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Numerical simulations of ultra-cold atom experiments: 
Applications to molecular polaritonics?

Ana Maria Rey (Boulder)
Collaborators - Theory & Experiment

“A generalized phase space approach for solving 
quantum spin dynamics”, arXiv:1905.08782

“Out-of-equilibrium quantum magnetism and 
thermalization in a spin-3 many-body dipolar 
lattice system”, Nat. Comm. 10, 1714 (2019)
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Semi-classical phase-space method: 
The generalized discrete truncated Wigner approximation

Overview: 
Ultra-cold atom physics and numerical simulations

of a phase hologram. This is in contrast to conventional optical lattice
experiments in which lattice potentials are created by superimposing
separate laser beams to create optical standing waves. The advantage
of thenewmethod is that the geometry of the lattice is directly givenby
the pattern on the mask. The imaged light pattern, and hence the
potential landscape, can be arbitrary within the limits set by the avail-
able imaging aperture and by polarization effects that can arise due to
the large aperture imaging beyond the paraxial limit. Here, we create
blue detuned square lattice potentials with a periodicity a5 640 nm
and an overall Gaussian envelope. Amajor additional advantage is the
fact that the lattice geometry is not dependent on the wavelength20,
apart from diffraction limits and chromatic aberrations in the lens for
large wavelength changes. This allows us to use spectrally wide ‘white’
light with a short coherence length to reduce unwanted disorder from
stray light interference.With a light source centred around 758 nm,we
generate a conservative lattice potential with a lattice depth of up to 35
Erec, where Erec5 h2/8ma2 is the recoil energy of the effective lattice
wavelength, with m the mass of 87Rb.

The projection method also enables us to dynamically change the
wavelength of the lattice light without changing the lattice geometry.
This is important, as we strongly increase the lattice depth for site-
resolved imaging in order to suppress diffusion of the atoms between
sites due to recoil heating by the imaging light13. For this, we switch
the light in the 2D lattice and the vertical standing wave to near-
resonant narrow band light, increasing the lattice depth to 5,500
Erec (to 380 mK). The main use of the microscope set-up is the col-
lection of fluorescence light and high-resolution imaging of the
atoms. With the atoms pinned to the deep lattice, we illuminate
the sample with red detuned near-resonant light in an optical
molasses configuration, which simultaneously provides sub-
Doppler cooling24,25. Figure 2 shows a typical image obtained by
loading the lattice with a very dilute cloud, showing the response
of individual atoms. The spot function of a single atom can be
directly obtained from such images. We measure a typical single
atom emission FWHM size as 570 nm and 630 nm along the x and
y direction, respectively, which is close to the theoretical minimum
value of,520 nm (Fig. 3). This minimum is given by the diffraction
limit from the objective combined with the finite size of the camera

pixels and the expected extent of the atom’s on-site probability dis-
tribution within the lattice site during the imaging process. As the
same high-resolution optics are used to generate both the lattice and
the image of the atoms on the CCD camera, the imaging system is
very stable with respect to the lattice, which is important for single-
site addressing26. The observed drifts in the 2D plane are very low, less
than 10% of the lattice spacing in one hour with shot to shot fluctua-
tions of less than 15% r.m.s.

Pair densities within multiply occupied lattice sites are very high
due to the strong confinement in the lattice. When resonantly illu-
minated, such pairs undergo light assisted collisions and leave the
trap within a time of the order of 100 ms, long before they emit
sufficient photons to be detected27. Therefore the remaining number

a

b

c

e

f
g

d CCD

y

z

Figure 1 | Diagram of the quantum gas microscope. The two-dimensional
atom sample (a) is located a few micrometres below the lower surface of a
hemispherical lens inside the vacuum chamber. This lens serves to increase
the numerical aperture (NA) of the objective lens outside the vacuum (b) by
the index of refraction, from NA5 0.55 to NA5 0.8. The atoms are
illuminated from the side by the molasses beams (c) and the scattered
fluorescence light is collected by the objective lens and projected onto a CCD
camera (d). A 2D optical lattice is generated by projecting a periodic mask
(e) onto the atoms through the same objective lens via a beam splitter
(f). The mask is a periodic phase hologram, and a beam stop (g) blocks the
residual zeroth order, leaving only the first orders to form a sinusoidal
potential.
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Figure 2 | Imaging single atoms. a, Field of viewwith sparse site occupation.
b, Response of a single atom, derived from sparse images: shown are
horizontal (filled circles) and vertical (open circles) profiles through the
centre of the image generated by a single atom. The black line shows the
expected Airy function for a perfect imaging system with a numerical
aperture of 0.8. The blue dashed line denotes the profile expected from a
single atom, taking into account only the finite width of the CCD pixels and
the finite extension of the probability distribution of the atom’s location.
The data are from the responses of 20 atoms in different locations within the
field of view which have been precisely superimposed by subpixel shifting
before averaging.

5 μm

640 nm

Figure 3 | Site-resolved imaging of single atoms on a 640-nm-period
optical lattice, loadedwith a high density Bose–Einstein condensate. Inset,
magnified view of the central section of the picture. The lattice structure and
the discrete atoms are clearly visible. Owing to light-assisted collisions and
molecule formation on multiply occupied sites during imaging, only empty
and singly occupied sites can be seen in the image.
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Erec, where Erec5 h2/8ma2 is the recoil energy of the effective lattice
wavelength, with m the mass of 87Rb.
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This is important, as we strongly increase the lattice depth for site-
resolved imaging in order to suppress diffusion of the atoms between
sites due to recoil heating by the imaging light13. For this, we switch
the light in the 2D lattice and the vertical standing wave to near-
resonant narrow band light, increasing the lattice depth to 5,500
Erec (to 380 mK). The main use of the microscope set-up is the col-
lection of fluorescence light and high-resolution imaging of the
atoms. With the atoms pinned to the deep lattice, we illuminate
the sample with red detuned near-resonant light in an optical
molasses configuration, which simultaneously provides sub-
Doppler cooling24,25. Figure 2 shows a typical image obtained by
loading the lattice with a very dilute cloud, showing the response
of individual atoms. The spot function of a single atom can be
directly obtained from such images. We measure a typical single
atom emission FWHM size as 570 nm and 630 nm along the x and
y direction, respectively, which is close to the theoretical minimum
value of,520 nm (Fig. 3). This minimum is given by the diffraction
limit from the objective combined with the finite size of the camera

pixels and the expected extent of the atom’s on-site probability dis-
tribution within the lattice site during the imaging process. As the
same high-resolution optics are used to generate both the lattice and
the image of the atoms on the CCD camera, the imaging system is
very stable with respect to the lattice, which is important for single-
site addressing26. The observed drifts in the 2D plane are very low, less
than 10% of the lattice spacing in one hour with shot to shot fluctua-
tions of less than 15% r.m.s.

Pair densities within multiply occupied lattice sites are very high
due to the strong confinement in the lattice. When resonantly illu-
minated, such pairs undergo light assisted collisions and leave the
trap within a time of the order of 100 ms, long before they emit
sufficient photons to be detected27. Therefore the remaining number
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Figure 1 | Diagram of the quantum gas microscope. The two-dimensional
atom sample (a) is located a few micrometres below the lower surface of a
hemispherical lens inside the vacuum chamber. This lens serves to increase
the numerical aperture (NA) of the objective lens outside the vacuum (b) by
the index of refraction, from NA5 0.55 to NA5 0.8. The atoms are
illuminated from the side by the molasses beams (c) and the scattered
fluorescence light is collected by the objective lens and projected onto a CCD
camera (d). A 2D optical lattice is generated by projecting a periodic mask
(e) onto the atoms through the same objective lens via a beam splitter
(f). The mask is a periodic phase hologram, and a beam stop (g) blocks the
residual zeroth order, leaving only the first orders to form a sinusoidal
potential.
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Figure 2 | Imaging single atoms. a, Field of viewwith sparse site occupation.
b, Response of a single atom, derived from sparse images: shown are
horizontal (filled circles) and vertical (open circles) profiles through the
centre of the image generated by a single atom. The black line shows the
expected Airy function for a perfect imaging system with a numerical
aperture of 0.8. The blue dashed line denotes the profile expected from a
single atom, taking into account only the finite width of the CCD pixels and
the finite extension of the probability distribution of the atom’s location.
The data are from the responses of 20 atoms in different locations within the
field of view which have been precisely superimposed by subpixel shifting
before averaging.
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Figure 3 | Site-resolved imaging of single atoms on a 640-nm-period
optical lattice, loadedwith a high density Bose–Einstein condensate. Inset,
magnified view of the central section of the picture. The lattice structure and
the discrete atoms are clearly visible. Owing to light-assisted collisions and
molecule formation on multiply occupied sites during imaging, only empty
and singly occupied sites can be seen in the image.
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Standing laser wave

e.g.: Bose-Hubbard model
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Experiments: Munich, Harvard/MIT, Zürich, Innsbruck, Glasgow, Paris, JILA, Innsbruck, Hamburg, Okazaki, Pisa, 
Florence, Oxford, Cambridge, Austin, Chicago, Penn State, Kyoto, Toronto, Stony Brook, Illinois, ...

Ultra-cold atoms in optical lattices

(First BEC in 1995)

(Optical lattices ~2002)

(“Quantum gas 
microscopes” ~2009)
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Idea: Emulating models for condensed matter?
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Polar molecules in optical lattices
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Long-range interactions in quantum simulators:
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Rydberg atoms
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was ⌦/(2⇡) = 170(20) kHz, yielding a blockade radius
of Rb = 4.9(1) µm. Following the initial preparation, we
suddenly switched on the excitation lasers and let the
system evolve for a variable duration t. After the excit-
ation pulse, we detected the Rydberg excitations by first
removing all atoms in the ground state with a resonant
laser pulse, then deexciting the Rydberg atoms to the
ground state via stimulated emission towards the inter-
mediate state (Fig. 1b and Methods) and finally record-
ing their position using high-resolution fluorescence ima-
ging [31]. The accuracy of the measurement was limited
by the probability of 75(10)% to detect a Rydberg atom
and by a background signal due to on average 0.2(1) non-
removed ground state atoms per picture (Supplement-
ary Information). The spatial resolution of our detection
technique is limited to about one lattice site by the resid-
ual motion of the atoms in the Rydberg state before deex-
citation (Supplementary Information). Repeating the ex-
periment many times allowed for sampling the different
spatial configurations of Rydberg atoms constituting the
many-body state and to measure their respective statist-
ical weight.

In Fig. 2a we show typical images of microscopic config-
urations with Ne = 2-5. In order to analyse the structure
of the many-body state, we group the individual images
according to their number of excitations and determine
the spatial distributions of the excitations, ⇢e(i) = h�̂(i)

ee i,
where h · i denotes the average from repeated measure-
ments. These distributions display a typical ring-shaped
profile (Fig. 5), which results from the blockade effect and
from the rotational symmetry of the system. Crystalline
structures become visible once each microscopic config-
uration has been centred and aligned to a fixed reference
axis (Fig. 2b and Methods).

For our smallest sample (R ⇡ 3.5 µm), we observe
strong correlations between Ne = 2 excitations that
are localized at a distance ⇠ 6 µm, due to the inter-
action blockade. In the same dataset, configurations
with Ne = 3 show an arrangement on an equilateral tri-
angle, revealing both strong radial and azimuthal or-
dering. These correlations persist for larger numbers
of Rydberg excitations, which we can prepare in lar-
ger samples (R ⇡ 5 µm). They form quadratic and
pentagonal configurations for Ne = 4 and Ne = 5, re-
spectively. However, since their interaction energy is lar-
ger, these states are populated only with low probability,
leading to a reduced signal-to-noise ratio. Our experi-
mental data is in good agreement with numerical sim-
ulations of the many-body dynamics according to the
Hamiltonian of Eq. (1), for the same atom numbers,
temperature and laser parameters as in the experiment
(Fig. 2c and Supplementary Information). These simula-
tions are based on a truncation of the underlying Hilbert
space, exploiting the dipole blockade, and neglect any
dissipative effects ([3] and Supplementary Information).
The spatial distributions of excitations provided by the
simulation reproduce all the features observed in the ex-
periment. The only apparent discrepancy is the overall

17
.6

 µ
m

a

0

20

40

60

80

0

2

4

6

8

0

1

2

3

4

0

0.5

1

1.5

b c

Ev
en

t p
ro

ba
bi

lit
y 

(1
0-3

)
Ev

en
t p

ro
ba

bi
lit

y 
(1

0-3
)

Ev
en

t p
ro

ba
bi

lit
y 

(1
0-3

)
Ev

en
t p

ro
ba

bi
lit

y 
(1

0-3
)

Figure 2. Mesoscopic crystalline components of the
many-body states. Spatial distribution of excitations for
the observed microscopic configurations sorted according to
their number of excitations Ne = 2-5 (top to bottom row). a,
Examples of false-colour fluorescence images in which deex-
cited Rydberg atoms are directly visible as dark-blue spots. b,
Histograms of the spatial distribution of Rydberg atoms ob-
tained after centring and aligning the individual microscopic
configurations to a reference axis (Methods). The initial atom
distribution had a diameter of 7.2(8) µm and 10.8(8) µm for
Ne = 2-3 and Ne = 4-5, respectively. c, Theoretical predic-
tion from numerical simulations of the excitation dynamics
governed by the many-body Hamiltonian of Eq. (1) for the
same conditions as in the experiment (Supplementary Inform-
ation).

slightly larger size of the measured structures, which can
be attributed to the spatial resolution of our detection
method, as discussed below.

For a more quantitative analysis of spatial correlations,
we also measured the pair correlation function (Fig. 3a)

g
(2)(r) =

P
i 6=j �r,rij h�̂

(i)
ee �̂

(j)
ee i

P
i 6=j �r,rij h�̂

(i)
ee ih�̂(j)

ee i
, (2)

which characterizes the occurrence of two excitations be-
ing separated by a distance r. Here �r,rij is the Kronecker
symbol that restricts the sum to sites (i, j) for which
rij = r. In contrast to the spatial distributions presented
above, the average is now taken over all values of Ne. The
pair correlation function g

(2)(r) shows a strong suppres-
sion at distances smaller than r = 4.8(2) µm, which coin-
cides with the expected blockade radius Rb = 4.9(1) µm.
Moreover, we find a clear peak at r = 5.6(2) µm and evid-
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Magnetic atoms
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dipole-dipole interaction  

The two relevant interactions in a Cr condensate 
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Quantum spin-models
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Spin-models with ultra-cold atoms

(Experiment: 2013 Boulder, Theory: 2006 Innsbruck)
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Numerical simulations on computers?

Ultra-cold atom experiments are: Well-isolated, controllable, and have low interaction energies

Non-equilibrium dynamics in quantum many-body models

Experimental access to non-equilibrium dynamics in many-body models!

Our interest:

Why?
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When do simulations on classical computers become impossible?

 …

1 N = 300

| i 2 H
⇠ 1082 gigabyte

Atoms in universe: ⇠ 1080

Fundamental question

| i+ | iWhen do we need a quantum computer?

dim (H) = 2N
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Hilbert space



Matrix product states
Most of the time a classical computer is just fine!

of a phase hologram. This is in contrast to conventional optical lattice
experiments in which lattice potentials are created by superimposing
separate laser beams to create optical standing waves. The advantage
of thenewmethod is that the geometry of the lattice is directly givenby
the pattern on the mask. The imaged light pattern, and hence the
potential landscape, can be arbitrary within the limits set by the avail-
able imaging aperture and by polarization effects that can arise due to
the large aperture imaging beyond the paraxial limit. Here, we create
blue detuned square lattice potentials with a periodicity a5 640 nm
and an overall Gaussian envelope. Amajor additional advantage is the
fact that the lattice geometry is not dependent on the wavelength20,
apart from diffraction limits and chromatic aberrations in the lens for
large wavelength changes. This allows us to use spectrally wide ‘white’
light with a short coherence length to reduce unwanted disorder from
stray light interference.With a light source centred around 758 nm,we
generate a conservative lattice potential with a lattice depth of up to 35
Erec, where Erec5 h2/8ma2 is the recoil energy of the effective lattice
wavelength, with m the mass of 87Rb.

The projection method also enables us to dynamically change the
wavelength of the lattice light without changing the lattice geometry.
This is important, as we strongly increase the lattice depth for site-
resolved imaging in order to suppress diffusion of the atoms between
sites due to recoil heating by the imaging light13. For this, we switch
the light in the 2D lattice and the vertical standing wave to near-
resonant narrow band light, increasing the lattice depth to 5,500
Erec (to 380 mK). The main use of the microscope set-up is the col-
lection of fluorescence light and high-resolution imaging of the
atoms. With the atoms pinned to the deep lattice, we illuminate
the sample with red detuned near-resonant light in an optical
molasses configuration, which simultaneously provides sub-
Doppler cooling24,25. Figure 2 shows a typical image obtained by
loading the lattice with a very dilute cloud, showing the response
of individual atoms. The spot function of a single atom can be
directly obtained from such images. We measure a typical single
atom emission FWHM size as 570 nm and 630 nm along the x and
y direction, respectively, which is close to the theoretical minimum
value of,520 nm (Fig. 3). This minimum is given by the diffraction
limit from the objective combined with the finite size of the camera

pixels and the expected extent of the atom’s on-site probability dis-
tribution within the lattice site during the imaging process. As the
same high-resolution optics are used to generate both the lattice and
the image of the atoms on the CCD camera, the imaging system is
very stable with respect to the lattice, which is important for single-
site addressing26. The observed drifts in the 2D plane are very low, less
than 10% of the lattice spacing in one hour with shot to shot fluctua-
tions of less than 15% r.m.s.

Pair densities within multiply occupied lattice sites are very high
due to the strong confinement in the lattice. When resonantly illu-
minated, such pairs undergo light assisted collisions and leave the
trap within a time of the order of 100 ms, long before they emit
sufficient photons to be detected27. Therefore the remaining number

a

b
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e

f
g

d CCD

y

z

Figure 1 | Diagram of the quantum gas microscope. The two-dimensional
atom sample (a) is located a few micrometres below the lower surface of a
hemispherical lens inside the vacuum chamber. This lens serves to increase
the numerical aperture (NA) of the objective lens outside the vacuum (b) by
the index of refraction, from NA5 0.55 to NA5 0.8. The atoms are
illuminated from the side by the molasses beams (c) and the scattered
fluorescence light is collected by the objective lens and projected onto a CCD
camera (d). A 2D optical lattice is generated by projecting a periodic mask
(e) onto the atoms through the same objective lens via a beam splitter
(f). The mask is a periodic phase hologram, and a beam stop (g) blocks the
residual zeroth order, leaving only the first orders to form a sinusoidal
potential.
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Figure 2 | Imaging single atoms. a, Field of viewwith sparse site occupation.
b, Response of a single atom, derived from sparse images: shown are
horizontal (filled circles) and vertical (open circles) profiles through the
centre of the image generated by a single atom. The black line shows the
expected Airy function for a perfect imaging system with a numerical
aperture of 0.8. The blue dashed line denotes the profile expected from a
single atom, taking into account only the finite width of the CCD pixels and
the finite extension of the probability distribution of the atom’s location.
The data are from the responses of 20 atoms in different locations within the
field of view which have been precisely superimposed by subpixel shifting
before averaging.

5 μm

640 nm

Figure 3 | Site-resolved imaging of single atoms on a 640-nm-period
optical lattice, loadedwith a high density Bose–Einstein condensate. Inset,
magnified view of the central section of the picture. The lattice structure and
the discrete atoms are clearly visible. Owing to light-assisted collisions and
molecule formation on multiply occupied sites during imaging, only empty
and singly occupied sites can be seen in the image.
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H “Normal” 
physics

Bipartite entanglement:

Entangled stateProduct state

Fundamental question: In the dynamics, how does entanglement build-up?

2N parameters, no entanglement 2ND2 parameters, some entanglement,  
exact if not much entanglement

 Matrix product state D ⇥D
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Problem: Higher dimensions?

Problem:

Higher dimensions?

These methods only work efficiently in 1D!

H MPS
S. R. White,, Phys. Rev. Lett. 69, 2863 (1992)
G. Vidal, Phys. Rev. Lett. 93, 040502 (2004)
S. R. White et al., Phys. Rev. Lett. 93, 076401 (2004)
A. J. Daley et al., J. Stat. Mech P04005 (2004)

Conceptually also higher 
dimensions are not problem:

In practice: Not very efficient.

MPS (more general “tensor network state”) methods have been extensively studied and used:

Algorithms: (t-)DMRG, TEBD, TDVP, …

Projected entangled pair states (PEPS)

Reviews:

F. Verstraete, J. I. Cirac, arXiv:cond-mat/0407066 (2004)
F. Verstraete, J. I. Cirac, V. Murg, Adv. Phys. 57,143 (2008)

U. Schollwöck, Ann. Phys. 326, 96 (2011)
R. Orús, Ann. Phys. 349, 117 (2014)

Important challenge!



Spin-Boson models

MPS simulations of Spin-Boson models for trapped ions:

,
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Cavity Vibrations

Similar to high-dimensional lattices

Tensor networks can be also useful for cavity coupled molecular materials?  
Important role of couplings to cavities and vibrations!

Tensor network simulation of non-Markovian dynamics in organic polaritons

Javier del Pino,1 Florian A. Y. N. Schröder,2 Alex W. Chin,3, 2 Johannes Feist,1, ⇤ and Francisco J. Garcia-Vidal1, 4, †

1Departamento de Física Teórica de la Materia Condensada and Condensed Matter Physics Center (IFIMAC),
Universidad Autónoma de Madrid, E-28049 Madrid, Spain

2Cavendish Laboratory, University of Cambridge,
J. J. Thomson Avenue, Cambridge, CB3 0HE, UK

3Institut des NanoSciences de Paris, Sorbonne Université,
4 place Jussieu, boîte courrier 840, 75252, PARIS Cedex 05

4Donostia International Physics Center (DIPC), E-20018 Donostia/San Sebastián, Spain

We calculate the exact many-body time dynamics of polaritonic states supported by an optical
cavity filled with organic molecules. Optical, vibrational and radiative processes are treated on an
equal footing employing the Time-Dependent Variational Matrix Product States algorithm. We
demonstrate signatures of non-Markovian vibronic dynamics and its fingerprints in the far-field
photon emission spectrum at arbitrary light-matter interaction scales, ranging from the weak to the
strong coupling regimes. We analyse both the single and many-molecule cases, showing the crucial
role played by the collective motion of molecular nuclei and dark states in determining the polariton
dynamics and the subsequent photon emission.

Organic polaritons, formed upon hybridization of op-
tical electromagnetic (EM) modes and Frenkel excitons
of organic molecules [1–5], exist as a threefold mixture of
photonic, electronic and phononic excitations. As a result,
modified nuclear effects in polaritons leads to tailored ma-
terial [6–8] and chemical [9–13] properties. In this regard,
experiments have underlined the impact of vibronic states
in the polariton time evolution, with examples in ther-
malization and cooling of room T condensates [14–16],
thresholds in organic lasers [17, 18] and lifetimes [19–21].
First studies on the impact of vibrations on organic po-
lariton dynamics relied on the Fermi’s golden rule within
a Markovian approach [22, 23], which neglects correla-
tions and interplay between electronic and vibrational
excitations. More recently, the influence of vibronic states
in the spectroscopic properties of these systems [24, 25]
has been analysed using the Holstein-Tavis-Cummings
model, in which the complex spectral density of the vi-
bronic modes in organic molecules is modelled by a single
phonon mode.

In this Letter we simulate the temporal dynamics of
the polaritons supported by an optical microcavity filled
with an ensemble of prototypical organic molecules (Rho-
damine 800), as sketched in Fig. 1a. This molecule shows
prominent features in vibrational spectroscopy, repre-
sented in Fig. 1b (more details in text), which are fully in-
corporated into our numerical formalism. In our approach,
radiative, vibronic and optical processes are treated on
an equal footing employing the Time-Dependent Varia-
tional Matrix Product States algorithm (TDVMPS), a
framework that has been shown to provide quasi-exact
solutions when treating the dynamics of open quantum
systems [26–30]. Our fundamental study reveals a vari-
ety of regimes for the time evolution of the population of
polaritons, which experiences vibration-assisted dynamics
that translates into distinct far-field emission fingerprints.
We observe clear signatures of non-Markovian behaviour
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FIG. 1. (a) Sketch of a molecular ensemble interacting with
a confined EM resonance (dashed region) and with the host
environment (grey circles). (b) Vibrational spectral density for
Rhodamine 800 molecule. (c) Scheme illustrating the mapping
of the vibrational modes yielding the multi-chain Hamiltonian
used in the simulations.

in the whole range of light-matter coupling, for both a
single molecule and a collection of them coupled to an
EM cavity mode and find that the full vibrational struc-
ture of the molecules has to be treated for a complete
understanding of the interplay between excitons, phonons,
and photons.

Our model includes a collection of N identical molecules,
containing a single exciton with frequency !e and ladder
operators �̂(i)

± (i = (1, · · · , N)), placed within the volume
of a resonant EM mode (frequency !O = !e = 2.5 eV),
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J. Feist, and F. J. Garcia-Vidal

Phys. Rev. Lett. 121, 227401 (2019),  
Phys. Rev. B 98, 165416 (2018)

For molecular polaritonics:

… systems (S) still have to be considered low-
dimensional (few excitations or 1D)

M. L. Wall, A. Safavi-Naini, A. M. Rey
Phys. Rev. A 94, 053637 (2016)

R D. Porras, J. I. Cirac, PRL 92, 207901 (2004)!
R. Islam et al, Science, 340, 583 (2013)!
JW Britton et al. Nature 484, 489 (2012)  
P. Jurcevic et al., arXiv:1401.5387

Long-range interactions in quantum simulators:

Trapped ions Polar Molecules

Rydberg atoms

A. Micheli et al., Nature Phys. 2, 341 (2006)!
B. Yan et al., Nature 501, 521(2013)

|�i |↵iEdc Ez
1 (t)

• Novel quantum phases!
• Novel state preparation methods!
• Out of equilibrium dynamics:  
           Quenches?!

cf. Talks by T. Pohl, A. Gorshkov!
Expts: Stuttgart, Wisconsin, Orsay, Munich,Pisa…

TEMPO: A. Strathearn, P. Kirton, D. Kilda, J. Keeling, B. W. Lovett, Nat. Comm. 9, 3322 (2018)
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Semi-classical phase-space method: 
The generalized discrete truncated Wigner approximation

Overview: 
Ultra-cold atom physics and numerical simulations

of a phase hologram. This is in contrast to conventional optical lattice
experiments in which lattice potentials are created by superimposing
separate laser beams to create optical standing waves. The advantage
of thenewmethod is that the geometry of the lattice is directly givenby
the pattern on the mask. The imaged light pattern, and hence the
potential landscape, can be arbitrary within the limits set by the avail-
able imaging aperture and by polarization effects that can arise due to
the large aperture imaging beyond the paraxial limit. Here, we create
blue detuned square lattice potentials with a periodicity a5 640 nm
and an overall Gaussian envelope. Amajor additional advantage is the
fact that the lattice geometry is not dependent on the wavelength20,
apart from diffraction limits and chromatic aberrations in the lens for
large wavelength changes. This allows us to use spectrally wide ‘white’
light with a short coherence length to reduce unwanted disorder from
stray light interference.With a light source centred around 758 nm,we
generate a conservative lattice potential with a lattice depth of up to 35
Erec, where Erec5 h2/8ma2 is the recoil energy of the effective lattice
wavelength, with m the mass of 87Rb.

The projection method also enables us to dynamically change the
wavelength of the lattice light without changing the lattice geometry.
This is important, as we strongly increase the lattice depth for site-
resolved imaging in order to suppress diffusion of the atoms between
sites due to recoil heating by the imaging light13. For this, we switch
the light in the 2D lattice and the vertical standing wave to near-
resonant narrow band light, increasing the lattice depth to 5,500
Erec (to 380 mK). The main use of the microscope set-up is the col-
lection of fluorescence light and high-resolution imaging of the
atoms. With the atoms pinned to the deep lattice, we illuminate
the sample with red detuned near-resonant light in an optical
molasses configuration, which simultaneously provides sub-
Doppler cooling24,25. Figure 2 shows a typical image obtained by
loading the lattice with a very dilute cloud, showing the response
of individual atoms. The spot function of a single atom can be
directly obtained from such images. We measure a typical single
atom emission FWHM size as 570 nm and 630 nm along the x and
y direction, respectively, which is close to the theoretical minimum
value of,520 nm (Fig. 3). This minimum is given by the diffraction
limit from the objective combined with the finite size of the camera

pixels and the expected extent of the atom’s on-site probability dis-
tribution within the lattice site during the imaging process. As the
same high-resolution optics are used to generate both the lattice and
the image of the atoms on the CCD camera, the imaging system is
very stable with respect to the lattice, which is important for single-
site addressing26. The observed drifts in the 2D plane are very low, less
than 10% of the lattice spacing in one hour with shot to shot fluctua-
tions of less than 15% r.m.s.

Pair densities within multiply occupied lattice sites are very high
due to the strong confinement in the lattice. When resonantly illu-
minated, such pairs undergo light assisted collisions and leave the
trap within a time of the order of 100 ms, long before they emit
sufficient photons to be detected27. Therefore the remaining number

a

b

c

e

f
g

d CCD

y

z

Figure 1 | Diagram of the quantum gas microscope. The two-dimensional
atom sample (a) is located a few micrometres below the lower surface of a
hemispherical lens inside the vacuum chamber. This lens serves to increase
the numerical aperture (NA) of the objective lens outside the vacuum (b) by
the index of refraction, from NA5 0.55 to NA5 0.8. The atoms are
illuminated from the side by the molasses beams (c) and the scattered
fluorescence light is collected by the objective lens and projected onto a CCD
camera (d). A 2D optical lattice is generated by projecting a periodic mask
(e) onto the atoms through the same objective lens via a beam splitter
(f). The mask is a periodic phase hologram, and a beam stop (g) blocks the
residual zeroth order, leaving only the first orders to form a sinusoidal
potential.
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Figure 2 | Imaging single atoms. a, Field of viewwith sparse site occupation.
b, Response of a single atom, derived from sparse images: shown are
horizontal (filled circles) and vertical (open circles) profiles through the
centre of the image generated by a single atom. The black line shows the
expected Airy function for a perfect imaging system with a numerical
aperture of 0.8. The blue dashed line denotes the profile expected from a
single atom, taking into account only the finite width of the CCD pixels and
the finite extension of the probability distribution of the atom’s location.
The data are from the responses of 20 atoms in different locations within the
field of view which have been precisely superimposed by subpixel shifting
before averaging.

5 μm

640 nm

Figure 3 | Site-resolved imaging of single atoms on a 640-nm-period
optical lattice, loadedwith a high density Bose–Einstein condensate. Inset,
magnified view of the central section of the picture. The lattice structure and
the discrete atoms are clearly visible. Owing to light-assisted collisions and
molecule formation on multiply occupied sites during imaging, only empty
and singly occupied sites can be seen in the image.
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The truncated Wigner approximation (TWA)

Hilbert space Phase space,

P. B. Blakie et al., Adv. Phys., 57, 363 (2008)

Exact dynamics in phase space is also complicated … but TWA approximation:

p p

x

t = 0

t > 0

x

classicalW (x0, p0)

p

average

x

R. Graham, Springer Tracts in Modern Physics, 66,  (1973) 

Density matrix Wigner function⇢̂ W (x, p)

A. Polkovnikov, Ann. Phys., 325, 1790 (2010)

A semi-classical phase-space method:

Classical dynamics, but quantum fluctuations of initial state are included.



Phase-space of a two-level system?

Hilbert space Phase space,
Phase-space of a two-level system?

x
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For S ≫ 1/2 the Wigner function can be approximated by a Gaussian

X

Y

ZExample:

Collective state of many spin-1/2s pointing along “x”

Wigner function?

⇢̂ =
1

2
(1 + r · �̂)

<latexit sha1_base64="xaFGx76pDDSoEhf1PZSyAnAmbPI="></latexit>

r = (x, y, z)
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Spin S = 1/2 Hilbert space

,
3D spin-components 

as phase space

Review: A. Polkovnikov, Ann. Phys., 325, 1790 (2010)

W (X,Y, Z) / �(X � S)e�(Y 2+Z2)/S
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Our proposal: Do not use a Gaussian, but a discrete sampling!

Sample quantum noise of each spin-1/2 individually!

Uniform discrete sampling from                             reproduces exact quantum uncertainty            yj , zj 2 {�1, 1}

The true quantum noise is discrete!
50%50%

 Wi(xi, yi, zi)

Discrete truncated Wigner approximation (DTWA)

JS, A. Pikovski, and Ana Maria Rey, Phys. Rev. X 5, 011022 (2015)

Sampling from a discrete distribution

Which Wigner function for a single spin? (Gaussian not so good)



Benchmark: Ising couplings

DTWA is exact for Ising couplings!

Initial state: 1D, N = 100

Gaussian TWA
DTWA
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1 2 3 4−1

−0.5

0

0.5

1
↵ = 0

tJ̄ tJ̄
1 2 3 4

0

0.2

0.4

0.6

0.8

1
↵ = 3

| 0i =
NY

j

|!ij
<latexit sha1_base64="sR/yWFcc1xUh4wlKS8ZJbnKd6yw=">AAACKXicbVDLSgNBEJyNrxhfqx69DAbBg4TdKJiLEPDiSSKYB2TjMjuZJJPM7iwzvUpY8hP+hj/gVf/Am3oV/A4nj4MmFjQUVd10dwWx4Boc58PKLC2vrK5l13Mbm1vbO/buXk3LRFFWpVJI1QiIZoJHrAocBGvEipEwEKweDC7Hfv2eKc1ldAvDmLVC0o14h1MCRvLtE2/AIPVizX1nhC+wFyvZ9vt313hqKN7tAVFKPoz8vm/nnYIzAV4k7ozk0QwV3/722pImIYuACqJ103ViaKVEAaeCjXJeollM6IB0WdPQiIRMt9LJVyN8ZJQ27khlKgI8UX9PpCTUehgGpjMk0NPz3lj81wsUMb/NbYdOqZXyKE6ARXS6vJMIDBKPY8NtrhgFMTSEUMXN/Zj2iCIUTLg5E4w7H8MiqRUL7mmheHOWL5dmEWXRATpEx8hF56iMrlAFVRFFj+gZvaBX68l6s96tz2lrxprN7KM/sL5+AHljp70=</latexit>
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JS, A. Pikovski, and Ana Maria Rey, Phys. Rev. X 5, 011022 (2015)

(…  for this observable, analytical proof)

1

N

X

j

h�̂x
j i
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10 000 spins no problem!

Benchmark: XY couplings

JS, A. Pikovski, and Ana Maria Rey,  
New J. Phys. 17, 065009 (2015)

Computationally, the DTWA is cheap:
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1D, N = 100



Successful applications of the DTWA (examples)

DTWA modeling of Rydberg experiment in Heidelberg:

A. Piñeiro Orioli, et al. Phys. Rev. Lett. 120, 063601 (2018)
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FIG. 3. Comparison between experiment and theoretical
methods. (a) Magnetization for N = 178 spins measured
experimentally (blue points) and computed by MACE (black
solid lines), MF (green dash-dotted lines) or TWA (red dashed
lines). (b) Deviation from the experiment for the three nu-
merical predictions (MACE: black diamonds, MF: green stars,
TWA: red squares), expressed by the reduced �2, as a func-
tion of the number of spins N . Complete agreement with
the data would correspond to �2 = 1. Any discrepancies be-
tween MACE and TWA are too small to be resolved within
the experimental precision.

tion is performed for the same spin configurations and
couplings as for the MACE simulations.

Fig.3a shows the MF predictions of the magnetization
(green dashed line) compared to the experimental data
(blue points) and MACE simulations (black solid line)
for an intermediate density corresponding to N = 178.
In the MF approximation the damping comes about as a
consequence of the presence of disorder: due to their ran-
dom position in the atomic cloud, the spins experience
di↵erent mean fields and precess at various frequencies,
resulting in a density-dependent dephasing. However the
damping is distinctly underestimated in comparison to
the experimental data and MACE. This demonstrates
that MF does not capture all the essential processes be-
hind the dynamics and that quantum fluctuations cannot
be fully neglected.

A further approach consists in taking into account the
primordial quantum fluctuations while still using classi-
cal equations to evolve the system to later times. This is
also known as the (discrete) Truncated Wigner Approx-
imation (TWA) [45–48], where the quantum initial state
is modelled by an ensemble of initial spins with ±1/2 in
the directions transversal to the mean hS↵

i (t0)i that re-
produces the quantum fluctuations at t = t0 [48]. Each
member of the ensemble is then evolved using the same
classical equations of motion as in MF.

The total magnetization computed with TWA (dotted

red line in Fig.3a for N = 178) shows very close agree-
ment with MACE. We emphasize that no additional free
parameters are needed in the comparison. To quantify
the agreement of these methods with the experiment we
compute the reduced-�2 (Fig.3b) for each density. While
MF is clearly inconsistent with the observations, TWA
and MACE similarly reproduce the data over the ex-
plored density range within the precision of the measure-
ments (with reduced �

2 values close to unity). This com-
parison sheds light onto the role of the quantum fluctua-
tions in the dynamics. While neglecting all fluctuations
(MF approximation) greatly underestimates the decay of
the magnetization, remarkably, the inclusion of just the
initial quantum fluctuations of the spins via TWA man-
ages to capture the essential quantitative features of the
relaxation dynamics. Since the TWA evolves the quan-
tum initial conditions using purely classical dynamics,
the similar success obtained with both TWA and MACE
indicates that the dynamical fluctuations do not play an
important role for the measured observable in this real-
ization, revealing an intriguing manifestation of the in-
trinsic quantum fluctuations associated with the spin-1/2
system.

Conclusions and outlook We have experimentally and
theoretically investigated many-body dynamics of spin
systems governed by the dipolar XY model using strongly
interacting Rydberg atoms. Comparing the measure-
ments with simulations based on di↵erent theoretical as-
sumptions reveals the role of disorder and the importance
of the initial quantum fluctuations of the spin on the
relaxation of the spin system. While mean field mod-
els often perform well for describing the general prop-
erties of systems with long-range interactions [49], here
we have shown for three-dimensions and 1/r3 interac-
tions that quantum corrections play a crucial role on the
non-equilibrium dynamics. The study can be generalized
to other observables and initial conditions. For example,
calculations show that higher-order moments of the spins
are sensitive to the quantum nature of the dynamical
laws in addition to the quantum fluctuations in the ini-
tial state. These can also be accessed in our experiment
(e.g., by full counting statistics [50, 51]), thus, dipolar
interacting Rydberg spin systems are ideally suited to
studying the nature of correlations that emerge as a con-
sequence of many-body quantum dynamics.

We acknowledge valuable discussions with Ignacio
Aliaga Sirvent, Titus Franz, Martin Gärttner, Thomas
Gasenzer, Vladislav Gavryusev, Stephan Helmrich,
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Schachenmayer. This work is part of and supported
by the DFG Collaborative Research Centre ”SFB 1225
(ISOQUANT)” and by the Heidelberg Center for Quan-
tum Dynamics, the European Union H2020 FET Proac-
tive project RySQ (grant N. 640378) and the Deutsche
Forschungsgemeinschaft under WH141/1-1.

green: mean-field, red: DTWA

New theory insight into thermalization dynamics of spin-models with the DTWA:

O. L. Acevedo, A. Safavi-Naini, JS, M. L. Wall, R. Nandkishore,  
and A. M. Rey, Phys. Rev. A 96, 033604 (2017)

Relaxation of an isolated dipolar-interacting Rydberg quantum spin system
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(Dated: March 20, 2017)

How do isolated quantum systems approach an equilibrium state? We experimentally and theo-
retically address this question for a prototypical spin system formed by ultracold atoms prepared in
two Rydberg states with di↵erent orbital angular momenta. By coupling these states with a reso-
nant microwave driving we realize a dipolar XY spin-1/2 model in an external field. Starting from
a spin-polarized state we suddenly switch on the external field and monitor the subsequent many-
body dynamics. Our key observation is density dependent relaxation of the total magnetization
much faster than typical decoherence rates. To determine the processes governing this relaxation
we compare with di↵erent theoretical approaches which treat quantum e↵ects on initial conditions
and dynamical laws separately. This allows us to identify an intrinsically quantum component to
the relaxation attributed to primordial quantum fluctuations.

Introduction. A many-body quantum system initially
prepared in an out-of-equilibrium state can produce
beautifully complex dynamics as a consequence of strong
interparticle interactions. Usually, these same interac-
tions also imply coupling to uncontrolled environmental
degrees of freedom, causing rapid relaxation of the system
towards an equilibrium state [1]. Remarkably though, re-
laxation is not unique to open quantum systems. Even
when e↵ectively isolated from any external environment
an e↵ective loss of details about initial conditions can
occur for relevant observables of the unitary quantum
many-body dynamics [2–4]. The mechanisms by which
this occurs are di�cult to disentangle, but their identi-
fication could have important implications for quantum
technologies aiming to exploit many-body coherences and
may motivate more e�cient theoretical approaches for
tackling many-body quantum dynamics.

Ultracold atoms, ions and molecules o↵er unique plat-
forms for addressing such questions due to their high de-
gree of isolation from their environments and the pos-
sibility to realize prototypical models such as quantum
spin models [5–7]. They are also particularly suited
to studying non-equilibrium dynamics such as collective
spin dynamics [8–12], spin squeezing [13–17], propaga-
tion of correlations [18–22] and relaxation or localiza-
tion e↵ects [23–28]. While the vast majority of these
experiments have involved either low-dimensional ge-
ometries or contact interactions, spin models can also
be realized in three dimensions with dipolar interac-
tions (scaling with interparticle distance as r

�3) by us-
ing magnetic atoms [29, 30], polar molecules [31, 32] or
highly excited Rydberg states of atoms [33]. This pro-
vides an interesting border case between long- and short-
range physics and can dramatically influence the result-
ing phase structure [34], stability properties [35–37] and

FIG. 1. Sketch of a dipolar-interacting Rydberg spin system.
(a) In an ultracold atomic gas Rydberg excitations are opti-
cally prepared in the initial state |#i. Then a microwave field
is turned on which resonantly couples the |#i and |"i states.
(b) This drives coherent spin oscillations of each atom in the
ensemble as seen in the Bloch sphere representation of a sin-
gle embedded spin, based on the numerical solution of the 8
spin Schrödinger equation. (c) Strong dipolar exchange inter-
actions between the spins Jij compete with the driving field
leading to relaxation of the spin oscillations.

dynamics [38, 39].
In this Letter we experimentally and theoretically in-

vestigate the non-equilibrium quantum dynamics of an
e↵ectively isolated many-body spin system as it ap-
proaches an equilibrium state. We consider a three-
dimensional ensemble of ultracold Rydberg atoms driven
by an external microwave field (Fig.1a). Because of their
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Weidemüller/Whitlock

S. Czischek, M. Gärttner, M. Oberthaler, M. Kastner, T. Gasenzer,   
Quantum Science and Technology 4, 014006 (2018) 

L. Pucci, A. Roy, and Michael Kastner,  
Phys. Rev. B 93, 174302 (2016) 

3

Up to this moment, no approximation has been made: if
both wµ (0) and Oµ (t) are known for every phase-space
point, then the previous formula gives the exact quan-
tum solution. The total number of phase-points µ can
become very large, so that a first practical approxima-
tion should be done. Any time the Wigner function can
be seen as a (positive) probability distribution on phase-
space, Eq. (5) can be computed via a Monte-Carlo sam-
pling over a number of phase-space points large enough
to obtain an accurate estimate. The initial state in con-
sideration fulfills this positive probability condition.

To compute the Weyl symbols Oµ (t) e�ciently, a more
important approximation is required. There is a hierar-
chy of equations that determine the time evolution of
these symbols [35], which can be truncated up to the
number of spins in the operators that are considered
independent. To first order, i.e. if only single particle
operators are considered independent, the equations for
Oµ (t) can be approximated to obey the classical mean
field equations,

dri,↵
dt

= 2Jri,↵ ⇥ [(ri+1,µ + ri�1,µ) + hiez] , (6)

where ri,µ ⌘ {S
↵
i } =

�
(�̂↵

i )W
 

is the Bloch vector of
the i-th spin. The index µ accounts for the specific
phase-space point, which in turn defines the initial value
of ri,µ. Equation (6) is equivalent to assume that all

higher order Weyl symbols like S↵,�
i,j =

⇣
�̂↵
i �̂

�
j

⌘

W
are ap-

proximated as products of single particle Weyl symbols,
i.e., S↵,�

i,j ⇡ S
↵
i S

�
j for i 6= j. This approximation should

be exact at least at short times for initially uncorrelated
spin states as the Néel state in consideration. Thus,
the DTWA can be described as a semi-classical method
where the time evolution is approximated by classical
trajectories whose initial conditions are sampled accord-
ing to the exact initial Wigner function.

It should be noticed that there is a crucial di↵erence
between simple mean field solutions and DTWA. In a
simple mean field approach, the vectors ri,µ in Eq. (6)
represent expectation values and not Weyl symbols, and
so the set of initial conditions used in Eq. (6) is very
di↵erent. For the case considered here wherein we start
from a Néel state, a simple mean field approach would
predict no dynamics at all. Also, the mean field approach
predicts zero correlations between single site observables
at any time. Instead, DTWA does develop such correla-
tions in time, further extending its applicability to cap-
ture the exact quantum evolution.

IV. RESULTS

In the literature, a commonly used dynamical witness
of the MBL phase is the growth of the half chain en-
tanglement entropy S1

�
⇢̂N/2(t)

�
[32, 45]. However, this

quantity is hard to measure experimentally. It is also

FIG. 1. Disorder average of scaled imbalance I/N (initial
state order parameter) for system size N = 30. In the ex-
act results, MBL is manifested when the initial order is par-
tially preserved in the long term as an asymptotic non-zero
value. Instead, in the ergodic phase it decays to zero. The
cross-over is around h ⇡ 3. The semi-classical DTWA results
approximately overlap the exact ones at intermediate times,
with better agreement for both extremes of disorder strengths.
Exact solutions were obtained either by exact diagonalization
(bottom), or time-dependent Density Matrix Renormalization
Group (t-DMRG) method (top). The bond dimension for the
t-DMRG solution was adaptively chosen so that the trunca-
tion error never exceeded a tolerance of 10�9.

computationally di�cult to estimate within the DTWA.
Instead, there are other indicators of localization that
are more accessible both to experiments and to the
DTWA. One of them is the loss of any initial local
structure of the system in the ergodic phase. In the
localized phase, on the contrary, there is an extensive
set of Local Integrals of Motion (LIOM) that are able to
partially preserve the initial order. For instance, in the
very large disorder limit, the Pauli operators �̂z

i become
a well defined set of LIOM, and any eigenstate of these
operators will remain frozen. Therefore, the initial
imbalance I(t) remains constant for very large disorder
strengths. On the other hand, in the thermal phase, any
initial imbalance is expected to decay to zero during the
dynamics. At weaker disorder strengths, but still in the
localized phase, the LIOM become less local, so that
the initial imbalance is no longer a conserved quantity,
and cannot stay at its initial value; however, it is still
partially conserved and should saturate to a non-zero
value in the long term [42, 46]. Figure 1 shows this
tendency in the exact solutions. We observe a change
of behavior around h ⇡ 3, which is in close agreement
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Chromium atoms trapped in (anisotropic) 3D optical lattice:
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FIG. 1: Sketch of the experiment. We consider an assembly of S = 3 Cr atoms in an optical lattice prepared in a Mott-insulating
state. Dynamics is driven by dipole-dipole interactions which feature both Ising (Ŝz

i Ŝ
z
j ) and exchange (Ŝ+

i Ŝ�
j + h.c) terms. A

first ⇡ pulse is used to promote all atoms to the most excited spin state. Dipolar relaxation empties doubly occupied sites.
Once this is achieved, a second pulse collectively rotates all spins by an angle ✓ from the B field which sets the quantization
direction. We then study spin dynamics due to intersite dipole-dipole interactions by registering the relative population of the
di↵erent Zeeman states.

lar relaxation [15] to filter out all doubly-occupied sites
within the n = 2 Mott core after the application of a ⇡

rf-pulse that promotes the atoms to the most energetic
spin state mS = 3. The filtering protocol takes about 7
ms (Methods). To drive the spin dynamics we then apply
a second rf pulse. This rotates the coherent spin state,
such that it forms an angle ✓ with respect to the magnetic
field which sets the quantization axis (see Fig. 1). This
prepares a tilted spin coherent state. The spin dynamics
is studied by monitoring the time evolution of the pop-
ulation of the di↵erent Zeeman states, using absorption
imaging after a Stern Gerlach separation procedure [25].

A unit filled array of frozen magnetic dipoles in a lat-
tice interact via dipolar exchange interactions. In the
presence of a large magnetic B field only those processes
that conserve the total magnetization are energetically
allowed and the dynamics is described by the following
secular Hamiltonian[15]:

Ĥ =
X

i>j

Vij


Ŝ

z
i Ŝ

z
j �

1

2

⇣
Ŝ

x
i Ŝ

x
j + Ŝ

y
i Ŝ

y
j

⌘�
(1)

It corresponds to a XXZ Heisenberg model with dipolar

couplings Vi,j ⌘
µ0(gµB)2

4⇡

✓
1�3 cos2 �(i,j)

r3
(i,j)

◆
. Here µ0 is the

magnetic permeability of vacuum, g ' 2 is the Landé
factor, and µB the Bohr magneton. The sum runs over
all pairs of particles (i,j). r(i,j) is the distance between

atoms, and �(i,j) the angle between their inter-atomic
axis and the external magnetic field. The Hamiltonian
is given in terms of spin-3 angular momentum operators,
Ŝi = {Ŝ

x
i , Ŝ

y
i , Ŝ

z
i } , associated to atom i.

A first important feature of the dynamical evolution
after tilting the spins is that redistribution of popu-
lations can happen for large spins ( S > 1/2), even
though both the total particle number N and the col-
lective magnetization M = hŜ

z
i are conserved quantities

(with Ŝ
x,y,z =

PN
j=1 Ŝ

x,y,z
i ). The magnetic dipolar inter-

action energy between S = 3 spins is 36 times larger than
the one for S = 1/2 alkali atoms, allowing us to probe
such population dynamics at milliseconds time scales, as
seen in Fig 2.

We will first introduce the expected basic dynamical
features according to time-dependent perturbation the-
ory. We will focus on the main di↵erences when assuming
a classical behavior, or when taking into account quan-
tum correlations.

The simplest possible picture for the population dy-
namics relies on a mean field treatment( i.e. neglect-
ing quantum correlations), where each atom undergoes
Larmor precession around an e↵ective dipolar field cre-
ated by all the other spins, Ĥ

MF =
P

i B
e↵
i · Ŝi, with

B
e↵
i = �

P
j

Vij

2 {hŜ
x
j i, hŜ

y
j i, �2hŜ

z
j i}. The leading or-

der contribution to the mean field population dynamics
can be obtained by performing a time-dependent pertur-

Magnetic dipole-dipole couplings

t = 0
Measure Zeeman  
state populations
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Time evolution after initial tilt
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The two relevant interactions in a Cr condensate 
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TWA for the Paris Chromium experiment?
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Spin S = 1/2 Hilbert space

,
3D spin-components 

as phase space

Now we have

occupied sites close to unit filling by performing first a filtering protocol. It relies on dipolar

relaxation 15 to filter out all doubly-occupied sites within the n = 2 Mott core after the application

of a ⇡ rf-pulse that promotes the atoms to the most energetic spin state mS = 3. The filtering

protocol takes about 7 ms (Methods). To drive the spin dynamics we then apply a second rf pulse.

This rotates the coherent spin state, such that it forms an angle ✓ with respect to the magnetic field

which sets the quantization axis (see Fig. 1). This prepares a tilted spin coherent state. The spin

dynamics is studied by monitoring the time evolution of the population of the different Zeeman

states, using absorption imaging after a Stern Gerlach separation procedure 25.

A unit filled array of frozen magnetic dipoles in a lattice interact via dipolar exchange inter-

actions. In the presence of a large magnetic B field only those processes that conserve the total

magnetization are energetically allowed and the dynamics is described by the following secular

Hamiltonian15:

Ĥ =
X

i>j

Vij


Ŝ
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Here µ0 is the magnetic permeability of vacuum, g ' 2 is the Landé factor, and µB the Bohr

magneton. The sum runs over all pairs of particles (i,j). r(i,j) is the distance between atoms, and

�(i,j) the angle between their inter-atomic axis and the external magnetic field. The Hamiltonian is

given in terms of spin-3 angular momentum operators, Ŝi = {Ŝ
x
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y
i , Ŝ

z
i } , associated to atom i.

A first important feature of the dynamical evolution after tilting the spins is that redistribution

of populations can happen for large spins ( S > 1/2), even though both the total particle number N

4
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FIG. 1: Sketch of the experiment. We consider an assembly of S = 3 Cr atoms in an optical lattice prepared in a Mott-insulating
state. Dynamics is driven by dipole-dipole interactions which feature both Ising (Ŝz

i Ŝ
z
j ) and exchange (Ŝ+

i Ŝ�
j + h.c) terms. A

first ⇡ pulse is used to promote all atoms to the most excited spin state. Dipolar relaxation empties doubly occupied sites.
Once this is achieved, a second pulse collectively rotates all spins by an angle ✓ from the B field which sets the quantization
direction. We then study spin dynamics due to intersite dipole-dipole interactions by registering the relative population of the
di↵erent Zeeman states.

lar relaxation [15] to filter out all doubly-occupied sites
within the n = 2 Mott core after the application of a ⇡

rf-pulse that promotes the atoms to the most energetic
spin state mS = 3. The filtering protocol takes about 7
ms (Methods). To drive the spin dynamics we then apply
a second rf pulse. This rotates the coherent spin state,
such that it forms an angle ✓ with respect to the magnetic
field which sets the quantization axis (see Fig. 1). This
prepares a tilted spin coherent state. The spin dynamics
is studied by monitoring the time evolution of the pop-
ulation of the di↵erent Zeeman states, using absorption
imaging after a Stern Gerlach separation procedure [25].

A unit filled array of frozen magnetic dipoles in a lat-
tice interact via dipolar exchange interactions. In the
presence of a large magnetic B field only those processes
that conserve the total magnetization are energetically
allowed and the dynamics is described by the following
secular Hamiltonian[15]:

Ĥ =
X

i>j

Vij
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It corresponds to a XXZ Heisenberg model with dipolar

couplings Vi,j ⌘
µ0(gµB)2
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1�3 cos2 �(i,j)

r3
(i,j)

◆
. Here µ0 is the

magnetic permeability of vacuum, g ' 2 is the Landé
factor, and µB the Bohr magneton. The sum runs over
all pairs of particles (i,j). r(i,j) is the distance between

atoms, and �(i,j) the angle between their inter-atomic
axis and the external magnetic field. The Hamiltonian
is given in terms of spin-3 angular momentum operators,
Ŝi = {Ŝ

x
i , Ŝ

y
i , Ŝ

z
i } , associated to atom i.

A first important feature of the dynamical evolution
after tilting the spins is that redistribution of popu-
lations can happen for large spins ( S > 1/2), even
though both the total particle number N and the col-
lective magnetization M = hŜ

z
i are conserved quantities

(with Ŝ
x,y,z =

PN
j=1 Ŝ

x,y,z
i ). The magnetic dipolar inter-

action energy between S = 3 spins is 36 times larger than
the one for S = 1/2 alkali atoms, allowing us to probe
such population dynamics at milliseconds time scales, as
seen in Fig 2.

We will first introduce the expected basic dynamical
features according to time-dependent perturbation the-
ory. We will focus on the main di↵erences when assuming
a classical behavior, or when taking into account quan-
tum correlations.

The simplest possible picture for the population dy-
namics relies on a mean field treatment( i.e. neglect-
ing quantum correlations), where each atom undergoes
Larmor precession around an e↵ective dipolar field cre-
ated by all the other spins, Ĥ

MF =
P

i B
e↵
i · Ŝi, with

B
e↵
i = �

P
j

Vij

2 {hŜ
x
j i, hŜ

y
j i, �2hŜ

z
j i}. The leading or-

der contribution to the mean field population dynamics
can be obtained by performing a time-dependent pertur-
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A Gaussian Wigner function can describe the initial state well since S is “large”
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… we need more than 3 spin variables.



Phase-space for a D-level system

Instead of a spin-phase space we use:
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The generalized DTWA (GDTWA)
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FIG. 1. In a conventional TWA approach for spin systems, an initial single spin-S prepared in a spin coherent state polarized
along z can be represented in a continuous 3D phase space, i.e. by a fluctuating 3D vector. Its mean direction points along z

and uncertainties in the orthogonal directions have a width ⇠
p
S. In contrast, in the GDTWA approach the state of a single

spin m is represented by a fluctuating (D � 1)-dimensional Bloch vector, �m, with D = (2S + 1)2, e.g. D � 1 = 8 is shown
for S = 1. States are described by discrete probability distributions, i.e. each vector component �

m
⌫ can only assume certain

discrete values with corresponding probabilities. To simulate the time-evolution we sample the initial generalized Bloch vector
elements from this discrete distribution. Observables at later times are then approximated by statistically averaging classically
evolved samples (see text).

This paper is organized as follows: In Sec. II, after a
brief review of the TWA for continuous Wigner functions,
we introduce the GDTWA. In Sec. III, we test its validity
by a comparison with ED. We focus on the evolution of
Zeeman level populations induced by dipolar interactions
(relevant to experiments using both Cr [29, 31–33] and
Er atoms [34]) and the evolution of entanglement. In
Sec. IV, we apply the GDTWA to investigate various
aspects of spin dynamics: the spreading of population
in a synthetic dimension and the underlying approach
to thermalization, as well as the build-up of quantum
entanglement. Finally, in Sec. V we conclude and discuss
applications for other systems as an outlook.

II. METHOD

A. Phase space sampling for quantum spin systems

The Hamiltonian for a system consisting of N spin-S
particles coupling to each other via two-body interactions
can be written as

ĤS =
X

i,↵

ui
↵Ŝi

↵ +
X

i 6=j,↵,�

wi,j
↵,�Ŝi

↵Ŝj
� , (1)

with ↵, � = x, y, z, and i, j = 1, 2, ...N . The first term
governs local fields and the second term inter-spin in-
teractions. The dynamics of the three components of

the spin-operator of the i particle, hŜi
↵=x,y,zi, can be ob-

tained via the Heisenberg equations of motion (we set
~ ⌘ 1 throughout this paper):

d

dt
hŜi

↵i = ih[ĤS , Ŝi
↵]i. (2)

These equations generally depend on high order inter-
spin correlations such as hŜi

↵Ŝj
�i, hŜi

↵Ŝj
�Ŝk

� i, . . . , for
i 6= j 6= k and in practice it is impossible to solve
them exactly for large N . In a mean-field ansatz one
assumes that such spin correlations factorize and can be
written in terms of single particle observables, hŜi

↵i, e.g.,
hŜi

↵Ŝj
�i ⇡ hŜi

↵ihŜj
�i. Then Eqs. (2) turn into N cou-

pled closed equations which can be easily solved numer-
ically, and which correspond to equations for classical
spin-variables1. Importantly, the factorization neglects
entanglement between the spins, as the total state of the
system is forced to remain a product-state. The missing
quantum correlations are in many cases crucial. One gen-
eral approach to account for some of those correlations
is to retain higher order correlations using e.g. BBGKY

1 Note that more general models than Eq. (1) for S > 1/2 can
also depend on intra-spin terms such as quadratic fields / (Ŝi

z)
2.

In this case also the mean-field equations are not necessarily
closed unless also intra-spin correlations are assumed to factorize.
Those cases are not accounted for in the approach described here,
but we will properly include them in our GDTWA method below.

Example for 3-level system

1. Sample a discrete probability distribution for  
the (D2-1) GGM phase-space variables.

For a D-level system:

2. Evolve the samples with classical equations

(does work for most relevant states)
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… from a mean-field ansatz: ⇢̂N =
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3. Compute expectation values from statistical averages (expansion of the observable into GGMs)

d

dt
�j = . . .
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Generalized DTWA (GDTWA)

48N nonlinear equations



Benchmark of GDTWA for experimental parameters
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Dashed-lines: Large 3D system

1. GDTWA works very well on the considered time-scale

Let’s test dynamics for experimental parameters on a small plaquette:

2. Small plaquette simulations are not enough to predict the experiment  
(dashed lines are “system-size converged”)
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Entanglement in the GDTWA
… because, the GDTWA captures buildup of entanglement (and mean-field doesn’t)
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Other recent applications of the GDTWA:

S. Lepoutre, J. Schachenmayer, L. Gabardos, B. Zhu, B. Naylor, E. Mar ́echal, O. Gorceix,  
A. M. Rey, L. Vernac, and B. Laburthe-Tolra,  

Nature Communications 10,1714 (2019).

P. Fersterer, et al., arXiv:1905.06123 (2019)

A. Patscheider, et al., arXiv:1904.08262 (2019)

Chromium Experiment (Paris)

Erbium Experiment (Innsbruck, F. Ferlaino)

,
,

spin-19/2 system (20 levels on each site!)



Spin-Boson models
Apply GDTWA to molecular polaritonics?

R D. Porras, J. I. Cirac, PRL 92, 207901 (2004)!
R. Islam et al, Science, 340, 583 (2013)!
JW Britton et al. Nature 484, 489 (2012)  
P. Jurcevic et al., arXiv:1401.5387

Long-range interactions in quantum simulators:

Trapped ions Polar Molecules

Rydberg atoms

A. Micheli et al., Nature Phys. 2, 341 (2006)!
B. Yan et al., Nature 501, 521(2013)

|�i |↵iEdc Ez
1 (t)

• Novel quantum phases!
• Novel state preparation methods!
• Out of equilibrium dynamics:  
           Quenches?!

cf. Talks by T. Pohl, A. Gorshkov!
Expts: Stuttgart, Wisconsin, Orsay, Munich,Pisa…

Cavity photon and vibrations:  
Model as discrete levels with a cutoff

Alternatively, one could use a Hybrid method

Cavity photon and vibrations Traditional TWA with a Gaussian Wigner function

Electronic levels DTWA for two-level systems

,
,

This has also already been successful for spin-Boson models with trapped ions

A. Piñeiro Orioli, A. Safavi-
Naini, M. L. Wall, A. M. Rey,  

Phys. Rev. A 96, 033607 (2017)

NONEQUILIBRIUM DYNAMICS OF SPIN-BOSON MODELS . . . PHYSICAL REVIEW A 96, 033607 (2017)

FIG. 1. Comparison of different observables using TWA and the exact solution for the single-mode case in one dimension and for Ns = 10
spins, δ = 1 kHz and " = 0.65 kHz. (a) and (c) show the total magnetization and a spin-spin correlator, whereas (b) and (d) show the real and
imaginary parts of the two-point correlator between a single-spin and the bosonic mode, respectively. The deviation of the TWA solution from
the exact behavior is due to the self-interaction terms.
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2δµ
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×
{

2
(
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)
"iµ − i

∑

m

"mµ tan (ϕim)

}

. (21)

These expressions look identical to the exact quantum solu-
tions, Eqs. (6), (10), and (12), except that the indices i and
j are excluded in the sums and products of the quantum
solution. This stems from a kind of self-interaction that is
an artefact of the TWA solution. To see this we compare
Eq. (19) to the expression we obtain by instead integrating
out the bosons exactly and then doing TWA. For this we
first solve the Heisenberg equation of motion for âµ at the
quantum level and then insert it into the equations for σ̂ x

i

and σ̂
y
i . The k = i in the sum automatically drops out after

symmetrization, due to the anticommutativity of the spin
matrices. After symmetrization we substitute operators by
classical variables. Due to the excluded k = i term the result of
TWA becomes exact, ⟨Sx ⟩cl = ⟨Ŝx ⟩, for the initial conditions
considered here. Similar self-interaction terms in higher-order
products are also responsible for the differences observed in
the two-point correlators, but identifying them becomes more
involved.

For a single mode, this self-interaction term leads only to
a small discrepancy, which, in fact, becomes negligible as
the number of spins Ns is increased, see also the results of
Sec. VIII. However, the situation can be different when many
modes contribute to the dynamics. To illustrate this we use
ϕij ∼

∑
µ biµbjµ/(ωµδµ), valid at times t ≫ 1/δµ, and the

fact that the vibrational eigenvectors biµ form an orthonormal
set, i.e.,

∑
µ biµbjµ = δij . When, for instance, the c.m. mode

dominates the dynamics, all µ ̸= c.m. summands in ϕij are
suppressed by 1/δµ and only the µ = c.m. survives. Thus
ϕij ≡ ϕ becomes independent of i and j and the difference
between the TWA and exact solutions is simply one power
of cos(ϕ). A similar reasoning applies when the detuning is
tuned close to a different mode. However, consider the limit
of a large enough detuning δµ such that it is approximately
µ independent.1 In this limit, ϕij ∼

∑
µ biµbjµ/ωµ. If the

frequencies ωµ are all of the same order of magnitude we
have that ϕii is a sum of positive terms, whereas ϕi ̸=j is a sum
of positive and negative terms that tend to cancel each other
due to the orthonormality of biµ. Therefore, for large detuning
the TWA solution, ⟨Sx

i ⟩cl = cos(ϕii)⟨σ̂ x
i ⟩, acquires an extra

cosine factor with an argument ϕii ≫ ϕi ̸=j oscillating much
faster than typical time scales. This makes the TWA prediction
deviate significantly from the quantum solution already at early
times. To cure the self-interaction and, more generically, to
add corrections to the spin-boson TWA we follow the method
proposed in Ref. [26], which is based on using an extended set
of equations similar to a BBGKY hierarchy.

V. BBGKY EXTENSION

In this section, we show how to add corrections to the
TWA by following the method proposed in Ref. [26], which
consists of increasing the number of classical variables and
evolving them with BBGKY-type equations. For this we
go back to the Wigner-Weyl representation introduced in

1Strictly speaking one needs to go beyond the RWA in the limit
δ → ∞. However, we emphasize that the arguments that follow are
valid as well without the RWA.
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Conclusions
Non-equilibrium dynamics of many-body quantum models is 
fundamentally interesting. Experiments with atomic physics can 
study such dynamics. Can we do it numerically?

In 1D: Yes, MPS. In 2D/3D: We developed a numerical method 
based on the truncated Wigner approximation on discrete phase 
spaces: 

“The discrete truncated Wigner approximation (DTWA)”

Quantum non-equilibrium dynamics in many-body lattice systems

Introduction

t = 0 t > 0

Atomic Molecular & Optical (AMO) PhysicsCondensed Matter Physics

Underlies complex macroscopic quantum 
phenomena (e.g. super-conductivity)

Clean and controllable systems to study 
dynamics (optical lattices, ion traps, …)

The DTWA works surprisingly well. We extended it to arbitrary 
discrete lattice systems (GDTWA). The semi-classical GDTWA 
explains experimentally observed correlation build-up of a 
Chromium lattice experiment.

Both the 1D MPS and especially the 2D/3D GDTWA methods 
can be very useful for spin-boson models, and could thus also 
be useful for molecular polaritonics (?)
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FIG. 1. Comparison of different observables using TWA and the exact solution for the single-mode case in one dimension and for Ns = 10
spins, δ = 1 kHz and " = 0.65 kHz. (a) and (c) show the total magnetization and a spin-spin correlator, whereas (b) and (d) show the real and
imaginary parts of the two-point correlator between a single-spin and the bosonic mode, respectively. The deviation of the TWA solution from
the exact behavior is due to the self-interaction terms.
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These expressions look identical to the exact quantum solu-
tions, Eqs. (6), (10), and (12), except that the indices i and
j are excluded in the sums and products of the quantum
solution. This stems from a kind of self-interaction that is
an artefact of the TWA solution. To see this we compare
Eq. (19) to the expression we obtain by instead integrating
out the bosons exactly and then doing TWA. For this we
first solve the Heisenberg equation of motion for âµ at the
quantum level and then insert it into the equations for σ̂ x

i

and σ̂
y
i . The k = i in the sum automatically drops out after

symmetrization, due to the anticommutativity of the spin
matrices. After symmetrization we substitute operators by
classical variables. Due to the excluded k = i term the result of
TWA becomes exact, ⟨Sx ⟩cl = ⟨Ŝx ⟩, for the initial conditions
considered here. Similar self-interaction terms in higher-order
products are also responsible for the differences observed in
the two-point correlators, but identifying them becomes more
involved.

For a single mode, this self-interaction term leads only to
a small discrepancy, which, in fact, becomes negligible as
the number of spins Ns is increased, see also the results of
Sec. VIII. However, the situation can be different when many
modes contribute to the dynamics. To illustrate this we use
ϕij ∼

∑
µ biµbjµ/(ωµδµ), valid at times t ≫ 1/δµ, and the

fact that the vibrational eigenvectors biµ form an orthonormal
set, i.e.,

∑
µ biµbjµ = δij . When, for instance, the c.m. mode

dominates the dynamics, all µ ̸= c.m. summands in ϕij are
suppressed by 1/δµ and only the µ = c.m. survives. Thus
ϕij ≡ ϕ becomes independent of i and j and the difference
between the TWA and exact solutions is simply one power
of cos(ϕ). A similar reasoning applies when the detuning is
tuned close to a different mode. However, consider the limit
of a large enough detuning δµ such that it is approximately
µ independent.1 In this limit, ϕij ∼

∑
µ biµbjµ/ωµ. If the

frequencies ωµ are all of the same order of magnitude we
have that ϕii is a sum of positive terms, whereas ϕi ̸=j is a sum
of positive and negative terms that tend to cancel each other
due to the orthonormality of biµ. Therefore, for large detuning
the TWA solution, ⟨Sx

i ⟩cl = cos(ϕii)⟨σ̂ x
i ⟩, acquires an extra

cosine factor with an argument ϕii ≫ ϕi ̸=j oscillating much
faster than typical time scales. This makes the TWA prediction
deviate significantly from the quantum solution already at early
times. To cure the self-interaction and, more generically, to
add corrections to the spin-boson TWA we follow the method
proposed in Ref. [26], which is based on using an extended set
of equations similar to a BBGKY hierarchy.

V. BBGKY EXTENSION

In this section, we show how to add corrections to the
TWA by following the method proposed in Ref. [26], which
consists of increasing the number of classical variables and
evolving them with BBGKY-type equations. For this we
go back to the Wigner-Weyl representation introduced in

1Strictly speaking one needs to go beyond the RWA in the limit
δ → ∞. However, we emphasize that the arguments that follow are
valid as well without the RWA.

033607-5



Strasbourg-Team (qmtheory.fr)

Guido Pupillo

Andreas Geißler

Stefan Schütz

Guido Masella

David Hagenmüller

Thomas Botzung

Nora Sandor

David Wellnitz

http://qmtheory.fr


Poster

Controlling Ultra-Cold Molecules with Collective Dissipation 

Internuclear Distance
0.75 1.00 1.25 1.50 1.75 2.00

- 3

- 2

- 1

0

1

2

3

 1Σ
1Π

|ii
<latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit><latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit><latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit><latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit>

|gi
<latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit><latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit><latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit><latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit>

|ei
<latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit><latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit><latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit><latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit>

⌦
<latexit sha1_base64="MBuch0zuJiDj4waf4LeOlGbN9SM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJbe53nlBpHstHM03Qj+hI8pAzaqzU6d9HOKKVQbXm1t05yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD72fzcGTmzypCEsbIlDZmrvycyGmk9jQLbGVEz1steLv7n9VITXvsZl0lqULLFojAVxMQk/50MuUJmxNQSyhS3txI2pooyYxPKQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACBhN4hld4cxLnxXl3PhatJaeYOYY/cD5/AJWMjw8=</latexit><latexit sha1_base64="MBuch0zuJiDj4waf4LeOlGbN9SM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJbe53nlBpHstHM03Qj+hI8pAzaqzU6d9HOKKVQbXm1t05yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD72fzcGTmzypCEsbIlDZmrvycyGmk9jQLbGVEz1steLv7n9VITXvsZl0lqULLFojAVxMQk/50MuUJmxNQSyhS3txI2pooyYxPKQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACBhN4hld4cxLnxXl3PhatJaeYOYY/cD5/AJWMjw8=</latexit><latexit sha1_base64="MBuch0zuJiDj4waf4LeOlGbN9SM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJbe53nlBpHstHM03Qj+hI8pAzaqzU6d9HOKKVQbXm1t05yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD72fzcGTmzypCEsbIlDZmrvycyGmk9jQLbGVEz1steLv7n9VITXvsZl0lqULLFojAVxMQk/50MuUJmxNQSyhS3txI2pooyYxPKQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACBhN4hld4cxLnxXl3PhatJaeYOYY/cD5/AJWMjw8=</latexit><latexit sha1_base64="MBuch0zuJiDj4waf4LeOlGbN9SM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRizcr2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GTZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJbe53nlBpHstHM03Qj+hI8pAzaqzU6d9HOKKVQbXm1t05yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD72fzcGTmzypCEsbIlDZmrvycyGmk9jQLbGVEz1steLv7n9VITXvsZl0lqULLFojAVxMQk/50MuUJmxNQSyhS3txI2pooyYxPKQ/CWX14l7Yu659a9h8ta46aIowwncArn4MEVNOAOmtACBhN4hld4cxLnxXl3PhatJaeYOYY/cD5/AJWMjw8=</latexit>�i

<latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit><latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit><latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit><latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit>

�g
<latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit><latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit><latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit><latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit>
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We show that the formation of a molecule from free 
atoms can be collectively assisted by coupling to a 
cavity. We consider a production process of photo-
association followed by spontaneous emission, and 
demonstrate how collective dissipative mechanisms can 
drastically modify production rates and final molecular 
state fractions. Using both analytical and numerical 
tools, we analyze situations where super-radiant decay 
leads to a Zeno-modified formation rate for a cavity-
coupled molecular state and propose scenarios where 
this can speed up the formation process. We show that 
final molecular fractions can be collectively enhanced 
almost to unity, even with very lossy cavities, solely by 
increasing the initial atom number.
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Time in �⌦�2
<latexit sha1_base64="epopGd0+M7NV7G6r5fJ40B2PmMU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSBD0WPejNCvYDmlgm2227dDcJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3Cyura+kZxs7S1vbO7Z++XWypKJKFNEvFIdgJQlLOQNjXTnHZiSUEEnLaD8dXUbz9SqVgU3utJTH0Bw5ANGAFtpJ5d9q5BCMDeraBDeEhPa1nPrjhVZwa8TNycVFCORs/+8voRSQQNNeGgVNd1Yu2nIDUjnGYlL1E0BjKGIe0aGoKgyk9nt2f42Ch9PIikqVDjmfp7IgWh1EQEplOAHqlFbyr+53UTPbjwUxbGiaYhmS8aJBzrCE+DwH0mKdF8YggQycytmIxAAtEmrpIJwV18eZm0alXXqbp3Z5X6ZR5HER2iI3SCXHSO6ugGNVATEfSEntErerMy68V6tz7mrQUrnzlAf2B9/gDyK5O4</latexit><latexit sha1_base64="epopGd0+M7NV7G6r5fJ40B2PmMU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSBD0WPejNCvYDmlgm2227dDcJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3Cyura+kZxs7S1vbO7Z++XWypKJKFNEvFIdgJQlLOQNjXTnHZiSUEEnLaD8dXUbz9SqVgU3utJTH0Bw5ANGAFtpJ5d9q5BCMDeraBDeEhPa1nPrjhVZwa8TNycVFCORs/+8voRSQQNNeGgVNd1Yu2nIDUjnGYlL1E0BjKGIe0aGoKgyk9nt2f42Ch9PIikqVDjmfp7IgWh1EQEplOAHqlFbyr+53UTPbjwUxbGiaYhmS8aJBzrCE+DwH0mKdF8YggQycytmIxAAtEmrpIJwV18eZm0alXXqbp3Z5X6ZR5HER2iI3SCXHSO6ugGNVATEfSEntErerMy68V6tz7mrQUrnzlAf2B9/gDyK5O4</latexit><latexit sha1_base64="epopGd0+M7NV7G6r5fJ40B2PmMU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSBD0WPejNCvYDmlgm2227dDcJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3Cyura+kZxs7S1vbO7Z++XWypKJKFNEvFIdgJQlLOQNjXTnHZiSUEEnLaD8dXUbz9SqVgU3utJTH0Bw5ANGAFtpJ5d9q5BCMDeraBDeEhPa1nPrjhVZwa8TNycVFCORs/+8voRSQQNNeGgVNd1Yu2nIDUjnGYlL1E0BjKGIe0aGoKgyk9nt2f42Ch9PIikqVDjmfp7IgWh1EQEplOAHqlFbyr+53UTPbjwUxbGiaYhmS8aJBzrCE+DwH0mKdF8YggQycytmIxAAtEmrpIJwV18eZm0alXXqbp3Z5X6ZR5HER2iI3SCXHSO6ugGNVATEfSEntErerMy68V6tz7mrQUrnzlAf2B9/gDyK5O4</latexit><latexit sha1_base64="epopGd0+M7NV7G6r5fJ40B2PmMU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSBD0WPejNCvYDmlgm2227dDcJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3Cyura+kZxs7S1vbO7Z++XWypKJKFNEvFIdgJQlLOQNjXTnHZiSUEEnLaD8dXUbz9SqVgU3utJTH0Bw5ANGAFtpJ5d9q5BCMDeraBDeEhPa1nPrjhVZwa8TNycVFCORs/+8voRSQQNNeGgVNd1Yu2nIDUjnGYlL1E0BjKGIe0aGoKgyk9nt2f42Ch9PIikqVDjmfp7IgWh1EQEplOAHqlFbyr+53UTPbjwUxbGiaYhmS8aJBzrCE+DwH0mKdF8YggQycytmIxAAtEmrpIJwV18eZm0alXXqbp3Z5X6ZR5HER2iI3SCXHSO6ugGNVATEfSEntErerMy68V6tz7mrQUrnzlAf2B9/gDyK5O4</latexit>

|gi
<latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit><latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit><latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit><latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit>

|xi
<latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit><latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit><latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit><latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit>

|ii
<latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit><latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit><latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit><latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit>

�e↵
i<latexit sha1_base64="y5WjEMx0JfpMSG8ocLxaSL1EyQM=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSiKDHohePFewHNLFMtpt26W4SdjdCCbn4V7x4UMSrP8Ob/8ZNm4O2Phh4vDfDzLwg4Uxpx/m2Kiura+sb1c3a1vbO7p69f9BRcSoJbZOYx7IXgKKcRbStmea0l0gKIuC0G0xuCr/7SKVicXSvpwn1BYwiFjIC2kgD+8gbgRAwyFj+4AnQYykyGob5wK47DWcGvEzcktRRidbA/vKGMUkFjTThoFTfdRLtZyA1I5zmNS9VNAEygRHtGxqBoMrPZg/k+NQoQxzG0lSk8Uz9PZGBUGoqAtNZ3KgWvUL8z+unOrzyMxYlqaYRmS8KU451jIs08JBJSjSfGgJEMnMrJmOQQLTJrGZCcBdfXiad84brNNy7i3rzuoyjio7RCTpDLrpETXSLWqiNCMrRM3pFb9aT9WK9Wx/z1opVzhyiP7A+fwC1HJcc</latexit><latexit sha1_base64="y5WjEMx0JfpMSG8ocLxaSL1EyQM=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSiKDHohePFewHNLFMtpt26W4SdjdCCbn4V7x4UMSrP8Ob/8ZNm4O2Phh4vDfDzLwg4Uxpx/m2Kiura+sb1c3a1vbO7p69f9BRcSoJbZOYx7IXgKKcRbStmea0l0gKIuC0G0xuCr/7SKVicXSvpwn1BYwiFjIC2kgD+8gbgRAwyFj+4AnQYykyGob5wK47DWcGvEzcktRRidbA/vKGMUkFjTThoFTfdRLtZyA1I5zmNS9VNAEygRHtGxqBoMrPZg/k+NQoQxzG0lSk8Uz9PZGBUGoqAtNZ3KgWvUL8z+unOrzyMxYlqaYRmS8KU451jIs08JBJSjSfGgJEMnMrJmOQQLTJrGZCcBdfXiad84brNNy7i3rzuoyjio7RCTpDLrpETXSLWqiNCMrRM3pFb9aT9WK9Wx/z1opVzhyiP7A+fwC1HJcc</latexit><latexit sha1_base64="y5WjEMx0JfpMSG8ocLxaSL1EyQM=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSiKDHohePFewHNLFMtpt26W4SdjdCCbn4V7x4UMSrP8Ob/8ZNm4O2Phh4vDfDzLwg4Uxpx/m2Kiura+sb1c3a1vbO7p69f9BRcSoJbZOYx7IXgKKcRbStmea0l0gKIuC0G0xuCr/7SKVicXSvpwn1BYwiFjIC2kgD+8gbgRAwyFj+4AnQYykyGob5wK47DWcGvEzcktRRidbA/vKGMUkFjTThoFTfdRLtZyA1I5zmNS9VNAEygRHtGxqBoMrPZg/k+NQoQxzG0lSk8Uz9PZGBUGoqAtNZ3KgWvUL8z+unOrzyMxYlqaYRmS8KU451jIs08JBJSjSfGgJEMnMrJmOQQLTJrGZCcBdfXiad84brNNy7i3rzuoyjio7RCTpDLrpETXSLWqiNCMrRM3pFb9aT9WK9Wx/z1opVzhyiP7A+fwC1HJcc</latexit><latexit sha1_base64="y5WjEMx0JfpMSG8ocLxaSL1EyQM=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSiKDHohePFewHNLFMtpt26W4SdjdCCbn4V7x4UMSrP8Ob/8ZNm4O2Phh4vDfDzLwg4Uxpx/m2Kiura+sb1c3a1vbO7p69f9BRcSoJbZOYx7IXgKKcRbStmea0l0gKIuC0G0xuCr/7SKVicXSvpwn1BYwiFjIC2kgD+8gbgRAwyFj+4AnQYykyGob5wK47DWcGvEzcktRRidbA/vKGMUkFjTThoFTfdRLtZyA1I5zmNS9VNAEygRHtGxqBoMrPZg/k+NQoQxzG0lSk8Uz9PZGBUGoqAtNZ3KgWvUL8z+unOrzyMxYlqaYRmS8KU451jIs08JBJSjSfGgJEMnMrJmOQQLTJrGZCcBdfXiad84brNNy7i3rzuoyjio7RCTpDLrpETXSLWqiNCMrRM3pFb9aT9WK9Wx/z1opVzhyiP7A+fwC1HJcc</latexit>

�e↵
x<latexit sha1_base64="UA4vmS+Idg6+SHJ84xcVLLyIoV8=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OKxgv2AJpbJdtMu3U3C7kYsIRf/ihcPinj1Z3jz37hpc9DWBwOP92aYmRcknCntON/W0vLK6tp6ZaO6ubW9s2vv7bdVnEpCWyTmsewGoChnEW1ppjntJpKCCDjtBOPrwu88UKlYHN3pSUJ9AcOIhYyANlLfPvSGIAT0s8f83hOgR1JkNAzzvl1z6s4UeJG4JamhEs2+/eUNYpIKGmnCQame6yTaz0BqRjjNq16qaAJkDEPaMzQCQZWfTR/I8YlRBjiMpalI46n6eyIDodREBKazuFHNe4X4n9dLdXjpZyxKUk0jMlsUphzrGBdp4AGTlGg+MQSIZOZWTEYggWiTWdWE4M6/vEjaZ3XXqbu357XGVRlHBR2hY3SKXHSBGugGNVELEZSjZ/SK3qwn68V6tz5mrUtWOXOA/sD6/AHMqpcr</latexit><latexit sha1_base64="UA4vmS+Idg6+SHJ84xcVLLyIoV8=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OKxgv2AJpbJdtMu3U3C7kYsIRf/ihcPinj1Z3jz37hpc9DWBwOP92aYmRcknCntON/W0vLK6tp6ZaO6ubW9s2vv7bdVnEpCWyTmsewGoChnEW1ppjntJpKCCDjtBOPrwu88UKlYHN3pSUJ9AcOIhYyANlLfPvSGIAT0s8f83hOgR1JkNAzzvl1z6s4UeJG4JamhEs2+/eUNYpIKGmnCQame6yTaz0BqRjjNq16qaAJkDEPaMzQCQZWfTR/I8YlRBjiMpalI46n6eyIDodREBKazuFHNe4X4n9dLdXjpZyxKUk0jMlsUphzrGBdp4AGTlGg+MQSIZOZWTEYggWiTWdWE4M6/vEjaZ3XXqbu357XGVRlHBR2hY3SKXHSBGugGNVELEZSjZ/SK3qwn68V6tz5mrUtWOXOA/sD6/AHMqpcr</latexit><latexit sha1_base64="UA4vmS+Idg6+SHJ84xcVLLyIoV8=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OKxgv2AJpbJdtMu3U3C7kYsIRf/ihcPinj1Z3jz37hpc9DWBwOP92aYmRcknCntON/W0vLK6tp6ZaO6ubW9s2vv7bdVnEpCWyTmsewGoChnEW1ppjntJpKCCDjtBOPrwu88UKlYHN3pSUJ9AcOIhYyANlLfPvSGIAT0s8f83hOgR1JkNAzzvl1z6s4UeJG4JamhEs2+/eUNYpIKGmnCQame6yTaz0BqRjjNq16qaAJkDEPaMzQCQZWfTR/I8YlRBjiMpalI46n6eyIDodREBKazuFHNe4X4n9dLdXjpZyxKUk0jMlsUphzrGBdp4AGTlGg+MQSIZOZWTEYggWiTWdWE4M6/vEjaZ3XXqbu357XGVRlHBR2hY3SKXHSBGugGNVELEZSjZ/SK3qwn68V6tz5mrUtWOXOA/sD6/AHMqpcr</latexit><latexit sha1_base64="UA4vmS+Idg6+SHJ84xcVLLyIoV8=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OKxgv2AJpbJdtMu3U3C7kYsIRf/ihcPinj1Z3jz37hpc9DWBwOP92aYmRcknCntON/W0vLK6tp6ZaO6ubW9s2vv7bdVnEpCWyTmsewGoChnEW1ppjntJpKCCDjtBOPrwu88UKlYHN3pSUJ9AcOIhYyANlLfPvSGIAT0s8f83hOgR1JkNAzzvl1z6s4UeJG4JamhEs2+/eUNYpIKGmnCQame6yTaz0BqRjjNq16qaAJkDEPaMzQCQZWfTR/I8YlRBjiMpalI46n6eyIDodREBKazuFHNe4X4n9dLdXjpZyxKUk0jMlsUphzrGBdp4AGTlGg+MQSIZOZWTEYggWiTWdWE4M6/vEjaZ3XXqbu357XGVRlHBR2hY3SKXHSBGugGNVELEZSjZ/SK3qwn68V6tz5mrUtWOXOA/sD6/AHMqpcr</latexit>

�e↵
g

<latexit sha1_base64="f7xrMc2AHizP5rBN2VI6QmrQHsw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokIuiy6MZlBfuAJobJdJIOnZmEmYlQQjb+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6Cnkkxi0sUJS+QgRIowKkhXU83IIJUE8ZCRfji5Kf3+I5GKJuJeT1PicxQLGlGMtJEC+8iLEecoyOPiweNIjyXPSRQVgd10Ws4McJm4FWmCCp3A/vJGCc44ERozpNTQdVLt50hqihkpGl6mSIrwBMVkaKhAnCg/nz1QwFOjjGCUSFNCw5n6eyJHXKkpD01neaNa9ErxP2+Y6ejKz6lIM00Eni+KMgZ1Ass04IhKgjWbGoKwpOZWiMdIIqxNZg0Tgrv48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgEEBnsEreLOerBfr3fqYt9asauYQ/IH1+QOx+Jca</latexit><latexit sha1_base64="f7xrMc2AHizP5rBN2VI6QmrQHsw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokIuiy6MZlBfuAJobJdJIOnZmEmYlQQjb+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6Cnkkxi0sUJS+QgRIowKkhXU83IIJUE8ZCRfji5Kf3+I5GKJuJeT1PicxQLGlGMtJEC+8iLEecoyOPiweNIjyXPSRQVgd10Ws4McJm4FWmCCp3A/vJGCc44ERozpNTQdVLt50hqihkpGl6mSIrwBMVkaKhAnCg/nz1QwFOjjGCUSFNCw5n6eyJHXKkpD01neaNa9ErxP2+Y6ejKz6lIM00Eni+KMgZ1Ass04IhKgjWbGoKwpOZWiMdIIqxNZg0Tgrv48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgEEBnsEreLOerBfr3fqYt9asauYQ/IH1+QOx+Jca</latexit><latexit sha1_base64="f7xrMc2AHizP5rBN2VI6QmrQHsw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokIuiy6MZlBfuAJobJdJIOnZmEmYlQQjb+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6Cnkkxi0sUJS+QgRIowKkhXU83IIJUE8ZCRfji5Kf3+I5GKJuJeT1PicxQLGlGMtJEC+8iLEecoyOPiweNIjyXPSRQVgd10Ws4McJm4FWmCCp3A/vJGCc44ERozpNTQdVLt50hqihkpGl6mSIrwBMVkaKhAnCg/nz1QwFOjjGCUSFNCw5n6eyJHXKkpD01neaNa9ErxP2+Y6ejKz6lIM00Eni+KMgZ1Ass04IhKgjWbGoKwpOZWiMdIIqxNZg0Tgrv48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgEEBnsEreLOerBfr3fqYt9asauYQ/IH1+QOx+Jca</latexit><latexit sha1_base64="f7xrMc2AHizP5rBN2VI6QmrQHsw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4KokIuiy6MZlBfuAJobJdJIOnZmEmYlQQjb+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1hyqjSjvNt1VZW19Y36puNre2d3T17/6Cnkkxi0sUJS+QgRIowKkhXU83IIJUE8ZCRfji5Kf3+I5GKJuJeT1PicxQLGlGMtJEC+8iLEecoyOPiweNIjyXPSRQVgd10Ws4McJm4FWmCCp3A/vJGCc44ERozpNTQdVLt50hqihkpGl6mSIrwBMVkaKhAnCg/nz1QwFOjjGCUSFNCw5n6eyJHXKkpD01neaNa9ErxP2+Y6ejKz6lIM00Eni+KMgZ1Ass04IhKgjWbGoKwpOZWiMdIIqxNZg0Tgrv48jLpnbdcp+XeXTTb11UcdXAMTsAZcMElaINb0AFdgEEBnsEreLOerBfr3fqYt9asauYQ/IH1+QOx+Jca</latexit>

e↵
<latexit sha1_base64="u1LSQmYTxesHK9NTgKGWzpHRJXM=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIoMuiG5cV7AM6Y8mkmTY0yYQkIwxD/RU3LhRx64e482/MtLPQ1gOBwzn3ck9OJBnVxvO+ncra+sbmVnW7trO7t3/gHh51dZIqTDo4YYnqR0gTRgXpGGoY6UtFEI8Y6UXTm8LvPRKlaSLuTSZJyNFY0JhiZKw0dOvBFEmJHgKOzETxnMTxbOg2vKY3B1wlfkkaoER76H4FowSnnAiDGdJ64HvShDlShmJGZrUg1UQiPEVjMrBUIE50mM/Dz+CpVUYwTpR9wsC5+nsjR1zrjEd2ssiol71C/M8bpCa+CnMqZGqIwItDccqgSWDRBBxRRbBhmSUIK2qzQjxBCmFj+6rZEvzlL6+S7nnT95r+3UWjdV3WUQXH4AScAR9cgha4BW3QARhk4Bm8gjfnyXlx3p2PxWjFKXfq4A+czx9mUpU+</latexit><latexit sha1_base64="u1LSQmYTxesHK9NTgKGWzpHRJXM=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIoMuiG5cV7AM6Y8mkmTY0yYQkIwxD/RU3LhRx64e482/MtLPQ1gOBwzn3ck9OJBnVxvO+ncra+sbmVnW7trO7t3/gHh51dZIqTDo4YYnqR0gTRgXpGGoY6UtFEI8Y6UXTm8LvPRKlaSLuTSZJyNFY0JhiZKw0dOvBFEmJHgKOzETxnMTxbOg2vKY3B1wlfkkaoER76H4FowSnnAiDGdJ64HvShDlShmJGZrUg1UQiPEVjMrBUIE50mM/Dz+CpVUYwTpR9wsC5+nsjR1zrjEd2ssiol71C/M8bpCa+CnMqZGqIwItDccqgSWDRBBxRRbBhmSUIK2qzQjxBCmFj+6rZEvzlL6+S7nnT95r+3UWjdV3WUQXH4AScAR9cgha4BW3QARhk4Bm8gjfnyXlx3p2PxWjFKXfq4A+czx9mUpU+</latexit><latexit sha1_base64="u1LSQmYTxesHK9NTgKGWzpHRJXM=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIoMuiG5cV7AM6Y8mkmTY0yYQkIwxD/RU3LhRx64e482/MtLPQ1gOBwzn3ck9OJBnVxvO+ncra+sbmVnW7trO7t3/gHh51dZIqTDo4YYnqR0gTRgXpGGoY6UtFEI8Y6UXTm8LvPRKlaSLuTSZJyNFY0JhiZKw0dOvBFEmJHgKOzETxnMTxbOg2vKY3B1wlfkkaoER76H4FowSnnAiDGdJ64HvShDlShmJGZrUg1UQiPEVjMrBUIE50mM/Dz+CpVUYwTpR9wsC5+nsjR1zrjEd2ssiol71C/M8bpCa+CnMqZGqIwItDccqgSWDRBBxRRbBhmSUIK2qzQjxBCmFj+6rZEvzlL6+S7nnT95r+3UWjdV3WUQXH4AScAR9cgha4BW3QARhk4Bm8gjfnyXlx3p2PxWjFKXfq4A+czx9mUpU+</latexit><latexit sha1_base64="u1LSQmYTxesHK9NTgKGWzpHRJXM=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqsyIoMuiG5cV7AM6Y8mkmTY0yYQkIwxD/RU3LhRx64e482/MtLPQ1gOBwzn3ck9OJBnVxvO+ncra+sbmVnW7trO7t3/gHh51dZIqTDo4YYnqR0gTRgXpGGoY6UtFEI8Y6UXTm8LvPRKlaSLuTSZJyNFY0JhiZKw0dOvBFEmJHgKOzETxnMTxbOg2vKY3B1wlfkkaoER76H4FowSnnAiDGdJ64HvShDlShmJGZrUg1UQiPEVjMrBUIE50mM/Dz+CpVUYwTpR9wsC5+nsjR1zrjEd2ssiol71C/M8bpCa+CnMqZGqIwItDccqgSWDRBBxRRbBhmSUIK2qzQjxBCmFj+6rZEvzlL6+S7nnT95r+3UWjdV3WUQXH4AScAR9cgha4BW3QARhk4Bm8gjfnyXlx3p2PxWjFKXfq4A+czx9mUpU+</latexit>

⌦
<latexit sha1_base64="f9ZxFFopka18yU5lyTwVt2fcbbg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPaPY0i4bZfqfo1fw6ySoKCVKFAo1/56g00yxKukElqbTfwUwxzalAwyaflXmZ5StmYDnnXUUXdkjCfnzsl504ZkFgbVwrJXP09kdPE2kkSuc6E4sguezPxP6+bYXwT5kKlGXLFFoviTBLUZPY7GQjDGcqJI5QZ4W4lbEQNZegSKrsQguWXV0nrshb4teDhqlq/LeIowSmcwQUEcA11uIcGNIHBGJ7hFd681Hvx3r2PReuaV8ycwB94nz+F64+t</latexit><latexit sha1_base64="f9ZxFFopka18yU5lyTwVt2fcbbg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPaPY0i4bZfqfo1fw6ySoKCVKFAo1/56g00yxKukElqbTfwUwxzalAwyaflXmZ5StmYDnnXUUXdkjCfnzsl504ZkFgbVwrJXP09kdPE2kkSuc6E4sguezPxP6+bYXwT5kKlGXLFFoviTBLUZPY7GQjDGcqJI5QZ4W4lbEQNZegSKrsQguWXV0nrshb4teDhqlq/LeIowSmcwQUEcA11uIcGNIHBGJ7hFd681Hvx3r2PReuaV8ycwB94nz+F64+t</latexit><latexit sha1_base64="f9ZxFFopka18yU5lyTwVt2fcbbg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPaPY0i4bZfqfo1fw6ySoKCVKFAo1/56g00yxKukElqbTfwUwxzalAwyaflXmZ5StmYDnnXUUXdkjCfnzsl504ZkFgbVwrJXP09kdPE2kkSuc6E4sguezPxP6+bYXwT5kKlGXLFFoviTBLUZPY7GQjDGcqJI5QZ4W4lbEQNZegSKrsQguWXV0nrshb4teDhqlq/LeIowSmcwQUEcA11uIcGNIHBGJ7hFd681Hvx3r2PReuaV8ycwB94nz+F64+t</latexit><latexit sha1_base64="f9ZxFFopka18yU5lyTwVt2fcbbg=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdmaZ6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdop7+7tHxxWjo5bVmeG8SbTUptORC2XQvEmCpS8kxpOk0jydjS+m/ntJ26s0OoRJykPEzpUIhaMopPaPY0i4bZfqfo1fw6ySoKCVKFAo1/56g00yxKukElqbTfwUwxzalAwyaflXmZ5StmYDnnXUUXdkjCfnzsl504ZkFgbVwrJXP09kdPE2kkSuc6E4sguezPxP6+bYXwT5kKlGXLFFoviTBLUZPY7GQjDGcqJI5QZ4W4lbEQNZegSKrsQguWXV0nrshb4teDhqlq/LeIowSmcwQUEcA11uIcGNIHBGJ7hFd681Hvx3r2PReuaV8ycwB94nz+F64+t</latexit>

|ni
<latexit sha1_base64="IEBYFJdyLB4XIScfcScifGgIw9M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSKBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyqNk1c=</latexit><latexit sha1_base64="IEBYFJdyLB4XIScfcScifGgIw9M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSKBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyqNk1c=</latexit><latexit sha1_base64="IEBYFJdyLB4XIScfcScifGgIw9M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSKBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyqNk1c=</latexit><latexit sha1_base64="IEBYFJdyLB4XIScfcScifGgIw9M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSKBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyqNk1c=</latexit>

|ei
<latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit><latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit><latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit><latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit>

|gi
<latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit><latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit><latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit><latexit sha1_base64="kN1zmo9KNB8K3liTIQe/5oBWMOo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRDGmimhhJ6btWreQvQdeIXpEoKNHruV9BPeBaDQi6ZMV3fSzHMmUbBJcwqQWYgZXzMhtC1VLEYTJgvLp/RC6v06SDRthTShfp7ImexMdM4sp0xw5FZ9ebif143w8FtmAuVZgiKLxcNMkkxofMYaF9o4CinljCuhb2V8hHTjKMNq2JD8FdfXietq5rv1fzH62r9roijTM7IObkkPrkhdfJAGqRJOJmQZ/JK3pzceXHenY9la8kpZk7JHzifPx+5k1A=</latexit>

|xi
<latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit><latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit><latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit><latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit>

|ii
<latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit><latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit><latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit><latexit sha1_base64="OZ/rbGLI2fYe9d8W5GksWp3lJfM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSCBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyLRk1I=</latexit>

�i
<latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit><latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit><latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit><latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit>

�x
<latexit sha1_base64="3oUEMvGj+JgDIKWXKUtx/A1HR+w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkZnadmRVDyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3H5k2PFH3dpSyUGJf8ZhTtE5qdfooJXafuqWyX/FnIMskyEkZctS6pa9OL6GZZMpSgca0Az+14Ri15VSwSbGTGZYiHWKftR1VKJkJx7N7J+TUKT0SJ9qVsmSm/p4YozRmJCPXKdEOzKI3Ff/z2pmNr8IxV2lmmaLzRXEmiE3I9HnS45pRK0aOINXc3UroADVS6yIquhCCxZeXSeO8EviV4O6iXL3O4yjAMZzAGQRwCVW4hRrUgYKAZ3iFN+/Be/HevY9564qXzxzBH3ifPxvgkAA=</latexit><latexit sha1_base64="3oUEMvGj+JgDIKWXKUtx/A1HR+w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkZnadmRVDyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3H5k2PFH3dpSyUGJf8ZhTtE5qdfooJXafuqWyX/FnIMskyEkZctS6pa9OL6GZZMpSgca0Az+14Ri15VSwSbGTGZYiHWKftR1VKJkJx7N7J+TUKT0SJ9qVsmSm/p4YozRmJCPXKdEOzKI3Ff/z2pmNr8IxV2lmmaLzRXEmiE3I9HnS45pRK0aOINXc3UroADVS6yIquhCCxZeXSeO8EviV4O6iXL3O4yjAMZzAGQRwCVW4hRrUgYKAZ3iFN+/Be/HevY9564qXzxzBH3ifPxvgkAA=</latexit><latexit sha1_base64="3oUEMvGj+JgDIKWXKUtx/A1HR+w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkZnadmRVDyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3H5k2PFH3dpSyUGJf8ZhTtE5qdfooJXafuqWyX/FnIMskyEkZctS6pa9OL6GZZMpSgca0Az+14Ri15VSwSbGTGZYiHWKftR1VKJkJx7N7J+TUKT0SJ9qVsmSm/p4YozRmJCPXKdEOzKI3Ff/z2pmNr8IxV2lmmaLzRXEmiE3I9HnS45pRK0aOINXc3UroADVS6yIquhCCxZeXSeO8EviV4O6iXL3O4yjAMZzAGQRwCVW4hRrUgYKAZ3iFN+/Be/HevY9564qXzxzBH3ifPxvgkAA=</latexit><latexit sha1_base64="3oUEMvGj+JgDIKWXKUtx/A1HR+w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkZnadmRVDyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3H5k2PFH3dpSyUGJf8ZhTtE5qdfooJXafuqWyX/FnIMskyEkZctS6pa9OL6GZZMpSgca0Az+14Ri15VSwSbGTGZYiHWKftR1VKJkJx7N7J+TUKT0SJ9qVsmSm/p4YozRmJCPXKdEOzKI3Ff/z2pmNr8IxV2lmmaLzRXEmiE3I9HnS45pRK0aOINXc3UroADVS6yIquhCCxZeXSeO8EviV4O6iXL3O4yjAMZzAGQRwCVW4hRrUgYKAZ3iFN+/Be/HevY9564qXzxzBH3ifPxvgkAA=</latexit>

�g
<latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit><latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit><latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit><latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit>

g
<latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit><latexit sha1_base64="EiJK/E3trRLz9TAmnUyajZ6CuPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipORqUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AzHWM6w==</latexit>

⌦
<latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit><latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit><latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit><latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit>

Identical 
Particles 

[4-6]

Simulate 
Random Walk

J
<latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit><latexit sha1_base64="sUw7tiBtF+H8EqwBLDH9JL5vMNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi3hqwX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8MJME/YgOJQ85o8ZKjft+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAHdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8foIGMzg==</latexit>

M
<latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit><latexit sha1_base64="dUsH+zrMWrX3s/zoldid+dmUmUM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRixehBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfywUwS9CM6lDzkjBorNe775Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2k0eRxFO4BTOwYMrqMEd1KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AKUNjNE=</latexit>

       & 
Particle Loss via �e↵

x<latexit sha1_base64="UA4vmS+Idg6+SHJ84xcVLLyIoV8=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OKxgv2AJpbJdtMu3U3C7kYsIRf/ihcPinj1Z3jz37hpc9DWBwOP92aYmRcknCntON/W0vLK6tp6ZaO6ubW9s2vv7bdVnEpCWyTmsewGoChnEW1ppjntJpKCCDjtBOPrwu88UKlYHN3pSUJ9AcOIhYyANlLfPvSGIAT0s8f83hOgR1JkNAzzvl1z6s4UeJG4JamhEs2+/eUNYpIKGmnCQame6yTaz0BqRjjNq16qaAJkDEPaMzQCQZWfTR/I8YlRBjiMpalI46n6eyIDodREBKazuFHNe4X4n9dLdXjpZyxKUk0jMlsUphzrGBdp4AGTlGg+MQSIZOZWTEYggWiTWdWE4M6/vEjaZ3XXqbu357XGVRlHBR2hY3SKXHSBGugGNVELEZSjZ/SK3qwn68V6tz5mrUtWOXOA/sD6/AHMqpcr</latexit><latexit sha1_base64="UA4vmS+Idg6+SHJ84xcVLLyIoV8=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OKxgv2AJpbJdtMu3U3C7kYsIRf/ihcPinj1Z3jz37hpc9DWBwOP92aYmRcknCntON/W0vLK6tp6ZaO6ubW9s2vv7bdVnEpCWyTmsewGoChnEW1ppjntJpKCCDjtBOPrwu88UKlYHN3pSUJ9AcOIhYyANlLfPvSGIAT0s8f83hOgR1JkNAzzvl1z6s4UeJG4JamhEs2+/eUNYpIKGmnCQame6yTaz0BqRjjNq16qaAJkDEPaMzQCQZWfTR/I8YlRBjiMpalI46n6eyIDodREBKazuFHNe4X4n9dLdXjpZyxKUk0jMlsUphzrGBdp4AGTlGg+MQSIZOZWTEYggWiTWdWE4M6/vEjaZ3XXqbu357XGVRlHBR2hY3SKXHSBGugGNVELEZSjZ/SK3qwn68V6tz5mrUtWOXOA/sD6/AHMqpcr</latexit><latexit sha1_base64="UA4vmS+Idg6+SHJ84xcVLLyIoV8=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OKxgv2AJpbJdtMu3U3C7kYsIRf/ihcPinj1Z3jz37hpc9DWBwOP92aYmRcknCntON/W0vLK6tp6ZaO6ubW9s2vv7bdVnEpCWyTmsewGoChnEW1ppjntJpKCCDjtBOPrwu88UKlYHN3pSUJ9AcOIhYyANlLfPvSGIAT0s8f83hOgR1JkNAzzvl1z6s4UeJG4JamhEs2+/eUNYpIKGmnCQame6yTaz0BqRjjNq16qaAJkDEPaMzQCQZWfTR/I8YlRBjiMpalI46n6eyIDodREBKazuFHNe4X4n9dLdXjpZyxKUk0jMlsUphzrGBdp4AGTlGg+MQSIZOZWTEYggWiTWdWE4M6/vEjaZ3XXqbu357XGVRlHBR2hY3SKXHSBGugGNVELEZSjZ/SK3qwn68V6tz5mrUtWOXOA/sD6/AHMqpcr</latexit><latexit sha1_base64="UA4vmS+Idg6+SHJ84xcVLLyIoV8=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQSEfRY9OKxgv2AJpbJdtMu3U3C7kYsIRf/ihcPinj1Z3jz37hpc9DWBwOP92aYmRcknCntON/W0vLK6tp6ZaO6ubW9s2vv7bdVnEpCWyTmsewGoChnEW1ppjntJpKCCDjtBOPrwu88UKlYHN3pSUJ9AcOIhYyANlLfPvSGIAT0s8f83hOgR1JkNAzzvl1z6s4UeJG4JamhEs2+/eUNYpIKGmnCQame6yTaz0BqRjjNq16qaAJkDEPaMzQCQZWfTR/I8YlRBjiMpalI46n6eyIDodREBKazuFHNe4X4n9dLdXjpZyxKUk0jMlsUphzrGBdp4AGTlGg+MQSIZOZWTEYggWiTWdWE4M6/vEjaZ3XXqbu357XGVRlHBR2hY3SKXHSBGugGNVELEZSjZ/SK3qwn68V6tz5mrUtWOXOA/sD6/AHMqpcr</latexit>

Adiabatic 
Elimination 

of        and      .[3]|ni
<latexit sha1_base64="IEBYFJdyLB4XIScfcScifGgIw9M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSKBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyqNk1c=</latexit><latexit sha1_base64="IEBYFJdyLB4XIScfcScifGgIw9M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSKBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyqNk1c=</latexit><latexit sha1_base64="IEBYFJdyLB4XIScfcScifGgIw9M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSKBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyqNk1c=</latexit><latexit sha1_base64="IEBYFJdyLB4XIScfcScifGgIw9M=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaSKBpqpoYSeW/Vq3gJ0nfgFqZICjZ77FfQTnsWgkEtmTNf3UgxzplFwCbNKkBlIGR+zIXQtVSwGE+aLy2f0wip9Oki0LYV0of6eyFlszDSObGfMcGRWvbn4n9fNcHAb5kKlGYLiy0WDTFJM6DwG2hcaOMqpJYxrYW+lfMQ042jDqtgQ/NWX10nrquZ7Nf/xulq/K+IokzNyTi6JT25InTyQBmkSTibkmbySNyd3Xpx352PZWnKKmVPyB87nDyqNk1c=</latexit>

|ei
<latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit><latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit><latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit><latexit sha1_base64="0guXxwtgP1lqyXeb9ku198AitMs=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaUDbbabt0swm7k0IJ/SdePCji1X/izX/jts1BWx8MPN6bYWZelEph0PO+ndLG5tb2Tnm3srd/cHjkHp+0TJJpDk2eyER3ImZACgVNFCihk2pgcSShHY3v5357AtqIRD3hNIUwZkMlBoIztFLPdQNpbaRAA83UUELPrXo1bwG6TvyCVEmBRs/9CvoJz2JQyCUzput7KYY50yi4hFklyAykjI/ZELqWKhaDCfPF5TN6YZU+HSTalkK6UH9P5Cw2ZhpHtjNmODKr3lz8z+tmOLgNc6HSDEHx5aJBJikmdB4D7QsNHOXUEsa1sLdSPmKacbRhVWwI/urL66R1VfO9mv94Xa3fFXGUyRk5J5fEJzekTh5IgzQJJxPyTF7Jm5M7L86787FsLTnFzCn5A+fzBxyhk04=</latexit>
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<latexit sha1_base64="fqa9c495sP8QehEdu+9RCPAtdW4="></latexit><latexit sha1_base64="fqa9c495sP8QehEdu+9RCPAtdW4="></latexit><latexit sha1_base64="fqa9c495sP8QehEdu+9RCPAtdW4="></latexit><latexit sha1_base64="fqa9c495sP8QehEdu+9RCPAtdW4="></latexit>

L̂ =
p
â

<latexit sha1_base64="ArXIeM6tVGJi/Z09O6vzd97XiZg=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g8FHFXZF0EYI2lhYRDAPyIZwdzJJhsw+nLkrhGU/wcZfsbFQxNbSzr9x8ig08cCFM+fcy9x7/FgKjY7zbeUWFpeWV/KrhbX1jc0te3unpqNEMV5lkYxUwwfNpQh5FQVK3ogVh8CXvO4PrkZ+/YErLaLwDocxbwXQC0VXMEAjte0jrw+Y3mRtbwBxDPTwgnr6XmE6eWd07EPWtotOyRmDzhN3Sopkikrb/vI6EUsCHiKToHXTdWJspaBQMMmzgpdoHgMbQI83DQ0h4LqVjg/K6IFROrQbKVMh0rH6eyKFQOth4JvOALCvZ72R+J/XTLB73kpFGCfIQzb5qJtIihEdpUM7QnGGcmgIMCXMrpT1QQFDk2HBhODOnjxPaicl1ym5t6fF8uU0jjzZI/vkmLjkjJTJNamQKmHkkTyTV/JmPVkv1rv1MWnNWdOZXfIH1ucPz2edEg==</latexit><latexit sha1_base64="ArXIeM6tVGJi/Z09O6vzd97XiZg=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g8FHFXZF0EYI2lhYRDAPyIZwdzJJhsw+nLkrhGU/wcZfsbFQxNbSzr9x8ig08cCFM+fcy9x7/FgKjY7zbeUWFpeWV/KrhbX1jc0te3unpqNEMV5lkYxUwwfNpQh5FQVK3ogVh8CXvO4PrkZ+/YErLaLwDocxbwXQC0VXMEAjte0jrw+Y3mRtbwBxDPTwgnr6XmE6eWd07EPWtotOyRmDzhN3Sopkikrb/vI6EUsCHiKToHXTdWJspaBQMMmzgpdoHgMbQI83DQ0h4LqVjg/K6IFROrQbKVMh0rH6eyKFQOth4JvOALCvZ72R+J/XTLB73kpFGCfIQzb5qJtIihEdpUM7QnGGcmgIMCXMrpT1QQFDk2HBhODOnjxPaicl1ym5t6fF8uU0jjzZI/vkmLjkjJTJNamQKmHkkTyTV/JmPVkv1rv1MWnNWdOZXfIH1ucPz2edEg==</latexit><latexit sha1_base64="ArXIeM6tVGJi/Z09O6vzd97XiZg=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g8FHFXZF0EYI2lhYRDAPyIZwdzJJhsw+nLkrhGU/wcZfsbFQxNbSzr9x8ig08cCFM+fcy9x7/FgKjY7zbeUWFpeWV/KrhbX1jc0te3unpqNEMV5lkYxUwwfNpQh5FQVK3ogVh8CXvO4PrkZ+/YErLaLwDocxbwXQC0VXMEAjte0jrw+Y3mRtbwBxDPTwgnr6XmE6eWd07EPWtotOyRmDzhN3Sopkikrb/vI6EUsCHiKToHXTdWJspaBQMMmzgpdoHgMbQI83DQ0h4LqVjg/K6IFROrQbKVMh0rH6eyKFQOth4JvOALCvZ72R+J/XTLB73kpFGCfIQzb5qJtIihEdpUM7QnGGcmgIMCXMrpT1QQFDk2HBhODOnjxPaicl1ym5t6fF8uU0jjzZI/vkmLjkjJTJNamQKmHkkTyTV/JmPVkv1rv1MWnNWdOZXfIH1ucPz2edEg==</latexit><latexit sha1_base64="ArXIeM6tVGJi/Z09O6vzd97XiZg=">AAACEHicbVC7SgNBFJ2Nrxhfq5Y2g8FHFXZF0EYI2lhYRDAPyIZwdzJJhsw+nLkrhGU/wcZfsbFQxNbSzr9x8ig08cCFM+fcy9x7/FgKjY7zbeUWFpeWV/KrhbX1jc0te3unpqNEMV5lkYxUwwfNpQh5FQVK3ogVh8CXvO4PrkZ+/YErLaLwDocxbwXQC0VXMEAjte0jrw+Y3mRtbwBxDPTwgnr6XmE6eWd07EPWtotOyRmDzhN3Sopkikrb/vI6EUsCHiKToHXTdWJspaBQMMmzgpdoHgMbQI83DQ0h4LqVjg/K6IFROrQbKVMh0rH6eyKFQOth4JvOALCvZ72R+J/XTLB73kpFGCfIQzb5qJtIihEdpUM7QnGGcmgIMCXMrpT1QQFDk2HBhODOnjxPaicl1ym5t6fF8uU0jjzZI/vkmLjkjJTJNamQKmHkkTyTV/JmPVkv1rv1MWnNWdOZXfIH1ucPz2edEg==</latexit>
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<latexit sha1_base64="QYADUMJVgjd6f+0/Flbo39yaXw4="></latexit><latexit sha1_base64="QYADUMJVgjd6f+0/Flbo39yaXw4="></latexit><latexit sha1_base64="QYADUMJVgjd6f+0/Flbo39yaXw4="></latexit><latexit sha1_base64="QYADUMJVgjd6f+0/Flbo39yaXw4="></latexit>
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(n)
xe

<latexit sha1_base64="SLUl7gAisxdjBIzjpb7+pAD97p4="></latexit><latexit sha1_base64="SLUl7gAisxdjBIzjpb7+pAD97p4="></latexit><latexit sha1_base64="SLUl7gAisxdjBIzjpb7+pAD97p4="></latexit><latexit sha1_base64="SLUl7gAisxdjBIzjpb7+pAD97p4="></latexit>
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�ge�̂

(n)
ge

<latexit sha1_base64="gKhV1H04JxJ518JvpoODmZy/YLk="></latexit><latexit sha1_base64="gKhV1H04JxJ518JvpoODmZy/YLk="></latexit><latexit sha1_base64="gKhV1H04JxJ518JvpoODmZy/YLk="></latexit><latexit sha1_base64="gKhV1H04JxJ518JvpoODmZy/YLk="></latexit>

Operators before adiabatic elimination

Effective operators for no detuning
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Ŝ
�
gi

p
C

1 + (n̂g + 1)C

L̂
�(n)
ge

e↵ =
⌦
p
�ge

�

✓
�̂
(n)
gi � �̂

(n)
gg Ŝ
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<latexit sha1_base64="Ai0GcR8iqILYr6S/7Lz2VvXB6Ew="></latexit><latexit sha1_base64="Ai0GcR8iqILYr6S/7Lz2VvXB6Ew="></latexit><latexit sha1_base64="Ai0GcR8iqILYr6S/7Lz2VvXB6Ew="></latexit><latexit sha1_base64="Ai0GcR8iqILYr6S/7Lz2VvXB6Ew="></latexit>

� = �ge + �ie�xe
<latexit sha1_base64="NAUHCTTyU50LtrSoV3c8uqSPQuA=">AAACF3icbZBNS8NAEIY3ftb6FfXoZbEIglASEfQiFD3osYL9gCaUzXaaLt1Nwu5GLKH/wot/xYsHRbzqzX/jto2irQMLz7wzw+y8QcKZ0o7zac3NLywuLRdWiqtr6xub9tZ2XcWppFCjMY9lMyAKOIugppnm0EwkEBFwaAT9i1G9cQtSsTi60YMEfEHCiHUZJdpIbbvsXRIhCD7DXjiCdhbCEB/+ZMxk33wHw7ZdcsrOOPAsuDmUUB7Vtv3hdWKaCog05USplusk2s+I1IxyGBa9VEFCaJ+E0DIYEQHKz8Z3DfG+UTq4G0vzIo3H6u+JjAilBiIwnYLonpqujcT/aq1Ud0/9jEVJqiGik0XdlGMd45FJuMMkUM0HBgiVzPwV0x6RhGpjZdGY4E6fPAv1o7LrlN3r41LlPLejgHbRHjpALjpBFXSFqqiGKLpHj+gZvVgP1pP1ar1NWuesfGYH/Qnr/QsvLp9X</latexit><latexit sha1_base64="NAUHCTTyU50LtrSoV3c8uqSPQuA=">AAACF3icbZBNS8NAEIY3ftb6FfXoZbEIglASEfQiFD3osYL9gCaUzXaaLt1Nwu5GLKH/wot/xYsHRbzqzX/jto2irQMLz7wzw+y8QcKZ0o7zac3NLywuLRdWiqtr6xub9tZ2XcWppFCjMY9lMyAKOIugppnm0EwkEBFwaAT9i1G9cQtSsTi60YMEfEHCiHUZJdpIbbvsXRIhCD7DXjiCdhbCEB/+ZMxk33wHw7ZdcsrOOPAsuDmUUB7Vtv3hdWKaCog05USplusk2s+I1IxyGBa9VEFCaJ+E0DIYEQHKz8Z3DfG+UTq4G0vzIo3H6u+JjAilBiIwnYLonpqujcT/aq1Ud0/9jEVJqiGik0XdlGMd45FJuMMkUM0HBgiVzPwV0x6RhGpjZdGY4E6fPAv1o7LrlN3r41LlPLejgHbRHjpALjpBFXSFqqiGKLpHj+gZvVgP1pP1ar1NWuesfGYH/Qnr/QsvLp9X</latexit><latexit sha1_base64="NAUHCTTyU50LtrSoV3c8uqSPQuA=">AAACF3icbZBNS8NAEIY3ftb6FfXoZbEIglASEfQiFD3osYL9gCaUzXaaLt1Nwu5GLKH/wot/xYsHRbzqzX/jto2irQMLz7wzw+y8QcKZ0o7zac3NLywuLRdWiqtr6xub9tZ2XcWppFCjMY9lMyAKOIugppnm0EwkEBFwaAT9i1G9cQtSsTi60YMEfEHCiHUZJdpIbbvsXRIhCD7DXjiCdhbCEB/+ZMxk33wHw7ZdcsrOOPAsuDmUUB7Vtv3hdWKaCog05USplusk2s+I1IxyGBa9VEFCaJ+E0DIYEQHKz8Z3DfG+UTq4G0vzIo3H6u+JjAilBiIwnYLonpqujcT/aq1Ud0/9jEVJqiGik0XdlGMd45FJuMMkUM0HBgiVzPwV0x6RhGpjZdGY4E6fPAv1o7LrlN3r41LlPLejgHbRHjpALjpBFXSFqqiGKLpHj+gZvVgP1pP1ar1NWuesfGYH/Qnr/QsvLp9X</latexit><latexit sha1_base64="NAUHCTTyU50LtrSoV3c8uqSPQuA=">AAACF3icbZBNS8NAEIY3ftb6FfXoZbEIglASEfQiFD3osYL9gCaUzXaaLt1Nwu5GLKH/wot/xYsHRbzqzX/jto2irQMLz7wzw+y8QcKZ0o7zac3NLywuLRdWiqtr6xub9tZ2XcWppFCjMY9lMyAKOIugppnm0EwkEBFwaAT9i1G9cQtSsTi60YMEfEHCiHUZJdpIbbvsXRIhCD7DXjiCdhbCEB/+ZMxk33wHw7ZdcsrOOPAsuDmUUB7Vtv3hdWKaCog05USplusk2s+I1IxyGBa9VEFCaJ+E0DIYEQHKz8Z3DfG+UTq4G0vzIo3H6u+JjAilBiIwnYLonpqujcT/aq1Ud0/9jEVJqiGik0XdlGMd45FJuMMkUM0HBgiVzPwV0x6RhGpjZdGY4E6fPAv1o7LrlN3r41LlPLejgHbRHjpALjpBFXSFqqiGKLpHj+gZvVgP1pP1ar1NWuesfGYH/Qnr/QsvLp9X</latexit>

�̂ij = |iihj|
<latexit sha1_base64="r6dCGVeA3ULe9H5j0oR4s7mKqVk=">AAACHnicbVDLSgMxFM34rPVVdekmWARXZUYU3QhFNy4r2Ad0SrmTpm3aTGZI7ghl6Je48VfcuFBEcKV/Y6btQlsPhBzOuYfkniCWwqDrfjtLyyura+u5jfzm1vbObmFvv2aiRDNeZZGMdCMAw6VQvIoCJW/EmkMYSF4PhjeZX3/g2ohI3eMo5q0Qekp0BQO0Urtw7vcBU9+IXgjjdioGY3pFfWkjSAX1Naie5FaY3gOrZFa7UHRL7gR0kXgzUiQzVNqFT78TsSTkCpkEY5qeG2MrBY2CST7O+4nhMbAh9HjTUgUhN610st6YHlulQ7uRtkchnai/EymExozCwE6GgH0z72Xif14zwe5lKxUqTpArNn2om0iKEc26oh2hOUM5sgSYFvavlPVBA0PbaN6W4M2vvEhqpyXPLXl3Z8Xy9ayOHDkkR+SEeOSClMktqZAqYeSRPJNX8uY8OS/Ou/MxHV1yZpkD8gfO1w9RQqKR</latexit><latexit sha1_base64="r6dCGVeA3ULe9H5j0oR4s7mKqVk=">AAACHnicbVDLSgMxFM34rPVVdekmWARXZUYU3QhFNy4r2Ad0SrmTpm3aTGZI7ghl6Je48VfcuFBEcKV/Y6btQlsPhBzOuYfkniCWwqDrfjtLyyura+u5jfzm1vbObmFvv2aiRDNeZZGMdCMAw6VQvIoCJW/EmkMYSF4PhjeZX3/g2ohI3eMo5q0Qekp0BQO0Urtw7vcBU9+IXgjjdioGY3pFfWkjSAX1Naie5FaY3gOrZFa7UHRL7gR0kXgzUiQzVNqFT78TsSTkCpkEY5qeG2MrBY2CST7O+4nhMbAh9HjTUgUhN610st6YHlulQ7uRtkchnai/EymExozCwE6GgH0z72Xif14zwe5lKxUqTpArNn2om0iKEc26oh2hOUM5sgSYFvavlPVBA0PbaN6W4M2vvEhqpyXPLXl3Z8Xy9ayOHDkkR+SEeOSClMktqZAqYeSRPJNX8uY8OS/Ou/MxHV1yZpkD8gfO1w9RQqKR</latexit><latexit sha1_base64="r6dCGVeA3ULe9H5j0oR4s7mKqVk=">AAACHnicbVDLSgMxFM34rPVVdekmWARXZUYU3QhFNy4r2Ad0SrmTpm3aTGZI7ghl6Je48VfcuFBEcKV/Y6btQlsPhBzOuYfkniCWwqDrfjtLyyura+u5jfzm1vbObmFvv2aiRDNeZZGMdCMAw6VQvIoCJW/EmkMYSF4PhjeZX3/g2ohI3eMo5q0Qekp0BQO0Urtw7vcBU9+IXgjjdioGY3pFfWkjSAX1Naie5FaY3gOrZFa7UHRL7gR0kXgzUiQzVNqFT78TsSTkCpkEY5qeG2MrBY2CST7O+4nhMbAh9HjTUgUhN610st6YHlulQ7uRtkchnai/EymExozCwE6GgH0z72Xif14zwe5lKxUqTpArNn2om0iKEc26oh2hOUM5sgSYFvavlPVBA0PbaN6W4M2vvEhqpyXPLXl3Z8Xy9ayOHDkkR+SEeOSClMktqZAqYeSRPJNX8uY8OS/Ou/MxHV1yZpkD8gfO1w9RQqKR</latexit><latexit sha1_base64="r6dCGVeA3ULe9H5j0oR4s7mKqVk=">AAACHnicbVDLSgMxFM34rPVVdekmWARXZUYU3QhFNy4r2Ad0SrmTpm3aTGZI7ghl6Je48VfcuFBEcKV/Y6btQlsPhBzOuYfkniCWwqDrfjtLyyura+u5jfzm1vbObmFvv2aiRDNeZZGMdCMAw6VQvIoCJW/EmkMYSF4PhjeZX3/g2ohI3eMo5q0Qekp0BQO0Urtw7vcBU9+IXgjjdioGY3pFfWkjSAX1Naie5FaY3gOrZFa7UHRL7gR0kXgzUiQzVNqFT78TsSTkCpkEY5qeG2MrBY2CST7O+4nhMbAh9HjTUgUhN610st6YHlulQ7uRtkchnai/EymExozCwE6GgH0z72Xif14zwe5lKxUqTpArNn2om0iKEc26oh2hOUM5sgSYFvavlPVBA0PbaN6W4M2vvEhqpyXPLXl3Z8Xy9ayOHDkkR+SEeOSClMktqZAqYeSRPJNX8uY8OS/Ou/MxHV1yZpkD8gfO1w9RQqKR</latexit>

with
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Time in �⌦�2
<latexit sha1_base64="epopGd0+M7NV7G6r5fJ40B2PmMU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSBD0WPejNCvYDmlgm2227dDcJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3Cyura+kZxs7S1vbO7Z++XWypKJKFNEvFIdgJQlLOQNjXTnHZiSUEEnLaD8dXUbz9SqVgU3utJTH0Bw5ANGAFtpJ5d9q5BCMDeraBDeEhPa1nPrjhVZwa8TNycVFCORs/+8voRSQQNNeGgVNd1Yu2nIDUjnGYlL1E0BjKGIe0aGoKgyk9nt2f42Ch9PIikqVDjmfp7IgWh1EQEplOAHqlFbyr+53UTPbjwUxbGiaYhmS8aJBzrCE+DwH0mKdF8YggQycytmIxAAtEmrpIJwV18eZm0alXXqbp3Z5X6ZR5HER2iI3SCXHSO6ugGNVATEfSEntErerMy68V6tz7mrQUrnzlAf2B9/gDyK5O4</latexit><latexit sha1_base64="epopGd0+M7NV7G6r5fJ40B2PmMU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSBD0WPejNCvYDmlgm2227dDcJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3Cyura+kZxs7S1vbO7Z++XWypKJKFNEvFIdgJQlLOQNjXTnHZiSUEEnLaD8dXUbz9SqVgU3utJTH0Bw5ANGAFtpJ5d9q5BCMDeraBDeEhPa1nPrjhVZwa8TNycVFCORs/+8voRSQQNNeGgVNd1Yu2nIDUjnGYlL1E0BjKGIe0aGoKgyk9nt2f42Ch9PIikqVDjmfp7IgWh1EQEplOAHqlFbyr+53UTPbjwUxbGiaYhmS8aJBzrCE+DwH0mKdF8YggQycytmIxAAtEmrpIJwV18eZm0alXXqbp3Z5X6ZR5HER2iI3SCXHSO6ugGNVATEfSEntErerMy68V6tz7mrQUrnzlAf2B9/gDyK5O4</latexit><latexit sha1_base64="epopGd0+M7NV7G6r5fJ40B2PmMU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSBD0WPejNCvYDmlgm2227dDcJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3Cyura+kZxs7S1vbO7Z++XWypKJKFNEvFIdgJQlLOQNjXTnHZiSUEEnLaD8dXUbz9SqVgU3utJTH0Bw5ANGAFtpJ5d9q5BCMDeraBDeEhPa1nPrjhVZwa8TNycVFCORs/+8voRSQQNNeGgVNd1Yu2nIDUjnGYlL1E0BjKGIe0aGoKgyk9nt2f42Ch9PIikqVDjmfp7IgWh1EQEplOAHqlFbyr+53UTPbjwUxbGiaYhmS8aJBzrCE+DwH0mKdF8YggQycytmIxAAtEmrpIJwV18eZm0alXXqbp3Z5X6ZR5HER2iI3SCXHSO6ugGNVATEfSEntErerMy68V6tz7mrQUrnzlAf2B9/gDyK5O4</latexit><latexit sha1_base64="epopGd0+M7NV7G6r5fJ40B2PmMU=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCF0tSBD0WPejNCvYDmlgm2227dDcJuxuxhPwVLx4U8eof8ea/cdvmoK0PBh7vzTAzL4g5U9pxvq3Cyura+kZxs7S1vbO7Z++XWypKJKFNEvFIdgJQlLOQNjXTnHZiSUEEnLaD8dXUbz9SqVgU3utJTH0Bw5ANGAFtpJ5d9q5BCMDeraBDeEhPa1nPrjhVZwa8TNycVFCORs/+8voRSQQNNeGgVNd1Yu2nIDUjnGYlL1E0BjKGIe0aGoKgyk9nt2f42Ch9PIikqVDjmfp7IgWh1EQEplOAHqlFbyr+53UTPbjwUxbGiaYhmS8aJBzrCE+DwH0mKdF8YggQycytmIxAAtEmrpIJwV18eZm0alXXqbp3Z5X6ZR5HER2iI3SCXHSO6ugGNVATEfSEntErerMy68V6tz7mrQUrnzlAf2B9/gDyK5O4</latexit>

Time Evolution

C = 0.5
<latexit sha1_base64="vBoHe9N9XH9MgJkYNZGIkTtIyi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0YtQ7MVjBfsBbSib7aRdutmE3Y1QSn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305hbX1jc6u4XdrZ3ds/KB8eNXWSKYYNlohEtUOqUXCJDcONwHaqkMahwFY4qs381hMqzRP5aMYpBjEdSB5xRo2VWjVySzz3qleueK43B1klfk4qkKPeK391+wnLYpSGCap1x/dSE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+7pScWaVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tkJroJJlymmUHJFouiTBCTkNnvpM8VMiPGllCmuL2VsCFVlBmbUMmG4C+/vEqaF67vuf7DZaV6l8dRhBM4hXPw4RqqcA91aACDETzDK7w5qfPivDsfi9aCk88cwx84nz8T3I4T</latexit><latexit sha1_base64="vBoHe9N9XH9MgJkYNZGIkTtIyi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0YtQ7MVjBfsBbSib7aRdutmE3Y1QSn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305hbX1jc6u4XdrZ3ds/KB8eNXWSKYYNlohEtUOqUXCJDcONwHaqkMahwFY4qs381hMqzRP5aMYpBjEdSB5xRo2VWjVySzz3qleueK43B1klfk4qkKPeK391+wnLYpSGCap1x/dSE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+7pScWaVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tkJroJJlymmUHJFouiTBCTkNnvpM8VMiPGllCmuL2VsCFVlBmbUMmG4C+/vEqaF67vuf7DZaV6l8dRhBM4hXPw4RqqcA91aACDETzDK7w5qfPivDsfi9aCk88cwx84nz8T3I4T</latexit><latexit sha1_base64="vBoHe9N9XH9MgJkYNZGIkTtIyi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0YtQ7MVjBfsBbSib7aRdutmE3Y1QSn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305hbX1jc6u4XdrZ3ds/KB8eNXWSKYYNlohEtUOqUXCJDcONwHaqkMahwFY4qs381hMqzRP5aMYpBjEdSB5xRo2VWjVySzz3qleueK43B1klfk4qkKPeK391+wnLYpSGCap1x/dSE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+7pScWaVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tkJroJJlymmUHJFouiTBCTkNnvpM8VMiPGllCmuL2VsCFVlBmbUMmG4C+/vEqaF67vuf7DZaV6l8dRhBM4hXPw4RqqcA91aACDETzDK7w5qfPivDsfi9aCk88cwx84nz8T3I4T</latexit><latexit sha1_base64="vBoHe9N9XH9MgJkYNZGIkTtIyi0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hE0YtQ7MVjBfsBbSib7aRdutmE3Y1QSn+EFw+KePX3ePPfuG1z0NYHA4/3ZpiZF6aCa+N5305hbX1jc6u4XdrZ3ds/KB8eNXWSKYYNlohEtUOqUXCJDcONwHaqkMahwFY4qs381hMqzRP5aMYpBjEdSB5xRo2VWjVySzz3qleueK43B1klfk4qkKPeK391+wnLYpSGCap1x/dSE0yoMpwJnJa6mcaUshEdYMdSSWPUwWR+7pScWaVPokTZkobM1d8TExprPY5D2xlTM9TL3kz8z+tkJroJJlymmUHJFouiTBCTkNnvpM8VMiPGllCmuL2VsCFVlBmbUMmG4C+/vEqaF67vuf7DZaV6l8dRhBM4hXPw4RqqcA91aACDETzDK7w5qfPivDsfi9aCk88cwx84nz8T3I4T</latexit>

�x
�

= 0.31
<latexit sha1_base64="6LJHBR0tZrHkaAPg4M7rZSSw79E=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCroRii50WcFeoAlhMp20Q2eSMDMRS8jOja/ixoUibn0Fd76NkzYLbf1h4OM/53Dm/EHCqFS2/W1UFhaXlleqq7W19Y3NLXN7py3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHRV1Dv3REgaR3dqnBCPo0FEQ4qR0pZv7ruhQDhzB4hz5D/kmXtdUA4voG2dOL5Zty17IjgPTgl1UKrpm19uP8YpJ5HCDEnZc+xEeRkSimJG8pqbSpIgPEID0tMYIU6kl03uyOGhdvowjIV+kYIT9/dEhriUYx7oTo7UUM7WCvO/Wi9V4bmX0ShJFYnwdFGYMqhiWIQC+1QQrNhYA8KC6r9CPEQ6GKWjq+kQnNmT56F9bDm25dye1huXZRxVsAcOwBFwwBlogBvQBC2AwSN4Bq/gzXgyXox342PaWjHKmV3wR8bnD5vSmHM=</latexit><latexit sha1_base64="6LJHBR0tZrHkaAPg4M7rZSSw79E=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCroRii50WcFeoAlhMp20Q2eSMDMRS8jOja/ixoUibn0Fd76NkzYLbf1h4OM/53Dm/EHCqFS2/W1UFhaXlleqq7W19Y3NLXN7py3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHRV1Dv3REgaR3dqnBCPo0FEQ4qR0pZv7ruhQDhzB4hz5D/kmXtdUA4voG2dOL5Zty17IjgPTgl1UKrpm19uP8YpJ5HCDEnZc+xEeRkSimJG8pqbSpIgPEID0tMYIU6kl03uyOGhdvowjIV+kYIT9/dEhriUYx7oTo7UUM7WCvO/Wi9V4bmX0ShJFYnwdFGYMqhiWIQC+1QQrNhYA8KC6r9CPEQ6GKWjq+kQnNmT56F9bDm25dye1huXZRxVsAcOwBFwwBlogBvQBC2AwSN4Bq/gzXgyXox342PaWjHKmV3wR8bnD5vSmHM=</latexit><latexit sha1_base64="6LJHBR0tZrHkaAPg4M7rZSSw79E=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCroRii50WcFeoAlhMp20Q2eSMDMRS8jOja/ixoUibn0Fd76NkzYLbf1h4OM/53Dm/EHCqFS2/W1UFhaXlleqq7W19Y3NLXN7py3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHRV1Dv3REgaR3dqnBCPo0FEQ4qR0pZv7ruhQDhzB4hz5D/kmXtdUA4voG2dOL5Zty17IjgPTgl1UKrpm19uP8YpJ5HCDEnZc+xEeRkSimJG8pqbSpIgPEID0tMYIU6kl03uyOGhdvowjIV+kYIT9/dEhriUYx7oTo7UUM7WCvO/Wi9V4bmX0ShJFYnwdFGYMqhiWIQC+1QQrNhYA8KC6r9CPEQ6GKWjq+kQnNmT56F9bDm25dye1huXZRxVsAcOwBFwwBlogBvQBC2AwSN4Bq/gzXgyXox342PaWjHKmV3wR8bnD5vSmHM=</latexit><latexit sha1_base64="6LJHBR0tZrHkaAPg4M7rZSSw79E=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCroRii50WcFeoAlhMp20Q2eSMDMRS8jOja/ixoUibn0Fd76NkzYLbf1h4OM/53Dm/EHCqFS2/W1UFhaXlleqq7W19Y3NLXN7py3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHRV1Dv3REgaR3dqnBCPo0FEQ4qR0pZv7ruhQDhzB4hz5D/kmXtdUA4voG2dOL5Zty17IjgPTgl1UKrpm19uP8YpJ5HCDEnZc+xEeRkSimJG8pqbSpIgPEID0tMYIU6kl03uyOGhdvowjIV+kYIT9/dEhriUYx7oTo7UUM7WCvO/Wi9V4bmX0ShJFYnwdFGYMqhiWIQC+1QQrNhYA8KC6r9CPEQ6GKWjq+kQnNmT56F9bDm25dye1huXZRxVsAcOwBFwwBlogBvQBC2AwSN4Bq/gzXgyXox342PaWjHKmV3wR8bnD5vSmHM=</latexit>

�g
�

= 0.37
<latexit sha1_base64="6NQu1iRec88+b0VsB0YDli34X1w=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCnUjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyB/mmXtTUA4voW2dNXyzblv2VHARnBLqoFTLN7/cQYxTTiKFGZKy79iJ8jIkFMWM5DU3lSRBeIyGpK8xQpxIL5vekcNj7QxgGAv9IgWn7u+JDHEpJzzQnRypkZyvFeZ/tX6qwgsvo1GSKhLh2aIwZVDFsAgFDqggWLGJBoQF1X+FeIR0MEpHV9MhOPMnL0Ln1HJsy7k7rzevyjiq4AAcgRPggAZoglvQAm2AwSN4Bq/gzXgyXox342PWWjHKmX3wR8bnD4oWmGg=</latexit><latexit sha1_base64="6NQu1iRec88+b0VsB0YDli34X1w=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCnUjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyB/mmXtTUA4voW2dNXyzblv2VHARnBLqoFTLN7/cQYxTTiKFGZKy79iJ8jIkFMWM5DU3lSRBeIyGpK8xQpxIL5vekcNj7QxgGAv9IgWn7u+JDHEpJzzQnRypkZyvFeZ/tX6qwgsvo1GSKhLh2aIwZVDFsAgFDqggWLGJBoQF1X+FeIR0MEpHV9MhOPMnL0Ln1HJsy7k7rzevyjiq4AAcgRPggAZoglvQAm2AwSN4Bq/gzXgyXox342PWWjHKmX3wR8bnD4oWmGg=</latexit><latexit sha1_base64="6NQu1iRec88+b0VsB0YDli34X1w=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCnUjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyB/mmXtTUA4voW2dNXyzblv2VHARnBLqoFTLN7/cQYxTTiKFGZKy79iJ8jIkFMWM5DU3lSRBeIyGpK8xQpxIL5vekcNj7QxgGAv9IgWn7u+JDHEpJzzQnRypkZyvFeZ/tX6qwgsvo1GSKhLh2aIwZVDFsAgFDqggWLGJBoQF1X+FeIR0MEpHV9MhOPMnL0Ln1HJsy7k7rzevyjiq4AAcgRPggAZoglvQAm2AwSN4Bq/gzXgyXox342PWWjHKmX3wR8bnD4oWmGg=</latexit><latexit sha1_base64="6NQu1iRec88+b0VsB0YDli34X1w=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCnUjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyB/mmXtTUA4voW2dNXyzblv2VHARnBLqoFTLN7/cQYxTTiKFGZKy79iJ8jIkFMWM5DU3lSRBeIyGpK8xQpxIL5vekcNj7QxgGAv9IgWn7u+JDHEpJzzQnRypkZyvFeZ/tX6qwgsvo1GSKhLh2aIwZVDFsAgFDqggWLGJBoQF1X+FeIR0MEpHV9MhOPMnL0Ln1HJsy7k7rzevyjiq4AAcgRPggAZoglvQAm2AwSN4Bq/gzXgyXox342PWWjHKmX3wR8bnD4oWmGg=</latexit>

�i
�

= 0.32
<latexit sha1_base64="qZIzc6BhiEGzJDHnSi5txfJ5GqE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuApJFXQjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyKd55t4UlMNLaFunDd+s25Y9FVwEp4Q6KNXyzS93EOOUk0hhhqTsO3aivAwJRTEjec1NJUkQHqMh6WuMECfSy6Z35PBYOwMYxkK/SMGp+3siQ1zKCQ90J0dqJOdrhflfrZ+q8MLLaJSkikR4tihMGVQxLEKBAyoIVmyiAWFB9V8hHiEdjNLR1XQIzvzJi9BpWI5tOXdn9eZVGUcVHIAjcAIccA6a4Ba0QBtg8AiewSt4M56MF+Pd+Ji1VoxyZh/8kfH5A4WqmGU=</latexit><latexit sha1_base64="qZIzc6BhiEGzJDHnSi5txfJ5GqE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuApJFXQjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyKd55t4UlMNLaFunDd+s25Y9FVwEp4Q6KNXyzS93EOOUk0hhhqTsO3aivAwJRTEjec1NJUkQHqMh6WuMECfSy6Z35PBYOwMYxkK/SMGp+3siQ1zKCQ90J0dqJOdrhflfrZ+q8MLLaJSkikR4tihMGVQxLEKBAyoIVmyiAWFB9V8hHiEdjNLR1XQIzvzJi9BpWI5tOXdn9eZVGUcVHIAjcAIccA6a4Ba0QBtg8AiewSt4M56MF+Pd+Ji1VoxyZh/8kfH5A4WqmGU=</latexit><latexit sha1_base64="qZIzc6BhiEGzJDHnSi5txfJ5GqE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuApJFXQjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyKd55t4UlMNLaFunDd+s25Y9FVwEp4Q6KNXyzS93EOOUk0hhhqTsO3aivAwJRTEjec1NJUkQHqMh6WuMECfSy6Z35PBYOwMYxkK/SMGp+3siQ1zKCQ90J0dqJOdrhflfrZ+q8MLLaJSkikR4tihMGVQxLEKBAyoIVmyiAWFB9V8hHiEdjNLR1XQIzvzJi9BpWI5tOXdn9eZVGUcVHIAjcAIccA6a4Ba0QBtg8AiewSt4M56MF+Pd+Ji1VoxyZh/8kfH5A4WqmGU=</latexit><latexit sha1_base64="qZIzc6BhiEGzJDHnSi5txfJ5GqE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuApJFXQjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyKd55t4UlMNLaFunDd+s25Y9FVwEp4Q6KNXyzS93EOOUk0hhhqTsO3aivAwJRTEjec1NJUkQHqMh6WuMECfSy6Z35PBYOwMYxkK/SMGp+3siQ1zKCQ90J0dqJOdrhflfrZ+q8MLLaJSkikR4tihMGVQxLEKBAyoIVmyiAWFB9V8hHiEdjNLR1XQIzvzJi9BpWI5tOXdn9eZVGUcVHIAjcAIccA6a4Ba0QBtg8AiewSt4M56MF+Pd+Ji1VoxyZh/8kfH5A4WqmGU=</latexit>

with

Effects of increasing the number of particles:
• Transfer is slowed down. 
• Final ground state population increases.

Explanation:
The spontaneous emission of the excited state into the 
ground state is increased by superradiance, which slows 
down the transfer due to Zeno blocking, but at the same 
time increases the fraction brought into the ground state.
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Rb2

Rb2*
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De-Excitation
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�x
<latexit sha1_base64="3oUEMvGj+JgDIKWXKUtx/A1HR+w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkZnadmRVDyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3H5k2PFH3dpSyUGJf8ZhTtE5qdfooJXafuqWyX/FnIMskyEkZctS6pa9OL6GZZMpSgca0Az+14Ri15VSwSbGTGZYiHWKftR1VKJkJx7N7J+TUKT0SJ9qVsmSm/p4YozRmJCPXKdEOzKI3Ff/z2pmNr8IxV2lmmaLzRXEmiE3I9HnS45pRK0aOINXc3UroADVS6yIquhCCxZeXSeO8EviV4O6iXL3O4yjAMZzAGQRwCVW4hRrUgYKAZ3iFN+/Be/HevY9564qXzxzBH3ifPxvgkAA=</latexit><latexit sha1_base64="3oUEMvGj+JgDIKWXKUtx/A1HR+w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkZnadmRVDyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3H5k2PFH3dpSyUGJf8ZhTtE5qdfooJXafuqWyX/FnIMskyEkZctS6pa9OL6GZZMpSgca0Az+14Ri15VSwSbGTGZYiHWKftR1VKJkJx7N7J+TUKT0SJ9qVsmSm/p4YozRmJCPXKdEOzKI3Ff/z2pmNr8IxV2lmmaLzRXEmiE3I9HnS45pRK0aOINXc3UroADVS6yIquhCCxZeXSeO8EviV4O6iXL3O4yjAMZzAGQRwCVW4hRrUgYKAZ3iFN+/Be/HevY9564qXzxzBH3ifPxvgkAA=</latexit><latexit sha1_base64="3oUEMvGj+JgDIKWXKUtx/A1HR+w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkZnadmRVDyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3H5k2PFH3dpSyUGJf8ZhTtE5qdfooJXafuqWyX/FnIMskyEkZctS6pa9OL6GZZMpSgca0Az+14Ri15VSwSbGTGZYiHWKftR1VKJkJx7N7J+TUKT0SJ9qVsmSm/p4YozRmJCPXKdEOzKI3Ff/z2pmNr8IxV2lmmaLzRXEmiE3I9HnS45pRK0aOINXc3UroADVS6yIquhCCxZeXSeO8EviV4O6iXL3O4yjAMZzAGQRwCVW4hRrUgYKAZ3iFN+/Be/HevY9564qXzxzBH3ifPxvgkAA=</latexit><latexit sha1_base64="3oUEMvGj+JgDIKWXKUtx/A1HR+w=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhN7JbDJkZnadmRVDyE948aCIV3/Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwZuo3H5k2PFH3dpSyUGJf8ZhTtE5qdfooJXafuqWyX/FnIMskyEkZctS6pa9OL6GZZMpSgca0Az+14Ri15VSwSbGTGZYiHWKftR1VKJkJx7N7J+TUKT0SJ9qVsmSm/p4YozRmJCPXKdEOzKI3Ff/z2pmNr8IxV2lmmaLzRXEmiE3I9HnS45pRK0aOINXc3UroADVS6yIquhCCxZeXSeO8EviV4O6iXL3O4yjAMZzAGQRwCVW4hRrUgYKAZ3iFN+/Be/HevY9564qXzxzBH3ifPxvgkAA=</latexit>

�i
<latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit><latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit><latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit><latexit sha1_base64="2dnokO0yu50wWuVJf13RWfkCEWQ=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROZpMhM7PrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqmiTTlDVoIhLdjtAwwRVrWG4Fa6eaoYwEa0Wj25nfemLa8EQ92HHKQokDxWNO0Tqp3R2glNjjvXLFr/pzkFUS5KQCOeq98le3n9BMMmWpQGM6gZ/acILacirYtNTNDEuRjnDAOo4qlMyEk/m9U3LmlD6JE+1KWTJXf09MUBozlpHrlGiHZtmbif95nczG1+GEqzSzTNHFojgTxCZk9jzpc82oFWNHkGrubiV0iBqpdRGVXAjB8surpHlRDfxqcH9Zqd3kcRThBE7hHAK4ghrcQR0aQEHAM7zCm/fovXjv3seiteDlM8fwB97nDwUkj/E=</latexit>

�g
<latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit><latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit><latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit><latexit sha1_base64="ZDVJ+o0ynZYAZfe4ydsq9QLccyc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUCbbTbp0N4m7G6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTlLVoIhLVDVAzwWPWMtwI1k0VQxkI1gnGtzO/88SU5kn8YCYp8yVGMQ85RWOlbj9CKXEQDao1t+7OQVaJV5AaFGgOql/9YUIzyWJDBWrd89zU+Dkqw6lg00o/0yxFOsaI9SyNUTLt5/N7p+TMKkMSJspWbMhc/T2Ro9R6IgPbKdGM9LI3E//zepkJr/2cx2lmWEwXi8JMEJOQ2fNkyBWjRkwsQaq4vZXQESqkxkZUsSF4yy+vkvZF3XPr3v1lrXFTxFGGEziFc/DgChpwB01oAQUBz/AKb86j8+K8Ox+L1pJTzBzDHzifPwIcj+8=</latexit>


<latexit sha1_base64="qAsUf/1IAlAQB3I2YF1C2veiXKU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2dlhZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqyho0EYluR2iY4JI1LLeCtZVmGEeCtaLx7cxvPTFteCIf7ESxMMah5ANO0Tqp2R2jUtgrV/yqPwdZJUFOKpCj3it/dfsJTWMmLRVoTCfwlQ0z1JZTwaalbmqYQjrGIes4KjFmJszm107JmVP6ZJBoV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGpUsskXSwapILYhMxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbl3gv3rv3sWgtePnMMfyB9/kDliyPHw==</latexit><latexit sha1_base64="qAsUf/1IAlAQB3I2YF1C2veiXKU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2dlhZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqyho0EYluR2iY4JI1LLeCtZVmGEeCtaLx7cxvPTFteCIf7ESxMMah5ANO0Tqp2R2jUtgrV/yqPwdZJUFOKpCj3it/dfsJTWMmLRVoTCfwlQ0z1JZTwaalbmqYQjrGIes4KjFmJszm107JmVP6ZJBoV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGpUsskXSwapILYhMxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbl3gv3rv3sWgtePnMMfyB9/kDliyPHw==</latexit><latexit sha1_base64="qAsUf/1IAlAQB3I2YF1C2veiXKU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2dlhZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqyho0EYluR2iY4JI1LLeCtZVmGEeCtaLx7cxvPTFteCIf7ESxMMah5ANO0Tqp2R2jUtgrV/yqPwdZJUFOKpCj3it/dfsJTWMmLRVoTCfwlQ0z1JZTwaalbmqYQjrGIes4KjFmJszm107JmVP6ZJBoV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGpUsskXSwapILYhMxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbl3gv3rv3sWgtePnMMfyB9/kDliyPHw==</latexit><latexit sha1_base64="qAsUf/1IAlAQB3I2YF1C2veiXKU=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2dlhZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrUoIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqyho0EYluR2iY4JI1LLeCtZVmGEeCtaLx7cxvPTFteCIf7ESxMMah5ANO0Tqp2R2jUtgrV/yqPwdZJUFOKpCj3it/dfsJTWMmLRVoTCfwlQ0z1JZTwaalbmqYQjrGIes4KjFmJszm107JmVP6ZJBoV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGpUsskXSwapILYhMxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbl3gv3rv3sWgtePnMMfyB9/kDliyPHw==</latexit>

⌦
<latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit><latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit><latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit><latexit sha1_base64="ObnqD1hbfHqghXAZw1ZJ+I3YUO0=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04s0I5gHJEmYnvcmYmdllZlYIIf/gxYMiXv0fb/6Nk2QPmljQUFR1090VpYIb6/vf3srq2vrGZmGruL2zu7dfOjhsmCTTDOssEYluRdSg4ArrlluBrVQjlZHAZjS8mfrNJ9SGJ+rBjlIMJe0rHnNGrZManTuJfdotlf2KPwNZJkFOypCj1i19dXoJyyQqywQ1ph34qQ3HVFvOBE6KncxgStmQ9rHtqKISTTieXTshp07pkTjRrpQlM/X3xJhKY0Yycp2S2oFZ9Kbif147s/FVOOYqzSwqNl8UZ4LYhExfJz2ukVkxcoQyzd2thA2opsy6gIouhGDx5WXSOK8EfiW4vyhXr/M4CnAMJ3AGAVxCFW6hBnVg8AjP8ApvXuK9eO/ex7x1xctnjuAPvM8fXzGO+w==</latexit>

Two Rubidium atoms (a) are pumped into an excited 
molecular state (b). From there, it can decay — 
collectively or by spontaneous emission — into a 
vibrationally excited molcular state state (c), into the 
molecular ground state (d) or back into two separated 
atoms (a).

�x
�

= 0.31
<latexit sha1_base64="6LJHBR0tZrHkaAPg4M7rZSSw79E=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCroRii50WcFeoAlhMp20Q2eSMDMRS8jOja/ixoUibn0Fd76NkzYLbf1h4OM/53Dm/EHCqFS2/W1UFhaXlleqq7W19Y3NLXN7py3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHRV1Dv3REgaR3dqnBCPo0FEQ4qR0pZv7ruhQDhzB4hz5D/kmXtdUA4voG2dOL5Zty17IjgPTgl1UKrpm19uP8YpJ5HCDEnZc+xEeRkSimJG8pqbSpIgPEID0tMYIU6kl03uyOGhdvowjIV+kYIT9/dEhriUYx7oTo7UUM7WCvO/Wi9V4bmX0ShJFYnwdFGYMqhiWIQC+1QQrNhYA8KC6r9CPEQ6GKWjq+kQnNmT56F9bDm25dye1huXZRxVsAcOwBFwwBlogBvQBC2AwSN4Bq/gzXgyXox342PaWjHKmV3wR8bnD5vSmHM=</latexit><latexit sha1_base64="6LJHBR0tZrHkaAPg4M7rZSSw79E=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCroRii50WcFeoAlhMp20Q2eSMDMRS8jOja/ixoUibn0Fd76NkzYLbf1h4OM/53Dm/EHCqFS2/W1UFhaXlleqq7W19Y3NLXN7py3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHRV1Dv3REgaR3dqnBCPo0FEQ4qR0pZv7ruhQDhzB4hz5D/kmXtdUA4voG2dOL5Zty17IjgPTgl1UKrpm19uP8YpJ5HCDEnZc+xEeRkSimJG8pqbSpIgPEID0tMYIU6kl03uyOGhdvowjIV+kYIT9/dEhriUYx7oTo7UUM7WCvO/Wi9V4bmX0ShJFYnwdFGYMqhiWIQC+1QQrNhYA8KC6r9CPEQ6GKWjq+kQnNmT56F9bDm25dye1huXZRxVsAcOwBFwwBlogBvQBC2AwSN4Bq/gzXgyXox342PaWjHKmV3wR8bnD5vSmHM=</latexit><latexit sha1_base64="6LJHBR0tZrHkaAPg4M7rZSSw79E=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCroRii50WcFeoAlhMp20Q2eSMDMRS8jOja/ixoUibn0Fd76NkzYLbf1h4OM/53Dm/EHCqFS2/W1UFhaXlleqq7W19Y3NLXN7py3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHRV1Dv3REgaR3dqnBCPo0FEQ4qR0pZv7ruhQDhzB4hz5D/kmXtdUA4voG2dOL5Zty17IjgPTgl1UKrpm19uP8YpJ5HCDEnZc+xEeRkSimJG8pqbSpIgPEID0tMYIU6kl03uyOGhdvowjIV+kYIT9/dEhriUYx7oTo7UUM7WCvO/Wi9V4bmX0ShJFYnwdFGYMqhiWIQC+1QQrNhYA8KC6r9CPEQ6GKWjq+kQnNmT56F9bDm25dye1huXZRxVsAcOwBFwwBlogBvQBC2AwSN4Bq/gzXgyXox342PaWjHKmV3wR8bnD5vSmHM=</latexit><latexit sha1_base64="6LJHBR0tZrHkaAPg4M7rZSSw79E=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCroRii50WcFeoAlhMp20Q2eSMDMRS8jOja/ixoUibn0Fd76NkzYLbf1h4OM/53Dm/EHCqFS2/W1UFhaXlleqq7W19Y3NLXN7py3jVGDSwjGLRTdAkjAakZaiipFuIgjiASOdYHRV1Dv3REgaR3dqnBCPo0FEQ4qR0pZv7ruhQDhzB4hz5D/kmXtdUA4voG2dOL5Zty17IjgPTgl1UKrpm19uP8YpJ5HCDEnZc+xEeRkSimJG8pqbSpIgPEID0tMYIU6kl03uyOGhdvowjIV+kYIT9/dEhriUYx7oTo7UUM7WCvO/Wi9V4bmX0ShJFYnwdFGYMqhiWIQC+1QQrNhYA8KC6r9CPEQ6GKWjq+kQnNmT56F9bDm25dye1huXZRxVsAcOwBFwwBlogBvQBC2AwSN4Bq/gzXgyXox342PaWjHKmV3wR8bnD5vSmHM=</latexit>

�g
�

= 0.37
<latexit sha1_base64="6NQu1iRec88+b0VsB0YDli34X1w=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCnUjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyB/mmXtTUA4voW2dNXyzblv2VHARnBLqoFTLN7/cQYxTTiKFGZKy79iJ8jIkFMWM5DU3lSRBeIyGpK8xQpxIL5vekcNj7QxgGAv9IgWn7u+JDHEpJzzQnRypkZyvFeZ/tX6qwgsvo1GSKhLh2aIwZVDFsAgFDqggWLGJBoQF1X+FeIR0MEpHV9MhOPMnL0Ln1HJsy7k7rzevyjiq4AAcgRPggAZoglvQAm2AwSN4Bq/gzXgyXox342PWWjHKmX3wR8bnD4oWmGg=</latexit><latexit sha1_base64="6NQu1iRec88+b0VsB0YDli34X1w=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCnUjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyB/mmXtTUA4voW2dNXyzblv2VHARnBLqoFTLN7/cQYxTTiKFGZKy79iJ8jIkFMWM5DU3lSRBeIyGpK8xQpxIL5vekcNj7QxgGAv9IgWn7u+JDHEpJzzQnRypkZyvFeZ/tX6qwgsvo1GSKhLh2aIwZVDFsAgFDqggWLGJBoQF1X+FeIR0MEpHV9MhOPMnL0Ln1HJsy7k7rzevyjiq4AAcgRPggAZoglvQAm2AwSN4Bq/gzXgyXox342PWWjHKmX3wR8bnD4oWmGg=</latexit><latexit sha1_base64="6NQu1iRec88+b0VsB0YDli34X1w=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCnUjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyB/mmXtTUA4voW2dNXyzblv2VHARnBLqoFTLN7/cQYxTTiKFGZKy79iJ8jIkFMWM5DU3lSRBeIyGpK8xQpxIL5vekcNj7QxgGAv9IgWn7u+JDHEpJzzQnRypkZyvFeZ/tX6qwgsvo1GSKhLh2aIwZVDFsAgFDqggWLGJBoQF1X+FeIR0MEpHV9MhOPMnL0Ln1HJsy7k7rzevyjiq4AAcgRPggAZoglvQAm2AwSN4Bq/gzXgyXox342PWWjHKmX3wR8bnD4oWmGg=</latexit><latexit sha1_base64="6NQu1iRec88+b0VsB0YDli34X1w=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuAqJCnUjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyB/mmXtTUA4voW2dNXyzblv2VHARnBLqoFTLN7/cQYxTTiKFGZKy79iJ8jIkFMWM5DU3lSRBeIyGpK8xQpxIL5vekcNj7QxgGAv9IgWn7u+JDHEpJzzQnRypkZyvFeZ/tX6qwgsvo1GSKhLh2aIwZVDFsAgFDqggWLGJBoQF1X+FeIR0MEpHV9MhOPMnL0Ln1HJsy7k7rzevyjiq4AAcgRPggAZoglvQAm2AwSN4Bq/gzXgyXox342PWWjHKmX3wR8bnD4oWmGg=</latexit>

�i
�

= 0.32
<latexit sha1_base64="qZIzc6BhiEGzJDHnSi5txfJ5GqE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuApJFXQjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyKd55t4UlMNLaFunDd+s25Y9FVwEp4Q6KNXyzS93EOOUk0hhhqTsO3aivAwJRTEjec1NJUkQHqMh6WuMECfSy6Z35PBYOwMYxkK/SMGp+3siQ1zKCQ90J0dqJOdrhflfrZ+q8MLLaJSkikR4tihMGVQxLEKBAyoIVmyiAWFB9V8hHiEdjNLR1XQIzvzJi9BpWI5tOXdn9eZVGUcVHIAjcAIccA6a4Ba0QBtg8AiewSt4M56MF+Pd+Ji1VoxyZh/8kfH5A4WqmGU=</latexit><latexit sha1_base64="qZIzc6BhiEGzJDHnSi5txfJ5GqE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuApJFXQjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyKd55t4UlMNLaFunDd+s25Y9FVwEp4Q6KNXyzS93EOOUk0hhhqTsO3aivAwJRTEjec1NJUkQHqMh6WuMECfSy6Z35PBYOwMYxkK/SMGp+3siQ1zKCQ90J0dqJOdrhflfrZ+q8MLLaJSkikR4tihMGVQxLEKBAyoIVmyiAWFB9V8hHiEdjNLR1XQIzvzJi9BpWI5tOXdn9eZVGUcVHIAjcAIccA6a4Ba0QBtg8AiewSt4M56MF+Pd+Ji1VoxyZh/8kfH5A4WqmGU=</latexit><latexit sha1_base64="qZIzc6BhiEGzJDHnSi5txfJ5GqE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuApJFXQjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyKd55t4UlMNLaFunDd+s25Y9FVwEp4Q6KNXyzS93EOOUk0hhhqTsO3aivAwJRTEjec1NJUkQHqMh6WuMECfSy6Z35PBYOwMYxkK/SMGp+3siQ1zKCQ90J0dqJOdrhflfrZ+q8MLLaJSkikR4tihMGVQxLEKBAyoIVmyiAWFB9V8hHiEdjNLR1XQIzvzJi9BpWI5tOXdn9eZVGUcVHIAjcAIccA6a4Ba0QBtg8AiewSt4M56MF+Pd+Ji1VoxyZh/8kfH5A4WqmGU=</latexit><latexit sha1_base64="qZIzc6BhiEGzJDHnSi5txfJ5GqE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuApJFXQjFF3osoK9QBPCZDpph84kYWYilJCdG1/FjQtF3PoK7nwbJ20W2vrDwMd/zuHM+YOEUals+9uoLC2vrK5V12sbm1vbO+buXkfGqcCkjWMWi16AJGE0Im1FFSO9RBDEA0a6wfi6qHcfiJA0ju7VJCEeR8OIhhQjpS3fPHRDgXDmDhHnyKd55t4UlMNLaFunDd+s25Y9FVwEp4Q6KNXyzS93EOOUk0hhhqTsO3aivAwJRTEjec1NJUkQHqMh6WuMECfSy6Z35PBYOwMYxkK/SMGp+3siQ1zKCQ90J0dqJOdrhflfrZ+q8MLLaJSkikR4tihMGVQxLEKBAyoIVmyiAWFB9V8hHiEdjNLR1XQIzvzJi9BpWI5tOXdn9eZVGUcVHIAjcAIccA6a4Ba0QBtg8AiewSt4M56MF+Pd+Ji1VoxyZh/8kfH5A4WqmGU=</latexit>

with

n1
g ⇡ 1� ⇡

2

�x
�

ln(N)

NC
<latexit sha1_base64="fyW4Yh2v8mS9q+FkxZr20Bv7+Sk="></latexit><latexit sha1_base64="fyW4Yh2v8mS9q+FkxZr20Bv7+Sk="></latexit><latexit sha1_base64="fyW4Yh2v8mS9q+FkxZr20Bv7+Sk="></latexit><latexit sha1_base64="fyW4Yh2v8mS9q+FkxZr20Bv7+Sk="></latexit>

• Ground state population increases with particle 
number and cooperativity

• For small         plateau at:

• For large         ground state population is given by

NC
<latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit>

NC
<latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit>

n1
g =

�g
�x + �g

<latexit sha1_base64="dP6TKXAEjAl5Kl3/Vu3uhxUPgDU=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IRTcuK9gLNDFMppN06MwkzEzEEvocbnwVNy4UcSdufBunbRRt/WHg4z/ncOb8Ycqo0o7zac3NLywuLZdWyqtr6xub9tZ2UyWZxKSBE5bIdogUYVSQhqaakXYqCeIhI62wfzGqt26JVDQR13qQEp+jWNCIYqSNFdiuCOIbj4pID+AZ9CKJcO7FiHMUxMNvuoOH8McM7IpTdcaCs+AWUAGF6oH97nUTnHEiNGZIqY7rpNrPkdQUMzIse5kiKcJ9FJOOQYE4UX4+Pm0I943ThVEizRMajt3fEzniSg14aDo50j01XRuZ/9U6mY5O/ZyKNNNE4MmiKGNQJ3CUE+xSSbBmAwMIS2r+CnEPmXi0SbNsQnCnT56F5lHVdaru1XGldl7EUQK7YA8cABecgBq4BHXQABjcg0fwDF6sB+vJerXeJq1zVjGzA/7I+vgCQiGg/Q==</latexit><latexit sha1_base64="dP6TKXAEjAl5Kl3/Vu3uhxUPgDU=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IRTcuK9gLNDFMppN06MwkzEzEEvocbnwVNy4UcSdufBunbRRt/WHg4z/ncOb8Ycqo0o7zac3NLywuLZdWyqtr6xub9tZ2UyWZxKSBE5bIdogUYVSQhqaakXYqCeIhI62wfzGqt26JVDQR13qQEp+jWNCIYqSNFdiuCOIbj4pID+AZ9CKJcO7FiHMUxMNvuoOH8McM7IpTdcaCs+AWUAGF6oH97nUTnHEiNGZIqY7rpNrPkdQUMzIse5kiKcJ9FJOOQYE4UX4+Pm0I943ThVEizRMajt3fEzniSg14aDo50j01XRuZ/9U6mY5O/ZyKNNNE4MmiKGNQJ3CUE+xSSbBmAwMIS2r+CnEPmXi0SbNsQnCnT56F5lHVdaru1XGldl7EUQK7YA8cABecgBq4BHXQABjcg0fwDF6sB+vJerXeJq1zVjGzA/7I+vgCQiGg/Q==</latexit><latexit sha1_base64="dP6TKXAEjAl5Kl3/Vu3uhxUPgDU=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IRTcuK9gLNDFMppN06MwkzEzEEvocbnwVNy4UcSdufBunbRRt/WHg4z/ncOb8Ycqo0o7zac3NLywuLZdWyqtr6xub9tZ2UyWZxKSBE5bIdogUYVSQhqaakXYqCeIhI62wfzGqt26JVDQR13qQEp+jWNCIYqSNFdiuCOIbj4pID+AZ9CKJcO7FiHMUxMNvuoOH8McM7IpTdcaCs+AWUAGF6oH97nUTnHEiNGZIqY7rpNrPkdQUMzIse5kiKcJ9FJOOQYE4UX4+Pm0I943ThVEizRMajt3fEzniSg14aDo50j01XRuZ/9U6mY5O/ZyKNNNE4MmiKGNQJ3CUE+xSSbBmAwMIS2r+CnEPmXi0SbNsQnCnT56F5lHVdaru1XGldl7EUQK7YA8cABecgBq4BHXQABjcg0fwDF6sB+vJerXeJq1zVjGzA/7I+vgCQiGg/Q==</latexit><latexit sha1_base64="dP6TKXAEjAl5Kl3/Vu3uhxUPgDU=">AAACGnicbZDLSsNAFIYnXmu9RV26GSyCIJREBN0IRTcuK9gLNDFMppN06MwkzEzEEvocbnwVNy4UcSdufBunbRRt/WHg4z/ncOb8Ycqo0o7zac3NLywuLZdWyqtr6xub9tZ2UyWZxKSBE5bIdogUYVSQhqaakXYqCeIhI62wfzGqt26JVDQR13qQEp+jWNCIYqSNFdiuCOIbj4pID+AZ9CKJcO7FiHMUxMNvuoOH8McM7IpTdcaCs+AWUAGF6oH97nUTnHEiNGZIqY7rpNrPkdQUMzIse5kiKcJ9FJOOQYE4UX4+Pm0I943ThVEizRMajt3fEzniSg14aDo50j01XRuZ/9U6mY5O/ZyKNNNE4MmiKGNQJ3CUE+xSSbBmAwMIS2r+CnEPmXi0SbNsQnCnT56F5lHVdaru1XGldl7EUQK7YA8cABecgBq4BHXQABjcg0fwDF6sB+vJerXeJq1zVjGzA/7I+vgCQiGg/Q==</latexit>

Explanation:
Decay into ground state is by a factor                        faster 
than the decay into the       state. The additional factor        
comes from integrating until all the population is in the 
ground state        .

|xi
<latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit><latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit><latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit><latexit sha1_base64="0XKgta7B0mHbImKSiUi1mpgU94I=">AAAB+XicbVBNS8NAEN34WetX1KOXxSJ4KokIeix68VjBfkATymY7bZduNmF3Uiyh/8SLB0W8+k+8+W/ctjlo64OBx3szzMyLUikMet63s7a+sbm1Xdop7+7tHxy6R8dNk2SaQ4MnMtHtiBmQQkEDBUpopxpYHEloRaO7md8agzYiUY84SSGM2UCJvuAMrdR13UBaG+kTDTRTAwldt+JVvTnoKvELUiEF6l33K+glPItBIZfMmI7vpRjmTKPgEqblIDOQMj5iA+hYqlgMJsznl0/puVV6tJ9oWwrpXP09kbPYmEkc2c6Y4dAsezPxP6+TYf8mzIVKMwTFF4v6maSY0FkMtCc0cJQTSxjXwt5K+ZBpxtGGVbYh+Msvr5LmZdX3qv7DVaV2W8RRIqfkjFwQn1yTGrknddIgnIzJM3klb07uvDjvzseidc0pZk7IHzifPzoFk2E=</latexit>

lnN
<latexit sha1_base64="6pby9FLACsgnKpQDWaUpEv3hxHw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV/J5U5L5frbl1dw6ySryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKupYrG3AT5/NgpObPKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMw+JwOhOUM5sYQyLeythI2opgxtPhUbgrf88ippXdQ9t+49XNYaN0UcZTiBUzgHD66gAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz9EYo5Q</latexit><latexit sha1_base64="6pby9FLACsgnKpQDWaUpEv3hxHw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV/J5U5L5frbl1dw6ySryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKupYrG3AT5/NgpObPKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMw+JwOhOUM5sYQyLeythI2opgxtPhUbgrf88ippXdQ9t+49XNYaN0UcZTiBUzgHD66gAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz9EYo5Q</latexit><latexit sha1_base64="6pby9FLACsgnKpQDWaUpEv3hxHw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV/J5U5L5frbl1dw6ySryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKupYrG3AT5/NgpObPKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMw+JwOhOUM5sYQyLeythI2opgxtPhUbgrf88ippXdQ9t+49XNYaN0UcZTiBUzgHD66gAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz9EYo5Q</latexit><latexit sha1_base64="6pby9FLACsgnKpQDWaUpEv3hxHw=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRiyepYNpCG8pmu2mXbjZhdyKU0N/gxYMiXv1B3vw3btsctPXBwOO9GWbmhakUBl332ymtrW9sbpW3Kzu7e/sH1cOjlkkyzbjPEpnoTkgNl0JxHwVK3kk1p3EoeTsc38789hPXRiTqEScpD2I6VCISjKKV/J5U5L5frbl1dw6ySryC1KBAs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKupYrG3AT5/NgpObPKgESJtqWQzNXfEzmNjZnEoe2MKY7MsjcT//O6GUbXQS5UmiFXbLEoyiTBhMw+JwOhOUM5sYQyLeythI2opgxtPhUbgrf88ippXdQ9t+49XNYaN0UcZTiBUzgHD66gAXfQBB8YCHiGV3hzlPPivDsfi9aSU8wcwx84nz9EYo5Q</latexit>

�x
�(ng + 1)C

<latexit sha1_base64="jN+PZrGusTGGizMxfsy9/g6Ubrk=">AAACCXicbZDLSsNAFIYnXmu9VV26GSxCRSiJCLosdqHLCvYCTQiT6SQdOjMJMxOxhGzd+CpuXCji1jdw59s4bbPQ1h8GPv5zDmfOHySMKm3b39bS8srq2nppo7y5tb2zW9nb76g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjJqTeveeSEVjcafHCfE4igQNKUbaWH4FuqFEOHMjxDnyH/LMvZ4QrAk/OnVOmrlfqdp1eyq4CE4BVVCo5Ve+3EGMU06Exgwp1XfsRHsZkppiRvKymyqSIDxCEekbFIgT5WXTS3J4bJwBDGNpntBw6v6eyBBXaswD08mRHqr52sT8r9ZPdXjpZVQkqSYCzxaFKYM6hpNY4IBKgjUbG0BYUvNXiIfIRKNNeGUTgjN/8iJ0zuqOXXduz6uNqyKOEjgER6AGHHABGuAGtEAbYPAInsEreLOerBfr3fqYtS5ZxcwB+CPr8weIOJmM</latexit><latexit sha1_base64="jN+PZrGusTGGizMxfsy9/g6Ubrk=">AAACCXicbZDLSsNAFIYnXmu9VV26GSxCRSiJCLosdqHLCvYCTQiT6SQdOjMJMxOxhGzd+CpuXCji1jdw59s4bbPQ1h8GPv5zDmfOHySMKm3b39bS8srq2nppo7y5tb2zW9nb76g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjJqTeveeSEVjcafHCfE4igQNKUbaWH4FuqFEOHMjxDnyH/LMvZ4QrAk/OnVOmrlfqdp1eyq4CE4BVVCo5Ve+3EGMU06Exgwp1XfsRHsZkppiRvKymyqSIDxCEekbFIgT5WXTS3J4bJwBDGNpntBw6v6eyBBXaswD08mRHqr52sT8r9ZPdXjpZVQkqSYCzxaFKYM6hpNY4IBKgjUbG0BYUvNXiIfIRKNNeGUTgjN/8iJ0zuqOXXduz6uNqyKOEjgER6AGHHABGuAGtEAbYPAInsEreLOerBfr3fqYtS5ZxcwB+CPr8weIOJmM</latexit><latexit sha1_base64="jN+PZrGusTGGizMxfsy9/g6Ubrk=">AAACCXicbZDLSsNAFIYnXmu9VV26GSxCRSiJCLosdqHLCvYCTQiT6SQdOjMJMxOxhGzd+CpuXCji1jdw59s4bbPQ1h8GPv5zDmfOHySMKm3b39bS8srq2nppo7y5tb2zW9nb76g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjJqTeveeSEVjcafHCfE4igQNKUbaWH4FuqFEOHMjxDnyH/LMvZ4QrAk/OnVOmrlfqdp1eyq4CE4BVVCo5Ve+3EGMU06Exgwp1XfsRHsZkppiRvKymyqSIDxCEekbFIgT5WXTS3J4bJwBDGNpntBw6v6eyBBXaswD08mRHqr52sT8r9ZPdXjpZVQkqSYCzxaFKYM6hpNY4IBKgjUbG0BYUvNXiIfIRKNNeGUTgjN/8iJ0zuqOXXduz6uNqyKOEjgER6AGHHABGuAGtEAbYPAInsEreLOerBfr3fqYtS5ZxcwB+CPr8weIOJmM</latexit><latexit sha1_base64="jN+PZrGusTGGizMxfsy9/g6Ubrk=">AAACCXicbZDLSsNAFIYnXmu9VV26GSxCRSiJCLosdqHLCvYCTQiT6SQdOjMJMxOxhGzd+CpuXCji1jdw59s4bbPQ1h8GPv5zDmfOHySMKm3b39bS8srq2nppo7y5tb2zW9nb76g4lZi0ccxi2QuQIowK0tZUM9JLJEE8YKQbjJqTeveeSEVjcafHCfE4igQNKUbaWH4FuqFEOHMjxDnyH/LMvZ4QrAk/OnVOmrlfqdp1eyq4CE4BVVCo5Ve+3EGMU06Exgwp1XfsRHsZkppiRvKymyqSIDxCEekbFIgT5WXTS3J4bJwBDGNpntBw6v6eyBBXaswD08mRHqr52sT8r9ZPdXjpZVQkqSYCzxaFKYM6hpNY4IBKgjUbG0BYUvNXiIfIRKNNeGUTgjN/8iJ0zuqOXXduz6uNqyKOEjgER6AGHHABGuAGtEAbYPAInsEreLOerBfr3fqYtS5ZxcwB+CPr8weIOJmM</latexit>

�g = �i = 0.5�
<latexit sha1_base64="LSdJYD6qCKMXPLRnoyKLkYdwq/A=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAInkoril6EoQc9TnAvsJaRZmkXlqQlSYVRdvTiV/HiQRGvfgRvfhuzrgfd/EPgl//zPCTPP0wZVdp1v62FxaXlldXKWnV9Y3Nr297Zbakkk5g0ccIS2QmRIowK0tRUM9JJJUE8ZKQdDq8n9fYDkYom4l6PUhJwFAsaUYy0sXr2gR8jzlEvhpewRGrQdc78m+Jm11zHLQTnwSuhBko1evaX309wxonQmCGlup6b6iBHUlPMyLjqZ4qkCA9RTLoGBeJEBXmxyBgeGacPo0SaIzQs3N8TOeJKjXhoOjnSAzVbm5j/1bqZji6CnIo000Tg6UNRxqBO4CQV2KeSYM1GBhCW1PwV4gGSCGuTXdWE4M2uPA+tE8dzHe/utFa/KuOogH1wCI6BB85BHdyCBmgCDB7BM3gFb9aT9WK9Wx/T1gWrnNkDf2R9/gDqIpf5</latexit><latexit sha1_base64="LSdJYD6qCKMXPLRnoyKLkYdwq/A=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAInkoril6EoQc9TnAvsJaRZmkXlqQlSYVRdvTiV/HiQRGvfgRvfhuzrgfd/EPgl//zPCTPP0wZVdp1v62FxaXlldXKWnV9Y3Nr297Zbakkk5g0ccIS2QmRIowK0tRUM9JJJUE8ZKQdDq8n9fYDkYom4l6PUhJwFAsaUYy0sXr2gR8jzlEvhpewRGrQdc78m+Jm11zHLQTnwSuhBko1evaX309wxonQmCGlup6b6iBHUlPMyLjqZ4qkCA9RTLoGBeJEBXmxyBgeGacPo0SaIzQs3N8TOeJKjXhoOjnSAzVbm5j/1bqZji6CnIo000Tg6UNRxqBO4CQV2KeSYM1GBhCW1PwV4gGSCGuTXdWE4M2uPA+tE8dzHe/utFa/KuOogH1wCI6BB85BHdyCBmgCDB7BM3gFb9aT9WK9Wx/T1gWrnNkDf2R9/gDqIpf5</latexit><latexit sha1_base64="LSdJYD6qCKMXPLRnoyKLkYdwq/A=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAInkoril6EoQc9TnAvsJaRZmkXlqQlSYVRdvTiV/HiQRGvfgRvfhuzrgfd/EPgl//zPCTPP0wZVdp1v62FxaXlldXKWnV9Y3Nr297Zbakkk5g0ccIS2QmRIowK0tRUM9JJJUE8ZKQdDq8n9fYDkYom4l6PUhJwFAsaUYy0sXr2gR8jzlEvhpewRGrQdc78m+Jm11zHLQTnwSuhBko1evaX309wxonQmCGlup6b6iBHUlPMyLjqZ4qkCA9RTLoGBeJEBXmxyBgeGacPo0SaIzQs3N8TOeJKjXhoOjnSAzVbm5j/1bqZji6CnIo000Tg6UNRxqBO4CQV2KeSYM1GBhCW1PwV4gGSCGuTXdWE4M2uPA+tE8dzHe/utFa/KuOogH1wCI6BB85BHdyCBmgCDB7BM3gFb9aT9WK9Wx/T1gWrnNkDf2R9/gDqIpf5</latexit><latexit sha1_base64="LSdJYD6qCKMXPLRnoyKLkYdwq/A=">AAACCHicbZBNS8MwGMdTX+d8q3r0YHAInkoril6EoQc9TnAvsJaRZmkXlqQlSYVRdvTiV/HiQRGvfgRvfhuzrgfd/EPgl//zPCTPP0wZVdp1v62FxaXlldXKWnV9Y3Nr297Zbakkk5g0ccIS2QmRIowK0tRUM9JJJUE8ZKQdDq8n9fYDkYom4l6PUhJwFAsaUYy0sXr2gR8jzlEvhpewRGrQdc78m+Jm11zHLQTnwSuhBko1evaX309wxonQmCGlup6b6iBHUlPMyLjqZ4qkCA9RTLoGBeJEBXmxyBgeGacPo0SaIzQs3N8TOeJKjXhoOjnSAzVbm5j/1bqZji6CnIo000Tg6UNRxqBO4CQV2KeSYM1GBhCW1PwV4gGSCGuTXdWE4M2uPA+tE8dzHe/utFa/KuOogH1wCI6BB85BHdyCBmgCDB7BM3gFb9aT9WK9Wx/T1gWrnNkDf2R9/gDqIpf5</latexit>

�x = 0
<latexit sha1_base64="+HtzedpYLcal+qsX0546SCnFc5g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FJpTJdtMu3U3C7kYsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcP2jrJFGUtmohEdULUTPCYtQw3gnVSxVCGgj2Eo5up//DIlOZJfG/GKQskDmIecYrGSr4/QCmx90SuiNur1ty6OwNZJl5BalCg2at++f2EZpLFhgrUuuu5qQlyVIZTwSYVP9MsRTrCAetaGqNkOshnN0/IiVX6JEqUrdiQmfp7Ikep9ViGtlOiGepFbyr+53UzE10GOY/TzLCYzhdFmSAmIdMASJ8rRo0YW4JUcXsroUNUSI2NqWJD8BZfXibts7rn1r2781rjuoijDEdwDKfgwQU04Baa0AIKKTzDK7w5mfPivDsf89aSU8wcwh84nz/DyZDV</latexit><latexit sha1_base64="+HtzedpYLcal+qsX0546SCnFc5g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FJpTJdtMu3U3C7kYsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcP2jrJFGUtmohEdULUTPCYtQw3gnVSxVCGgj2Eo5up//DIlOZJfG/GKQskDmIecYrGSr4/QCmx90SuiNur1ty6OwNZJl5BalCg2at++f2EZpLFhgrUuuu5qQlyVIZTwSYVP9MsRTrCAetaGqNkOshnN0/IiVX6JEqUrdiQmfp7Ikep9ViGtlOiGepFbyr+53UzE10GOY/TzLCYzhdFmSAmIdMASJ8rRo0YW4JUcXsroUNUSI2NqWJD8BZfXibts7rn1r2781rjuoijDEdwDKfgwQU04Baa0AIKKTzDK7w5mfPivDsf89aSU8wcwh84nz/DyZDV</latexit><latexit sha1_base64="+HtzedpYLcal+qsX0546SCnFc5g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FJpTJdtMu3U3C7kYsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcP2jrJFGUtmohEdULUTPCYtQw3gnVSxVCGgj2Eo5up//DIlOZJfG/GKQskDmIecYrGSr4/QCmx90SuiNur1ty6OwNZJl5BalCg2at++f2EZpLFhgrUuuu5qQlyVIZTwSYVP9MsRTrCAetaGqNkOshnN0/IiVX6JEqUrdiQmfp7Ikep9ViGtlOiGepFbyr+53UzE10GOY/TzLCYzhdFmSAmIdMASJ8rRo0YW4JUcXsroUNUSI2NqWJD8BZfXibts7rn1r2781rjuoijDEdwDKfgwQU04Baa0AIKKTzDK7w5mfPivDsf89aSU8wcwh84nz/DyZDV</latexit><latexit sha1_base64="+HtzedpYLcal+qsX0546SCnFc5g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FJpTJdtMu3U3C7kYsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcP2jrJFGUtmohEdULUTPCYtQw3gnVSxVCGgj2Eo5up//DIlOZJfG/GKQskDmIecYrGSr4/QCmx90SuiNur1ty6OwNZJl5BalCg2at++f2EZpLFhgrUuuu5qQlyVIZTwSYVP9MsRTrCAetaGqNkOshnN0/IiVX6JEqUrdiQmfp7Ikep9ViGtlOiGepFbyr+53UzE10GOY/TzLCYzhdFmSAmIdMASJ8rRo0YW4JUcXsroUNUSI2NqWJD8BZfXibts7rn1r2781rjuoijDEdwDKfgwQU04Baa0AIKKTzDK7w5mfPivDsf89aSU8wcwh84nz/DyZDV</latexit>

�x = 0
<latexit sha1_base64="+HtzedpYLcal+qsX0546SCnFc5g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FJpTJdtMu3U3C7kYsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcP2jrJFGUtmohEdULUTPCYtQw3gnVSxVCGgj2Eo5up//DIlOZJfG/GKQskDmIecYrGSr4/QCmx90SuiNur1ty6OwNZJl5BalCg2at++f2EZpLFhgrUuuu5qQlyVIZTwSYVP9MsRTrCAetaGqNkOshnN0/IiVX6JEqUrdiQmfp7Ikep9ViGtlOiGepFbyr+53UzE10GOY/TzLCYzhdFmSAmIdMASJ8rRo0YW4JUcXsroUNUSI2NqWJD8BZfXibts7rn1r2781rjuoijDEdwDKfgwQU04Baa0AIKKTzDK7w5mfPivDsf89aSU8wcwh84nz/DyZDV</latexit><latexit sha1_base64="+HtzedpYLcal+qsX0546SCnFc5g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FJpTJdtMu3U3C7kYsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcP2jrJFGUtmohEdULUTPCYtQw3gnVSxVCGgj2Eo5up//DIlOZJfG/GKQskDmIecYrGSr4/QCmx90SuiNur1ty6OwNZJl5BalCg2at++f2EZpLFhgrUuuu5qQlyVIZTwSYVP9MsRTrCAetaGqNkOshnN0/IiVX6JEqUrdiQmfp7Ikep9ViGtlOiGepFbyr+53UzE10GOY/TzLCYzhdFmSAmIdMASJ8rRo0YW4JUcXsroUNUSI2NqWJD8BZfXibts7rn1r2781rjuoijDEdwDKfgwQU04Baa0AIKKTzDK7w5mfPivDsf89aSU8wcwh84nz/DyZDV</latexit><latexit sha1_base64="+HtzedpYLcal+qsX0546SCnFc5g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FJpTJdtMu3U3C7kYsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcP2jrJFGUtmohEdULUTPCYtQw3gnVSxVCGgj2Eo5up//DIlOZJfG/GKQskDmIecYrGSr4/QCmx90SuiNur1ty6OwNZJl5BalCg2at++f2EZpLFhgrUuuu5qQlyVIZTwSYVP9MsRTrCAetaGqNkOshnN0/IiVX6JEqUrdiQmfp7Ikep9ViGtlOiGepFbyr+53UzE10GOY/TzLCYzhdFmSAmIdMASJ8rRo0YW4JUcXsroUNUSI2NqWJD8BZfXibts7rn1r2781rjuoijDEdwDKfgwQU04Baa0AIKKTzDK7w5mfPivDsf89aSU8wcwh84nz/DyZDV</latexit><latexit sha1_base64="+HtzedpYLcal+qsX0546SCnFc5g=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxgq2FJpTJdtMu3U3C7kYsoX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcP2jrJFGUtmohEdULUTPCYtQw3gnVSxVCGgj2Eo5up//DIlOZJfG/GKQskDmIecYrGSr4/QCmx90SuiNur1ty6OwNZJl5BalCg2at++f2EZpLFhgrUuuu5qQlyVIZTwSYVP9MsRTrCAetaGqNkOshnN0/IiVX6JEqUrdiQmfp7Ikep9ViGtlOiGepFbyr+53UzE10GOY/TzLCYzhdFmSAmIdMASJ8rRo0YW4JUcXsroUNUSI2NqWJD8BZfXibts7rn1r2781rjuoijDEdwDKfgwQU04Baa0AIKKTzDK7w5mfPivDsf89aSU8wcwh84nz/DyZDV</latexit>

�i = 0.9�
<latexit sha1_base64="1KrZHtrlpWsCyvPnW5o3+yX2PDg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFRIR1IVQdKHLCvYBTSg300k7dCYJMxOhhuKvuHGhiFv/w51/47TNQlsPXDhzzr3MvSdMOVPadb+thcWl5ZXV0lp5fWNza9ve2W2oJJOE1knCE9kKQVHOYlrXTHPaSiUFEXLaDAfXY7/5QKViSXyvhykNBPRiFjEC2kgde9/vgRDQYfgSu86FfzN52RXXcSfA88QrSAUVqHXsL7+bkEzQWBMOSrU9N9VBDlIzwumo7GeKpkAG0KNtQ2MQVAX5ZPsRPjJKF0eJNBVrPFF/T+QglBqK0HQK0H01643F/7x2pqPzIGdxmmkak+lHUcaxTvA4CtxlkhLNh4YAkczsikkfJBBtAiubELzZk+dJ48TxXMe7O61Ur4o4SugAHaJj5KEzVEW3qIbqiKBH9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz93pZPt</latexit><latexit sha1_base64="1KrZHtrlpWsCyvPnW5o3+yX2PDg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFRIR1IVQdKHLCvYBTSg300k7dCYJMxOhhuKvuHGhiFv/w51/47TNQlsPXDhzzr3MvSdMOVPadb+thcWl5ZXV0lp5fWNza9ve2W2oJJOE1knCE9kKQVHOYlrXTHPaSiUFEXLaDAfXY7/5QKViSXyvhykNBPRiFjEC2kgde9/vgRDQYfgSu86FfzN52RXXcSfA88QrSAUVqHXsL7+bkEzQWBMOSrU9N9VBDlIzwumo7GeKpkAG0KNtQ2MQVAX5ZPsRPjJKF0eJNBVrPFF/T+QglBqK0HQK0H01643F/7x2pqPzIGdxmmkak+lHUcaxTvA4CtxlkhLNh4YAkczsikkfJBBtAiubELzZk+dJ48TxXMe7O61Ur4o4SugAHaJj5KEzVEW3qIbqiKBH9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz93pZPt</latexit><latexit sha1_base64="1KrZHtrlpWsCyvPnW5o3+yX2PDg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFRIR1IVQdKHLCvYBTSg300k7dCYJMxOhhuKvuHGhiFv/w51/47TNQlsPXDhzzr3MvSdMOVPadb+thcWl5ZXV0lp5fWNza9ve2W2oJJOE1knCE9kKQVHOYlrXTHPaSiUFEXLaDAfXY7/5QKViSXyvhykNBPRiFjEC2kgde9/vgRDQYfgSu86FfzN52RXXcSfA88QrSAUVqHXsL7+bkEzQWBMOSrU9N9VBDlIzwumo7GeKpkAG0KNtQ2MQVAX5ZPsRPjJKF0eJNBVrPFF/T+QglBqK0HQK0H01643F/7x2pqPzIGdxmmkak+lHUcaxTvA4CtxlkhLNh4YAkczsikkfJBBtAiubELzZk+dJ48TxXMe7O61Ur4o4SugAHaJj5KEzVEW3qIbqiKBH9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz93pZPt</latexit><latexit sha1_base64="1KrZHtrlpWsCyvPnW5o3+yX2PDg=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwFRIR1IVQdKHLCvYBTSg300k7dCYJMxOhhuKvuHGhiFv/w51/47TNQlsPXDhzzr3MvSdMOVPadb+thcWl5ZXV0lp5fWNza9ve2W2oJJOE1knCE9kKQVHOYlrXTHPaSiUFEXLaDAfXY7/5QKViSXyvhykNBPRiFjEC2kgde9/vgRDQYfgSu86FfzN52RXXcSfA88QrSAUVqHXsL7+bkEzQWBMOSrU9N9VBDlIzwumo7GeKpkAG0KNtQ2MQVAX5ZPsRPjJKF0eJNBVrPFF/T+QglBqK0HQK0H01643F/7x2pqPzIGdxmmkak+lHUcaxTvA4CtxlkhLNh4YAkczsikkfJBBtAiubELzZk+dJ48TxXMe7O61Ur4o4SugAHaJj5KEzVEW3qIbqiKBH9Ixe0Zv1ZL1Y79bHtHXBKmb20B9Ynz93pZPt</latexit>

�g = 0.1�
<latexit sha1_base64="QWKrpIYRBCP30am1NTDE6WdipSI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6EKXFewDmlBuppN26EwSZiZCDcVfceNCEbf+hzv/xmmahbYeuHDmnHuZe0+QcKa043xbpaXlldW18nplY3Nre8fe3WupOJWENknMY9kJQFHOItrUTHPaSSQFEXDaDkbXU7/9QKVicXSvxwn1BQwiFjIC2kg9+8AbgBDQG+BL7NRc7yZ/2VWn5uTAi8QtSBUVaPTsL68fk1TQSBMOSnVdJ9F+BlIzwumk4qWKJkBGMKBdQyMQVPlZvv0EHxulj8NYmoo0ztXfExkIpcYiMJ0C9FDNe1PxP6+b6vDCz1iUpJpGZPZRmHKsYzyNAveZpETzsSFAJDO7YjIECUSbwComBHf+5EXSOq25Jre7s2r9qoijjA7RETpBLjpHdXSLGqiJCHpEz+gVvVlP1ov1bn3MWktWMbOP/sD6/AFoNZPj</latexit><latexit sha1_base64="QWKrpIYRBCP30am1NTDE6WdipSI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6EKXFewDmlBuppN26EwSZiZCDcVfceNCEbf+hzv/xmmahbYeuHDmnHuZe0+QcKa043xbpaXlldW18nplY3Nre8fe3WupOJWENknMY9kJQFHOItrUTHPaSSQFEXDaDkbXU7/9QKVicXSvxwn1BQwiFjIC2kg9+8AbgBDQG+BL7NRc7yZ/2VWn5uTAi8QtSBUVaPTsL68fk1TQSBMOSnVdJ9F+BlIzwumk4qWKJkBGMKBdQyMQVPlZvv0EHxulj8NYmoo0ztXfExkIpcYiMJ0C9FDNe1PxP6+b6vDCz1iUpJpGZPZRmHKsYzyNAveZpETzsSFAJDO7YjIECUSbwComBHf+5EXSOq25Jre7s2r9qoijjA7RETpBLjpHdXSLGqiJCHpEz+gVvVlP1ov1bn3MWktWMbOP/sD6/AFoNZPj</latexit><latexit sha1_base64="QWKrpIYRBCP30am1NTDE6WdipSI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6EKXFewDmlBuppN26EwSZiZCDcVfceNCEbf+hzv/xmmahbYeuHDmnHuZe0+QcKa043xbpaXlldW18nplY3Nre8fe3WupOJWENknMY9kJQFHOItrUTHPaSSQFEXDaDkbXU7/9QKVicXSvxwn1BQwiFjIC2kg9+8AbgBDQG+BL7NRc7yZ/2VWn5uTAi8QtSBUVaPTsL68fk1TQSBMOSnVdJ9F+BlIzwumk4qWKJkBGMKBdQyMQVPlZvv0EHxulj8NYmoo0ztXfExkIpcYiMJ0C9FDNe1PxP6+b6vDCz1iUpJpGZPZRmHKsYzyNAveZpETzsSFAJDO7YjIECUSbwComBHf+5EXSOq25Jre7s2r9qoijjA7RETpBLjpHdXSLGqiJCHpEz+gVvVlP1ov1bn3MWktWMbOP/sD6/AFoNZPj</latexit><latexit sha1_base64="QWKrpIYRBCP30am1NTDE6WdipSI=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5KIoBuh6EKXFewDmlBuppN26EwSZiZCDcVfceNCEbf+hzv/xmmahbYeuHDmnHuZe0+QcKa043xbpaXlldW18nplY3Nre8fe3WupOJWENknMY9kJQFHOItrUTHPaSSQFEXDaDkbXU7/9QKVicXSvxwn1BQwiFjIC2kg9+8AbgBDQG+BL7NRc7yZ/2VWn5uTAi8QtSBUVaPTsL68fk1TQSBMOSnVdJ9F+BlIzwumk4qWKJkBGMKBdQyMQVPlZvv0EHxulj8NYmoo0ztXfExkIpcYiMJ0C9FDNe1PxP6+b6vDCz1iUpJpGZPZRmHKsYzyNAveZpETzsSFAJDO7YjIECUSbwComBHf+5EXSOq25Jre7s2r9qoijjA7RETpBLjpHdXSLGqiJCHpEz+gVvVlP1ov1bn3MWktWMbOP/sD6/AFoNZPj</latexit>

Time to reach M = 0
<latexit sha1_base64="R3tfInVC1JFf5woUFiyPp0rhLV4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFqGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5up33pCpXkiH8w4xSCmA8kjzqixkn9Hrojbq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeognx07ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZfk76XCEzYmwJZYrbWwkbUkWZsflUbAje4svL5PGs7rl17/681rgu4ijDERzDKXhwAQ24hSb4wIDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUEpjaY=</latexit><latexit sha1_base64="R3tfInVC1JFf5woUFiyPp0rhLV4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFqGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5up33pCpXkiH8w4xSCmA8kjzqixkn9Hrojbq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeognx07ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZfk76XCEzYmwJZYrbWwkbUkWZsflUbAje4svL5PGs7rl17/681rgu4ijDERzDKXhwAQ24hSb4wIDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUEpjaY=</latexit><latexit sha1_base64="R3tfInVC1JFf5woUFiyPp0rhLV4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFqGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5up33pCpXkiH8w4xSCmA8kjzqixkn9Hrojbq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeognx07ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZfk76XCEzYmwJZYrbWwkbUkWZsflUbAje4svL5PGs7rl17/681rgu4ijDERzDKXhwAQ24hSb4wIDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUEpjaY=</latexit><latexit sha1_base64="R3tfInVC1JFf5woUFiyPp0rhLV4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFqGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5up33pCpXkiH8w4xSCmA8kjzqixkn9Hrojbq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeognx07ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZfk76XCEzYmwJZYrbWwkbUkWZsflUbAje4svL5PGs7rl17/681rgu4ijDERzDKXhwAQ24hSb4wIDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUEpjaY=</latexit>

• For small         the transfer time has a plateau.
• For large         the transfer time is proportional to 

particle number and cooperativity.

NC
<latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit>

NC
<latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit>

Time to reach M = 0
<latexit sha1_base64="R3tfInVC1JFf5woUFiyPp0rhLV4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFqGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5up33pCpXkiH8w4xSCmA8kjzqixkn9Hrojbq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeognx07ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZfk76XCEzYmwJZYrbWwkbUkWZsflUbAje4svL5PGs7rl17/681rgu4ijDERzDKXhwAQ24hSb4wIDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUEpjaY=</latexit><latexit sha1_base64="R3tfInVC1JFf5woUFiyPp0rhLV4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFqGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5up33pCpXkiH8w4xSCmA8kjzqixkn9Hrojbq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeognx07ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZfk76XCEzYmwJZYrbWwkbUkWZsflUbAje4svL5PGs7rl17/681rgu4ijDERzDKXhwAQ24hSb4wIDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUEpjaY=</latexit><latexit sha1_base64="R3tfInVC1JFf5woUFiyPp0rhLV4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFqGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5up33pCpXkiH8w4xSCmA8kjzqixkn9Hrojbq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeognx07ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZfk76XCEzYmwJZYrbWwkbUkWZsflUbAje4svL5PGs7rl17/681rgu4ijDERzDKXhwAQ24hSb4wIDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUEpjaY=</latexit><latexit sha1_base64="R3tfInVC1JFf5woUFiyPp0rhLV4=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OJFqGBsoQ1ls520SzebsLsRSuhv8OJBEa/+IG/+G7dtDtr6YODx3gwz88JUcG1c99sprayurW+UNytb2zu7e9X9g0edZIqhzxKRqHZINQou0TfcCGynCmkcCmyFo5up33pCpXkiH8w4xSCmA8kjzqixkn9Hrojbq9bcujsDWSZeQWpQoNmrfnX7CctilIYJqnXHc1MT5FQZzgROKt1MY0rZiA6wY6mkMeognx07ISdW6ZMoUbakITP190ROY63HcWg7Y2qGetGbiv95ncxEl0HOZZoZlGy+KMoEMQmZfk76XCEzYmwJZYrbWwkbUkWZsflUbAje4svL5PGs7rl17/681rgu4ijDERzDKXhwAQ24hSb4wIDDM7zCmyOdF+fd+Zi3lpxi5hD+wPn8AUEpjaY=</latexit>

• For small         the transfer time has a plateau.
• For medium         around 1 to 10 there is a speed-up.
• For large         the transfer time is proportional to 

particle number and cooperativity.

NC
<latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit>

NC
<latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit>

NC
<latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit><latexit sha1_base64="B6ekyHWPo5DLjoaBdm9ypSCqUrw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxF09SxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gXJ/57SeujYjVI04S7kd0qEQoGEUrPdzV++WKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieO1nQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IZTsiF4yy+vktZF1XOr3v1lpXaTx1GEEziFc/DgCmpwCw1oAoMQnuEV3pyx8+K8Ox+L1oKTzxzDHzifPzFejR8=</latexit>

Explanation:
Without the cavity the transfer rate is                         , which 
is maximal for                       . Interpreting the superradiant 
emission into the ground state as a modification of        
explains the speed up until                                               
and a slow-down by Zeno blocking for large       .

⌦2�g
(�g + �i + �x)2

<latexit sha1_base64="cms4a2BoqkJ1epnBUSg3h8nlML4=">AAACJXicbZDLSgMxFIYzXmu9VV26CRahIpSZIujCRdGNOyvYC3TacibNTEOTmSHJiGXoy7jxVdy4sIjgylcxveH1h8DHf87h5PxezJnStv1uLSwuLa+sZtay6xubW9u5nd2aihJJaJVEPJINDxTlLKRVzTSnjVhSEB6nda9/Oa7X76hULApv9SCmLQFByHxGQBurkzt3fQkkda8FDaBdwm4AQkAnGKaFOeLjucu+8P6oXRp2cnm7aE+E/4IzgzyaqdLJjdxuRBJBQ004KNV07Fi3UpCaEU6HWTdRNAbSh4A2DYYgqGqlkyuH+NA4XexH0rxQ44n7fSIFodRAeKZTgO6p37Wx+V+tmWj/rJWyME40Dcl0kZ9wrCM8jgx3maRE84EBIJKZv2LSAxObNsFmTQjO75P/Qq1UdOyic3OSL1/M4sigfXSACshBp6iMrlAFVRFBD+gJvaCR9Wg9W6/W27R1wZrN7KEfsj4+Ae5YpD4=</latexit><latexit sha1_base64="cms4a2BoqkJ1epnBUSg3h8nlML4=">AAACJXicbZDLSgMxFIYzXmu9VV26CRahIpSZIujCRdGNOyvYC3TacibNTEOTmSHJiGXoy7jxVdy4sIjgylcxveH1h8DHf87h5PxezJnStv1uLSwuLa+sZtay6xubW9u5nd2aihJJaJVEPJINDxTlLKRVzTSnjVhSEB6nda9/Oa7X76hULApv9SCmLQFByHxGQBurkzt3fQkkda8FDaBdwm4AQkAnGKaFOeLjucu+8P6oXRp2cnm7aE+E/4IzgzyaqdLJjdxuRBJBQ004KNV07Fi3UpCaEU6HWTdRNAbSh4A2DYYgqGqlkyuH+NA4XexH0rxQ44n7fSIFodRAeKZTgO6p37Wx+V+tmWj/rJWyME40Dcl0kZ9wrCM8jgx3maRE84EBIJKZv2LSAxObNsFmTQjO75P/Qq1UdOyic3OSL1/M4sigfXSACshBp6iMrlAFVRFBD+gJvaCR9Wg9W6/W27R1wZrN7KEfsj4+Ae5YpD4=</latexit><latexit sha1_base64="cms4a2BoqkJ1epnBUSg3h8nlML4=">AAACJXicbZDLSgMxFIYzXmu9VV26CRahIpSZIujCRdGNOyvYC3TacibNTEOTmSHJiGXoy7jxVdy4sIjgylcxveH1h8DHf87h5PxezJnStv1uLSwuLa+sZtay6xubW9u5nd2aihJJaJVEPJINDxTlLKRVzTSnjVhSEB6nda9/Oa7X76hULApv9SCmLQFByHxGQBurkzt3fQkkda8FDaBdwm4AQkAnGKaFOeLjucu+8P6oXRp2cnm7aE+E/4IzgzyaqdLJjdxuRBJBQ004KNV07Fi3UpCaEU6HWTdRNAbSh4A2DYYgqGqlkyuH+NA4XexH0rxQ44n7fSIFodRAeKZTgO6p37Wx+V+tmWj/rJWyME40Dcl0kZ9wrCM8jgx3maRE84EBIJKZv2LSAxObNsFmTQjO75P/Qq1UdOyic3OSL1/M4sigfXSACshBp6iMrlAFVRFBD+gJvaCR9Wg9W6/W27R1wZrN7KEfsj4+Ae5YpD4=</latexit><latexit sha1_base64="cms4a2BoqkJ1epnBUSg3h8nlML4=">AAACJXicbZDLSgMxFIYzXmu9VV26CRahIpSZIujCRdGNOyvYC3TacibNTEOTmSHJiGXoy7jxVdy4sIjgylcxveH1h8DHf87h5PxezJnStv1uLSwuLa+sZtay6xubW9u5nd2aihJJaJVEPJINDxTlLKRVzTSnjVhSEB6nda9/Oa7X76hULApv9SCmLQFByHxGQBurkzt3fQkkda8FDaBdwm4AQkAnGKaFOeLjucu+8P6oXRp2cnm7aE+E/4IzgzyaqdLJjdxuRBJBQ004KNV07Fi3UpCaEU6HWTdRNAbSh4A2DYYgqGqlkyuH+NA4XexH0rxQ44n7fSIFodRAeKZTgO6p37Wx+V+tmWj/rJWyME40Dcl0kZ9wrCM8jgx3maRE84EBIJKZv2LSAxObNsFmTQjO75P/Qq1UdOyic3OSL1/M4sigfXSACshBp6iMrlAFVRFBD+gJvaCR9Wg9W6/W27R1wZrN7KEfsj4+Ae5YpD4=</latexit>

�g = �i + �x
<latexit sha1_base64="wUhc3Olzje6sVPHwi40CEgOv2pE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJRNCNUHTjsoK9QBvCyXSSDp1JwsxELKU7N76KGxeKuPUV3Pk2TtsI2vrDwMd/zuHM+YOUM6Ud58sqLCwuLa8UV0tr6xubW/b2TkMlmSS0ThKeyFYAinIW07pmmtNWKimIgNNm0L8a15t3VCqWxLd6kFJPQBSzkBHQxvLt/U4EQoAf4QucI8PHP3jv22Wn4kyE58HNoYxy1Xz7s9NNSCZorAkHpdquk2pvCFIzwumo1MkUTYH0IaJtgzEIqrzh5I4RPjROF4eJNC/WeOL+nhiCUGogAtMpQPfUbG1s/ldrZzo894YsTjNNYzJdFGYc6wSPQ8FdJinRfGAAiGTmr5j0QALRJrqSCcGdPXkeGicV16m4N6fl6mUeRxHtoQN0hFx0hqroGtVQHRH0gJ7QC3q1Hq1n6816n7YWrHxmF/2R9fENOvGYQQ==</latexit><latexit sha1_base64="wUhc3Olzje6sVPHwi40CEgOv2pE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJRNCNUHTjsoK9QBvCyXSSDp1JwsxELKU7N76KGxeKuPUV3Pk2TtsI2vrDwMd/zuHM+YOUM6Ud58sqLCwuLa8UV0tr6xubW/b2TkMlmSS0ThKeyFYAinIW07pmmtNWKimIgNNm0L8a15t3VCqWxLd6kFJPQBSzkBHQxvLt/U4EQoAf4QucI8PHP3jv22Wn4kyE58HNoYxy1Xz7s9NNSCZorAkHpdquk2pvCFIzwumo1MkUTYH0IaJtgzEIqrzh5I4RPjROF4eJNC/WeOL+nhiCUGogAtMpQPfUbG1s/ldrZzo894YsTjNNYzJdFGYc6wSPQ8FdJinRfGAAiGTmr5j0QALRJrqSCcGdPXkeGicV16m4N6fl6mUeRxHtoQN0hFx0hqroGtVQHRH0gJ7QC3q1Hq1n6816n7YWrHxmF/2R9fENOvGYQQ==</latexit><latexit sha1_base64="wUhc3Olzje6sVPHwi40CEgOv2pE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJRNCNUHTjsoK9QBvCyXSSDp1JwsxELKU7N76KGxeKuPUV3Pk2TtsI2vrDwMd/zuHM+YOUM6Ud58sqLCwuLa8UV0tr6xubW/b2TkMlmSS0ThKeyFYAinIW07pmmtNWKimIgNNm0L8a15t3VCqWxLd6kFJPQBSzkBHQxvLt/U4EQoAf4QucI8PHP3jv22Wn4kyE58HNoYxy1Xz7s9NNSCZorAkHpdquk2pvCFIzwumo1MkUTYH0IaJtgzEIqrzh5I4RPjROF4eJNC/WeOL+nhiCUGogAtMpQPfUbG1s/ldrZzo894YsTjNNYzJdFGYc6wSPQ8FdJinRfGAAiGTmr5j0QALRJrqSCcGdPXkeGicV16m4N6fl6mUeRxHtoQN0hFx0hqroGtVQHRH0gJ7QC3q1Hq1n6816n7YWrHxmF/2R9fENOvGYQQ==</latexit><latexit sha1_base64="wUhc3Olzje6sVPHwi40CEgOv2pE=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiCEJJRNCNUHTjsoK9QBvCyXSSDp1JwsxELKU7N76KGxeKuPUV3Pk2TtsI2vrDwMd/zuHM+YOUM6Ud58sqLCwuLa8UV0tr6xubW/b2TkMlmSS0ThKeyFYAinIW07pmmtNWKimIgNNm0L8a15t3VCqWxLd6kFJPQBSzkBHQxvLt/U4EQoAf4QucI8PHP3jv22Wn4kyE58HNoYxy1Xz7s9NNSCZorAkHpdquk2pvCFIzwumo1MkUTYH0IaJtgzEIqrzh5I4RPjROF4eJNC/WeOL+nhiCUGogAtMpQPfUbG1s/ldrZzo894YsTjNNYzJdFGYc6wSPQ8FdJinRfGAAiGTmr5j0QALRJrqSCcGdPXkeGicV16m4N6fl6mUeRxHtoQN0hFx0hqroGtVQHRH0gJ7QC3q1Hq1n6816n7YWrHxmF/2R9fENOvGYQQ==</latexit>

�e↵
g

<latexit sha1_base64="Qhdm/KdXy+SWqVV2VPL486ByjYg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0MdxMJ+3QmSTMTIQSCv6KGxeKuPU73Pk3TtostPXAwOGce7lnTphyprTjfFuVldW19Y3qZm1re2d3z94/6Kgkk4S2ScIT2QtBUc5i2tZMc9pLJQURctoNxzeF332kUrEkvteTlPoChjGLGAFtpMA+8oYgBATDB0+AHkmR0yiaBnbdaTgz4GXilqSOSrQC+8sbJCQTNNaEg1J910m1n4PUjHA6rXmZoimQMQxp39AYBFV+Pos/xadGGeAokebFGs/U3xs5CKUmIjSTRUa16BXif14/09GVn7M4zTSNyfxQlHGsE1x0gQdMUqL5xBAgkpmsmIxAAtGmsZopwV388jLpnDdcp+HeXdSb12UdVXSMTtAZctElaqJb1EJtRFCOntErerOerBfr3fqYj1ascucQ/YH1+QPcMZYO</latexit><latexit sha1_base64="Qhdm/KdXy+SWqVV2VPL486ByjYg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0MdxMJ+3QmSTMTIQSCv6KGxeKuPU73Pk3TtostPXAwOGce7lnTphyprTjfFuVldW19Y3qZm1re2d3z94/6Kgkk4S2ScIT2QtBUc5i2tZMc9pLJQURctoNxzeF332kUrEkvteTlPoChjGLGAFtpMA+8oYgBATDB0+AHkmR0yiaBnbdaTgz4GXilqSOSrQC+8sbJCQTNNaEg1J910m1n4PUjHA6rXmZoimQMQxp39AYBFV+Pos/xadGGeAokebFGs/U3xs5CKUmIjSTRUa16BXif14/09GVn7M4zTSNyfxQlHGsE1x0gQdMUqL5xBAgkpmsmIxAAtGmsZopwV388jLpnDdcp+HeXdSb12UdVXSMTtAZctElaqJb1EJtRFCOntErerOerBfr3fqYj1ascucQ/YH1+QPcMZYO</latexit><latexit sha1_base64="Qhdm/KdXy+SWqVV2VPL486ByjYg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0MdxMJ+3QmSTMTIQSCv6KGxeKuPU73Pk3TtostPXAwOGce7lnTphyprTjfFuVldW19Y3qZm1re2d3z94/6Kgkk4S2ScIT2QtBUc5i2tZMc9pLJQURctoNxzeF332kUrEkvteTlPoChjGLGAFtpMA+8oYgBATDB0+AHkmR0yiaBnbdaTgz4GXilqSOSrQC+8sbJCQTNNaEg1J910m1n4PUjHA6rXmZoimQMQxp39AYBFV+Pos/xadGGeAokebFGs/U3xs5CKUmIjSTRUa16BXif14/09GVn7M4zTSNyfxQlHGsE1x0gQdMUqL5xBAgkpmsmIxAAtGmsZopwV388jLpnDdcp+HeXdSb12UdVXSMTtAZctElaqJb1EJtRFCOntErerOerBfr3fqYj1ascucQ/YH1+QPcMZYO</latexit><latexit sha1_base64="Qhdm/KdXy+SWqVV2VPL486ByjYg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0MdxMJ+3QmSTMTIQSCv6KGxeKuPU73Pk3TtostPXAwOGce7lnTphyprTjfFuVldW19Y3qZm1re2d3z94/6Kgkk4S2ScIT2QtBUc5i2tZMc9pLJQURctoNxzeF332kUrEkvteTlPoChjGLGAFtpMA+8oYgBATDB0+AHkmR0yiaBnbdaTgz4GXilqSOSrQC+8sbJCQTNNaEg1J910m1n4PUjHA6rXmZoimQMQxp39AYBFV+Pos/xadGGeAokebFGs/U3xs5CKUmIjSTRUa16BXif14/09GVn7M4zTSNyfxQlHGsE1x0gQdMUqL5xBAgkpmsmIxAAtGmsZopwV388jLpnDdcp+HeXdSb12UdVXSMTtAZctElaqJb1EJtRFCOntErerOerBfr3fqYj1ascucQ/YH1+QPcMZYO</latexit>

�e↵
g

<latexit sha1_base64="Qhdm/KdXy+SWqVV2VPL486ByjYg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0MdxMJ+3QmSTMTIQSCv6KGxeKuPU73Pk3TtostPXAwOGce7lnTphyprTjfFuVldW19Y3qZm1re2d3z94/6Kgkk4S2ScIT2QtBUc5i2tZMc9pLJQURctoNxzeF332kUrEkvteTlPoChjGLGAFtpMA+8oYgBATDB0+AHkmR0yiaBnbdaTgz4GXilqSOSrQC+8sbJCQTNNaEg1J910m1n4PUjHA6rXmZoimQMQxp39AYBFV+Pos/xadGGeAokebFGs/U3xs5CKUmIjSTRUa16BXif14/09GVn7M4zTSNyfxQlHGsE1x0gQdMUqL5xBAgkpmsmIxAAtGmsZopwV388jLpnDdcp+HeXdSb12UdVXSMTtAZctElaqJb1EJtRFCOntErerOerBfr3fqYj1ascucQ/YH1+QPcMZYO</latexit><latexit sha1_base64="Qhdm/KdXy+SWqVV2VPL486ByjYg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0MdxMJ+3QmSTMTIQSCv6KGxeKuPU73Pk3TtostPXAwOGce7lnTphyprTjfFuVldW19Y3qZm1re2d3z94/6Kgkk4S2ScIT2QtBUc5i2tZMc9pLJQURctoNxzeF332kUrEkvteTlPoChjGLGAFtpMA+8oYgBATDB0+AHkmR0yiaBnbdaTgz4GXilqSOSrQC+8sbJCQTNNaEg1J910m1n4PUjHA6rXmZoimQMQxp39AYBFV+Pos/xadGGeAokebFGs/U3xs5CKUmIjSTRUa16BXif14/09GVn7M4zTSNyfxQlHGsE1x0gQdMUqL5xBAgkpmsmIxAAtGmsZopwV388jLpnDdcp+HeXdSb12UdVXSMTtAZctElaqJb1EJtRFCOntErerOerBfr3fqYj1ascucQ/YH1+QPcMZYO</latexit><latexit sha1_base64="Qhdm/KdXy+SWqVV2VPL486ByjYg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0MdxMJ+3QmSTMTIQSCv6KGxeKuPU73Pk3TtostPXAwOGce7lnTphyprTjfFuVldW19Y3qZm1re2d3z94/6Kgkk4S2ScIT2QtBUc5i2tZMc9pLJQURctoNxzeF332kUrEkvteTlPoChjGLGAFtpMA+8oYgBATDB0+AHkmR0yiaBnbdaTgz4GXilqSOSrQC+8sbJCQTNNaEg1J910m1n4PUjHA6rXmZoimQMQxp39AYBFV+Pos/xadGGeAokebFGs/U3xs5CKUmIjSTRUa16BXif14/09GVn7M4zTSNyfxQlHGsE1x0gQdMUqL5xBAgkpmsmIxAAtGmsZopwV388jLpnDdcp+HeXdSb12UdVXSMTtAZctElaqJb1EJtRFCOntErerOerBfr3fqYj1ascucQ/YH1+QPcMZYO</latexit><latexit sha1_base64="Qhdm/KdXy+SWqVV2VPL486ByjYg=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURQZdFNy4r2Ac0MdxMJ+3QmSTMTIQSCv6KGxeKuPU73Pk3TtostPXAwOGce7lnTphyprTjfFuVldW19Y3qZm1re2d3z94/6Kgkk4S2ScIT2QtBUc5i2tZMc9pLJQURctoNxzeF332kUrEkvteTlPoChjGLGAFtpMA+8oYgBATDB0+AHkmR0yiaBnbdaTgz4GXilqSOSrQC+8sbJCQTNNaEg1J910m1n4PUjHA6rXmZoimQMQxp39AYBFV+Pos/xadGGeAokebFGs/U3xs5CKUmIjSTRUa16BXif14/09GVn7M4zTSNyfxQlHGsE1x0gQdMUqL5xBAgkpmsmIxAAtGmsZopwV388jLpnDdcp+HeXdSb12UdVXSMTtAZctElaqJb1EJtRFCOntErerOerBfr3fqYj1ascucQ/YH1+QPcMZYO</latexit>

�e↵
g ⇠ �i + �x , NC ⇠ 1
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• In photo-association of molecules a cavity can 
collectively increase the spontaneous emission into a 
target state.

• Intermediate collective coupling: speed-up for low 
spontaneous emission into the target state.

• Strong collective coupling: Zeno blocking.
• The final population in the target state can be 

significantly enhanced.
Outlook
• Beyond adiabatic elimination: Target enhancement 

without slow-down?
• Applicable to room temperature chemistry experiments 
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