2ZhwHtjOmODSr3kz8z+tmGN36E6HSDLlii0VRJgkmZPY1CYXmDOXYEsq0sLcSNqSaMrTZLG0JM2RDRuW0ZKPxVoNYJ62rqudWvcZ1pXaXh1SEMziHS/DgBmrwAHVoAgMOL/AKb86z8+58OJ+L1oKTz5zCEpyvX/23lfc=</latexit><latexit sha1_base64="kHU4m2VEmYqNdWoQl8ld6LeW5dY=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUabr9ccavuHGSdeDmpQI56v/zTCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258SfzQ6fkwiohiRJtSyGZq38nJjQ2ZhwHtjOmODSr3kz8z+tmGN36E6HSDLlii0VRJgkmZPY1CYXmDOXYEsq0sLcSNqSaMrTZLG0JM2RDRuW0ZKPxVoNYJ62rqudWvcZ1pXaXh1SEMziHS/DgBmrwAHVoAgMOL/AKb86z8+58OJ+L1oKTz5zCEpyvX/23lfc=</latexit><latexit sha1_base64="kHU4m2VEmYqNdWoQl8ld6LeW5dY=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48JmAckS5idnU2GzM4uM71CCAHvXvUXvIlXf8U/8DOcJHswiQUNRVU33V1BKoVB1/12ChubW9s7xd3S3v7B4VH5+KRlkkwz3mSJTHQnoIZLoXgTBUreSTWncSB5Oxjdz/z2E9dGJOoRxyn3YzpQIhKMopUabr9ccavuHGSdeDmpQI56v/zTCxOWxVwhk9SYruem6E+oRsEkn5Z6meEpZSM64F1LFY258SfzQ6fkwiohiRJtSyGZq38nJjQ2ZhwHtjOmODSr3kz8z+tmGN36E6HSDLlii0VRJgkmZPY1CYXmDOXYEsq0sLcSNqSaMrTZLG0JM2RDRuW0ZKPxVoNYJ62rqudWvcZ1pXaXh1SEMziHS/DgBmrwAHVoAgMOL/AKb86z8+58OJ+L1oKTz5zCEpyvX/23lfc=</latexit>

ve↵
k

<latexit sha1_base64="K4kWTIOWwqpEj5ksbP0LbiFy5M4=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2LJnMnTY0yYxJplCG/oF7t/oL7sStP+Ef+Bmm7Sxs64ELh3Pu5VxOkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4O/VbI1CaxfLBjBPwBelLFjFKjJX80WPWVQJDFE16w1654lbdGfAq8XJSQTnqvfJPN4xpKkAayonWHc9NjJ8RZRjlMCl1Uw0JoUPSh46lkgjQfjZ7eoLPrBLiKFZ2pMEz9e9FRoTWYxHYTUHMQC97U/E/r5Oa6NrPmExSA5LOg6KUYxPjaQM4ZAqo4WNLCFXM/orpgChCje1pISVMDR1QwiclW423XMQqaV5UPbfq3V9Wajd5SUV0gk7ROfLQFaqhO1RHDUTRE3pBr+jNeXbenQ/nc75acPKbY7QA5+sXxSCbYQ==</latexit><latexit sha1_base64="K4kWTIOWwqpEj5ksbP0LbiFy5M4=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2LJnMnTY0yYxJplCG/oF7t/oL7sStP+Ef+Bmm7Sxs64ELh3Pu5VxOkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4O/VbI1CaxfLBjBPwBelLFjFKjJX80WPWVQJDFE16w1654lbdGfAq8XJSQTnqvfJPN4xpKkAayonWHc9NjJ8RZRjlMCl1Uw0JoUPSh46lkgjQfjZ7eoLPrBLiKFZ2pMEz9e9FRoTWYxHYTUHMQC97U/E/r5Oa6NrPmExSA5LOg6KUYxPjaQM4ZAqo4WNLCFXM/orpgChCje1pISVMDR1QwiclW423XMQqaV5UPbfq3V9Wajd5SUV0gk7ROfLQFaqhO1RHDUTRE3pBr+jNeXbenQ/nc75acPKbY7QA5+sXxSCbYQ==</latexit><latexit sha1_base64="K4kWTIOWwqpEj5ksbP0LbiFy5M4=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2LJnMnTY0yYxJplCG/oF7t/oL7sStP+Ef+Bmm7Sxs64ELh3Pu5VxOkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4O/VbI1CaxfLBjBPwBelLFjFKjJX80WPWVQJDFE16w1654lbdGfAq8XJSQTnqvfJPN4xpKkAayonWHc9NjJ8RZRjlMCl1Uw0JoUPSh46lkgjQfjZ7eoLPrBLiKFZ2pMEz9e9FRoTWYxHYTUHMQC97U/E/r5Oa6NrPmExSA5LOg6KUYxPjaQM4ZAqo4WNLCFXM/orpgChCje1pISVMDR1QwiclW423XMQqaV5UPbfq3V9Wajd5SUV0gk7ROfLQFaqhO1RHDUTRE3pBr+jNeXbenQ/nc75acPKbY7QA5+sXxSCbYQ==</latexit><latexit sha1_base64="K4kWTIOWwqpEj5ksbP0LbiFy5M4=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2LJnMnTY0yYxJplCG/oF7t/oL7sStP+Ef+Bmm7Sxs64ELh3Pu5VxOkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4O/VbI1CaxfLBjBPwBelLFjFKjJX80WPWVQJDFE16w1654lbdGfAq8XJSQTnqvfJPN4xpKkAayonWHc9NjJ8RZRjlMCl1Uw0JoUPSh46lkgjQfjZ7eoLPrBLiKFZ2pMEz9e9FRoTWYxHYTUHMQC97U/E/r5Oa6NrPmExSA5LOg6KUYxPjaQM4ZAqo4WNLCFXM/orpgChCje1pISVMDR1QwiclW423XMQqaV5UPbfq3V9Wajd5SUV0gk7ROfLQFaqhO1RHDUTRE3pBr+jNeXbenQ/nc75acPKbY7QA5+sXxSCbYQ==</latexit> v
e↵

k
<latexit sha1_base64="K4kWTIOWwqpEj5ksbP0LbiFy5M4=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2LJnMnTY0yYxJplCG/oF7t/oL7sStP+Ef+Bmm7Sxs64ELh3Pu5VxOkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4O/VbI1CaxfLBjBPwBelLFjFKjJX80WPWVQJDFE16w1654lbdGfAq8XJSQTnqvfJPN4xpKkAayonWHc9NjJ8RZRjlMCl1Uw0JoUPSh46lkgjQfjZ7eoLPrBLiKFZ2pMEz9e9FRoTWYxHYTUHMQC97U/E/r5Oa6NrPmExSA5LOg6KUYxPjaQM4ZAqo4WNLCFXM/orpgChCje1pISVMDR1QwiclW423XMQqaV5UPbfq3V9Wajd5SUV0gk7ROfLQFaqhO1RHDUTRE3pBr+jNeXbenQ/nc75acPKbY7QA5+sXxSCbYQ==</latexit><latexit sha1_base64="K4kWTIOWwqpEj5ksbP0LbiFy5M4=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2LJnMnTY0yYxJplCG/oF7t/oL7sStP+Ef+Bmm7Sxs64ELh3Pu5VxOkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4O/VbI1CaxfLBjBPwBelLFjFKjJX80WPWVQJDFE16w1654lbdGfAq8XJSQTnqvfJPN4xpKkAayonWHc9NjJ8RZRjlMCl1Uw0JoUPSh46lkgjQfjZ7eoLPrBLiKFZ2pMEz9e9FRoTWYxHYTUHMQC97U/E/r5Oa6NrPmExSA5LOg6KUYxPjaQM4ZAqo4WNLCFXM/orpgChCje1pISVMDR1QwiclW423XMQqaV5UPbfq3V9Wajd5SUV0gk7ROfLQFaqhO1RHDUTRE3pBr+jNeXbenQ/nc75acPKbY7QA5+sXxSCbYQ==</latexit><latexit sha1_base64="K4kWTIOWwqpEj5ksbP0LbiFy5M4=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2LJnMnTY0yYxJplCG/oF7t/oL7sStP+Ef+Bmm7Sxs64ELh3Pu5VxOkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4O/VbI1CaxfLBjBPwBelLFjFKjJX80WPWVQJDFE16w1654lbdGfAq8XJSQTnqvfJPN4xpKkAayonWHc9NjJ8RZRjlMCl1Uw0JoUPSh46lkgjQfjZ7eoLPrBLiKFZ2pMEz9e9FRoTWYxHYTUHMQC97U/E/r5Oa6NrPmExSA5LOg6KUYxPjaQM4ZAqo4WNLCFXM/orpgChCje1pISVMDR1QwiclW423XMQqaV5UPbfq3V9Wajd5SUV0gk7ROfLQFaqhO1RHDUTRE3pBr+jNeXbenQ/nc75acPKbY7QA5+sXxSCbYQ==</latexit><latexit sha1_base64="K4kWTIOWwqpEj5ksbP0LbiFy5M4=">AAACCnicbVDLSgMxFM3UV62vqks3wSK4KjMi6LLoxmUF+4B2LJnMnTY0yYxJplCG/oF7t/oL7sStP+Ef+Bmm7Sxs64ELh3Pu5VxOkHCmjet+O4W19Y3NreJ2aWd3b/+gfHjU1HGqKDRozGPVDogGziQ0DDMc2okCIgIOrWB4O/VbI1CaxfLBjBPwBelLFjFKjJX80WPWVQJDFE16w1654lbdGfAq8XJSQTnqvfJPN4xpKkAayonWHc9NjJ8RZRjlMCl1Uw0JoUPSh46lkgjQfjZ7eoLPrBLiKFZ2pMEz9e9FRoTWYxHYTUHMQC97U/E/r5Oa6NrPmExSA5LOg6KUYxPjaQM4ZAqo4WNLCFXM/orpgChCje1pISVMDR1QwiclW423XMQqaV5UPbfq3V9Wajd5SUV0gk7ROfLQFaqhO1RHDUTRE3pBr+jNeXbenQ/nc75acPKbY7QA5+sXxSCbYQ==</latexit>

exponential

alg
eb
rai
c

t↵
<latexit sha1_base64="5kEWmOa19QZK4bfTIW7tcyd3zz8=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6CNZbLdtEs3m7g7EUrpn/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/PCVApDnvftrKyurW9sFraK2zu7e/ulg8OGSTLNeJ0lMtGtEA2XQvE6CZK8lWqOcSh5MxzeTP3mE9dGJOqeRikPYuwrEQmGZKUWPXRQpgPslspexZvBXSZ+TsqQo9YtfXV6CctirohJNKbteykFY9QkmOSTYiczPEU2xD5vW6ow5iYYz+6duKdW6blRom0pcmfq74kxxsaM4tB2xkgDs+hNxf+8dkbRVTAWKs2IKzZfFGXSpcSdPu/2hOaM5MgSZFrYW102QI2MbERFG4K/+PIyaZxXfK/i312Uq9d5HAU4hhM4Ax8uoQq3UIM6MJDwDK/w5jw6L8678zFvXXHymSP4A+fzBxklj/4=</latexit><latexit sha1_base64="5kEWmOa19QZK4bfTIW7tcyd3zz8=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6CNZbLdtEs3m7g7EUrpn/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/PCVApDnvftrKyurW9sFraK2zu7e/ulg8OGSTLNeJ0lMtGtEA2XQvE6CZK8lWqOcSh5MxzeTP3mE9dGJOqeRikPYuwrEQmGZKUWPXRQpgPslspexZvBXSZ+TsqQo9YtfXV6CctirohJNKbteykFY9QkmOSTYiczPEU2xD5vW6ow5iYYz+6duKdW6blRom0pcmfq74kxxsaM4tB2xkgDs+hNxf+8dkbRVTAWKs2IKzZfFGXSpcSdPu/2hOaM5MgSZFrYW102QI2MbERFG4K/+PIyaZxXfK/i312Uq9d5HAU4hhM4Ax8uoQq3UIM6MJDwDK/w5jw6L8678zFvXXHymSP4A+fzBxklj/4=</latexit><latexit sha1_base64="5kEWmOa19QZK4bfTIW7tcyd3zz8=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6CNZbLdtEs3m7g7EUrpn/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/PCVApDnvftrKyurW9sFraK2zu7e/ulg8OGSTLNeJ0lMtGtEA2XQvE6CZK8lWqOcSh5MxzeTP3mE9dGJOqeRikPYuwrEQmGZKUWPXRQpgPslspexZvBXSZ+TsqQo9YtfXV6CctirohJNKbteykFY9QkmOSTYiczPEU2xD5vW6ow5iYYz+6duKdW6blRom0pcmfq74kxxsaM4tB2xkgDs+hNxf+8dkbRVTAWKs2IKzZfFGXSpcSdPu/2hOaM5MgSZFrYW102QI2MbERFG4K/+PIyaZxXfK/i312Uq9d5HAU4hhM4Ax8uoQq3UIM6MJDwDK/w5jw6L8678zFvXXHymSP4A+fzBxklj/4=</latexit><latexit sha1_base64="5kEWmOa19QZK4bfTIW7tcyd3zz8=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8lUQEPRa9eKxgP6CNZbLdtEs3m7g7EUrpn/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/PCVApDnvftrKyurW9sFraK2zu7e/ulg8OGSTLNeJ0lMtGtEA2XQvE6CZK8lWqOcSh5MxzeTP3mE9dGJOqeRikPYuwrEQmGZKUWPXRQpgPslspexZvBXSZ+TsqQo9YtfXV6CctirohJNKbteykFY9QkmOSTYiczPEU2xD5vW6ow5iYYz+6duKdW6blRom0pcmfq74kxxsaM4tB2xkgDs+hNxf+8dkbRVTAWKs2IKzZfFGXSpcSdPu/2hOaM5MgSZFrYW102QI2MbERFG4K/+PIyaZxXfK/i312Uq9d5HAU4hhM4Ax8uoQq3UIM6MJDwDK/w5jw6L8678zFvXXHymSP4A+fzBxklj/4=</latexit>

a

ve↵
<latexit sha1_base64="qo7KnRIyAffhR8is8gnHuzz0Fmk=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCecBmDbOT2WTIPJaZ3kBY8hlePCji1a/x5t84SfagiQUNRVU33V1xKrgF3//21tY3Nre2Szvl3b39g8PK0XHL6sxQ1qRaaNOJiWWCK9YEDoJ1UsOIjAVrx6O7md8eM2O5Vo8wSVkkyUDxhFMCTgrHT3nXSMySZNqrVP2aPwdeJUFBqqhAo1f56vY1zSRTQAWxNgz8FKKcGOBUsGm5m1mWEjoiAxY6qohkNsrnJ0/xuVP6ONHGlQI8V39P5ERaO5Gx65QEhnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f+4zw2jICaOEGq4uxXTITGEgkup7EIIll9eJa3LWuDXgoerav22iKOETtEZukABukZ1dI8aqIko0ugZvaI3D7wX7937WLSuecXMCfoD7/MHTWeRQA==</latexit><latexit sha1_base64="qo7KnRIyAffhR8is8gnHuzz0Fmk=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCecBmDbOT2WTIPJaZ3kBY8hlePCji1a/x5t84SfagiQUNRVU33V1xKrgF3//21tY3Nre2Szvl3b39g8PK0XHL6sxQ1qRaaNOJiWWCK9YEDoJ1UsOIjAVrx6O7md8eM2O5Vo8wSVkkyUDxhFMCTgrHT3nXSMySZNqrVP2aPwdeJUFBqqhAo1f56vY1zSRTQAWxNgz8FKKcGOBUsGm5m1mWEjoiAxY6qohkNsrnJ0/xuVP6ONHGlQI8V39P5ERaO5Gx65QEhnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f+4zw2jICaOEGq4uxXTITGEgkup7EIIll9eJa3LWuDXgoerav22iKOETtEZukABukZ1dI8aqIko0ugZvaI3D7wX7937WLSuecXMCfoD7/MHTWeRQA==</latexit><latexit sha1_base64="qo7KnRIyAffhR8is8gnHuzz0Fmk=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCecBmDbOT2WTIPJaZ3kBY8hlePCji1a/x5t84SfagiQUNRVU33V1xKrgF3//21tY3Nre2Szvl3b39g8PK0XHL6sxQ1qRaaNOJiWWCK9YEDoJ1UsOIjAVrx6O7md8eM2O5Vo8wSVkkyUDxhFMCTgrHT3nXSMySZNqrVP2aPwdeJUFBqqhAo1f56vY1zSRTQAWxNgz8FKKcGOBUsGm5m1mWEjoiAxY6qohkNsrnJ0/xuVP6ONHGlQI8V39P5ERaO5Gx65QEhnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f+4zw2jICaOEGq4uxXTITGEgkup7EIIll9eJa3LWuDXgoerav22iKOETtEZukABukZ1dI8aqIko0ugZvaI3D7wX7937WLSuecXMCfoD7/MHTWeRQA==</latexit><latexit sha1_base64="qo7KnRIyAffhR8is8gnHuzz0Fmk=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9Bj04jGCecBmDbOT2WTIPJaZ3kBY8hlePCji1a/x5t84SfagiQUNRVU33V1xKrgF3//21tY3Nre2Szvl3b39g8PK0XHL6sxQ1qRaaNOJiWWCK9YEDoJ1UsOIjAVrx6O7md8eM2O5Vo8wSVkkyUDxhFMCTgrHT3nXSMySZNqrVP2aPwdeJUFBqqhAo1f56vY1zSRTQAWxNgz8FKKcGOBUsGm5m1mWEjoiAxY6qohkNsrnJ0/xuVP6ONHGlQI8V39P5ERaO5Gx65QEhnbZm4n/eWEGyU2Uc5VmwBRdLEoygUHj2f+4zw2jICaOEGq4uxXTITGEgkup7EIIll9eJa3LWuDXgoerav22iKOETtEZukABukZ1dI8aqIko0ugZvaI3D7wX7937WLSuecXMCfoD7/MHTWeRQA==</latexit>

'(✓, ↵)
<latexit sha1_base64="SDc0Ht+CcDl3PO/zAq9hhy431KE=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EiVJCSiKDHohePFewHNKFMtttm6eaD3UmhxB78K148KOLVv+HNf+O2zUFbHww83pthZp6fCK7Qtr+Nwsrq2vpGcbO0tb2zu2fuHzRVnErKGjQWsWz7oJjgEWsgR8HaiWQQ+oK1/OHt1G+NmFQ8jh5wnDAvhEHE+5wCaqlrHrkjkEnAKy4GDOHcBZEEcNY1y3bVnsFaJk5OyiRHvWt+ub2YpiGLkApQquPYCXoZSORUsEnJTRVLgA5hwDqaRhAy5WWz+yfWqVZ6Vj+WuiK0ZurviQxCpcahrztDwEAtelPxP6+TYv/ay3iUpMgiOl/UT4WFsTUNw+pxySiKsSZAJde3WjQACRR1ZCUdgrP48jJpXlQdu+rcX5ZrN3kcRXJMTkiFOOSK1MgdqZMGoeSRPJNX8mY8GS/Gu/Exby0Y+cwh+QPj8wd+4ZW+</latexit><latexit sha1_base64="SDc0Ht+CcDl3PO/zAq9hhy431KE=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EiVJCSiKDHohePFewHNKFMtttm6eaD3UmhxB78K148KOLVv+HNf+O2zUFbHww83pthZp6fCK7Qtr+Nwsrq2vpGcbO0tb2zu2fuHzRVnErKGjQWsWz7oJjgEWsgR8HaiWQQ+oK1/OHt1G+NmFQ8jh5wnDAvhEHE+5wCaqlrHrkjkEnAKy4GDOHcBZEEcNY1y3bVnsFaJk5OyiRHvWt+ub2YpiGLkApQquPYCXoZSORUsEnJTRVLgA5hwDqaRhAy5WWz+yfWqVZ6Vj+WuiK0ZurviQxCpcahrztDwEAtelPxP6+TYv/ay3iUpMgiOl/UT4WFsTUNw+pxySiKsSZAJde3WjQACRR1ZCUdgrP48jJpXlQdu+rcX5ZrN3kcRXJMTkiFOOSK1MgdqZMGoeSRPJNX8mY8GS/Gu/Exby0Y+cwh+QPj8wd+4ZW+</latexit><latexit sha1_base64="SDc0Ht+CcDl3PO/zAq9hhy431KE=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EiVJCSiKDHohePFewHNKFMtttm6eaD3UmhxB78K148KOLVv+HNf+O2zUFbHww83pthZp6fCK7Qtr+Nwsrq2vpGcbO0tb2zu2fuHzRVnErKGjQWsWz7oJjgEWsgR8HaiWQQ+oK1/OHt1G+NmFQ8jh5wnDAvhEHE+5wCaqlrHrkjkEnAKy4GDOHcBZEEcNY1y3bVnsFaJk5OyiRHvWt+ub2YpiGLkApQquPYCXoZSORUsEnJTRVLgA5hwDqaRhAy5WWz+yfWqVZ6Vj+WuiK0ZurviQxCpcahrztDwEAtelPxP6+TYv/ay3iUpMgiOl/UT4WFsTUNw+pxySiKsSZAJde3WjQACRR1ZCUdgrP48jJpXlQdu+rcX5ZrN3kcRXJMTkiFOOSK1MgdqZMGoeSRPJNX8mY8GS/Gu/Exby0Y+cwh+QPj8wd+4ZW+</latexit><latexit sha1_base64="SDc0Ht+CcDl3PO/zAq9hhy431KE=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL8EiVJCSiKDHohePFewHNKFMtttm6eaD3UmhxB78K148KOLVv+HNf+O2zUFbHww83pthZp6fCK7Qtr+Nwsrq2vpGcbO0tb2zu2fuHzRVnErKGjQWsWz7oJjgEWsgR8HaiWQQ+oK1/OHt1G+NmFQ8jh5wnDAvhEHE+5wCaqlrHrkjkEnAKy4GDOHcBZEEcNY1y3bVnsFaJk5OyiRHvWt+ub2YpiGLkApQquPYCXoZSORUsEnJTRVLgA5hwDqaRhAy5WWz+yfWqVZ6Vj+WuiK0ZurviQxCpcahrztDwEAtelPxP6+TYv/ay3iUpMgiOl/UT4WFsTUNw+pxySiKsSZAJde3WjQACRR1ZCUdgrP48jJpXlQdu+rcX5ZrN3kcRXJMTkiFOOSK1MgdqZMGoeSRPJNX8mY8GS/Gu/Exby0Y+cwh+QPj8wd+4ZW+</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>

ei�(✓,↵)
<latexit sha1_base64="FiZcTu+1rLClqGfMcK5ZJujyDYk=">AAACCHicbVDLSgNBEJz1bXxFPXpwMAgRJOyKoMegF48KJgrZGHonneyQ2QczvUJYcvTir3jxoIhXP8Gbf+PkcdBoQUNR1U13V5Aqach1v5yZ2bn5hcWl5cLK6tr6RnFzq26STAusiUQl+jYAg0rGWCNJCm9TjRAFCm+C3vnQv7lHbWQSX1M/xWYE3Vh2pACyUqu4i3d57uuIywH301CWfQqR4NAHlYZwMGgVS27FHYH/Jd6ElNgEl63ip99ORBZhTEKBMQ3PTamZgyYpFA4KfmYwBdGDLjYsjSFC08xHjwz4vlXavJNoWzHxkfpzIofImH4U2M4IKDTT3lD8z2tk1Dlt5jJOM8JYjBd1MsUp4cNUeFtqFKT6loDQ0t7KRQgaBNnsCjYEb/rlv6R+VPHcind1XKqeTeJYYjtsj5WZx05YlV2wS1Zjgj2wJ/bCXp1H59l5c97HrTPOZGab/YLz8Q0mDJlm</latexit><latexit sha1_base64="FiZcTu+1rLClqGfMcK5ZJujyDYk=">AAACCHicbVDLSgNBEJz1bXxFPXpwMAgRJOyKoMegF48KJgrZGHonneyQ2QczvUJYcvTir3jxoIhXP8Gbf+PkcdBoQUNR1U13V5Aqach1v5yZ2bn5hcWl5cLK6tr6RnFzq26STAusiUQl+jYAg0rGWCNJCm9TjRAFCm+C3vnQv7lHbWQSX1M/xWYE3Vh2pACyUqu4i3d57uuIywH301CWfQqR4NAHlYZwMGgVS27FHYH/Jd6ElNgEl63ip99ORBZhTEKBMQ3PTamZgyYpFA4KfmYwBdGDLjYsjSFC08xHjwz4vlXavJNoWzHxkfpzIofImH4U2M4IKDTT3lD8z2tk1Dlt5jJOM8JYjBd1MsUp4cNUeFtqFKT6loDQ0t7KRQgaBNnsCjYEb/rlv6R+VPHcind1XKqeTeJYYjtsj5WZx05YlV2wS1Zjgj2wJ/bCXp1H59l5c97HrTPOZGab/YLz8Q0mDJlm</latexit><latexit sha1_base64="FiZcTu+1rLClqGfMcK5ZJujyDYk=">AAACCHicbVDLSgNBEJz1bXxFPXpwMAgRJOyKoMegF48KJgrZGHonneyQ2QczvUJYcvTir3jxoIhXP8Gbf+PkcdBoQUNR1U13V5Aqach1v5yZ2bn5hcWl5cLK6tr6RnFzq26STAusiUQl+jYAg0rGWCNJCm9TjRAFCm+C3vnQv7lHbWQSX1M/xWYE3Vh2pACyUqu4i3d57uuIywH301CWfQqR4NAHlYZwMGgVS27FHYH/Jd6ElNgEl63ip99ORBZhTEKBMQ3PTamZgyYpFA4KfmYwBdGDLjYsjSFC08xHjwz4vlXavJNoWzHxkfpzIofImH4U2M4IKDTT3lD8z2tk1Dlt5jJOM8JYjBd1MsUp4cNUeFtqFKT6loDQ0t7KRQgaBNnsCjYEb/rlv6R+VPHcind1XKqeTeJYYjtsj5WZx05YlV2wS1Zjgj2wJ/bCXp1H59l5c97HrTPOZGab/YLz8Q0mDJlm</latexit><latexit sha1_base64="FiZcTu+1rLClqGfMcK5ZJujyDYk=">AAACCHicbVDLSgNBEJz1bXxFPXpwMAgRJOyKoMegF48KJgrZGHonneyQ2QczvUJYcvTir3jxoIhXP8Gbf+PkcdBoQUNR1U13V5Aqach1v5yZ2bn5hcWl5cLK6tr6RnFzq26STAusiUQl+jYAg0rGWCNJCm9TjRAFCm+C3vnQv7lHbWQSX1M/xWYE3Vh2pACyUqu4i3d57uuIywH301CWfQqR4NAHlYZwMGgVS27FHYH/Jd6ElNgEl63ip99ORBZhTEKBMQ3PTamZgyYpFA4KfmYwBdGDLjYsjSFC08xHjwz4vlXavJNoWzHxkfpzIofImH4U2M4IKDTT3lD8z2tk1Dlt5jJOM8JYjBd1MsUp4cNUeFtqFKT6loDQ0t7KRQgaBNnsCjYEb/rlv6R+VPHcind1XKqeTeJYYjtsj5WZx05YlV2wS1Zjgj2wJ/bCXp1H59l5c97HrTPOZGab/YLz8Q0mDJlm</latexit>

'(✓, ↵) = @✓�(✓, ↵)
<latexit sha1_base64="RouYdWHbTjJRDS1okNsx0v+jP/U=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQQ8KQS8eI5gHZEPonUyyQ2Z3h5neQAj5GS/+ihcPBhE8+StOHgdNLBioruqmpytQUhh03S9nZXVtfWMzs5Xd3tnd288dHFZNkmrGKyyRia4HYLgUMa+gQMnrSnOIAslrQe9+4tf6XBuRxE84ULwZQTcWHcEArdTK3fh90CoUBR9DjnDug1QhnNFb6ivQKEC2Zo6tl7paubxbdKegy8SbkzyZo9zKjf12wtKIx8gkGNPwXIXN4WQRk3yU9VPDFbAedHnD0hgibprD6ZUjemqVNu0k2r4Y6VT9PTGEyJhBFNjOCDA0i95E/M9rpNi5bg5FrFLkMZst6qSSYkInkdG20JyhHFgCTAv7V8pC0MDQBpu1IXiLJy+T6kXRc4ve42W+dDePI0OOyQkpEI9ckRJ5IGVSIYw8k1fyTsbOi/PmfDifs9YVZz5zRP7A+f4B6Wmk3w==</latexit><latexit sha1_base64="RouYdWHbTjJRDS1okNsx0v+jP/U=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQQ8KQS8eI5gHZEPonUyyQ2Z3h5neQAj5GS/+ihcPBhE8+StOHgdNLBioruqmpytQUhh03S9nZXVtfWMzs5Xd3tnd288dHFZNkmrGKyyRia4HYLgUMa+gQMnrSnOIAslrQe9+4tf6XBuRxE84ULwZQTcWHcEArdTK3fh90CoUBR9DjnDug1QhnNFb6ivQKEC2Zo6tl7paubxbdKegy8SbkzyZo9zKjf12wtKIx8gkGNPwXIXN4WQRk3yU9VPDFbAedHnD0hgibprD6ZUjemqVNu0k2r4Y6VT9PTGEyJhBFNjOCDA0i95E/M9rpNi5bg5FrFLkMZst6qSSYkInkdG20JyhHFgCTAv7V8pC0MDQBpu1IXiLJy+T6kXRc4ve42W+dDePI0OOyQkpEI9ckRJ5IGVSIYw8k1fyTsbOi/PmfDifs9YVZz5zRP7A+f4B6Wmk3w==</latexit><latexit sha1_base64="RouYdWHbTjJRDS1okNsx0v+jP/U=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQQ8KQS8eI5gHZEPonUyyQ2Z3h5neQAj5GS/+ihcPBhE8+StOHgdNLBioruqmpytQUhh03S9nZXVtfWMzs5Xd3tnd288dHFZNkmrGKyyRia4HYLgUMa+gQMnrSnOIAslrQe9+4tf6XBuRxE84ULwZQTcWHcEArdTK3fh90CoUBR9DjnDug1QhnNFb6ivQKEC2Zo6tl7paubxbdKegy8SbkzyZo9zKjf12wtKIx8gkGNPwXIXN4WQRk3yU9VPDFbAedHnD0hgibprD6ZUjemqVNu0k2r4Y6VT9PTGEyJhBFNjOCDA0i95E/M9rpNi5bg5FrFLkMZst6qSSYkInkdG20JyhHFgCTAv7V8pC0MDQBpu1IXiLJy+T6kXRc4ve42W+dDePI0OOyQkpEI9ckRJ5IGVSIYw8k1fyTsbOi/PmfDifs9YVZz5zRP7A+f4B6Wmk3w==</latexit><latexit sha1_base64="RouYdWHbTjJRDS1okNsx0v+jP/U=">AAACJXicbVDLSgNBEJz1GeMr6tHLYBAiSNgVQQ8KQS8eI5gHZEPonUyyQ2Z3h5neQAj5GS/+ihcPBhE8+StOHgdNLBioruqmpytQUhh03S9nZXVtfWMzs5Xd3tnd288dHFZNkmrGKyyRia4HYLgUMa+gQMnrSnOIAslrQe9+4tf6XBuRxE84ULwZQTcWHcEArdTK3fh90CoUBR9DjnDug1QhnNFb6ivQKEC2Zo6tl7paubxbdKegy8SbkzyZo9zKjf12wtKIx8gkGNPwXIXN4WQRk3yU9VPDFbAedHnD0hgibprD6ZUjemqVNu0k2r4Y6VT9PTGEyJhBFNjOCDA0i95E/M9rpNi5bg5FrFLkMZst6qSSYkInkdG20JyhHFgCTAv7V8pC0MDQBpu1IXiLJy+T6kXRc4ve42W+dDePI0OOyQkpEI9ckRJ5IGVSIYw8k1fyTsbOi/PmfDifs9YVZz5zRP7A+f4B6Wmk3w==</latexit>

=

hard rods classical Toda, etc. quantum

'(✓, ↵) = �a
<latexit sha1_base64="LEpDri/VwnMgd0WWr9E89lsf78M=">AAACAnicbVDJSgNBEO2JW4zbqCfxMhiECBpmRNCLEPTiMYJZIDOEmk5PpknPQndNIITgxV/x4kERr36FN//GznLQxAcFj/eqqKrnp4IrtO1vI7e0vLK6ll8vbGxube+Yu3t1lWSSshpNRCKbPigmeMxqyFGwZioZRL5gDb93O/YbfSYVT+IHHKTMi6Ab84BTQC21zQO3DzINecnFkCGcuiDSEE6uz6BtFu2yPYG1SJwZKZIZqm3zy+0kNItYjFSAUi3HTtEbgkROBRsV3EyxFGgPuqylaQwRU95w8sLIOtZKxwoSqStGa6L+nhhCpNQg8nVnBBiqeW8s/ue1MgyuvCGP0wxZTKeLgkxYmFjjPKwOl4yiGGgCVHJ9q0VDkEBRp1bQITjzLy+S+nnZscvO/UWxcjOLI08OyREpEYdckgq5I1VSI5Q8kmfySt6MJ+PFeDc+pq05YzazT/7A+PwBO4SWpw==</latexit><latexit sha1_base64="LEpDri/VwnMgd0WWr9E89lsf78M=">AAACAnicbVDJSgNBEO2JW4zbqCfxMhiECBpmRNCLEPTiMYJZIDOEmk5PpknPQndNIITgxV/x4kERr36FN//GznLQxAcFj/eqqKrnp4IrtO1vI7e0vLK6ll8vbGxube+Yu3t1lWSSshpNRCKbPigmeMxqyFGwZioZRL5gDb93O/YbfSYVT+IHHKTMi6Ab84BTQC21zQO3DzINecnFkCGcuiDSEE6uz6BtFu2yPYG1SJwZKZIZqm3zy+0kNItYjFSAUi3HTtEbgkROBRsV3EyxFGgPuqylaQwRU95w8sLIOtZKxwoSqStGa6L+nhhCpNQg8nVnBBiqeW8s/ue1MgyuvCGP0wxZTKeLgkxYmFjjPKwOl4yiGGgCVHJ9q0VDkEBRp1bQITjzLy+S+nnZscvO/UWxcjOLI08OyREpEYdckgq5I1VSI5Q8kmfySt6MJ+PFeDc+pq05YzazT/7A+PwBO4SWpw==</latexit><latexit sha1_base64="LEpDri/VwnMgd0WWr9E89lsf78M=">AAACAnicbVDJSgNBEO2JW4zbqCfxMhiECBpmRNCLEPTiMYJZIDOEmk5PpknPQndNIITgxV/x4kERr36FN//GznLQxAcFj/eqqKrnp4IrtO1vI7e0vLK6ll8vbGxube+Yu3t1lWSSshpNRCKbPigmeMxqyFGwZioZRL5gDb93O/YbfSYVT+IHHKTMi6Ab84BTQC21zQO3DzINecnFkCGcuiDSEE6uz6BtFu2yPYG1SJwZKZIZqm3zy+0kNItYjFSAUi3HTtEbgkROBRsV3EyxFGgPuqylaQwRU95w8sLIOtZKxwoSqStGa6L+nhhCpNQg8nVnBBiqeW8s/ue1MgyuvCGP0wxZTKeLgkxYmFjjPKwOl4yiGGgCVHJ9q0VDkEBRp1bQITjzLy+S+nnZscvO/UWxcjOLI08OyREpEYdckgq5I1VSI5Q8kmfySt6MJ+PFeDc+pq05YzazT/7A+PwBO4SWpw==</latexit><latexit sha1_base64="LEpDri/VwnMgd0WWr9E89lsf78M=">AAACAnicbVDJSgNBEO2JW4zbqCfxMhiECBpmRNCLEPTiMYJZIDOEmk5PpknPQndNIITgxV/x4kERr36FN//GznLQxAcFj/eqqKrnp4IrtO1vI7e0vLK6ll8vbGxube+Yu3t1lWSSshpNRCKbPigmeMxqyFGwZioZRL5gDb93O/YbfSYVT+IHHKTMi6Ab84BTQC21zQO3DzINecnFkCGcuiDSEE6uz6BtFu2yPYG1SJwZKZIZqm3zy+0kNItYjFSAUi3HTtEbgkROBRsV3EyxFGgPuqylaQwRU95w8sLIOtZKxwoSqStGa6L+nhhCpNQg8nVnBBiqeW8s/ue1MgyuvCGP0wxZTKeLgkxYmFjjPKwOl4yiGGgCVHJ9q0VDkEBRp1bQITjzLy+S+nnZscvO/UWxcjOLI08OyREpEYdckgq5I1VSI5Q8kmfySt6MJ+PFeDc+pq05YzazT/7A+PwBO4SWpw==</latexit>

a

a(x, t)
<latexit sha1_base64="4QnPSfFrq29uOqFfWvluQHccf9Q=">AAACDnicbVBLSgNBFOyJvxg/GXXppjEIESTMiKDLoBuXEcwHkiH09HSSJj0ful+LYcgd3LvVK7gTt17BG3gMe5JZmMSCB0XVe7yi/ERwBY7zbRXW1jc2t4rbpZ3dvf2yfXDYUrGWlDVpLGLZ8YligkesCRwE6ySSkdAXrO2PbzO//cik4nH0AJOEeSEZRnzAKQEj9e1yLyQwokRgUn06h7O+XXFqzgx4lbg5qaAcjb790wtiqkMWARVEqa7rJOClRAKngk1LPa1YQuiYDFnX0IiETHnpLPgUnxolwINYmokAz9S/FykJlZqEvtnMYqplLxP/87oaBtdeyqNEA4vo/NFACwwxzlrAAZeMgpgYQqjkJiumIyIJBdPVwpdAA836mZZMNe5yEaukdVFznZp7f1mp3+QlFdExOkFV5KIrVEd3qIGaiCKNXtArerOerXfrw/qcrxas/OYILcD6+gWOlpuk</latexit><latexit sha1_base64="4QnPSfFrq29uOqFfWvluQHccf9Q=">AAACDnicbVBLSgNBFOyJvxg/GXXppjEIESTMiKDLoBuXEcwHkiH09HSSJj0ful+LYcgd3LvVK7gTt17BG3gMe5JZmMSCB0XVe7yi/ERwBY7zbRXW1jc2t4rbpZ3dvf2yfXDYUrGWlDVpLGLZ8YligkesCRwE6ySSkdAXrO2PbzO//cik4nH0AJOEeSEZRnzAKQEj9e1yLyQwokRgUn06h7O+XXFqzgx4lbg5qaAcjb790wtiqkMWARVEqa7rJOClRAKngk1LPa1YQuiYDFnX0IiETHnpLPgUnxolwINYmokAz9S/FykJlZqEvtnMYqplLxP/87oaBtdeyqNEA4vo/NFACwwxzlrAAZeMgpgYQqjkJiumIyIJBdPVwpdAA836mZZMNe5yEaukdVFznZp7f1mp3+QlFdExOkFV5KIrVEd3qIGaiCKNXtArerOerXfrw/qcrxas/OYILcD6+gWOlpuk</latexit><latexit sha1_base64="4QnPSfFrq29uOqFfWvluQHccf9Q=">AAACDnicbVBLSgNBFOyJvxg/GXXppjEIESTMiKDLoBuXEcwHkiH09HSSJj0ful+LYcgd3LvVK7gTt17BG3gMe5JZmMSCB0XVe7yi/ERwBY7zbRXW1jc2t4rbpZ3dvf2yfXDYUrGWlDVpLGLZ8YligkesCRwE6ySSkdAXrO2PbzO//cik4nH0AJOEeSEZRnzAKQEj9e1yLyQwokRgUn06h7O+XXFqzgx4lbg5qaAcjb790wtiqkMWARVEqa7rJOClRAKngk1LPa1YQuiYDFnX0IiETHnpLPgUnxolwINYmokAz9S/FykJlZqEvtnMYqplLxP/87oaBtdeyqNEA4vo/NFACwwxzlrAAZeMgpgYQqjkJiumIyIJBdPVwpdAA836mZZMNe5yEaukdVFznZp7f1mp3+QlFdExOkFV5KIrVEd3qIGaiCKNXtArerOerXfrw/qcrxas/OYILcD6+gWOlpuk</latexit><latexit sha1_base64="4QnPSfFrq29uOqFfWvluQHccf9Q=">AAACDnicbVBLSgNBFOyJvxg/GXXppjEIESTMiKDLoBuXEcwHkiH09HSSJj0ful+LYcgd3LvVK7gTt17BG3gMe5JZmMSCB0XVe7yi/ERwBY7zbRXW1jc2t4rbpZ3dvf2yfXDYUrGWlDVpLGLZ8YligkesCRwE6ySSkdAXrO2PbzO//cik4nH0AJOEeSEZRnzAKQEj9e1yLyQwokRgUn06h7O+XXFqzgx4lbg5qaAcjb790wtiqkMWARVEqa7rJOClRAKngk1LPa1YQuiYDFnX0IiETHnpLPgUnxolwINYmokAz9S/FykJlZqEvtnMYqplLxP/87oaBtdeyqNEA4vo/NFACwwxzlrAAZeMgpgYQqjkJiumIyIJBdPVwpdAA836mZZMNe5yEaukdVFznZp7f1mp3+QlFdExOkFV5KIrVEd3qIGaiCKNXtArerOerXfrw/qcrxas/OYILcD6+gWOlpuk</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>
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Application to XX model

Jordan-Wigner transformation

σ+
x =

1

2
(σ1
x + iσ2

x) = exp

(
iπ

x−1∑
y=0

a†yay

)
a†x, σ−x = (σ+

x )†, σ3
x = 2a†xax − 1

where ax, a
†
x are canonical fermions. Then H becomes bilinear: free fermions

H = −2
N−1∑
x=0

[
a†xax+1 + a†x+1ax + ha†xax

]
+ hN

Diagonalised by Fourier transform (here N →∞)

ax =

∫ π

−π

dk√
2π

eikxc(k)

where modes have energies

E(k) = 2h− 4 cos(k)
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Application to XX model

The Hilbert space of extensive conserved charges has “continuous basis”

Qk = c†(k)c(k) : k ∈ [−π, π)

The flux Jacobian A has continuous spectrum

spectrum(A) = {v(k) = E′(k) = 4 sin(k)}

One may evaluate all ingredients, e.g.

〈σ3
0 , qk〉0 = 2〈a†0a0c

†(k)c(k)〉 − 〈2a†0a0〉〈c†(k)c(k)〉
〈σ±0 , qk〉0 = 0

σ3
x projects onto conserved charges, but σ±x has zero projection!
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Application to XX model

This 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)

〈σ+
x (t)σ−0 (0)〉c ∼ 0

Standard Boltzmann-Gibbs principle only gives the monotonic (non-oscillating) algebraic part,

because of fluid-cell averaging (non-oscillating) and projection onto “slowly decaying modes”

(algebraic)!
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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−)

This is extensive because both modes have the same velocity ξ.

We can again calculate all necessary ingredients of the projection formula, and obtain

〈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>

=

20



'

&

$

%

Correlation functions of twist fields and ballistic fluctuation theory

Recall that

σ+
x =

1

2
(σ1
x + iσ2

x) = a†x exp

(
iπ
x−1∑
y=0

a†yay

)
This suggests the identification

σ+
x (t) = a†x(t)eiπϕ0(x,t)

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

Taking into account the even / odd boundary conditions at x = 0 coming from the JW

transformation, and using the Lieb-Robinson bound and various other principles, it is possible

to argue that indeed we get 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)]

The ballistic fluctuation theory tells us how to evaluate Fi(λ;x, t) using solely objects from

Euler hydrodynamics. [Myers, Bhaseen, Harris, Doyon 2019; Doyon, Myers 2019]
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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 (conventional) hydrodynamic projections, one can show, at least

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>

GGE
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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)

)
.

24



'

&

$

%

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>

GGE
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0 (0)

<latexit sha1_base64="XgX6tGKKQG4rYXUGa/ybGSIgSXY=">AAACCnicbVDLSgMxFL1TX7W+qi7dBItQF5YZEXRZdOOygn1AO5ZMJm1Dk8yYZIQy9A/cu9VfcCdu/Qn/wM8wbWdhWw9cOJxzL+dygpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8GbiN5+o0iyS92YUU1/gvmQ9RrCxkt/RrC/ww1nXLbun3WLJrbhToGXiZaQEGWrd4k8njEgiqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6dPj9GJVULUi5QdadBU/XuRYqH1SAR2U2Az0IveRPzPayemd+WnTMaJoZLMgnoJRyZCkwZQyBQlho8swUQx+ysiA6wwMbanuZQwMWRAMB8XbDXeYhHLpHFe8dyKd3dRql5nJeXhCI6hDB5cQhVuoQZ1IPAIL/AKb86z8+58OJ+z1ZyT3RzCHJyvX/8Fmkc=</latexit><latexit sha1_base64="XgX6tGKKQG4rYXUGa/ybGSIgSXY=">AAACCnicbVDLSgMxFL1TX7W+qi7dBItQF5YZEXRZdOOygn1AO5ZMJm1Dk8yYZIQy9A/cu9VfcCdu/Qn/wM8wbWdhWw9cOJxzL+dygpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8GbiN5+o0iyS92YUU1/gvmQ9RrCxkt/RrC/ww1nXLbun3WLJrbhToGXiZaQEGWrd4k8njEgiqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6dPj9GJVULUi5QdadBU/XuRYqH1SAR2U2Az0IveRPzPayemd+WnTMaJoZLMgnoJRyZCkwZQyBQlho8swUQx+ysiA6wwMbanuZQwMWRAMB8XbDXeYhHLpHFe8dyKd3dRql5nJeXhCI6hDB5cQhVuoQZ1IPAIL/AKb86z8+58OJ+z1ZyT3RzCHJyvX/8Fmkc=</latexit><latexit sha1_base64="XgX6tGKKQG4rYXUGa/ybGSIgSXY=">AAACCnicbVDLSgMxFL1TX7W+qi7dBItQF5YZEXRZdOOygn1AO5ZMJm1Dk8yYZIQy9A/cu9VfcCdu/Qn/wM8wbWdhWw9cOJxzL+dygpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8GbiN5+o0iyS92YUU1/gvmQ9RrCxkt/RrC/ww1nXLbun3WLJrbhToGXiZaQEGWrd4k8njEgiqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6dPj9GJVULUi5QdadBU/XuRYqH1SAR2U2Az0IveRPzPayemd+WnTMaJoZLMgnoJRyZCkwZQyBQlho8swUQx+ysiA6wwMbanuZQwMWRAMB8XbDXeYhHLpHFe8dyKd3dRql5nJeXhCI6hDB5cQhVuoQZ1IPAIL/AKb86z8+58OJ+z1ZyT3RzCHJyvX/8Fmkc=</latexit><latexit sha1_base64="XgX6tGKKQG4rYXUGa/ybGSIgSXY=">AAACCnicbVDLSgMxFL1TX7W+qi7dBItQF5YZEXRZdOOygn1AO5ZMJm1Dk8yYZIQy9A/cu9VfcCdu/Qn/wM8wbWdhWw9cOJxzL+dygpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dho4SRWidRDxSrQBrypmkdcMMp61YUSwCTpvB8GbiN5+o0iyS92YUU1/gvmQ9RrCxkt/RrC/ww1nXLbun3WLJrbhToGXiZaQEGWrd4k8njEgiqDSEY63bnhsbP8XKMMLpuNBJNI0xGeI+bVsqsaDaT6dPj9GJVULUi5QdadBU/XuRYqH1SAR2U2Az0IveRPzPayemd+WnTMaJoZLMgnoJRyZCkwZQyBQlho8swUQx+ysiA6wwMbanuZQwMWRAMB8XbDXeYhHLpHFe8dyKd3dRql5nJeXhCI6hDB5cQhVuoQZ1IPAIL/AKb86z8+58OJ+z1ZyT3RzCHJyvX/8Fmkc=</latexit>

�+
x (t)

<latexit sha1_base64="cvD0SUp5hc96sBl/WSrKy40JOwk=">AAACCnicbVDLSgMxFM34rPVVdekmWISKUGZE0GXRjcsK9gHtWDKZTBuaZMbkjlhK/8C9W/0Fd+LWn/AP/AzTdha29cCFwzn3ci4nSAQ34LrfztLyyuraem4jv7m1vbNb2NuvmzjVlNVoLGLdDIhhgitWAw6CNRPNiAwEawT967HfeGTa8FjdwSBhviRdxSNOCVjJbxveleT+tPNUgpNOoeiW3QnwIvEyUkQZqp3CTzuMaSqZAiqIMS3PTcAfEg2cCjbKt1PDEkL7pMtalioimfGHk6dH+NgqIY5ibUcBnqh/L4ZEGjOQgd2UBHpm3huL/3mtFKJLf8hVkgJTdBoUpQJDjMcN4JBrRkEMLCFUc/srpj2iCQXb00xKmALtUSJGeVuNN1/EIqmflT237N2eFytXWUk5dIiOUAl56AJV0A2qohqi6AG9oFf05jw7786H8zldXXKymwM0A+frF90qmtE=</latexit><latexit sha1_base64="cvD0SUp5hc96sBl/WSrKy40JOwk=">AAACCnicbVDLSgMxFM34rPVVdekmWISKUGZE0GXRjcsK9gHtWDKZTBuaZMbkjlhK/8C9W/0Fd+LWn/AP/AzTdha29cCFwzn3ci4nSAQ34LrfztLyyuraem4jv7m1vbNb2NuvmzjVlNVoLGLdDIhhgitWAw6CNRPNiAwEawT967HfeGTa8FjdwSBhviRdxSNOCVjJbxveleT+tPNUgpNOoeiW3QnwIvEyUkQZqp3CTzuMaSqZAiqIMS3PTcAfEg2cCjbKt1PDEkL7pMtalioimfGHk6dH+NgqIY5ibUcBnqh/L4ZEGjOQgd2UBHpm3huL/3mtFKJLf8hVkgJTdBoUpQJDjMcN4JBrRkEMLCFUc/srpj2iCQXb00xKmALtUSJGeVuNN1/EIqmflT237N2eFytXWUk5dIiOUAl56AJV0A2qohqi6AG9oFf05jw7786H8zldXXKymwM0A+frF90qmtE=</latexit><latexit sha1_base64="cvD0SUp5hc96sBl/WSrKy40JOwk=">AAACCnicbVDLSgMxFM34rPVVdekmWISKUGZE0GXRjcsK9gHtWDKZTBuaZMbkjlhK/8C9W/0Fd+LWn/AP/AzTdha29cCFwzn3ci4nSAQ34LrfztLyyuraem4jv7m1vbNb2NuvmzjVlNVoLGLdDIhhgitWAw6CNRPNiAwEawT967HfeGTa8FjdwSBhviRdxSNOCVjJbxveleT+tPNUgpNOoeiW3QnwIvEyUkQZqp3CTzuMaSqZAiqIMS3PTcAfEg2cCjbKt1PDEkL7pMtalioimfGHk6dH+NgqIY5ibUcBnqh/L4ZEGjOQgd2UBHpm3huL/3mtFKJLf8hVkgJTdBoUpQJDjMcN4JBrRkEMLCFUc/srpj2iCQXb00xKmALtUSJGeVuNN1/EIqmflT237N2eFytXWUk5dIiOUAl56AJV0A2qohqi6AG9oFf05jw7786H8zldXXKymwM0A+frF90qmtE=</latexit><latexit sha1_base64="cvD0SUp5hc96sBl/WSrKy40JOwk=">AAACCnicbVDLSgMxFM34rPVVdekmWISKUGZE0GXRjcsK9gHtWDKZTBuaZMbkjlhK/8C9W/0Fd+LWn/AP/AzTdha29cCFwzn3ci4nSAQ34LrfztLyyuraem4jv7m1vbNb2NuvmzjVlNVoLGLdDIhhgitWAw6CNRPNiAwEawT967HfeGTa8FjdwSBhviRdxSNOCVjJbxveleT+tPNUgpNOoeiW3QnwIvEyUkQZqp3CTzuMaSqZAiqIMS3PTcAfEg2cCjbKt1PDEkL7pMtalioimfGHk6dH+NgqIY5ibUcBnqh/L4ZEGjOQgd2UBHpm3huL/3mtFKJLf8hVkgJTdBoUpQJDjMcN4JBrRkEMLCFUc/srpj2iCQXb00xKmALtUSJGeVuNN1/EIqmflT237N2eFytXWUk5dIiOUAl56AJV0A2qohqi6AG9oFf05jw7786H8zldXXKymwM0A+frF90qmtE=</latexit>

Spin transport 
fluctuations

fermion 
correlations 

In GGE

a†
<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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Correlation functions of twist fields and ballistic fluctuation theory

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

results

〈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)

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)
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Correlation functions of twist fields and ballistic fluctuation theory

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

• Connected to macroscopic fluctuation theory for integrable systems (see talk T.

Yoshimura).
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