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Quantum Simulation
an introduction
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Outline
Lecture 1: Introduction
• Simulating physics with computers -> Quantum simulation
• Basic concepts

Lecture 2: Examples 
• Analog quantum simulation
• Digital quantum simulation

Lecture 3: Simulating quantum fields in the lab
• Relativisitc quantum fields
• Emergent Sine-Gordon quantum simulator
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Outline
Lecture 3: Simulating quantum fields in the lab
• Analog quantum simulation for continouse systems 
• 1d quantum liquid (Luttinger Liquid) as a model system for 

relativisitc quantum fields
• Light cones 
• Prethermalization and GGE
• Recurrences for quantum systems with 1000’s of particles

• Emergent Sine-Gordon quantum simulator
• Characterizing quantum fields by high order correlations
• 1PI correlations: extracting the parameters of the model (propergators, vertices …)
• Gaussification

J. Schmiedmayer: Quantum Simulation 4

Many Body Quantum Systems <-> QFT 
description

Quantum Many Body systems are an ideal staring point to build QuFT’s

² The complexity of the many body wave function does not allow to ‘observe’ 
all the details  ->  We can only measure few body observables.

² Measurement on a many body system is therefor a ‘coarse graining’.  
Within the RG framework this leads to an effective description of the 
system that can be very different from the microscopic physics.

² A natural way to describe quantum many body systems is then through 
these emerging effective models (field theories)

Question: how good are these emerging quantum simulators for QuFT
When and how do they break down

A natural way to probe these models is through correlation functions.

Question:  which QuFT do we simulate? 
Can we extract the parameters for an effective field theory
directly from experimental data?
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Building Relativistic QuFT’s
the simple minded point of view of an experimentalist

Take a quantum many body system (QuMBS) where the effective 
description has excitations that looks like a relativistic particle.

• Well studied model from solid state physics  (Giamarchi book on 1d phys.)
• QuMBS @ zero temperature = Vacuum

Conjecture: low energy physics relates to relativistic QuFT

Example: Bogoliubov excitations in a quantum gas
Caveat: at very high energies the linear dispersion relation breaks down 

(@UV one sees the microscopic physics)

How far does the analogy with relativistic QuFT go?
• Light cones
• Lorenz transformation of temperature
• Horizons
• Unruh radiaton
• Casimir effects
• …
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1d quantum gas
and

how to probe it

www.AtomChip.org
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System under investigation

!?

Weakly interacting 1d Bose gas

All energies µ, kBT << ħwR

uniform density fluctuating phase

quasi-condensate

thermally populated

The longitudinal phase fluctuations are key for our experiments

Lieb-Liniger model
Exactly solvable integrable theory
low energy effective field theory: 

Luttinger-liquid

• excitations are soundwaves (phonons)
• linear dispersion relation

-> model for relativistic quantum fields

coupled 1d systems: 
Sine-Gordon model

Model for interacting many body 
systems which can be described by a 
field theory with long lived excitations.
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Combine the robustness of nano-fabrication 
an the quantum tools of atomic physics and 
quantum optics to build a toolbox for quantum 
experiments

• 1d elongated traps

• Easy to create a BEC

• Very stable and reproducible 
laboratory for quantum experiments

• Fast operation 

• Well controlled splitting 
and interference

300-10000 atoms
T   = 10-100 nK
wR～ 2p x 2 - 3 kHz
wL ～ 2p x 3 - 10 Hz
kBT～ 0.1 – 0.7 ħwR
kBT～ 0.2 – 1 µ 

AtomChip
Integrated Circuits for Ultracold Quantum Matter

f(z)
λT
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Experimental procedure

Experiment

U

`Imaging´

evaluati
on

extracted values of
measurements

single shot projective measurements of the 
many body wavefunction: n-point function

in situ -> position

R. Bücker et al. NJP 11, 103039 (2009)
R. Bücker et al. Nature Physics 7, 608 (2011)

W. S. Bakr, et al.,Nature 462, 74 (2009).
J. F. Sherson, et al. Nature 467, 68 (2010).

time  of flight -> momentum 

kx

ky

Theory: Single-shot simulations of dynamic quantum many-body systems
K. Sakmann, M. Kasevich, Nature Physics (2016)
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Experimental procedure

Experiment

U

`Imaging´

evaluati
on

extracted values of
measurements Projective phase measurements in one dimensional Bose Condensates 

Y. D. van Nieuwkerk, J. Schmiedmayer, F. Essler.    SciPost Phys. 5, 046 (2018)

time 
of 

flight

phase difference
between condensates 

adjustable tunnelling J

In our case: J=0 
two separated 1d gas

z

1D gas of 87Rb atoms
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Experimental procedure

Experiment

U

`Imaging´

evaluati
on

extracted values of
measurements

phase correlation

Evaluated up to 10th order
Langen et al.  Science 348, 207 (2015)

Schweigler et al.  Nature 545, 323 (2017)
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Theory: Polkovnikov et al. PNAS 103, 6125 (2006)
Gritsev et al. Nature Phys. 2, 705 (2006)

Exp: Hofferberth et al.  Nature Phys. 4, 489 (2008)

Full Distribution Function 
of phase and contrast

contains information about 
all order correlation functions

contrasti
phasei
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Cutting a 
quantum field

Creating a non equilibrium state by
coherent splitting

www.AtomChip.org
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Initial state
coherently split quantum gas

thermal state
two independent 1d BEC 

Initial single system
1d quantum gas

splitting waiting

Splitting a QuantumField
quantum noise of cutting

n̂s = n̂1 + n̂2, φ̂s = (φ̂1 + φ̂2 ) / 2

n̂a = n̂1 − n̂2, φ̂a = φ̂1 − φ̂2

symmetric

anti symm.

thermally
populated

populated by 
quantum

fluctuations

| ⟩#$%

| ⟩&'(
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System relaxes to a steady 
state given by the de-

phasing of modes created 
by the the splitting quench:

Luttinger liquid prediction

Effective temperature for 
the quasi steady state given 
by the quantum shot noise 
introduced by the splitting 

process (Beam splitter)

Temperature after the Cut
Gring et al., Science 337, 1318 (2012)

theory: Kitagawa et al., PRL 104, 255302 (2010);  NJP  13 073018  (2011)

Teff scales linearely with density

Teff is independent on initial Temperature

3

FIG. 2: (a) Evolution of hC2i for interference patterns in-
tegrated over the whole length of the 1d systems. We ob-
serve a rapid decay followed by a long slow further evolu-
tion. Error bars are standard errors of the mean. insert :
Experimental non-equilibrium distributions of C2/hC2i at
te = 22.5ms, 47.5ms, and 122.5ms respectively (histograms)
and a fit of a theoretical equilibrium distributions leading to
Te↵ = 15±4

3 nK, 14±2
2 nK, and 31±5

6 nK respectively (red solid
line). For comparison the calculated equilibrium distributions
for T = 78 ± 10 nK (blue dashed line) are added. (b): Evo-
lution of Te↵ for the whole data set extracted by fitting equi-
librium distributions. A linear fit indicates an increase of Te↵

over time of 0.14±0.04 nK/ms. The yellow area indicates the
measured heating rate of our atom trap of 0.11± 0.06 nK/ms

this we extract the full quantum mechanical probabil-
ity distribution function (FDF) P (C2)dC2, which gives
the probability to observe a value C2 in the interval be-
tween C2 and C2 + dC2. The higher moments hC2ni are
directly related to P (C2) by hC2ni =

R
C2nP (C2)dC2.

Consequently the FDF is a direct measure of all relative
phase correlations between the gases and hence deter-
mines the state of the system with unprecedented detail
[20, 21]. In particular, high phase coherence between the
two halves of the system results in a peaked Gumbel-like
distribution, whereas the distribution is exponential in
form when the phase coherence is low [20–23].

Using a statistically large set of data we can map the
time evolution of the FDFs for di↵erent length scales L.
For times > 12ms, i.e. directly after the initial rapid evo-
lution shown in Fig. 2a, we find remarkable agreement in

the functional form of the measured FDFs with theoret-
ical equilibrium distributions on all length scales probed
(see insets in Fig. 2a). Surprisingly, the e↵ective tem-
perature extracted from a fit of calculated FDFs to the
measured data (Te↵ = 13±4

3, 13±5
2, 15±4

3 nK, at te =
12,5, 17.5, 22.5 ms respectively), is more then a factor of
five lower than the initial temperature of the un-split sys-
tem (T = 78 ± 10 nK). The observed steady-state hence
cannot be the true thermal equilibrium state of the sys-
tem. (For a direct comparison of FDFs for the thermal
equilibrium distributions in the same double-well system,
see SOM.)
In contrast, for evolution times te < 12ms the shapes

of the measured FDFs are not consistent with equilib-
rium theory. The thermal-like appearance of the state is
established only during the evolution of the system.
To analyze the subsequent further slow evolution ob-

served in Fig. 2a, we extract the e↵ective temperature for
all times after the initial decay. The measured values of
Te↵ are plotted in Fig. 2b. We find an increase of Te↵

over time of 0.14± 0.04 nK/ms. This is, however, consis-
tent with the measured heating rate of our atom trap of
0.11±0.06 nK/ms which we characterized independently
using equilibrium quasi-condensates (see SOM). This in-
dicates that either no thermalization is present in this
nearly integrable system, or, if it is present, that it is a
very slow process.
To describe the fast evolution from the splitting to the

emergence of the quasi-steady state, we employ a fully
integrable theory based on a Tomonaga-Luttinger liquid
formalism [24, 25] (for details see SOM). The evolution
of the local phase di↵erence between the two halves of
the system ��(z) is thereby described by a set of un-
coupled collective modes with momentum k, i.e. sound
waves, which modulate the relative density and phase at
a wave-length � = 2⇡/k and with an amplitude given by
the population of the mode. A sudden splitting creates
an equipartition of energy between all the k-modes, which
initially are all in phase. The rapid evolution of the sys-
tem seen over the first ⇠ 10ms is then the dephasing of
these k-modes. The FDFs calculated by this integrable
theory [24, 25], using input parameters independently ex-
tracted from the experiment, show remarkable agreement
without any free parameter (Fig. 3).
The model also predicts a steady state, to which the

integrable system will relax: The dephasing, along with
the equipartition of energy between the k-modes intro-
duced by the fast splitting, results in the FDFs of the
quasi-steady state being indistinguishable from those of
a system in thermal equilibrium at some e↵ective tem-
perature Te↵ , which is determined by the energy given to
the relative degrees of freedom by the quantum shot noise
introduced in the splitting. The full calculation gives [25]

kBTe↵ = g⇢/2 , (1)

where g = 2h̄!?as is the 1d interaction strength for

Related to Pre-Thermalization: 
J. Berges et al.,  PRL 93, 14202, (2004)
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Light Cone
How long does it take that the system

‚knows‘ that it was cut in halve

T. Langen et al NatPhys 9, 460 (2013) 
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Light-cone-like decay of correlations in a mesoscopic quantum many-body system

T. Langen,1 R. Geiger,1 M. Kuhnert,1 B. Rauer,1 M. Gring(?),1 V. Kasper,2 J. Berges,2 and J. Schmiedmayer1, ⇤

1
Vienna Center for Quantum Science and Technology,

Atominstitut, TU Wien, Stadionallee 2, 1020 Vienna, Austria
2
Institute for Theoretical Physics, Heidelberg University, Philosophenweg 16, 69120 Heidelberg, Germany

(Dated: March 24, 2013)

It is one of the crucial features of thermal-
ization that the thermal equilibrium state which
a system reaches has no memory of the initial
non-equilibrium state. Understanding how the
memory of a quantum state is progressively lost
is thus an essential prerequisite for the compre-
hension of non-equilibrium dynamics and has far
reaching consequences for applications of quan-
tum information schemes and the e�cient simu-
lation of quantum many-body systems on classi-
cal computers. In this context it is known that
some microscopic spin models exhibit an intrin-
sic maximum velocity, which limits the propaga-
tion of correlations and entanglement to an ef-
fective light-cone. However, a direct connection
to the relaxation of mesoscopic quantum many-
body systems and the establishment of thermal
properties has so far been elusive. Here, we re-
port the observation of such an e↵ective light-
cone governing the local emergence of thermal-
like features in an isolated quantum many-body
system. In our experiment, we quench a one-
dimensional (1D) Bose gas and directly monitor
how strong correlations introduced through the
quench decay in a light-cone-like evolution to-
wards a prethermalized state. We complement
our experimental observations with simulations
of the full quantum many-body problem, which
justifies the use of e↵ective low-energy theories
to describe the dynamics. Our results shed new
light on Lieb-Robinson bounds and their connec-
tion to the emergence of thermal features in iso-
lated quantum many-body systems.

Over the last years, ultracold atoms have been estab-
lished as ideal systems to study the dynamics of isolated
quantum many-body systems8,11,13–15. The possibility
to tune several parameters of these systems and to probe
them with high accuracy, in combination with a high
isolation from the environment has triggered a strong
interest in non-equilibrium phenomena and thermaliza-
tion8,11,18.

These problems are intimately connected to the ques-
tion of how fast correlations and entanglement can prop-
agate through a non-relativistic quantum system. Tra-
ditionally, this question has been predominately studied
using microscopic spin models3,5–7,16. While current ex-
perimental realizations of these lattice systems typically
contain only tens of particles9, we experimentally estab-
lish the connection to continuous, mesoscopic quantum

FIG. 1: Dynamics of correlations in a coherently split
1D Bose gas. (a) The quench creates two 1D Bose gases with
almost identical longitudinal phase profiles ✓1(z) and ✓2(z).
The relative phase field �(z) = ✓1(z) � ✓2(z) shows long-
range order characterized by a diverging correlation length
��. This strongly phase-correlated state relaxes towards a
prethermalized state with exponentially decaying phase cor-
relations (finite correlation length �e↵ . (b) The evolution of
the system can be probed via the two-point correlation func-
tion C(z̄ ' z � z0, t = 0). It is measured using matterwave
interferometry in time-of-flight.

systems that consist of several thousands of particles.

The principle of the experiment is depicted in Fig. 1.
A phase-fluctuating 1D Bose gas is quenched by splitting
it coherently. The quench creates a non-equilibrium state
consisting of two gases with almost identical phase pro-
files. Interactions in the many-body system drive the re-
laxation of this highly phase-correlated state to a prether-
malized state characterized by thermal-like phase corre-
lations8,25. The dynamics is monitored by time-resolved
measurements of the relative phase field using matter-

Decay of coherence
how is the pre-thermalized state established?

Time evolution of the
phase correlation function

C(z = z - ′z ) = i(ϕ (z)−ϕ ( ′z ))e

ODLRO

‘thermal’

1 ms1 ms
2 ms
1 ms
2 ms

3 ms

4 ms

1 ms
2 ms

3 ms

4 ms
5 ms

.

.

.
10 msprethermalized

state

T. Langen et al NatPhys 9, 460 (2013) 

CFT:  Calabrese, P. & Cardy, J.   Phys. Rev. Lett. 96, 011368 (2006) 
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Light-Cone
decay of long range order

The region with the final form of the phase correlation function expands with sound velocity
Linear dispersion relation -> Light-Cone dynamics

2

radio-frequency fields via additional wires on the chip, we
transform the initial harmonic trapping potential into a
double well potential, thereby realizing the matterwave
analogue of a coherent beam splitter17,19 (see Methods).
After a certain evolution time t in the double well,

the gases are released from the trap and interfere af-
ter a time-of-flight of 15.7ms. The resulting interfer-
ence pattern exhibits longitudinally modulated interfer-
ence fringes and allows to extract the relative phase
�(z) = ✓1(z)� ✓2(z) along the length of the system (see
Fig. 1). Repeating this procedure about 150 times for
each value of t, we determine the two-point correlation
function C(z̄ = z � z0, t) = h ̂1(z) ̂

†
2(z) ̂

†
1(z

0) ̂2(z0)i '
hei�(z)�i�(z0)i with z and z0 denoting arbitrary positions
along the length of the system23,24, and  ̂1,2(z, t) the
time-dependent quantum many-body fields of the two
gases. In contrast to the integrated visibility of the in-
terference patterns, which was previously used to iden-
tify the prethermalized state8,25, the phase correlation
function provides a local probe for the dynamics, and is
therefore ideally suited to study the propagation of cor-
relations.

Our experimental results are presented in Fig. 2a. Di-
rectly after the quench, the relative phase �(z) exhibits
long-range order with a correlation function close to unity
along the entire gas. After a given evolution time t, the
phase correlation function decays exponentially up to a
distance z̄c(t), beyond which the initial long-range order
is retained. Over time, the height of the long-range or-
dered plateaus C(z̄ > z̄c, t) decreases and the position
of z̄c shifts to larger distances. This evolution describes
how an arbitrary point in the gas locally looses the mem-
ory of the strongly-correlated initial state and acquires
thermal-like properties, while long-range order still per-
sists outside a characteristic distance. The evolution con-
tinues until the system reaches the prethermalized state
for t > 6ms, where correlations are completely thermal-
like and decay exponentially throughout the entire sys-
tem.

From the experimental data, we can extract the
crossover points z̄c through the level of long-range or-
der correlations. To this end, we consider for each t the
region where the correlation function is constant, extrap-
olate the plateau to smaller z̄ and determine the position
z̄c where the plateau and the prethermalized correlation
function cross. Note that in the experimental data the
sharp crossover points at z̄c are smeared out by the fi-
nite resolution of the imaging system (Methods). Our
method reliably overcomes this problem. The results are
shown in Fig. 2b. We observe a clear linear scaling of the
front characterizing the decay of correlations with time.
The experimental data thus indicates that the decay of
correlations is governed by a light-cone like evolution,
with z̄c = 2ct, where c is a characteristic velocity of the
quantum many-body system. For the data presented in
Fig. 2b a linear fit allows to extract a characteristic ve-
locity of c = XXXmm/s.

To explain this light-cone like decay we describe

FIG. 2: Light-cone-like decay of correlation func-
tions. (a) Experimental two-point correlation functions
C(z̄, t) (filled circles) compared to theoretical calculations
(solid lines). Evolution times t increase from 1.3ms to 9.3ms
in steps of 1ms from top to bottom. (b) For each t, the con-
stant values of C(z̄, t) at large z̄ can be used to determine
the the characteristic crossover points z̄c up to which the sys-
tem forgets the initial long-range order (see text for details).
Position of z̄c as a function of evolution time t revealing the
e↵ective light-cone decay of correlations. Solid lines are a lin-
ear fit with the shaded area denoting the fit error. The slope
of this fit corresponds to twice the characteristic velocity. (c)
Schematic visualization of the dynamics between the initial
and the prethermalized state. The decay of correlations is
characterized by a front moving with a finite velocity: for
a given time t, C(z̄, t) is exponential only up to a distance
z̄c = 2ct, with c denoting the characteristic velocity of corre-
lations. Up to this point, the system looks thermal. Beyond
the front, the initial long-range order is retained.

the time-evolution of the relative phase using a Lut-
tinger Liquid (LL) model (Supplementary Information).
Within this model, the system is described by a large
number of independent momentum modes with a linear
dispersion relation !k = c|k|. After the quench, all modes
are initialized in phase, leading to the initially perfect
correlations. Over time, dephasing is known to result
in the establishment of correlations that decay exponen-
tially in space8,20,25. For any given finite distance z̄, the
dephasing happens on a timescale td = ⇡/!k, given by
half the oscillation period of the principal mode within
that distance, i.e. the mode with momentum k ⇠ 2⇡/z̄.
For a given time, the system will thus only be able

3

izes all modes in phase, leading to perfect phase correla-
tions. Over time, dephasing of these modes results in the
establishment of correlations that decay exponentially in
space20,25. For a given separation z̄ between two points in
the gas, the dephasing happens on a timescale td = ⇡/!k

given by half the oscillation period of the principal mode
k ⇠ 2⇡/z̄ within the length z̄. During the time t, the sys-
tem will thus only be able to dephase and establish ex-
ponentially decaying correlations on a length scale given
by the light-cone condition z̄c = 2ct. Modes with longer
wavelengths than z̄c result in an overall phase shift af-
fecting all points outside the light-cone in the same way.
Therefore, thermal-like correlations cannot establish and
long-range order remains.
Within the LL model, the dynamics can be calcu-

lated analytically and explicitely reveals the light-cone-
like condition for the emergence of thermal-like correla-
tions (see Methods). In Fig. 2a we compare this cal-
culation to our measured data, taking into account the
finite resolution of our imaging system (Methods). We
find very good agreement, using independently measured
experimental parameters as the input for the theory.
In contrast to the previously studied propagation of

a density defect in a single mode gas at the speed of
sound26,27, the phenomenon which we observe here is a
collective, non-mean field e↵ect that does not just hap-
pen at a single spatial location, but simultaneously at
every point in the gas. The observation of the long range
order that persists in the system (plateaus of C(z̄)) for
di↵erent t is remarkable because of the high level of fluc-
tuations characterizing 1D systems. This achievement
requires a stringent stability of the experiment and high
statistics (see Supplementary Information) to reveal the
interference of several momentum modes and the e↵ec-
tive light-cone dynamics.
WHERE TO PUT THIS? In a particle-like picture,

we see that the emergence of the thermal-like correlation
results from the propagation of quasi particles moving
in opposite directions, as the mode with momentum |k|
describes a pair of quasi-particles with opposite momenta
k and �k. This picture shows strong similarities with
microscopic models for the spread of correlations close to
a critical point as theoretically studied in5 and in lattice
systems as experimentally observed in9.
Finally, we studied the quench dynamics for varying

number of particles N in the mesoscopic system. We
found the same light-cone-like emergence of the thermal-
like correlations in the explored range (N ⇠ 4000�12000)
and extracted the corresponding characteristic velocities.
The results are presented in Fig. 3 (filled circles). We
compare our measurements to the speed of sound c0 for
an homogeneous system (gray line) as well as the speed
c̃ = ⇡c0/4 calculated for a trapped gas (red line, see
SI for the derivation of c̃). The latter better describes
the data within the experimental resolution. We thus
conclude that the dynamics of the inhomogeneous Lut-
tinger Liquid with a local speed of sound c(z) e↵ectively
reduces to the light-cone-like evolution characterized by

FIG. 3: Scaling of the characteristic velocity with par-
ticle number. The gray (red) line is the calculated speed
of sound for an homogeneous (trapped) system. Shaded ar-
eas correspond to the uncertainty on the measured densities.
Error bars denote one standard deviation.

the macroscopic parameter, c̃.

We have shown that the emergence of thermal-like cor-
relations after a quench in a quantum many-body sys-
tem takes the form of an e↵ective light-cone. Our re-
sults indicate a possible pathway on how the memory of
a strongly-correlated initial state is lost in a mesoscopic
quantum system, a situation with direct relevance to the
study of thermalization, decoherence and to the emer-
gence of classical features from quantum systems12. To-
gether with other theoretical [REF] and experimental9

studies, our results show that genuine quantum many-
body dynamics can be reduced to a characteristic velocity
describing the evolution of correlations and suggesting an
e↵ective Lorentz-invariant form of the equations of mo-
tion. In analogy with equilibrium statistical mechanics,
great e↵ort is currently undertaken to define universality
classes for dynamical problems [Ref Gazenzer] and to find
the parameters that can e↵ectively describe the accessi-
ble observables. A prime example is the introduction of
the Generalized Gibbs ensemble to describe the transient
states of integrable systems [REF Rigol] In this context,
we conjecture that the observation of light-cone dynamics
may be the sign for e↵ective theories underlying complex
quantum many-body problems.

Methods

Splitting process. The quench is performed by linearly
increasing the amplitude of the RF current in the chip
wires to 24mA within 12ms. This results in an exponen-
tial decay of the tunnel coupling between the two gases.
Simulations of the chip potential and experiments with
quasi-condensates in thermal equilibrium23 (see Supple-
mentary Information) indicate that the decoupling of the
two gases happens within approximatively 200µs, which

LL in a trap

sound velocity 
in infinite system

T. Langen et al NatPhys 9, 460 (2013)
LL theory in trap: R. Geiger et al. NJP 16, 053034 (2014)

Linear disperison relation of the phonons relates to the questions asked in: 
CFT: Calabrese, P. & Cardy, J.   Phys. Rev. Lett. 96, 011368 (2006) 
Lattice model: Cramer, M., et al.   Phys. Rev. Lett. 100, 030602 (2008). 

scaling with density
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Non trivial quantum
states of the field

squeeezed states

T. Langen et al., Science 348, 207 (2015)
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Fast vs. Slow splitting
Generalized Gibbs Ensemble

T. Langen et al. Science 348, 207 (2015)

C(z1, z2 )= i(ϕ (z1)−ϕ (z2 ))e
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FIG. 2: Two-point phase correlation functions C(z1, z2) for increasing evolution time, showing a characteristic maximum on
the diagonal and a light-cone-like decay of correlations away from the diagonal. The experimental observations are in good
agreement with the theoretical model assuming (A) a single temperature Te↵ or (B) two distinct temperatures Te↵ ±�T , with
�T = 0.6 ⇥ Te↵ . For the latter an additional maximum arises on the anti-diagonal, due to the unequal population of even
and odd modes. The dynamics lead to the establishment of a relaxed state which is well described by a GGE with the same
parameters. The center of the system is located at z = 0, color marks the amount of correlations between 0 and 1. To decrease
the noise in the experimental phase correlation function, we typically average over approximately 150 experimental realizations.

mogeneous gas of 1D bosons with contact interactions,
which is one of the prototypical examples of an integrable
system [15, 16]. In the thermodynamic limit, its exact
Bethe Ansatz solutions imply an infinite number of con-
served quantities, which make it impossible for the gas to
forget an initial non-equilibrium state, forcing it to relax
to a GGE. Recent experiments have shown that also the
trapped 1D Bose gas behaves approximately integrable
for very long time scales, enabling the detailed investi-
gation of integrable dynamics [5, 6, 8, 17, 18]. Changing
the initial state of the non-equilibrium evolution in our
experiment, we demonstrate that the relaxed state of this
system can indeed be identified with a GGE.

Our experiments start with a phase fluctuating 1D
Bose gas of 87Rb atoms which is prepared and trapped
using an atom chip [19]. We initialize the non-equilibrium
dynamics by splitting this single 1D gas coherently into
two halves. Information about the system is extracted
using matter-wave interferometry [5, 17, 18, 20]. This en-

ables the time-resolved measurement of individual two-
point and higher-order N -point phase correlation func-
tions C(z1, z2, . . . , zN ), where z1, z2, . . . , zN are N coor-
dinates along the length of the system (see Fig. 1 and
Supplementary Materials). These correlation functions
reveal detailed information about the dynamics and the
relaxed states of the system.

We first start with the two-point correlation func-
tion C(z1, z2) ⇠ h 1(z1) 

†
2(z1) 

†
1(z2) 2(z2)i ⇠

he
i'(z1)�i'(z2)i. Previously, this correlation function was

studied in regions where the system is approximately
translation invariant [18, 21], i.e. C(z1, z2) = C(z1 � z2).
Here, more comprehensive information about generic
many-body states is obtained by mapping the full cor-
relation function C(z1, z2) for any combination of the co-
ordinates z1 and z2 (see Fig. 1). As every point in the
system is perfectly correlated with itself, the correlation
functions exhibit a maximum on the diagonal z1 = z2 for
all times.
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FIG. 2: Two-point phase correlation functions C(z1, z2) for increasing evolution time, showing a characteristic maximum on
the diagonal and a light-cone-like decay of correlations away from the diagonal. The experimental observations are in good
agreement with the theoretical model assuming (A) a single temperature Te↵ or (B) two distinct temperatures Te↵ ±�T , with
�T = 0.6 ⇥ Te↵ . For the latter an additional maximum arises on the anti-diagonal, due to the unequal population of even
and odd modes. The dynamics lead to the establishment of a relaxed state which is well described by a GGE with the same
parameters. The center of the system is located at z = 0, color marks the amount of correlations between 0 and 1. To decrease
the noise in the experimental phase correlation function, we typically average over approximately 150 experimental realizations.
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for very long time scales, enabling the detailed investi-
gation of integrable dynamics [5, 6, 8, 17, 18]. Changing
the initial state of the non-equilibrium evolution in our
experiment, we demonstrate that the relaxed state of this
system can indeed be identified with a GGE.

Our experiments start with a phase fluctuating 1D
Bose gas of 87Rb atoms which is prepared and trapped
using an atom chip [19]. We initialize the non-equilibrium
dynamics by splitting this single 1D gas coherently into
two halves. Information about the system is extracted
using matter-wave interferometry [5, 17, 18, 20]. This en-

ables the time-resolved measurement of individual two-
point and higher-order N -point phase correlation func-
tions C(z1, z2, . . . , zN ), where z1, z2, . . . , zN are N coor-
dinates along the length of the system (see Fig. 1 and
Supplementary Materials). These correlation functions
reveal detailed information about the dynamics and the
relaxed states of the system.
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studied in regions where the system is approximately
translation invariant [18, 21], i.e. C(z1, z2) = C(z1 � z2).
Here, more comprehensive information about generic
many-body states is obtained by mapping the full cor-
relation function C(z1, z2) for any combination of the co-
ordinates z1 and z2 (see Fig. 1). As every point in the
system is perfectly correlated with itself, the correlation
functions exhibit a maximum on the diagonal z1 = z2 for
all times.
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Recurrences in 
quantum fields

www.AtomChip.orgB. Rauer et al. Science 360, 307 (2018)
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Recurrences
Is Quantum alive behind a classical statistical ensemble (GGE) ?

Poincare 1890: Any finite physical system will return arbitrarily 
close to its initial state in the course of its dynamics

Bocchieri (1957) and Percival (1961): Recurrences in quantum domain
Simplest form: Collapse and revivals in the Jaynes-Cummings model

For large many-body systems it becomes exponentially difficult to 
observe the many-body eigenstates directly. 
⇒Much simpler measurements of (local) few body observables O. 

This poses the question if and under which condition one can 
observe recurrences in these observables O. 
⇒ The system does not have to come back close to the initial 

configuration of many body states, but only needs to satisfy the 
condition that gives similar result under the evaluation of O.

In quantum many body systems such observables O can be chosen to 
reflect the collective degrees of freedom in the underlying quantum 
field theory. 
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experiment
trap with hard walls

Recurrences in 
non-equilibrium evolution

look at evolution of g(2)(x1-x2)

R. Geiger et al. NJP 16 053034  (2014)
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Figure 7. Time evolution of the relative-phase correlation function for the
homogeneous (left, a and c) and trapped (right, b and d) systems. The color-scale
indicates the degree of correlation (red: high correlation, blue: low correlation). The
top row illustrates the relaxation to the prethermalized state with the speed of sound
as characteristic velocity for the decay of correlations (dahsed line is z̄ = 2ct). In
the homogeneous case, the initial state is re-established at times which are multiples
of the system length divided by the characteristic velocity. In the trapped case,
the recurrences are only partial and the more complex structure is due to the
incommensurate ratios of the mode frequencies !j . In this time window (0-300 ms),
the strongest recurrence is observed at 202 ms (!/2⇡ = 7 Hz).

completes its fifth oscillation. Even at longer evolution times, full recurrence (C(z̄) = 1)

cannot be observed for the trap system because of the incommensurate ratio of the mode

frequencies !j.

For a more intuitive illustration of the recurrences, we show in Fig. 9 the time

evolution of the mean squared contrast (integrated over a region of length L), C2(t),

which is a simple measure of coherence in the system [20]. It can be calculated from

a double integration of the PCF, and is directly accessible in experiments from the

interference patterns integrated over a size L. Here again, we observe the more complex

structure of the dynamics due to the trap, with a clear shift of the recurrence time with

respect to the homogeneous case, and a di↵erent form of the recurrence.

Box potential harmonic trap
homogeneous system

clear revivals with an 
‘inverse light cone’

no short time revival due to unequal 
spacing of phonon frequencies
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Recurrences in 
non-equilibrium evolution
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Quantum Sine–Gordon Model 
Emergent from

Two tunnel coupled 
1d super fluids

Exp:      T. Schweiger, et al.  (Vienna)
Theory: S. Erne, V. Kasper et al.  (HD)

Schweigler et al.  arXiv:1505.03126
Schweigler et al. Nature 545, 323 (2017)
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Quantum Sine Gordon Model

)!" = ℏv#
2 ./0 1$ 23

% + 1& 23
% − 2 6%

7% cos 7 23

Theory of a massive scalar field 23 in one space and 
time dimension with an interaction density proportional 
to cos 7 23

For the energy to be bounded 7 is limited to:  0 < 7 < 8p

7 plays the role of the Planck constant, 7 << 1 being the 
(semi)-classical limit.
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Sine Gordon Model
equivalent to (a few examples)

Massive Thirring Model
S. Colman Phys. Rev. D 217 11, 2088 (1975).

Coulomb Gas
Polyakov, A. M. Nuclear Physics B, 120, 429-458 (1977). 
Samuel, S. Physical Review D, 18, 1916 (1978). 

XY Model
José, J. V. et al., Physical Review B, 16, 1217 (1977).

Half-integer spin chains and extended Hubbard models 
Essler and Konik in: From Fields to Strings 
WORLD SCIENTIFIC, pp. 684–830 (2005)

String breaking and entanglement in expanding Qu-fields
Berges et al., Phys. Lett. B  778, 442 (2018)

Journal of High Energy Physics, 2018(4), 145. (2018)
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Following:  Gritsev, Polkovnikov, Demler Phys. Rev. B 75, 174511 (2007)
• Density phase representation 
• Expanding the Hamiltonian in density fluctuations  drj and phase gradients ∂zjj up to second order 

and neglecting mixed terms separates H in symmetric and antisymmetric degrees of freedom
• Neglecting terms |dr/n0| ≪1

One arrives at Quantum Sine-Gordon model:

Two tunnel coupled 1d super fluids
Emergent quantum simulator for the Sine Gordon model

“uncoupled harmonic oscillators” anharmonic, non-gaussian, 
gapped, 

phase coherence length

phase (spin) healing length

Characteristic parameters
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Probing the quantum field by 
Correlation Functions
when do they factorize?

Schweigler et al. Nature 545, 323 (2017)  
arXiv:1505.03126

Zache et al. PRX 10, 011020 (2020)
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The Nth order Correlation function 

Characterizes the propagation and the interactions of the 
degrees of freedom connected to the operators 

It can be decomposed:

• The  disconnected part           is fully determined 
through lower order correlations

• The connected part           contains genuine new 
information about the system at order N  

Correlation Functions
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4th order ∑ 2 body interaction

6th order ∑ 3 body interaction 

8th order ∑ 4 body interaction

…

What can we learn from connected 
correlations

Connected diagram
can not be decomposed in 

lower order diagrams

J. Schmiedmayer: Quantum Simulation 38

4-point correlation function

1 2

3 4

1 2

3 4

1 2

3 4

1 2

3 4

dissconnected part connected part

interaction
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Correlation function of the phase

Calculate the connected part of the correlation:

Sum runs over all possible partitions p, the first product over all blocks B of the 
partition, the second over all elements of the block.
The number of partitions to consider grows rapidly with N. 
For N=10 there are already >105 terms to consider !!!! 

Decomposition into 2nd order correlations (Wick decomposition)

Probing factorization
extracting connected correlations

Complexity of a 
many body problem

Schweigler et al. Nature 545, 323 (2017)
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Verifying the 
Sine-Gordon Model

Exp:      T. Schweiger, et al.  (Vienna)
Theory: S. Erne, V. Kasper et al.  (HD) Schweigler et al.  arXiv:1505.03126
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Correlation functions 
excitations <-> phase

in experiment we measure the phase j(z) directly 
-> look at phase correlators

C(2)(z1, z2)  =  〈[j(z1) - j(z2)]2〉 =  〈[Dj(z1,z2)]2〉
with Dj(z1, z2)  =  j(z1) - j(z2) Note: Dj is NOT restricted to 2p

using

-> phase correlators are related to the quasi particles 

4th order
C(4)(z1, z2,z3, z4)  =  〈[j(z1) - j(z2)]2 [j(z3) - j(z4)]2〉

-> quasi particle scattering    

J. Schmiedmayer: Quantum Simulation 44

4th order correlations
Connected and disconnected part

to study factorization of 
correlation functions 
we look at:

G(2)(z1, z2)  =〈[j(z1) - j(z2)]2〉

G(4)(z1, z2,z3, z4)  =
〈[j(z1) - j(z2)]2 [j(z3) - j(z4)]2〉

Dj(z1, z2)  =  j(z1) - j(z2)
Dj is  NOT restricted to [−#, #)

Connected/Disconnected part

C(4)(z1, z2, -15, 15) Schweigler et al. Nature 545, 323 (2017)
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Integrated measure

Compared to predictions for 
a thermal equilibrium state 
of the sine-Gordon model 

Characterizing Connected 
Correlations

4th order correlations
Schweigler et al. Nature 545, 323 (2017)
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Higher order connected correlations

6th order 8th order 10th order

Schweigler et al. Nature 545, 323 (2017)
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• the breakdown of factorization is evident in 
the full distribution functions of the phase by 
new peaks at multiples of 2p

• caused by the 2p periodic SG Hamiltonian
-> 2p phase jumps, ‘kinks’ = SG solitons

• SG Solitons are topological excitations

• Phase fluctuations around topologically 
different Vaccua

Quantifying factorization of 
correlation functions

Schweigler et al. Nature 545, 323 (2017)
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‘False’ Vacuum 

4th order correlations

‘False’ 
Vacuum

Schweigler et al. Nature 545, 323 (2017)
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Recurrences of connected 
correlations

Schweigler et al.,  Nature Physics 17, 559 (2021)
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extracting the parameters 
of the effective theory 

from experiment

www.AtomChip.org
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4-point correlation function

1 2

3 4

1 2

3 4

1 2

3 4

1 2

3 4

dissconnected part connected part

interaction
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How to extract a coupling from experiment

1. Measure ‘full‘ correlations

2. Substract the ‘disconnected‘ contributions

3. Divide out the two-point functions (‘amputation‘)

G(n)(x1, . . . , xn) = h'(x1) · · ·'(xn)i ⇡
1

N

NX

j=1

'j(x1) · · ·'j(xn)

<latexit sha1_base64="OhXYUpDB6MOb7T3J/SnUnP4FiGA="></latexit><latexit sha1_base64="OhXYUpDB6MOb7T3J/SnUnP4FiGA="></latexit><latexit sha1_base64="OhXYUpDB6MOb7T3J/SnUnP4FiGA="></latexit><latexit sha1_base64="OhXYUpDB6MOb7T3J/SnUnP4FiGA="></latexit>

G(n)
c (x1, . . . , xn) = G(n)(x1, . . . , xn)�G(n)

dis (x1, . . . , xn)
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(x, y)

�(3)(x, y, z) ⇠
Z

dx0
Z

dy0
Z

dz0 �(2)(x, x0)�(2)(y, y0)�(2)(z, z0)G(3)
c (x0, y0, z0)

. . .
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Diagrammatics: 
‘one-particle irreducible‘ – 1PI

�<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>Gc
<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>

Gc
<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>

Gc
<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>

Gc
<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>

1PI correlators:  
building blocks of all 

correlations!

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit> +
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

Gc
<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>

Gc
<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>
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<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>

Gc
<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>
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<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>

Gc
<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>

Gc
<latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit><latexit sha1_base64="KvVxjuI6WS+Z/m2SHXEBAnLSktA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiBz1WtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzSRBP6JDyUPOqLHSw22f9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVD236t1fVurXeRxFOIFTOAcPalCHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAM0o2h</latexit>

Gc
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�<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

�<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

�<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>
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J. Schmiedmayer: Quantum Simulation 56

Extracting the Effective Theory
Effective action -> Vertex -> Hamiltonean

�S[']

�'
= 0

<latexit sha1_base64="7NU05mASz4Hs8ukaCiR9s9BHBnw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKAboejGZUV7gSSUyWTSDp1cmJkUSuhLuPFV3LhQxK3gzrdx2kbQ1h8Gfr5zDmfO76ecSWVZX0ZpaXllda28XtnY3NreMXf3WjLJBKFNkvBEdHwsKWcxbSqmOO2kguLI57TtD64n9faQCsmS+F6NUupFuBezkBGsNOqaJ24oMMndgHKF0Z3jDrFI+8wb/6ACjNElsrpm1apZU6FFYxemCoUaXfPTDRKSRTRWhGMpHdtKlZdjoRjhdFxxM0lTTAa4Rx1tYxxR6eXTq8boSJMAhYnQL1ZoSn9P5DiSchT5ujPCqi/naxP4X83JVHjh5SxOM0VjMlsUZhypBE0iQgETlCg+0gYTwfRfEeljHZPSQVZ0CPb8yYumdVqzrZp9e1atXxVxlOEADuEYbDiHOtxAA5pA4AGe4AVejUfj2Xgz3metJaOY2Yc/Mj6+AU2Wnts=</latexit><latexit sha1_base64="7NU05mASz4Hs8ukaCiR9s9BHBnw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKAboejGZUV7gSSUyWTSDp1cmJkUSuhLuPFV3LhQxK3gzrdx2kbQ1h8Gfr5zDmfO76ecSWVZX0ZpaXllda28XtnY3NreMXf3WjLJBKFNkvBEdHwsKWcxbSqmOO2kguLI57TtD64n9faQCsmS+F6NUupFuBezkBGsNOqaJ24oMMndgHKF0Z3jDrFI+8wb/6ACjNElsrpm1apZU6FFYxemCoUaXfPTDRKSRTRWhGMpHdtKlZdjoRjhdFxxM0lTTAa4Rx1tYxxR6eXTq8boSJMAhYnQL1ZoSn9P5DiSchT5ujPCqi/naxP4X83JVHjh5SxOM0VjMlsUZhypBE0iQgETlCg+0gYTwfRfEeljHZPSQVZ0CPb8yYumdVqzrZp9e1atXxVxlOEADuEYbDiHOtxAA5pA4AGe4AVejUfj2Xgz3metJaOY2Yc/Mj6+AU2Wnts=</latexit><latexit sha1_base64="7NU05mASz4Hs8ukaCiR9s9BHBnw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKAboejGZUV7gSSUyWTSDp1cmJkUSuhLuPFV3LhQxK3gzrdx2kbQ1h8Gfr5zDmfO76ecSWVZX0ZpaXllda28XtnY3NreMXf3WjLJBKFNkvBEdHwsKWcxbSqmOO2kguLI57TtD64n9faQCsmS+F6NUupFuBezkBGsNOqaJ24oMMndgHKF0Z3jDrFI+8wb/6ACjNElsrpm1apZU6FFYxemCoUaXfPTDRKSRTRWhGMpHdtKlZdjoRjhdFxxM0lTTAa4Rx1tYxxR6eXTq8boSJMAhYnQL1ZoSn9P5DiSchT5ujPCqi/naxP4X83JVHjh5SxOM0VjMlsUZhypBE0iQgETlCg+0gYTwfRfEeljHZPSQVZ0CPb8yYumdVqzrZp9e1atXxVxlOEADuEYbDiHOtxAA5pA4AGe4AVejUfj2Xgz3metJaOY2Yc/Mj6+AU2Wnts=</latexit><latexit sha1_base64="7NU05mASz4Hs8ukaCiR9s9BHBnw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKAboejGZUV7gSSUyWTSDp1cmJkUSuhLuPFV3LhQxK3gzrdx2kbQ1h8Gfr5zDmfO76ecSWVZX0ZpaXllda28XtnY3NreMXf3WjLJBKFNkvBEdHwsKWcxbSqmOO2kguLI57TtD64n9faQCsmS+F6NUupFuBezkBGsNOqaJ24oMMndgHKF0Z3jDrFI+8wb/6ACjNElsrpm1apZU6FFYxemCoUaXfPTDRKSRTRWhGMpHdtKlZdjoRjhdFxxM0lTTAa4Rx1tYxxR6eXTq8boSJMAhYnQL1ZoSn9P5DiSchT5ujPCqi/naxP4X83JVHjh5SxOM0VjMlsUZhypBE0iQgETlCg+0gYTwfRfEeljHZPSQVZ0CPb8yYumdVqzrZp9e1atXxVxlOEADuEYbDiHOtxAA5pA4AGe4AVejUfj2Xgz3metJaOY2Yc/Mj6+AU2Wnts=</latexit>

classical action S[']
<latexit sha1_base64="6hLvQKppJwgibdglQM/d71NJBZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPTUCbbTbt0swm7m0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmKGvQRCSqHaJmgkvWMNwI1k4VwzgUrBUOb2d+a8SU5ol8NOOUBTH2JY84RWOlpwe/M0KVDnjQLVfcqjsHWSVeTiqQo94tf3V6Cc1iJg0VqLXvuakJJqgMp4JNS51MsxTpEPvMt1RizHQwmV88JWdW6ZEoUbakIXP198QEY63HcWg7YzQDvezNxP88PzPRdTDhMs0Mk3SxKMoEMQmZvU96XDFqxNgSpIrbWwkdoEJqbEglG4K3/PIqaV5UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcGUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIeTkM8=</latexit><latexit sha1_base64="6hLvQKppJwgibdglQM/d71NJBZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPTUCbbTbt0swm7m0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmKGvQRCSqHaJmgkvWMNwI1k4VwzgUrBUOb2d+a8SU5ol8NOOUBTH2JY84RWOlpwe/M0KVDnjQLVfcqjsHWSVeTiqQo94tf3V6Cc1iJg0VqLXvuakJJqgMp4JNS51MsxTpEPvMt1RizHQwmV88JWdW6ZEoUbakIXP198QEY63HcWg7YzQDvezNxP88PzPRdTDhMs0Mk3SxKMoEMQmZvU96XDFqxNgSpIrbWwkdoEJqbEglG4K3/PIqaV5UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcGUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIeTkM8=</latexit><latexit sha1_base64="6hLvQKppJwgibdglQM/d71NJBZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPTUCbbTbt0swm7m0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmKGvQRCSqHaJmgkvWMNwI1k4VwzgUrBUOb2d+a8SU5ol8NOOUBTH2JY84RWOlpwe/M0KVDnjQLVfcqjsHWSVeTiqQo94tf3V6Cc1iJg0VqLXvuakJJqgMp4JNS51MsxTpEPvMt1RizHQwmV88JWdW6ZEoUbakIXP198QEY63HcWg7YzQDvezNxP88PzPRdTDhMs0Mk3SxKMoEMQmZvU96XDFqxNgSpIrbWwkdoEJqbEglG4K3/PIqaV5UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcGUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIeTkM8=</latexit><latexit sha1_base64="6hLvQKppJwgibdglQM/d71NJBZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPTUCbbTbt0swm7m0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmKGvQRCSqHaJmgkvWMNwI1k4VwzgUrBUOb2d+a8SU5ol8NOOUBTH2JY84RWOlpwe/M0KVDnjQLVfcqjsHWSVeTiqQo94tf3V6Cc1iJg0VqLXvuakJJqgMp4JNS51MsxTpEPvMt1RizHQwmV88JWdW6ZEoUbakIXP198QEY63HcWg7YzQDvezNxP88PzPRdTDhMs0Mk3SxKMoEMQmZvU96XDFqxNgSpIrbWwkdoEJqbEglG4K3/PIqaV5UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcGUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIeTkM8=</latexit>

'(ti)
<latexit sha1_base64="xBDJmZdtcUS/FLcXsBtYvcOVg/I=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtulm2TZnRRK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQiWFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJUM95kiUx0J6SGSxHzJgqUvKM0p1EoeTsc38/99oRrI5L4CaeKBxEdxmIgGEUr+f6EajUSVeyJy1654tbcBcg68XJSgRyNXvnL7ycsjXiMTFJjup6rMMioRsEkn5X81HBF2ZgOedfSmEbcBNni5hm5sEqfDBJtK0ayUH9PZDQyZhqFtjOiODKr3lz8z+umOLgNMhGrFHnMlosGqSSYkHkApC80ZyinllCmhb2VsBHVlKGNqWRD8FZfXietq5rn1rzH60r9Lo+jCGdwDlXw4Abq8AANaAIDBc/wCm9O6rw4787HsrXg5DOn8AfO5w+fkJFl</latexit><latexit sha1_base64="xBDJmZdtcUS/FLcXsBtYvcOVg/I=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtulm2TZnRRK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQiWFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJUM95kiUx0J6SGSxHzJgqUvKM0p1EoeTsc38/99oRrI5L4CaeKBxEdxmIgGEUr+f6EajUSVeyJy1654tbcBcg68XJSgRyNXvnL7ycsjXiMTFJjup6rMMioRsEkn5X81HBF2ZgOedfSmEbcBNni5hm5sEqfDBJtK0ayUH9PZDQyZhqFtjOiODKr3lz8z+umOLgNMhGrFHnMlosGqSSYkHkApC80ZyinllCmhb2VsBHVlKGNqWRD8FZfXietq5rn1rzH60r9Lo+jCGdwDlXw4Abq8AANaAIDBc/wCm9O6rw4787HsrXg5DOn8AfO5w+fkJFl</latexit><latexit sha1_base64="xBDJmZdtcUS/FLcXsBtYvcOVg/I=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtulm2TZnRRK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQiWFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJUM95kiUx0J6SGSxHzJgqUvKM0p1EoeTsc38/99oRrI5L4CaeKBxEdxmIgGEUr+f6EajUSVeyJy1654tbcBcg68XJSgRyNXvnL7ycsjXiMTFJjup6rMMioRsEkn5X81HBF2ZgOedfSmEbcBNni5hm5sEqfDBJtK0ayUH9PZDQyZhqFtjOiODKr3lz8z+umOLgNMhGrFHnMlosGqSSYkHkApC80ZyinllCmhb2VsBHVlKGNqWRD8FZfXietq5rn1rzH60r9Lo+jCGdwDlXw4Abq8AANaAIDBc/wCm9O6rw4787HsrXg5DOn8AfO5w+fkJFl</latexit><latexit sha1_base64="xBDJmZdtcUS/FLcXsBtYvcOVg/I=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtulm2TZnRRK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQiWFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJUM95kiUx0J6SGSxHzJgqUvKM0p1EoeTsc38/99oRrI5L4CaeKBxEdxmIgGEUr+f6EajUSVeyJy1654tbcBcg68XJSgRyNXvnL7ycsjXiMTFJjup6rMMioRsEkn5X81HBF2ZgOedfSmEbcBNni5hm5sEqfDBJtK0ayUH9PZDQyZhqFtjOiODKr3lz8z+umOLgNMhGrFHnMlosGqSSYkHkApC80ZyinllCmhb2VsBHVlKGNqWRD8FZfXietq5rn1rzH60r9Lo+jCGdwDlXw4Abq8AANaAIDBc/wCm9O6rw4787HsrXg5DOn8AfO5w+fkJFl</latexit>

'(tf )
<latexit sha1_base64="TW4NYqN/LtywxTMkAwcxwYan4u0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQtlsN+3SzWbZnRRK6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikZdJMU9akqUh1JyKGCS5ZEzkK1lGakSQSrB2N7ud+e8y04al8woliYUIGksecErRSEIyJVkNexV582StXvJq3gLtO/JxUIEejV/4K+inNEiaRCmJM1/cUhlOikVPBZqUgM0wROiID1rVUkoSZcLq4eeZeWKXvxqm2JdFdqL8npiQxZpJEtjMhODSr3lz8z+tmGN+GUy5VhkzS5aI4Ey6m7jwAt881oygmlhCqub3VpUOiCUUbU8mG4K++vE5aVzXfq/mP15X6XR5HEc7gHKrgww3U4QEa0AQKCp7hFd6czHlx3p2PZWvByWdO4Q+czx+bAZFi</latexit><latexit sha1_base64="TW4NYqN/LtywxTMkAwcxwYan4u0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQtlsN+3SzWbZnRRK6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikZdJMU9akqUh1JyKGCS5ZEzkK1lGakSQSrB2N7ud+e8y04al8woliYUIGksecErRSEIyJVkNexV582StXvJq3gLtO/JxUIEejV/4K+inNEiaRCmJM1/cUhlOikVPBZqUgM0wROiID1rVUkoSZcLq4eeZeWKXvxqm2JdFdqL8npiQxZpJEtjMhODSr3lz8z+tmGN+GUy5VhkzS5aI4Ey6m7jwAt881oygmlhCqub3VpUOiCUUbU8mG4K++vE5aVzXfq/mP15X6XR5HEc7gHKrgww3U4QEa0AQKCp7hFd6czHlx3p2PZWvByWdO4Q+czx+bAZFi</latexit><latexit sha1_base64="TW4NYqN/LtywxTMkAwcxwYan4u0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQtlsN+3SzWbZnRRK6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikZdJMU9akqUh1JyKGCS5ZEzkK1lGakSQSrB2N7ud+e8y04al8woliYUIGksecErRSEIyJVkNexV582StXvJq3gLtO/JxUIEejV/4K+inNEiaRCmJM1/cUhlOikVPBZqUgM0wROiID1rVUkoSZcLq4eeZeWKXvxqm2JdFdqL8npiQxZpJEtjMhODSr3lz8z+tmGN+GUy5VhkzS5aI4Ey6m7jwAt881oygmlhCqub3VpUOiCUUbU8mG4K++vE5aVzXfq/mP15X6XR5HEc7gHKrgww3U4QEa0AQKCp7hFd6czHlx3p2PZWvByWdO4Q+czx+bAZFi</latexit><latexit sha1_base64="TW4NYqN/LtywxTMkAwcxwYan4u0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQtlsN+3SzWbZnRRK6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikZdJMU9akqUh1JyKGCS5ZEzkK1lGakSQSrB2N7ud+e8y04al8woliYUIGksecErRSEIyJVkNexV582StXvJq3gLtO/JxUIEejV/4K+inNEiaRCmJM1/cUhlOikVPBZqUgM0wROiID1rVUkoSZcLq4eeZeWKXvxqm2JdFdqL8npiQxZpJEtjMhODSr3lz8z+tmGN+GUy5VhkzS5aI4Ey6m7jwAt881oygmlhCqub3VpUOiCUUbU8mG4K++vE5aVzXfq/mP15X6XR5HEc7gHKrgww3U4QEa0AQKCp7hFd6czHlx3p2PZWvByWdO4Q+czx+bAZFi</latexit>

classical
trajectory

��[h'̂i]
�h'̂i = 0

<latexit sha1_base64="rmZ34e5F5npH0FK2uDeNT5F5KPg="></latexit><latexit sha1_base64="rmZ34e5F5npH0FK2uDeNT5F5KPg="></latexit><latexit sha1_base64="rmZ34e5F5npH0FK2uDeNT5F5KPg="></latexit><latexit sha1_base64="rmZ34e5F5npH0FK2uDeNT5F5KPg="></latexit>

quantum effective action �[h'̂i]
<latexit sha1_base64="onb/iWhZ8x/3G2udlGsWkAnV/gQ=">AAACDHicbVDLSsNAFJ34rPVVdekmWARXJRFBl0UXuqxgH5CEcjOdNENnJmFmUiihH+DGX3HjQhG3foA7/8ZpmoW2Hhg4nHMud+4JU0aVdpxva2V1bX1js7JV3d7Z3duvHRx2VJJJTNo4YYnshaAIo4K0NdWM9FJJgIeMdMPRzczvjolUNBEPepKSgMNQ0Ihi0Ebq1+r+LXAOns9ADBnxY9C5PwaZxnTqy0ILTMppOAXsZeKWpI5KtPq1L3+Q4IwToTEDpTzXSXWQg9QUMzKt+pkiKeARDIlnqABOVJAXx0ztU6MM7CiR5gltF+rviRy4UhMemiQHHatFbyb+53mZjq6CnIo000Tg+aIoY7ZO7Fkz9oBKgjWbGAJYUvNXG8cgAWvTX9WU4C6evEw65w3Xabj3F/XmdVlHBR2jE3SGXHSJmugOtVAbYfSIntErerOerBfr3fqYR1escuYI/YH1+QPUpJwb</latexit><latexit sha1_base64="onb/iWhZ8x/3G2udlGsWkAnV/gQ=">AAACDHicbVDLSsNAFJ34rPVVdekmWARXJRFBl0UXuqxgH5CEcjOdNENnJmFmUiihH+DGX3HjQhG3foA7/8ZpmoW2Hhg4nHMud+4JU0aVdpxva2V1bX1js7JV3d7Z3duvHRx2VJJJTNo4YYnshaAIo4K0NdWM9FJJgIeMdMPRzczvjolUNBEPepKSgMNQ0Ihi0Ebq1+r+LXAOns9ADBnxY9C5PwaZxnTqy0ILTMppOAXsZeKWpI5KtPq1L3+Q4IwToTEDpTzXSXWQg9QUMzKt+pkiKeARDIlnqABOVJAXx0ztU6MM7CiR5gltF+rviRy4UhMemiQHHatFbyb+53mZjq6CnIo000Tg+aIoY7ZO7Fkz9oBKgjWbGAJYUvNXG8cgAWvTX9WU4C6evEw65w3Xabj3F/XmdVlHBR2jE3SGXHSJmugOtVAbYfSIntErerOerBfr3fqYR1escuYI/YH1+QPUpJwb</latexit><latexit sha1_base64="onb/iWhZ8x/3G2udlGsWkAnV/gQ=">AAACDHicbVDLSsNAFJ34rPVVdekmWARXJRFBl0UXuqxgH5CEcjOdNENnJmFmUiihH+DGX3HjQhG3foA7/8ZpmoW2Hhg4nHMud+4JU0aVdpxva2V1bX1js7JV3d7Z3duvHRx2VJJJTNo4YYnshaAIo4K0NdWM9FJJgIeMdMPRzczvjolUNBEPepKSgMNQ0Ihi0Ebq1+r+LXAOns9ADBnxY9C5PwaZxnTqy0ILTMppOAXsZeKWpI5KtPq1L3+Q4IwToTEDpTzXSXWQg9QUMzKt+pkiKeARDIlnqABOVJAXx0ztU6MM7CiR5gltF+rviRy4UhMemiQHHatFbyb+53mZjq6CnIo000Tg+aIoY7ZO7Fkz9oBKgjWbGAJYUvNXG8cgAWvTX9WU4C6evEw65w3Xabj3F/XmdVlHBR2jE3SGXHSJmugOtVAbYfSIntErerOerBfr3fqYR1escuYI/YH1+QPUpJwb</latexit><latexit sha1_base64="onb/iWhZ8x/3G2udlGsWkAnV/gQ=">AAACDHicbVDLSsNAFJ34rPVVdekmWARXJRFBl0UXuqxgH5CEcjOdNENnJmFmUiihH+DGX3HjQhG3foA7/8ZpmoW2Hhg4nHMud+4JU0aVdpxva2V1bX1js7JV3d7Z3duvHRx2VJJJTNo4YYnshaAIo4K0NdWM9FJJgIeMdMPRzczvjolUNBEPepKSgMNQ0Ihi0Ebq1+r+LXAOns9ADBnxY9C5PwaZxnTqy0ILTMppOAXsZeKWpI5KtPq1L3+Q4IwToTEDpTzXSXWQg9QUMzKt+pkiKeARDIlnqABOVJAXx0ztU6MM7CiR5gltF+rviRy4UhMemiQHHatFbyb+53mZjq6CnIo000Tg+aIoY7ZO7Fkz9oBKgjWbGAJYUvNXG8cgAWvTX9WU4C6evEw65w3Xabj3F/XmdVlHBR2jE3SGXHSJmugOtVAbYfSIntErerOerBfr3fqYR1escuYI/YH1+QPUpJwb</latexit>

'̂(tf )
<latexit sha1_base64="ZEAHlyggZSoutSk6P9mSIp9o0Ek=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoigh6LXjxWsB/QhLDZbpqlm03YnRRLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgpQzBbb9bVQ2Nre2d6q7tb39g8Mj87jeU0kmCe2ShCdyEGBFORO0Cww4HaSS4jjgtB9M7uZ+f0qlYol4hFlKvRiPBQsZwaAl36y7EYbcnWKZRqxogh9e+GbDbtkLWOvEKUkDlej45pc7SkgWUwGEY6WGjp2Cl2MJjHBa1NxM0RSTCR7ToaYCx1R5+eL2wjrXysgKE6lLgLVQf0/kOFZqFge6M8YQqVVvLv7nDTMIb7yciTQDKshyUZhxCxJrHoQ1YpIS4DNNMJFM32qRCEtMQMdV0yE4qy+vk95ly7FbzsNVo31bxlFFp+gMNZGDrlEb3aMO6iKCntAzekVvRmG8GO/Gx7K1YpQzJ+gPjM8f+VWUYA==</latexit><latexit sha1_base64="ZEAHlyggZSoutSk6P9mSIp9o0Ek=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoigh6LXjxWsB/QhLDZbpqlm03YnRRLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgpQzBbb9bVQ2Nre2d6q7tb39g8Mj87jeU0kmCe2ShCdyEGBFORO0Cww4HaSS4jjgtB9M7uZ+f0qlYol4hFlKvRiPBQsZwaAl36y7EYbcnWKZRqxogh9e+GbDbtkLWOvEKUkDlej45pc7SkgWUwGEY6WGjp2Cl2MJjHBa1NxM0RSTCR7ToaYCx1R5+eL2wjrXysgKE6lLgLVQf0/kOFZqFge6M8YQqVVvLv7nDTMIb7yciTQDKshyUZhxCxJrHoQ1YpIS4DNNMJFM32qRCEtMQMdV0yE4qy+vk95ly7FbzsNVo31bxlFFp+gMNZGDrlEb3aMO6iKCntAzekVvRmG8GO/Gx7K1YpQzJ+gPjM8f+VWUYA==</latexit><latexit sha1_base64="ZEAHlyggZSoutSk6P9mSIp9o0Ek=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoigh6LXjxWsB/QhLDZbpqlm03YnRRLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgpQzBbb9bVQ2Nre2d6q7tb39g8Mj87jeU0kmCe2ShCdyEGBFORO0Cww4HaSS4jjgtB9M7uZ+f0qlYol4hFlKvRiPBQsZwaAl36y7EYbcnWKZRqxogh9e+GbDbtkLWOvEKUkDlej45pc7SkgWUwGEY6WGjp2Cl2MJjHBa1NxM0RSTCR7ToaYCx1R5+eL2wjrXysgKE6lLgLVQf0/kOFZqFge6M8YQqVVvLv7nDTMIb7yciTQDKshyUZhxCxJrHoQ1YpIS4DNNMJFM32qRCEtMQMdV0yE4qy+vk95ly7FbzsNVo31bxlFFp+gMNZGDrlEb3aMO6iKCntAzekVvRmG8GO/Gx7K1YpQzJ+gPjM8f+VWUYA==</latexit><latexit sha1_base64="ZEAHlyggZSoutSk6P9mSIp9o0Ek=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRahXkoigh6LXjxWsB/QhLDZbpqlm03YnRRLyF/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgpQzBbb9bVQ2Nre2d6q7tb39g8Mj87jeU0kmCe2ShCdyEGBFORO0Cww4HaSS4jjgtB9M7uZ+f0qlYol4hFlKvRiPBQsZwaAl36y7EYbcnWKZRqxogh9e+GbDbtkLWOvEKUkDlej45pc7SkgWUwGEY6WGjp2Cl2MJjHBa1NxM0RSTCR7ToaYCx1R5+eL2wjrXysgKE6lLgLVQf0/kOFZqFge6M8YQqVVvLv7nDTMIb7yciTQDKshyUZhxCxJrHoQ1YpIS4DNNMJFM32qRCEtMQMdV0yE4qy+vk95ly7FbzsNVo31bxlFFp+gMNZGDrlEb3aMO6iKCntAzekVvRmG8GO/Gx7K1YpQzJ+gPjM8f+VWUYA==</latexit>

'̂(ti)
<latexit sha1_base64="ZE6s+FUoc64V8Sh2ibK+2CFqG0E=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyURQZdFNy4r2Ac0IUymk2bo5MHMTbGE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89fiq4Asv6Niobm1vbO9Xd2t7+weGReVzvqSSTlHVpIhI58IligsesCxwEG6SSkcgXrO9P7uZ+f8qk4kn8CLOUuREZxzzglICWPLPuhARyZ0pkGvKiCR6/8MyG1bIWwOvELkkDleh45pczSmgWsRioIEoNbSsFNycSOBWsqDmZYimhEzJmQ01jEjHl5ovbC3yulREOEqkrBrxQf0/kJFJqFvm6MyIQqlVvLv7nDTMIbtycx2kGLKbLRUEmMCR4HgQecckoiJkmhEqub8U0JJJQ0HHVdAj26svrpHfZsq2W/XDVaN+WcVTRKTpDTWSja9RG96iDuoiiJ/SMXtGbURgvxrvxsWytGOXMCfoD4/MH/eSUYw==</latexit><latexit sha1_base64="ZE6s+FUoc64V8Sh2ibK+2CFqG0E=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyURQZdFNy4r2Ac0IUymk2bo5MHMTbGE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89fiq4Asv6Niobm1vbO9Xd2t7+weGReVzvqSSTlHVpIhI58IligsesCxwEG6SSkcgXrO9P7uZ+f8qk4kn8CLOUuREZxzzglICWPLPuhARyZ0pkGvKiCR6/8MyG1bIWwOvELkkDleh45pczSmgWsRioIEoNbSsFNycSOBWsqDmZYimhEzJmQ01jEjHl5ovbC3yulREOEqkrBrxQf0/kJFJqFvm6MyIQqlVvLv7nDTMIbtycx2kGLKbLRUEmMCR4HgQecckoiJkmhEqub8U0JJJQ0HHVdAj26svrpHfZsq2W/XDVaN+WcVTRKTpDTWSja9RG96iDuoiiJ/SMXtGbURgvxrvxsWytGOXMCfoD4/MH/eSUYw==</latexit><latexit sha1_base64="ZE6s+FUoc64V8Sh2ibK+2CFqG0E=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyURQZdFNy4r2Ac0IUymk2bo5MHMTbGE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89fiq4Asv6Niobm1vbO9Xd2t7+weGReVzvqSSTlHVpIhI58IligsesCxwEG6SSkcgXrO9P7uZ+f8qk4kn8CLOUuREZxzzglICWPLPuhARyZ0pkGvKiCR6/8MyG1bIWwOvELkkDleh45pczSmgWsRioIEoNbSsFNycSOBWsqDmZYimhEzJmQ01jEjHl5ovbC3yulREOEqkrBrxQf0/kJFJqFvm6MyIQqlVvLv7nDTMIbtycx2kGLKbLRUEmMCR4HgQecckoiJkmhEqub8U0JJJQ0HHVdAj26svrpHfZsq2W/XDVaN+WcVTRKTpDTWSja9RG96iDuoiiJ/SMXtGbURgvxrvxsWytGOXMCfoD4/MH/eSUYw==</latexit><latexit sha1_base64="ZE6s+FUoc64V8Sh2ibK+2CFqG0E=">AAAB+3icbVDLSsNAFJ3UV62vWJduBotQNyURQZdFNy4r2Ac0IUymk2bo5MHMTbGE/IobF4q49Ufc+TdO2yy09cCFwzn3cu89fiq4Asv6Niobm1vbO9Xd2t7+weGReVzvqSSTlHVpIhI58IligsesCxwEG6SSkcgXrO9P7uZ+f8qk4kn8CLOUuREZxzzglICWPLPuhARyZ0pkGvKiCR6/8MyG1bIWwOvELkkDleh45pczSmgWsRioIEoNbSsFNycSOBWsqDmZYimhEzJmQ01jEjHl5ovbC3yulREOEqkrBrxQf0/kJFJqFvm6MyIQqlVvLv7nDTMIbtycx2kGLKbLRUEmMCR4HgQecckoiJkmhEqub8U0JJJQ0HHVdAj26svrpHfZsq2W/XDVaN+WcVTRKTpDTWSja9RG96iDuoiiJ/SMXtGbURgvxrvxsWytGOXMCfoD4/MH/eSUYw==</latexit>

quantum
fluctuations

�[�] = S[�] + (all quantum corrections)
<latexit sha1_base64="v5H31WaLU1OQR6olnmAlNWkT8wo="></latexit><latexit sha1_base64="v5H31WaLU1OQR6olnmAlNWkT8wo="></latexit><latexit sha1_base64="v5H31WaLU1OQR6olnmAlNWkT8wo="></latexit><latexit sha1_base64="v5H31WaLU1OQR6olnmAlNWkT8wo="></latexit>

effective mass

effective four-vertex

effective n-vertex

m = m0 + . . .
<latexit sha1_base64="MxlKGsHIIprmdLaRpo8wPPtq4IY=">AAAB+HicbVDLSgMxFM34rPXRUZdugkUQhDIjgm6EohuXFewD2mHIpJk2NMkMyR2hDv0SNy4UceunuPNvTNtZaOuBwOGce7g3J0oFN+B5387K6tr6xmZpq7y9s7tXcfcPWibJNGVNmohEdyJimOCKNYGDYJ1UMyIjwdrR6Hbqtx+ZNjxRDzBOWSDJQPGYUwJWCt2KxNdYhh4+w71+AiZ0q17NmwEvE78gVVSgEbpfNkczyRRQQYzp+l4KQU40cCrYpNzLDEsJHZEB61qqiGQmyGeHT/CJVfo4TrR9CvBM/Z3IiTRmLCM7KQkMzaI3Ff/zuhnEV0HOVZoBU3S+KM4EhgRPW8B9rhkFMbaEUM3trZgOiSYUbFdlW4K/+OVl0jqv+V7Nv7+o1m+KOkroCB2jU+SjS1RHd6iBmoiiDD2jV/TmPDkvzrvzMR9dcYrMIfoD5/MHdTqRqA==</latexit><latexit sha1_base64="MxlKGsHIIprmdLaRpo8wPPtq4IY=">AAAB+HicbVDLSgMxFM34rPXRUZdugkUQhDIjgm6EohuXFewD2mHIpJk2NMkMyR2hDv0SNy4UceunuPNvTNtZaOuBwOGce7g3J0oFN+B5387K6tr6xmZpq7y9s7tXcfcPWibJNGVNmohEdyJimOCKNYGDYJ1UMyIjwdrR6Hbqtx+ZNjxRDzBOWSDJQPGYUwJWCt2KxNdYhh4+w71+AiZ0q17NmwEvE78gVVSgEbpfNkczyRRQQYzp+l4KQU40cCrYpNzLDEsJHZEB61qqiGQmyGeHT/CJVfo4TrR9CvBM/Z3IiTRmLCM7KQkMzaI3Ff/zuhnEV0HOVZoBU3S+KM4EhgRPW8B9rhkFMbaEUM3trZgOiSYUbFdlW4K/+OVl0jqv+V7Nv7+o1m+KOkroCB2jU+SjS1RHd6iBmoiiDD2jV/TmPDkvzrvzMR9dcYrMIfoD5/MHdTqRqA==</latexit><latexit sha1_base64="MxlKGsHIIprmdLaRpo8wPPtq4IY=">AAAB+HicbVDLSgMxFM34rPXRUZdugkUQhDIjgm6EohuXFewD2mHIpJk2NMkMyR2hDv0SNy4UceunuPNvTNtZaOuBwOGce7g3J0oFN+B5387K6tr6xmZpq7y9s7tXcfcPWibJNGVNmohEdyJimOCKNYGDYJ1UMyIjwdrR6Hbqtx+ZNjxRDzBOWSDJQPGYUwJWCt2KxNdYhh4+w71+AiZ0q17NmwEvE78gVVSgEbpfNkczyRRQQYzp+l4KQU40cCrYpNzLDEsJHZEB61qqiGQmyGeHT/CJVfo4TrR9CvBM/Z3IiTRmLCM7KQkMzaI3Ff/zuhnEV0HOVZoBU3S+KM4EhgRPW8B9rhkFMbaEUM3trZgOiSYUbFdlW4K/+OVl0jqv+V7Nv7+o1m+KOkroCB2jU+SjS1RHd6iBmoiiDD2jV/TmPDkvzrvzMR9dcYrMIfoD5/MHdTqRqA==</latexit><latexit sha1_base64="MxlKGsHIIprmdLaRpo8wPPtq4IY=">AAAB+HicbVDLSgMxFM34rPXRUZdugkUQhDIjgm6EohuXFewD2mHIpJk2NMkMyR2hDv0SNy4UceunuPNvTNtZaOuBwOGce7g3J0oFN+B5387K6tr6xmZpq7y9s7tXcfcPWibJNGVNmohEdyJimOCKNYGDYJ1UMyIjwdrR6Hbqtx+ZNjxRDzBOWSDJQPGYUwJWCt2KxNdYhh4+w71+AiZ0q17NmwEvE78gVVSgEbpfNkczyRRQQYzp+l4KQU40cCrYpNzLDEsJHZEB61qqiGQmyGeHT/CJVfo4TrR9CvBM/Z3IiTRmLCM7KQkMzaI3Ff/zuhnEV0HOVZoBU3S+KM4EhgRPW8B9rhkFMbaEUM3trZgOiSYUbFdlW4K/+OVl0jqv+V7Nv7+o1m+KOkroCB2jU+SjS1RHd6iBmoiiDD2jV/TmPDkvzrvzMR9dcYrMIfoD5/MHdTqRqA==</latexit>

V4 = �0 + . . .
<latexit sha1_base64="VCPib9/peqn1zM4/CIF/T7OWxCQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglkYJuhKIblxXsA9oQJpNJO3QyCTM3Qgnd+CtuXCji1s9w5984bbPQ1gMDh3Pu4c49QSq4Bsf5tkorq2vrG+XNytb2zu6evX/Q1kmmKGvRRCSqGxDNBJesBRwE66aKkTgQrBOMbqd+55EpzRP5AOOUeTEZSB5xSsBIvn3U9uv4GveFiYTEd/A57ocJaN+uOjVnBrxM3IJUUYGmb3+ZHM1iJoEKonXPdVLwcqKAU8EmlX6mWUroiAxYz1BJYqa9fHbABJ8aJcRRosyTgGfq70ROYq3HcWAmYwJDvehNxf+8XgbRlZdzmWbAJJ0vijKBIcHTNnDIFaMgxoYQqrj5K6ZDoggF01nFlOAunrxM2hc116m59/Vq46aoo4yO0Qk6Qy66RA10h5qohSiaoGf0it6sJ+vFerc+5qMlq8gcoj+wPn8AC4KUxA==</latexit><latexit sha1_base64="VCPib9/peqn1zM4/CIF/T7OWxCQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglkYJuhKIblxXsA9oQJpNJO3QyCTM3Qgnd+CtuXCji1s9w5984bbPQ1gMDh3Pu4c49QSq4Bsf5tkorq2vrG+XNytb2zu6evX/Q1kmmKGvRRCSqGxDNBJesBRwE66aKkTgQrBOMbqd+55EpzRP5AOOUeTEZSB5xSsBIvn3U9uv4GveFiYTEd/A57ocJaN+uOjVnBrxM3IJUUYGmb3+ZHM1iJoEKonXPdVLwcqKAU8EmlX6mWUroiAxYz1BJYqa9fHbABJ8aJcRRosyTgGfq70ROYq3HcWAmYwJDvehNxf+8XgbRlZdzmWbAJJ0vijKBIcHTNnDIFaMgxoYQqrj5K6ZDoggF01nFlOAunrxM2hc116m59/Vq46aoo4yO0Qk6Qy66RA10h5qohSiaoGf0it6sJ+vFerc+5qMlq8gcoj+wPn8AC4KUxA==</latexit><latexit sha1_base64="VCPib9/peqn1zM4/CIF/T7OWxCQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglkYJuhKIblxXsA9oQJpNJO3QyCTM3Qgnd+CtuXCji1s9w5984bbPQ1gMDh3Pu4c49QSq4Bsf5tkorq2vrG+XNytb2zu6evX/Q1kmmKGvRRCSqGxDNBJesBRwE66aKkTgQrBOMbqd+55EpzRP5AOOUeTEZSB5xSsBIvn3U9uv4GveFiYTEd/A57ocJaN+uOjVnBrxM3IJUUYGmb3+ZHM1iJoEKonXPdVLwcqKAU8EmlX6mWUroiAxYz1BJYqa9fHbABJ8aJcRRosyTgGfq70ROYq3HcWAmYwJDvehNxf+8XgbRlZdzmWbAJJ0vijKBIcHTNnDIFaMgxoYQqrj5K6ZDoggF01nFlOAunrxM2hc116m59/Vq46aoo4yO0Qk6Qy66RA10h5qohSiaoGf0it6sJ+vFerc+5qMlq8gcoj+wPn8AC4KUxA==</latexit><latexit sha1_base64="VCPib9/peqn1zM4/CIF/T7OWxCQ=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLIAglkYJuhKIblxXsA9oQJpNJO3QyCTM3Qgnd+CtuXCji1s9w5984bbPQ1gMDh3Pu4c49QSq4Bsf5tkorq2vrG+XNytb2zu6evX/Q1kmmKGvRRCSqGxDNBJesBRwE66aKkTgQrBOMbqd+55EpzRP5AOOUeTEZSB5xSsBIvn3U9uv4GveFiYTEd/A57ocJaN+uOjVnBrxM3IJUUYGmb3+ZHM1iJoEKonXPdVLwcqKAU8EmlX6mWUroiAxYz1BJYqa9fHbABJ8aJcRRosyTgGfq70ROYq3HcWAmYwJDvehNxf+8XgbRlZdzmWbAJJ0vijKBIcHTNnDIFaMgxoYQqrj5K6ZDoggF01nFlOAunrxM2hc116m59/Vq46aoo4yO0Qk6Qy66RA10h5qohSiaoGf0it6sJ+vFerc+5qMlq8gcoj+wPn8AC4KUxA==</latexit>

Vn = . . .
<latexit sha1_base64="82SLf9rCZE28gIfS4MCVThKVV5w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT4gDWUynbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzD3PvCVMpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5Lf7ityQ3iBB06/W3Lo7B1klXkFqUKDZr37ZHMtirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn688JWdWGZAo0fYpJHP1dyKnsTGTOLSTMcWRWfZm4n+en2F0HeRCpRlyxRYfRZkkmJDZ/WQgNGcoJ5ZQpoXdlbAR1ZShbaliS/CWT14l7Yu659a9h8ta47aoowwncArn4MEVNOAemtACBgk8wyu8Oei8OO/Ox2K05BSZY/gD5/MHUtuQng==</latexit><latexit sha1_base64="82SLf9rCZE28gIfS4MCVThKVV5w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT4gDWUynbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzD3PvCVMpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5Lf7ityQ3iBB06/W3Lo7B1klXkFqUKDZr37ZHMtirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn688JWdWGZAo0fYpJHP1dyKnsTGTOLSTMcWRWfZm4n+en2F0HeRCpRlyxRYfRZkkmJDZ/WQgNGcoJ5ZQpoXdlbAR1ZShbaliS/CWT14l7Yu659a9h8ta47aoowwncArn4MEVNOAemtACBgk8wyu8Oei8OO/Ox2K05BSZY/gD5/MHUtuQng==</latexit><latexit sha1_base64="82SLf9rCZE28gIfS4MCVThKVV5w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT4gDWUynbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzD3PvCVMpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5Lf7ityQ3iBB06/W3Lo7B1klXkFqUKDZr37ZHMtirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn688JWdWGZAo0fYpJHP1dyKnsTGTOLSTMcWRWfZm4n+en2F0HeRCpRlyxRYfRZkkmJDZ/WQgNGcoJ5ZQpoXdlbAR1ZShbaliS/CWT14l7Yu659a9h8ta47aoowwncArn4MEVNOAemtACBgk8wyu8Oei8OO/Ox2K05BSZY/gD5/MHUtuQng==</latexit><latexit sha1_base64="82SLf9rCZE28gIfS4MCVThKVV5w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT4gDWUynbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzD3PvCVMpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5Lf7ityQ3iBB06/W3Lo7B1klXkFqUKDZr37ZHMtirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn688JWdWGZAo0fYpJHP1dyKnsTGTOLSTMcWRWfZm4n+en2F0HeRCpRlyxRYfRZkkmJDZ/WQgNGcoJ5ZQpoXdlbAR1ZShbaliS/CWT14l7Yu659a9h8ta47aoowwncArn4MEVNOAemtACBgk8wyu8Oei8OO/Ox2K05BSZY/gD5/MHUtuQng==</latexit>

�<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

�<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>

�<latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit><latexit sha1_base64="xXeP4fWvUDKmvgl18vZjV9Y7J+c=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Bj0oMcI5gHJEnons8mYeSwzs0II+QcvHhTx6v9482+cJHvQxIKGoqqb7q445czYIPj2VlbX1jc2C1vF7Z3dvf3SwWHDqEwTWieKK92K0VDOJK1bZjltpZqiiDltxsObqd98otowJR/sKKWRwL5kCSNondTo3KIQ2C2Vg0owg79MwpyUIUetW/rq9BTJBJWWcDSmHQapjcaoLSOcToqdzNAUyRD7tO2oREFNNJ5dO/FPndLzE6VdSevP1N8TYxTGjETsOgXagVn0puJ/XjuzyVU0ZjLNLJVkvijJuG+VP33d7zFNieUjR5Bo5m71yQA1EusCKroQwsWXl0njvBIGlfD+oly9zuMowDGcwBmEcAlVuIMa1IHAIzzDK7x5ynvx3r2PeeuKl88cwR94nz9V6471</latexit>
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‘bare’ 
Hamiltonean

quantum
corrections

running coupling 

Extracting the Effective Theory
Effective action -> Vertex -> Hamiltonean

�S[']

�'
= 0

<latexit sha1_base64="7NU05mASz4Hs8ukaCiR9s9BHBnw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKAboejGZUV7gSSUyWTSDp1cmJkUSuhLuPFV3LhQxK3gzrdx2kbQ1h8Gfr5zDmfO76ecSWVZX0ZpaXllda28XtnY3NreMXf3WjLJBKFNkvBEdHwsKWcxbSqmOO2kguLI57TtD64n9faQCsmS+F6NUupFuBezkBGsNOqaJ24oMMndgHKF0Z3jDrFI+8wb/6ACjNElsrpm1apZU6FFYxemCoUaXfPTDRKSRTRWhGMpHdtKlZdjoRjhdFxxM0lTTAa4Rx1tYxxR6eXTq8boSJMAhYnQL1ZoSn9P5DiSchT5ujPCqi/naxP4X83JVHjh5SxOM0VjMlsUZhypBE0iQgETlCg+0gYTwfRfEeljHZPSQVZ0CPb8yYumdVqzrZp9e1atXxVxlOEADuEYbDiHOtxAA5pA4AGe4AVejUfj2Xgz3metJaOY2Yc/Mj6+AU2Wnts=</latexit><latexit sha1_base64="7NU05mASz4Hs8ukaCiR9s9BHBnw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKAboejGZUV7gSSUyWTSDp1cmJkUSuhLuPFV3LhQxK3gzrdx2kbQ1h8Gfr5zDmfO76ecSWVZX0ZpaXllda28XtnY3NreMXf3WjLJBKFNkvBEdHwsKWcxbSqmOO2kguLI57TtD64n9faQCsmS+F6NUupFuBezkBGsNOqaJ24oMMndgHKF0Z3jDrFI+8wb/6ACjNElsrpm1apZU6FFYxemCoUaXfPTDRKSRTRWhGMpHdtKlZdjoRjhdFxxM0lTTAa4Rx1tYxxR6eXTq8boSJMAhYnQL1ZoSn9P5DiSchT5ujPCqi/naxP4X83JVHjh5SxOM0VjMlsUZhypBE0iQgETlCg+0gYTwfRfEeljHZPSQVZ0CPb8yYumdVqzrZp9e1atXxVxlOEADuEYbDiHOtxAA5pA4AGe4AVejUfj2Xgz3metJaOY2Yc/Mj6+AU2Wnts=</latexit><latexit sha1_base64="7NU05mASz4Hs8ukaCiR9s9BHBnw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKAboejGZUV7gSSUyWTSDp1cmJkUSuhLuPFV3LhQxK3gzrdx2kbQ1h8Gfr5zDmfO76ecSWVZX0ZpaXllda28XtnY3NreMXf3WjLJBKFNkvBEdHwsKWcxbSqmOO2kguLI57TtD64n9faQCsmS+F6NUupFuBezkBGsNOqaJ24oMMndgHKF0Z3jDrFI+8wb/6ACjNElsrpm1apZU6FFYxemCoUaXfPTDRKSRTRWhGMpHdtKlZdjoRjhdFxxM0lTTAa4Rx1tYxxR6eXTq8boSJMAhYnQL1ZoSn9P5DiSchT5ujPCqi/naxP4X83JVHjh5SxOM0VjMlsUZhypBE0iQgETlCg+0gYTwfRfEeljHZPSQVZ0CPb8yYumdVqzrZp9e1atXxVxlOEADuEYbDiHOtxAA5pA4AGe4AVejUfj2Xgz3metJaOY2Yc/Mj6+AU2Wnts=</latexit><latexit sha1_base64="7NU05mASz4Hs8ukaCiR9s9BHBnw=">AAACFXicbZDLSsNAFIZP6q3WW9Slm8EiuJCSiKAboejGZUV7gSSUyWTSDp1cmJkUSuhLuPFV3LhQxK3gzrdx2kbQ1h8Gfr5zDmfO76ecSWVZX0ZpaXllda28XtnY3NreMXf3WjLJBKFNkvBEdHwsKWcxbSqmOO2kguLI57TtD64n9faQCsmS+F6NUupFuBezkBGsNOqaJ24oMMndgHKF0Z3jDrFI+8wb/6ACjNElsrpm1apZU6FFYxemCoUaXfPTDRKSRTRWhGMpHdtKlZdjoRjhdFxxM0lTTAa4Rx1tYxxR6eXTq8boSJMAhYnQL1ZoSn9P5DiSchT5ujPCqi/naxP4X83JVHjh5SxOM0VjMlsUZhypBE0iQgETlCg+0gYTwfRfEeljHZPSQVZ0CPb8yYumdVqzrZp9e1atXxVxlOEADuEYbDiHOtxAA5pA4AGe4AVejUfj2Xgz3metJaOY2Yc/Mj6+AU2Wnts=</latexit>

classical action S[']
<latexit sha1_base64="6hLvQKppJwgibdglQM/d71NJBZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPTUCbbTbt0swm7m0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmKGvQRCSqHaJmgkvWMNwI1k4VwzgUrBUOb2d+a8SU5ol8NOOUBTH2JY84RWOlpwe/M0KVDnjQLVfcqjsHWSVeTiqQo94tf3V6Cc1iJg0VqLXvuakJJqgMp4JNS51MsxTpEPvMt1RizHQwmV88JWdW6ZEoUbakIXP198QEY63HcWg7YzQDvezNxP88PzPRdTDhMs0Mk3SxKMoEMQmZvU96XDFqxNgSpIrbWwkdoEJqbEglG4K3/PIqaV5UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcGUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIeTkM8=</latexit><latexit sha1_base64="6hLvQKppJwgibdglQM/d71NJBZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPTUCbbTbt0swm7m0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmKGvQRCSqHaJmgkvWMNwI1k4VwzgUrBUOb2d+a8SU5ol8NOOUBTH2JY84RWOlpwe/M0KVDnjQLVfcqjsHWSVeTiqQo94tf3V6Cc1iJg0VqLXvuakJJqgMp4JNS51MsxTpEPvMt1RizHQwmV88JWdW6ZEoUbakIXP198QEY63HcWg7YzQDvezNxP88PzPRdTDhMs0Mk3SxKMoEMQmZvU96XDFqxNgSpIrbWwkdoEJqbEglG4K3/PIqaV5UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcGUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIeTkM8=</latexit><latexit sha1_base64="6hLvQKppJwgibdglQM/d71NJBZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPTUCbbTbt0swm7m0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmKGvQRCSqHaJmgkvWMNwI1k4VwzgUrBUOb2d+a8SU5ol8NOOUBTH2JY84RWOlpwe/M0KVDnjQLVfcqjsHWSVeTiqQo94tf3V6Cc1iJg0VqLXvuakJJqgMp4JNS51MsxTpEPvMt1RizHQwmV88JWdW6ZEoUbakIXP198QEY63HcWg7YzQDvezNxP88PzPRdTDhMs0Mk3SxKMoEMQmZvU96XDFqxNgSpIrbWwkdoEJqbEglG4K3/PIqaV5UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcGUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIeTkM8=</latexit><latexit sha1_base64="6hLvQKppJwgibdglQM/d71NJBZA=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPTUCbbTbt0swm7m0Ip/RdePCji1X/jzX/jts1BWx8MPN6bYWZemAqujet+O4W19Y3NreJ2aWd3b/+gfHjU1EmmKGvQRCSqHaJmgkvWMNwI1k4VwzgUrBUOb2d+a8SU5ol8NOOUBTH2JY84RWOlpwe/M0KVDnjQLVfcqjsHWSVeTiqQo94tf3V6Cc1iJg0VqLXvuakJJqgMp4JNS51MsxTpEPvMt1RizHQwmV88JWdW6ZEoUbakIXP198QEY63HcWg7YzQDvezNxP88PzPRdTDhMs0Mk3SxKMoEMQmZvU96XDFqxNgSpIrbWwkdoEJqbEglG4K3/PIqaV5UPbfq3V9Wajd5HEU4gVM4Bw+uoAZ3UIcGUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/AIeTkM8=</latexit>

'(ti)
<latexit sha1_base64="xBDJmZdtcUS/FLcXsBtYvcOVg/I=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtulm2TZnRRK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQiWFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJUM95kiUx0J6SGSxHzJgqUvKM0p1EoeTsc38/99oRrI5L4CaeKBxEdxmIgGEUr+f6EajUSVeyJy1654tbcBcg68XJSgRyNXvnL7ycsjXiMTFJjup6rMMioRsEkn5X81HBF2ZgOedfSmEbcBNni5hm5sEqfDBJtK0ayUH9PZDQyZhqFtjOiODKr3lz8z+umOLgNMhGrFHnMlosGqSSYkHkApC80ZyinllCmhb2VsBHVlKGNqWRD8FZfXietq5rn1rzH60r9Lo+jCGdwDlXw4Abq8AANaAIDBc/wCm9O6rw4787HsrXg5DOn8AfO5w+fkJFl</latexit><latexit sha1_base64="xBDJmZdtcUS/FLcXsBtYvcOVg/I=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtulm2TZnRRK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQiWFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJUM95kiUx0J6SGSxHzJgqUvKM0p1EoeTsc38/99oRrI5L4CaeKBxEdxmIgGEUr+f6EajUSVeyJy1654tbcBcg68XJSgRyNXvnL7ycsjXiMTFJjup6rMMioRsEkn5X81HBF2ZgOedfSmEbcBNni5hm5sEqfDBJtK0ayUH9PZDQyZhqFtjOiODKr3lz8z+umOLgNMhGrFHnMlosGqSSYkHkApC80ZyinllCmhb2VsBHVlKGNqWRD8FZfXietq5rn1rzH60r9Lo+jCGdwDlXw4Abq8AANaAIDBc/wCm9O6rw4787HsrXg5DOn8AfO5w+fkJFl</latexit><latexit sha1_base64="xBDJmZdtcUS/FLcXsBtYvcOVg/I=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtulm2TZnRRK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQiWFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJUM95kiUx0J6SGSxHzJgqUvKM0p1EoeTsc38/99oRrI5L4CaeKBxEdxmIgGEUr+f6EajUSVeyJy1654tbcBcg68XJSgRyNXvnL7ycsjXiMTFJjup6rMMioRsEkn5X81HBF2ZgOedfSmEbcBNni5hm5sEqfDBJtK0ayUH9PZDQyZhqFtjOiODKr3lz8z+umOLgNMhGrFHnMlosGqSSYkHkApC80ZyinllCmhb2VsBHVlKGNqWRD8FZfXietq5rn1rzH60r9Lo+jCGdwDlXw4Abq8AANaAIDBc/wCm9O6rw4787HsrXg5DOn8AfO5w+fkJFl</latexit><latexit sha1_base64="xBDJmZdtcUS/FLcXsBtYvcOVg/I=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWsB/QhLLZbtulm2TZnRRK6N/w4kERr/4Zb/4bt20O2vpg4PHeDDPzQiWFQdf9dgobm1vbO8Xd0t7+weFR+fikZZJUM95kiUx0J6SGSxHzJgqUvKM0p1EoeTsc38/99oRrI5L4CaeKBxEdxmIgGEUr+f6EajUSVeyJy1654tbcBcg68XJSgRyNXvnL7ycsjXiMTFJjup6rMMioRsEkn5X81HBF2ZgOedfSmEbcBNni5hm5sEqfDBJtK0ayUH9PZDQyZhqFtjOiODKr3lz8z+umOLgNMhGrFHnMlosGqSSYkHkApC80ZyinllCmhb2VsBHVlKGNqWRD8FZfXietq5rn1rzH60r9Lo+jCGdwDlXw4Abq8AANaAIDBc/wCm9O6rw4787HsrXg5DOn8AfO5w+fkJFl</latexit>

'(tf )
<latexit sha1_base64="TW4NYqN/LtywxTMkAwcxwYan4u0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQtlsN+3SzWbZnRRK6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikZdJMU9akqUh1JyKGCS5ZEzkK1lGakSQSrB2N7ud+e8y04al8woliYUIGksecErRSEIyJVkNexV582StXvJq3gLtO/JxUIEejV/4K+inNEiaRCmJM1/cUhlOikVPBZqUgM0wROiID1rVUkoSZcLq4eeZeWKXvxqm2JdFdqL8npiQxZpJEtjMhODSr3lz8z+tmGN+GUy5VhkzS5aI4Ey6m7jwAt881oygmlhCqub3VpUOiCUUbU8mG4K++vE5aVzXfq/mP15X6XR5HEc7gHKrgww3U4QEa0AQKCp7hFd6czHlx3p2PZWvByWdO4Q+czx+bAZFi</latexit><latexit sha1_base64="TW4NYqN/LtywxTMkAwcxwYan4u0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQtlsN+3SzWbZnRRK6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikZdJMU9akqUh1JyKGCS5ZEzkK1lGakSQSrB2N7ud+e8y04al8woliYUIGksecErRSEIyJVkNexV582StXvJq3gLtO/JxUIEejV/4K+inNEiaRCmJM1/cUhlOikVPBZqUgM0wROiID1rVUkoSZcLq4eeZeWKXvxqm2JdFdqL8npiQxZpJEtjMhODSr3lz8z+tmGN+GUy5VhkzS5aI4Ey6m7jwAt881oygmlhCqub3VpUOiCUUbU8mG4K++vE5aVzXfq/mP15X6XR5HEc7gHKrgww3U4QEa0AQKCp7hFd6czHlx3p2PZWvByWdO4Q+czx+bAZFi</latexit><latexit sha1_base64="TW4NYqN/LtywxTMkAwcxwYan4u0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQtlsN+3SzWbZnRRK6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikZdJMU9akqUh1JyKGCS5ZEzkK1lGakSQSrB2N7ud+e8y04al8woliYUIGksecErRSEIyJVkNexV582StXvJq3gLtO/JxUIEejV/4K+inNEiaRCmJM1/cUhlOikVPBZqUgM0wROiID1rVUkoSZcLq4eeZeWKXvxqm2JdFdqL8npiQxZpJEtjMhODSr3lz8z+tmGN+GUy5VhkzS5aI4Ey6m7jwAt881oygmlhCqub3VpUOiCUUbU8mG4K++vE5aVzXfq/mP15X6XR5HEc7gHKrgww3U4QEa0AQKCp7hFd6czHlx3p2PZWvByWdO4Q+czx+bAZFi</latexit><latexit sha1_base64="TW4NYqN/LtywxTMkAwcxwYan4u0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQtlsN+3SzWbZnRRK6d/w4kERr/4Zb/4bt20O2vpg4PHeDDPzIiW4Qc/7dgobm1vbO8Xd0t7+weFR+fikZdJMU9akqUh1JyKGCS5ZEzkK1lGakSQSrB2N7ud+e8y04al8woliYUIGksecErRSEIyJVkNexV582StXvJq3gLtO/JxUIEejV/4K+inNEiaRCmJM1/cUhlOikVPBZqUgM0wROiID1rVUkoSZcLq4eeZeWKXvxqm2JdFdqL8npiQxZpJEtjMhODSr3lz8z+tmGN+GUy5VhkzS5aI4Ey6m7jwAt881oygmlhCqub3VpUOiCUUbU8mG4K++vE5aVzXfq/mP15X6XR5HEc7gHKrgww3U4QEa0AQKCp7hFd6czHlx3p2PZWvByWdO4Q+czx+bAZFi</latexit>

classical
trajectory

��[h'̂i]
�h'̂i = 0

<latexit sha1_base64="rmZ34e5F5npH0FK2uDeNT5F5KPg="></latexit><latexit sha1_base64="rmZ34e5F5npH0FK2uDeNT5F5KPg="></latexit><latexit sha1_base64="rmZ34e5F5npH0FK2uDeNT5F5KPg="></latexit><latexit sha1_base64="rmZ34e5F5npH0FK2uDeNT5F5KPg="></latexit>

quantum effective action �[h'̂i]
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quantum
fluctuations

QFT: In thermal equilibrium:

J. Schmiedmayer: Quantum Simulation 58

Equal-Time QFT

Standard formulation of QFT is with non-equal 
time correlators

Experiment: equal time correlations are much 
more accessible (extracted from the pictures)

Equal time formulation of QFT

State      is completely characterized by all
equal-time correlation functions

quantum dynamics leads to a hierarchy of 
coupled evolution equations

Ch. Wetterich Phys. Rev. E 56, 2687 (1997)
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<latexit sha1_base64="HL4TQ46wHQLDQyQHOwmbsI/R0no=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbyma7aZduNnF3Uiihv8OLB0W8+mO8+W/ctDlo64OBx3szuzMvSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd7nfnnBtRKwecZpwP6JDJULBKFrJF6SXUI2Cyj6SfqXq1tw5yCrxClKFAo1+5as3iFkacYVMUmO6npugn+UPMsln5V5qeELZmA5511JFI278bL70jJxbZUDCWNtSSObq74mMRsZMo8B2RhRHZtnLxf+8borhjZ8JlaTIFVt8FKaSYEzyBMhAaM5QTi2hTAu7K2EjqilDm1PZhuAtn7xKWpc1z615D1fV+m0RRwlO4QwuwINrqMM9NKAJDJ7gGV7hzZk4L86787FoXXOKmRP4A+fzB0NhkcE=</latexit><latexit sha1_base64="HL4TQ46wHQLDQyQHOwmbsI/R0no=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbyma7aZduNnF3Uiihv8OLB0W8+mO8+W/ctDlo64OBx3szuzMvSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd7nfnnBtRKwecZpwP6JDJULBKFrJF6SXUI2Cyj6SfqXq1tw5yCrxClKFAo1+5as3iFkacYVMUmO6npugn+UPMsln5V5qeELZmA5511JFI278bL70jJxbZUDCWNtSSObq74mMRsZMo8B2RhRHZtnLxf+8borhjZ8JlaTIFVt8FKaSYEzyBMhAaM5QTi2hTAu7K2EjqilDm1PZhuAtn7xKWpc1z615D1fV+m0RRwlO4QwuwINrqMM9NKAJDJ7gGV7hzZk4L86787FoXXOKmRP4A+fzB0NhkcE=</latexit><latexit sha1_base64="HL4TQ46wHQLDQyQHOwmbsI/R0no=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbyma7aZduNnF3Uiihv8OLB0W8+mO8+W/ctDlo64OBx3szuzMvSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd7nfnnBtRKwecZpwP6JDJULBKFrJF6SXUI2Cyj6SfqXq1tw5yCrxClKFAo1+5as3iFkacYVMUmO6npugn+UPMsln5V5qeELZmA5511JFI278bL70jJxbZUDCWNtSSObq74mMRsZMo8B2RhRHZtnLxf+8borhjZ8JlaTIFVt8FKaSYEzyBMhAaM5QTi2hTAu7K2EjqilDm1PZhuAtn7xKWpc1z615D1fV+m0RRwlO4QwuwINrqMM9NKAJDJ7gGV7hzZk4L86787FoXXOKmRP4A+fzB0NhkcE=</latexit><latexit sha1_base64="HL4TQ46wHQLDQyQHOwmbsI/R0no=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjBfkAbyma7aZduNnF3Uiihv8OLB0W8+mO8+W/ctDlo64OBx3szuzMvSKQw6Lrfztr6xubWdmmnvLu3f3BYOTpumTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7Gd7nfnnBtRKwecZpwP6JDJULBKFrJF6SXUI2Cyj6SfqXq1tw5yCrxClKFAo1+5as3iFkacYVMUmO6npugn+UPMsln5V5qeELZmA5511JFI278bL70jJxbZUDCWNtSSObq74mMRsZMo8B2RhRHZtnLxf+8borhjZ8JlaTIFVt8FKaSYEzyBMhAaM5QTi2hTAu7K2EjqilDm1PZhuAtn7xKWpc1z615D1fV+m0RRwlO4QwuwINrqMM9NKAJDJ7gGV7hzZk4L86787FoXXOKmRP4A+fzB0NhkcE=</latexit>

Vn = . . .
<latexit sha1_base64="82SLf9rCZE28gIfS4MCVThKVV5w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT4gDWUynbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzD3PvCVMpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5Lf7ityQ3iBB06/W3Lo7B1klXkFqUKDZr37ZHMtirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn688JWdWGZAo0fYpJHP1dyKnsTGTOLSTMcWRWfZm4n+en2F0HeRCpRlyxRYfRZkkmJDZ/WQgNGcoJ5ZQpoXdlbAR1ZShbaliS/CWT14l7Yu659a9h8ta47aoowwncArn4MEVNOAemtACBgk8wyu8Oei8OO/Ox2K05BSZY/gD5/MHUtuQng==</latexit><latexit sha1_base64="82SLf9rCZE28gIfS4MCVThKVV5w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT4gDWUynbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzD3PvCVMpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5Lf7ityQ3iBB06/W3Lo7B1klXkFqUKDZr37ZHMtirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn688JWdWGZAo0fYpJHP1dyKnsTGTOLSTMcWRWfZm4n+en2F0HeRCpRlyxRYfRZkkmJDZ/WQgNGcoJ5ZQpoXdlbAR1ZShbaliS/CWT14l7Yu659a9h8ta47aoowwncArn4MEVNOAemtACBgk8wyu8Oei8OO/Ox2K05BSZY/gD5/MHUtuQng==</latexit><latexit sha1_base64="82SLf9rCZE28gIfS4MCVThKVV5w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT4gDWUynbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzD3PvCVMpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5Lf7ityQ3iBB06/W3Lo7B1klXkFqUKDZr37ZHMtirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn688JWdWGZAo0fYpJHP1dyKnsTGTOLSTMcWRWfZm4n+en2F0HeRCpRlyxRYfRZkkmJDZ/WQgNGcoJ5ZQpoXdlbAR1ZShbaliS/CWT14l7Yu659a9h8ta47aoowwncArn4MEVNOAemtACBgk8wyu8Oei8OO/Ox2K05BSZY/gD5/MHUtuQng==</latexit><latexit sha1_base64="82SLf9rCZE28gIfS4MCVThKVV5w=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6EYounFZwT4gDWUynbRDJ5MwcyOU0M9w40IRt36NO//GaZuFth4YOJxzD3PvCVMpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+G7md564NiJRjzhJeRDToRKRYBSt5Lf7ityQ3iBB06/W3Lo7B1klXkFqUKDZr37ZHMtirpBJaozvuSkGOdUomOTTSi8zPKVsTIfct1TRmJsgn688JWdWGZAo0fYpJHP1dyKnsTGTOLSTMcWRWfZm4n+en2F0HeRCpRlyxRYfRZkkmJDZ/WQgNGcoJ5ZQpoXdlbAR1ZShbaliS/CWT14l7Yu659a9h8ta47aoowwncArn4MEVNOAemtACBgk8wyu8Oei8OO/Ox2K05BSZY/gD5/MHUtuQng==</latexit>
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Extracting the Coupling Constants

•The measured connected correlators 
contain contributions from the 
propagators (the ’legs‘)

•To extract the information about the  
coupling constants in the scattering 
vertices one has to ‚amputate‘ the 
correlators

• Best done in momentum representation.

• In our finite system we have a discrete 
momentum spectrum (the modes of the 
system)

•Transform the correlators to the space 
of the modes

transformed
2-point correlator

(1/propagator)

Gaussian

strongly
correlated

Zache et al. PRX 10, 011020 (2020)
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Extracting the Coupling Constants

•The measured connected correlators 
contain contributions from the 
propagators (the ’legs‘)

•To extract the information about the  
coupling constants in the scattering 
vertices one has to ‚amputate‘ the 
correlators

• Best done in momentum representation.

• In our finite system we have a discrete 
momentum spectrum (the modes of the 
system)

•Transform the correlators to the space 
of the modes

running coupling in SG model 
‘amputated‘ connected

4-point correlator (vertex)

Zache et al. PRX 10, 011020 (2020)
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What have we learned

• Ultra cold quantum gases are a good system to quantum simulate relativistic QuFT
• Cutting Quantum fields: Temperature given by the quantum noise created by 

cutting the vacuum state
• Light cone: emergence of the final state after a cut 
• ‘Slow cuts’ -> interesting quantum field states
• Sine Gordon QuFT: strongly correlated QuFT with 

- massive excitations 
- topological excitations

• Recurences in quantum fields 
-> long time quantum evolution

• Higher order correlations and the full distribution functions 
give insight in the quantum simulated QuFT

• Qu: how far can one push the QuSim.
when will they break down
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Homework

How much can we push these quantum simulators

First for flat space time, only then can we 
have some confidence in simulating general space 
times 

Density (relates to sound velocity) can be used to 
implement different space times, but these are 
imposed

Can we implement dynamical created 
space times?
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Atoms being loaded into 
a spiral on AtomChip

www.AtomChip.org 
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