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Abstract

The future interior of black holes in AdS/CFT can be described in terms of a quantum
circuit. We investigate boundary quantities detecting properties of this quantum circuit.
We discuss relations between operator size, quantum complexity, and the momentum of an
infalling particle in the black hole interior. We argue that the trajectory of the infalling
particle in the interior close to the horizon is related to the growth of operator size. The notion
of size here differs slightly from the size which has previously been related to momentum of
exterior particles and provides an interesting generalization. The fact that both exterior and
interior momentum are related to operator size growth is a manifestation of complementarity.
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1 Introduction

In AdS/CFT, it was argued that the bulk geometry reflects the quantum circuit preparing the

boundary state [1, 2, 3]. In particular, the black hole interior has been associated with a unitary

circuit preparing the state whose complexity corresponds to the volume / action of the interior

spacetime [4, 5, 6]. It is then interesting to study properties of the interior in terms of the

properties of the quantum circuit.

In this paper, we investigate boundary quantities detecting properties of the quantum circuit

describing the interior. In particular, we imagine perturbing the thermofield double state from

the left side. The perturbation acts like an “infection” due to adding one new qubit to the circuit,
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Figure 1: Illustration of the quantum circuit representing the future interior of the black hole
dual to thermofield double perturbed from the left side.

which propagates through the circuit by means of interactions in the quantum gates.1 This is

shown in Figure 1, which was argued to be the circuit representing the future interior of the bulk

dual geometry [4, 7, 8]. We call gates to which the effect of the perturbation has spread as “sick”

gates. What corresponds to the number of “healthy” gates per unit circuit time? It looks like

the circuit in Figure 1 has to do with the exponential growth of a perturbation, so a natural

guess is to consider an out-of-time-order four-point function like 〈ψ1ψj(t)ψ1ψj(t)〉. However, this

four-point function is invariant under t → −t. On the other hand, the perturbation in Figure 1

only grows in one direction. As the perturbation becomes small, why doesn’t it grow toward the

other direction?2

It was also argued that the absence of a firewall is tied to an increase of the quantum state’s

complexity with time [9]. But the increase or decrease of complexity is not a state property since

it depends on the Hamiltonian. On the other hand, we expect that the properties of the horizon

are reflected by the quantum circuit in the interior. How are these related?

Finally, the increase of momentum of an infalling particle in the exterior was related to the

growth of operator size [10, 11, 12]. If the relation between size and momentum is general, what

corresponds to the momentum of the particle when it is in the interior? If we trace the particle

backward from the singularity to the horizon, it again has exponentially increasing momentum.

What can we say about this increase of momentum in terms of circuit properties and operator

size?

We will show that the answers to these questions are related. We show that a particular four-

1We perturb the black hole by applying a unitary operator. This will incerase the thermal entropy of the black
hole. That’s why we represent the perturbation by a new qubit in the circuit model.

2We thank Xiaoliang Qi for asking this question.
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Figure 2: The size of the wormhole grows as the circuit grows.

point function counts the number of healthy gates in the interior circuit. Unlike 〈ψ1ψj(t)ψ1ψj(t)〉,
this four-point function breaks time reflection symmetry t → −t and only grows toward one

direction. We relate this four-point function to a notion of operator size which differs from

the size that has been previously studied. We then relate this notion of operator size to the

rate of change of complexity and comment on the connection to the firewall. We further relate

complexity to momentum and show that this notion of size is related to the momentum in the

interior.

This paper is organized as follows. In section 2 we look for boundary quantities diagnosing

properties of the quantum circuit stored in the interior. In section 3 we discuss the relation be-

tween these circuit properties and the time dependence of complexity. In section 4 we discuss the

size/momentum relation in the black hole interior and comment on black hole complementarity.

In section 5 we point out unanswered questions and future directions.

2 Detecting properties of the interior circuit

In this section we discuss properties of the interior circuit and identify a simple quantity to probe

them.

2.1 Interior circuit corresponding to thermofield double

We first look at the quantum circuit without perturbations. We represent the thermofield double

by S Bell pairs and model the dynamics by a Hayden-Preskill type circuit [13]: at each time

step the qubits are randomly grouped into S
2 pairs, and on each pair a randomly chosen 2-qubit

gate is applied. As the left (right) boundary time increases, the circuit grows toward left (right).

Correspondingly, the wormhole also grows. This is illustrated in Figure 2. Note that the orange

gates can be undone from both sides. We call them healthy gates. As we scan through the
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circuit, we can ask about the number of healthy gates per unit circuit time. In the case of the

thermofield double it is a constant as the circuit is uniform in time.

2.2 Interior circuit corresponding to perturbed thermofield double

The epidemic model was introduced to describe the perturbation of a black hole [14, 5]. For a

black hole whose dynamics is modeled by a Hayden-Preskill type circuit, we can characterize the

effect of some small perturbation as follows. Imagine the unperturbed system contains S healthy

qubits, and the perturbation is one extra qubit carrying some disease. The sick qubit enters the

system at τ = 0. Any qubits who interact directly or indirectly with sick qubits will get infected.

We define the size of the epidemic sep(τ) to be the number of sick qubits at time τ where τ is

discrete circuit time.3 It satisfies

dsep(τ)

dτ
=

(S + 1− sep)sep
S

⇒ sep(τ)

S + 1
=

δS
S e

S+1
S
τ

1 + δS
S e

S+1
S
τ
≈

δS
S e

τ

1 + δS
S e

τ
. (2.1)

We used initial condition sep(τ = 0) = δS where δS is the number of initially infected qubits,

and S + 1 is the size of the new circuit. δS is proportional to the increase of thermal entropy

from the perturbation. Figure 1 is the corresponding circuit picture. The orange dots represent

the healthy gates (gates acting on healthy qubits) while the red dots represent sick gates (gates

acting on sick qubits).

It was argued that a quantum circuit like the one in Figure 1 is stored in the future interior

of the black hole corresponding to the perturbed thermofield double [7, 8]. We briefly review the

argument here. We imagine Alice and Bob share a thermofield double state. Alice holds the left

side while Bob holds the right side. Alice applies a perturbation from the left at time tw.

First, we look at the geometry from the point of view of Alice. We fix the right time at

some large value and vary the left time (Figure 3). As Alice varies the left time, the growth of

the orange region on the time slices corresponds to the growth of the number of orange gates

(healthy gates), while the growth of the red region corresponds to the increase in the red gates

(sick gates). One can show this by comparing the geodesic contained in the red (orange) region

and the number of sick (healthy) gates in the epidemic model [7].

3Later we will identify the circuit time and Schwarzshild time: dτ = 2π
β
dt.
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tL
<latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit><latexit sha1_base64="oN+wDfzQQo10Tjbak/RKRRoBXa4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MaFi4r2B9pQJtNpO3QyCTM3Qgh9AcGtvoY7cetb+BY+gtM2C9t6YeDjnHvhzAliKQy67rdTWFvf2Nwqbpd2dvf2D8qHR00TJZrxBotkpNsBNVwKxRsoUPJ2rDkNA8lbwfhm6reeuDYiUo+YxtwP6VCJgWAUrfSAvbteueJW3dmQVfByqEA+9V75p9uPWBJyhUxSYzqeG6OfUY2CST4pdRPDY8rGdMg7FhUNufGzWdQJObNKnwwibZ9CMlP/XmQ0NCYNA7sZUhyZZW8q/uvFo9QIZqyX02IOHFz7mVBxglyxeYxBIglGZNoK6QvNGcrUAmVa2J8QNqKaMrTdlWxF3nIhq9C8qHpu1bu/rNTcvKwinMApnIMHV1CDW6hDAxgM4QVe4c15dt6dD+dzvlpw8ptjWBjn6xeb8Zob</latexit>

tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit>

A<latexit sha1_base64="A7z7QMrVsNd/VX88soAP9cLSjdQ=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLihuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+YKmSk=</latexit><latexit sha1_base64="A7z7QMrVsNd/VX88soAP9cLSjdQ=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLihuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+YKmSk=</latexit><latexit sha1_base64="A7z7QMrVsNd/VX88soAP9cLSjdQ=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLihuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+YKmSk=</latexit><latexit sha1_base64="A7z7QMrVsNd/VX88soAP9cLSjdQ=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLihuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+YKmSk=</latexit>

B
<latexit sha1_base64="erwwZ9qN523/Cjm1yZaQP5VGu4M=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLohuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+esmSo=</latexit><latexit sha1_base64="erwwZ9qN523/Cjm1yZaQP5VGu4M=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLohuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+esmSo=</latexit><latexit sha1_base64="erwwZ9qN523/Cjm1yZaQP5VGu4M=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLohuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+esmSo=</latexit><latexit sha1_base64="erwwZ9qN523/Cjm1yZaQP5VGu4M=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLohuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+esmSo=</latexit>

C
<latexit sha1_base64="8Yg5x7Ucfymm4gYEjaJfv94LJyM=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLQjcuW7A/0A4lk962oZnMkGSEYehecKuv4U7c+hq+hY9g2s7Ctl4IfJxzL5ycIBZcG9f9dgpb2zu7e8X90sHh0fFJ+fSsraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoJpfe53nlBpHslHk8boh3Qs+YgzaqzUrA/KFbfqLoZsgpdDBfJpDMo//WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZlDRE7WeLoDNyZZUhGUXKPmnIQv17kdFQ6zQM7GZIzUSve3PxXy+epJozbb2cVnOY0b2fcRknBiVbxhglgpiIzDshQ66QGZFaoExx+xPCJlRRZmxzJVuRt17IJrRvqp5b9Zq3lZqbl1WEC7iEa/DgDmrwAA1oAQOEF3iFN+fZeXc+nM/lasHJb85hZZyvX+lOmSs=</latexit><latexit sha1_base64="8Yg5x7Ucfymm4gYEjaJfv94LJyM=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLQjcuW7A/0A4lk962oZnMkGSEYehecKuv4U7c+hq+hY9g2s7Ctl4IfJxzL5ycIBZcG9f9dgpb2zu7e8X90sHh0fFJ+fSsraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoJpfe53nlBpHslHk8boh3Qs+YgzaqzUrA/KFbfqLoZsgpdDBfJpDMo//WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZlDRE7WeLoDNyZZUhGUXKPmnIQv17kdFQ6zQM7GZIzUSve3PxXy+epJozbb2cVnOY0b2fcRknBiVbxhglgpiIzDshQ66QGZFaoExx+xPCJlRRZmxzJVuRt17IJrRvqp5b9Zq3lZqbl1WEC7iEa/DgDmrwAA1oAQOEF3iFN+fZeXc+nM/lasHJb85hZZyvX+lOmSs=</latexit><latexit sha1_base64="8Yg5x7Ucfymm4gYEjaJfv94LJyM=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLQjcuW7A/0A4lk962oZnMkGSEYehecKuv4U7c+hq+hY9g2s7Ctl4IfJxzL5ycIBZcG9f9dgpb2zu7e8X90sHh0fFJ+fSsraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoJpfe53nlBpHslHk8boh3Qs+YgzaqzUrA/KFbfqLoZsgpdDBfJpDMo//WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZlDRE7WeLoDNyZZUhGUXKPmnIQv17kdFQ6zQM7GZIzUSve3PxXy+epJozbb2cVnOY0b2fcRknBiVbxhglgpiIzDshQ66QGZFaoExx+xPCJlRRZmxzJVuRt17IJrRvqp5b9Zq3lZqbl1WEC7iEa/DgDmrwAA1oAQOEF3iFN+fZeXc+nM/lasHJb85hZZyvX+lOmSs=</latexit><latexit sha1_base64="8Yg5x7Ucfymm4gYEjaJfv94LJyM=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLQjcuW7A/0A4lk962oZnMkGSEYehecKuv4U7c+hq+hY9g2s7Ctl4IfJxzL5ycIBZcG9f9dgpb2zu7e8X90sHh0fFJ+fSsraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoJpfe53nlBpHslHk8boh3Qs+YgzaqzUrA/KFbfqLoZsgpdDBfJpDMo//WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZlDRE7WeLoDNyZZUhGUXKPmnIQv17kdFQ6zQM7GZIzUSve3PxXy+epJozbb2cVnOY0b2fcRknBiVbxhglgpiIzDshQ66QGZFaoExx+xPCJlRRZmxzJVuRt17IJrRvqp5b9Zq3lZqbl1WEC7iEa/DgDmrwAA1oAQOEF3iFN+fZeXc+nM/lasHJb85hZZyvX+lOmSs=</latexit>

v
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Figure 3: Illustration of the evolution of healthy and infected gates in (a) compared to the size
of the associated bulk regions on time slices in (b).

Next, we look at the geometry as well as the circuit from the point of view of Bob. We fix

the left time at some large value and vary the right time (Figure 4). From the point of view of

Bob, when he decreases the right time, he can undo the orange gates (healthy gates) stored in

the circuit but cannot undo the red gates (sick gates). Instead, he will create a fold on top of

the red gates.4 When he decreases the right time, his backward time evolution will cancel the

healthy gates in the quantum circuit from the right to the left (Figure 4). This gives us some

hint that the part of the trajectory close to the horizon has to do with the growth of the operator

in the quantum circuit [8].
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<latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit>

tR1
<latexit sha1_base64="MQ4D/hfv+o+LhgIwhVFGpSg7js8=">AAACC3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFfsDbSiT6bQdO5mEmRshhD6C4FZfw5249SF8Cx/BaZuFbb0w8HHOvXDmBLEUBl332ymsrW9sbhW3Szu7e/sH5cOjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDP1W09cGxGpB0xj7od0qMRAMIpWamIvu/cmvXLFrbqzIavg5VCBfOq98k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuomhseUjemQdywqGnLjZ7O0E3JmlT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvZirzlQlaheVH13Kp3d1mpuXlZRTiBUzgHD66gBrdQhwYweIQXeIU359l5dz6cz/lqwclvjmFhnK9f/qSbaA==</latexit><latexit sha1_base64="MQ4D/hfv+o+LhgIwhVFGpSg7js8=">AAACC3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFfsDbSiT6bQdO5mEmRshhD6C4FZfw5249SF8Cx/BaZuFbb0w8HHOvXDmBLEUBl332ymsrW9sbhW3Szu7e/sH5cOjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDP1W09cGxGpB0xj7od0qMRAMIpWamIvu/cmvXLFrbqzIavg5VCBfOq98k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuomhseUjemQdywqGnLjZ7O0E3JmlT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvZirzlQlaheVH13Kp3d1mpuXlZRTiBUzgHD66gBrdQhwYweIQXeIU359l5dz6cz/lqwclvjmFhnK9f/qSbaA==</latexit><latexit sha1_base64="MQ4D/hfv+o+LhgIwhVFGpSg7js8=">AAACC3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFfsDbSiT6bQdO5mEmRshhD6C4FZfw5249SF8Cx/BaZuFbb0w8HHOvXDmBLEUBl332ymsrW9sbhW3Szu7e/sH5cOjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDP1W09cGxGpB0xj7od0qMRAMIpWamIvu/cmvXLFrbqzIavg5VCBfOq98k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuomhseUjemQdywqGnLjZ7O0E3JmlT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvZirzlQlaheVH13Kp3d1mpuXlZRTiBUzgHD66gBrdQhwYweIQXeIU359l5dz6cz/lqwclvjmFhnK9f/qSbaA==</latexit><latexit sha1_base64="MQ4D/hfv+o+LhgIwhVFGpSg7js8=">AAACC3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFfsDbSiT6bQdO5mEmRshhD6C4FZfw5249SF8Cx/BaZuFbb0w8HHOvXDmBLEUBl332ymsrW9sbhW3Szu7e/sH5cOjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDP1W09cGxGpB0xj7od0qMRAMIpWamIvu/cmvXLFrbqzIavg5VCBfOq98k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuomhseUjemQdywqGnLjZ7O0E3JmlT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvZirzlQlaheVH13Kp3d1mpuXlZRTiBUzgHD66gBrdQhwYweIQXeIU359l5dz6cz/lqwclvjmFhnK9f/qSbaA==</latexit>

tR2
<latexit sha1_base64="g04ihmtJ2ATSMD/qLYcOZSg7UWQ=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJWkCLosuHFZxf5AG8pkOm3HTiZh5kYIoY8guNXXcCdufQjfwkdw2mZhWy8MfJxzL5w5QSyFQdf9dtbWNza3tgs7xd29/YPD0tFx00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn6rSeujYjUA6Yx90M6VGIgGEUrNbGX3VcnvVLZrbizIavg5VCGfOq90k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuwmhseUjemQdywqGnLjZ7O0E3JulT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvairzlQlahWa14bsW7uyzX3LysApzCGVyAB1dQg1uoQwMYPMILvMKb8+y8Ox/O53x1zclvTmBhnK9fAFabaQ==</latexit><latexit sha1_base64="g04ihmtJ2ATSMD/qLYcOZSg7UWQ=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJWkCLosuHFZxf5AG8pkOm3HTiZh5kYIoY8guNXXcCdufQjfwkdw2mZhWy8MfJxzL5w5QSyFQdf9dtbWNza3tgs7xd29/YPD0tFx00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn6rSeujYjUA6Yx90M6VGIgGEUrNbGX3VcnvVLZrbizIavg5VCGfOq90k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuwmhseUjemQdywqGnLjZ7O0E3JulT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvairzlQlahWa14bsW7uyzX3LysApzCGVyAB1dQg1uoQwMYPMILvMKb8+y8Ox/O53x1zclvTmBhnK9fAFabaQ==</latexit><latexit sha1_base64="g04ihmtJ2ATSMD/qLYcOZSg7UWQ=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJWkCLosuHFZxf5AG8pkOm3HTiZh5kYIoY8guNXXcCdufQjfwkdw2mZhWy8MfJxzL5w5QSyFQdf9dtbWNza3tgs7xd29/YPD0tFx00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn6rSeujYjUA6Yx90M6VGIgGEUrNbGX3VcnvVLZrbizIavg5VCGfOq90k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuwmhseUjemQdywqGnLjZ7O0E3JulT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvairzlQlahWa14bsW7uyzX3LysApzCGVyAB1dQg1uoQwMYPMILvMKb8+y8Ox/O53x1zclvTmBhnK9fAFabaQ==</latexit><latexit sha1_base64="g04ihmtJ2ATSMD/qLYcOZSg7UWQ=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJWkCLosuHFZxf5AG8pkOm3HTiZh5kYIoY8guNXXcCdufQjfwkdw2mZhWy8MfJxzL5w5QSyFQdf9dtbWNza3tgs7xd29/YPD0tFx00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn6rSeujYjUA6Yx90M6VGIgGEUrNbGX3VcnvVLZrbizIavg5VCGfOq90k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuwmhseUjemQdywqGnLjZ7O0E3JulT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvairzlQlahWa14bsW7uyzX3LysApzCGVyAB1dQg1uoQwMYPMILvMKb8+y8Ox/O53x1zclvTmBhnK9fAFabaQ==</latexit>

tR3
<latexit sha1_base64="Z9YP2rSZFlS85aDKaQyaIz5Fokc=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBV0W3LisYn+gDWUynbZjJ5MwcyOE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz85hPXRkTqAdOY+yEdKNEXjKKVGtjN7i/G3VLZrbjTIcvg5VCGfGrd0k+nF7Ek5AqZpMa0PTdGP6MaBZN8XOwkhseUjeiAty0qGnLjZ9O0Y3JqlR7pR9o+hWSq/r3IaGhMGgZ2M6Q4NIveRPzXi4epEcxYL6f5HNi/9jOh4gS5YrMY/UQSjMikGNITmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3d1muunlZBTiGEzgDD66gCrdQgzoweIQXeIU359l5dz6cz9nqipPfHMHcOF+/Afmbag==</latexit><latexit sha1_base64="Z9YP2rSZFlS85aDKaQyaIz5Fokc=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBV0W3LisYn+gDWUynbZjJ5MwcyOE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz85hPXRkTqAdOY+yEdKNEXjKKVGtjN7i/G3VLZrbjTIcvg5VCGfGrd0k+nF7Ek5AqZpMa0PTdGP6MaBZN8XOwkhseUjeiAty0qGnLjZ9O0Y3JqlR7pR9o+hWSq/r3IaGhMGgZ2M6Q4NIveRPzXi4epEcxYL6f5HNi/9jOh4gS5YrMY/UQSjMikGNITmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3d1muunlZBTiGEzgDD66gCrdQgzoweIQXeIU359l5dz6cz9nqipPfHMHcOF+/Afmbag==</latexit><latexit sha1_base64="Z9YP2rSZFlS85aDKaQyaIz5Fokc=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBV0W3LisYn+gDWUynbZjJ5MwcyOE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz85hPXRkTqAdOY+yEdKNEXjKKVGtjN7i/G3VLZrbjTIcvg5VCGfGrd0k+nF7Ek5AqZpMa0PTdGP6MaBZN8XOwkhseUjeiAty0qGnLjZ9O0Y3JqlR7pR9o+hWSq/r3IaGhMGgZ2M6Q4NIveRPzXi4epEcxYL6f5HNi/9jOh4gS5YrMY/UQSjMikGNITmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3d1muunlZBTiGEzgDD66gCrdQgzoweIQXeIU359l5dz6cz9nqipPfHMHcOF+/Afmbag==</latexit><latexit sha1_base64="Z9YP2rSZFlS85aDKaQyaIz5Fokc=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBV0W3LisYn+gDWUynbZjJ5MwcyOE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz85hPXRkTqAdOY+yEdKNEXjKKVGtjN7i/G3VLZrbjTIcvg5VCGfGrd0k+nF7Ek5AqZpMa0PTdGP6MaBZN8XOwkhseUjeiAty0qGnLjZ9O0Y3JqlR7pR9o+hWSq/r3IaGhMGgZ2M6Q4NIveRPzXi4epEcxYL6f5HNi/9jOh4gS5YrMY/UQSjMikGNITmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3d1muunlZBTiGEzgDD66gCrdQgzoweIQXeIU359l5dz6cz9nqipPfHMHcOF+/Afmbag==</latexit>

tR = �1
<latexit sha1_base64="efk7T9HJ0Vd3MKOILqXpsHb73rs=">AAACE3icbZDNSgMxFIXv1L9a/6ou3QSL4MYyI4JuhIIbl1XsD7S1ZNJMG5rJDMkdYSh9DMGtvoY7cesD+BY+gmk7C9t6IfBxzr1wcvxYCoOu++3kVlbX1jfym4Wt7Z3dveL+Qd1EiWa8xiIZ6aZPDZdC8RoKlLwZa05DX/KGP7yZ+I0nro2I1AOmMe+EtK9EIBhFKz1i955ck7O2UAGmpFssuWV3OmQZvAxKkE21W/xp9yKWhFwhk9SYlufG2BlRjYJJPi60E8Njyoa0z1sWFQ256YymqcfkxCo9EkTaPoVkqv69GNHQmDT07WZIcWAWvYn4rxcPUiOYsV5G8zkwuOqMhIoT5IrNYgSJJBiRSUGkJzRnKFMLlGlhf0LYgGrK0NZYsBV5i4UsQ/287Lll7+6iVHGzsvJwBMdwCh5cQgVuoQo1YKDhBV7hzXl23p0P53O2mnOym0OYG+frF8Etnd8=</latexit><latexit sha1_base64="efk7T9HJ0Vd3MKOILqXpsHb73rs=">AAACE3icbZDNSgMxFIXv1L9a/6ou3QSL4MYyI4JuhIIbl1XsD7S1ZNJMG5rJDMkdYSh9DMGtvoY7cesD+BY+gmk7C9t6IfBxzr1wcvxYCoOu++3kVlbX1jfym4Wt7Z3dveL+Qd1EiWa8xiIZ6aZPDZdC8RoKlLwZa05DX/KGP7yZ+I0nro2I1AOmMe+EtK9EIBhFKz1i955ck7O2UAGmpFssuWV3OmQZvAxKkE21W/xp9yKWhFwhk9SYlufG2BlRjYJJPi60E8Njyoa0z1sWFQ256YymqcfkxCo9EkTaPoVkqv69GNHQmDT07WZIcWAWvYn4rxcPUiOYsV5G8zkwuOqMhIoT5IrNYgSJJBiRSUGkJzRnKFMLlGlhf0LYgGrK0NZYsBV5i4UsQ/287Lll7+6iVHGzsvJwBMdwCh5cQgVuoQo1YKDhBV7hzXl23p0P53O2mnOym0OYG+frF8Etnd8=</latexit><latexit sha1_base64="efk7T9HJ0Vd3MKOILqXpsHb73rs=">AAACE3icbZDNSgMxFIXv1L9a/6ou3QSL4MYyI4JuhIIbl1XsD7S1ZNJMG5rJDMkdYSh9DMGtvoY7cesD+BY+gmk7C9t6IfBxzr1wcvxYCoOu++3kVlbX1jfym4Wt7Z3dveL+Qd1EiWa8xiIZ6aZPDZdC8RoKlLwZa05DX/KGP7yZ+I0nro2I1AOmMe+EtK9EIBhFKz1i955ck7O2UAGmpFssuWV3OmQZvAxKkE21W/xp9yKWhFwhk9SYlufG2BlRjYJJPi60E8Njyoa0z1sWFQ256YymqcfkxCo9EkTaPoVkqv69GNHQmDT07WZIcWAWvYn4rxcPUiOYsV5G8zkwuOqMhIoT5IrNYgSJJBiRSUGkJzRnKFMLlGlhf0LYgGrK0NZYsBV5i4UsQ/287Lll7+6iVHGzsvJwBMdwCh5cQgVuoQo1YKDhBV7hzXl23p0P53O2mnOym0OYG+frF8Etnd8=</latexit><latexit sha1_base64="efk7T9HJ0Vd3MKOILqXpsHb73rs=">AAACE3icbZDNSgMxFIXv1L9a/6ou3QSL4MYyI4JuhIIbl1XsD7S1ZNJMG5rJDMkdYSh9DMGtvoY7cesD+BY+gmk7C9t6IfBxzr1wcvxYCoOu++3kVlbX1jfym4Wt7Z3dveL+Qd1EiWa8xiIZ6aZPDZdC8RoKlLwZa05DX/KGP7yZ+I0nro2I1AOmMe+EtK9EIBhFKz1i955ck7O2UAGmpFssuWV3OmQZvAxKkE21W/xp9yKWhFwhk9SYlufG2BlRjYJJPi60E8Njyoa0z1sWFQ256YymqcfkxCo9EkTaPoVkqv69GNHQmDT07WZIcWAWvYn4rxcPUiOYsV5G8zkwuOqMhIoT5IrNYgSJJBiRSUGkJzRnKFMLlGlhf0LYgGrK0NZYsBV5i4UsQ/287Lll7+6iVHGzsvJwBMdwCh5cQgVuoQo1YKDhBV7hzXl23p0P53O2mnOym0OYG+frF8Etnd8=</latexit>

tR1
<latexit sha1_base64="MQ4D/hfv+o+LhgIwhVFGpSg7js8=">AAACC3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFfsDbSiT6bQdO5mEmRshhD6C4FZfw5249SF8Cx/BaZuFbb0w8HHOvXDmBLEUBl332ymsrW9sbhW3Szu7e/sH5cOjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDP1W09cGxGpB0xj7od0qMRAMIpWamIvu/cmvXLFrbqzIavg5VCBfOq98k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuomhseUjemQdywqGnLjZ7O0E3JmlT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvZirzlQlaheVH13Kp3d1mpuXlZRTiBUzgHD66gBrdQhwYweIQXeIU359l5dz6cz/lqwclvjmFhnK9f/qSbaA==</latexit><latexit sha1_base64="MQ4D/hfv+o+LhgIwhVFGpSg7js8=">AAACC3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFfsDbSiT6bQdO5mEmRshhD6C4FZfw5249SF8Cx/BaZuFbb0w8HHOvXDmBLEUBl332ymsrW9sbhW3Szu7e/sH5cOjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDP1W09cGxGpB0xj7od0qMRAMIpWamIvu/cmvXLFrbqzIavg5VCBfOq98k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuomhseUjemQdywqGnLjZ7O0E3JmlT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvZirzlQlaheVH13Kp3d1mpuXlZRTiBUzgHD66gBrdQhwYweIQXeIU359l5dz6cz/lqwclvjmFhnK9f/qSbaA==</latexit><latexit sha1_base64="MQ4D/hfv+o+LhgIwhVFGpSg7js8=">AAACC3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFfsDbSiT6bQdO5mEmRshhD6C4FZfw5249SF8Cx/BaZuFbb0w8HHOvXDmBLEUBl332ymsrW9sbhW3Szu7e/sH5cOjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDP1W09cGxGpB0xj7od0qMRAMIpWamIvu/cmvXLFrbqzIavg5VCBfOq98k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuomhseUjemQdywqGnLjZ7O0E3JmlT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvZirzlQlaheVH13Kp3d1mpuXlZRTiBUzgHD66gBrdQhwYweIQXeIU359l5dz6cz/lqwclvjmFhnK9f/qSbaA==</latexit><latexit sha1_base64="MQ4D/hfv+o+LhgIwhVFGpSg7js8=">AAACC3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFfsDbSiT6bQdO5mEmRshhD6C4FZfw5249SF8Cx/BaZuFbb0w8HHOvXDmBLEUBl332ymsrW9sbhW3Szu7e/sH5cOjpokSzXiDRTLS7YAaLoXiDRQoeTvWnIaB5K1gfDP1W09cGxGpB0xj7od0qMRAMIpWamIvu/cmvXLFrbqzIavg5VCBfOq98k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuomhseUjemQdywqGnLjZ7O0E3JmlT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvZirzlQlaheVH13Kp3d1mpuXlZRTiBUzgHD66gBrdQhwYweIQXeIU359l5dz6cz/lqwclvjmFhnK9f/qSbaA==</latexit>

tR2
<latexit sha1_base64="g04ihmtJ2ATSMD/qLYcOZSg7UWQ=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJWkCLosuHFZxf5AG8pkOm3HTiZh5kYIoY8guNXXcCdufQjfwkdw2mZhWy8MfJxzL5w5QSyFQdf9dtbWNza3tgs7xd29/YPD0tFx00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn6rSeujYjUA6Yx90M6VGIgGEUrNbGX3VcnvVLZrbizIavg5VCGfOq90k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuwmhseUjemQdywqGnLjZ7O0E3JulT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvairzlQlahWa14bsW7uyzX3LysApzCGVyAB1dQg1uoQwMYPMILvMKb8+y8Ox/O53x1zclvTmBhnK9fAFabaQ==</latexit><latexit sha1_base64="g04ihmtJ2ATSMD/qLYcOZSg7UWQ=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJWkCLosuHFZxf5AG8pkOm3HTiZh5kYIoY8guNXXcCdufQjfwkdw2mZhWy8MfJxzL5w5QSyFQdf9dtbWNza3tgs7xd29/YPD0tFx00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn6rSeujYjUA6Yx90M6VGIgGEUrNbGX3VcnvVLZrbizIavg5VCGfOq90k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuwmhseUjemQdywqGnLjZ7O0E3JulT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvairzlQlahWa14bsW7uyzX3LysApzCGVyAB1dQg1uoQwMYPMILvMKb8+y8Ox/O53x1zclvTmBhnK9fAFabaQ==</latexit><latexit sha1_base64="g04ihmtJ2ATSMD/qLYcOZSg7UWQ=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJWkCLosuHFZxf5AG8pkOm3HTiZh5kYIoY8guNXXcCdufQjfwkdw2mZhWy8MfJxzL5w5QSyFQdf9dtbWNza3tgs7xd29/YPD0tFx00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn6rSeujYjUA6Yx90M6VGIgGEUrNbGX3VcnvVLZrbizIavg5VCGfOq90k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuwmhseUjemQdywqGnLjZ7O0E3JulT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvairzlQlahWa14bsW7uyzX3LysApzCGVyAB1dQg1uoQwMYPMILvMKb8+y8Ox/O53x1zclvTmBhnK9fAFabaQ==</latexit><latexit sha1_base64="g04ihmtJ2ATSMD/qLYcOZSg7UWQ=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJWkCLosuHFZxf5AG8pkOm3HTiZh5kYIoY8guNXXcCdufQjfwkdw2mZhWy8MfJxzL5w5QSyFQdf9dtbWNza3tgs7xd29/YPD0tFx00SJZrzBIhnpdkANl0LxBgqUvB1rTsNA8lYwvpn6rSeujYjUA6Yx90M6VGIgGEUrNbGX3VcnvVLZrbizIavg5VCGfOq90k+3H7Ek5AqZpMZ0PDdGP6MaBZN8UuwmhseUjemQdywqGnLjZ7O0E3JulT4ZRNo+hWSm/r3IaGhMGgZ2M6Q4MsveVPzXi0epEcxYL6fFHDi49jOh4gS5YvMYg0QSjMi0GNIXmjOUqQXKtLA/IWxENWVo6yvairzlQlahWa14bsW7uyzX3LysApzCGVyAB1dQg1uoQwMYPMILvMKb8+y8Ox/O53x1zclvTmBhnK9fAFabaQ==</latexit>

tR3
<latexit sha1_base64="Z9YP2rSZFlS85aDKaQyaIz5Fokc=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBV0W3LisYn+gDWUynbZjJ5MwcyOE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz85hPXRkTqAdOY+yEdKNEXjKKVGtjN7i/G3VLZrbjTIcvg5VCGfGrd0k+nF7Ek5AqZpMa0PTdGP6MaBZN8XOwkhseUjeiAty0qGnLjZ9O0Y3JqlR7pR9o+hWSq/r3IaGhMGgZ2M6Q4NIveRPzXi4epEcxYL6f5HNi/9jOh4gS5YrMY/UQSjMikGNITmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3d1muunlZBTiGEzgDD66gCrdQgzoweIQXeIU359l5dz6cz9nqipPfHMHcOF+/Afmbag==</latexit><latexit sha1_base64="Z9YP2rSZFlS85aDKaQyaIz5Fokc=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBV0W3LisYn+gDWUynbZjJ5MwcyOE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz85hPXRkTqAdOY+yEdKNEXjKKVGtjN7i/G3VLZrbjTIcvg5VCGfGrd0k+nF7Ek5AqZpMa0PTdGP6MaBZN8XOwkhseUjeiAty0qGnLjZ9O0Y3JqlR7pR9o+hWSq/r3IaGhMGgZ2M6Q4NIveRPzXi4epEcxYL6f5HNi/9jOh4gS5YrMY/UQSjMikGNITmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3d1muunlZBTiGEzgDD66gCrdQgzoweIQXeIU359l5dz6cz9nqipPfHMHcOF+/Afmbag==</latexit><latexit sha1_base64="Z9YP2rSZFlS85aDKaQyaIz5Fokc=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBV0W3LisYn+gDWUynbZjJ5MwcyOE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz85hPXRkTqAdOY+yEdKNEXjKKVGtjN7i/G3VLZrbjTIcvg5VCGfGrd0k+nF7Ek5AqZpMa0PTdGP6MaBZN8XOwkhseUjeiAty0qGnLjZ9O0Y3JqlR7pR9o+hWSq/r3IaGhMGgZ2M6Q4NIveRPzXi4epEcxYL6f5HNi/9jOh4gS5YrMY/UQSjMikGNITmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3d1muunlZBTiGEzgDD66gCrdQgzoweIQXeIU359l5dz6cz9nqipPfHMHcOF+/Afmbag==</latexit><latexit sha1_base64="Z9YP2rSZFlS85aDKaQyaIz5Fokc=">AAACC3icbZDNSsNAFIVv/K31r+rSzWARXJVEBV0W3LisYn+gDWUynbZjJ5MwcyOE0EcQ3OpruBO3PoRv4SM4bbOwrRcGPs65F86cIJbCoOt+Oyura+sbm4Wt4vbO7t5+6eCwYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz85hPXRkTqAdOY+yEdKNEXjKKVGtjN7i/G3VLZrbjTIcvg5VCGfGrd0k+nF7Ek5AqZpMa0PTdGP6MaBZN8XOwkhseUjeiAty0qGnLjZ9O0Y3JqlR7pR9o+hWSq/r3IaGhMGgZ2M6Q4NIveRPzXi4epEcxYL6f5HNi/9jOh4gS5YrMY/UQSjMikGNITmjOUqQXKtLA/IWxINWVo6yvairzFQpahcV7x3Ip3d1muunlZBTiGEzgDD66gCrdQgzoweIQXeIU359l5dz6cz9nqipPfHMHcOF+/Afmbag==</latexit>

tR
<latexit sha1_base64="qsONHBLGKsheBvkYljW1RCuihR4=">AAACCnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFdMKbSiT6bQdOpmEmRshhL6B4FZfw5249SV8Cx/BaZuFbb0w8HHOvXDmhIkUBl332ymtrW9sbpW3Kzu7e/sH1cOjlolTzbjPYhnrx5AaLoXiPgqU/DHRnEah5O1wfDP1209cGxGrB8wSHkR0qMRAMIpW8rGX30961Zpbd2dDVsEroAbFNHvVn24/ZmnEFTJJjel4boJBTjUKJvmk0k0NTygb0yHvWFQ04ibIZ2En5MwqfTKItX0KyUz9e5HTyJgsCu1mRHFklr2p+K+XjDIjmLFeQYs5cHAd5EIlKXLF5jEGqSQYk2kvpC80ZygzC5RpYX9C2IhqytC2V7EVecuFrELrou65de/ustZwi7LKcAKncA4eXEEDbqEJPjAQ8AKv8OY8O+/Oh/M5Xy05xc0xLIzz9QuHx5st</latexit><latexit sha1_base64="qsONHBLGKsheBvkYljW1RCuihR4=">AAACCnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFdMKbSiT6bQdOpmEmRshhL6B4FZfw5249SV8Cx/BaZuFbb0w8HHOvXDmhIkUBl332ymtrW9sbpW3Kzu7e/sH1cOjlolTzbjPYhnrx5AaLoXiPgqU/DHRnEah5O1wfDP1209cGxGrB8wSHkR0qMRAMIpW8rGX30961Zpbd2dDVsEroAbFNHvVn24/ZmnEFTJJjel4boJBTjUKJvmk0k0NTygb0yHvWFQ04ibIZ2En5MwqfTKItX0KyUz9e5HTyJgsCu1mRHFklr2p+K+XjDIjmLFeQYs5cHAd5EIlKXLF5jEGqSQYk2kvpC80ZygzC5RpYX9C2IhqytC2V7EVecuFrELrou65de/ustZwi7LKcAKncA4eXEEDbqEJPjAQ8AKv8OY8O+/Oh/M5Xy05xc0xLIzz9QuHx5st</latexit><latexit sha1_base64="qsONHBLGKsheBvkYljW1RCuihR4=">AAACCnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFdMKbSiT6bQdOpmEmRshhL6B4FZfw5249SV8Cx/BaZuFbb0w8HHOvXDmhIkUBl332ymtrW9sbpW3Kzu7e/sH1cOjlolTzbjPYhnrx5AaLoXiPgqU/DHRnEah5O1wfDP1209cGxGrB8wSHkR0qMRAMIpW8rGX30961Zpbd2dDVsEroAbFNHvVn24/ZmnEFTJJjel4boJBTjUKJvmk0k0NTygb0yHvWFQ04ibIZ2En5MwqfTKItX0KyUz9e5HTyJgsCu1mRHFklr2p+K+XjDIjmLFeQYs5cHAd5EIlKXLF5jEGqSQYk2kvpC80ZygzC5RpYX9C2IhqytC2V7EVecuFrELrou65de/ustZwi7LKcAKncA4eXEEDbqEJPjAQ8AKv8OY8O+/Oh/M5Xy05xc0xLIzz9QuHx5st</latexit><latexit sha1_base64="qsONHBLGKsheBvkYljW1RCuihR4=">AAACCnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlFdMKbSiT6bQdOpmEmRshhL6B4FZfw5249SV8Cx/BaZuFbb0w8HHOvXDmhIkUBl332ymtrW9sbpW3Kzu7e/sH1cOjlolTzbjPYhnrx5AaLoXiPgqU/DHRnEah5O1wfDP1209cGxGrB8wSHkR0qMRAMIpW8rGX30961Zpbd2dDVsEroAbFNHvVn24/ZmnEFTJJjel4boJBTjUKJvmk0k0NTygb0yHvWFQ04ibIZ2En5MwqfTKItX0KyUz9e5HTyJgsCu1mRHFklr2p+K+XjDIjmLFeQYs5cHAd5EIlKXLF5jEGqSQYk2kvpC80ZygzC5RpYX9C2IhqytC2V7EVecuFrELrou65de/ustZwi7LKcAKncA4eXEEDbqEJPjAQ8AKv8OY8O+/Oh/M5Xy05xc0xLIzz9QuHx5st</latexit>

�tw
<latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit>

(b)
<latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit>

(a)
<latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit>

Figure 4: When Bob decreases the right time, he is scanning through the quantum circuit from
the right to the left.

4We thank Juan Maldacena for pointing this out.
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2.3 Counting the number of healthy gates

If we say that a circuit like Figure 1 is stored in the future interior, what boundary quantities can

we use to detect the properties of the circuit? In particular, what boundary quantity gives the

number of healthy gates in the circuit as a function of right time? In Figure 5, F(tRi) denotes

the fraction of healthy gates at time step tRi.

tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit>

F(tR1)
<latexit sha1_base64="ZnxwjhRXviKx/TBm5MpHMKvW30s=">AAACGnicbZDNSsNAFIUn/tb6F+3STbAIdVMSEXRZEMRlFfsDbQiT6aQdOpmEmRshhLyJ4FZfw524deNb+AhO2ixs64WBj3PuhTPHjzlTYNvfxtr6xubWdmWnuru3f3BoHh13VZRIQjsk4pHs+1hRzgTtAANO+7GkOPQ57fnTm8LvPVGpWCQeIY2pG+KxYAEjGLTkmbVhiGFCMM9u8wZ42YOTn3tm3W7as7FWwSmhjsppe+bPcBSRJKQCCMdKDRw7BjfDEhjhNK8OE0VjTKZ4TAcaBQ6pcrNZ+Nw608rICiKpnwBrpv69yHCoVBr6erOIqpa9QvzXiyepYkRpr6TFHBBcuxkTcQJUkHmMIOEWRFbRkzVikhLgqQZMJNM/scgES0xAt1nVFTnLhaxC96Lp2E3n/rLessuyKugEnaIGctAVaqE71EYdRFCKXtArejOejXfjw/icr64Z5U0NLYzx9QtkCKDg</latexit><latexit sha1_base64="ZnxwjhRXviKx/TBm5MpHMKvW30s=">AAACGnicbZDNSsNAFIUn/tb6F+3STbAIdVMSEXRZEMRlFfsDbQiT6aQdOpmEmRshhLyJ4FZfw524deNb+AhO2ixs64WBj3PuhTPHjzlTYNvfxtr6xubWdmWnuru3f3BoHh13VZRIQjsk4pHs+1hRzgTtAANO+7GkOPQ57fnTm8LvPVGpWCQeIY2pG+KxYAEjGLTkmbVhiGFCMM9u8wZ42YOTn3tm3W7as7FWwSmhjsppe+bPcBSRJKQCCMdKDRw7BjfDEhjhNK8OE0VjTKZ4TAcaBQ6pcrNZ+Nw608rICiKpnwBrpv69yHCoVBr6erOIqpa9QvzXiyepYkRpr6TFHBBcuxkTcQJUkHmMIOEWRFbRkzVikhLgqQZMJNM/scgES0xAt1nVFTnLhaxC96Lp2E3n/rLessuyKugEnaIGctAVaqE71EYdRFCKXtArejOejXfjw/icr64Z5U0NLYzx9QtkCKDg</latexit><latexit sha1_base64="ZnxwjhRXviKx/TBm5MpHMKvW30s=">AAACGnicbZDNSsNAFIUn/tb6F+3STbAIdVMSEXRZEMRlFfsDbQiT6aQdOpmEmRshhLyJ4FZfw524deNb+AhO2ixs64WBj3PuhTPHjzlTYNvfxtr6xubWdmWnuru3f3BoHh13VZRIQjsk4pHs+1hRzgTtAANO+7GkOPQ57fnTm8LvPVGpWCQeIY2pG+KxYAEjGLTkmbVhiGFCMM9u8wZ42YOTn3tm3W7as7FWwSmhjsppe+bPcBSRJKQCCMdKDRw7BjfDEhjhNK8OE0VjTKZ4TAcaBQ6pcrNZ+Nw608rICiKpnwBrpv69yHCoVBr6erOIqpa9QvzXiyepYkRpr6TFHBBcuxkTcQJUkHmMIOEWRFbRkzVikhLgqQZMJNM/scgES0xAt1nVFTnLhaxC96Lp2E3n/rLessuyKugEnaIGctAVaqE71EYdRFCKXtArejOejXfjw/icr64Z5U0NLYzx9QtkCKDg</latexit><latexit sha1_base64="ZnxwjhRXviKx/TBm5MpHMKvW30s=">AAACGnicbZDNSsNAFIUn/tb6F+3STbAIdVMSEXRZEMRlFfsDbQiT6aQdOpmEmRshhLyJ4FZfw524deNb+AhO2ixs64WBj3PuhTPHjzlTYNvfxtr6xubWdmWnuru3f3BoHh13VZRIQjsk4pHs+1hRzgTtAANO+7GkOPQ57fnTm8LvPVGpWCQeIY2pG+KxYAEjGLTkmbVhiGFCMM9u8wZ42YOTn3tm3W7as7FWwSmhjsppe+bPcBSRJKQCCMdKDRw7BjfDEhjhNK8OE0VjTKZ4TAcaBQ6pcrNZ+Nw608rICiKpnwBrpv69yHCoVBr6erOIqpa9QvzXiyepYkRpr6TFHBBcuxkTcQJUkHmMIOEWRFbRkzVikhLgqQZMJNM/scgES0xAt1nVFTnLhaxC96Lp2E3n/rLessuyKugEnaIGctAVaqE71EYdRFCKXtArejOejXfjw/icr64Z5U0NLYzx9QtkCKDg</latexit>

F(tR2)
<latexit sha1_base64="a9avpwjPN9/yXesO40OV5DaDtrM=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8Ei1E1JiqDLgiAuq9gLtCFMptN26OTCzIkQQt5EcKuv4U7cuvEtfAQnbRa29cDAx/+fA//8XiS4Asv6Nkobm1vbO+Xdyt7+weGReXzSVWEsKevQUISy7xHFBA9YBzgI1o8kI74nWM+b3eR+74lJxcPgEZKIOT6ZBHzMKQEtuWZ16BOYUiLS26wObvrQzC5cs2Y1rPngdbALqKFi2q75MxyFNPZZAFQQpQa2FYGTEgmcCpZVhrFiEaEzMmEDjQHxmXLSefgMn2tlhMeh1C8APFf/XqTEVyrxPb2ZR1WrXi7+60XTRHGqtFfQcg4YXzspD6IYWEAXMcaxwBDivCc84pJREIkGQiXXP8F0SiShoNus6Irs1ULWodts2FbDvr+stayirDI6RWeojmx0hVroDrVRB1GUoBf0it6MZ+Pd+DA+F6slo7ipoqUxvn4BZayg4Q==</latexit><latexit sha1_base64="a9avpwjPN9/yXesO40OV5DaDtrM=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8Ei1E1JiqDLgiAuq9gLtCFMptN26OTCzIkQQt5EcKuv4U7cuvEtfAQnbRa29cDAx/+fA//8XiS4Asv6Nkobm1vbO+Xdyt7+weGReXzSVWEsKevQUISy7xHFBA9YBzgI1o8kI74nWM+b3eR+74lJxcPgEZKIOT6ZBHzMKQEtuWZ16BOYUiLS26wObvrQzC5cs2Y1rPngdbALqKFi2q75MxyFNPZZAFQQpQa2FYGTEgmcCpZVhrFiEaEzMmEDjQHxmXLSefgMn2tlhMeh1C8APFf/XqTEVyrxPb2ZR1WrXi7+60XTRHGqtFfQcg4YXzspD6IYWEAXMcaxwBDivCc84pJREIkGQiXXP8F0SiShoNus6Irs1ULWodts2FbDvr+stayirDI6RWeojmx0hVroDrVRB1GUoBf0it6MZ+Pd+DA+F6slo7ipoqUxvn4BZayg4Q==</latexit><latexit sha1_base64="a9avpwjPN9/yXesO40OV5DaDtrM=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8Ei1E1JiqDLgiAuq9gLtCFMptN26OTCzIkQQt5EcKuv4U7cuvEtfAQnbRa29cDAx/+fA//8XiS4Asv6Nkobm1vbO+Xdyt7+weGReXzSVWEsKevQUISy7xHFBA9YBzgI1o8kI74nWM+b3eR+74lJxcPgEZKIOT6ZBHzMKQEtuWZ16BOYUiLS26wObvrQzC5cs2Y1rPngdbALqKFi2q75MxyFNPZZAFQQpQa2FYGTEgmcCpZVhrFiEaEzMmEDjQHxmXLSefgMn2tlhMeh1C8APFf/XqTEVyrxPb2ZR1WrXi7+60XTRHGqtFfQcg4YXzspD6IYWEAXMcaxwBDivCc84pJREIkGQiXXP8F0SiShoNus6Irs1ULWodts2FbDvr+stayirDI6RWeojmx0hVroDrVRB1GUoBf0it6MZ+Pd+DA+F6slo7ipoqUxvn4BZayg4Q==</latexit><latexit sha1_base64="a9avpwjPN9/yXesO40OV5DaDtrM=">AAACGnicbZDLSsNAFIYn9VbrLdqlm8Ei1E1JiqDLgiAuq9gLtCFMptN26OTCzIkQQt5EcKuv4U7cuvEtfAQnbRa29cDAx/+fA//8XiS4Asv6Nkobm1vbO+Xdyt7+weGReXzSVWEsKevQUISy7xHFBA9YBzgI1o8kI74nWM+b3eR+74lJxcPgEZKIOT6ZBHzMKQEtuWZ16BOYUiLS26wObvrQzC5cs2Y1rPngdbALqKFi2q75MxyFNPZZAFQQpQa2FYGTEgmcCpZVhrFiEaEzMmEDjQHxmXLSefgMn2tlhMeh1C8APFf/XqTEVyrxPb2ZR1WrXi7+60XTRHGqtFfQcg4YXzspD6IYWEAXMcaxwBDivCc84pJREIkGQiXXP8F0SiShoNus6Irs1ULWodts2FbDvr+stayirDI6RWeojmx0hVroDrVRB1GUoBf0it6MZ+Pd+DA+F6slo7ipoqUxvn4BZayg4Q==</latexit>

F(tR3)
<latexit sha1_base64="NwkqngRcwzRIWLwPcHZaVlHFJYA=">AAACGnicbZDLSsNAFIZP6q3WW7RLN4NFqJuSqKDLgiAuq9gLtCFMppN26OTCzEQIoW8iuNXXcCdu3fgWPoKTNgvbemDg4//PgX9+L+ZMKsv6Nkpr6xubW+Xtys7u3v6BeXjUkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpP73ScqJIvCR5XG1AnwKGQ+I1hpyTWrgwCrMcE8u53WlZs9XEzPXLNmNazZoFWwC6hBMS3X/BkMI5IENFSEYyn7thUrJ8NCMcLptDJIJI0xmeAR7WsMcUClk83CT9GpVobIj4R+oUIz9e9FhgMp08DTm3lUuezl4r9ePE4lI1J7BS3mUP61k7EwThQNyTyGn3CkIpT3hIZMUKJ4qgETwfRPEBljgYnSbVZ0RfZyIavQOW/YVsO+v6w1raKsMhzDCdTBhitowh20oA0EUniBV3gzno1348P4nK+WjOKmCgtjfP0CZ1Cg4g==</latexit><latexit sha1_base64="NwkqngRcwzRIWLwPcHZaVlHFJYA=">AAACGnicbZDLSsNAFIZP6q3WW7RLN4NFqJuSqKDLgiAuq9gLtCFMppN26OTCzEQIoW8iuNXXcCdu3fgWPoKTNgvbemDg4//PgX9+L+ZMKsv6Nkpr6xubW+Xtys7u3v6BeXjUkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpP73ScqJIvCR5XG1AnwKGQ+I1hpyTWrgwCrMcE8u53WlZs9XEzPXLNmNazZoFWwC6hBMS3X/BkMI5IENFSEYyn7thUrJ8NCMcLptDJIJI0xmeAR7WsMcUClk83CT9GpVobIj4R+oUIz9e9FhgMp08DTm3lUuezl4r9ePE4lI1J7BS3mUP61k7EwThQNyTyGn3CkIpT3hIZMUKJ4qgETwfRPEBljgYnSbVZ0RfZyIavQOW/YVsO+v6w1raKsMhzDCdTBhitowh20oA0EUniBV3gzno1348P4nK+WjOKmCgtjfP0CZ1Cg4g==</latexit><latexit sha1_base64="NwkqngRcwzRIWLwPcHZaVlHFJYA=">AAACGnicbZDLSsNAFIZP6q3WW7RLN4NFqJuSqKDLgiAuq9gLtCFMppN26OTCzEQIoW8iuNXXcCdu3fgWPoKTNgvbemDg4//PgX9+L+ZMKsv6Nkpr6xubW+Xtys7u3v6BeXjUkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpP73ScqJIvCR5XG1AnwKGQ+I1hpyTWrgwCrMcE8u53WlZs9XEzPXLNmNazZoFWwC6hBMS3X/BkMI5IENFSEYyn7thUrJ8NCMcLptDJIJI0xmeAR7WsMcUClk83CT9GpVobIj4R+oUIz9e9FhgMp08DTm3lUuezl4r9ePE4lI1J7BS3mUP61k7EwThQNyTyGn3CkIpT3hIZMUKJ4qgETwfRPEBljgYnSbVZ0RfZyIavQOW/YVsO+v6w1raKsMhzDCdTBhitowh20oA0EUniBV3gzno1348P4nK+WjOKmCgtjfP0CZ1Cg4g==</latexit><latexit sha1_base64="NwkqngRcwzRIWLwPcHZaVlHFJYA=">AAACGnicbZDLSsNAFIZP6q3WW7RLN4NFqJuSqKDLgiAuq9gLtCFMppN26OTCzEQIoW8iuNXXcCdu3fgWPoKTNgvbemDg4//PgX9+L+ZMKsv6Nkpr6xubW+Xtys7u3v6BeXjUkVEiCG2TiEei52FJOQtpWzHFaS8WFAcep11vcpP73ScqJIvCR5XG1AnwKGQ+I1hpyTWrgwCrMcE8u53WlZs9XEzPXLNmNazZoFWwC6hBMS3X/BkMI5IENFSEYyn7thUrJ8NCMcLptDJIJI0xmeAR7WsMcUClk83CT9GpVobIj4R+oUIz9e9FhgMp08DTm3lUuezl4r9ePE4lI1J7BS3mUP61k7EwThQNyTyGn3CkIpT3hIZMUKJ4qgETwfRPEBljgYnSbVZ0RfZyIavQOW/YVsO+v6w1raKsMhzDCdTBhitowh20oA0EUniBV3gzno1348P4nK+WjOKmCgtjfP0CZ1Cg4g==</latexit>

�tw
<latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit>

Figure 5: The number of healthy gates inside the blue dashed squares at time tRi is given by F .

To be concrete from now on we will work with the low energy limit of the SYK model described

by JT gravity [15, 16, 17]. We will use the convention that {ψi, ψj} = 2δij so ψi is unitary.

The quantum circuit in Figure 1 clearly has to do with the growth of an operator, so the first

guess would be to consider an out-of-time-order correlator like
∑

j 〈ψ1ψj(t)ψ1ψj(t)〉, where ψ1

represents the perturbation and ψj(t) detects its size at time t. However, this cannot quantify

the kind of perturbation shown in Figure 1 because the quantity is invariant under t→ −t, while

the perturbation in the circuit only grows towards the left. A related fact is that if Bob jumps

in at right time tR > −tw, he will not meet the perturbation [8].5 If we consider the number of

healthy gates as a function of right time tR, it should first increase and then saturate.

So it is clear that we need some observable characterizing the growth of a perturbation, but

the growth should be only in one direction. We consider the following quantity:

F(a, tR) = −
∑N

j=1 tr
(
ψ1ψj(−a)ψ1ρ

1
2ψj(tR)ρ

1
2

)
∑N

j=1 tr(ψ1ψ1ρ) tr
(
ψj(−a)ρ

1
2ψj(tR)ρ

1
2

) (2.2)

Let’s explain this quantity. We start from the thermofield double state |TFD〉 dual to eternal

black hole geometry [18], and perturb it from the left by applying ψ1 at time tw = 0. Then we

5This is not true for charged black holes.
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Figure 6: Illustration of the geodesics anchored at a late time tL = a on the left, thus serving as
a probe of the interior.

look at the correlation between left time a and right time tR. In other words, we write (2.2) in

the form6

F(a, tR) =

∑N
j=1 〈TFD|ψL1 ψLj (a)ψRj (tR)ψL1 |TFD〉∑N

j=1 〈TFD|ψL1 ψL1 |TFD〉 〈TFD|ψLj (a)ψRj (tR) |TFD〉
(2.3)

This is illustrated in Figure 6. Notice that this quantity is well suited to detect properties of

the interior in the sense that the geodesic connecting left time a and right time tR goes through

the interior region for a large and positive.

Now we fix some large positive a, and consider F as a function of tR.7 In the low energy limit

of the SYK model we one can compute the Schwarzian contribution to the four-point function

by resumming contributions for tR ∼ log(S − S0) (see Appendix A). For generic operators with

dimension ∆, the result is:

F(a, tR) = z−2∆ U(2∆, 1,
1

z
) , z =

β

8πC

1

sin δ

e
2π
β
a

1 + e
2π
β

(a+tR)

a�−tR≈ π

2(S − S0)

1

sin δ
e
− 2π
β
tR

(2.4)

where we used 4π2CT = S − S0. We also have δ ∼ π
βJ .8 Note that even if we consider finite

6We assume the left time goes up in the following expression, c.f., Figure 2.

7We take t∗ < a� β
2π

(S − S0), where t∗ = β
2π

log(S − S0) is the scrambling time.

8We need to smear the operator insertions slightly in order to go from the UV to the conformal regime. The
amount of smearing is ∼ 1

J .
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Figure 7: Plot of the four-point function F(a, tR) defined in (2.2) and its leading approximation
corresponding to the exchange of a single Schwarzian mode (see (A.23)). We set a = 100, β = 2π,
(S − S0) sin δ = 1010, and ∆ = 1

2 . (Setting ∆ = 1
2 gives the best match with the epidemic model

and later bulk calculations.)

large a, z only grows for negative tR and does not grow for positive tR. This will make sure that

F only decays for negative tR. We show a plot of F(a, tR) in Figure 7.

Using the limiting from of the hypergeometric function,

z−2∆U(2∆, 1,
1

z
) ≈

{
1− 4∆2z z � 1

1
Γ(2∆)z

−2∆ log z z � 1
(2.5)

we have

1−F(a, tR) ≈

 2π∆2

(S−S0)δe
− 2π
β
tR −tR < t∗

1− 1
Γ(2∆)e

−2∆ 2π
β

(−tR−t∗)(−tR − t∗) −tR > t∗
(2.6)

We see that 1 − F behaves like the percentage of infected qubits in the circuit model. If

we compare (2.6) with (2.1), we see that 1 − F exhibits the exponential growth and saturation

expected from the epidemic model once we identify −2π
β tR with circuit time τ . Our proposal is

that F(a, tR) gives the percentage of healthy gates stored in the future circuit as a function of

the right time tR. The value of the parameter a plays little role once we take it to be very large.

Further, note that when tR < −t∗, the number of healthy gates is almost zero. When

tR > −t∗, the number of healthy gates is almost maximal. What this says is that the perturbation

peels off from the horizon at right time tR = −t∗.
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2.4 Growth of an operator in the interior circuit

Next, we will provide an interpretation of F(a, tR) in terms of the growth of the perturbing

operator. We will first review some salient features of operator growth, mostly following [12],

and then discuss the relation to the epidemic model.

2.4.1 Operator growth in the SYK model

One can define the size of an operator O (made out of SYK fermions) by expanding it in a basis

of strings of elementary fermions ψj1 · · ·ψjk and identifying the number of fermions that occur

in such strings. More precisely, we define a (positive and Hermitian) size operator n̂∞ whose

expectation value counts the average number of distinct flavors j occurring in O:

n̂∞ =
1

2

∑
j

(1 + iψLj ψ
R
j ) : n∞[O] = 〈O|n̂∞|O〉 =

1

4

∑
j

tr
(
{O, ψj}†{O, ψj}

)
. (2.7)

Here we have in mind a doubled Hilbert space such that |O〉 ≡ (OL⊗1R)|0〉 is a state in HL⊗HR,

where |0〉 is the maximally entangled state.9

The size of a single fermion ψi is n∞[ψi] = 1. Similarly, the identity operator has size

n∞[1] = 〈0|n̂∞|0〉 = 0. The peak of the size distribution describing a fully scrambled operator is

nmax = N
2 . This is the maximum size an operator can attain through scrambling.

Consider now a thermal state at inverse temperature β, which we denote as ρ, and focus on

the operator O = ψ1(t). In order to define its size, we use the purification of the state ρ
1
2 , i.e.,

the thermofield double state, which we denote as |TFD〉 ∈ HL ⊗HR. It was shown in [12] that

the appropriate notion of size in this background is

nex
β [ψ1(t)]

nmax
≡ n∞[ψ1(t)ρ

1
2 ]− n∞[ρ

1
2 ]

nmax − n∞[ρ
1
2 ]

, (2.8)

where nmax = N
2 . This quantity represents the average number of fermions in the operator ψ1(t)

in a thermal background of ρ
1
2 . We call it the “exterior” size because it is closely related to the

momentum of the infalling particle in the exterior of the black hole, as we will discuss below.10

9We use a convention where {ψi, ψj} = 2δij . The maximally entangled state |0〉 satisfies (ψLj + iψRj )|0〉 = 0 for
all j = 1, . . . , N . Note that |0〉 is also the thermofield double state at infinite temperature, hence the notation n̂∞.

10It is also well known that this quantity takes the form of a standard out-of-time-order four-point function:

1−
nex
β [ψ1(t)]

nmax
= −

∑
j tr
(
ψ1(t)ψjψ1(t) ρ

1
2ψjρ

1
2

)
∑
j tr
(
ψj ρ

1
2ψjρ

1
2

) . (2.9)
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2.4.2 Operator growth in the interior circuit

Let us now return to the four-point function (2.2) and explain how it relates to operator growth

in the thermal state. We claim that from the SYK point of view, 1 − F also characterizes the

growth of the perturbation ψ1 in the space of operators.

Indeed, from the definition of F in (2.2) one can show that

1−F(a,−t) =
n∞[eiH(a−t)ψ1(t)ρ

1
2 ]− n∞[eiH(a−t)ρ

1
2 ]

nmax − n∞[eiH(a−t)ρ
1
2 ]

≡
nin
β [ψ1(t)]

nmax
. (2.10)

The superscript “in” means interior as we will later compare this with interior momentum. We

see that (2.10) has the same form as the definition of size in (2.8). One can consider it as the size

of the operator ψ1(t) in the background eiH(a−t)ρ
1
2 .11 A large positive a breaks time-reflection

symmetry and guarantees that this quantity only grows in one direction.

We can gain some intuition about why size defined in (2.10) only grows in one direction. In

the numerator, we are comparing the size of eiHaψ1e
−iHtρ

1
2 and eiHae−iHtρ

1
2 , with and without

ψ1 insertion. Let us first note that the size of eiHaψ1e
−iHtρ

1
2 is essentially a four-point function

of fermions. For t > 0 this is an out-of-time-ordered correlation function, but it is time-ordered

for t < 0:

n1[

<latexit sha1_base64="q2lWTDxSxVKoKK9hQOwnkBrvtPw=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mkosdCLx4r2A9JQ9lsN+3S3U3YnQgh9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika+JUU9ahsYh1PySGCa5YBzgI1k80IzIUrBdOW3O/98S04bF6gCxhgSRjxSNOCVjpUQ0HXEWQ+cNqza27C+B14hWkhgq0h9WvwSimqWQKqCDG+J6bQJATDZwKNqsMUsMSQqdkzHxLFZHMBPni4Bm+sMoIR7G2pQAv1N8TOZHGZDK0nZLAxKx6c/E/z08hug1yrpIUmKLLRVEqMMR4/j0ecc0oiMwSQjW3t2I6IZpQsBlVbAje6svrpHtV9xr16/tGrdkq4iijM3SOLpGHblAT3aE26iCKJHpGr+jN0c6L8+58LFtLTjFziv7A+fwB/TGQiw==</latexit>

] =

<latexit sha1_base64="CYaCozrGpjnZ86T6mIXiWVRWUOs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEURCh0IvHCvYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwShaqe2T3i25I/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nroupdVq8eLiu1eh5HEU7gFM7Bg2uowT00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AdhGOWg==</latexit>

n1[

<latexit sha1_base64="q2lWTDxSxVKoKK9hQOwnkBrvtPw=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBbBU0mkosdCLx4r2A9JQ9lsN+3S3U3YnQgh9Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5YSK4Adf9dkobm1vbO+Xdyt7+weFR9fika+JUU9ahsYh1PySGCa5YBzgI1k80IzIUrBdOW3O/98S04bF6gCxhgSRjxSNOCVjpUQ0HXEWQ+cNqza27C+B14hWkhgq0h9WvwSimqWQKqCDG+J6bQJATDZwKNqsMUsMSQqdkzHxLFZHMBPni4Bm+sMoIR7G2pQAv1N8TOZHGZDK0nZLAxKx6c/E/z08hug1yrpIUmKLLRVEqMMR4/j0ecc0oiMwSQjW3t2I6IZpQsBlVbAje6svrpHtV9xr16/tGrdkq4iijM3SOLpGHblAT3aE26iCKJHpGr+jN0c6L8+58LFtLTjFziv7A+fwB/TGQiw==</latexit>

] =

<latexit sha1_base64="CYaCozrGpjnZ86T6mIXiWVRWUOs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEURCh0IvHCvYD2lA22027dLMJuxOhhP4ILx4U8erv8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hbX1jc6u4XdrZ3ds/KB8etUycasabLJax7gTUcCkUb6JAyTuJ5jQKJG8H4/rMbz9xbUSsHnGScD+iQyVCwShaqe2T3i25I/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nroupdVq8eLiu1eh5HEU7gFM7Bg2uowT00oAkMxvAMr/DmJM6L8+58LFoLTj5zDH/gfP4AdhGOWg==</latexit>

t

<latexit sha1_base64="RpDeD0aOi8dpvSewI1PeeaUClr8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WOhF48t2A9oQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM6nO/88S1EbF6wGnC/YiOlAgFo2ilJg7KFbfqLkDWiZeTCuRoDMpf/WHM0ogrZJIa0/PcBP2MahRM8lmpnxqeUDahI96zVNGIGz9bHDojF1YZkjDWthSShfp7IqORMdMosJ0RxbFZ9ebif14vxfDOz4RKUuSKLReFqSQYk/nXZCg0ZyinllCmhb2VsDHVlKHNpmRD8FZfXiftq6p3Xb1pXldq9TyOIpzBOVyCB7dQg3toQAsYcHiGV3hzHp0X5935WLYWnHzmFP7A+fwB4w6NAQ==</latexit>

a

<latexit sha1_base64="on/TvrGs5jF8FRzeqcK4AejwMEI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WOhF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUpINyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjnZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvunrTvK7U6nkcRTiDc7gED26hBvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBxkKM7g==</latexit>

a

<latexit sha1_base64="on/TvrGs5jF8FRzeqcK4AejwMEI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WOhF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoJJfe53nlBpHssHM03Qj+hI8pAzaqzUpINyxa26C5B14uWkAjkag/JXfxizNEJpmKBa9zw3MX5GleFM4KzUTzUmlE3oCHuWShqh9rPFoTNyYZUhCWNlSxqyUH9PZDTSehoFtjOiZqxXvbn4n9dLTXjnZ1wmqUHJlovCVBATk/nXZMgVMiOmllCmuL2VsDFVlBmbTcmG4K2+vE7aV1XvunrTvK7U6nkcRTiDc7gED26hBvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBxkKM7g==</latexit>

�t

<latexit sha1_base64="yj/Jv2xYF3Ye7CKOUxok5/U/Jp8=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRih4LvXisYj+gDWWz3bRLN5uwOxFK8B948aCIV/+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeYNGZ+55FrI2L1gNOE+xEdKREKRtFK9xc4KFfcqjsHWSVeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMmfSv3U8ISyCR3xnqWKRtz42fzSJ3JmlSEJY21LIZmrvycyGhkzjQLbGVEcm2VvJv7n9VIMb/xMqCRFrthiUZhKgjGZvU2GQnOGcmoJZVrYWwkbU00Z2nBKNgRv+eVV0r6serXq1V2tUm/kcRThBE7hHDy4hjrcQhNawCCEZ3iFN2fivDjvzseiteDkM8fwB87nD0xijTg=</latexit>

nmax +

<latexit sha1_base64="67Kg3zQ6+jyvPYPHhyzhRQwV6K8=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMquVBS8FHrxWMF+QHcp2TTbhibZJcmKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474bgx8zuPVGkWywczSWgg8FCyiBFsrOTLfibw0xT5txeoX664VXcOtEq8nFQgR7Nf/vIHMUkFlYZwrHXPcxMTZFgZRjidlvxU0wSTMR7SnqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8XmqimyBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RC85ZdXSfuy6tWqV/e1Sr2Rx1GEEziFc/DgGupwB01oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPHwfskQg=</latexit>

nmax +

<latexit sha1_base64="67Kg3zQ6+jyvPYPHhyzhRQwV6K8=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRZBEMquVBS8FHrxWMF+QHcp2TTbhibZJcmKZenf8OJBEa/+GW/+G9N2D9r6YODx3gwz88KEM21c99sprK1vbG4Vt0s7u3v7B+XDo7aOU0Voi8Q8Vt0Qa8qZpC3DDKfdRFEsQk474bgx8zuPVGkWywczSWgg8FCyiBFsrOTLfibw0xT5txeoX664VXcOtEq8nFQgR7Nf/vIHMUkFlYZwrHXPcxMTZFgZRjidlvxU0wSTMR7SnqUSC6qDbH7zFJ1ZZYCiWNmSBs3V3xMZFlpPRGg7BTYjvezNxP+8XmqimyBjMkkNlWSxKEo5MjGaBYAGTFFi+MQSTBSztyIywgoTY2Mq2RC85ZdXSfuy6tWqV/e1Sr2Rx1GEEziFc/DgGupwB01oAYEEnuEV3pzUeXHenY9Fa8HJZ47hD5zPHwfskQg=</latexit>

where red dots indicate the insertions of ψ1(t), and blue dots denote the fermions of the size

operator whose expectation value we compute. This explains why the “interior” size grows

exponentially for t > 0, but does not grow for t < 0.

In other words, when t > 0, the numerator of (2.10) is roughly related to the size of a

11As we mentioned before, the dependence of F on a is negligible when a is large. We can therefore approximate
the background eiH(a−t) by a time independent expression eiHa.
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precursor operator, whose size grows with t:

n1<latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit> [
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

[
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

n1<latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit> [
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>
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<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

t
<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit>

[
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

n
<latexit sha1_base64="CJb9hEwNi8d/DbR41IK5CsZtWIw=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipJQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BS+TmVY=</latexit><latexit sha1_base64="CJb9hEwNi8d/DbR41IK5CsZtWIw=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipJQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BS+TmVY=</latexit><latexit sha1_base64="CJb9hEwNi8d/DbR41IK5CsZtWIw=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipJQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BS+TmVY=</latexit><latexit sha1_base64="CJb9hEwNi8d/DbR41IK5CsZtWIw=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipJQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BS+TmVY=</latexit>

a
<latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit><latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit><latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit><latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit>

t
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<latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit><latexit sha1_base64="oW2T5CqYSJazO/x5cfdKQLAaSf4=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm00k7dDIJMzdCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGP9GFDDpVC8jQIlf0w0p1EgeTeY3M387hPXRsTqAbOE+xEdKREKRtFKLRxUa27dnQ9ZB6+AGhTTHFR/+sOYpRFXyCQ1pue5Cfo51SiY5NNKPzU8oWxCR7xnUdGIGz+fB52SC6sMSRhr+xSSufr3IqeRMVkU2M2I4tisejPxXy8ZZ0YwY72ClnNgeOvnQiUpcsUWMcJUEozJrBMyFJozlJkFyrSwPyFsTDVlaJur2Iq81ULWoXNV99y617quNdyirDKcwTlcggc30IB7aEIbGHB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BTlfmVw=</latexit>

a � t
<latexit sha1_base64="XhHj31BOrEg8L4UFfBJRibrSpX4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXFe0PtKFMppN26GQSZm6EEvoCglt9DXfi1rfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6YFeYK9ccavubMgqeDlUIJ96r/zT7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B2Likbc+Nks6oScWaVPwljbp5DM1L8XGY2MGUeB3YwoDs2yNxX/9ZLh2AhmrJfTYg4Mb/xMqCRFrtg8RphKgjGZtkL6QnOGcmyBMi3sTwgbUk0Z2u5KtiJvuZBVaF5WPbfq3V9Vam5eVhFO4BTOwYNrqMEd1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C2w/mf4=</latexit><latexit sha1_base64="XhHj31BOrEg8L4UFfBJRibrSpX4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXFe0PtKFMppN26GQSZm6EEvoCglt9DXfi1rfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6YFeYK9ccavubMgqeDlUIJ96r/zT7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B2Likbc+Nks6oScWaVPwljbp5DM1L8XGY2MGUeB3YwoDs2yNxX/9ZLh2AhmrJfTYg4Mb/xMqCRFrtg8RphKgjGZtkL6QnOGcmyBMi3sTwgbUk0Z2u5KtiJvuZBVaF5WPbfq3V9Vam5eVhFO4BTOwYNrqMEd1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C2w/mf4=</latexit><latexit sha1_base64="XhHj31BOrEg8L4UFfBJRibrSpX4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXFe0PtKFMppN26GQSZm6EEvoCglt9DXfi1rfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6YFeYK9ccavubMgqeDlUIJ96r/zT7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B2Likbc+Nks6oScWaVPwljbp5DM1L8XGY2MGUeB3YwoDs2yNxX/9ZLh2AhmrJfTYg4Mb/xMqCRFrtg8RphKgjGZtkL6QnOGcmyBMi3sTwgbUk0Z2u5KtiJvuZBVaF5WPbfq3V9Vam5eVhFO4BTOwYNrqMEd1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C2w/mf4=</latexit><latexit sha1_base64="XhHj31BOrEg8L4UFfBJRibrSpX4=">AAACCHicbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXFe0PtKFMppN26GQSZm6EEvoCglt9DXfi1rfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6YFeYK9ccavubMgqeDlUIJ96r/zT7ccsjbhCJqkxHc9N0M+oRsEkn5S6qeEJZSM64B2Likbc+Nks6oScWaVPwljbp5DM1L8XGY2MGUeB3YwoDs2yNxX/9ZLh2AhmrJfTYg4Mb/xMqCRFrtg8RphKgjGZtkL6QnOGcmyBMi3sTwgbUk0Z2u5KtiJvuZBVaF5WPbfq3V9Vam5eVhFO4BTOwYNrqMEd1KEBDAbwAq/w5jw7786H8zlfLTj5zTEsjPP1C2w/mf4=</latexit>

On the other hand, when t < 0, we simply get:

n1<latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit> [
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

[
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

n1<latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit><latexit sha1_base64="KZEJw4GJpXs3Pu3iQKaRK3kJwgI=">AAACD3icbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlBfuDbSiT6aQdOpmEmRshhD6E4FZfw5249RF8Cx/BaZuFrV4Y+DjnXjhzgkQKg6775ZTW1jc2t8rblZ3dvf2D6uFR28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZn5nUeujYjVPWYJ9yM6UiIUjKKVHtQg7wsVYjYdVGtu3Z0P+QteATUopjmofveHMUsjrpBJakzPcxP0c6pRMMmnlX5qeELZhI54z6KiETd+Pk88JWdWGZIw1vYpJHP190VOI2OyKLCbEcWxWfVm4r9eMs6MYMZ6BS3nwPDaz4VKUuSKLWKEqSQYk1k5ZCg0ZygzC5RpYX9C2JhqytBWWLEVeauF/IX2Rd1z697dZa3hFmWV4QRO4Rw8uIIG3EITWsBAwTO8wKvz5Lw5787HYrXkFDfHsDTO5w/e452N</latexit> [
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit><latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

[
<latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit> <latexit sha1_base64="hk4anrYzCK908olET/5tx7X5aSU=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1Fip1RtUa27dnQ9ZB6+AGhTTHFR/+sOYpRFKwwTVuue5ifFzqgxnAqeVfqoxoWxCR9izKGmE2s/nQafkwipDEsbKPmnIXP17kdNI6ywK7GZEzVivejPxXy8ZZ5ozbb2ClnOY8NbPuUxSg5ItYoSpICYms07IkCtkRmQWKFPc/oSwMVWUGdtcxVbkrRayDp2ruufWvdZ1reEWZZXhDM7hEjy4gQbcQxPawADhBV7hzXl23p0P53OxWnKKm1NYGufrFxCNmUM=</latexit>

⇠<latexit sha1_base64="SCZK3ap09lMfpnGTsPGb4nYWs5Q=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLghuXFewPtEPJpJlOaJIZkowwDH0Cwa2+hjtx61P4Fj6CmXYWtvVC4OOce+HkBAln2rjut1PZ2Nza3qnu1vb2Dw6P6scnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3h956o0iyWjyZLqC/wRLKQEWwKaaiZGNUbbtOdD1oHr4QGlNMe1X+G45ikgkpDONZ64LmJ8XOsDCOczmrDVNMEkyme0IFFiQXVfj7POkMXVhmjMFb2SYPm6t+LHAutMxHYTYFNpFe9QvzXS6JMM6KtV9JyDhPe+jmTSWqoJIsYYcqRiVFRCxozRYnhmQVMFLM/QSTCChNjy6vZirzVQtahe9X03Kb3cN1ouWVZVTiDc7gED26gBffQhg4QiOAFXuHNeXbenQ/nc7FaccqbU1ga5+sXnO6aqw==</latexit><latexit sha1_base64="SCZK3ap09lMfpnGTsPGb4nYWs5Q=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLghuXFewPtEPJpJlOaJIZkowwDH0Cwa2+hjtx61P4Fj6CmXYWtvVC4OOce+HkBAln2rjut1PZ2Nza3qnu1vb2Dw6P6scnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3h956o0iyWjyZLqC/wRLKQEWwKaaiZGNUbbtOdD1oHr4QGlNMe1X+G45ikgkpDONZ64LmJ8XOsDCOczmrDVNMEkyme0IFFiQXVfj7POkMXVhmjMFb2SYPm6t+LHAutMxHYTYFNpFe9QvzXS6JMM6KtV9JyDhPe+jmTSWqoJIsYYcqRiVFRCxozRYnhmQVMFLM/QSTCChNjy6vZirzVQtahe9X03Kb3cN1ouWVZVTiDc7gED26gBffQhg4QiOAFXuHNeXbenQ/nc7FaccqbU1ga5+sXnO6aqw==</latexit><latexit sha1_base64="SCZK3ap09lMfpnGTsPGb4nYWs5Q=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLghuXFewPtEPJpJlOaJIZkowwDH0Cwa2+hjtx61P4Fj6CmXYWtvVC4OOce+HkBAln2rjut1PZ2Nza3qnu1vb2Dw6P6scnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3h956o0iyWjyZLqC/wRLKQEWwKaaiZGNUbbtOdD1oHr4QGlNMe1X+G45ikgkpDONZ64LmJ8XOsDCOczmrDVNMEkyme0IFFiQXVfj7POkMXVhmjMFb2SYPm6t+LHAutMxHYTYFNpFe9QvzXS6JMM6KtV9JyDhPe+jmTSWqoJIsYYcqRiVFRCxozRYnhmQVMFLM/QSTCChNjy6vZirzVQtahe9X03Kb3cN1ouWVZVTiDc7gED26gBffQhg4QiOAFXuHNeXbenQ/nc7FaccqbU1ga5+sXnO6aqw==</latexit><latexit sha1_base64="SCZK3ap09lMfpnGTsPGb4nYWs5Q=">AAACCXicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLghuXFewPtEPJpJlOaJIZkowwDH0Cwa2+hjtx61P4Fj6CmXYWtvVC4OOce+HkBAln2rjut1PZ2Nza3qnu1vb2Dw6P6scnXR2nitAOiXms+gHWlDNJO4YZTvuJolgEnPaC6V3h956o0iyWjyZLqC/wRLKQEWwKaaiZGNUbbtOdD1oHr4QGlNMe1X+G45ikgkpDONZ64LmJ8XOsDCOczmrDVNMEkyme0IFFiQXVfj7POkMXVhmjMFb2SYPm6t+LHAutMxHYTYFNpFe9QvzXS6JMM6KtV9JyDhPe+jmTSWqoJIsYYcqRiVFRCxozRYnhmQVMFLM/QSTCChNjy6vZirzVQtahe9X03Kb3cN1ouWVZVTiDc7gED26gBffQhg4QiOAFXuHNeXbenQ/nc7FaccqbU1ga5+sXnO6aqw==</latexit>

�t
<latexit sha1_base64="ymi/bQk5IRUlOMxVAW9HR1XFzK8=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eECe+WKW3VnQ1bBy6EC+dR75Z9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71hUNOLGz2ZJJ+TMKn0Sxto+hWSm/r3IaGTMOArsZkRxaJa9qfivlwzHRjBjvZwWc2B442dCJSlyxeYxwlQSjMm0FNIXmjOUYwuUaWF/QtiQasrQVleyFXnLhaxC87LquVXv/qpSc/OyinACp3AOHlxDDe6gDg1gEMILvMKb8+y8Ox/O53y14OQ3x7AwztcvqAiZkw==</latexit><latexit sha1_base64="ymi/bQk5IRUlOMxVAW9HR1XFzK8=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eECe+WKW3VnQ1bBy6EC+dR75Z9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71hUNOLGz2ZJJ+TMKn0Sxto+hWSm/r3IaGTMOArsZkRxaJa9qfivlwzHRjBjvZwWc2B442dCJSlyxeYxwlQSjMm0FNIXmjOUYwuUaWF/QtiQasrQVleyFXnLhaxC87LquVXv/qpSc/OyinACp3AOHlxDDe6gDg1gEMILvMKb8+y8Ox/O53y14OQ3x7AwztcvqAiZkw==</latexit><latexit sha1_base64="ymi/bQk5IRUlOMxVAW9HR1XFzK8=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eECe+WKW3VnQ1bBy6EC+dR75Z9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71hUNOLGz2ZJJ+TMKn0Sxto+hWSm/r3IaGTMOArsZkRxaJa9qfivlwzHRjBjvZwWc2B442dCJSlyxeYxwlQSjMm0FNIXmjOUYwuUaWF/QtiQasrQVleyFXnLhaxC87LquVXv/qpSc/OyinACp3AOHlxDDe6gDg1gEMILvMKb8+y8Ox/O53y14OQ3x7AwztcvqAiZkw==</latexit><latexit sha1_base64="ymi/bQk5IRUlOMxVAW9HR1XFzK8=">AAACB3icbZDNSsNAFIVv6l+tf1WXbgaL4MaSiKDLghuXVewPtKFMppN26GQSZm6EEvoAglt9DXfi1sfwLXwEp20WtvXCwMc598KZEyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eECe+WKW3VnQ1bBy6EC+dR75Z9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71hUNOLGz2ZJJ+TMKn0Sxto+hWSm/r3IaGTMOArsZkRxaJa9qfivlwzHRjBjvZwWc2B442dCJSlyxeYxwlQSjMm0FNIXmjOUYwuUaWF/QtiQasrQVleyFXnLhaxC87LquVXv/qpSc/OyinACp3AOHlxDDe6gDg1gEMILvMKb8+y8Ox/O53y14OQ3x7AwztcvqAiZkw==</latexit>

a
<latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit><latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit><latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit><latexit sha1_base64="bXJn7ZH0gxyqZkFXRUTLTJm/y9g=">AAACBnicbZDNSsNAFIVv6l+tf1WXbgaL4KokIuiy4MZlC7YV2lAm05t26GQSZiZCCN0LbvU13IlbX8O38BGctlnY1gsDH+fcC2dOkAiujet+O6WNza3tnfJuZW//4PCoenzS0XGqGLZZLGL1GFCNgktsG24EPiYKaRQI7AaTu5nffUKleSwfTJagH9GR5CFn1FipRQfVmlt350PWwSugBsU0B9Wf/jBmaYTSMEG17nluYvycKsOZwGmln2pMKJvQEfYsShqh9vN50Cm5sMqQhLGyTxoyV/9e5DTSOosCuxlRM9ar3kz810vGmeZMW6+g5RwmvPVzLpPUoGSLGGEqiInJrBMy5AqZEZkFyhS3PyFsTBVlxjZXsRV5q4WsQ+eq7rl1r3Vda7hFWWU4g3O4BA9uoAH30IQ2MEB4gVd4c56dd+fD+Vyslpzi5hSWxvn6BRpZmUk=</latexit>

If F gives the percentage of the number of healthy gates, it is also intuitive that 1−F gives

percentage of the number of sick gates. So nmax(1− F) corresponds to the size of the epidemic

in the circuit picture.

3 Time dependence of complexity and properties of the interior
circuit

In [9] Susskind argued that one can use time dependence of complexity to diagnose the smoothness

of the horizon. On the other hand, we expect that properties of the horizon can be reflected as

properties of the quantum circuit stored in the interior. So these two must be related.

In fact, the setup used in the definition of the correlator F in (2.3) is the same as the setup

used in [9]. In both cases, one takes the left time to positive infinity and varies the right time.

Say, in the circuit in Figure 4, Bob decreases the right time from tR3 to tR2. What is the

corresponding change in complexity? Bob will undo the healthy gates while creating a fold on

top of the sick gates (Figure 8).12

12The fold in the circuit is the result of Bob implementing backwards time evolution: if after one time step, S
gates are applied, Bob can undo S − sep of them. The remaining sep have been affected by the perturbation and

12



�tw
<latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit>

tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit>

�tw � t⇤
<latexit sha1_base64="onfLqEi20ZtVldbl2vDE1mSXOuE=">AAACDXicbVDLSgNBEOz1GeMr6tHLYBBEMOyKoMeAF48RzAOSJcxOZpMhs7PLTK8SlnyD4FV/w5t49Rv8Cz/BSbIHk1jQUFR1Q3UFiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwduI3H7k2IlYPOEq4H9G+EqFgFK3UusDuk53zbqnsVtwpyDLxclKGHLVu6afTi1kacYVMUmPanpugn1GNgkk+LnZSwxPKhrTP25YqGnHjZ9O8Y3JqlR4JY21HIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL2fzOTC88TOhkhS5YrMYYSoJxmRSDekJzRnKkSWUaWE/IWxANWVoCyzairzFQpZJ47LiuRXv/qpcdfOyCnAMJ3AGHlxDFe6gBnVgIOEFXuHNeXbenQ/nc7a64uQ3RzAH5+sX08Wbzw==</latexit><latexit sha1_base64="onfLqEi20ZtVldbl2vDE1mSXOuE=">AAACDXicbVDLSgNBEOz1GeMr6tHLYBBEMOyKoMeAF48RzAOSJcxOZpMhs7PLTK8SlnyD4FV/w5t49Rv8Cz/BSbIHk1jQUFR1Q3UFiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwduI3H7k2IlYPOEq4H9G+EqFgFK3UusDuk53zbqnsVtwpyDLxclKGHLVu6afTi1kacYVMUmPanpugn1GNgkk+LnZSwxPKhrTP25YqGnHjZ9O8Y3JqlR4JY21HIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL2fzOTC88TOhkhS5YrMYYSoJxmRSDekJzRnKkSWUaWE/IWxANWVoCyzairzFQpZJ47LiuRXv/qpcdfOyCnAMJ3AGHlxDFe6gBnVgIOEFXuHNeXbenQ/nc7a64uQ3RzAH5+sX08Wbzw==</latexit><latexit sha1_base64="onfLqEi20ZtVldbl2vDE1mSXOuE=">AAACDXicbVDLSgNBEOz1GeMr6tHLYBBEMOyKoMeAF48RzAOSJcxOZpMhs7PLTK8SlnyD4FV/w5t49Rv8Cz/BSbIHk1jQUFR1Q3UFiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwduI3H7k2IlYPOEq4H9G+EqFgFK3UusDuk53zbqnsVtwpyDLxclKGHLVu6afTi1kacYVMUmPanpugn1GNgkk+LnZSwxPKhrTP25YqGnHjZ9O8Y3JqlR4JY21HIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL2fzOTC88TOhkhS5YrMYYSoJxmRSDekJzRnKkSWUaWE/IWxANWVoCyzairzFQpZJ47LiuRXv/qpcdfOyCnAMJ3AGHlxDFe6gBnVgIOEFXuHNeXbenQ/nc7a64uQ3RzAH5+sX08Wbzw==</latexit><latexit sha1_base64="onfLqEi20ZtVldbl2vDE1mSXOuE=">AAACDXicbVDLSgNBEOz1GeMr6tHLYBBEMOyKoMeAF48RzAOSJcxOZpMhs7PLTK8SlnyD4FV/w5t49Rv8Cz/BSbIHk1jQUFR1Q3UFiRQGXffbWVldW9/YLGwVt3d29/ZLB4cNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwduI3H7k2IlYPOEq4H9G+EqFgFK3UusDuk53zbqnsVtwpyDLxclKGHLVu6afTi1kacYVMUmPanpugn1GNgkk+LnZSwxPKhrTP25YqGnHjZ9O8Y3JqlR4JY21HIZmqfy8yGhkzigK7GVEcmEVvIv7rJYOREcxYL2fzOTC88TOhkhS5YrMYYSoJxmRSDekJzRnKkSWUaWE/IWxANWVoCyzairzFQpZJ47LiuRXv/qpcdfOyCnAMJ3AGHlxDFe6gBnVgIOEFXuHNeXbenQ/nc7a64uQ3RzAH5+sX08Wbzw==</latexit>

tw
<latexit sha1_base64="tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit><latexit sha1_base64="tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit><latexit sha1_base64="tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit><latexit sha1_base64="tu5iVkilkFCHYY1Qgeh/M3klTjI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eKpi20oWy2m3bpZhN2J0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZemEph0HW/ndLa+sbmVnm7srO7t39QPTxqmSTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8PxzcxvP3JtRKIecJLyIKZDJSLBKFrpHvtP/WrNrbtzkFXiFaQGBZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy1VNOYmyOenTsmZVQYkSrQthWSu/p7IaWzMJA5tZ0xxZJa9mfif180wug5yodIMuWKLRVEmCSZk9jcZCM0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSeui7rl17+6y1nCLOMpwAqdwDh5cQQNuoQk+MBjCM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AWpGjdA=</latexit>

�tw
<latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit><latexit sha1_base64="7NlbcLnd0rQeNSLc7jMoRKSC9OM=">AAACCXicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkIuiy4MZlBXuBNpTJdNIOnVyYOVFC6BMIbvU13Ilbn8K38BGctFnY1gMDH/9/Dvzze7EUGm372yqtrW9sbpW3Kzu7e/sH1cOjto4SxXiLRTJSXY9qLkXIWyhQ8m6sOA08yTve5Db3O49caRGFD5jG3A3oKBS+YBRz6QIHT4Nqza7bsyGr4BRQg2Kag+pPfxixJOAhMkm17jl2jG5GFQom+bTSTzSPKZvQEe8ZDGnAtZvNsk7JmVGGxI+UeSGSmfr3IqOB1mngmc2A4lgve7n4rxePUy2YNl5BiznQv3EzEcYJ8pDNY/iJJBiRvBYyFIozlKkBypQwPyFsTBVlaMqrmIqc5UJWoX1Zd+y6c39Va9hFWWU4gVM4BweuoQF30IQWMBjDC7zCm/VsvVsf1ud8tWQVN8ewMNbXL1E9mn0=</latexit>

A<latexit sha1_base64="A7z7QMrVsNd/VX88soAP9cLSjdQ=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLihuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+YKmSk=</latexit><latexit sha1_base64="A7z7QMrVsNd/VX88soAP9cLSjdQ=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLihuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+YKmSk=</latexit><latexit sha1_base64="A7z7QMrVsNd/VX88soAP9cLSjdQ=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLihuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+YKmSk=</latexit><latexit sha1_base64="A7z7QMrVsNd/VX88soAP9cLSjdQ=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLihuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+YKmSk=</latexit>

B
<latexit sha1_base64="erwwZ9qN523/Cjm1yZaQP5VGu4M=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLohuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+esmSo=</latexit><latexit sha1_base64="erwwZ9qN523/Cjm1yZaQP5VGu4M=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLohuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+esmSo=</latexit><latexit sha1_base64="erwwZ9qN523/Cjm1yZaQP5VGu4M=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLohuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+esmSo=</latexit><latexit sha1_base64="erwwZ9qN523/Cjm1yZaQP5VGu4M=">AAACBnicbZDNSgMxFIXv1L9a/6ou3QSL4KrMiKDLohuXLdgfaIeSSW/b0ExmSDLCMHQvuNXXcCdufQ3fwkcwbWdhWy8EPs65F05OEAuujet+O4WNza3tneJuaW//4PCofHzS0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkfua3n1BpHslHk8boh3Qk+ZAzaqzUuOuXK27VnQ9ZBy+HCuRT75d/eoOIJSFKwwTVuuu5sfEzqgxnAqelXqIxpmxCR9i1KGmI2s/mQafkwioDMoyUfdKQufr3IqOh1mkY2M2QmrFe9Wbiv148TjVn2no5Lecww1s/4zJODEq2iDFMBDERmXVCBlwhMyK1QJni9ieEjamizNjmSrYib7WQdWhdVT236jWuKzU3L6sIZ3AOl+DBDdTgAerQBAYIL/AKb86z8+58OJ+L1YKT35zC0jhfv+esmSo=</latexit>

tR
<latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit><latexit sha1_base64="ojWt2pZpKFc6EH1Nxw4Dh+ayvso=">AAACCHicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCLosuHFZL71AG8pkOm2HTiZh5kQIoS8guNXXcCdufQvfwkdw2mZhWw8MfPz/OfDPH8RSGHTdb6ewtr6xuVXcLu3s7u0flA+PmiZKNOMNFslItwNquBSKN1Cg5O1YcxoGkreC8c3Ubz1xbUSkHjGNuR/SoRIDwSha6QF7971yxa26syGr4OVQgXzqvfJPtx+xJOQKmaTGdDw3Rj+jGgWTfFLqJobHlI3pkHcsKhpy42ezqBNyZpU+GUTaPoVkpv69yGhoTBoGdjOkODLL3lT814tHqRHMWC+nxRw4uPYzoeIEuWLzGINEEozItBXSF5ozlKkFyrSwPyFsRDVlaLsr2Yq85UJWoXlR9dyqd3dZqbl5WUU4gVM4Bw+uoAa3UIcGMBjCC7zCm/PsvDsfzud8teDkN8ewMM7XL6W9miE=</latexit>

(a)
<latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit><latexit sha1_base64="Sjs46Jrs01MEzGeG1WIqcI0dJ40=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6U07dDIJMxOhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIng2rjut7O2vrG5tV3YKe7u7R8clo6OmzpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHir0olcqu1V3NmQVvBzKkE+9V/rp9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMeipBFqP5tFnZBzq/RJGCv7pCEz9e9FRiOtx1FgNyNqhnrZm4r/eslwrDnT1stpMYcJb/yMyyQ1KNk8RpgKYmIybYX0uUJmxNgCZYrbnxA2pIoyY7sr2oq85UJWoXlZ9dyqd39Vrrl5WQU4hTOogAfXUIM7qEMDGAzgBV7hzXl23p0P53O+uubkNyewMM7XL+lSma4=</latexit>

(b)
<latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit><latexit sha1_base64="LwljWD0jhxGUKpK8Nr7rYlZ/zus=">AAACCHicbZDNSsNAFIVv/K31r+rSzWAR6qYkIuiy4MZlRfsDbSiT6aQdOpmEmRuhhL6A4FZfw5249S18Cx/BaZuFbb0w8HHOvXDmBIkUBl3321lb39jc2i7sFHf39g8OS0fHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9FAJLnqlslt1Z0NWwcuhDPnUe6Wfbj9macQVMkmN6Xhugn5GNQom+aTYTQ1PKBvRAe9YVDTixs9mUSfk3Cp9EsbaPoVkpv69yGhkzDgK7GZEcWiWvan4r5cMx0YwY72cFnNgeONnQiUpcsXmMcJUEozJtBXSF5ozlGMLlGlhf0LYkGrK0HZXtBV5y4WsQvOy6rlV7/6qXHPzsgpwCmdQAQ+uoQZ3UIcGMBjAC7zCm/PsvDsfzud8dc3Jb05gYZyvX+r1ma8=</latexit>

Figure 8: (a) Quantum circuit at −tw − t∗ < tR < −tw. As Bob decreases the right time, he will
create a fold on top of the sick gates. (b) WDW patch at −tw − t∗ < tR < −tw.

The change of complexity as a function of tR is

dC
d(−tR)

∝ T [nmax(1−F)− nmaxF ] = nmaxT (1− 2F) , (3.11)

where nmax(1 − F) is the number of gates added in the fold per unit time step, while nmaxF
is the number of canceled healthy gates per unit time step. We see that dC

dtR
becomes negative

when the percentage of healthy gates becomes small, or the percentage of sick gates gets large.

The interior spacetime stores a quantum circuit. From the point of view of the black hole,

gates that cannot be undone by the black hole form perturbations. When the size of such

perturbation gets large, an infalling observer will see a firewall. Equation (3.11) shows that such

perturbation getting large is equivalent to complexity decreasing with time.

This provides an intuitive explanation for the encounter of a firewall if one breaks the entan-

glement across the horizon: once the entanglement is disrupted, there will be gates stored in the

interior that cannot be undone by the black hole. This argument doesn’t explain what happens

when one has wrong entanglement across the horizon [19, 20, 21].

4 Operator size and momentum

In this section we discuss a particular notion of operator growth associated with the increase of

momentum of a particle approaching the horizon in the interior.

cannot be undone.
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4.1 Operator size and exterior momentum

In [10, 11] it was pointed out that the growth of the perturbing operator ψ1 corresponds to the

increase of the dual particle’s momentum as it falls toward the black hole from the exterior.

More precisely, the operator size in the SYK model is related to exterior momentum in an AdS2

geometry as:

nex
β [ψ1(t)] ∼ Pex(t)β̃ . (4.12)

In this equation, nex
β [ψ1(t)] was defined in (2.8). It represents the average number of fermions in

the operator ψ1(t) in a background of ρ
1
2 [12]. The operator ψ1(t) produces an infalling particle

in the dual bulk geometry. On the right hand side of equation (4.12), Pex is the radial momentum

of the particle.13 The local energy scale T̃ = 1
β̃

depends on the radial location of the particle

[11].

Earlier work was mostly concerned with particle momentum in the black hole exterior. To

be more concrete, in JT gravity the momentum was defined in the following way [22]. Say,

the particle comes in from the left boundary at time 0. We look at a time slice anchored at

(tL, tR) = (t,−t), and ask about its momentum on that slice. These geodesic slices stay mostly

in the black hole exterior. The momentum is given by P ∼ N(∂tL − ∂tR)L where L is the

distance between the two boundaries. With this definition, one can show that in JT gravity, the

momentum of the particle in the exterior grows as follows (see Appendix B):

Pex(t) ∼ N 2π

β

δS
S−S0

sinh 2π
β t

1 + δS
S−S0

(
cosh

(
2π
β t
)
− 1
) (4.13)

where δS is the increase of the thermal entropy from the perturbation.

Interestingly, Pex(t) saturates at a value independent of the initial energy when the particle

reaches the horizon, which corresponds to the operator growing to maximal size. In Figure 9(a),

we show the different slices and the direction of size increase. Since these slices don’t enter the

interior region, it is clear that we will need a different slicing to probe interior properties.

4.2 Operator size and interior momentum

If the relation between size and momentum is general [23], what about the momentum of the

particle when it’s in the interior? If we trace the particle backward from the deep interior toward

13For a definition of P in general dimensions, see Appendix A of [11].
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Figure 9: Illustration of time slices used to define (a) exterior momentum, and (b) interior
momentum. The arrows show the direction of size increase.

the horizon, we will again see that its momentum grows exponentially in time.14 Do we have a

explanation for this momentum growth?

To make the setup more precise, consider the slicing of AdS2 shown in Figure 9(b). We send

in a particle from the left boundary at time 0. To define the interior momentum we look at

bulk slices at time (tL, tR) = (a, tR) where t∗ < a � β
2π (S − S0). These slices will intersect the

trajectory of the infalling particle in the interior. An evaluation of the momentum in JT gravity

(presented in Appendix B) yields:

Pin(a, tR)

N 2π
β

∼

δS
S−S0

(
sinh

(
2π
β

a−tR
2

)
cosh

(
2π
β

a+tR
2

) + tanh
(

2π
β
a+tR

2

))

1 + δS
S−S0

(
cosh

(
2π
β

a−tR
2

)
cosh

(
2π
β

a+tR
2

) + 2π
β a tanh

(
2π
β
a+tR

2

)
− 1

) ≈ δS
S−S0

(e
− 2π
β
tR + 1)

1 + δS
S−S0

(e
− 2π
β
tR + 2π

β a− 1)

(4.14)

We see that as we fix large a (t∗ < a � β
2π (S − S0)) and decrease tR, the momentum grows

exponentially in −tR until saturation at −tR = t∗. It saturates at the same value as the exterior

momentum in (4.13).

How is this related to the earlier discussion of the quantum circuit in the interior? If we relate

14A simplified argument in near-Rindler space is given in Appendix C.
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Figure 10: Comparison of the “interior” size of ψ1(t) and the interior momentum as computed
in JT gravity. Parameter values are the same as in Figure 7.

the length of a slice to complexity, we have

P ∼ dC
dtL
− dC
dtR

(4.15)

At large a, we have dC
dtL
∼ nmaxT where T is the temperature. We have also seen in earlier

sections that dC
−dtR ∼ nmaxT (1−2F) on the chosen slices where F is the percentage of the number

of healthy gates as a function of tR. Together with (4.15), we have

Pin ∼ nmaxT (1 + 1− 2F) = 2nmaxT (1−F) = 2T nin
β . (4.16)

We again see that momentum is related to size (nin
β ∼ Pinβ), but this time, it is the interior

momentum which is related to size defined in (2.10). In Figure 9(b), the arrow represents the

direction of momentum and size increase. The momentum and size again reach their maximal

values when the particle approaches the horizon.

Let’s check this correspondence between size and momentum explicitly. If we compare the

interior size in (2.10) and (2.6) with the interior momentum in (4.14), we see that they have the

same early time exponential growth (−tR < t∗) and they both saturate at −tR = t∗.

The exact momentum generator in JT gravity was given in [22]. Here, we want to emphasize

that the interior size defined in (2.10) isn’t really the exact momentum generator in [22], but
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has the same qualitative features.15 We choose to relate interior momentum with (2.10) because

(2.10) has a simple form and a direct relation with size. We expect that it can be generalized to

higher dimensions.

4.3 Interpretation in terms of complementarity

To summarize, the exterior momentum is related to size defined as [12]:

nex
β [ψ1(t)]

nmax
=
n∞[ψ1(t)ρ

1
2 ]− n∞[ρ

1
2 ]

nmax − n∞[ρ
1
2 ]

. (4.17)

It increases as the particle falls from the exterior region towards the horizon, and it saturates at

the maximal value at the horizon.

The interior momentum is related to size defined in a slightly different way:16

nin
β [ψ1(t)]

nmax
=
n∞[eiH(a−t)ψ1(t)ρ

1
2 ]− n∞[eiH(a−t)ρ

1
2 ]

nmax − n∞[eiH(a−t)ρ
1
2 ]

. (4.18)

It also increases as we trace the particle backward from the interior toward the horizon, and it

saturates at the same value as the exterior size when reaching the horizon (c.f., Figure 9).

We want to emphasize that the increase in size on both sides of the horizon does not mean

that there is a process during which size increases then decreases. There is only one process

involved, that is the growth of the operator ψ1(t) = eiHtψ1e
−iHt. When we consider its growth

on the background of ρ
1
2 , we get the exterior momentum, while if we consider its growth on

the background of eiH(a−t)ρ
1
2 , we get the interior momentum. The fact that both exterior and

interior momentum are related to slightly distinct notions of operator growth, is a manifestation

of complementarity [24].

5 Conclusion and Discussion

Motivated by the quantum circuit model for black hole evolution, we considered boundary quan-

tities detecting properties of the circuit stored in the black hole interior. In particular, in the

case of the perturbed theormofield double state, we proposed that a certain two-sided four-point

function counts the fraction of healthy (unaffected) gates in the quantum circuit as a function of

time. We connected properties of the quantum circuit with the time dependence of complexity

15We discuss the relation between sized defined in (2.10) and approximate symmetry generators in Appendix D.

16See footnote 11.
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and argued that a lack of healthy gates gives rise to a firewall. We also made a connection

between the increase of momentum of a particle in the interior and a suitable notion of operator

size. This is complementary to the previously studied increase of exterior momentum.

There are many unanswered questions. We only discussed the part of the particle trajectory

close to the outer horizon, which does not detect the region close to the inner horizon.17

We related the interior perturbation’s momentum with operator size defined in certain way

in the context of the perturbed thermofield double. It would be interesting to understand how

general this relation is, and whether the associated notion of operator size can be put on more

formal grounds. In particular, can one generalize this notion of size to pure state black holes?

How would a collision in the interior manifest itself?

Finally, our quantitative statements were obtained in the low-energy sector of the SYK model

and through computations in JT gravity. It would be interesting to generalize these ideas to

higher dimensions. For example, it would be fascinating to make a precise connection between

operator growth and complexity in the context of two-dimensional CFTs.18
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A Computation of two-sided four-point function

In this appendix we review the computation of the quantity (2.2):

F(a, tR) = −
∑

j tr
(
ψ1ψj(−a)ψ1ρ

1
2ψj(tR)ρ

1
2

)
∑

j tr(ψ1ψ1ρ) tr
(
ψj(−a)ρ

1
2ψj(tR)ρ

1
2

) (A.19)

To leading order in large N , this quantity is 1. In the SYK model in the limit where N, βJ � 1

it then receives two types of corrections: (i) a correction due to the exchange of conformal

representations, and (ii) another contribution which breaks conformal symmetry, is enhanced by

a factor of βJ , and is described by the Schwarzian action. We will only consider the second kind,

17For recent work in this direction, see [25].

18This could be achieved, e.g., by extending the framework of [26].
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as this corresponds to the JT gravity analysis. To compute it, we consider generic operators V

and W with dimension ∆, which have a dual description in terms of free fields coupled to gravity.

We will later fix ∆ such as to match with the SYK considerations. The four-point function of V

and W is computed by the integral of bilocal operators over reparametrizations [17]:

F(a, tR) ∝
∫

[Df ] B(û1, û2)B(û3, û4) eiS[f ] , B(ûa, ûb) =

( −f ′(ûa)f ′(ûb)
(f(û1)− f(û2))2

)∆

(A.20)

where S[f ] is the Schwarzian action:

S[f ] = −C
∫
dt {f(t), t} , C =

S − S0

4π2
β , (A.21)

where S−S0 is the near-extremal entropy. In this section we take β = 2π. We will be interested

in the configuration

û1 = −i(π + δ) , û2 = −i(π − δ) û3 = −a− iπ , û4 = tR . (A.22)

The small Euclidean separation δ serves as a UV regulator. We can either expand resulting

expressions in it (and consider the leading divergent terms), or keep it finite (which corresponds

to smearing operators slightly).

Single Schwarzian mode exchange: We can gain some intuition for the early-time

behavior of F(a, tR) by computing the exchange of a single Schwarzian mode ε. We can simply

work in Euclidean signature and analytically continue in the end. The intermediate result will be

the Euclidean out-of-time-order four-point function (see, for instance, eq. (4.32) of [17]), which

can then be analytically continued to the configuration (A.22):

F(a, tR) = 1− ∆2

C

1

sin δ

[
2 sinh a

2 sinh −tR2
cosh a+tR

2

+ a tanh
a+ tR

2

]
+ . . . ≈ 1− ∆2

C

(a+ e−tR)

sin δ
+ . . .

(A.23)

where we dropped terms of order O
(
C−2

)
and gave an approximate form for a � −tR. For

early times (logC � −tR) we observe the exponential increase in −tR, while for positive tR (i.e.,

C � a and tR > 0) the correlator is approximately 1.

Higher order resummation: In [17] (see also [27, 28, 29]) it was shown how to improve

the above calculation by resumming all relevant contributions for times a ∼ logC. The idea

is essentially to replace the infinitesimal reparametrization ε by a finite SL(2,R) transforma-
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tion, which only acts on the sheets of the out-of-time-order contour that feel the propagation

of shockwaves created from both pairs of operators simultaneously. The nonlinear Schwarzian

action then becomes a simple product of shockwave strengths, and the bilocal operators simplify

accordingly. The integral (A.20) can then be performed explicitly. The result reads as follows in

our conventions and setup:

F(a, tR) = z−2∆ U(2∆, 1,
1

z
) , z =

1

4C

1

sin δ

ea

1 + ea+tR
. (A.24)

For a� logC � tR this has the same properties as (A.23).

B Momentum calculations in JT gravity

In this section, we compute the momentum of the infalling particle in JT gravity following [22].

The momentum generator on a slice (tL, tR) is given by

P ∼ N(∂tL − ∂tR)L (B.25)

where L is the geodesic distance between the two boundaries in units of the radius of AdS2. Say,

we send in a particle at left time 0. δS is the change of thermal entropy. We work in embedding

coordinates of AdS2. See the Appendix of [30] for details. After the extra particle comes in

(tL > 0), we have

XL(tl) ·XR(tr) ≈
β2

4π2

(
1− δS

S − S0

)(
−1− cosh

(
2π

β
(tR + tL)

))
+

β2

4π2

δS

S − S0

2π

β
tL

(
− sinh

(
2π

β
(tR + tL)

))
+

β2

4π2

δS

S − S0

(
− cosh

(
2π

β
tL

)
− cosh

(
2π

β
tR

))
(B.26)

The geodesic distance between the two sides is

L = log

(
−2

XL(tL) ·XR(tR)

ε2

)
= log

(
β2

πε2

)
+ log

(
cosh2

(
2π

β
(
tL + tR

2
)

))

+ log

1 +
δS

S − S0

cosh
(

2π
β
tL−tR

2

)
cosh

(
2π
β
tL+tR

2

) +
2π

β
tL tanh

(
2π

β

tL + tR
2

)
− 1

 (B.27)
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Figure 11: Infalling particle in Rinder space.

which gives the following expression for momentum:

P ∼ N(∂tL − ∂tl)L = N
2π

β

δS
S−S0

(
sinh

(
2π
β

tL−tR
2

)
cosh

(
2π
β

tL+tR
2

) + tanh
(

2π
β
tL+tR

2

))

1 + δS
S−S0

(
cosh

(
2π
β

tL−tR
2

)
cosh

(
2π
β

tL+tR
2

) + 2π
β tL tanh

(
2π
β
tL+tR

2

)
− 1

) (B.28)

C Interior momentum

In this section we show that the momentum of an infalling object grows exponentially in time as

we trace it backward from the interior toward the horizon. We write the interior metric as (c.f.,

Figure 11)

ds2 =
dr2

f(r)
− f(r)dt2 + r2dΩ2

D−2

= − dρ2 + h(ρ)dt2 + g(ρ)dΩ2
D−2 , (C.29)

where ρ is the radial proper time: dρ = dr√
−f(r)

. h(ρ) = −f(r) and g(ρ) = r2.

Let τ be the proper time of the infalling particle. The momentum conjugate to ρ is given by
dρ
dτ . For massless particle, it is given by

Pin =
dρ

dτ
=

E√
h(ρ)

=
E√
−f(r)

(C.30)

where E is the conserved momentum conjugate to t.

The particle trajectory satisfies dt = − dr
f(r) . If we approximate the near-horizon metric by
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Rindler geometry: f(r) = 4π
β (r − rh), we have

|rh − r| ∝ e−
4π
β
t
, Pin ∝ Ee

2π
β
t
. (C.31)

D Approximate symmetry generators

We want to show that the size defined in (2.10) is a good approximation to momentum. We first

replace eiH(a−t) by eiHa, see footnote 11 and get

1−
nin
β [ψ1(t)]

nmax
=

∑N
j=1 〈TFD|ψL1 (−t)eiHLaψLj ψRj e−iHLaψL1 (−t) |TFD〉∑N

j=1 〈TFD| eiHLaψLj ψRj e−iHLa |TFD〉
(D.32)

We consider the coupled Hamiltonian

Ê = HL +HR + iµ
∑
j

ψjLψ
j
R −

〈
HL +HR + iµ

∑
j

ψjLψ
j
R

〉
e−iHLa|TFD〉

(D.33)

From [31], the ground state of this Hamiltonian is |TFD〉 for appropriate β(µ). We also have the

boost generator B̂ = HL −HR. Their sum generates the boost around the right boundary point

tR = 0:

Ê + B̂ = 2HL + iµ
∑
j

ψjLψ
j
R −

〈
HL +HR + iµ

∑
j

ψjLψ
j
R

〉
e−iHLa|TFD〉

(D.34)

The expectation value of this quantity is related to the “interior” size:

〈TFD|ψL1 (−t)eiHLa(Ê + B̂)e−iHLaψL1 (−t) |TFD〉

= 〈TFD|ψL1 (−t)eiHLa
iµ∑

j

ψjLψ
j
R

e−iHLaψL1 (−t) |TFD〉 −
〈
iµ
∑
j

ψjLψ
j
R

〉
e−iHLa|TFD〉

+ 〈TFD|ψL1 (−t)(2HL)ψL1 (−t) |TFD〉 − 〈TFD| (2HL) |TFD〉 (D.35)

The first line is proportional to nmax−ninβ , while the second line doesn’t grow with t. Note that

Ê and B̂ here are only approximate generators. They differ from the exact symmetry generators

defined in [22]. As Ê2 − B̂2 − P̂ 2 stays constant and B̂ doesn’t grow, the time dependence of

Ê + B̂ and P̂ are roughly the same.
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