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2. Although there is no clear-cut separation, if ther-
modynamic quantities are dominated by hadrons
(or partons), it would be reasonable to call such
a state the hadronic phase (or the QGP, respec-
tively). In the hadronic phase the color-singletness
should be imposed locally, but at high enough T

more and more multiple interactions would be in-
volved and gradual deconfinement can be possible
e↵ectively even under the condition of color neu-
trality.

One might think that the intuitive understanding
based on the HRG model could apply to the high den-
sity matter as well, but this expectation would not work
straightforwardly. The crucial di↵erence is manifest es-
pecially in the large-Nc limit: nucleons are heavy and
their kinetic energy is suppressed by Nc, while their in-
teraction energy is enhanced as O(Nc) [25]. Given such
strong interactions, it is far from trivial whether nucle-
ons are really the relevant degrees of freedom or not. In
other words, we must revise our notion of deconfinement
due to interaction e↵ects when dense baryonic matter is
concerned.

The invention of Quarkyonic Matter [26] has invoked
a lot of theoretical arguments along these lines. Quarky-
onic Matter refers to baryonic matter whose pressure is
O(Nc) from the enhanced interaction energy. At a mi-
croscopic level baryonic interactions originate from Nc

permutations of color-singlet quark exchanges, and so
one may well consider that this O(Nc) pressure of bary-
onic matter is dominated by quarks even in the confined
phase in which excitations on top of the Fermi surface
should still be baryons. In this theoretically idealized
world with Nc ! 1 the picture of Quarkyonic Matter
is well-defined. It is important to note that not only
two-body but all many-body color-singlet interactions in
Quarkyonic Matter are of the same order ⇠ O(Nc) ac-
cording to the large-Nc counting [25].

Now, we must emphasize the importance of departing
from the idealized setup and refine the deconfinement
picture for Nc < 1. The idea of Quarkyonic Matter
has posed an interesting question that was considered
long ago in nuclear physics: the short-range repulsive
hard-core interaction between nucleons can be viewed
as arising from quark exchanges exactly in the same
way as in the Quarkyonic Matter argument, while the
long-range interaction via meson exchanges also involves
quark-antiquark exchange mechanisms at a microscopic
level 1. So, on the one hand, there appears to be no prin-
cipal di↵erence between these two types of interactions.
On the other hand, as we shall point out, the separation
between short- and long-distance nuclear interactions has
its correspondence in a delineation of hard and soft scales
in the structure of the nucleon itself, and this is the base-

1
In this context pions are special because of their role as chiral

Nambu-Goldstone bosons.

FIG. 1. Nucleons are characterized by two scales, rhard rep-
resenting the hard core radius, and rsoft representing the size
of the surrounding meson clouds.

FIG. 2. If the interaction clouds are classically percolated,
the quark mobility seems not restricted and quarks may clas-
sically flow over connected blocks of meson clouds.

line for our subsequent discussion of “hard” and “soft”
deconfinement.
Let us visualize our Gedankenexperiment of deconfine-

ment. Nucleons at low energy can be viewed approxi-
mately as composed of a hard core surrounded by meson
(or quark-antiquark pair) clouds as picturized in Fig. 1.
Typically, the core radius is around ⇠ 0.5 fm, while the
radius of meson clouds is around ⇠ 1 fm as will be sub-
stantiated further in the next section. If the baryon den-
sity is so high that the hard cores begin to overlap, quark
matter is unambiguously realized. We shall call this Hard
Deconfinement of quark matter. Once Hard Deconfine-
ment occurs, we can infer quantitative properties of such
dense quark matter from the internal nucleon structures,
as we will demonstrate for the construction of the equa-
tion of state (EoS) in the present work.
One may also identify Hard Deconfinement with “va-

lence” quark deconfinement. The baryon number dis-
tribution in a single nucleon is localized in the core re-
gion: the Nc valence quarks in the core add up to the
net baryon number. In this way, especially in the large-
Nc limit, Hard Deconfinement can be clearly defined in
terms of baryon transport: in the confined phase the
baryon number transport is suppressed by heavy baryon
masses, while quarks can transport the baryon number
once Hard Deconfinement occurs. Meson clouds, on the
other hand, carry no net baryon number. The baryon
number conductivity can be interpreted as the heat con-
ductivity which can therefore act as an approximate or-
der parameter for Hard Deconfinement.
We point out that Hard Deconfinement is based on

hard-core dominance. The condition for the hard-core
dominance is stronger than needed for deconfinement
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The  BASIC  QUESTION

COLD and DENSE  baryonic matter in the core of NEUTRON STARS

Low density High density

Phase transition ?        
Continuous crossover ?        

Percolation ?
Many-body forces ?

K. Fukushima,
T. Kojo,  W.W.  

Phys. Rev. D 102 (2020)
096017
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Strangeness degrees of freedom ?        



Equation-of-State of Dense Baryonic Matter :

Observational Constraints from Neutron Stars
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Part One 



NEUTRON STARS : DATA 

Database for inference of Equation-of-State and other properties of neutron stars 
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Neutron star masses
Shapiro delay measurements

Gravitational wave signals 
of neutron star mergers
(LIGO and Virgo collab.)
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Figure 1: Timing residuals from all observations of J0740+6620 as a function of orbital phase,
with superior conjunction at orbital phase = 0.25. Orange points are multi-frequency timing
residuals, while dark blue points are averages of each group (i.e. timing epoch) of these points
with 1-� error bars. Averages were taken over a minimum of four data points to avoid showing
misleading residuals from faint observations. Blue boxes indicate the orbital phases over which
each of the three supplemental observations were taken (the box over conjunction is slightly

darker because we made two superior conjunction observations). The top panel shows the full fit
(including Shapiro delay parameters and all dispersion measure parameters — i.e. the full timing
solution). The middle panel is the best fit with the measurable Shapiro delay signal added; this is
the signal to which we are actually sensitive. The bottom panel is the “full” Shapiro delay signal.

Both the second and third panels are calculated based on the orbital and system parameters
determined from the full fit. The lighter blue line in the middle and bottom panels represents the
theoretical measurable and full Shapiro delay, respectively (and marks a 0-µs residual in the top

panel). The width of the line in each panel is equal to the root mean squared error of the
averaged points.
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Comparison
œ Comparison between theory and experiment difficult because measurements

have complicated form

! Measurements cannot easily be parametrized, i.e. as a Gaussian

[Miller et al., Astrophys.J.Lett. 887 (2019), Miller et al., arXiv:2105.06979 [astro-ph.HE]]

œ How to translate these measurements into constraints for theoretical
predictions?

! Many analyses based of Bayesian inference

Reinforcement learning for neutron stars | Len Brandes 6/13
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25.07.21, 17:20The golden age of neutron-star physics has arrived
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Neutron stars get more complicated the deeper one goes. Beneath a thin

atmosphere made mostly of hydrogen and helium, the stellar remnants are

thought to boast an outer crust just a centimetre or two thick that contains

atomic nuclei and free-roaming electrons. Researchers think that the ionized

elements become packed together in the next layer, creating a lattice in the inner

crust. Even further down, the pressure is so intense that almost all the protons

combine with electrons to turn into neutrons, but what occurs beyond that is

murky at best (see ‘Dense matter’).

25.07.21, 17:20The golden age of neutron-star physics has arrived

Page 1 of 13https://www.nature.com/articles/d41586-020-00590-8

NEWS FEATURE 04 March 2020

The golden age of neutron-star
physics has arrived
These stellar remnants are some of the Universe’s most enigmatic objects — and

they are finally starting to give up their secrets.

Adam Mann

Powerful magnetic and electric fields whip charged particles around, in a computer

simulation of a spinning neutron star. Credit: NASA's Goddard Space Flight Center
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“It’s one thing to know the ingredients,” says Jocelyn Read, an astrophysicist at

California State University, Fullerton. “It’s another to understand the recipe, and

25.07.21, 17:20The golden age of neutron-star physics has arrived

Page 10 of 13https://www.nature.com/articles/d41586-020-00590-8

matter gets deposited on the star’s exterior, some theorists suggest it could affect

a fluid-like layer of subsurface neutrons, generating gigantic vortices that twist

the neutron star’s magnetic field into odd arrangements. The companion might

ultimately be consumed or lose so much mass that it becomes gravitationally

unbound and flies away, as could have been the case with the now-solitary J0030.

Work in progress

NICER is continuing to observe J0030 to further improve the precision of its

radius measurements. At the same time, the team is beginning to analyse data

from a second target, a slightly heavier pulsar with a white-dwarf companion.

Other astronomers have used observations of this pair’s orbital dance to

determine the pulsar’s mass, which means NICER researchers have an

independent measurement that they can use to validate their findings.

NICER, which picks up X-rays using 56 gold-coated telescopes, is installed on the exterior

of the International Space Station. Credit: NASA
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Neutron stars get more complicated the deeper one goes. Beneath a thin

atmosphere made mostly of hydrogen and helium, the stellar remnants are

thought to boast an outer crust just a centimetre or two thick that contains

atomic nuclei and free-roaming electrons. Researchers think that the ionized

elements become packed together in the next layer, creating a lattice in the inner

crust. Even further down, the pressure is so intense that almost all the protons

combine with electrons to turn into neutrons, but what occurs beyond that is

murky at best (see ‘Dense matter’).
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The golden age of neutron-star
physics has arrived
These stellar remnants are some of the Universe’s most enigmatic objects — and

they are finally starting to give up their secrets.

Adam Mann

Powerful magnetic and electric fields whip charged particles around, in a computer

simulation of a spinning neutron star. Credit: NASA's Goddard Space Flight Center
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“It’s one thing to know the ingredients,” says Jocelyn Read, an astrophysicist at

California State University, Fullerton. “It’s another to understand the recipe, and
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matter gets deposited on the star’s exterior, some theorists suggest it could affect

a fluid-like layer of subsurface neutrons, generating gigantic vortices that twist

the neutron star’s magnetic field into odd arrangements. The companion might

ultimately be consumed or lose so much mass that it becomes gravitationally

unbound and flies away, as could have been the case with the now-solitary J0030.

Work in progress

NICER is continuing to observe J0030 to further improve the precision of its

radius measurements. At the same time, the team is beginning to analyse data

from a second target, a slightly heavier pulsar with a white-dwarf companion.

Other astronomers have used observations of this pair’s orbital dance to

determine the pulsar’s mass, which means NICER researchers have an

independent measurement that they can use to validate their findings.

NICER, which picks up X-rays using 56 gold-coated telescopes, is installed on the exterior

of the International Space Station. Credit: NASA
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œ Comparison between theory and experiment difficult because measurements

have complicated form

! Measurements cannot easily be parametrized, i.e. as a Gaussian
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œ How to translate these measurements into constraints for theoretical
predictions?

! Many analyses based of Bayesian inference
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matter gets deposited on the star’s exterior, some theorists suggest it could affect

a fluid-like layer of subsurface neutrons, generating gigantic vortices that twist

the neutron star’s magnetic field into odd arrangements. The companion might

ultimately be consumed or lose so much mass that it becomes gravitationally

unbound and flies away, as could have been the case with the now-solitary J0030.

Work in progress

NICER is continuing to observe J0030 to further improve the precision of its

radius measurements. At the same time, the team is beginning to analyse data

from a second target, a slightly heavier pulsar with a white-dwarf companion.

Other astronomers have used observations of this pair’s orbital dance to

determine the pulsar’s mass, which means NICER researchers have an

independent measurement that they can use to validate their findings.

NICER, which picks up X-rays using 56 gold-coated telescopes, is installed on the exterior

of the International Space Station. Credit: NASA
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Tidal deformabilities
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FIG. 3. Phases of the coalescence of binary neutron stars. During the inspiral phase (before

touching), the neutron stars are deformed due to their gravitational pull and one can extract the

tidal deformability ⇤. The inspiral is the only phase currently measurable from gravitational waves.

The post-merger is the point where the neutron stars touch, finite T and YQ play a role, and the

gravitational waves from this phase may be measurable in O5 or 3G [362]. The remnant (the final

remaining object) is either a hypermassive neutron star or black hole. Figure taken from [363].

next several months, and measurements will also be reported for three additional neutron

stars with weaker signals. It is expected that by the end of the NICER mission it will at

least double the total exposure on each of these neutron stars, which will lead to an expected

reduction in the current ⇠ 1 � 2 km radius uncertainties by a factor of
p
2, and possibly

more depending on the total exposure.

B. Inspiral of neutron stars

Ground-based detectors observe gravitational waves from the coalescence of two neutron

stars for minutes, depending on their low frequency sensitivity. Though the neutron star

structure does not a↵ect the majority of the signal (modulo potential resonance e↵ects), this

long inspiral can be used to measure the chirp mass of the system to astonishing relative

accuracy O(10�4) [364]. The mass ratio of the system is less well measured and correlated

with the spin, making the precise determination of the individual masses challenging [365].

In the coming years, as more systems are observed, information about the population dis-

tribution of merging neutron star spins can help alleviate this degeneracy and obtain more

(Green Bank Telescope)

Masses  and  radii 

(NICER telescope @ ISS)

X rays from hot spots on the 
surface of rotating neutron stars
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M = 2.08± 0.07 M�

E. Fonseca et al. ,  Astrophys. J. Lett. 915 (2021) L12

J.  Antoniadis et al. :  Science 340 (2013) 1233232

M = 2.01 ± 0.04

Many physically motivated extensions to general relativity (GR) predict sig-
nificant deviations in the properties of spacetime surrounding massive neu-
tron stars. We report the measurement of a 2.01±0.04 solar mass (M⇥) pul-
sar in a 2.46-hr orbit with a 0.172±0.003 M⇥ white dwarf. The high pulsar
mass and the compact orbit make this system a sensitive laboratory of a pre-
viously untested strong-field gravity regime. Thus far, the observed orbital
decay agrees with GR, supporting its validity even for the extreme conditions
present in the system. The resulting constraints on deviations support the use
of GR-based templates for ground-based gravitational wave detectors. Addi-
tionally, the system strengthens recent constraints on the properties of dense
matter and provides insight to binary stellar astrophysics and pulsar recycling.

Neutron stars (NSs) with masses above 1.8 M⇥ manifested as radio pulsars are valuable
probes of fundamental physics in extreme conditions unique in the observable Universe and
inaccessible to terrestrial experiments. Their high masses are directly linked to the equation-
of-state (EOS) of matter at supra-nuclear densities (1, 2) and constrain the lower mass limit
for production of astrophysical black holes (BHs). Furthermore, they possess extreme internal
gravitational fields which result in gravitational binding energies substantially higher than those
found in more common, 1.4 M⇥ NSs. Modifications to GR, often motivated by the desire for
a unified model of the four fundamental forces, can generally imprint measurable signatures in
gravitational waves (GWs) radiated by systems containing such objects, even if deviations from
GR vanish in the Solar System and in less massive NSs (3–5).

However, the most massive NSs known today reside in long-period binaries or other systems
unsuitable for GW radiation tests. Identifying a massive NS in a compact, relativistic binary
is thus of key importance for understanding gravity-matter coupling under extreme conditions.
Furthermore, the existence of a massive NS in a relativistic orbit can also be used to test current
knowledge of close binary evolution.

Results
PSR J0348+0432 & optical observations of its companion PSR J0348+0432, a pulsar spin-
ning at 39 ms in a 2.46-hr orbit with a low-mass companion, was detected by a recent sur-
vey (6, 7) conducted with the Robert C. Byrd Green Bank Telescope (GBT). Initial timing ob-
servations of the binary yielded an accurate astrometric position, which allowed us to identify
its optical counterpart in the Sloan Digital Sky Survey (SDSS) archive (8). The colors and flux
of the counterpart are consistent with a low-mass white dwarf (WD) with a helium core at a dis-
tance of d ⇤ 2.1 kpc. Its relatively high apparent brightness (g⌅ = 20.71 ± 0.03 mag) allowed us
to resolve its spectrum using the Apache Point Optical Telescope. These observations revealed
deep Hydrogen lines, typical of low-mass WDs, confirming our preliminary identification. The
radial velocities of the WD mirrored that of PSR J0348+0432, also verifying that the two stars
are gravitationally bound.
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Z.  Arzoumanian et al. ,  Astrophys. J. Suppl. 235 (2018) 37
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Neutron stars get more complicated the deeper one goes. Beneath a thin

atmosphere made mostly of hydrogen and helium, the stellar remnants are

thought to boast an outer crust just a centimetre or two thick that contains

atomic nuclei and free-roaming electrons. Researchers think that the ionized

elements become packed together in the next layer, creating a lattice in the inner

crust. Even further down, the pressure is so intense that almost all the protons

combine with electrons to turn into neutrons, but what occurs beyond that is

murky at best (see ‘Dense matter’).
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NEWS FEATURE 04 March 2020

The golden age of neutron-star
physics has arrived
These stellar remnants are some of the Universe’s most enigmatic objects — and

they are finally starting to give up their secrets.

Adam Mann

Powerful magnetic and electric fields whip charged particles around, in a computer

simulation of a spinning neutron star. Credit: NASA's Goddard Space Flight Center
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“It’s one thing to know the ingredients,” says Jocelyn Read, an astrophysicist at

California State University, Fullerton. “It’s another to understand the recipe, and

25.07.21, 17:20The golden age of neutron-star physics has arrived

Page 10 of 13https://www.nature.com/articles/d41586-020-00590-8

matter gets deposited on the star’s exterior, some theorists suggest it could affect

a fluid-like layer of subsurface neutrons, generating gigantic vortices that twist

the neutron star’s magnetic field into odd arrangements. The companion might

ultimately be consumed or lose so much mass that it becomes gravitationally

unbound and flies away, as could have been the case with the now-solitary J0030.

Work in progress

NICER is continuing to observe J0030 to further improve the precision of its

radius measurements. At the same time, the team is beginning to analyse data

from a second target, a slightly heavier pulsar with a white-dwarf companion.

Other astronomers have used observations of this pair’s orbital dance to

determine the pulsar’s mass, which means NICER researchers have an

independent measurement that they can use to validate their findings.

NICER, which picks up X-rays using 56 gold-coated telescopes, is installed on the exterior

of the International Space Station. Credit: NASA
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Neutron stars get more complicated the deeper one goes. Beneath a thin

atmosphere made mostly of hydrogen and helium, the stellar remnants are

thought to boast an outer crust just a centimetre or two thick that contains

atomic nuclei and free-roaming electrons. Researchers think that the ionized

elements become packed together in the next layer, creating a lattice in the inner

crust. Even further down, the pressure is so intense that almost all the protons

combine with electrons to turn into neutrons, but what occurs beyond that is

murky at best (see ‘Dense matter’).
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NEWS FEATURE 04 March 2020

The golden age of neutron-star
physics has arrived
These stellar remnants are some of the Universe’s most enigmatic objects — and

they are finally starting to give up their secrets.

Adam Mann

Powerful magnetic and electric fields whip charged particles around, in a computer

simulation of a spinning neutron star. Credit: NASA's Goddard Space Flight Center
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“It’s one thing to know the ingredients,” says Jocelyn Read, an astrophysicist at

California State University, Fullerton. “It’s another to understand the recipe, and
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matter gets deposited on the star’s exterior, some theorists suggest it could affect

a fluid-like layer of subsurface neutrons, generating gigantic vortices that twist

the neutron star’s magnetic field into odd arrangements. The companion might

ultimately be consumed or lose so much mass that it becomes gravitationally

unbound and flies away, as could have been the case with the now-solitary J0030.

Work in progress

NICER is continuing to observe J0030 to further improve the precision of its

radius measurements. At the same time, the team is beginning to analyse data

from a second target, a slightly heavier pulsar with a white-dwarf companion.

Other astronomers have used observations of this pair’s orbital dance to

determine the pulsar’s mass, which means NICER researchers have an

independent measurement that they can use to validate their findings.

NICER, which picks up X-rays using 56 gold-coated telescopes, is installed on the exterior

of the International Space Station. Credit: NASA
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NEUTRON STARS : DATA  (contd.)

NEW :  very massive and fast rotating galactic neutron star
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after rotational correction :

<latexit sha1_base64="Nv6Ft0xk6nO/hJQ8nekQttA4uSg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBovgKiS1qBuh6MZNoYJ9QBPCZDpph04yYWYilFA3bvwVNy4Uces3uPNvnLZZaOuBC4dz7uXee4KEUals+9soLC2vrK4V10sbm1vbO+buXkvyVGDSxJxx0QmQJIzGpKmoYqSTCIKigJF2MLye+O17IiTl8Z0aJcSLUD+mIcVIack3DzM3CGEdXsKKdQrdJIK2VXmo+y7vcTX2zbJt2VPAReLkpAxyNHzzy+1xnEYkVpghKbuOnSgvQ0JRzMi45KaSJAgPUZ90NY1RRKSXTd8Yw2Ot9GDIha5Ywan6eyJDkZSjKNCdEVIDOe9NxP+8bqrCCy+jcZIqEuPZojBlUHE4yQT2qCBYsZEmCAuqb4V4gATCSidX0iE48y8vklbFcs6s6m21XLvK4yiCA3AEToADzkEN3IAGaAIMHsEzeAVvxpPxYrwbH7PWgpHP7IM/MD5/AJwhlrQ=</latexit>

M = 2.3± 0.2 M�

Tidal deformabilities
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2

behaviour of the sound speed in neutrons stars, based on
the presently available observational data.

In this work we translate the recently collected ex-
terior neutron star observables, together with state-of-
the-art ChEFT results [34, 35], into restrictions for in-
terior neutron star properties using Bayesian inference,
an approach which has been used extensively in the lit-
erature [36–54]. There are notable di↵erences between
these analyses. Here, we largely follow the procedure out-
lined in Refs. [55, 56]. Alternative approaches use neural
networks for the inference procedure [57–63] or remove
equations-of-state that do not reproduce neutron
star properties within the credible intervals of the
astrophysical observables [64–68].

In our analysis we pay particular attention to the speed
of sound inside neutron stars. It is modelled using two
general representations that were introduced in previous
studies, namely a Gaussian parametrisation [36, 69] and
a parametrisation based on segment-wise linear interpo-
lations [64, 65]. A comparison of inference results with
these two forms as input gives an impression of the model
dependence caused by possible biases in the choices of
parametrisations. In contrast to previous works we
suggest a new implementation of the ChEFT con-
straint as a Likelihood instead of employing it a
priori. This has the advantage of dealing with the
low-density constraint in a way consistent with
the treatment of the astrophysical data.

From the inferred behaviour of the sound speed and a
detailed assessment in terms of Bayes factors we deduce
implications regarding the likelihood of phase transitions
inside neutron stars. Such an extensive investiga-
tion of Bayes factors has not been performed in
previous work. Part of this discussion also concerns
the possible range of validity for a description of neutron
star matter in terms of conventional baryonic degrees of
freedom. Recent studies have examined the poten-
tial impact of asymptotic pQCD on neutron star
properties [53, 68, 70]. In this context we investi-
gate the role of di↵erent asymptotic behaviours,
particularly with regard to phase transitions.

This paper is organised as follows: In Section II, fol-
lowing a quick introduction of the TOV equations, the
EoS and the speed of sound, we give a brief survey of
possible phases at high densities and introduce the two
parametrisations to model the speed of sound inside neu-
tron stars. In Section III the statistical procedure is ex-
plained, which we use to infer constraints for neutron
star properties based on current empirical data and the-
oretical low-density conditions. The results for the sound
speed and related properties are presented and discussed
in Section IV. Based on these findings, implications for
the phase structure inside neutron stars are examined. A
summary and conclusions follow in Section V.

II. SPEED OF SOUND IN NEUTRON STARS

A. TOV equations and EoS

A description of neutron star matter as a general rel-
ativistic ideal fluid with spherical symmetry leads to a
coupled system of di↵erential equations, the Tolman-
Oppenheimer-Volko↵ (TOV) equations:

@P (r)

@r
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where GN is the gravitational constant. Given an equa-
tion of state (EoS) P ("), i.e. pressure as a function of
energy density ", this system can be solved with the
boundary condition m(r = 0) = 0 and a central pres-
sure P (r = 0) = Pc. The mass of the star is given as

M = m(R) = 4⇡
R
R

0 dr r
2
"(r), while the star radius R is

determined as the point at which the pressure vanishes,
P (R) = 0. The TOV equations describe non-rotating
neutron stars. The e↵ect of the rotation on R is ex-
pected to become only relevant for very high pulsar spin
frequencies [71, 72].
Matter in the interior of a neutron star can be de-

scribed in terms of the squared speed of sound,

c
2
s
(") =

@P (")

@"
� 0 , (3)

from which the EoS is determined as

P (") =

Z
"

0
d"

0
c
2
s
("0) . (4)

Causality demands that the speed of sound must always
remain smaller than or equal to the speed of light (c =1
in our units), i.e. cs  1. In addition, thermodynamic
stability of the star dictates that the derivative @P/@" is
non-negative. At extremely high densities perturbative
QCD calculations become feasible in terms of quark and
gluon degrees of freedom. They suggest that at densities
n ⇠ 50n0 the squared speed of sound approaches the
conformal bound,

c
2
s

! 1/3 , (5)

from below [73]. This limit can be derived from naive
dimensional analysis and asymptotic freedom [74]. In
fact it is expected that this bound holds in all confor-
mal theories, i.e. field theories in which the trace of the
energy-momentum tensor vanishes [69, 75]. However, re-
cent analyses based on astrophysical observables suggest
that this conformal bound can be violated inside neutron
stars [40, 41, 53, 66, 76, 77]. Squared sound velocities
with c

2
s
> 1/3 were also found in recent Nc = 2 lattice
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SOUND VELOCITY  and  EQUATION of STATE

    Key quantity :  Speed of Sound

displays 
characteristic signature 

of 
phase transition

or 
crossover

2

behaviour of the sound speed in neutrons stars, based on
the presently available observational data.

In this work we translate the recently collected ex-
terior neutron star observables, together with state-of-
the-art ChEFT results [34, 35], into restrictions for in-
terior neutron star properties using Bayesian inference,
an approach which has been used extensively in the lit-
erature [36–54]. There are notable di↵erences between
these analyses. Here, we largely follow the procedure out-
lined in Refs. [55, 56]. Alternative approaches use neural
networks for the inference procedure [57–63] or remove
equations-of-state that do not reproduce neutron
star properties within the credible intervals of the
astrophysical observables [64–68].

In our analysis we pay particular attention to the speed
of sound inside neutron stars. It is modelled using two
general representations that were introduced in previous
studies, namely a Gaussian parametrisation [36, 69] and
a parametrisation based on segment-wise linear interpo-
lations [64, 65]. A comparison of inference results with
these two forms as input gives an impression of the model
dependence caused by possible biases in the choices of
parametrisations. In contrast to previous works we
suggest a new implementation of the ChEFT con-
straint as a Likelihood instead of employing it a
priori. This has the advantage of dealing with the
low-density constraint in a way consistent with
the treatment of the astrophysical data.

From the inferred behaviour of the sound speed and a
detailed assessment in terms of Bayes factors we deduce
implications regarding the likelihood of phase transitions
inside neutron stars. Such an extensive investiga-
tion of Bayes factors has not been performed in
previous work. Part of this discussion also concerns
the possible range of validity for a description of neutron
star matter in terms of conventional baryonic degrees of
freedom. Recent studies have examined the poten-
tial impact of asymptotic pQCD on neutron star
properties [53, 68, 70]. In this context we investi-
gate the role of di↵erent asymptotic behaviours,
particularly with regard to phase transitions.

This paper is organised as follows: In Section II, fol-
lowing a quick introduction of the TOV equations, the
EoS and the speed of sound, we give a brief survey of
possible phases at high densities and introduce the two
parametrisations to model the speed of sound inside neu-
tron stars. In Section III the statistical procedure is ex-
plained, which we use to infer constraints for neutron
star properties based on current empirical data and the-
oretical low-density conditions. The results for the sound
speed and related properties are presented and discussed
in Section IV. Based on these findings, implications for
the phase structure inside neutron stars are examined. A
summary and conclusions follow in Section V.

II. SPEED OF SOUND IN NEUTRON STARS

A. TOV equations and EoS

A description of neutron star matter as a general rel-
ativistic ideal fluid with spherical symmetry leads to a
coupled system of di↵erential equations, the Tolman-
Oppenheimer-Volko↵ (TOV) equations:

@P (r)

@r
= � GN

r2
["(r) + P (r)]

⇥
m(r) + 4⇡r3P (r)

⇤

⇥
✓
1 � 2GN m(r)

r

◆�1

, (1)

@m(r)

@r
=4⇡r2"(r) , (2)

where GN is the gravitational constant. Given an equa-
tion of state (EoS) P ("), i.e. pressure as a function of
energy density ", this system can be solved with the
boundary condition m(r = 0) = 0 and a central pres-
sure P (r = 0) = Pc. The mass of the star is given as

M = m(R) = 4⇡
R
R

0 dr r
2
"(r), while the star radius R is

determined as the point at which the pressure vanishes,
P (R) = 0. The TOV equations describe non-rotating
neutron stars. The e↵ect of the rotation on R is ex-
pected to become only relevant for very high pulsar spin
frequencies [71, 72].
Matter in the interior of a neutron star can be de-

scribed in terms of the squared speed of sound,

c
2
s
(") =

@P (")

@"
� 0 , (3)

from which the EoS is determined as

P (") =

Z
"

0
d"

0
c
2
s
("0) . (4)

Causality demands that the speed of sound must always
remain smaller than or equal to the speed of light (c =1
in our units), i.e. cs  1. In addition, thermodynamic
stability of the star dictates that the derivative @P/@" is
non-negative. At extremely high densities perturbative
QCD calculations become feasible in terms of quark and
gluon degrees of freedom. They suggest that at densities
n ⇠ 50n0 the squared speed of sound approaches the
conformal bound,

c
2
s

! 1/3 , (5)

from below [73]. This limit can be derived from naive
dimensional analysis and asymptotic freedom [74]. In
fact it is expected that this bound holds in all confor-
mal theories, i.e. field theories in which the trace of the
energy-momentum tensor vanishes [69, 75]. However, re-
cent analyses based on astrophysical observables suggest
that this conformal bound can be violated inside neutron
stars [40, 41, 53, 66, 76, 77]. Squared sound velocities
with c

2
s
> 1/3 were also found in recent Nc = 2 lattice

Equation of State :

8

energy density
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c2s (") =
@P(")

@"

Equation of state
œ Determine EoS from speed of sound

c
2
s (") = @P(")

@"

! Key role of sound speed: characteristic signature of
phase structure

œ Introduce general parametrization by segment-wise linear
interpolations

c
2
s (",µ) =

("i+1°")c2
s,i + ("°"i)c2

s,i+1

"i+1°"i

[Annala et al., Nature Phys. 16, 907 (2020)]

œ Constrain parameters µ based on theory and
astrophysical data

! Analyse for signs of phase transitions!
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NEUTRON STAR  MATTER  EQUATION-of-STATE

Bayesian inference  of  sound speed  and  EoS

Squared speed of sound exceeds conformal bound                   at densities 
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FIG. 3. Marginal posterior probability distributions at 95% and 68% level: squared speed of sound c2s and pressure P as a
function of energy density ", inferred from the dataset ’Previous + BW’ (see Tab. I). Also shown are the marginal posterior
probability distributions for the mass-radius relation and the tidal deformability, ⇤, as a function of neutron star mass M in
units of the solar mass M�. At each " or M , there exist 95% and 68% posterior credible intervals for c2s("), P (") or R(M),
⇤(M). These intervals are connected to obtain the posterior credible bands. Similarly, the medians of the posterior probability
distributions at each " or M are connected (solid lines). For squared speed of sound or pressure the dashed black lines indicate
the value of the conformal limit or represent the APR EoS [44]. Grey bars mark the 68% credible intervals of the central
energy densities of neutron stars with masses M = 1.4M� and 2.3M�, respectively. The mass-radius relation is compared to
the marginalized intervals at the 68% level from the NICER data analyses by Riley et al. (black) [7, 8] of PSR J0030+0451
and PSR J0740+6620. In addition the 68% mass-radius credible intervals of the thermonuclear burster 4U 1702-429 [79] are
displayed as well as the 68% credible interval of R(1.4M�) extracted from quiescent low-mass x-ray binaries [78] (blue), both
of which are not included in the Bayesian analysis. ⇤(M) is compared to the masses and tidal deformabilities inferred in
Ref. [81] for the two neutron stars in the merger event GW170817 at the 90% level (black) as well as ⇤(1.4M�) at the 90%
level extracted from GW170817 [82] (blue).

C. Evidence for (or against)
first-order phase transition

Figs. 3 and 4 show indications of a shallow maximum,
c
2
s,max in the squared sound speed. At the 68% level this

maximum takes a value c
2
s,max = 0.78+0.18

�0.11 at a baryon

density n(c2
s,max) = 3.2+0.8

�1.2 n0. The peak in c
2
s

found in
Ref. [23] has a similar magnitude and location, although
such a pronounced peak structure is not seen in our pos-
terior result. In contrast we find that the sound velocity
forms a plateau at higher densities. There is no indica-
tion of a softening. Still, at the 95% level small sound
speeds are not excluded, though the probability of their
occurance is low. Nevertheless, at asymptotically high

densities pQCD dictates that the speed of sound reaches
the conformal bound c

2
s

= 1/3 from below. This implies
that at some density beyond the plateau, the speed of
sound must turn downward again and reach a minimum,
c
2
s,min, at some higher density. A fast drop in c

2
s

could
potentially indicate the occurance of a phase transition.
The question is whether such a decrease takes place still
within the density range of neutron star cores.

To answer this question we specifically perform a Bayes
factor analysis to quantify the evidence for the occurrence
of a possible first-order phase transition inside neutron

star cores. With this aim Bayes factors Bc
2
s,min>0.1

c
2
s,min0.1

are

computed, comparing the evidence for EoSs with a min-
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FIG. 3. Marginal posterior probability distributions at 95% and 68% level: squared speed of sound c2s and pressure P as a
function of energy density ", inferred from the dataset ’Previous + BW’ (see Tab. I). Also shown are the marginal posterior
probability distributions for the mass-radius relation and the tidal deformability, ⇤, as a function of neutron star mass M in
units of the solar mass M�. At each " or M , there exist 95% and 68% posterior credible intervals for c2s("), P (") or R(M),
⇤(M). These intervals are connected to obtain the posterior credible bands. Similarly, the medians of the posterior probability
distributions at each " or M are connected (solid lines). For squared speed of sound or pressure the dashed black lines indicate
the value of the conformal limit or represent the APR EoS [44]. Grey bars mark the 68% credible intervals of the central
energy densities of neutron stars with masses M = 1.4M� and 2.3M�, respectively. The mass-radius relation is compared to
the marginalized intervals at the 68% level from the NICER data analyses by Riley et al. (black) [7, 8] of PSR J0030+0451
and PSR J0740+6620. In addition the 68% mass-radius credible intervals of the thermonuclear burster 4U 1702-429 [79] are
displayed as well as the 68% credible interval of R(1.4M�) extracted from quiescent low-mass x-ray binaries [78] (blue), both
of which are not included in the Bayesian analysis. ⇤(M) is compared to the masses and tidal deformabilities inferred in
Ref. [81] for the two neutron stars in the merger event GW170817 at the 90% level (black) as well as ⇤(1.4M�) at the 90%
level extracted from GW170817 [82] (blue).
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1.0

<latexit sha1_base64="oee9FOdeE4Wp2jrdVYx0isbetHg=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmxNvOgi5cVrAXaIeSSTNtaJIZkoxQhr6CGxdqcevDuHXn25hpu9DqD4GP/z+HnHPChDNtPO/LKSwtr6yuFddLG5tb2zvl3b2GjlNFaJ3EPFatEGvKmaR1wwynrURRLEJOm+HwOs+bD1RpFst7M0poIHBfsogRbHLLd89Qt1zxXG8q9Bf8OVSuPl5zTWrd8menF5NUUGkIx1q3fS8xQYaVYYTTcamTappgMsR92rYosaA6yKazjtGRdXooipV90qCp+7Mjw0LrkQhtpcBmoBez3Pwva6cmugwyJpPUUElmH0UpRyZG+eKoxxQlho8sYKKYnRWRAVaYGHuekj2Cv7jyX2icuP65e3rnV6o3MFMRDuAQjsGHC6jCLdSgDgQG8AjP8OII58mZOG+z0oIz79mHX3LevwHrMZH9</latexit>

1.5

<latexit sha1_base64="5sMb+JUguIg89EYt9hIkC1+YGc4=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEV8NMEXVnQRcuK9gLtEPJpJk2NMkMSUYoQ1/BjQu1uPVh3Lrzbcy0XWjrD4GP/z+HnHPChDNtPO/bWVldW9/YLGwVt3d29/ZLB4cNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPhTZ43H6nSLJYPZpTQQOC+ZBEj2ORWxfVQt1T2XG8qtAz+HMrXn2+5JrVu6avTi0kqqDSEY63bvpeYIMPKMMLpuNhJNU0wGeI+bVuUWFAdZNNZx+jUOj0Uxco+adDU/d2RYaH1SIS2UmAz0ItZbv6XtVMTXQUZk0lqqCSzj6KUIxOjfHHUY4oSw0cWMFHMzorIACtMjD1P0R7BX1x5GRoV179wz+/9cvUWZirAMZzAGfhwCVW4gxrUgcAAnuAFXh3hPDsT531WuuLMe47gj5yPH+Ufkfk=</latexit>

2.0

<latexit sha1_base64="22YiKdMBTsTQ/5WAM3A5+YEeWoU=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmiredBV24rGAv0A4lk6ZtaJIZkoxQhr6CGxdqcevDuHXn25hpu9DWHwIf/38OOeeEMWfaeN63k1tZXVvfyG8WtrZ3dveK+wd1HSWK0BqJeKSaIdaUM0lrhhlOm7GiWIScNsLhTZY3HqnSLJIPZhTTQOC+ZD1GsMmssnuOOsWS53pToWXw51C6/nzLNKl2il/tbkQSQaUhHGvd8r3YBClWhhFOx4V2ommMyRD3acuixILqIJ3OOkYn1umiXqTskwZN3d8dKRZaj0RoKwU2A72YZeZ/WSsxvasgZTJODJVk9lEv4chEKFscdZmixPCRBUwUs7MiMsAKE2PPU7BH8BdXXoZ62fUv3LN7v1S5hZnycATHcAo+XEIF7qAKNSAwgCd4gVdHOM/OxHmfleacec8h/JHz8QPsuJH+</latexit>

2.5

<latexit sha1_base64="mq2xz6CzAf6hkNpuC94FumpSbuQ=">AAAB/3icbVDLSsNAFJ34rPUVFdzoYrAIrkoivsBNQRduChXtA5oQJpNJO3SSCTMTocQs/BVBXCjiVvwLd/6N08dCWw8MHM45l3vn+AmjUlnWtzEzOze/sFhYKi6vrK6tmxubDclTgUkdc8ZFy0eSMBqTuqKKkVYiCIp8Rpp+72LgN++IkJTHt6qfEDdCnZiGFCOlJc/czhw/zKoO1yFY9RwecJXn0DNLVtkaAk4Te0xKleObzyd397zmmV9OwHEakVhhhqRs21ai3AwJRTEjedFJJUkQ7qEOaWsao4hINxven8N9rQQw5EK/WMGh+nsiQ5GU/cjXyQiprpz0BuJ/XjtV4Zmb0ThJFYnxaFGYMqg4HJQBAyoIVqyvCcKC6lsh7iKBsNKVFXUJ9uSXp0njsGyflI+u7VLlEoxQADtgDxwAG5yCCrgCNVAHGNyDR/ACXo0H49l4M95H0RljPLMF/sD4+AG9EZji</latexit>

M
M�

<latexit sha1_base64="N50lfvCQxzzm3e13JhXoDj/+rl8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSp4Krsi6rGgB49V7Adsl5JNs21okl2TbKEs9W948aCIV3+MN/+N6bYHbX0w8Hhvhpl5YcKZNq777Swtr6yurRc2iptb2zu7pb39ho5TRWidxDxWrRBrypmkdcMMp61EUSxCTpvh4HriN4dUaRbLBzNKaCBwT7KIEWysFGTtMEL3T/5ABGPUKZXdipsDLRJvRsrV4yhHrVP6andjkgoqDeFYa99zExNkWBlGOB0X26mmCSYD3KO+pRILqoMsP3qMTqzSRVGsbEmDcvX3RIaF1iMR2k6BTV/PexPxP89PTXQVZEwmqaGSTBdFKUcmRpMEUJcpSgwfWYKJYvZWRPpYYWJsTkUbgjf/8iJpnFW8i8r5nVeu3sAUBTiEIzgFDy6hCrdQgzoQeIRneIU3Z+i8OO/Ox7R1yZnNHMAfOJ8/9giUiA==</latexit>

R [km]

<latexit sha1_base64="MpxcIAZSayccCtcUkHNgGq2h4HA=">AAAB/nicbVDLSgMxFM3UV1urjoorN8EiCELJaNUuC3YhruqjD2hLyaSZNjSTGZKMUIaKGz/EjQtF3Lr0G9z5N6aPhbYeuHA4517uvccNOVMaoW8rsbC4tLySTKVXM2vrG/bmVlUFkSS0QgIeyLqLFeVM0IpmmtN6KCn2XU5rbv985NfuqFQsELd6ENKWj7uCeYxgbaS2vRM3XQ+Wb67vLxE6Rocof+IMYdvOohwaA84TZ0qyxUypkHxMfZbb9lezE5DIp0ITjpVqOCjUrRhLzQinw3QzUjTEpI+7tGGowD5VrXh8/hDuG6UDvUCaEhqO1d8TMfaVGviu6fSx7qlZbyT+5zUi7RVaMRNhpKkgk0VexKEO4CgL2GGSEs0HhmAimbkVkh6WmGiTWNqE4My+PE+qRznnNJe/crLFEpggCXbBHjgADjgDRXAByqACCIjBE3gBr9aD9Wy9We+T1oQ1ndkGf2B9/AB4+pV0</latexit>

PSR J0030+ 0451

<latexit sha1_base64="DvzVYCZUI6Oq+SMy6PBvunCy58k=">AAAB/nicbVBNS0JBFJ1nX2pWr6JVmyEJgkDmiahLIRfRyj78ABWZN87TwXnzHjPzAnkYbfohbVoU0bZlv6Fd/6ZRW5R24MLhnHu59x435ExphL6sxMrq2vpGMpXezGxt79i7ew0VRJLQOgl4IFsuVpQzQeuaaU5boaTYdzltuqOzqd+8pVKxQNzocUi7Ph4I5jGCtZF69kHccT1Yu766u0ClAjotFvNoAnt2FuXQDHCZOD8kW8lUy8mH1EetZ392+gGJfCo04ViptoNC3Y2x1IxwOkl3IkVDTEZ4QNuGCuxT1Y1n50/gsVH60AukKaHhTP09EWNfqbHvmk4f66Fa9Kbif1470l65GzMRRpoKMl/kRRzqAE6zgH0mKdF8bAgmkplbIRliiYk2iaVNCM7iy8ukkc85xVzh0slWqmCOJDgER+AEOKAEKuAc1EAdEBCDR/AMXqx768l6td7mrQnrZ2Yf/IH1/g2LjJWA</latexit>

PSR J0740+ 6620

<latexit sha1_base64="L+lTonnVlcmCwZueJt428CXTMbs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBy1JCVZvRS8eK5i20ISy2W7apZtN2N2IJeSvePGgiFf/iDf/jds2B219MPB4b4aZeUHCqFSW9W2U1tY3NrfK25Wd3b39A/Ow2pFxKjBxccxi0QuQJIxy4iqqGOklgqAoYKQbTG5nfveRCElj/qCmCfEjNOI0pBgpLQ3MauYFIXRc79xuWo0Lp3GdD8yaVbfmgKvELkgNFGgPzC9vGOM0IlxhhqTs21ai/AwJRTEjecVLJUkQnqAR6WvKUUSkn81vz+GpVoYwjIUuruBc/T2RoUjKaRTozgipsVz2ZuJ/Xj9V4ZWfUZ6kinC8WBSmDKoYzoKAQyoIVmyqCcKC6lshHiOBsNJxVXQI9vLLq6TTqNuXdefeqbVuijjK4BicgDNggyZogTvQBi7A4Ak8g1fwZuTGi/FufCxaS0YxcwT+wPj8AbVXkks=</latexit>

4U1702� 429

Nättilä et al.
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<latexit sha1_base64="DMGCZubDzmQHsGFKsP+pvWx0YkM=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXjxWsR/QLiWbZtvQJLsm2UJZ2r/hxYMiXv0x3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHDR0litA6iXikWgHWlDNJ64YZTluxolgEnDaD4e3Mb46o0iySj2YcU1/gvmQhI9hYyU87QYgeptP2UPiTbrHklt050CrxMlKCDLVu8avTi0giqDSEY63bnhsbP8XKMMLppNBJNI0xGeI+bVsqsaDaT+dHT9CZVXoojJQtadBc/T2RYqH1WAS2U2Az0MveTPzPaycmvPZTJuPEUEkWi8KEIxOhWQKoxxQlho8twUQxeysiA6wwMTangg3BW355lTQuyt5luXJfKVVvsjjycAKncA4eXEEV7qAGdSDwBM/wCm/OyHlx3p2PRWvOyWaO4Q+czx/IGJIf</latexit>

R [km]
<latexit sha1_base64="Oc6eWbdAsHMJ2l0i1HKm0nB0zIE=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZbtqlm03cnQgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKVOlkvCInnTvvlilt15yCrxMtJBXI0+uWv3iBmacQVMkmN6Xpugn5GNQom+bTUSw1PKBvTIe9aqmjEjZ/N752SM6sMSBhrWwrJXP09kdHImEkU2M6I4sgsezPxP6+bYnjtZ0IlKXLFFovCVBKMyex5MhCaM5QTSyjTwt5K2IhqytBGVLIheMsvr5LWRdW7rNbua5X6XR5HEU7gFM7Bgyuowy00oAkMJDzDK7w5j86L8+58LFoLTj5zDH/gfP4AOACPdw==</latexit>

10
<latexit sha1_base64="ngsXeI2buDbXr5f8YK0SbKOF6fo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4Kkkp6rHgRW8V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O2vrG5tb24Wd4u7e/sFh6ei4peNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPxzcxvP6HSPJYPZpKgH9Gh5CFn1Fipk/WCkHjVab9UdivuHGSVeDkpQ45Gv/TVG8QsjVAaJqjWXc9NjJ9RZTgTOC32Uo0JZWM6xK6lkkao/Wx+75ScW2VAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE177GZdJalCyxaIwFcTEZPY8GXCFzIiJJZQpbm8lbEQVZcZGVLQheMsvr5JWteJdVmr3tXL9Lo+jAKdwBhfgwRXU4RYa0AQGAp7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4AOwqPeQ==</latexit>

12
<latexit sha1_base64="1rt6sd/5lJiO/b1UQD49Y/Mj0j4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeCF71VsB/QhrLZTtqlm03c3Qgl9E948aCIV/+ON/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfjm5nffkKleSwfzCRBP6JDyUPOqLFSJ+sFIfFq03654lbdOcgq8XJSgRyNfvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n83ik5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrz2My6T1KBki0VhKoiJyex5MuAKmRETSyhT3N5K2IgqyoyNqGRD8JZfXiWti6p3Wa3d1yr1uzyOIpzAKZyDB1dQh1toQBMYCHiGV3hzHp0X5935WLQWnHzmGP7A+fwBPhSPew==</latexit>

14

<latexit sha1_base64="q/vo9YEJUCZ/sAkItstpmzQqZwY=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHyXW82qNY818uBVolfkBoUaA6qX/1hTFJBpSEca93zvcQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh88Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010HWRMJqmhkiwWRSlHJkbz79GQKUoMn1qCiWL2VkTGWGFibEYVG4K//PIqaV+4/qVbv6/XGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKT2j68=</latexit>

1.0

<latexit sha1_base64="zULZP/N2DzPdS+4w+rUO5Okbo0c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IrrXoseNFbBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8c3Mbz9RpVksH8wkoYHAQ8kiRrCx0mPWCyPku7Vpv1zxXG8OtEr8nFQgR6Nf/uoNYpIKKg3hWOuu7yUmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvnBU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwl19eJa0L1790q/fVSv0uj6MIJ3AK5+DDFdThFhrQBAICnuEV3hzlvDjvzseiteDkM8fwB87nD6yPj7Q=</latexit>

1.5

<latexit sha1_base64="wD2q6ZrYkw3i4GSCKmWCg6RjaYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07JbSvVY8KK3CvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtPG8b6ewsbm1vVPcLe3tHxwelY9P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek5u533miSrNYPphpQgOBR5JFjGBjpcesH0ao6nqzQbniud4CaJ34OalAjuag/NUfxiQVVBrCsdY930tMkGFlGOF0VuqnmiaYTPCI9iyVWFAdZIuDZ+jCKkMUxcqWNGih/p7IsNB6KkLbKbAZ61VvLv7n9VITXQcZk0lqqCTLRVHKkYnR/Hs0ZIoSw6eWYKKYvRWRMVaYGJtRyYbgr768TtpV16+7tftapXGXx1GEMziHS/DhChpwC01oAQEBz/AKb45yXpx352PZWnDymVP4A+fzB6Z9j7A=</latexit>

2.0

<latexit sha1_base64="T0aGePARtg5ZoArZrQEYuMGGTW4=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgadkN8XEMeNFbBPOQZAmzk9lkyMzsMjMrhCVf4cWDIl79HG/+jZNkD5pY0FBUddPdFSacaeN5305hbX1jc6u4XdrZ3ds/KB8etXScKkKbJOax6oRYU84kbRpmOO0kimIRctoOxzczv/1ElWaxfDCThAYCDyWLGMHGSo9ZL4xQ1b2Y9ssVz/XmQKvEz0kFcjT65a/eICapoNIQjrXu+l5iggwrwwin01Iv1TTBZIyHtGupxILqIJsfPEVnVhmgKFa2pEFz9fdEhoXWExHaToHNSC97M/E/r5ua6DrImExSQyVZLIpSjkyMZt+jAVOUGD6xBBPF7K2IjLDCxNiMSjYEf/nlVdKquv6lW7uvVep3eRxFOIFTOAcfrqAOt9CAJhAQ8Ayv8OYo58V5dz4WrQUnnzmGP3A+fwCuFo+1</latexit>

2.5

<latexit sha1_base64="7KoNZKCaC7w+e/pmdrAyXpAfGWE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJUZKeqy4EYXhQr2AZ1hyGQybWgmGZKMUMZZ+CtuXCji1t9w59+YPhbaeiBwOOdc7s0JU0aVdpxvq7Syura+Ud6sbG3v7O7Z+wcdJTKJSRsLJmQvRIowyklbU81IL5UEJSEj3XB0PfG7D0QqKvi9HqfET9CA05hipI0U2Ee5F8Ywb3rCpGAz8EQkdFEEdtWpOVPAZeLOSRXM0QrsLy8SOEsI15ghpfquk2o/R1JTzEhR8TJFUoRHaED6hnKUEOXn0/sLeGqUCMZCmsc1nKq/J3KUKDVOQpNMkB6qRW8i/uf1Mx1f+TnlaaYJx7NFccagFnBSBoyoJFizsSEIS2puhXiIJMLaVFYxJbiLX14mnfOae1Gr39Wrjdt5HWVwDE7AGXDBJWiAG9ACbYDBI3gGr+DNerJerHfrYxYtWfOZQ/AH1ucP4VSWDg==</latexit>

M

M�

Riley et al.

<latexit sha1_base64="muzdjORrt6c3eAyXQO2r4khlf6A=">AAAB6nicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbUzoIVlRPMByRH2NnvJkr29Y3dOCCE/wcZCibb+GVs7/417SQqNvrDw8L4z7MwEiRQGXffLyS0tr6yu5dcLG5tb2zvF3b26iVPNeI3FMtbNgBouheI1FCh5M9GcRoHkjWBwleWNB66NiNU9DhPuR7SnRCgYRWvdeS7pFEtu2Z2K/AVvDqXLj0mm12qn+NnuxiyNuEImqTEtz03QH1GNgkk+LrRTwxPKBrTHWxYVjbjxR9NRx+TIOl0Sxto+hWTq/uwY0ciYYRTYyohi3yxmmflf1koxvPBHQiUpcsVmH4WpJBiTbG/SFZozlEMLlGlhZyWsTzVlaK9TsEfwFlf+C/WTsndWPr31SpVrmCkPB3AIx+DBOVTgBqpQAwY9eIRneHGk8+RMnLdZac6Z9+zDLznv33hrkcA=</latexit>

10
<latexit sha1_base64="goWurl7VZ8eGgDJEQEX+rOt88gQ=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozRdSdBV24rGgv0A4lk2ba0EwyJBmhDH0ENy6U6taXcevOtzHTdqGtPwQ+/v8ccs4JYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwOsubj1RpJsWDGcXUj3BfsJARbKx171VQt1hyy+5UaBm8OZSuPieZ3mrd4lenJ0kSUWEIx1q3PTc2foqVYYTTcaGTaBpjMsR92rYocES1n05HHaMT6/RQKJV9wqCp+7sjxZHWoyiwlRE2A72YZeZ/WTsx4aWfMhEnhgoy+yhMODISZXujHlOUGD6ygIlidlZEBlhhYux1CvYI3uLKy9ColL3z8tmdV6rewEx5OIJjOAUPLqAKt1CDOhDowxO8wKvDnWdn4rzPSnPOvOcQ/sj5+AF7dZHC</latexit>

12
<latexit sha1_base64="uRuG7YljhuA5Gq918r1PmCP2nvM=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozUtSdBV24rGgv0A4lk2ba0EwyJBmhDH0ENy6U6taXcevOtzHTdqGtPwQ+/v8ccs4JYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwOsubj1RpJsWDGcXUj3BfsJARbKx171VQt1hyy+5UaBm8OZSuPieZ3mrd4lenJ0kSUWEIx1q3PTc2foqVYYTTcaGTaBpjMsR92rYocES1n05HHaMT6/RQKJV9wqCp+7sjxZHWoyiwlRE2A72YZeZ/WTsx4aWfMhEnhgoy+yhMODISZXujHlOUGD6ygIlidlZEBlhhYux1CvYI3uLKy9A4K3vn5cqdV6rewEx5OIJjOAUPLqAKt1CDOhDowxO8wKvDnWdn4rzPSnPOvOcQ/sj5+AF+f5HE</latexit>

14
<latexit sha1_base64="xLcQukndo16vGDtxSLVEQy0UOiY=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozItWdBV24rGgv0A4lk2ba0CQzJBmhDH0ENy6U6taXcevOtzHTdqGtPwQ+/v8ccs4JYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQbD6yxvPlKlWSQfzCimvsB9yUJGsLHWvVdB3WLJLbtToWXw5lC6+pxkeqt1i1+dXkQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3aduixIJqP52OOkYn1umhMFL2SYOm7u+OFAutRyKwlQKbgV7MMvO/rJ2Y8NJPmYwTQyWZfRQmHJkIZXujHlOUGD6ygIlidlZEBlhhYux1CvYI3uLKy9A4K3uV8vmdV6rewEx5OIJjOAUPLqAKt1CDOhDowxO8wKvDnWdn4rzPSnPOvOcQ/sj5+AGBiZHG</latexit>

16

<latexit sha1_base64="6I0JAx0gNv1ochViTrmGE76wYC4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmRNSdBV24rGAv0A4lk2ba0CQzJBmhDH0FNy7U4taHcevOtzHTdqGtPwQ+/v8ccs4JE8608bxvp7Cyura+UdwsbW3v7O6V9w8aOk4VoXUS81i1QqwpZ5LWDTOcthJFsQg5bYbDmzxvPlKlWSwfzCihgcB9ySJGsMkt3/VQt1zxXG8qtAz+HCrXn2+5JrVu+avTi0kqqDSEY63bvpeYIMPKMMLpuNRJNU0wGeI+bVuUWFAdZNNZx+jEOj0Uxco+adDU/d2RYaH1SIS2UmAz0ItZbv6XtVMTXQUZk0lqqCSzj6KUIxOjfHHUY4oSw0cWMFHMzorIACtMjD1PyR7BX1x5GRpnrn/hnt/7leotzFSEIziGU/DhEqpwBzWoA4EBPMELvDrCeXYmzvustODMew7hj5yPH+OYkfg=</latexit>

1.0

<latexit sha1_base64="oee9FOdeE4Wp2jrdVYx0isbetHg=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmxNvOgi5cVrAXaIeSSTNtaJIZkoxQhr6CGxdqcevDuHXn25hpu9DqD4GP/z+HnHPChDNtPO/LKSwtr6yuFddLG5tb2zvl3b2GjlNFaJ3EPFatEGvKmaR1wwynrURRLEJOm+HwOs+bD1RpFst7M0poIHBfsogRbHLLd89Qt1zxXG8q9Bf8OVSuPl5zTWrd8menF5NUUGkIx1q3fS8xQYaVYYTTcamTappgMsR92rYosaA6yKazjtGRdXooipV90qCp+7Mjw0LrkQhtpcBmoBez3Pwva6cmugwyJpPUUElmH0UpRyZG+eKoxxQlho8sYKKYnRWRAVaYGHuekj2Cv7jyX2icuP65e3rnV6o3MFMRDuAQjsGHC6jCLdSgDgQG8AjP8OII58mZOG+z0oIz79mHX3LevwHrMZH9</latexit>

1.5

<latexit sha1_base64="5sMb+JUguIg89EYt9hIkC1+YGc4=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEV8NMEXVnQRcuK9gLtEPJpJk2NMkMSUYoQ1/BjQu1uPVh3Lrzbcy0XWjrD4GP/z+HnHPChDNtPO/bWVldW9/YLGwVt3d29/ZLB4cNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPhTZ43H6nSLJYPZpTQQOC+ZBEj2ORWxfVQt1T2XG8qtAz+HMrXn2+5JrVu6avTi0kqqDSEY63bvpeYIMPKMMLpuNhJNU0wGeI+bVuUWFAdZNNZx+jUOj0Uxco+adDU/d2RYaH1SIS2UmAz0ItZbv6XtVMTXQUZk0lqqCSzj6KUIxOjfHHUY4oSw0cWMFHMzorIACtMjD1P0R7BX1x5GRoV179wz+/9cvUWZirAMZzAGfhwCVW4gxrUgcAAnuAFXh3hPDsT531WuuLMe47gj5yPH+Ufkfk=</latexit>

2.0

<latexit sha1_base64="22YiKdMBTsTQ/5WAM3A5+YEeWoU=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmiredBV24rGAv0A4lk6ZtaJIZkoxQhr6CGxdqcevDuHXn25hpu9DWHwIf/38OOeeEMWfaeN63k1tZXVvfyG8WtrZ3dveK+wd1HSWK0BqJeKSaIdaUM0lrhhlOm7GiWIScNsLhTZY3HqnSLJIPZhTTQOC+ZD1GsMmssnuOOsWS53pToWXw51C6/nzLNKl2il/tbkQSQaUhHGvd8r3YBClWhhFOx4V2ommMyRD3acuixILqIJ3OOkYn1umiXqTskwZN3d8dKRZaj0RoKwU2A72YZeZ/WSsxvasgZTJODJVk9lEv4chEKFscdZmixPCRBUwUs7MiMsAKE2PPU7BH8BdXXoZ62fUv3LN7v1S5hZnycATHcAo+XEIF7qAKNSAwgCd4gVdHOM/OxHmfleacec8h/JHz8QPsuJH+</latexit>

2.5

<latexit sha1_base64="mq2xz6CzAf6hkNpuC94FumpSbuQ=">AAAB/3icbVDLSsNAFJ34rPUVFdzoYrAIrkoivsBNQRduChXtA5oQJpNJO3SSCTMTocQs/BVBXCjiVvwLd/6N08dCWw8MHM45l3vn+AmjUlnWtzEzOze/sFhYKi6vrK6tmxubDclTgUkdc8ZFy0eSMBqTuqKKkVYiCIp8Rpp+72LgN++IkJTHt6qfEDdCnZiGFCOlJc/czhw/zKoO1yFY9RwecJXn0DNLVtkaAk4Te0xKleObzyd397zmmV9OwHEakVhhhqRs21ai3AwJRTEjedFJJUkQ7qEOaWsao4hINxven8N9rQQw5EK/WMGh+nsiQ5GU/cjXyQiprpz0BuJ/XjtV4Zmb0ThJFYnxaFGYMqg4HJQBAyoIVqyvCcKC6lsh7iKBsNKVFXUJ9uSXp0njsGyflI+u7VLlEoxQADtgDxwAG5yCCrgCNVAHGNyDR/ACXo0H49l4M95H0RljPLMF/sD4+AG9EZji</latexit>

M
M�

<latexit sha1_base64="N50lfvCQxzzm3e13JhXoDj/+rl8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSp4Krsi6rGgB49V7Adsl5JNs21okl2TbKEs9W948aCIV3+MN/+N6bYHbX0w8Hhvhpl5YcKZNq777Swtr6yurRc2iptb2zu7pb39ho5TRWidxDxWrRBrypmkdcMMp61EUSxCTpvh4HriN4dUaRbLBzNKaCBwT7KIEWysFGTtMEL3T/5ABGPUKZXdipsDLRJvRsrV4yhHrVP6andjkgoqDeFYa99zExNkWBlGOB0X26mmCSYD3KO+pRILqoMsP3qMTqzSRVGsbEmDcvX3RIaF1iMR2k6BTV/PexPxP89PTXQVZEwmqaGSTBdFKUcmRpMEUJcpSgwfWYKJYvZWRPpYYWJsTkUbgjf/8iJpnFW8i8r5nVeu3sAUBTiEIzgFDy6hCrdQgzoQeIRneIU3Z+i8OO/Ox7R1yZnNHMAfOJ8/9giUiA==</latexit>

R [km]

<latexit sha1_base64="MpxcIAZSayccCtcUkHNgGq2h4HA=">AAAB/nicbVDLSgMxFM3UV1urjoorN8EiCELJaNUuC3YhruqjD2hLyaSZNjSTGZKMUIaKGz/EjQtF3Lr0G9z5N6aPhbYeuHA4517uvccNOVMaoW8rsbC4tLySTKVXM2vrG/bmVlUFkSS0QgIeyLqLFeVM0IpmmtN6KCn2XU5rbv985NfuqFQsELd6ENKWj7uCeYxgbaS2vRM3XQ+Wb67vLxE6Rocof+IMYdvOohwaA84TZ0qyxUypkHxMfZbb9lezE5DIp0ITjpVqOCjUrRhLzQinw3QzUjTEpI+7tGGowD5VrXh8/hDuG6UDvUCaEhqO1d8TMfaVGviu6fSx7qlZbyT+5zUi7RVaMRNhpKkgk0VexKEO4CgL2GGSEs0HhmAimbkVkh6WmGiTWNqE4My+PE+qRznnNJe/crLFEpggCXbBHjgADjgDRXAByqACCIjBE3gBr9aD9Wy9We+T1oQ1ndkGf2B9/AB4+pV0</latexit>

PSR J0030+ 0451

<latexit sha1_base64="DvzVYCZUI6Oq+SMy6PBvunCy58k=">AAAB/nicbVBNS0JBFJ1nX2pWr6JVmyEJgkDmiahLIRfRyj78ABWZN87TwXnzHjPzAnkYbfohbVoU0bZlv6Fd/6ZRW5R24MLhnHu59x435ExphL6sxMrq2vpGMpXezGxt79i7ew0VRJLQOgl4IFsuVpQzQeuaaU5boaTYdzltuqOzqd+8pVKxQNzocUi7Ph4I5jGCtZF69kHccT1Yu766u0ClAjotFvNoAnt2FuXQDHCZOD8kW8lUy8mH1EetZ392+gGJfCo04ViptoNC3Y2x1IxwOkl3IkVDTEZ4QNuGCuxT1Y1n50/gsVH60AukKaHhTP09EWNfqbHvmk4f66Fa9Kbif1470l65GzMRRpoKMl/kRRzqAE6zgH0mKdF8bAgmkplbIRliiYk2iaVNCM7iy8ukkc85xVzh0slWqmCOJDgER+AEOKAEKuAc1EAdEBCDR/AMXqx768l6td7mrQnrZ2Yf/IH1/g2LjJWA</latexit>

PSR J0740+ 6620

<latexit sha1_base64="L+lTonnVlcmCwZueJt428CXTMbs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBy1JCVZvRS8eK5i20ISy2W7apZtN2N2IJeSvePGgiFf/iDf/jds2B219MPB4b4aZeUHCqFSW9W2U1tY3NrfK25Wd3b39A/Ow2pFxKjBxccxi0QuQJIxy4iqqGOklgqAoYKQbTG5nfveRCElj/qCmCfEjNOI0pBgpLQ3MauYFIXRc79xuWo0Lp3GdD8yaVbfmgKvELkgNFGgPzC9vGOM0IlxhhqTs21ai/AwJRTEjecVLJUkQnqAR6WvKUUSkn81vz+GpVoYwjIUuruBc/T2RoUjKaRTozgipsVz2ZuJ/Xj9V4ZWfUZ6kinC8WBSmDKoYzoKAQyoIVmyqCcKC6lshHiOBsNJxVXQI9vLLq6TTqNuXdefeqbVuijjK4BicgDNggyZogTvQBi7A4Ak8g1fwZuTGi/FufCxaS0YxcwT+wPj8AbVXkks=</latexit>

4U1702� 429
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<latexit sha1_base64="muzdjORrt6c3eAyXQO2r4khlf6A=">AAAB6nicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbUzoIVlRPMByRH2NnvJkr29Y3dOCCE/wcZCibb+GVs7/417SQqNvrDw8L4z7MwEiRQGXffLyS0tr6yu5dcLG5tb2zvF3b26iVPNeI3FMtbNgBouheI1FCh5M9GcRoHkjWBwleWNB66NiNU9DhPuR7SnRCgYRWvdeS7pFEtu2Z2K/AVvDqXLj0mm12qn+NnuxiyNuEImqTEtz03QH1GNgkk+LrRTwxPKBrTHWxYVjbjxR9NRx+TIOl0Sxto+hWTq/uwY0ciYYRTYyohi3yxmmflf1koxvPBHQiUpcsVmH4WpJBiTbG/SFZozlEMLlGlhZyWsTzVlaK9TsEfwFlf+C/WTsndWPr31SpVrmCkPB3AIx+DBOVTgBqpQAwY9eIRneHGk8+RMnLdZac6Z9+zDLznv33hrkcA=</latexit>

10
<latexit sha1_base64="goWurl7VZ8eGgDJEQEX+rOt88gQ=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozRdSdBV24rGgv0A4lk2ba0EwyJBmhDH0ENy6U6taXcevOtzHTdqGtPwQ+/v8ccs4JYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwOsubj1RpJsWDGcXUj3BfsJARbKx171VQt1hyy+5UaBm8OZSuPieZ3mrd4lenJ0kSUWEIx1q3PTc2foqVYYTTcaGTaBpjMsR92rYocES1n05HHaMT6/RQKJV9wqCp+7sjxZHWoyiwlRE2A72YZeZ/WTsx4aWfMhEnhgoy+yhMODISZXujHlOUGD6ygIlidlZEBlhhYux1CvYI3uLKy9ColL3z8tmdV6rewEx5OIJjOAUPLqAKt1CDOhDowxO8wKvDnWdn4rzPSnPOvOcQ/sj5+AF7dZHC</latexit>

12
<latexit sha1_base64="uRuG7YljhuA5Gq918r1PmCP2nvM=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozUtSdBV24rGgv0A4lk2ba0EwyJBmhDH0ENy6U6taXcevOtzHTdqGtPwQ+/v8ccs4JYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwOsubj1RpJsWDGcXUj3BfsJARbKx171VQt1hyy+5UaBm8OZSuPieZ3mrd4lenJ0kSUWEIx1q3PTc2foqVYYTTcaGTaBpjMsR92rYocES1n05HHaMT6/RQKJV9wqCp+7sjxZHWoyiwlRE2A72YZeZ/WTsx4aWfMhEnhgoy+yhMODISZXujHlOUGD6ygIlidlZEBlhhYux1CvYI3uLKy9A4K3vn5cqdV6rewEx5OIJjOAUPLqAKt1CDOhDowxO8wKvDnWdn4rzPSnPOvOcQ/sj5+AF+f5HE</latexit>

14
<latexit sha1_base64="xLcQukndo16vGDtxSLVEQy0UOiY=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozItWdBV24rGgv0A4lk2ba0CQzJBmhDH0ENy6U6taXcevOtzHTdqGtPwQ+/v8ccs4JYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQbD6yxvPlKlWSQfzCimvsB9yUJGsLHWvVdB3WLJLbtToWXw5lC6+pxkeqt1i1+dXkQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3aduixIJqP52OOkYn1umhMFL2SYOm7u+OFAutRyKwlQKbgV7MMvO/rJ2Y8NJPmYwTQyWZfRQmHJkIZXujHlOUGD6ygIlidlZEBlhhYux1CvYI3uLKy9A4K3uV8vmdV6rewEx5OIJjOAUPLqAKt1CDOhDowxO8wKvDnWdn4rzPSnPOvOcQ/sj5+AGBiZHG</latexit>

16

<latexit sha1_base64="6I0JAx0gNv1ochViTrmGE76wYC4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmRNSdBV24rGAv0A4lk2ba0CQzJBmhDH0FNy7U4taHcevOtzHTdqGtPwQ+/v8ccs4JE8608bxvp7Cyura+UdwsbW3v7O6V9w8aOk4VoXUS81i1QqwpZ5LWDTOcthJFsQg5bYbDmzxvPlKlWSwfzCihgcB9ySJGsMkt3/VQt1zxXG8qtAz+HCrXn2+5JrVu+avTi0kqqDSEY63bvpeYIMPKMMLpuNRJNU0wGeI+bVuUWFAdZNNZx+jEOj0Uxco+adDU/d2RYaH1SIS2UmAz0ItZbv6XtVMTXQUZk0lqqCSzj6KUIxOjfHHUY4oSw0cWMFHMzorIACtMjD1PyR7BX1x5GRpnrn/hnt/7leotzFSEIziGU/DhEqpwBzWoA4EBPMELvDrCeXYmzvustODMew7hj5yPH+OYkfg=</latexit>

1.0

<latexit sha1_base64="oee9FOdeE4Wp2jrdVYx0isbetHg=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmxNvOgi5cVrAXaIeSSTNtaJIZkoxQhr6CGxdqcevDuHXn25hpu9DqD4GP/z+HnHPChDNtPO/LKSwtr6yuFddLG5tb2zvl3b2GjlNFaJ3EPFatEGvKmaR1wwynrURRLEJOm+HwOs+bD1RpFst7M0poIHBfsogRbHLLd89Qt1zxXG8q9Bf8OVSuPl5zTWrd8menF5NUUGkIx1q3fS8xQYaVYYTTcamTappgMsR92rYosaA6yKazjtGRdXooipV90qCp+7Mjw0LrkQhtpcBmoBez3Pwva6cmugwyJpPUUElmH0UpRyZG+eKoxxQlho8sYKKYnRWRAVaYGHuekj2Cv7jyX2icuP65e3rnV6o3MFMRDuAQjsGHC6jCLdSgDgQG8AjP8OII58mZOG+z0oIz79mHX3LevwHrMZH9</latexit>

1.5

<latexit sha1_base64="5sMb+JUguIg89EYt9hIkC1+YGc4=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEV8NMEXVnQRcuK9gLtEPJpJk2NMkMSUYoQ1/BjQu1uPVh3Lrzbcy0XWjrD4GP/z+HnHPChDNtPO/bWVldW9/YLGwVt3d29/ZLB4cNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPhTZ43H6nSLJYPZpTQQOC+ZBEj2ORWxfVQt1T2XG8qtAz+HMrXn2+5JrVu6avTi0kqqDSEY63bvpeYIMPKMMLpuNhJNU0wGeI+bVuUWFAdZNNZx+jUOj0Uxco+adDU/d2RYaH1SIS2UmAz0ItZbv6XtVMTXQUZk0lqqCSzj6KUIxOjfHHUY4oSw0cWMFHMzorIACtMjD1P0R7BX1x5GRoV179wz+/9cvUWZirAMZzAGfhwCVW4gxrUgcAAnuAFXh3hPDsT531WuuLMe47gj5yPH+Ufkfk=</latexit>

2.0

<latexit sha1_base64="22YiKdMBTsTQ/5WAM3A5+YEeWoU=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmiredBV24rGAv0A4lk6ZtaJIZkoxQhr6CGxdqcevDuHXn25hpu9DWHwIf/38OOeeEMWfaeN63k1tZXVvfyG8WtrZ3dveK+wd1HSWK0BqJeKSaIdaUM0lrhhlOm7GiWIScNsLhTZY3HqnSLJIPZhTTQOC+ZD1GsMmssnuOOsWS53pToWXw51C6/nzLNKl2il/tbkQSQaUhHGvd8r3YBClWhhFOx4V2ommMyRD3acuixILqIJ3OOkYn1umiXqTskwZN3d8dKRZaj0RoKwU2A72YZeZ/WSsxvasgZTJODJVk9lEv4chEKFscdZmixPCRBUwUs7MiMsAKE2PPU7BH8BdXXoZ62fUv3LN7v1S5hZnycATHcAo+XEIF7qAKNSAwgCd4gVdHOM/OxHmfleacec8h/JHz8QPsuJH+</latexit>

2.5

<latexit sha1_base64="mq2xz6CzAf6hkNpuC94FumpSbuQ=">AAAB/3icbVDLSsNAFJ34rPUVFdzoYrAIrkoivsBNQRduChXtA5oQJpNJO3SSCTMTocQs/BVBXCjiVvwLd/6N08dCWw8MHM45l3vn+AmjUlnWtzEzOze/sFhYKi6vrK6tmxubDclTgUkdc8ZFy0eSMBqTuqKKkVYiCIp8Rpp+72LgN++IkJTHt6qfEDdCnZiGFCOlJc/czhw/zKoO1yFY9RwecJXn0DNLVtkaAk4Te0xKleObzyd397zmmV9OwHEakVhhhqRs21ai3AwJRTEjedFJJUkQ7qEOaWsao4hINxven8N9rQQw5EK/WMGh+nsiQ5GU/cjXyQiprpz0BuJ/XjtV4Zmb0ThJFYnxaFGYMqg4HJQBAyoIVqyvCcKC6lsh7iKBsNKVFXUJ9uSXp0njsGyflI+u7VLlEoxQADtgDxwAG5yCCrgCNVAHGNyDR/ACXo0H49l4M95H0RljPLMF/sD4+AG9EZji</latexit>

M
M�

<latexit sha1_base64="N50lfvCQxzzm3e13JhXoDj/+rl8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSp4Krsi6rGgB49V7Adsl5JNs21okl2TbKEs9W948aCIV3+MN/+N6bYHbX0w8Hhvhpl5YcKZNq777Swtr6yurRc2iptb2zu7pb39ho5TRWidxDxWrRBrypmkdcMMp61EUSxCTpvh4HriN4dUaRbLBzNKaCBwT7KIEWysFGTtMEL3T/5ABGPUKZXdipsDLRJvRsrV4yhHrVP6andjkgoqDeFYa99zExNkWBlGOB0X26mmCSYD3KO+pRILqoMsP3qMTqzSRVGsbEmDcvX3RIaF1iMR2k6BTV/PexPxP89PTXQVZEwmqaGSTBdFKUcmRpMEUJcpSgwfWYKJYvZWRPpYYWJsTkUbgjf/8iJpnFW8i8r5nVeu3sAUBTiEIzgFDy6hCrdQgzoQeIRneIU3Z+i8OO/Ox7R1yZnNHMAfOJ8/9giUiA==</latexit>

R [km]

<latexit sha1_base64="MpxcIAZSayccCtcUkHNgGq2h4HA=">AAAB/nicbVDLSgMxFM3UV1urjoorN8EiCELJaNUuC3YhruqjD2hLyaSZNjSTGZKMUIaKGz/EjQtF3Lr0G9z5N6aPhbYeuHA4517uvccNOVMaoW8rsbC4tLySTKVXM2vrG/bmVlUFkSS0QgIeyLqLFeVM0IpmmtN6KCn2XU5rbv985NfuqFQsELd6ENKWj7uCeYxgbaS2vRM3XQ+Wb67vLxE6Rocof+IMYdvOohwaA84TZ0qyxUypkHxMfZbb9lezE5DIp0ITjpVqOCjUrRhLzQinw3QzUjTEpI+7tGGowD5VrXh8/hDuG6UDvUCaEhqO1d8TMfaVGviu6fSx7qlZbyT+5zUi7RVaMRNhpKkgk0VexKEO4CgL2GGSEs0HhmAimbkVkh6WmGiTWNqE4My+PE+qRznnNJe/crLFEpggCXbBHjgADjgDRXAByqACCIjBE3gBr9aD9Wy9We+T1oQ1ndkGf2B9/AB4+pV0</latexit>

PSR J0030+ 0451

<latexit sha1_base64="DvzVYCZUI6Oq+SMy6PBvunCy58k=">AAAB/nicbVBNS0JBFJ1nX2pWr6JVmyEJgkDmiahLIRfRyj78ABWZN87TwXnzHjPzAnkYbfohbVoU0bZlv6Fd/6ZRW5R24MLhnHu59x435ExphL6sxMrq2vpGMpXezGxt79i7ew0VRJLQOgl4IFsuVpQzQeuaaU5boaTYdzltuqOzqd+8pVKxQNzocUi7Ph4I5jGCtZF69kHccT1Yu766u0ClAjotFvNoAnt2FuXQDHCZOD8kW8lUy8mH1EetZ392+gGJfCo04ViptoNC3Y2x1IxwOkl3IkVDTEZ4QNuGCuxT1Y1n50/gsVH60AukKaHhTP09EWNfqbHvmk4f66Fa9Kbif1470l65GzMRRpoKMl/kRRzqAE6zgH0mKdF8bAgmkplbIRliiYk2iaVNCM7iy8ukkc85xVzh0slWqmCOJDgER+AEOKAEKuAc1EAdEBCDR/AMXqx768l6td7mrQnrZ2Yf/IH1/g2LjJWA</latexit>

PSR J0740+ 6620

<latexit sha1_base64="L+lTonnVlcmCwZueJt428CXTMbs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBy1JCVZvRS8eK5i20ISy2W7apZtN2N2IJeSvePGgiFf/iDf/jds2B219MPB4b4aZeUHCqFSW9W2U1tY3NrfK25Wd3b39A/Ow2pFxKjBxccxi0QuQJIxy4iqqGOklgqAoYKQbTG5nfveRCElj/qCmCfEjNOI0pBgpLQ3MauYFIXRc79xuWo0Lp3GdD8yaVbfmgKvELkgNFGgPzC9vGOM0IlxhhqTs21ai/AwJRTEjecVLJUkQnqAR6WvKUUSkn81vz+GpVoYwjIUuruBc/T2RoUjKaRTozgipsVz2ZuJ/Xj9V4ZWfUZ6kinC8WBSmDKoYzoKAQyoIVmyqCcKC6lshHiOBsNJxVXQI9vLLq6TTqNuXdefeqbVuijjK4BicgDNggyZogTvQBi7A4Ak8g1fwZuTGi/FufCxaS0YxcwT+wPj8AbVXkks=</latexit>

4U1702� 429

Nättilä et al.
Astron.  Astrophys. 608 (2017) A31

Riley et al.

<latexit sha1_base64="muzdjORrt6c3eAyXQO2r4khlf6A=">AAAB6nicbZA9SwNBEIbn4leMX1FLm8UgWIU7EbUzoIVlRPMByRH2NnvJkr29Y3dOCCE/wcZCibb+GVs7/417SQqNvrDw8L4z7MwEiRQGXffLyS0tr6yu5dcLG5tb2zvF3b26iVPNeI3FMtbNgBouheI1FCh5M9GcRoHkjWBwleWNB66NiNU9DhPuR7SnRCgYRWvdeS7pFEtu2Z2K/AVvDqXLj0mm12qn+NnuxiyNuEImqTEtz03QH1GNgkk+LrRTwxPKBrTHWxYVjbjxR9NRx+TIOl0Sxto+hWTq/uwY0ciYYRTYyohi3yxmmflf1koxvPBHQiUpcsVmH4WpJBiTbG/SFZozlEMLlGlhZyWsTzVlaK9TsEfwFlf+C/WTsndWPr31SpVrmCkPB3AIx+DBOVTgBqpQAwY9eIRneHGk8+RMnLdZac6Z9+zDLznv33hrkcA=</latexit>

10
<latexit sha1_base64="goWurl7VZ8eGgDJEQEX+rOt88gQ=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozRdSdBV24rGgv0A4lk2ba0EwyJBmhDH0ENy6U6taXcevOtzHTdqGtPwQ+/v8ccs4JYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwOsubj1RpJsWDGcXUj3BfsJARbKx171VQt1hyy+5UaBm8OZSuPieZ3mrd4lenJ0kSUWEIx1q3PTc2foqVYYTTcaGTaBpjMsR92rYocES1n05HHaMT6/RQKJV9wqCp+7sjxZHWoyiwlRE2A72YZeZ/WTsx4aWfMhEnhgoy+yhMODISZXujHlOUGD6ygIlidlZEBlhhYux1CvYI3uLKy9ColL3z8tmdV6rewEx5OIJjOAUPLqAKt1CDOhDowxO8wKvDnWdn4rzPSnPOvOcQ/sj5+AF7dZHC</latexit>

12
<latexit sha1_base64="uRuG7YljhuA5Gq918r1PmCP2nvM=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozUtSdBV24rGgv0A4lk2ba0EwyJBmhDH0ENy6U6taXcevOtzHTdqGtPwQ+/v8ccs4JYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aWiaK0DqRXKpWgDXlTNC6YYbTVqwojgJOm8HwOsubj1RpJsWDGcXUj3BfsJARbKx171VQt1hyy+5UaBm8OZSuPieZ3mrd4lenJ0kSUWEIx1q3PTc2foqVYYTTcaGTaBpjMsR92rYocES1n05HHaMT6/RQKJV9wqCp+7sjxZHWoyiwlRE2A72YZeZ/WTsx4aWfMhEnhgoy+yhMODISZXujHlOUGD6ygIlidlZEBlhhYux1CvYI3uLKy9A4K3vn5cqdV6rewEx5OIJjOAUPLqAKt1CDOhDowxO8wKvDnWdn4rzPSnPOvOcQ/sj5+AF+f5HE</latexit>

14
<latexit sha1_base64="xLcQukndo16vGDtxSLVEQy0UOiY=">AAAB6nicbZDLSgMxFIbP1Futt6pLN8EiuCozItWdBV24rGgv0A4lk2ba0CQzJBmhDH0ENy6U6taXcevOtzHTdqGtPwQ+/v8ccs4JYs60cd1vJ7eyura+kd8sbG3v7O4V9w8aOkoUoXUS8Ui1AqwpZ5LWDTOctmJFsQg4bQbD6yxvPlKlWSQfzCimvsB9yUJGsLHWvVdB3WLJLbtToWXw5lC6+pxkeqt1i1+dXkQSQaUhHGvd9tzY+ClWhhFOx4VOommMyRD3aduixIJqP52OOkYn1umhMFL2SYOm7u+OFAutRyKwlQKbgV7MMvO/rJ2Y8NJPmYwTQyWZfRQmHJkIZXujHlOUGD6ygIlidlZEBlhhYux1CvYI3uLKy9A4K3uV8vmdV6rewEx5OIJjOAUPLqAKt1CDOhDowxO8wKvDnWdn4rzPSnPOvOcQ/sj5+AGBiZHG</latexit>

16

<latexit sha1_base64="6I0JAx0gNv1ochViTrmGE76wYC4=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmRNSdBV24rGAv0A4lk2ba0CQzJBmhDH0FNy7U4taHcevOtzHTdqGtPwQ+/v8ccs4JE8608bxvp7Cyura+UdwsbW3v7O6V9w8aOk4VoXUS81i1QqwpZ5LWDTOcthJFsQg5bYbDmzxvPlKlWSwfzCihgcB9ySJGsMkt3/VQt1zxXG8qtAz+HCrXn2+5JrVu+avTi0kqqDSEY63bvpeYIMPKMMLpuNRJNU0wGeI+bVuUWFAdZNNZx+jEOj0Uxco+adDU/d2RYaH1SIS2UmAz0ItZbv6XtVMTXQUZk0lqqCSzj6KUIxOjfHHUY4oSw0cWMFHMzorIACtMjD1PyR7BX1x5GRpnrn/hnt/7leotzFSEIziGU/DhEqpwBzWoA4EBPMELvDrCeXYmzvustODMew7hj5yPH+OYkfg=</latexit>

1.0

<latexit sha1_base64="oee9FOdeE4Wp2jrdVYx0isbetHg=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmxNvOgi5cVrAXaIeSSTNtaJIZkoxQhr6CGxdqcevDuHXn25hpu9DqD4GP/z+HnHPChDNtPO/LKSwtr6yuFddLG5tb2zvl3b2GjlNFaJ3EPFatEGvKmaR1wwynrURRLEJOm+HwOs+bD1RpFst7M0poIHBfsogRbHLLd89Qt1zxXG8q9Bf8OVSuPl5zTWrd8menF5NUUGkIx1q3fS8xQYaVYYTTcamTappgMsR92rYosaA6yKazjtGRdXooipV90qCp+7Mjw0LrkQhtpcBmoBez3Pwva6cmugwyJpPUUElmH0UpRyZG+eKoxxQlho8sYKKYnRWRAVaYGHuekj2Cv7jyX2icuP65e3rnV6o3MFMRDuAQjsGHC6jCLdSgDgQG8AjP8OII58mZOG+z0oIz79mHX3LevwHrMZH9</latexit>

1.5

<latexit sha1_base64="5sMb+JUguIg89EYt9hIkC1+YGc4=">AAAB63icbZDLSgMxFIbPeK31VnXpJlgEV8NMEXVnQRcuK9gLtEPJpJk2NMkMSUYoQ1/BjQu1uPVh3Lrzbcy0XWjrD4GP/z+HnHPChDNtPO/bWVldW9/YLGwVt3d29/ZLB4cNHaeK0DqJeaxaIdaUM0nrhhlOW4miWIScNsPhTZ43H6nSLJYPZpTQQOC+ZBEj2ORWxfVQt1T2XG8qtAz+HMrXn2+5JrVu6avTi0kqqDSEY63bvpeYIMPKMMLpuNhJNU0wGeI+bVuUWFAdZNNZx+jUOj0Uxco+adDU/d2RYaH1SIS2UmAz0ItZbv6XtVMTXQUZk0lqqCSzj6KUIxOjfHHUY4oSw0cWMFHMzorIACtMjD1P0R7BX1x5GRoV179wz+/9cvUWZirAMZzAGfhwCVW4gxrUgcAAnuAFXh3hPDsT531WuuLMe47gj5yPH+Ufkfk=</latexit>

2.0

<latexit sha1_base64="22YiKdMBTsTQ/5WAM3A5+YEeWoU=">AAAB63icbZDLSgMxFIbP1Futt6pLN8EiuBpmiredBV24rGAv0A4lk6ZtaJIZkoxQhr6CGxdqcevDuHXn25hpu9DWHwIf/38OOeeEMWfaeN63k1tZXVvfyG8WtrZ3dveK+wd1HSWK0BqJeKSaIdaUM0lrhhlOm7GiWIScNsLhTZY3HqnSLJIPZhTTQOC+ZD1GsMmssnuOOsWS53pToWXw51C6/nzLNKl2il/tbkQSQaUhHGvd8r3YBClWhhFOx4V2ommMyRD3acuixILqIJ3OOkYn1umiXqTskwZN3d8dKRZaj0RoKwU2A72YZeZ/WSsxvasgZTJODJVk9lEv4chEKFscdZmixPCRBUwUs7MiMsAKE2PPU7BH8BdXXoZ62fUv3LN7v1S5hZnycATHcAo+XEIF7qAKNSAwgCd4gVdHOM/OxHmfleacec8h/JHz8QPsuJH+</latexit>

2.5

<latexit sha1_base64="mq2xz6CzAf6hkNpuC94FumpSbuQ=">AAAB/3icbVDLSsNAFJ34rPUVFdzoYrAIrkoivsBNQRduChXtA5oQJpNJO3SSCTMTocQs/BVBXCjiVvwLd/6N08dCWw8MHM45l3vn+AmjUlnWtzEzOze/sFhYKi6vrK6tmxubDclTgUkdc8ZFy0eSMBqTuqKKkVYiCIp8Rpp+72LgN++IkJTHt6qfEDdCnZiGFCOlJc/czhw/zKoO1yFY9RwecJXn0DNLVtkaAk4Te0xKleObzyd397zmmV9OwHEakVhhhqRs21ai3AwJRTEjedFJJUkQ7qEOaWsao4hINxven8N9rQQw5EK/WMGh+nsiQ5GU/cjXyQiprpz0BuJ/XjtV4Zmb0ThJFYnxaFGYMqg4HJQBAyoIVqyvCcKC6lsh7iKBsNKVFXUJ9uSXp0njsGyflI+u7VLlEoxQADtgDxwAG5yCCrgCNVAHGNyDR/ACXo0H49l4M95H0RljPLMF/sD4+AG9EZji</latexit>

M
M�

<latexit sha1_base64="N50lfvCQxzzm3e13JhXoDj/+rl8=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSp4Krsi6rGgB49V7Adsl5JNs21okl2TbKEs9W948aCIV3+MN/+N6bYHbX0w8Hhvhpl5YcKZNq777Swtr6yurRc2iptb2zu7pb39ho5TRWidxDxWrRBrypmkdcMMp61EUSxCTpvh4HriN4dUaRbLBzNKaCBwT7KIEWysFGTtMEL3T/5ABGPUKZXdipsDLRJvRsrV4yhHrVP6andjkgoqDeFYa99zExNkWBlGOB0X26mmCSYD3KO+pRILqoMsP3qMTqzSRVGsbEmDcvX3RIaF1iMR2k6BTV/PexPxP89PTXQVZEwmqaGSTBdFKUcmRpMEUJcpSgwfWYKJYvZWRPpYYWJsTkUbgjf/8iJpnFW8i8r5nVeu3sAUBTiEIzgFDy6hCrdQgzoQeIRneIU3Z+i8OO/Ox7R1yZnNHMAfOJ8/9giUiA==</latexit>

R [km]

<latexit sha1_base64="MpxcIAZSayccCtcUkHNgGq2h4HA=">AAAB/nicbVDLSgMxFM3UV1urjoorN8EiCELJaNUuC3YhruqjD2hLyaSZNjSTGZKMUIaKGz/EjQtF3Lr0G9z5N6aPhbYeuHA4517uvccNOVMaoW8rsbC4tLySTKVXM2vrG/bmVlUFkSS0QgIeyLqLFeVM0IpmmtN6KCn2XU5rbv985NfuqFQsELd6ENKWj7uCeYxgbaS2vRM3XQ+Wb67vLxE6Rocof+IMYdvOohwaA84TZ0qyxUypkHxMfZbb9lezE5DIp0ITjpVqOCjUrRhLzQinw3QzUjTEpI+7tGGowD5VrXh8/hDuG6UDvUCaEhqO1d8TMfaVGviu6fSx7qlZbyT+5zUi7RVaMRNhpKkgk0VexKEO4CgL2GGSEs0HhmAimbkVkh6WmGiTWNqE4My+PE+qRznnNJe/crLFEpggCXbBHjgADjgDRXAByqACCIjBE3gBr9aD9Wy9We+T1oQ1ndkGf2B9/AB4+pV0</latexit>

PSR J0030+ 0451

<latexit sha1_base64="DvzVYCZUI6Oq+SMy6PBvunCy58k=">AAAB/nicbVBNS0JBFJ1nX2pWr6JVmyEJgkDmiahLIRfRyj78ABWZN87TwXnzHjPzAnkYbfohbVoU0bZlv6Fd/6ZRW5R24MLhnHu59x435ExphL6sxMrq2vpGMpXezGxt79i7ew0VRJLQOgl4IFsuVpQzQeuaaU5boaTYdzltuqOzqd+8pVKxQNzocUi7Ph4I5jGCtZF69kHccT1Yu766u0ClAjotFvNoAnt2FuXQDHCZOD8kW8lUy8mH1EetZ392+gGJfCo04ViptoNC3Y2x1IxwOkl3IkVDTEZ4QNuGCuxT1Y1n50/gsVH60AukKaHhTP09EWNfqbHvmk4f66Fa9Kbif1470l65GzMRRpoKMl/kRRzqAE6zgH0mKdF8bAgmkplbIRliiYk2iaVNCM7iy8ukkc85xVzh0slWqmCOJDgER+AEOKAEKuAc1EAdEBCDR/AMXqx768l6td7mrQnrZ2Yf/IH1/g2LjJWA</latexit>

PSR J0740+ 6620

<latexit sha1_base64="L+lTonnVlcmCwZueJt428CXTMbs=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSyCBy1JCVZvRS8eK5i20ISy2W7apZtN2N2IJeSvePGgiFf/iDf/jds2B219MPB4b4aZeUHCqFSW9W2U1tY3NrfK25Wd3b39A/Ow2pFxKjBxccxi0QuQJIxy4iqqGOklgqAoYKQbTG5nfveRCElj/qCmCfEjNOI0pBgpLQ3MauYFIXRc79xuWo0Lp3GdD8yaVbfmgKvELkgNFGgPzC9vGOM0IlxhhqTs21ai/AwJRTEjecVLJUkQnqAR6WvKUUSkn81vz+GpVoYwjIUuruBc/T2RoUjKaRTozgipsVz2ZuJ/Xj9V4ZWfUZ6kinC8WBSmDKoYzoKAQyoIVmyqCcKC6lshHiOBsNJxVXQI9vLLq6TTqNuXdefeqbVuijjK4BicgDNggyZogTvQBi7A4Ak8g1fwZuTGi/FufCxaS0YxcwT+wPj8AbVXkks=</latexit>

4U1702� 429

Nättilä et al.
Astron.  Astrophys. 608 (2017) A31

<latexit sha1_base64="q/vo9YEJUCZ/sAkItstpmzQqZwY=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHyXW82qNY818uBVolfkBoUaA6qX/1hTFJBpSEca93zvcQEGVaGEU5nlX6qaYLJBI9oz1KJBdVBlh88Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XS010HWRMJqmhkiwWRSlHJkbz79GQKUoMn1qCiWL2VkTGWGFibEYVG4K//PIqaV+4/qVbv6/XGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKT2j68=</latexit>

1.0
<latexit sha1_base64="zULZP/N2DzPdS+4w+rUO5Okbo0c=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IrrXoseNFbBfsh7VKyabYNTbJLkhXK0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8c3Mbz9RpVksH8wkoYHAQ8kiRrCx0mPWCyPku7Vpv1zxXG8OtEr8nFQgR6Nf/uoNYpIKKg3hWOuu7yUmyLAyjHA6LfVSTRNMxnhIu5ZKLKgOsvnBU3RmlQGKYmVLGjRXf09kWGg9EaHtFNiM9LI3E//zuqmJroOMySQ1VJLFoijlyMRo9j0aMEWJ4RNLMFHM3orICCtMjM2oZEPwl19eJa0L1790q/fVSv0uj6MIJ3AK5+DDFdThFhrQBAICnuEV3hzlvDjvzseiteDkM8fwB87nD6yPj7Q=</latexit>

1.5
<latexit sha1_base64="wD2q6ZrYkw3i4GSCKmWCg6RjaYo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07JbSvVY8KK3CvZD2qVk02wbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMCxPOtPG8b6ewsbm1vVPcLe3tHxwelY9P2jpOFaEtEvNYdUOsKWeStgwznHYTRbEIOe2Ek5u533miSrNYPphpQgOBR5JFjGBjpcesH0ao6nqzQbniud4CaJ34OalAjuag/NUfxiQVVBrCsdY930tMkGFlGOF0VuqnmiaYTPCI9iyVWFAdZIuDZ+jCKkMUxcqWNGih/p7IsNB6KkLbKbAZ61VvLv7n9VITXQcZk0lqqCTLRVHKkYnR/Hs0ZIoSw6eWYKKYvRWRMVaYGJtRyYbgr768TtpV16+7tftapXGXx1GEMziHS/DhChpwC01oAQEBz/AKb45yXpx352PZWnDymVP4A+fzB6Z9j7A=</latexit>

2.0

<latexit sha1_base64="Jv7ZN+M3hziIHY7WJaYMJBH4L0o=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqmTE17LgRncV7EPaoWTSTBuaZIYkI5ShX+HGhSJu/Rx3/o1pOwttPXDhcM693HtPmAhuLMbfXmFldW19o7hZ2tre2d0r7x80TZxqyho0FrFuh8QwwRVrWG4FayeaERkK1gpHN1O/9cS04bF6sOOEBZIMFI84JdZJj1k3jNAFxpNeuYKreAa0TPycVCBHvVf+6vZjmkqmLBXEmI6PExtkRFtOBZuUuqlhCaEjMmAdRxWRzATZ7OAJOnFKH0WxdqUsmqm/JzIijRnL0HVKYodm0ZuK/3md1EbXQcZVklqm6HxRlApkYzT9HvW5ZtSKsSOEau5uRXRINKHWZVRyIfiLLy+T5lnVv6ye359Xand5HEU4gmM4BR+uoAa3UIcGUJDwDK/w5mnvxXv3PuatBS+fOYQ/8D5/AK4ej7U=</latexit>

500

<latexit sha1_base64="1gWlKtkgMkP8WnxmAT6qgTja5qw=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU8lKUY8FL3qrYD+wXUo2zbah2WRJskJZ+i+8eFDEq//Gm//GtN2Dtj4YeLw3w8y8MBHcWIy/vcLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmallvBOolmJA4Fa4fjm5nffmLacCUf7CRhQUyGkkecEuukx6wXRsjHGE/75Qqu4jnQKvFzUoEcjX75qzdQNI2ZtFQQY7o+TmyQEW05FWxa6qWGJYSOyZB1HZUkZibI5hdP0ZlTBihS2pW0aK7+nshIbMwkDl1nTOzILHsz8T+vm9roOsi4TFLLJF0silKBrEKz99GAa0atmDhCqObuVkRHRBNqXUglF4K//PIqaV1U/ctq7b5Wqd/lcRThBE7hHHy4gjrcQgOaQEHCM7zCm2e8F+/d+1i0Frx85hj+wPv8ARhFj+s=</latexit>

1000

<latexit sha1_base64="AurVotpk2URdjLZCoNkZV5XANNo=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PAi94imAcmS5id9CZDZmeXmVkhLPkLLx4U8erfePNvnCR70MSChqKqm+6uIBFcG9f9dgorq2vrG8XN0tb2zu5eef+gqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzdRvPaHSPJYPZpygH9GB5CFn1FjpMesGIfEuXHfSK1fcqjsDWSZeTiqQo94rf3X7MUsjlIYJqnXHcxPjZ1QZzgROSt1UY0LZiA6wY6mkEWo/m108ISdW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSE137GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSGVbAje4svLpHlW9S6r5/fnldpdHkcRjuAYTsGDK6jBLdShAQwkPMMrvDnaeXHenY95a8HJZw7hD5zPHx/oj/A=</latexit>

1500
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NEUTRON  STAR  PROPERTIES (contd.)

Baryon chemical potential
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FIG.12.Posterior95%and68%crediblebandsandmedians
forthebaryonchemicalpotentialµasafunctionofbaryon
densityninunitsofthenuclearsaturationdensity,n0=
0.16fm�3

.

"[GeVfm�3
]c

2
sP[MeVfm�3

]n/n0µ[GeV]

0.10.020.80.660.96

0.20.075.41.310.98

0.30.2017.41.931.03

0.40.4449.02.501.12

0.50.59101.33.031.24

0.60.64163.03.521.35

0.70.64226.83.971.46

0.80.62289.84.391.55

0.90.60350.94.781.64

1.00.59410.65.151.71

1.10.60470.45.501.78

1.20.61531.15.841.85

TABLEV.Tabulatedvaluesofthemedianforthesquared
soundvelocity,c

2
s,asafunctionofenergydensity"asshown

inFig.3,i.e.includingthepreviouslyavailabledataandthe
newinformationfromPSRJ0952-0607.Basedonthesevalues
thepressureiscomputedaswellasthebaryondensityn(in
unitsofthenuclearsaturationdensityn0)andthebaryon
chemicalpotentialµ.

Acomparisonofthistablewiththecorresponding
tableinAppendixCofRef.[16]isinstructiveasitun-
derlinesthesignificantsti↵eningoftheEoSthatemerges

whenthenewPSRJ0952-0607dataareincorporated
togetherwiththeupdatedimplementationsofChEFT
andpQCDconstraints.Forexample,intherange
"=0.5�0.9GeVfm�3thepressurehasincreasedby
typicallyaboutonethirdascomparedtotheprevious
resultsinRef.[16].

APPENDIXC:BAYESFACTORTABULAR

Akeyresultofthepresentworkisthesystematics

oftheBayesfactorB
c
2
s,min>0.1

c2
s,min0.1,quantifyingtheevidence

againstadroppingofthesquaredsoundspeedtovalues
belowc2

s,min0.1,asafunctionofthemaximummass
inneutronstars.Forafurtherdocumentationofthese
resultsatableofnumericalvaluesisusefultounderscore
theincreaseofthisevidencewhenthenewinformation
fromPSRJ0952-0607isincorporated.

Thereisextremeevidencethattheminimumsquared
soundspeed,afterexceedingtheconformallimit,does
notdroptovaluessmallerthan0.1forneutronstarswith
massesM1.9M�.Thereisstrongevidencethatc2

s,min
doesnotbecomesmallerthan0.1inneutronstarswith
massM2.0M�.TheBayesfactorsincreasefurther
withtheinclusionoftheblackwidow(BW)massdata.
Withthisnewempiricalinformationthereisstrongevi-
denceagainstsmallsoundspeedsc2

s,min<0.1insideneu-
tronstarsevenuptomassesM2.1M�.

B
c2
s,min>0.1

c2
s,min0.1

M/M�PreviousPrevious+BW

1.9201.02500.86

2.046.26229.80

2.14.5515.00

2.21.883.63

2.31.452.16

TABLEVI.BayesfactorsB
c2
s,min>0.1

c2
s,min0.1comparingEoSsamples

withthefollowingcompetingscenarios:a)minimumsquared
speedofsound(followingamaximum),withc

2
s,minlargerthan

0.1,excludingafirst-orderphasetransitionwithMaxwellcon-
struction;versusb)EoSwithc

2
s,min0.1.TheBayesfactors

arecalculatedforagivenmaximumneutronstarmassM,i.e.
theminimumspeedofsounduptothecorrespondingmaxi-
mummassisused.inthecomputation.
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FIG. 12. Posterior 95% and 68% credible bands and medians
for the baryon chemical potential µ as a function of baryon
density n in units of the nuclear saturation density, n0 =
0.16 fm�3.

" [GeV fm�3] c2s P [MeV fm�3] n/n0 µ [GeV]

0.1 0.02 0.8 0.66 0.96

0.2 0.07 5.4 1.31 0.98

0.3 0.20 17.4 1.93 1.03

0.4 0.44 49.0 2.50 1.12

0.5 0.59 101.3 3.03 1.24

0.6 0.64 163.0 3.52 1.35

0.7 0.64 226.8 3.97 1.46

0.8 0.62 289.8 4.39 1.55

0.9 0.60 350.9 4.78 1.64

1.0 0.59 410.6 5.15 1.71

1.1 0.60 470.4 5.50 1.78

1.2 0.61 531.1 5.84 1.85

TABLE V. Tabulated values of the median for the squared
sound velocity, c2s, as a function of energy density " as shown
in Fig. 3, i.e. including the previously available data and the
new information from PSR J0952-0607. Based on these values
the pressure is computed as well as the baryon density n (in
units of the nuclear saturation density n0) and the baryon
chemical potential µ.

A comparison of this table with the corresponding
table in Appendix C of Ref. [16] is instructive as it un-
derlines the significant sti↵ening of the EoS that emerges

when the new PSR J0952-0607 data are incorporated
together with the updated implementations of ChEFT
and pQCD constraints. For example, in the range
" = 0.5 � 0.9 GeV fm�3 the pressure has increased by
typically about one third as compared to the previous
results in Ref. [16].

APPENDIX C: BAYES FACTOR TABULAR

A key result of the present work is the systematics

of the Bayes factor Bc
2
s,min>0.1

c
2
s,min0.1

, quantifying the evidence

against a dropping of the squared sound speed to values
below c

2
s,min  0.1, as a function of the maximum mass

in neutron stars. For a further documentation of these
results a table of numerical values is useful to underscore
the increase of this evidence when the new information
from PSR J0952-0607 is incorporated.

There is extreme evidence that the minimum squared
sound speed, after exceeding the conformal limit, does
not drop to values smaller than 0.1 for neutron stars with
masses M  1.9M�. There is strong evidence that c2

s,min
does not become smaller than 0.1 in neutron stars with
mass M  2.0M�. The Bayes factors increase further
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FIG. 12. Posterior 95% and 68% credible bands and medians
for the baryon chemical potential µ as a function of baryon
density n in units of the nuclear saturation density, n0 =
0.16 fm�3.
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TABLE V. Tabulated values of the median for the squared
sound velocity, c2s, as a function of energy density " as shown
in Fig. 3, i.e. including the previously available data and the
new information from PSR J0952-0607. Based on these values
the pressure is computed as well as the baryon density n (in
units of the nuclear saturation density n0) and the baryon
chemical potential µ.

A comparison of this table with the corresponding
table in Appendix C of Ref. [16] is instructive as it un-
derlines the significant sti↵ening of the EoS that emerges

when the new PSR J0952-0607 data are incorporated
together with the updated implementations of ChEFT
and pQCD constraints. For example, in the range
" = 0.5 � 0.9 GeV fm�3 the pressure has increased by
typically about one third as compared to the previous
results in Ref. [16].
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i = n, p, . . .

Stiff equation-of-state central core densities in neutron stars are NOT extreme :
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FIG. 4. Similar to Fig. 3: posterior credible bands are displayed for the squared speed of sound, c2s, as a function of energy
density ", and the mass-radius relation R(M), but now using only the ’Previous’ data in Tab. I without inclusion of the new
PSR J0952-0607 (BW) information.
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FIG. 5. Density profiles of neutron stars with masses of M =
1.4M� and M = 2.1M�. The employed equation of state
corresponds to the median of the credible band in Fig. 3, i.e.
using the previously available and the new data from the black
widow pulsar. The bars indicate the 68% credible intervals
of the central densities and total radii of neutron stars with
mass M = 1.4M� (blue) and 2.1M� (orange), as listed in
Tab. II.

imum speed of sound larger than c
2
s,min > 0.1 over EoSs

with small c2
s,min  0.1, the latter hinting towards a first-

order phase transition. It is assumed that this minimum
is positioned above the maximum located at lower den-
sities, n(c2

s,min) > n(c2
s,max). In Fig. 6 these Bayes fac-

tors are displayed, calculated for a given maximum mass,
i.e. the minimum speed of sound up to the correspond-
ing Mmax is used in the likelihood computation. As in
Ref. [16] there is extreme or very strong evidence against
small sound speeds inside neutron stars with masses up
to M  2M�. The Bayes factors increase further with
inclusion of the black widow (BW) pulsar information.
With these new data, there is strong evidence against

small sound speeds, c
2
s,min < 0.1, inside neutron stars

with masses even up to M  2.1M�.
In Refs. [17, 24], the authors also find sound speeds

larger than c
2
s
> 0.1 at the 95% level for neutron stars

with mass M = 2M�. In their analyses the authors use
di↵erent parametrisations and accordingly di↵erent prior
distributions. With that much consistent evidence it is
safe to say that a strong first-order phase transition in
the core of neutron stars with mass M  2.0M� is fairly
unlikely based on the current data. With the new in-
formation from the black widow pulsar PSR J0952-0607
the Bayes factors in Fig. 6 further increase such that the
evidence against small sound speeds inside even heavier
neutron stars with masses up to M  2.1M� becomes
strong. The Bayes factors feature a plateau at extreme
evidence for maximum masses smaller than M . 1.9M�,
because all relevant EoSs must support these masses in
order to fulfil the Shapiro and NICER constraints. Nu-

merical values of the Bayes factors Bc
2
s,min>0.1

c
2
s,min0.1

for di↵erent

maximum masses can be found in Tab. VI in Appendix C.
The Bayes factors corresponding to a stronger criterium

of smaller minimum speeds of sound, Bc
2
s,min>0.05

c
2
s,min0.05

, are

larger especially at small maximum masses, but lead to
similar evidence classifications. In contrast to the strong
restrictions that exclude a first-order phase transition in
the core of neutron stars, a continuous crossover is possi-
ble within neutron stars with masses up to M . 2.1M�
and beyond. This includes EoSs featuring quark-hadron
continuity [48, 85] or percolation scenarios [86]. More-
over, small sound speeds c2

s
< 0.1 in the cores of neutron

stars with even higher masses, M & 2.2M�, less con-
strained by the currently available astrophysical data,
cannot be firmly excluded. Similarly, a phase transition
with Gibbs (rather than Maxwell) construction [87] does
not necessarily result in a local drop of the sound speed
to c

2
s

⇠ 0 and can also not be ruled out.
By analysing minima occuring at densities beyond the
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Constraints on 
FIRST-ORDER PHASE TRANSITION in NEUTRON STAR MATTER 

Bayes factor analysis :
       extreme evidence for 
sound velocities 

Evidence against strong 
1st order transition : 

               maximum possible extension  
of phase coexistence domain
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FIG. 3. Marginal posterior probability distributions at 95% and 68% level: squared speed of sound c2s and pressure P as a
function of energy density ", inferred from the dataset ’Previous + BW’ (see Tab. I). Also shown are the marginal posterior
probability distributions for the mass-radius relation and the tidal deformability, ⇤, as a function of neutron star mass M in
units of the solar mass M�. At each " or M , there exist 95% and 68% posterior credible intervals for c2s("), P (") or R(M),
⇤(M). These intervals are connected to obtain the posterior credible bands. Similarly, the medians of the posterior probability
distributions at each " or M are connected (solid lines). For squared speed of sound or pressure the dashed black lines indicate
the value of the conformal limit or represent the APR EoS [44]. Grey bars mark the 68% credible intervals of the central
energy densities of neutron stars with masses M = 1.4M� and 2.3M�, respectively. The mass-radius relation is compared to
the marginalized intervals at the 68% level from the NICER data analyses by Riley et al. (black) [7, 8] of PSR J0030+0451
and PSR J0740+6620. In addition the 68% mass-radius credible intervals of the thermonuclear burster 4U 1702-429 [79] are
displayed as well as the 68% credible interval of R(1.4M�) extracted from quiescent low-mass x-ray binaries [78] (blue), both
of which are not included in the Bayesian analysis. ⇤(M) is compared to the masses and tidal deformabilities inferred in
Ref. [81] for the two neutron stars in the merger event GW170817 at the 90% level (black) as well as ⇤(1.4M�) at the 90%
level extracted from GW170817 [82] (blue).

C. Evidence for (or against)
first-order phase transition

Figs. 3 and 4 show indications of a shallow maximum,
c
2
s,max in the squared sound speed. At the 68% level this

maximum takes a value c
2
s,max = 0.78+0.18

�0.11 at a baryon

density n(c2
s,max) = 3.2+0.8

�1.2 n0. The peak in c
2
s

found in
Ref. [23] has a similar magnitude and location, although
such a pronounced peak structure is not seen in our pos-
terior result. In contrast we find that the sound velocity
forms a plateau at higher densities. There is no indica-
tion of a softening. Still, at the 95% level small sound
speeds are not excluded, though the probability of their
occurance is low. Nevertheless, at asymptotically high

densities pQCD dictates that the speed of sound reaches
the conformal bound c

2
s

= 1/3 from below. This implies
that at some density beyond the plateau, the speed of
sound must turn downward again and reach a minimum,
c
2
s,min, at some higher density. A fast drop in c

2
s

could
potentially indicate the occurance of a phase transition.
The question is whether such a decrease takes place still
within the density range of neutron star cores.

To answer this question we specifically perform a Bayes
factor analysis to quantify the evidence for the occurrence
of a possible first-order phase transition inside neutron

star cores. With this aim Bayes factors Bc
2
s,min>0.1

c
2
s,min0.1

are

computed, comparing the evidence for EoSs with a min-
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FIG. 3. Marginal posterior probability distributions at 95% and 68% level: squared speed of sound c2s and pressure P as a
function of energy density ", inferred from the dataset ’Previous + BW’ (see Tab. I). Also shown are the marginal posterior
probability distributions for the mass-radius relation and the tidal deformability, ⇤, as a function of neutron star mass M in
units of the solar mass M�. At each " or M , there exist 95% and 68% posterior credible intervals for c2s("), P (") or R(M),
⇤(M). These intervals are connected to obtain the posterior credible bands. Similarly, the medians of the posterior probability
distributions at each " or M are connected (solid lines). For squared speed of sound or pressure the dashed black lines indicate
the value of the conformal limit or represent the APR EoS [44]. Grey bars mark the 68% credible intervals of the central
energy densities of neutron stars with masses M = 1.4M� and 2.3M�, respectively. The mass-radius relation is compared to
the marginalized intervals at the 68% level from the NICER data analyses by Riley et al. (black) [7, 8] of PSR J0030+0451
and PSR J0740+6620. In addition the 68% mass-radius credible intervals of the thermonuclear burster 4U 1702-429 [79] are
displayed as well as the 68% credible interval of R(1.4M�) extracted from quiescent low-mass x-ray binaries [78] (blue), both
of which are not included in the Bayesian analysis. ⇤(M) is compared to the masses and tidal deformabilities inferred in
Ref. [81] for the two neutron stars in the merger event GW170817 at the 90% level (black) as well as ⇤(1.4M�) at the 90%
level extracted from GW170817 [82] (blue).

C. Evidence for (or against)
first-order phase transition

Figs. 3 and 4 show indications of a shallow maximum,
c
2
s,max in the squared sound speed. At the 68% level this

maximum takes a value c
2
s,max = 0.78+0.18

�0.11 at a baryon

density n(c2
s,max) = 3.2+0.8

�1.2 n0. The peak in c
2
s

found in
Ref. [23] has a similar magnitude and location, although
such a pronounced peak structure is not seen in our pos-
terior result. In contrast we find that the sound velocity
forms a plateau at higher densities. There is no indica-
tion of a softening. Still, at the 95% level small sound
speeds are not excluded, though the probability of their
occurance is low. Nevertheless, at asymptotically high

densities pQCD dictates that the speed of sound reaches
the conformal bound c

2
s

= 1/3 from below. This implies
that at some density beyond the plateau, the speed of
sound must turn downward again and reach a minimum,
c
2
s,min, at some higher density. A fast drop in c

2
s

could
potentially indicate the occurance of a phase transition.
The question is whether such a decrease takes place still
within the density range of neutron star cores.

To answer this question we specifically perform a Bayes
factor analysis to quantify the evidence for the occurrence
of a possible first-order phase transition inside neutron

star cores. With this aim Bayes factors Bc
2
s,min>0.1

c
2
s,min0.1

are

computed, comparing the evidence for EoSs with a min-
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MeV

fm3

�

<latexit sha1_base64="7WVEZroAOEhRKeyMw3cuzqJzwAQ=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6rXjxWsR/YLiWbZtvQbLIkWaEs/RdePCji1X/jzX9jtt2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2MbzK//USVZlI8mElM/QgPBQsZwcZKj2kvCNFV435a6pcrbtWdAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU++ns4ik6scoAhVLZEgbN1N8TKY60nkSB7YywGelFLxP/87qJCS/9lIk4MVSQ+aIw4chIlL2PBkxRYvjEEkwUs7ciMsIKE2NDykLwFl9eJq2zqnderd3VKvXrPI4iHMExnIIHF1CHW2hAEwgIeIZXeHO08+K8Ox/z1oKTzxzCHzifP1oLkBA=</latexit>

APR

<latexit sha1_base64="DRaAAucgzXEl5U7ww/C0Eqi/1WA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWanr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHxXjLo=</latexit>

1
<latexit sha1_base64="PNIH3ODgJD9c7W13cUsHuKA0K8o=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoJ4k4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv77SdUmsfywUwS9CM6lDzkjBorNSr9YsktuwuQdeJlpAQZ6v3iV28QszRCaZigWnc9NzH+lCrDmcBZoZdqTCgb0yF2LZU0Qu1PF4fOyIVVBiSMlS1pyEL9PTGlkdaTKLCdETUjverNxf+8bmrCG3/KZZIalGy5KEwFMTGZf00GXCEzYmIJZYrbWwkbUUWZsdkUbAje6svrpFUpe1flaqNaqt1mceThDM7hEjy4hhrcQx2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB33bjLs=</latexit>

2
<latexit sha1_base64="xEMwumy3qQ+WOfCYNDxpTna5KpU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexqUE8S8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6pe9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9q7KlXqlVL3N4sjDCZzCOXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD39fjLw=</latexit>

3
<latexit sha1_base64="uADts9qy6BMZhUYNznve61VGZSI=">AAAB5HicbVBNS8NAEJ3Urxq/qlcvi0XwVBIp6kkKXjxWsB/QhrLZTtq1m03Y3Qgl9Bd48aB49Td589+4bXPQ1gcDj/dmmJkXpoJr43nfTmljc2t7p7zr7u0fHB5V3OO2TjLFsMUSkahuSDUKLrFluBHYTRXSOBTYCSd3c7/zjErzRD6aaYpBTEeSR5xRY6WH+qBS9WreAmSd+AWpQoHmoPLVHyYsi1EaJqjWPd9LTZBTZTgTOHP7mcaUsgkdYc9SSWPUQb44dEbOrTIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzcW0I/urL66R9WfOvavVq47YIowyncAYX4MM1NOAemtACBggv8AbvzpPz6nwsG0tOMXECf+B8/gAWcYuT</latexit>

4
<latexit sha1_base64="6zP0HM+kwIRzC9A8n5xFmbsm+Mk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKfJwk4MVjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv5rSdUmsfywYwT9CM6kDzkjBor1S97xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSEN/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSfOi7F2VK/VKqXqbxZGHEziFc/DgGqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH4JnjL4=</latexit>

5
<latexit sha1_base64="mvutkLEXGsvk8Q5mAKB6wTcIM5o=">AAACAXicbVBNS8MwGE79nPOr6kXwEhyCp9nKUE8y8OJxgvuAtZQ0TbewNClJKowyL/4VLx4U8eq/8Oa/Md160M0Hkjw8z/uS933ClFGlHefbWlpeWV1br2xUN7e2d3btvf2OEpnEpI0FE7IXIkUY5aStqWakl0qCkpCRbji6KfzuA5GKCn6vxynxEzTgNKYYaSMF9qEXChapcWKe3JNDcVZcgTMJ7JpTd6aAi8QtSQ2UaAX2lxcJnCWEa8yQUn3XSbWfI6kpZmRS9TJFUoRHaED6hnKUEOXn0w0m8MQoEYyFNIdrOFV/d+QoUcWQpjJBeqjmvUL8z+tnOr7yc8rTTBOOZx/FGYNawCIOGFFJsGZjQxCW1MwK8RBJhLUJrWpCcOdXXiSd87p7UW/cNWrN6zKOCjgCx+AUuOASNMEtaIE2wOARPINX8GY9WS/Wu/UxK12yyp4D8AfW5w/x45cz</latexit>

⇢/⇢0
<latexit sha1_base64="L+6OxJTEEMlrxNnw2Rf3qA+N5KE=">AAACAXicbVC7TsMwFHV4lvIKsCCxWFRITCVBFTBWsDAWiT6kJoocx2mtOnZkO0hVVBZ+hYUBhFj5Czb+BqfNAC1Hsn10zr3yvSdMGVXacb6tpeWV1bX1ykZ1c2t7Z9fe2+8okUlM2lgwIXshUoRRTtqaakZ6qSQoCRnphqObwu8+EKmo4Pd6nBI/QQNOY4qRNlJgH3qhYJEaJ+bJPTkUZ8UVOJPArjl1Zwq4SNyS1ECJVmB/eZHAWUK4xgwp1XedVPs5kppiRiZVL1MkRXiEBqRvKEcJUX4+3WACT4wSwVhIc7iGU/V3R44SVQxpKhOkh2reK8T/vH6m4ys/pzzNNOF49lGcMagFLOKAEZUEazY2BGFJzawQD5FEWJvQqiYEd37lRdI5r7sX9cZdo9a8LuOogCNwDE6BCy5BE9yCFmgDDB7BM3gFb9aT9WK9Wx+z0iWr7DkAf2B9/gDzF5c3</latexit>

⇢/⇢0

<latexit sha1_base64="WB6rGC7xHJCf+n8Bl03gKAIAKKI=">AAACAHicbVC7TsMwFHXKq5RXgIGBxaJCYqoSVAFjBQyMRaIPqYkqx3Faq44d2Q5SFWXhV1gYQIiVz2Djb3DaDNByJMtH59yre+8JEkaVdpxvq7Kyura+Ud2sbW3v7O7Z+wddJVKJSQcLJmQ/QIowyklHU81IP5EExQEjvWByU/i9RyIVFfxBTxPix2jEaUQx0kYa2kdeIFioprH5Mu+WMI08ORb50K47DWcGuEzcktRBifbQ/vJCgdOYcI0ZUmrgOon2MyQ1xYzkNS9VJEF4gkZkYChHMVF+Njsgh6dGCWEkpHlcw5n6uyNDsSp2NJUx0mO16BXif94g1dGVn1GepJpwPB8UpQxqAYs0YEglwZpNDUFYUrMrxGMkEdYms5oJwV08eZl0zxvuRaN536y3rss4quAYnIAz4IJL0AJ3oA06AIMcPINX8GY9WS/Wu/UxL61YZc8h+APr8weYkpcQ</latexit>

�⇢
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in cores of all neutron stars with

compare with : 
Maxwell construction for nuclear liquid-gas phase transition 

<latexit sha1_base64="pa8Rq5czUDyAYX77g2KhfOgjAio=">AAACC3icbVC7TsMwFHV4lvIKMLJYrZDKUhJUAROqgIGxSPQhNVHlOG5r1bEj20Gqou4s/AoLAwix8gNs/A1OmwFajmT76Jx75XtPEDOqtON8W0vLK6tr64WN4ubW9s6uvbffUiKRmDSxYEJ2AqQIo5w0NdWMdGJJUBQw0g5G15nffiBSUcHv9TgmfoQGnPYpRtpIPbvkBYKFahyZJ614N4Rp5MmhOMkueAnd40nPLjtVZwq4SNyclEGORs/+8kKBk4hwjRlSqus6sfZTJDXFjEyKXqJIjPAIDUjXUI4iovx0ussEHhklhH0hzeEaTtXfHSmKVDauqYyQHqp5LxP/87qJ7l/4KeVxognHs4/6CYNawCwYGFJJsGZjQxCW1MwK8RBJhLWJr2hCcOdXXiSt06p7Vq3d1cr1qzyOAjgEJVABLjgHdXALGqAJMHgEz+AVvFlP1ov1bn3MSpesvOcA/IH1+QPuVppS</latexit>

(�⇢/⇢ > 1)

<latexit sha1_base64="e+YL1eoExmvQ+O/qDMkf/muZ8fI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyERXyspunFZwT6gDWEynbRDJ5MwMxFq6Je4caGIWz/FnX/jtM1CWw9cOJxzL/feE6acKe2631ZpZXVtfaO8Wdna3tmt2nv7LZVkktAmSXgiOyFWlDNBm5ppTjuppDgOOW2Ho9up336kUrFEPOhxSv0YDwSLGMHaSIFdzXthhEig0DVynfNJYNdcx50BLROvIDUo0Ajsr14/IVlMhSYcK9X13FT7OZaaEU4nlV6maIrJCA9o11CBY6r8fHb4BB0bpY+iRJoSGs3U3xM5jpUax6HpjLEeqkVvKv7ndTMdXfk5E2mmqSDzRVHGkU7QNAXUZ5ISzceGYCKZuRWRIZaYaJNVxYTgLb68TFqnjnfhnN2f1eo3RRxlOIQjOAEPLqEOd9CAJhDI4Ble4c16sl6sd+tj3lqyipkD+APr8weoiJHM</latexit>

cs > 0.5

<latexit sha1_base64="a+HYWmG4OeFgYfklmNZk4X+biKo=">AAACCXicbVC7TsMwFHV4lvIKMLJYVEhMISkVMFawsFQqEn1ITRQ5rtNadeJgO0hV1JWFX2FhACFW/oCNv8FNM0DLka50fM698r0nSBiVyra/jaXlldW19dJGeXNre2fX3NtvS54KTFqYMy66AZKE0Zi0FFWMdBNBUBQw0glG11O/80CEpDy+U+OEeBEaxDSkGCkt+SbM3CCEjlVzGbmHjdOG7/I+VzB/Vq2ziW9WbMvOAReJU5AKKND0zS+3z3EakVhhhqTsOXaivAwJRTEjk7KbSpIgPEID0tM0RhGRXpZfMoHHWunDkAtdsYK5+nsiQ5GU4yjQnRFSQznvTcX/vF6qwksvo3GSKhLj2UdhyqDicBoL7FNBsGJjTRAWVO8K8RAJhJUOr6xDcOZPXiTtquWcW7XbWqV+VcRRAofgCJwAB1yAOrgBTdACGDyCZ/AK3own48V4Nz5mrUtGMXMA/sD4/AFF0pgs</latexit>

1.4  M/M�  2.3
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INTERMEDIATE  SUMMARY

Bayesian inference analysis 
<latexit sha1_base64="ns+ppd+MfAAIr3pUvJ/bLCXJ5mw=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQQUJSq3UjFN24KVSwD2hCmEwm7dBJJsxMhBK6d+OvuHGhiFt/wJ1/Y9pmoa0HLhzOuZd773EjRqUyjG8tt7K6tr6R3yxsbe/s7hX3DzqSxwKTNuaMi56LJGE0JG1FFSO9SBAUuIx03dHN1O8+ECEpD+/VOCJ2gAYh9SlGKpWcYimxXB9WmvAKVvWzcysKoKGbdeu06Vjc4+pkUnCKZUM3ZoDLxMxIGWRoOcUvy+M4DkioMENS9k0jUnaChKKYkUnBiiWJEB6hAemnNEQBkXYy+2UCj1PFgz4XaYUKztTfEwkKpBwHbtoZIDWUi95U/M/rx8q/tBMaRrEiIZ4v8mMGFYfTYKBHBcGKjVOCsKDprRAPkUBYpfFNQzAXX14mnapuXui1u1q5cZ3FkQdHoAQqwAR10AC3oAXaAINH8AxewZv2pL1o79rHvDWnZTOH4A+0zx+IH5eW</latexit>

(M = 2.35± 0.17M�)

Extreme evidence  for sound velocities 
<latexit sha1_base64="+yEvl2j1F1Zj1bmypIRF+FEArAA=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FQTLepJil48VrAf0ISy2W7apZtN3J0IJeTiX/HiQRGv/gxv/huTNgdtfTDweG+GmXleJLgGy/o2FhaXlldWS2vl9Y3NrW1zZ7elw1hR1qShCFXHI5oJLlkTOAjWiRQjgSdY2xvd5H77kSnNQ3kP44i5ARlI7nNKIJN65n7ieD6mPY2vsH3i6AcFyVmalntmxapaE+B5Yhekggo0euaX0w9pHDAJVBCtu7YVgZsQBZwKlpadWLOI0BEZsG5GJQmYdpPJAyk+ypQ+9kOVlQQ8UX9PJCTQehx4WWdAYKhnvVz8z+vG4F+6CZdRDEzS6SI/FhhCnKeB+1wxCmKcEUIVz27FdEgUoZBllodgz748T1qnVfu8WrurVerXRRwldIAO0TGy0QWqo1vUQE1EUYqe0St6M56MF+Pd+Ji2LhjFzB76A+PzB8vplUQ=</latexit>

cs > 1/
p
3 in neutron star cores

strongly repulsive correlations at work

Evidence  against strong 1st order phase transition in neutron star cores

not excluded:  baryonic matter or hadron-quark continuous crossover

No extreme central core densities  even in the heaviest neutron stars:
<latexit sha1_base64="/U3txCrV1E2rLT/3HiNOu+rijS8=">AAACCXicbVC7TsMwFHXKq5RXgJHFokJiQFGCymNgqGBhLBJ9SE0UOY7TWnXiyHaQqqgrC7/CwgBCrPwBG3+D02aAliNZPjrnXt17T5AyKpVtfxuVpeWV1bXqem1jc2t7x9zd60ieCUzamDMuegGShNGEtBVVjPRSQVAcMNINRjeF330gQlKe3KtxSrwYDRIaUYyUlnwTugFnoRzH+stdMeTwCjasM/ek4L49qflm3bbsKeAicUpSByVavvnlhhxnMUkUZkjKvmOnysuRUBQzMqm5mSQpwiM0IH1NExQT6eXTSybwSCshjLjQL1Fwqv7uyFEsi2V1ZYzUUM57hfif189UdOnlNEkzRRI8GxRlDCoOi1hgSAXBio01QVhQvSvEQyQQVjq8IgRn/uRF0jm1nHOrcdeoN6/LOKrgAByCY+CAC9AEt6AF2gCDR/AMXsGb8WS8GO/Gx6y0YpQ9++APjM8fnMuY/Q==</latexit>

⇢ < 4.5 ⇢0 for
<latexit sha1_base64="5LMLbfu8lr5soWmCzxAgqZCxqmY=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhIalE3QtGNm0IF+4AmhMlk0g6dZMLMRCghG3/FjQtF3PoZ7vwbkzYLbT1w4XDOvdx7jxczKpVpfmtLyyura+uVjerm1vbOrr6335U8EZh0MGdc9D0kCaMR6SiqGOnHgqDQY6TnjW8Lv/dIhKQ8elCTmDghGkY0oBipXHL1w9T2AtiC17BunNtnLdfmPldZ1dVrpmFOAReJVZIaKNF29S/b5zgJSaQwQ1IOLDNWToqEopiRrGonksQIj9GQDHIaoZBIJ50+kMGTXPFhwEVekYJT9fdEikIpJ6GXd4ZIjeS8V4j/eYNEBVdOSqM4USTCs0VBwqDisEgD+lQQrNgkJwgLmt8K8QgJhFWeWRGCNf/yIunWDevCaNw3as2bMo4KOALH4BRY4BI0wR1ogw7AIAPP4BW8aU/ai/aufcxal7Ry5gD8gfb5A5z1lIM=</latexit>

M = 2.3M� average baryon-baryon distance :
<latexit sha1_base64="j8elNrj+bdBqX7aiYnoZtVeGego=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAILqQkUtRl0Y3LCvYBTSiT6aQdOpOEmYlQQsFfceNCEbd+hzv/xkmbhbYeGDiccy73zgkSzpR2nG+rtLK6tr5R3qxsbe/s7tn7B20Vp5LQFol5LLsBVpSziLY005x2E0mxCDjtBOPb3O88UqlYHD3oSUJ9gYcRCxnB2kh9+yjzghANvKE2GYFc7zwU00rfrjo1Zwa0TNyCVKFAs29/eYOYpIJGmnCsVM91Eu1nWGpGOJ1WvFTRBJMxHtKeoREWVPnZ7PwpOjXKAIWxNC/SaKb+nsiwUGoiApMUWI/UopeL/3m9VIfXfsaiJNU0IvNFYcqRjlHeBRowSYnmE0MwkczcisgIS0y0aSwvwV388jJpX9Tcy1r9vl5t3BR1lOEYTuAMXLiCBtxBE1pAIINneIU368l6sd6tj3m0ZBUzh/AH1ucP5iWUzg==</latexit>

d & 1 fm

even stiffer equation-of-state required

almost constant neutron star radii  
<latexit sha1_base64="o5aUVISKKEDIHelFaKRgpL9miFg=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARKkiZKUXdCEU3LqvYB3SGkkkzbWiSGZKMUIa68VfcuFDErX/hzr8x03ahrQcuHM65l3vvCWJGlXacbyu3tLyyupZfL2xsbm3v2Lt7TRUlEpMGjlgk2wFShFFBGppqRtqxJIgHjLSC4XXmtx6IVDQS93oUE5+jvqAhxUgbqWsfpF4QwtIdvIRuxYs5dL3TIT8ZF7p20Sk7E8BF4s5IEcxQ79pfXi/CCSdCY4aU6rhOrP0USU0xI+OClygSIzxEfdIxVCBOlJ9OPhjDY6P0YBhJU0LDifp7IkVcqREPTCdHeqDmvUz8z+skOrzwUyriRBOBp4vChEEdwSwO2KOSYM1GhiAsqbkV4gGSCGsTWhaCO//yImlWyu5ZuXpbLdauZnHkwSE4AiXggnNQAzegDhoAg0fwDF7Bm/VkvVjv1se0NWfNZvbBH1ifP3WulFc=</latexit>

(R = 12± 1km) for all masses
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Part Two
Strangeness in Neutron Star Matter ?

Hyperon-Nuclear Interactions
and the 

“Hyperon Puzzle”



N+⇤

N

10
<latexit sha1_base64="L0QSy9P9TEwTk9DT16b9rzvcv3k=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VIo7qNAyTup5jQOJW+H49tZvf3EtRGJesBJyoOYDpWIBKNorU7eCyPiudN+tebW3bnIKngF1KBQs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKuRUVjboJ8vu+UnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfrZhhdB7lQaYZcscVHUSYJJmR2PBkIzRnKiQXKtLC7EjaimjK0EVVsCN7yyavQuqh7lu8va42bIo4ynMApnIMHV9CAO2iCDwwkPMMrvDmPzovz7nwsWktOMXMMf+R8/gAy+Y9n</latexit><latexit sha1_base64="L0QSy9P9TEwTk9DT16b9rzvcv3k=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VIo7qNAyTup5jQOJW+H49tZvf3EtRGJesBJyoOYDpWIBKNorU7eCyPiudN+tebW3bnIKngF1KBQs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKuRUVjboJ8vu+UnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfrZhhdB7lQaYZcscVHUSYJJmR2PBkIzRnKiQXKtLC7EjaimjK0EVVsCN7yyavQuqh7lu8va42bIo4ynMApnIMHV9CAO2iCDwwkPMMrvDmPzovz7nwsWktOMXMMf+R8/gAy+Y9n</latexit><latexit sha1_base64="L0QSy9P9TEwTk9DT16b9rzvcv3k=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VIo7qNAyTup5jQOJW+H49tZvf3EtRGJesBJyoOYDpWIBKNorU7eCyPiudN+tebW3bnIKngF1KBQs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKuRUVjboJ8vu+UnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfrZhhdB7lQaYZcscVHUSYJJmR2PBkIzRnKiQXKtLC7EjaimjK0EVVsCN7yyavQuqh7lu8va42bIo4ynMApnIMHV9CAO2iCDwwkPMMrvDmPzovz7nwsWktOMXMMf+R8/gAy+Y9n</latexit><latexit sha1_base64="L0QSy9P9TEwTk9DT16b9rzvcv3k=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OKxgmkLbSib7aZdutnE3YlQQv+EFw+KePXvePPfuG1z0NYXFh7emWFn3jCVwqDrfjultfWNza3ydmVnd2//oHp41DJJphn3WSIT3Qmp4VIo7qNAyTup5jQOJW+H49tZvf3EtRGJesBJyoOYDpWIBKNorU7eCyPiudN+tebW3bnIKngF1KBQs1/96g0SlsVcIZPUmK7nphjkVKNgkk8rvczwlLIxHfKuRUVjboJ8vu+UnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfrZhhdB7lQaYZcscVHUSYJJmR2PBkIzRnKiQXKtLC7EjaimjK0EVVsCN7yyavQuqh7lu8va42bIo4ynMApnIMHV9CAO2iCDwwkPMMrvDmPzovz7nwsWktOMXMMf+R8/gAy+Y9n</latexit>

12
<latexit sha1_base64="HBn65zz7pizFeqFMywiTA2Yl9wE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrVrVs/xwVanf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc2A49p</latexit><latexit sha1_base64="HBn65zz7pizFeqFMywiTA2Yl9wE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrVrVs/xwVanf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc2A49p</latexit><latexit sha1_base64="HBn65zz7pizFeqFMywiTA2Yl9wE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrVrVs/xwVanf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc2A49p</latexit><latexit sha1_base64="HBn65zz7pizFeqFMywiTA2Yl9wE=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FSSIuix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrVrVs/xwVanf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc2A49p</latexit> 14

<latexit sha1_base64="aQQEFnqF01mIDeXNNe6zL55xz0A=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrauqZ/mhVqnf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc5DY9r</latexit><latexit sha1_base64="aQQEFnqF01mIDeXNNe6zL55xz0A=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrauqZ/mhVqnf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc5DY9r</latexit><latexit sha1_base64="aQQEFnqF01mIDeXNNe6zL55xz0A=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrauqZ/mhVqnf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc5DY9r</latexit><latexit sha1_base64="aQQEFnqF01mIDeXNNe6zL55xz0A=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSKeix6MVjBfsBbSib7aRdutmkuxuhhP4JLx4U8erf8ea/cdvmoK0vLDy8M8POvEEiuDau++0UNja3tneKu6W9/YPDo/LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH47t5vf2ESvNYPpppgn5Eh5KHnFFjrU7WC0Li1Wb9csWtuguRdfByqECuRr/81RvELI1QGiao1l3PTYyfUWU4Ezgr9VKNCWVjOsSuRUkj1H622HdGLqwzIGGs7JOGLNzfExmNtJ5Gge2MqBnp1drc/K/WTU1442dcJqlByZYfhakgJibz48mAK2RGTC1QprjdlbARVZQZG1HJhuCtnrwOrauqZ/mhVqnf5nEU4QzO4RI8uIY63EMDmsBAwDO8wpszcV6cd+dj2Vpw8plT+CPn8wc5DY9r</latexit>

R [km]
<latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit><latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit><latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit><latexit sha1_base64="61kumCVmutnLcGj63CLdrhR5hL0=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlFXuB6VAyaaYNTTJjkimUoX0NNy4UcevDuPNtTNtZaOsPgY//nMM5+cOEM21c99sprK1vbG4Vt0s7u3v7B+XDo6aOU0Vog8Q8Vu0Qa8qZpA3DDKftRFEsQk5b4fB2Vm+NqNIslo9mnNBA4L5kESPYWCvIOmGEHqZTfyiCSbdccavuXGgVvBwqkKveLX91ejFJBZWGcKy177mJCTKsDCOcTkqdVNMEkyHuU9+ixILqIJsfPUFn1umhKFb2SYPm7u+JDAutxyK0nQKbgV6uzcz/an5qousgYzJJDZVksShKOTIxmiWAekxRYvjYAiaK2VsRGWCFibE5lWwI3vKXV6F5UfUs319Wajd5HEU4gVM4Bw+uoAZ3UIcGEHiCZ3iFN2fkvDjvzseiteDkM8fwR87nD8UskhY=</latexit>

M

M�
<latexit sha1_base64="a4imBG4O3UBFJG3z+YrXNEnaoTM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bgpVLAPaEKYTCbt0MlMmJkIJWbhr7hxoYhbf8Odf+O0zUJbDwwczjmXe+eEKaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEpnEpIMFE7IfIkUY5aSjqWakn0qCkpCRXji+mfq9ByIVFfxeT1LiJ2jIaUwx0kYK7KPcC2OYtzxhUrAVeCISuigCu+40nBngMnFLUgcl2oH95UUCZwnhGjOk1MB1Uu3nSGqKGSlqXqZIivAYDcnAUI4Sovx8dn8BT40SwVhI87iGM/X3RI4SpSZJaJIJ0iO16E3F/7xBpuMrP6c8zTTheL4ozhjUAk7LgBGVBGs2MQRhSc2tEI+QRFibymqmBHfxy8uke95wDb+7qDevyzqq4BicgDPggkvQBLegDToAg0fwDF7Bm/VkvVjv1sc8WrHKmUPwB9bnD9xNlf4=</latexit><latexit sha1_base64="a4imBG4O3UBFJG3z+YrXNEnaoTM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bgpVLAPaEKYTCbt0MlMmJkIJWbhr7hxoYhbf8Odf+O0zUJbDwwczjmXe+eEKaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEpnEpIMFE7IfIkUY5aSjqWakn0qCkpCRXji+mfq9ByIVFfxeT1LiJ2jIaUwx0kYK7KPcC2OYtzxhUrAVeCISuigCu+40nBngMnFLUgcl2oH95UUCZwnhGjOk1MB1Uu3nSGqKGSlqXqZIivAYDcnAUI4Sovx8dn8BT40SwVhI87iGM/X3RI4SpSZJaJIJ0iO16E3F/7xBpuMrP6c8zTTheL4ozhjUAk7LgBGVBGs2MQRhSc2tEI+QRFibymqmBHfxy8uke95wDb+7qDevyzqq4BicgDPggkvQBLegDToAg0fwDF7Bm/VkvVjv1sc8WrHKmUPwB9bnD9xNlf4=</latexit><latexit sha1_base64="a4imBG4O3UBFJG3z+YrXNEnaoTM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bgpVLAPaEKYTCbt0MlMmJkIJWbhr7hxoYhbf8Odf+O0zUJbDwwczjmXe+eEKaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEpnEpIMFE7IfIkUY5aSjqWakn0qCkpCRXji+mfq9ByIVFfxeT1LiJ2jIaUwx0kYK7KPcC2OYtzxhUrAVeCISuigCu+40nBngMnFLUgcl2oH95UUCZwnhGjOk1MB1Uu3nSGqKGSlqXqZIivAYDcnAUI4Sovx8dn8BT40SwVhI87iGM/X3RI4SpSZJaJIJ0iO16E3F/7xBpuMrP6c8zTTheL4ozhjUAk7LgBGVBGs2MQRhSc2tEI+QRFibymqmBHfxy8uke95wDb+7qDevyzqq4BicgDPggkvQBLegDToAg0fwDF7Bm/VkvVjv1sc8WrHKmUPwB9bnD9xNlf4=</latexit><latexit sha1_base64="a4imBG4O3UBFJG3z+YrXNEnaoTM=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXJVEBF0W3bgpVLAPaEKYTCbt0MlMmJkIJWbhr7hxoYhbf8Odf+O0zUJbDwwczjmXe+eEKaNKO863VVlZXVvfqG7WtrZ3dvfs/YOuEpnEpIMFE7IfIkUY5aSjqWakn0qCkpCRXji+mfq9ByIVFfxeT1LiJ2jIaUwx0kYK7KPcC2OYtzxhUrAVeCISuigCu+40nBngMnFLUgcl2oH95UUCZwnhGjOk1MB1Uu3nSGqKGSlqXqZIivAYDcnAUI4Sovx8dn8BT40SwVhI87iGM/X3RI4SpSZJaJIJ0iO16E3F/7xBpuMrP6c8zTTheL4ozhjUAk7LgBGVBGs2MQRhSc2tEI+QRFibymqmBHfxy8uke95wDb+7qDevyzqq4BicgDPggkvQBLegDToAg0fwDF7Bm/VkvVjv1sc8WrHKmUPwB9bnD9xNlf4=</latexit>

0
<latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit>

0.5
<latexit sha1_base64="agde7oG1ZhitCAf2cXbtzkz8obo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woj41YtJr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+mAY+j</latexit><latexit sha1_base64="agde7oG1ZhitCAf2cXbtzkz8obo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woj41YtJr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+mAY+j</latexit><latexit sha1_base64="agde7oG1ZhitCAf2cXbtzkz8obo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woj41YtJr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+mAY+j</latexit><latexit sha1_base64="agde7oG1ZhitCAf2cXbtzkz8obo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hZXVtfaO4Wdra3tndK+8fNE2caoYNFotYt0JqUHCFDcutwFaikcpQ4EM4upnWH55QGx6reztOsCvpQPGIM2qd9Zh1woj41YtJr1zxq/5MZBmCHCqQq94rf3X6MUslKssENaYd+IntZlRbzgROSp3UYELZiA6w7VBRiaabzRaekBPn9EkUa/eUJTP390RGpTFjGbpOSe3QLNam5n+1dmqjq27GVZJaVGz+UZQKYmMyvZ70uUZmxdgBZZq7XQkbUk2ZdRmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYSHiGV3jztPfivXsf89aCl88cwh95nz+mAY+j</latexit>

1.0
<latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit>

1.5
<latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit>

2.0
<latexit sha1_base64="Bs9TbpiUOisX8P+RW3HvmjbSfH4=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJFqxZ/2S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOhdo+g</latexit><latexit sha1_base64="Bs9TbpiUOisX8P+RW3HvmjbSfH4=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJFqxZ/2S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOhdo+g</latexit><latexit sha1_base64="Bs9TbpiUOisX8P+RW3HvmjbSfH4=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJFqxZ/2S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOhdo+g</latexit><latexit sha1_base64="Bs9TbpiUOisX8P+RW3HvmjbSfH4=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJFqxZ/2S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOhdo+g</latexit>

2.5
<latexit sha1_base64="MGntFVu0j63EbKBbVe8HJ6aLB9w=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdFl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxq1ctpv1zxq/5caBWCHCqQq9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrkOJBTVhNl94is6cM0Cx0u5Ji+bu74kMC2MmInKdAtuRWa7NzP9q3dTG12HGZJJaKsniozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6zIquRCC5ZNXoVWrBo7vLyr1mzyOIpzAKZxDAFdQhztoQBMICHiGV3jztPfivXsfi9aCl88cwx95nz+pD4+l</latexit><latexit sha1_base64="MGntFVu0j63EbKBbVe8HJ6aLB9w=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdFl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxq1ctpv1zxq/5caBWCHCqQq9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrkOJBTVhNl94is6cM0Cx0u5Ji+bu74kMC2MmInKdAtuRWa7NzP9q3dTG12HGZJJaKsniozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6zIquRCC5ZNXoVWrBo7vLyr1mzyOIpzAKZxDAFdQhztoQBMICHiGV3jztPfivXsfi9aCl88cwx95nz+pD4+l</latexit><latexit sha1_base64="MGntFVu0j63EbKBbVe8HJ6aLB9w=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdFl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxq1ctpv1zxq/5caBWCHCqQq9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrkOJBTVhNl94is6cM0Cx0u5Ji+bu74kMC2MmInKdAtuRWa7NzP9q3dTG12HGZJJaKsniozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6zIquRCC5ZNXoVWrBo7vLyr1mzyOIpzAKZxDAFdQhztoQBMICHiGV3jztPfivXsfi9aCl88cwx95nz+pD4+l</latexit><latexit sha1_base64="MGntFVu0j63EbKBbVe8HJ6aLB9w=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozRdFl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxq1ctpv1zxq/5caBWCHCqQq9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrkOJBTVhNl94is6cM0Cx0u5Ji+bu74kMC2MmInKdAtuRWa7NzP9q3dTG12HGZJJaKsniozjlyCo0ux4NmKbE8okDTDRzuyIywhoT6zIquRCC5ZNXoVWrBo7vLyr1mzyOIpzAKZxDAFdQhztoQBMICHiGV3jztPfivXsfi9aCl88cwx95nz+pD4+l</latexit>

3.0
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FIG. 4: Density ratios for different particles for a "soft" nu-
cleonic EoS as a function of the baryon density using the
χEFT600 model.

with the corresponding lepton density ratio xl = ρl/ρL.
The total lepton density ρL is the sum over all three lep-
tons. For nonrelativistic interacting baryons, the chemi-
cal potential for species b reads

µb = Mb +
k2Fb

2Mb
+ Ub(kFb

) . (20)

For a given total baryon density ρB the equations (15)-
(18) govern the composition of matter, i.e. the baryonic
and leptonic concentrations. The corresponding solution
is referred to as β-stable matter.

For the sake of consistency we now have to treat the
nucleonic part of the chemical potential µN in the same
way as the corresponding energy per particle. Since the
chemical potential can be obtained as a derivative of the
energy density ε and is related to the energy per particle
via ε = ρBE/A, we use the definition

µb =
∂ε

∂ρb
, (21)

to have the appropriate replacement in the nucleonic
chemical potential. Finally, we arrive at the expression

µN =
∂εNN

∂ρN
+ UY

N (kFY
), (22)

where we have effectively replaced MN+
k2
FN

2MN
+UN

N (kFN
)

of Eq. (20) with the derivative ∂εNN/∂ρN . In this way
the parameterization Eq. (9) enters in the nucleonic part
of the chemical potential.

Since we are only parameterizing the nucleonic sec-
tor, no such replacement is necessary for the hyperons.
However, since we have neglected the Y Y interaction
UY
Y (kFY

) is zero and Eq. (20) reduces to

µY = MY +
k2FY

2MY
+ UN

Y (kFY
) . (23)
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FIG. 5: Same as Fig. 4 but for "stiff" nucleonic EoS using the
NSC97f model.

For the determination of the particle concentration the
single-particle potential in equilibrium is used. For hy-
perons below the threshold density it is given by UY (p =
0), similar to the symmetric matter case. Above the
threshold density it depends on composition and den-
sity. In Fig. 6 the density dependence of UΣ−(kF

Σ−
) in

β-equilibrium for two different incompressibilities K0 is
shown. In the figure a kink in the curves appears at the
point where the hyperons appear.

Another observation is the relative ordering and the
magnitudes which resemble those of the single-particle
potentials at zero momentum in symmetric matter as
shown in Fig. 1. Essentially, the NSC97a, NCS97c,
NSC97f and J04 interactions are still slightly attractive
while the NSC89 and χEFT600 remain repulsive. Simi-
lar observations hold for the Λ system. A new structure
in form of a second inflection point emerges due to the
appearance of the Σ− hyperon.

A better indicator at which densities hyperons start to
appear is given by the concentrations of all particles and
is displayed in Figs. 4 and 5. In Fig. 4 a “soft” nucle-
onic EoS is used in combination with an attractive ΛN
and a very repulsive ΣN interaction implemented by the
χEFT600 model. In contrast in Fig. 5 a “stiff” EoS is
used represented by the NSC97f model which has a simi-
lar ΛN interaction compared to the χEFT600 model but
also an attractive ΣN interaction. This difference already
leads to very different density profiles. While in Fig. 4
the Λ hyperon is the first one which appears and no Σ−

hyperons are present, the Σ− hyperon appears first in
Fig. 5.

One should note that with the appearance of the Σ−

hyperon the density of the negatively charged leptons
starts to drop immediately. This is because their role in
the charge neutrality condition, Eq. (15), is now being
taken over by the Σ−. Similarly, the appearance of the
Λ hyperon will accelerate the disappearance of neutrons

⇤
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n
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4
<latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit>

5
<latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit>

6
<latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit>

⇢/⇢0
<latexit sha1_base64="pBTu7xzzvpRXEqVwJyY6kBEK/O8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPiCt1JaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8CuXLg==</latexit><latexit sha1_base64="pBTu7xzzvpRXEqVwJyY6kBEK/O8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPiCt1JaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8CuXLg==</latexit><latexit sha1_base64="pBTu7xzzvpRXEqVwJyY6kBEK/O8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPiCt1JaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8CuXLg==</latexit><latexit sha1_base64="pBTu7xzzvpRXEqVwJyY6kBEK/O8=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPiCt1JaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8CuXLg==</latexit>

1
<latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit>

0.1
<latexit sha1_base64="Fi7GWKeTxQ5xhWY8fko0k+zUjEY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhHxq8G0X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf7Y+f</latexit><latexit sha1_base64="Fi7GWKeTxQ5xhWY8fko0k+zUjEY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhHxq8G0X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf7Y+f</latexit><latexit sha1_base64="Fi7GWKeTxQ5xhWY8fko0k+zUjEY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhHxq8G0X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf7Y+f</latexit><latexit sha1_base64="Fi7GWKeTxQ5xhWY8fko0k+zUjEY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhHxq8G0X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf7Y+f</latexit>

10�2
<latexit sha1_base64="B8As+O2vOIDM7PK+K+BTAwKMm4E=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMFEGXRTcuK9gLtGPJpJk2NMmMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh2Vm9PqNIskg9mGlNf4KFkISPYWMtPe0GIPPcxvahlWb9ccavuXGgVvBwqkKvRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q5FiQXVfjo/OkNn1hmgMFL2SYPm7u+JFAutpyKwnQKbkV6uzcz/at3EhNd+ymScGCrJYlGYcGQiNEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0KrVvUs319W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5ISkU4=</latexit><latexit sha1_base64="B8As+O2vOIDM7PK+K+BTAwKMm4E=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMFEGXRTcuK9gLtGPJpJk2NMmMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh2Vm9PqNIskg9mGlNf4KFkISPYWMtPe0GIPPcxvahlWb9ccavuXGgVvBwqkKvRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q5FiQXVfjo/OkNn1hmgMFL2SYPm7u+JFAutpyKwnQKbkV6uzcz/at3EhNd+ymScGCrJYlGYcGQiNEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0KrVvUs319W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5ISkU4=</latexit><latexit sha1_base64="B8As+O2vOIDM7PK+K+BTAwKMm4E=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMFEGXRTcuK9gLtGPJpJk2NMmMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh2Vm9PqNIskg9mGlNf4KFkISPYWMtPe0GIPPcxvahlWb9ccavuXGgVvBwqkKvRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q5FiQXVfjo/OkNn1hmgMFL2SYPm7u+JFAutpyKwnQKbkV6uzcz/at3EhNd+ymScGCrJYlGYcGQiNEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0KrVvUs319W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5ISkU4=</latexit><latexit sha1_base64="B8As+O2vOIDM7PK+K+BTAwKMm4E=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMFEGXRTcuK9gLtGPJpJk2NMmMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh2Vm9PqNIskg9mGlNf4KFkISPYWMtPe0GIPPcxvahlWb9ccavuXGgVvBwqkKvRL3/1BhFJBJWGcKx113Nj46dYGUY4zUq9RNMYkzEe0q5FiQXVfjo/OkNn1hmgMFL2SYPm7u+JFAutpyKwnQKbkV6uzcz/at3EhNd+ymScGCrJYlGYcGQiNEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0KrVvUs319W6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5ISkU4=</latexit>

10�3
<latexit sha1_base64="7fxWfwSXDv4qHvXbdFRUerx2ObM=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKDLohuXFewF2rFk0kwbmknGJFMowzyHGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O660xVZpJ8WAmMfUjPBAsZAQba/lpNwiR5z6mZxdZ1itX3Ko7E1oGL4cK5Kr3yl/dviRJRIUhHGvd8dzY+ClWhhFOs1I30TTGZIQHtGNR4IhqP50dnaET6/RRKJV9wqCZ+3sixZHWkyiwnRE2Q71Ym5r/1TqJCa/9lIk4MVSQ+aIw4chINE0A9ZmixPCJBUwUs7ciMsQKE2NzKtkQvMUvL0PzvOpZvr+s1G7yOIpwBMdwCh5cQQ3uoA4NIPAEz/AKb87YeXHenY95a8HJZw7hj5zPH5OYkU8=</latexit><latexit sha1_base64="7fxWfwSXDv4qHvXbdFRUerx2ObM=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKDLohuXFewF2rFk0kwbmknGJFMowzyHGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O660xVZpJ8WAmMfUjPBAsZAQba/lpNwiR5z6mZxdZ1itX3Ko7E1oGL4cK5Kr3yl/dviRJRIUhHGvd8dzY+ClWhhFOs1I30TTGZIQHtGNR4IhqP50dnaET6/RRKJV9wqCZ+3sixZHWkyiwnRE2Q71Ym5r/1TqJCa/9lIk4MVSQ+aIw4chINE0A9ZmixPCJBUwUs7ciMsQKE2NzKtkQvMUvL0PzvOpZvr+s1G7yOIpwBMdwCh5cQQ3uoA4NIPAEz/AKb87YeXHenY95a8HJZw7hj5zPH5OYkU8=</latexit><latexit sha1_base64="7fxWfwSXDv4qHvXbdFRUerx2ObM=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKDLohuXFewF2rFk0kwbmknGJFMowzyHGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O660xVZpJ8WAmMfUjPBAsZAQba/lpNwiR5z6mZxdZ1itX3Ko7E1oGL4cK5Kr3yl/dviRJRIUhHGvd8dzY+ClWhhFOs1I30TTGZIQHtGNR4IhqP50dnaET6/RRKJV9wqCZ+3sixZHWkyiwnRE2Q71Ym5r/1TqJCa/9lIk4MVSQ+aIw4chINE0A9ZmixPCJBUwUs7ciMsQKE2NzKtkQvMUvL0PzvOpZvr+s1G7yOIpwBMdwCh5cQQ3uoA4NIPAEz/AKb87YeXHenY95a8HJZw7hj5zPH5OYkU8=</latexit><latexit sha1_base64="7fxWfwSXDv4qHvXbdFRUerx2ObM=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKDLohuXFewF2rFk0kwbmknGJFMowzyHGxeKuPVh3Pk2pu0stPWHwMd/zuGc/EHMmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPLRBHaIJJL1Q6wppwJ2jDMcNqOFcVRwGkrGN1O660xVZpJ8WAmMfUjPBAsZAQba/lpNwiR5z6mZxdZ1itX3Ko7E1oGL4cK5Kr3yl/dviRJRIUhHGvd8dzY+ClWhhFOs1I30TTGZIQHtGNR4IhqP50dnaET6/RRKJV9wqCZ+3sixZHWkyiwnRE2Q71Ym5r/1TqJCa/9lIk4MVSQ+aIw4chINE0A9ZmixPCJBUwUs7ciMsQKE2NzKtkQvMUvL0PzvOpZvr+s1G7yOIpwBMdwCh5cQQ3uoA4NIPAEz/AKb87YeXHenY95a8HJZw7hj5zPH5OYkU8=</latexit>

10�4
<latexit sha1_base64="pbY5VaS9Jo/HANfGB3mvtygmUsY=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEGXRTcuK9gLtGPJpJk2NJOMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6d1dsTqjST4sFMY+pHeChYyAg21vLTXhAiz31ML2pZ1i9X3Ko7F1oFL4cK5Gr0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGtR4IhqP50fnaEz6wxQKJV9wqC5+3sixZHW0yiwnRE2I71cm5n/1bqJCa/9lIk4MVSQxaIw4chINEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5UekVA=</latexit><latexit sha1_base64="pbY5VaS9Jo/HANfGB3mvtygmUsY=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEGXRTcuK9gLtGPJpJk2NJOMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6d1dsTqjST4sFMY+pHeChYyAg21vLTXhAiz31ML2pZ1i9X3Ko7F1oFL4cK5Gr0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGtR4IhqP50fnaEz6wxQKJV9wqC5+3sixZHW0yiwnRE2I71cm5n/1bqJCa/9lIk4MVSQxaIw4chINEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5UekVA=</latexit><latexit sha1_base64="pbY5VaS9Jo/HANfGB3mvtygmUsY=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEGXRTcuK9gLtGPJpJk2NJOMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6d1dsTqjST4sFMY+pHeChYyAg21vLTXhAiz31ML2pZ1i9X3Ko7F1oFL4cK5Gr0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGtR4IhqP50fnaEz6wxQKJV9wqC5+3sixZHW0yiwnRE2I71cm5n/1bqJCa/9lIk4MVSQxaIw4chINEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5UekVA=</latexit><latexit sha1_base64="pbY5VaS9Jo/HANfGB3mvtygmUsY=">AAAB9HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEGXRTcuK9gLtGPJpJk2NJOMSaZQhnkONy4UcevDuPNtTNtZaOsPgY//nMM5+YOYM21c99sprK1vbG4Vt0s7u3v7B+XDo5aWiSK0SSSXqhNgTTkTtGmY4bQTK4qjgNN2ML6d1dsTqjST4sFMY+pHeChYyAg21vLTXhAiz31ML2pZ1i9X3Ko7F1oFL4cK5Gr0y1+9gSRJRIUhHGvd9dzY+ClWhhFOs1Iv0TTGZIyHtGtR4IhqP50fnaEz6wxQKJV9wqC5+3sixZHW0yiwnRE2I71cm5n/1bqJCa/9lIk4MVSQxaIw4chINEsADZiixPCpBUwUs7ciMsIKE2NzKtkQvOUvr0LrsupZvq9V6jd5HEU4gVM4Bw+uoA530IAmEHiCZ3iFN2fivDjvzseiteDkM8fwR87nD5UekVA=</latexit>

e
<latexit sha1_base64="RS4xZUpHj/j73+eQi3uB2tu666w=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMcFpv1L1a/5cZBWCAqpQqNGvfPUGimUJSssENaYb+KkNc6otZwKn5V5mMKVsTIfYdShpgibM5+tOyblzBiRW2j1pydz9PZHTxJhJErnOhNqRWa7NzP9q3czGN2HOZZpZlGzxUZwJYhWZ3U4GXCOzYuKAMs3droSNqKbMuoTKLoRg+eRVaF3WAscPV9X6bRFHCU7hDC4ggGuowz00oAkMxvAMr/Dmpd6L9+59LFrXvGLmBP7I+/wBEi2PYQ==</latexit><latexit sha1_base64="RS4xZUpHj/j73+eQi3uB2tu666w=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMcFpv1L1a/5cZBWCAqpQqNGvfPUGimUJSssENaYb+KkNc6otZwKn5V5mMKVsTIfYdShpgibM5+tOyblzBiRW2j1pydz9PZHTxJhJErnOhNqRWa7NzP9q3czGN2HOZZpZlGzxUZwJYhWZ3U4GXCOzYuKAMs3droSNqKbMuoTKLoRg+eRVaF3WAscPV9X6bRFHCU7hDC4ggGuowz00oAkMxvAMr/Dmpd6L9+59LFrXvGLmBP7I+/wBEi2PYQ==</latexit><latexit sha1_base64="RS4xZUpHj/j73+eQi3uB2tu666w=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMcFpv1L1a/5cZBWCAqpQqNGvfPUGimUJSssENaYb+KkNc6otZwKn5V5mMKVsTIfYdShpgibM5+tOyblzBiRW2j1pydz9PZHTxJhJErnOhNqRWa7NzP9q3czGN2HOZZpZlGzxUZwJYhWZ3U4GXCOzYuKAMs3droSNqKbMuoTKLoRg+eRVaF3WAscPV9X6bRFHCU7hDC4ggGuowz00oAkMxvAMr/Dmpd6L9+59LFrXvGLmBP7I+/wBEi2PYQ==</latexit><latexit sha1_base64="RS4xZUpHj/j73+eQi3uB2tu666w=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMcFpv1L1a/5cZBWCAqpQqNGvfPUGimUJSssENaYb+KkNc6otZwKn5V5mMKVsTIfYdShpgibM5+tOyblzBiRW2j1pydz9PZHTxJhJErnOhNqRWa7NzP9q3czGN2HOZZpZlGzxUZwJYhWZ3U4GXCOzYuKAMs3droSNqKbMuoTKLoRg+eRVaF3WAscPV9X6bRFHCU7hDC4ggGuowz00oAkMxvAMr/Dmpd6L9+59LFrXvGLmBP7I+/wBEi2PYQ==</latexit>

µ
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NEUTRON  STAR  MATTER  including  HYPERONS

     Inclusion of hyperons :  

EoS too soft to support two-solar-mass n-stars

 strong repulsion in YN and/or YNN interactions required 
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  from CHIRAL SU(3) Effective Field Theory
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NLO

moderate attraction 
at low momenta

relevant for
hypernuclei

increasing repulsion 
at higher momenta

relevant for
dense baryonic  
matter
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Fig. 6. The Λp 1S0 and 1P1 phase shifts δ as a function of plab. The red/dark band shows the chiral EFT results to
NLO for variations of the cutoff in the range Λ = 500, . . . ,650 MeV, while the green/light band shows results to LO for
Λ = 550, . . . ,700 MeV. The dashed curve is the result of the Jülich ’04 meson-exchange potential [37].

Fig. 7. The Λp phase shifts for the coupled 3S1–3D1 partial wave as a function of plab. Same description of curves as
in Fig. 6.

state in the ΣN system. It should be said, however, that the majority of the meson-exchange
potentials [36,38,39] produce an unstable bound state, similar to our NLO interaction. The only
characteristic difference of the chiral EFT interactions to the meson-exchange potentials might
be the mixing parameter ε1 which is fairly large in the former case and close to 45◦ at the ΣN

threshold, see Fig. 7. It is a manifestation of the fact that the pertinent Λp T -matrices (for the
3S1 → 3S1, 3D1 → 3D1, and 3S1 ↔ 3D1 transitions) are all of the same magnitude.

The strong variation of the 3S1–3D1 amplitudes around the ΣN threshold is reflected in
an impressive increase in the Λp cross section at the corresponding energy, as seen in Fig. 2.

LO

phase 
shift

Author's personal copy

36 J. Haidenbauer et al. / Nuclear Physics A 915 (2013) 24–58

Fig. 2. “Total” cross section σ (as defined in Eq. (24)) as a function of plab. The experimental cross sections are taken
from Refs. [54] (filled circles), [55] (open squares), [69] (open circles), and [70] (filled squares) (Λp → Λp), from [56]
(Σ−p → Λn, Σ−p → Σ0n) and from [57] (Σ−p → Σ−p, Σ+p → Σ+p). The red/dark band shows the chiral EFT
results to NLO for variations of the cutoff in the range Λ = 500, . . . ,650 MeV, while the green/light band are results to
LO for Λ = 550, . . . ,700 MeV. The dashed curve is the result of the Jülich ’04 meson-exchange potential [37].

also for Λp the NLO results are now well in line with the data even up to the ΣN threshold.
Furthermore, one can see that the dependence on the cutoff mass is strongly reduced in the NLO
case. We also note that in some cases the LO and the NLO bands do not overlap. This is partly
due to the fact that the description at LO is not as precise as at NLO (cf. the total χ2 values in
Table 5). Also, the error bands are just given by the cutoff variation and thus can be considered
as lower limits.

A quantitative comparison with the experiments is provided in Table 5. There we list the
obtained overall χ2 but also separate values for each data set that was included in the fitting
procedure. Obviously the best results are achieved in the range Λ = 500–650 MeV. Here, in
addition, the χ2 exhibits also a fairly weak cutoff dependence so that one can really speak of
a plateau region. For larger cutoff values the χ2 increases smoothly while it grows dramatically

LO

NLO

irr.

coupled channels
⇤N $ ⌃N
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Fig. 1. Cross section for Λp scattering as a function of plab. The red (dark) band represents the result for NLO13 [1] including
cutoff variations, the cyan (light) band that for the alternative version NLO19. The dashed curve is the result of the Jülich ’04
meson-exchange model [9], the dotted curve that of the Nijmegen NSC97f potential [8]. The experimental cross sections are
taken from Refs. [31] (filled circles), [32] (filled squares), [36, 37] (open triangles), [38] (open squares), and [39] (open circles).
The dotted vertical lines labeled with Σ+n and Σ0p indicate the thresholds of the pertinent ΣN channels.

phase shift remains practically unchanged (NSC97f) or
even increases (Jülich ’04) without ΣN coupling.

Note that the cutoff dependence increases when the
coupling is switched off. This happens because we use the
(diagonal) ΛN potential as established in the full coupled-
channel calculation. No re-adjustment of the contact terms
is done and, thus, there is no proper absorption of the
regulator dependence in this ”academic” calculation.

Finally, for illustration, we present an estimate for the
theoretical uncertainty following the method proposed in
Ref. [22]. In Fig. 7, selected results for the NLO19 poten-
tial for the cutoff Λ = 600 MeV are shown. This value is
also used as breakdown scale [22]. For this estimate, the
difference of the LO results [15] and the NLO result is used
for an estimated of the uncertainty. As stated already in
Sect. 2, at the NLO level, it is premature to address the
question of convergence. For this endeavor, more orders
are required to avoid that accidentally close results lead
to an under estimation of the uncertainty. For the Y N in-
teraction, this uncertainty estimate is especially difficult
since the data is not sufficient to unambiguously determine
all LECs. For this reason, it is also not useful to quantify
the uncertainty of phase shifts of individual partial waves
in this manner. Nonetheless, we want to emphasize that
the estimated uncertainty appears sensible and also plau-
sible. In particular, it encases the variations due to the

regulator dependence and, thus, is consistent with the ex-
pectation that cutoff variations provide a lower bound for
the theoretical uncertainty. For details of the method and
a thorough discussion of the underlying concept, we refer
the reader to [23].

3.2 Λ and Σ in nuclear matter

Let us now compare the in-medium properties of the Y N
interactions NLO13 and NLO19. Table 2 summarizes the
values for the Λ and Σ potential depths, UΛ(pΛ = 0) and
UΣ(pΣ = 0), evaluated at the saturation point of nuclear
matter, i.e. for kF = 1.35 fm−1. Note that the results
for NLO13 slightly differ from those given in [20] because
a different and more up to date nucleon s.p. potential is
used, see Sect. 2.2. Corresponding results obtained for the
Jülich’04 meson-exchange potential [9] and the Nijmegen
NSC97f potential [8] are also included. The dependence of
the hyperon potential depths on the Fermi momentum is
displayed in Figs. 8 and 9.

It is quite obvious from Fig. 8 that the EFT poten-
tial NLO19 is much more attractive in the medium than
NLO13. The difference is primarily due to the contribu-
tion of the 3S1-3D1 partial wave which is enhanced by
more or less a factor 2 for the new interaction, see Table 2.
Actually, the density dependence predicted by NLO19 is
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Reduced no. of independent parameters (contact terms)
at NLO by symmetries connecting NN and YN S-waves
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red :    NLO 13  

⇤p ! ⇤p
<latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit><latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit><latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit><latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit>

⇤p ! ⇤p
<latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit><latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit><latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit><latexit sha1_base64="TOWxf3BI12gZh87sn0A3bt9P74U=">AAACDnicbVDLSsNAFL3xWesr6tLNYCm4KokIuiy6ceGign1AE8pkMmmHTiZhZqKU0C9w46+4caGIW9fu/BunbUBtPTBwOOce7twTpJwp7Thf1tLyyuraemmjvLm1vbNr7+23VJJJQpsk4YnsBFhRzgRtaqY57aSS4jjgtB0MLyd++45KxRJxq0cp9WPcFyxiBGsj9exq7gUR8q5NIsQoRZ5k/YHGUib3P+q4Z1ecmjMFWiRuQSpQoNGzP70wIVlMhSYcK9V1nVT7OZaaEU7HZS9TNMVkiPu0a6jAMVV+Pj1njKpGCVGUSPOERlP1dyLHsVKjODCTMdYDNe9NxP+8bqajcz9nIs00FWS2KMo40gmadINCJinRfGQIJpKZvyIywBITbRosmxLc+ZMXSeuk5hp+c1qpXxR1lOAQjuAYXDiDOlxBA5pA4AGe4AVerUfr2Xqz3mejS1aROYA/sD6+AT+Gm5g=</latexit>
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10 J. Haidenbauer et al.: Hyperon-nucleon interaction
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Fig. 4. Differential cross section for Λp scattering at 500 MeV/c and at 633 MeV/c. Same description of curves as in Fig. 1.
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Fig. 5. 3S1 ΛN phase shift with (left) and without (right) ΣN coupling. Same description of curves as in Fig. 1.
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Fig. 4. Differential cross section for Λp scattering at 500 MeV/c and at 633 MeV/c. Same description of curves as in Fig. 1.

0 100 200 300 400 500
plab (MeV/c)

-30

-20

-10

0

10

20

30

δ 
 (d

eg
re

es
)

Λp 3S1

0 100 200 300 400 500
plab (MeV/c)

-30

-20

-10

0

10

20

30

δ 
 (d

eg
re

es
)

Λp 3S1

Fig. 5. 3S1 ΛN phase shift with (left) and without (right) ΣN coupling. Same description of curves as in Fig. 1.
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NLO13
<latexit sha1_base64="F54e2OtQrMXJaA27LC/zQbRBfoc=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSaEGXBTcuRCvYCzSxTKaTduhkEmYmSgl5DzcuFHHru7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C0vLK6VlwvbWxube+Ud/daKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHl5N6+5FKxSJxr8cx9UI8ECxgBGtjPaSuH6Cb61vknjhnWa9csav2VGgRnBwqkKvRK3+5/YgkIRWacKxU17Fj7aVYakY4zUpuomiMyQgPaNegwCFVXjq9OkNHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+smOrjwUibiRFNBZouChCMdoUkEqM8kJZqPDWAimbkVkSGWmGgTVMmE4Mx/eRFap1XH8F2tUq/lcRThAA7hGBw4hzpcQQOaQEDCM7zCm/VkvVjv1sestWDlM/vwR9bnD4R5kSk=</latexit><latexit sha1_base64="F54e2OtQrMXJaA27LC/zQbRBfoc=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSaEGXBTcuRCvYCzSxTKaTduhkEmYmSgl5DzcuFHHru7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C0vLK6VlwvbWxube+Ud/daKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHl5N6+5FKxSJxr8cx9UI8ECxgBGtjPaSuH6Cb61vknjhnWa9csav2VGgRnBwqkKvRK3+5/YgkIRWacKxU17Fj7aVYakY4zUpuomiMyQgPaNegwCFVXjq9OkNHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+smOrjwUibiRFNBZouChCMdoUkEqM8kJZqPDWAimbkVkSGWmGgTVMmE4Mx/eRFap1XH8F2tUq/lcRThAA7hGBw4hzpcQQOaQEDCM7zCm/VkvVjv1sestWDlM/vwR9bnD4R5kSk=</latexit><latexit sha1_base64="F54e2OtQrMXJaA27LC/zQbRBfoc=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSaEGXBTcuRCvYCzSxTKaTduhkEmYmSgl5DzcuFHHru7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C0vLK6VlwvbWxube+Ud/daKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHl5N6+5FKxSJxr8cx9UI8ECxgBGtjPaSuH6Cb61vknjhnWa9csav2VGgRnBwqkKvRK3+5/YgkIRWacKxU17Fj7aVYakY4zUpuomiMyQgPaNegwCFVXjq9OkNHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+smOrjwUibiRFNBZouChCMdoUkEqM8kJZqPDWAimbkVkSGWmGgTVMmE4Mx/eRFap1XH8F2tUq/lcRThAA7hGBw4hzpcQQOaQEDCM7zCm/VkvVjv1sestWDlM/vwR9bnD4R5kSk=</latexit><latexit sha1_base64="F54e2OtQrMXJaA27LC/zQbRBfoc=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSaEGXBTcuRCvYCzSxTKaTduhkEmYmSgl5DzcuFHHru7jzbZy2WWjrDwMf/zmHc+b3Y86Utu1vq7C0vLK6VlwvbWxube+Ud/daKkokoU0S8Uh2fKwoZ4I2NdOcdmJJcehz2vZHl5N6+5FKxSJxr8cx9UI8ECxgBGtjPaSuH6Cb61vknjhnWa9csav2VGgRnBwqkKvRK3+5/YgkIRWacKxU17Fj7aVYakY4zUpuomiMyQgPaNegwCFVXjq9OkNHxumjIJLmCY2m7u+JFIdKjUPfdIZYD9V8bWL+V+smOrjwUibiRFNBZouChCMdoUkEqM8kJZqPDWAimbkVkSGWmGgTVMmE4Mx/eRFap1XH8F2tUq/lcRThAA7hGBw4hzpcQQOaQEDCM7zCm/VkvVjv1sestWDlM/vwR9bnD4R5kSk=</latexit>

NLO19
<latexit sha1_base64="w2mgalIdB/3c5rmVxFSnkIaQiM8=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEHdFdy4EK1gL9DEMplO2qGTSZiZKCXkPdy4UMSt7+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLS8srqWnG9tLG5tb1T3t1rqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU7q7UcqFYvEvR7H1AvxQLCAEayN9ZC6foBurm+Re+JcZL1yxa7aU6FFcHKoQK5Gr/zl9iOShFRowrFSXceOtZdiqRnhNCu5iaIxJiM8oF2DAodUeen06gwdGaePgkiaJzSaur8nUhwqNQ590xliPVTztYn5X62b6ODcS5mIE00FmS0KEo50hCYRoD6TlGg+NoCJZOZWRIZYYqJNUCUTgjP/5UVonVYdw3e1Sr2Wx1GEAziEY3DgDOpwBQ1oAgEJz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP42XkS8=</latexit><latexit sha1_base64="w2mgalIdB/3c5rmVxFSnkIaQiM8=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEHdFdy4EK1gL9DEMplO2qGTSZiZKCXkPdy4UMSt7+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLS8srqWnG9tLG5tb1T3t1rqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU7q7UcqFYvEvR7H1AvxQLCAEayN9ZC6foBurm+Re+JcZL1yxa7aU6FFcHKoQK5Gr/zl9iOShFRowrFSXceOtZdiqRnhNCu5iaIxJiM8oF2DAodUeen06gwdGaePgkiaJzSaur8nUhwqNQ590xliPVTztYn5X62b6ODcS5mIE00FmS0KEo50hCYRoD6TlGg+NoCJZOZWRIZYYqJNUCUTgjP/5UVonVYdw3e1Sr2Wx1GEAziEY3DgDOpwBQ1oAgEJz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP42XkS8=</latexit><latexit sha1_base64="w2mgalIdB/3c5rmVxFSnkIaQiM8=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEHdFdy4EK1gL9DEMplO2qGTSZiZKCXkPdy4UMSt7+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLS8srqWnG9tLG5tb1T3t1rqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU7q7UcqFYvEvR7H1AvxQLCAEayN9ZC6foBurm+Re+JcZL1yxa7aU6FFcHKoQK5Gr/zl9iOShFRowrFSXceOtZdiqRnhNCu5iaIxJiM8oF2DAodUeen06gwdGaePgkiaJzSaur8nUhwqNQ590xliPVTztYn5X62b6ODcS5mIE00FmS0KEo50hCYRoD6TlGg+NoCJZOZWRIZYYqJNUCUTgjP/5UVonVYdw3e1Sr2Wx1GEAziEY3DgDOpwBQ1oAgEJz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP42XkS8=</latexit><latexit sha1_base64="w2mgalIdB/3c5rmVxFSnkIaQiM8=">AAAB9XicbZDLSsNAFIZP6q3WW9Wlm8EiuJCSSEHdFdy4EK1gL9DEMplO2qGTSZiZKCXkPdy4UMSt7+LOt3HaZqGtPwx8/OcczpnfjzlT2ra/rcLS8srqWnG9tLG5tb1T3t1rqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsfXU7q7UcqFYvEvR7H1AvxQLCAEayN9ZC6foBurm+Re+JcZL1yxa7aU6FFcHKoQK5Gr/zl9iOShFRowrFSXceOtZdiqRnhNCu5iaIxJiM8oF2DAodUeen06gwdGaePgkiaJzSaur8nUhwqNQ590xliPVTztYn5X62b6ODcS5mIE00FmS0KEo50hCYRoD6TlGg+NoCJZOZWRIZYYqJNUCUTgjP/5UVonVYdw3e1Sr2Wx1GEAziEY3DgDOpwBQ1oAgEJz/AKb9aT9WK9Wx+z1oKVz+zDH1mfP42XkS8=</latexit>

⇤N $ ⌃N
<latexit sha1_base64="nd4HBpBbB4U/jV/T4+g9DXZMm1k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQi2GXBjQuRivYBTSiTySQdOnkwc6OU0F9w46+4caGIW3fu/BunbRbaemDgcM493LnHSwVXYFnfRmlldW19o7xZ2dre2d0z9w86KskkZW2aiET2PKKY4DFrAwfBeqlkJPIE63qji6nfvWdS8SS+g3HK3IiEMQ84JaClgVnLHS/AzpVO+ARfY0ewACQPh0CkTB6wc8vDSBuTgVm16tYMeJnYBamiAq2B+eX4Cc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHbRBJ9oxcdBIvWLAc/U34mcREqNI09PRgSGatGbiv95/QyChpvzOM2AxXS+KMgEhgRP68E+l4yCGGtCqOT6r5gOiSQUdIkVXYK9ePIy6ZzWbc1vzqrNRlFHGR2hY1RDNjpHTXSJWqiNKHpEz+gVvRlPxovxbnzMR0tGkTlEf2B8/gB8dZzD</latexit><latexit sha1_base64="nd4HBpBbB4U/jV/T4+g9DXZMm1k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQi2GXBjQuRivYBTSiTySQdOnkwc6OU0F9w46+4caGIW3fu/BunbRbaemDgcM493LnHSwVXYFnfRmlldW19o7xZ2dre2d0z9w86KskkZW2aiET2PKKY4DFrAwfBeqlkJPIE63qji6nfvWdS8SS+g3HK3IiEMQ84JaClgVnLHS/AzpVO+ARfY0ewACQPh0CkTB6wc8vDSBuTgVm16tYMeJnYBamiAq2B+eX4Cc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHbRBJ9oxcdBIvWLAc/U34mcREqNI09PRgSGatGbiv95/QyChpvzOM2AxXS+KMgEhgRP68E+l4yCGGtCqOT6r5gOiSQUdIkVXYK9ePIy6ZzWbc1vzqrNRlFHGR2hY1RDNjpHTXSJWqiNKHpEz+gVvRlPxovxbnzMR0tGkTlEf2B8/gB8dZzD</latexit><latexit sha1_base64="nd4HBpBbB4U/jV/T4+g9DXZMm1k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQi2GXBjQuRivYBTSiTySQdOnkwc6OU0F9w46+4caGIW3fu/BunbRbaemDgcM493LnHSwVXYFnfRmlldW19o7xZ2dre2d0z9w86KskkZW2aiET2PKKY4DFrAwfBeqlkJPIE63qji6nfvWdS8SS+g3HK3IiEMQ84JaClgVnLHS/AzpVO+ARfY0ewACQPh0CkTB6wc8vDSBuTgVm16tYMeJnYBamiAq2B+eX4Cc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHbRBJ9oxcdBIvWLAc/U34mcREqNI09PRgSGatGbiv95/QyChpvzOM2AxXS+KMgEhgRP68E+l4yCGGtCqOT6r5gOiSQUdIkVXYK9ePIy6ZzWbc1vzqrNRlFHGR2hY1RDNjpHTXSJWqiNKHpEz+gVvRlPxovxbnzMR0tGkTlEf2B8/gB8dZzD</latexit><latexit sha1_base64="nd4HBpBbB4U/jV/T4+g9DXZMm1k=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiQi2GXBjQuRivYBTSiTySQdOnkwc6OU0F9w46+4caGIW3fu/BunbRbaemDgcM493LnHSwVXYFnfRmlldW19o7xZ2dre2d0z9w86KskkZW2aiET2PKKY4DFrAwfBeqlkJPIE63qji6nfvWdS8SS+g3HK3IiEMQ84JaClgVnLHS/AzpVO+ARfY0ewACQPh0CkTB6wc8vDSBuTgVm16tYMeJnYBamiAq2B+eX4Cc0iFgMVRKm+baXg5kQCp4JNKk6mWEroiISsr2lMIqbcfHbRBJ9oxcdBIvWLAc/U34mcREqNI09PRgSGatGbiv95/QyChpvzOM2AxXS+KMgEhgRP68E+l4yCGGtCqOT6r5gOiSQUdIkVXYK9ePIy6ZzWbc1vzqrNRlFHGR2hY1RDNjpHTXSJWqiNKHpEz+gVvRlPxovxbnzMR0tGkTlEf2B8/gB8dZzD</latexit>

⇤N $ ⌃N
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FIGURE 6.10: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The pS
interaction is modeled by the NLO19 in all cases.
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FIGURE 6.11: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The
p–S0 correlation is assumed flat in all cases.
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FIGURE 6.10: The p–L correlation function, sideband corrected and
unfolded, and the corresponding fit results for the different pL pre-
dictions of cEFT. From left to right these are the NLO19, NLO13 and
LO calculations, all performed at a cutoff energy of 600 MeV. The pS
interaction is modeled by the NLO19 in all cases.
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unfolded, and the corresponding fit results for the different pL pre-
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Exploring the NL–NS system with high precision correlation techniques ALICE Collaboration
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Figure 2: Similar representation as in Fig. 1, where the pL interaction is modelled using NLO19 (cyan) cEFT
potentials with cut-off L =600 MeV [2, 3]. This leads to an improved description of the low momentum region.
The reduced c2, for k⇤ < 300 MeV/c, equals 2.0 in case the pS0 is modelled by cEFT (panel a) and 1.8 in case the
pS0 final state interaction is ignored (panel b).

4 Summary

In conclusion, two-particle correlation techniques were used to study the final state interaction in the
NS $ NL coupled system. This was achieved by studying the pL correlation function at low relative
momenta with an unprecedented precision. The significance of the coupling of pL to NS is manifested
as a cusp-like enhancement present at the corresponding threshold energy, which is the first direct exper-
imental observation of this structure. Further, using different modellings for the pS0 feed-down leads to
a statistically significant modification of the measured pL correlation, implying an indirect sensitivity to
the genuine pS0 correlation. In the momentum range k⇤ 2 [110,300] MeV/c all of the tested NLO cEFT
interactions are compatible with the data, however a significant deviation is present at lower values. The
detailed analysis, presented in Table 2, reveals a deviation of at least ns = 3.2, for k⇤ < 110 MeV/c, for
the considered cEFT interactions. The result for NLO19 exhibits an overall better compatibility, com-
pared to the NLO13 prediction. The former involves a weaker NS $ NL transition potential and a more
attractive two-body interaction of the L hyperon in the medium. This requires a stronger repulsive NNL
three-body force, which leads to a stiffening of the EoS at large densities [4] and a disfavoured produc-
tion of these strange hadrons in neutron stars. The presented data provide an opportunity to improve the
theoretical calculations for the NS $ NL coupled system, including the low-energy properties of NL.
The successful use of correlation techniques in the two-body sector can be extended to measure directly
the three-body correlations [62]. The increased amount of statistics during the third running period of
the LHC [61] will allow for such measurements.
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Figure 2: Similar representation as in Fig. 1, where the pL interaction is modelled using NLO19 (cyan) cEFT
potentials with cut-off L =600 MeV [2, 3]. This leads to an improved description of the low momentum region.
The reduced c2, for k⇤ < 300 MeV/c, equals 2.0 in case the pS0 is modelled by cEFT (panel a) and 1.8 in case the
pS0 final state interaction is ignored (panel b).

4 Summary

In conclusion, two-particle correlation techniques were used to study the final state interaction in the
NS $ NL coupled system. This was achieved by studying the pL correlation function at low relative
momenta with an unprecedented precision. The significance of the coupling of pL to NS is manifested
as a cusp-like enhancement present at the corresponding threshold energy, which is the first direct exper-
imental observation of this structure. Further, using different modellings for the pS0 feed-down leads to
a statistically significant modification of the measured pL correlation, implying an indirect sensitivity to
the genuine pS0 correlation. In the momentum range k⇤ 2 [110,300] MeV/c all of the tested NLO cEFT
interactions are compatible with the data, however a significant deviation is present at lower values. The
detailed analysis, presented in Table 2, reveals a deviation of at least ns = 3.2, for k⇤ < 110 MeV/c, for
the considered cEFT interactions. The result for NLO19 exhibits an overall better compatibility, com-
pared to the NLO13 prediction. The former involves a weaker NS $ NL transition potential and a more
attractive two-body interaction of the L hyperon in the medium. This requires a stronger repulsive NNL
three-body force, which leads to a stiffening of the EoS at large densities [4] and a disfavoured produc-
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theoretical calculations for the NS $ NL coupled system, including the low-energy properties of NL.
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Recent developments :

J. Haidenbauer, U.-G. Meißner, A. Nogga, H. Le :  Eur. Phys. J.  A 59 (2023) 63
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(hypernuclei)
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averaged over cutoffs
A. Gal, E. V. Hungerford, D. J. Millener 
Rev. Mod. Phys. 88 (2016) 035004

With chiral hyperon-nucleon two-body interactions :
too much binding in lower (s and p) shell-model levels of heavy hypernuclei (            )
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⇤NN three-body forces
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SU(3) symmetry and contact terms
• poor database for YN interaction

• use SU(3) symmetric contact terms for reduction of LECs
( SU(3) breaking e�ects from mu,d ”= ms derived in [Petschauer, Kaiser, NPA916, 2013] )

• LO+NLO contact terms of NN interaction [Epelbaum, 2000]

generalized by SU(3) flavor symmetry
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[Polinder, Haidenbauer, Meißner, NPA779, 2006] [Petschauer, Kaiser, NPA916, 2013]

• C
8s 8a can be fixed from considering ⇤-nuclear spin-orbit force in medium

[Haidenbauer, Meißner, NPA936, 2015]
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SU(3) symmetry and contact terms
• poor database for YN interaction

• use SU(3) symmetric contact terms for reduction of LECs
( SU(3) breaking e�ects from mu,d ”= ms derived in [Petschauer, Kaiser, NPA916, 2013] )

• LO+NLO contact terms of NN interaction [Epelbaum, 2000]

generalized by SU(3) flavor symmetry
8 ¢ 8 = 27 ü 8s ü 1 ü 10 ü 10ú ü 8a

S Channel I V 1S0, 3P0, 3P1, 3P2
V 3S1, 3S1-3D1, 1P1

V 1P1æ3P1

0 NN æ NN 0 – C10
ú

–

NN æ NN 1 C27
– –

≠1 ⇤N æ ⇤N 1

2
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!
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"
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2

!
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ú"
≠C8s 8a
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2
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!
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"
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!
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ú"
≠3C8s 8a

⌃N æ ⌃N 1

2

1

10

!
C27 + 9C8s

"
1

2

!
C8a + C10

ú"
3C8s 8a

⌃N æ ⌃N 3

2
C27 C10

–

[Polinder, Haidenbauer, Meißner, NPA779, 2006] [Petschauer, Kaiser, NPA916, 2013]

• C
8s 8a can be fixed from considering ⇤-nuclear spin-orbit force in medium

[Haidenbauer, Meißner, NPA936, 2015]
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Three-baryon forces

• construction of chiral Lagrangian in non-relativistic limit
with minimal number of terms for full SU(3) sector
[Petschauer, Kaiser, Haidenbauer, Meißner, Weise, PRC93 (2016)]

• necessary vertices:
18 low-energy constants

(SU(3) symmetric)

14 low-energy constants
[Petschauer, Kaiser, NPA916 (2013)]

10 low-energy constants
[Krause, Helv.Phys.Acta 63 (1990)]

¥

¥ +

¥ +

• vertices with decuplet baryons:

one constant (C = 3

4
gA ¥ 1 from � æ Nfi)

two constants (Pauli-forbidden in nucleonic sector)
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 Decuplet Dominance 
 in YNN three-body forces

Estimates of YNN interactions 
assuming dominant (⌃⇤, �)

intermediate states
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HYPERON-NUCLEON-NUCLEON  THREE-BODY FORCES 

from  Chiral                                   Effective Field Theory
S. Petschauer, N. Kaiser, J. Haidenbauer, U.-G. Meißner,  W. W. : Phys. Rev. C93 (2016) 014001

Basic 
vertices
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<latexit sha1_base64="aONtvIrq/REMiBlFDtCaqapYUK0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS8eK9gPaEPZbDft0s0m7k6EEvonvHhQxKt/x5v/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVg84Tbgf0ZESoWAUrdXN+kFIPHc2qNbcupuLrIJXQA0KNQfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWVQ04sbP8n1n5Mw6QxLG2j6FJHd/T2Q0MmYaBbYzojg2y7W5+V+tl2J47WdCJSlyxRYfhakkGJP58WQoNGcopxYo08LuStiYasrQRlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWAg4Rle4c15dF6cd+dj0Vpyiplj+CPn8wcxxY9j</latexit><latexit sha1_base64="aONtvIrq/REMiBlFDtCaqapYUK0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS8eK9gPaEPZbDft0s0m7k6EEvonvHhQxKt/x5v/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVg84Tbgf0ZESoWAUrdXN+kFIPHc2qNbcupuLrIJXQA0KNQfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWVQ04sbP8n1n5Mw6QxLG2j6FJHd/T2Q0MmYaBbYzojg2y7W5+V+tl2J47WdCJSlyxRYfhakkGJP58WQoNGcopxYo08LuStiYasrQRlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWAg4Rle4c15dF6cd+dj0Vpyiplj+CPn8wcxxY9j</latexit><latexit sha1_base64="aONtvIrq/REMiBlFDtCaqapYUK0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS8eK9gPaEPZbDft0s0m7k6EEvonvHhQxKt/x5v/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVg84Tbgf0ZESoWAUrdXN+kFIPHc2qNbcupuLrIJXQA0KNQfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWVQ04sbP8n1n5Mw6QxLG2j6FJHd/T2Q0MmYaBbYzojg2y7W5+V+tl2J47WdCJSlyxRYfhakkGJP58WQoNGcopxYo08LuStiYasrQRlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWAg4Rle4c15dF6cd+dj0Vpyiplj+CPn8wcxxY9j</latexit><latexit sha1_base64="aONtvIrq/REMiBlFDtCaqapYUK0=">AAAB73icbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS8eK9gPaEPZbDft0s0m7k6EEvonvHhQxKt/x5v/xm2ag7a+sPDwzgw78waJFAZd99spra1vbG6Vtys7u3v7B9XDo7aJU814i8Uy1t2AGi6F4i0UKHk30ZxGgeSdYHI7r3eeuDYiVg84Tbgf0ZESoWAUrdXN+kFIPHc2qNbcupuLrIJXQA0KNQfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWVQ04sbP8n1n5Mw6QxLG2j6FJHd/T2Q0MmYaBbYzojg2y7W5+V+tl2J47WdCJSlyxRYfhakkGJP58WQoNGcopxYo08LuStiYasrQRlSxIXjLJ69C+6LuWb6/rDVuijjKcAKncA4eXEED7qAJLWAg4Rle4c15dF6cd+dj0Vpyiplj+CPn8wcxxY9j</latexit>
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<latexit sha1_base64="o6y2FV7EKvKMeRCgoW4qPjNRLTg=">AAAB8HicbZDLSgMxFIZP6q3WW9Wlm2AR3FhmiqArKbhxWcFepB1KJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84eJ4MZ63jcqrK1vbG4Vt0s7u3v7B+XDo5aJU01Zk8Yi1p2QGCa4Yk3LrWCdRDMiQ8Ha4fh2Vm8/MW14rB7sJGGBJEPFI06JddZj1gsjfFHzpv1yxat6c+FV8HOoQK5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdKiKZCbL5wlN85pwBjmLtnrJ47v6eyIg0ZiJD1ymJHZnl2sz8r9ZNbXQdZFwlqWWKLj6KUoFtjGfX4wHXjFoxcUCo5m5XTEdEE2pdRiUXgr988iq0alXf8f1lpX6Tx1GEEziFc/DhCupwBw1oAgUJz/AKb0ijF/SOPhatBZTPHMMfoc8fnrePmw==</latexit><latexit sha1_base64="o6y2FV7EKvKMeRCgoW4qPjNRLTg=">AAAB8HicbZDLSgMxFIZP6q3WW9Wlm2AR3FhmiqArKbhxWcFepB1KJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84eJ4MZ63jcqrK1vbG4Vt0s7u3v7B+XDo5aJU01Zk8Yi1p2QGCa4Yk3LrWCdRDMiQ8Ha4fh2Vm8/MW14rB7sJGGBJEPFI06JddZj1gsjfFHzpv1yxat6c+FV8HOoQK5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdKiKZCbL5wlN85pwBjmLtnrJ47v6eyIg0ZiJD1ymJHZnl2sz8r9ZNbXQdZFwlqWWKLj6KUoFtjGfX4wHXjFoxcUCo5m5XTEdEE2pdRiUXgr988iq0alXf8f1lpX6Tx1GEEziFc/DhCupwBw1oAgUJz/AKb0ijF/SOPhatBZTPHMMfoc8fnrePmw==</latexit><latexit sha1_base64="o6y2FV7EKvKMeRCgoW4qPjNRLTg=">AAAB8HicbZDLSgMxFIZP6q3WW9Wlm2AR3FhmiqArKbhxWcFepB1KJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84eJ4MZ63jcqrK1vbG4Vt0s7u3v7B+XDo5aJU01Zk8Yi1p2QGCa4Yk3LrWCdRDMiQ8Ha4fh2Vm8/MW14rB7sJGGBJEPFI06JddZj1gsjfFHzpv1yxat6c+FV8HOoQK5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdKiKZCbL5wlN85pwBjmLtnrJ47v6eyIg0ZiJD1ymJHZnl2sz8r9ZNbXQdZFwlqWWKLj6KUoFtjGfX4wHXjFoxcUCo5m5XTEdEE2pdRiUXgr988iq0alXf8f1lpX6Tx1GEEziFc/DhCupwBw1oAgUJz/AKb0ijF/SOPhatBZTPHMMfoc8fnrePmw==</latexit><latexit sha1_base64="o6y2FV7EKvKMeRCgoW4qPjNRLTg=">AAAB8HicbZDLSgMxFIZP6q3WW9Wlm2AR3FhmiqArKbhxWcFepB1KJs20oUlmSDJCGfoUblwo4tbHcefbmLaz0NYfAh//OYec84eJ4MZ63jcqrK1vbG4Vt0s7u3v7B+XDo5aJU01Zk8Yi1p2QGCa4Yk3LrWCdRDMiQ8Ha4fh2Vm8/MW14rB7sJGGBJEPFI06JddZj1gsjfFHzpv1yxat6c+FV8HOoQK5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdKiKZCbL5wlN85pwBjmLtnrJ47v6eyIg0ZiJD1ymJHZnl2sz8r9ZNbXQdZFwlqWWKLj6KUoFtjGfX4wHXjFoxcUCo5m5XTEdEE2pdRiUXgr988iq0alXf8f1lpX6Tx1GEEziFc/DhCupwBw1oAgUJz/AKb0ijF/SOPhatBZTPHMMfoc8fnrePmw==</latexit>

�30
<latexit sha1_base64="k+XCTl2SqRRqjGjsAyJsGua72Gs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKArKbhxWcFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRrfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rR2YU/6ZUrftWfCS1DkEMFctV75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nEosaAmzGYLT9CJc/ooVto9adHM/T2RYWHMWESuU2A7NIu1qflfrZPa+DrMmExSSyWZfxSnHFmFptejPtOUWD52gIlmbldEhlhjYl1GJRdCsHjyMjTPq4Hj+8tK7SaPowhHcAynEMAV1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/BH3ucPoD2PnA==</latexit><latexit sha1_base64="k+XCTl2SqRRqjGjsAyJsGua72Gs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKArKbhxWcFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRrfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rR2YU/6ZUrftWfCS1DkEMFctV75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nEosaAmzGYLT9CJc/ooVto9adHM/T2RYWHMWESuU2A7NIu1qflfrZPa+DrMmExSSyWZfxSnHFmFptejPtOUWD52gIlmbldEhlhjYl1GJRdCsHjyMjTPq4Hj+8tK7SaPowhHcAynEMAV1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/BH3ucPoD2PnA==</latexit><latexit sha1_base64="k+XCTl2SqRRqjGjsAyJsGua72Gs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKArKbhxWcFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRrfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rR2YU/6ZUrftWfCS1DkEMFctV75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nEosaAmzGYLT9CJc/ooVto9adHM/T2RYWHMWESuU2A7NIu1qflfrZPa+DrMmExSSyWZfxSnHFmFptejPtOUWD52gIlmbldEhlhjYl1GJRdCsHjyMjTPq4Hj+8tK7SaPowhHcAynEMAV1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/BH3ucPoD2PnA==</latexit><latexit sha1_base64="k+XCTl2SqRRqjGjsAyJsGua72Gs=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMqKArKbhxWcFepB1KJs20obkMSUYoQ5/CjQtF3Po47nwb03YW2vpD4OM/55Bz/ijhzFjf//YKK6tr6xvFzdLW9s7uXnn/oGlUqgltEMWVbkfYUM4kbVhmOW0nmmIRcdqKRrfTeuuJasOUfLDjhIYCDySLGcHWWY9ZN4rR2YU/6ZUrftWfCS1DkEMFctV75a9uX5FUUGkJx8Z0Aj+xYYa1ZYTTSambGppgMsID2nEosaAmzGYLT9CJc/ooVto9adHM/T2RYWHMWESuU2A7NIu1qflfrZPa+DrMmExSSyWZfxSnHFmFptejPtOUWD52gIlmbldEhlhjYl1GJRdCsHjyMjTPq4Hj+8tK7SaPowhHcAynEMAV1OAO6tAAAgKe4RXePO29eO/ex7y14OUzh/BH3ucPoD2PnA==</latexit>

�40
<latexit sha1_base64="uR7U0IuvtXHxPxfv6V0BI9Pb5Cg=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEFXUnDjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx6zXhSji5o/7ZcrftWfC61CkEMFcjX65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nUosaAmzOYLT9GZcwYoVto9adHc/T2RYWHMRESuU2A7Msu1mflfrZva+DrMmExSSyVZfBSnHFmFZtejAdOUWD5xgIlmbldERlhjYl1GJRdCsHzyKrQuq4Hj+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQHP8ApvnvZevHfvY9Fa8PKZY/gj7/MHocOPnQ==</latexit><latexit sha1_base64="uR7U0IuvtXHxPxfv6V0BI9Pb5Cg=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEFXUnDjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx6zXhSji5o/7ZcrftWfC61CkEMFcjX65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nUosaAmzOYLT9GZcwYoVto9adHc/T2RYWHMRESuU2A7Msu1mflfrZva+DrMmExSSyVZfBSnHFmFZtejAdOUWD5xgIlmbldERlhjYl1GJRdCsHzyKrQuq4Hj+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQHP8ApvnvZevHfvY9Fa8PKZY/gj7/MHocOPnQ==</latexit><latexit sha1_base64="uR7U0IuvtXHxPxfv6V0BI9Pb5Cg=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEFXUnDjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx6zXhSji5o/7ZcrftWfC61CkEMFcjX65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nUosaAmzOYLT9GZcwYoVto9adHc/T2RYWHMRESuU2A7Msu1mflfrZva+DrMmExSSyVZfBSnHFmFZtejAdOUWD5xgIlmbldERlhjYl1GJRdCsHzyKrQuq4Hj+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQHP8ApvnvZevHfvY9Fa8PKZY/gj7/MHocOPnQ==</latexit><latexit sha1_base64="uR7U0IuvtXHxPxfv6V0BI9Pb5Cg=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuLHMSEFXUnDjsoK9SDuUTJppQ3MZkoxQhj6FGxeKuPVx3Pk2pu0stPWHwMd/ziHn/FHCmbG+/+0V1tY3NreK26Wd3b39g/LhUcuoVBPaJIor3YmwoZxJ2rTMctpJNMUi4rQdjW9n9fYT1YYp+WAnCQ0FHkoWM4Ktsx6zXhSji5o/7ZcrftWfC61CkEMFcjX65a/eQJFUUGkJx8Z0Az+xYYa1ZYTTaamXGppgMsZD2nUosaAmzOYLT9GZcwYoVto9adHc/T2RYWHMRESuU2A7Msu1mflfrZva+DrMmExSSyVZfBSnHFmFZtejAdOUWD5xgIlmbldERlhjYl1GJRdCsHzyKrQuq4Hj+1qlfpPHUYQTOIVzCOAK6nAHDWgCAQHP8ApvnvZevHfvY9Fa8PKZY/gj7/MHocOPnQ==</latexit>

0
<latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit><latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit><latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit><latexit sha1_base64="or0OHEKfRmhKYAfZ956NpE5NXkM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHqSghePFewHtEvJprNtaDZZkqxQlv4ILx4U8erv8ea/MW33oK0vBB7emSEzb5QKbqzvf3tr6xubW9ulnfLu3v7BYeXouGVUphk2mRJKdyJqUHCJTcutwE6qkSaRwHY0vpvV20+oDVfy0U5SDBM6lDzmjFpntfNeFBN/2q9U/Zo/F1mFoIAqFGr0K1+9gWJZgtIyQY3pBn5qw5xqy5nAabmXGUwpG9Mhdh1KmqAJ8/m6U3LunAGJlXZPWjJ3f0/kNDFmkkSuM6F2ZJZrM/O/Wjez8U2Yc5lmFiVbfBRnglhFZreTAdfIrJg4oExztythI6opsy6hsgshWD55FVqXtcDxw1W1flvEUYJTOIMLCOAa6nAPDWgCgzE8wyu8ean34r17H4vWNa+YOYE/8j5/AMBhjyg=</latexit>

0.5
<latexit sha1_base64="aGfhnF7XUnCSmtkjQHlZOBkFcHo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpM2Pnw==</latexit><latexit sha1_base64="aGfhnF7XUnCSmtkjQHlZOBkFcHo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpM2Pnw==</latexit><latexit sha1_base64="aGfhnF7XUnCSmtkjQHlZOBkFcHo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpM2Pnw==</latexit><latexit sha1_base64="aGfhnF7XUnCSmtkjQHlZOBkFcHo=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4yIX72Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDpM2Pnw==</latexit>

1.0
<latexit sha1_base64="KB47A3wFQsyNKcza69R/wyi0wqE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+eu4+b</latexit><latexit sha1_base64="KB47A3wFQsyNKcza69R/wyi0wqE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+eu4+b</latexit><latexit sha1_base64="KB47A3wFQsyNKcza69R/wyi0wqE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+eu4+b</latexit><latexit sha1_base64="KB47A3wFQsyNKcza69R/wyi0wqE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCTFLx4rGA/pC0lm2bb0CS7JLNCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEihUXf//YKa+sbm1vF7dLO7t7+QfnwqGnj1DDeYLGMTTuklkuheQMFSt5ODKcqlLwVjm9n9dYTN1bE+gEnCe8pOtQiEoyisx6zbhiRoOpP++WKX/XnIqsQ5FCBXPV++as7iFmquEYmqbWdwE+wl1GDgkk+LXVTyxPKxnTIOw41Vdz2svnCU3LmnAGJYuOeRjJ3f09kVFk7UaHrVBRHdrk2M/+rdVKMrnuZ0EmKXLPFR1EqCcZkdj0ZCMMZyokDyoxwuxI2ooYydBmVXAjB8smr0LyoBo7vLyu1mzyOIpzAKZxDAFdQgzuoQwMYKHiGV3jzjPfivXsfi9aCl88cwx95nz+eu4+b</latexit>

1.5
<latexit sha1_base64="oT9mrlaij3mVWnyJSJ2YZb99gnQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4xIUL2Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDplSPoA==</latexit><latexit sha1_base64="oT9mrlaij3mVWnyJSJ2YZb99gnQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4xIUL2Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDplSPoA==</latexit><latexit sha1_base64="oT9mrlaij3mVWnyJSJ2YZb99gnQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4xIUL2Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDplSPoA==</latexit><latexit sha1_base64="oT9mrlaij3mVWnyJSJ2YZb99gnQ=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdGTFLx4rGBrpS0lm862oUl2SbJCWforvHhQxKs/x5v/xrTdg7a+EHh4Z4bMvGEiuLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdPEqWbYYLGIdSukBgVX2LDcCmwlGqkMBT6Eo5tp/eEJteGxurfjBLuSDhSPOKPWWY9ZJ4xIUL2Y9MoVv+rPRJYhyKECueq98lenH7NUorJMUGPagZ/Ybka15UzgpNRJDSaUjegA2w4VlWi62WzhCTlxTp9EsXZPWTJzf09kVBozlqHrlNQOzWJtav5Xa6c2uupmXCWpRcXmH0WpIDYm0+tJn2tkVowdUKa525WwIdWUWZdRyYUQLJ68DM2zauD47rxSu87jKMIRHMMpBHAJNbiFOjSAgYRneIU3T3sv3rv3MW8tePnMIfyR9/kDplSPoA==</latexit>

2.0
<latexit sha1_base64="uXIc35WEvuBJYbskRNbR3byzGmM=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfQkBS8eK9gPaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3tr6xubW9uFneLu3v7BYenouGniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh+HZWbz2hNjxWD3aSYE/SoeIRZ9Q66zHrhhGpVvxpv1T2K/5cZBWCHMqQq94vfXUHMUslKssENaYT+IntZVRbzgROi93UYELZmA6x41BRiaaXzReeknPnDEgUa/eUJXP390RGpTETGbpOSe3ILNdm5n+1Tmqj617GVZJaVGzxUZQKYmMyu54MuEZmxcQBZZq7XQkbUU2ZdRkVXQjB8smr0KxWAsf3l+XaTR5HAU7hDC4ggCuowR3UoQEMJDzDK7x52nvx3r2PReual8+cwB95nz+gQo+c</latexit><latexit sha1_base64="uXIc35WEvuBJYbskRNbR3byzGmM=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfQkBS8eK9gPaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3tr6xubW9uFneLu3v7BYenouGniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh+HZWbz2hNjxWD3aSYE/SoeIRZ9Q66zHrhhGpVvxpv1T2K/5cZBWCHMqQq94vfXUHMUslKssENaYT+IntZVRbzgROi93UYELZmA6x41BRiaaXzReeknPnDEgUa/eUJXP390RGpTETGbpOSe3ILNdm5n+1Tmqj617GVZJaVGzxUZQKYmMyu54MuEZmxcQBZZq7XQkbUU2ZdRkVXQjB8smr0KxWAsf3l+XaTR5HAU7hDC4ggCuowR3UoQEMJDzDK7x52nvx3r2PReual8+cwB95nz+gQo+c</latexit><latexit sha1_base64="uXIc35WEvuBJYbskRNbR3byzGmM=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfQkBS8eK9gPaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3tr6xubW9uFneLu3v7BYenouGniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh+HZWbz2hNjxWD3aSYE/SoeIRZ9Q66zHrhhGpVvxpv1T2K/5cZBWCHMqQq94vfXUHMUslKssENaYT+IntZVRbzgROi93UYELZmA6x41BRiaaXzReeknPnDEgUa/eUJXP390RGpTETGbpOSe3ILNdm5n+1Tmqj617GVZJaVGzxUZQKYmMyu54MuEZmxcQBZZq7XQkbUU2ZdRkVXQjB8smr0KxWAsf3l+XaTR5HAU7hDC4ggCuowR3UoQEMJDzDK7x52nvx3r2PReual8+cwB95nz+gQo+c</latexit><latexit sha1_base64="uXIc35WEvuBJYbskRNbR3byzGmM=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfQkBS8eK9gPaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3tr6xubW9uFneLu3v7BYenouGniVDNssFjEuh1Sg4IrbFhuBbYTjVSGAlvh+HZWbz2hNjxWD3aSYE/SoeIRZ9Q66zHrhhGpVvxpv1T2K/5cZBWCHMqQq94vfXUHMUslKssENaYT+IntZVRbzgROi93UYELZmA6x41BRiaaXzReeknPnDEgUa/eUJXP390RGpTETGbpOSe3ILNdm5n+1Tmqj617GVZJaVGzxUZQKYmMyu54MuEZmxcQBZZq7XQkbUU2ZdRkVXQjB8smr0KxWAsf3l+XaTR5HAU7hDC4ggCuowR3UoQEMJDzDK7x52nvx3r2PReual8+cwB95nz+gQo+c</latexit>

⇢/⇢0
<latexit sha1_base64="RkXhB7oqCnbbbQ76vB4JD0ni/kI=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETzURQU9S8OKxgq2FJoTNZtsu3WTD7kYooeDFv+LFgyJe/RPe/Ddu2hy09cEyj/dm2JkXppwp7TjfVmVpeWV1rbpe29jc2t6xd/c6SmSS0DYRXMhuiBXlLKFtzTSn3VRSHIec3oej68K/f6BSMZHc6XFK/RgPEtZnBGsjBfaBFwoeqXFsSu7JoUCnqCiTwAnsutNwpkCLxC1JHUq0AvvLiwTJYppowrFSPddJtZ9jqRnhdFLzMkVTTEZ4QHuGJjimys+nN0zQsVEi1BfSvESjqfp7IsexKtY0nTHWQzXvFeJ/Xi/T/Us/Z0maaZqQ2Uf9jCMtUBEIipikRPOxIZhIZnZFZIglJtrEVjMhuPMnL5LOWcM1/Pa83rwq46jCIRzBCbhwAU24gRa0gcAjPMMrvFlP1ov1bn3MWitWObMPf2B9/gCqapd+</latexit><latexit sha1_base64="RkXhB7oqCnbbbQ76vB4JD0ni/kI=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETzURQU9S8OKxgq2FJoTNZtsu3WTD7kYooeDFv+LFgyJe/RPe/Ddu2hy09cEyj/dm2JkXppwp7TjfVmVpeWV1rbpe29jc2t6xd/c6SmSS0DYRXMhuiBXlLKFtzTSn3VRSHIec3oej68K/f6BSMZHc6XFK/RgPEtZnBGsjBfaBFwoeqXFsSu7JoUCnqCiTwAnsutNwpkCLxC1JHUq0AvvLiwTJYppowrFSPddJtZ9jqRnhdFLzMkVTTEZ4QHuGJjimys+nN0zQsVEi1BfSvESjqfp7IsexKtY0nTHWQzXvFeJ/Xi/T/Us/Z0maaZqQ2Uf9jCMtUBEIipikRPOxIZhIZnZFZIglJtrEVjMhuPMnL5LOWcM1/Pa83rwq46jCIRzBCbhwAU24gRa0gcAjPMMrvFlP1ov1bn3MWitWObMPf2B9/gCqapd+</latexit><latexit sha1_base64="RkXhB7oqCnbbbQ76vB4JD0ni/kI=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETzURQU9S8OKxgq2FJoTNZtsu3WTD7kYooeDFv+LFgyJe/RPe/Ddu2hy09cEyj/dm2JkXppwp7TjfVmVpeWV1rbpe29jc2t6xd/c6SmSS0DYRXMhuiBXlLKFtzTSn3VRSHIec3oej68K/f6BSMZHc6XFK/RgPEtZnBGsjBfaBFwoeqXFsSu7JoUCnqCiTwAnsutNwpkCLxC1JHUq0AvvLiwTJYppowrFSPddJtZ9jqRnhdFLzMkVTTEZ4QHuGJjimys+nN0zQsVEi1BfSvESjqfp7IsexKtY0nTHWQzXvFeJ/Xi/T/Us/Z0maaZqQ2Uf9jCMtUBEIipikRPOxIZhIZnZFZIglJtrEVjMhuPMnL5LOWcM1/Pa83rwq46jCIRzBCbhwAU24gRa0gcAjPMMrvFlP1ov1bn3MWitWObMPf2B9/gCqapd+</latexit><latexit sha1_base64="RkXhB7oqCnbbbQ76vB4JD0ni/kI=">AAACA3icbVBNS8NAEJ3Ur1q/ot70slgETzURQU9S8OKxgq2FJoTNZtsu3WTD7kYooeDFv+LFgyJe/RPe/Ddu2hy09cEyj/dm2JkXppwp7TjfVmVpeWV1rbpe29jc2t6xd/c6SmSS0DYRXMhuiBXlLKFtzTSn3VRSHIec3oej68K/f6BSMZHc6XFK/RgPEtZnBGsjBfaBFwoeqXFsSu7JoUCnqCiTwAnsutNwpkCLxC1JHUq0AvvLiwTJYppowrFSPddJtZ9jqRnhdFLzMkVTTEZ4QHuGJjimys+nN0zQsVEi1BfSvESjqfp7IsexKtY0nTHWQzXvFeJ/Xi/T/Us/Z0maaZqQ2Uf9jCMtUBEIipikRPOxIZhIZnZFZIglJtrEVjMhuPMnL5LOWcM1/Pa83rwq46jCIRzBCbhwAU24gRa0gcAjPMMrvFlP1ov1bn3MWitWObMPf2B9/gCqapd+</latexit>

U⇤
<latexit sha1_base64="4F0ZU8x3iwGjmzNJr1/+S986gGk=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD1JwYsHDxVMW2hC2Gw27dLNJuxuhBr6S7x4UMSrP8Wb/8Ztm4O2DiwMM294byfMOFPatr+tytr6xuZWdbu2s7u3X28cHHZVmktCXZLyVPZDrChngrqaaU77maQ4CTntheObmd97pFKxVDzoSUb9BA8FixnB2khBo154YYzcwLszmQhPg0bTbtlzoFXilKQJJTpB48uLUpInVGjCsVIDx860X2CpGeF0WvNyRTNMxnhIB4YKnFDlF/PDp+jUKBGKU2me0Giu/k4UOFFqkoRmMsF6pJa9mfifN8h1fOUXTGS5poIsFsU5RzpFsxZQxCQlmk8MwUQycysiIywx0aarminBWf7yKumetxzD7y+a7euyjiocwwmcgQOX0IZb6IALBHJ4hld4s56sF+vd+liMVqwycwR/YH3+ADwskso=</latexit><latexit sha1_base64="4F0ZU8x3iwGjmzNJr1/+S986gGk=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD1JwYsHDxVMW2hC2Gw27dLNJuxuhBr6S7x4UMSrP8Wb/8Ztm4O2DiwMM294byfMOFPatr+tytr6xuZWdbu2s7u3X28cHHZVmktCXZLyVPZDrChngrqaaU77maQ4CTntheObmd97pFKxVDzoSUb9BA8FixnB2khBo154YYzcwLszmQhPg0bTbtlzoFXilKQJJTpB48uLUpInVGjCsVIDx860X2CpGeF0WvNyRTNMxnhIB4YKnFDlF/PDp+jUKBGKU2me0Giu/k4UOFFqkoRmMsF6pJa9mfifN8h1fOUXTGS5poIsFsU5RzpFsxZQxCQlmk8MwUQycysiIywx0aarminBWf7yKumetxzD7y+a7euyjiocwwmcgQOX0IZb6IALBHJ4hld4s56sF+vd+liMVqwycwR/YH3+ADwskso=</latexit><latexit sha1_base64="4F0ZU8x3iwGjmzNJr1/+S986gGk=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD1JwYsHDxVMW2hC2Gw27dLNJuxuhBr6S7x4UMSrP8Wb/8Ztm4O2DiwMM294byfMOFPatr+tytr6xuZWdbu2s7u3X28cHHZVmktCXZLyVPZDrChngrqaaU77maQ4CTntheObmd97pFKxVDzoSUb9BA8FixnB2khBo154YYzcwLszmQhPg0bTbtlzoFXilKQJJTpB48uLUpInVGjCsVIDx860X2CpGeF0WvNyRTNMxnhIB4YKnFDlF/PDp+jUKBGKU2me0Giu/k4UOFFqkoRmMsF6pJa9mfifN8h1fOUXTGS5poIsFsU5RzpFsxZQxCQlmk8MwUQycysiIywx0aarminBWf7yKumetxzD7y+a7euyjiocwwmcgQOX0IZb6IALBHJ4hld4s56sF+vd+liMVqwycwR/YH3+ADwskso=</latexit><latexit sha1_base64="4F0ZU8x3iwGjmzNJr1/+S986gGk=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD1JwYsHDxVMW2hC2Gw27dLNJuxuhBr6S7x4UMSrP8Wb/8Ztm4O2DiwMM294byfMOFPatr+tytr6xuZWdbu2s7u3X28cHHZVmktCXZLyVPZDrChngrqaaU77maQ4CTntheObmd97pFKxVDzoSUb9BA8FixnB2khBo154YYzcwLszmQhPg0bTbtlzoFXilKQJJTpB48uLUpInVGjCsVIDx860X2CpGeF0WvNyRTNMxnhIB4YKnFDlF/PDp+jUKBGKU2me0Giu/k4UOFFqkoRmMsF6pJa9mfifN8h1fOUXTGS5poIsFsU5RzpFsxZQxCQlmk8MwUQycysiIywx0aarminBWf7yKumetxzD7y+a7euyjiocwwmcgQOX0IZb6IALBHJ4hld4s56sF+vd+liMVqwycwR/YH3+ADwskso=</latexit>

[MeV]
<latexit sha1_base64="7HlqBCxcqRv8uTQSxUEyOWW/is0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS9ehAr2A9JQNttNu3SzCbsToYT+DC8eFPHqr/Hmv3Hb5qCtLyw8vDPDzrxhKoVB1/12SmvrG5tb5e3Kzu7e/kH18Khtkkwz3mKJTHQ3pIZLoXgLBUreTTWncSh5JxzfzuqdJ66NSNQjTlIexHSoRCQYRWv5eS+MiH/P28G0X625dXcusgpeATUo1OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW1Q05ibI5ytPyZl1BiRKtH0Kydz9PZHT2JhJHNrOmOLILNdm5n81P8PoOsiFSjPkii0+ijJJMCGz+8lAaM5QTixQpoXdlbAR1ZShTaliQ/CWT16F9kXds/xwWWvcFHGU4QRO4Rw8uIIG3EETWsAggWd4hTcHnRfn3flYtJacYuYY/sj5/AG+mZDg</latexit><latexit sha1_base64="7HlqBCxcqRv8uTQSxUEyOWW/is0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS9ehAr2A9JQNttNu3SzCbsToYT+DC8eFPHqr/Hmv3Hb5qCtLyw8vDPDzrxhKoVB1/12SmvrG5tb5e3Kzu7e/kH18Khtkkwz3mKJTHQ3pIZLoXgLBUreTTWncSh5JxzfzuqdJ66NSNQjTlIexHSoRCQYRWv5eS+MiH/P28G0X625dXcusgpeATUo1OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW1Q05ibI5ytPyZl1BiRKtH0Kydz9PZHT2JhJHNrOmOLILNdm5n81P8PoOsiFSjPkii0+ijJJMCGz+8lAaM5QTixQpoXdlbAR1ZShTaliQ/CWT16F9kXds/xwWWvcFHGU4QRO4Rw8uIIG3EETWsAggWd4hTcHnRfn3flYtJacYuYY/sj5/AG+mZDg</latexit><latexit sha1_base64="7HlqBCxcqRv8uTQSxUEyOWW/is0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS9ehAr2A9JQNttNu3SzCbsToYT+DC8eFPHqr/Hmv3Hb5qCtLyw8vDPDzrxhKoVB1/12SmvrG5tb5e3Kzu7e/kH18Khtkkwz3mKJTHQ3pIZLoXgLBUreTTWncSh5JxzfzuqdJ66NSNQjTlIexHSoRCQYRWv5eS+MiH/P28G0X625dXcusgpeATUo1OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW1Q05ibI5ytPyZl1BiRKtH0Kydz9PZHT2JhJHNrOmOLILNdm5n81P8PoOsiFSjPkii0+ijJJMCGz+8lAaM5QTixQpoXdlbAR1ZShTaliQ/CWT16F9kXds/xwWWvcFHGU4QRO4Rw8uIIG3EETWsAggWd4hTcHnRfn3flYtJacYuYY/sj5/AG+mZDg</latexit><latexit sha1_base64="7HlqBCxcqRv8uTQSxUEyOWW/is0=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfQkBS9ehAr2A9JQNttNu3SzCbsToYT+DC8eFPHqr/Hmv3Hb5qCtLyw8vDPDzrxhKoVB1/12SmvrG5tb5e3Kzu7e/kH18Khtkkwz3mKJTHQ3pIZLoXgLBUreTTWncSh5JxzfzuqdJ66NSNQjTlIexHSoRCQYRWv5eS+MiH/P28G0X625dXcusgpeATUo1OxXv3qDhGUxV8gkNcb33BSDnGoUTPJppZcZnlI2pkPuW1Q05ibI5ytPyZl1BiRKtH0Kydz9PZHT2JhJHNrOmOLILNdm5n81P8PoOsiFSjPkii0+ijJJMCGz+8lAaM5QTixQpoXdlbAR1ZShTaliQ/CWT16F9kXds/xwWWvcFHGU4QRO4Rw8uIIG3EETWsAggWd4hTcHnRfn3flYtJacYuYY/sj5/AG+mZDg</latexit>
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Three-body interactions treated as  
density-dependent effective 2-body forces
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<latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit>

200
<latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit>

100
<latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit>

1
<latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit>

2
<latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit>

3
<latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit>

4
<latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit> 5

<latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit>

U⇤
<latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit>

[MeV]
<latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit> 2+ 3 BF

<latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit>

2 BF
<latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit>

⇢/⇢0
<latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit>

symmetric nuclear matter
<latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit><latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit><latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit><latexit sha1_base64="M7XURoO8lcTH9yMGYERVzjDbWqw=">AAACCXicbVC7SgNBFJ31GeMramkzGASrsCuClkEbywjmAckSZid3kyGzs8vMXSEsSWnjr9hYKGLrH9j5N06SLTTxwMDh3Mece4JECoOu++2srK6tb2wWtorbO7t7+6WDw4aJU82hzmMZ61bADEihoI4CJbQSDSwKJDSD4c203nwAbUSs7nGUgB+xvhKh4Ayt1C3RrBOE1IyiCFALTicq5RKYppOIIYIed0tlt+LOQJeJl5MyyVHrlr46vZinESjkkhnT9twE/YxpFHbzuNhJDSSMD1kf2pYqFoHxs9klY3pqlR4NY22fQjpTf09kLDLWbGA7rb+BWaxNxf9q7RTDKz8TKkkRFJ9/FKaSYkynsdCe0MBRjixhXAvrlfIB04zbDEzRhuAtnrxMGucVz/K7i3L1Oo+jQI7JCTkjHrkkVXJLaqROOHkkz+SVvDlPzovz7nzMW1ecfOaI/IHz+QNPD5q3</latexit>

0
<latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit>

0
<latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit><latexit sha1_base64="S5W2zvUyUOy6DuJu1YmErG07UKk=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2XS2Dc0mS5IVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SwY31/W9vbX1jc2u7tFPe3ds/OKwcHbeMyjTDJlNC6U5EDQousWm5FdhJNdIkEtiOxnezevsJteFKPtpJimFCh5LHnFHrrHbei2LiT/uVql/z5yKrEBRQhUKNfuWrN1AsS1BaJqgx3cBPbZhTbTkTOC33MoMpZWM6xK5DSRM0YT5fd0rOnTMgsdLuSUvm7u+JnCbGTJLIdSbUjsxybWb+V+tmNr4Jcy7TzKJki4/iTBCryOx2MuAamRUTB5Rp7nYlbEQ1ZdYlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD7/HjyY=</latexit>

50
<latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit><latexit sha1_base64="s9InshrKld35mBQ6j3DW2jXRR7w=">AAAB73icbZA9SwNBEIbn4leMX1FLm8UgWIU7UbSwCNhYRjAfkBxhbzOXLNnbu+zuCeHIn7CxUMTWv2Pnv3GTXKGJLyw8vDPDzrxBIrg2rvvtFNbWNza3itulnd29/YPy4VFTx6li2GCxiFU7oBoFl9gw3AhsJwppFAhsBaO7Wb31hErzWD6aSYJ+RAeSh5xRY6121g1CcuVOe+WKW3XnIqvg5VCBXPVe+avbj1kaoTRMUK07npsYP6PKcCZwWuqmGhPKRnSAHYuSRqj9bL7vlJxZp0/CWNknDZm7vycyGmk9iQLbGVEz1Mu1mflfrZOa8MbPuExSg5ItPgpTQUxMZseTPlfIjJhYoExxuythQ6ooMzaikg3BWz55FZoXVc/yw2WldpvHUYQTOIVz8OAaanAPdWgAAwHP8Apvzth5cd6dj0VrwclnjuGPnM8fN0OPZQ==</latexit>

300
<latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit>

200
<latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit>

100
<latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit>

1
<latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit>

2
<latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit>

3
<latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit>

4
<latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit> 5

<latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit>

U⇤
<latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit>

[MeV]
<latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit>

2+ 3 BF
<latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit>

2 BF
<latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit>

⇢/⇢0
<latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit>

400
<latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit>

neutron matter
<latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit><latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit><latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit><latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit>

2+3 - body

2-body

2+3 - body

2-body

in N=Z nuclear matter
potential

Chiral 
NN (N3LO) 
+ YN (NLO) 

 +NNN+YNN            
interactions 

Strong
additional 
repulsion

from YNN
three-body

forces

<latexit sha1_base64="tuP7DWa8kbs8i9Y+ZG4Zo7rlw5s=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjyIVrAfsF1KNs22odlkSbJCWfozvHhQxKu/xpv/xrTdg1YfDDzem2FmXphwpo3rfjmFpeWV1bXiemljc2t7p7y719IyVYQ2ieRSdUKsKWeCNg0znHYSRXEcctoOR1dTv/1IlWZSPJhxQoMYDwSLGMHGSn7WDSN0e3PnnU565YpbdWdAf4mXkwrkaPTKn92+JGlMhSEca+17bmKCDCvDCKeTUjfVNMFkhAfUt1TgmOogm508QUdW6aNIKlvCoJn6cyLDsdbjOLSdMTZDvehNxf88PzXRRZAxkaSGCjJfFKUcGYmm/6M+U5QYPrYEE8XsrYgMscLE2JRKNgRv8eW/pHVS9c6qtftapX6Zx1GEAziEY/DgHOpwDQ1oAgEJT/ACr45xnp03533eWnDymX34BefjGxNykHo=</latexit>

NLO13
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Fig. 7 Single-particle potentials UΛ(p = 0; ρ) of a Λ hyperon in
dense symmetric nuclear matter (left) and neutron matter(right), based
on self-consistent solutions of Eqs. (15) and (17) computed up to
ρ = 3.5 ρ0 using the NLO13 interaction, and further extrapolated to

higher densities as described in the text. The uncertainty bands reflect
cutoff dependence and choices of (H1, H2) from the lower solid seg-
ments of the NLO13 lines of Fig. 6
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Fig. 8 Comparison of Λ and neutron chemical potentials, µΛ and µn ,
in neutron star matter up to baryon densities typically encountered in
the center of neutron stars. The neutron chemical potential is derived
from the equation-of-state calculated in ref. [10] using chiral SU(2)
nucleon-meson field theory combined with functional renormalization
group methods. The uncertainty band reflects primarily the errors in

the nuclear symmetry energy Esym = 32 ± 3 MeV. The Λ chemical
potential is based on UΛ as in Fig. 7, calculated using the chiral SU(3)
interactions NLO13 (left panel) and NLO19 (right panel) with full two-
and three-body forces (ΛN+ΛNN ) and sets of three-body parameters
as explained in the text. The dashed line shows µΛ using two-body Y N
interactions only

The comparison of µΛ and µn is shown in Fig. 8. The
uncertainty band of the neutron chemical potential is related
primarily to the range of possible values of the nuclear sym-
metry energy, Esym = (32 ± 3) MeV. We note that this
uncertainty band also includes µn as given in Ref. [8] for
their maximally repulsive interaction (AV18+δv + UIX*) up
to ρ ! 4 ρ0.

Figure 8 points out that the combined repulsion from
two- and three-body hyperon–nuclear interactions for both
NLO13 and NLO19 cases can indeed be potentially strong
enough to avoid the appearance of Λ hyperons in neutron
stars. One findsµΛ > µn throughout the neutron star density
range when a set of three-body parameters is selected from
the solid segments of the lines in Fig. 6 that are constrained
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300
<latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit><latexit sha1_base64="4AtFRT9B2gM6OiRH+I5hCwYJGbA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdCDh4IXjxVsrbSlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYWV1bX2juFna2t7Z3SvvHzRtnBrGGyyWsWmF1HIpNG+gQMlbieFUhZI/hKObaf3hiRsrYn2P44R3FR1oEQlG0VmPWSeMyLnvT3rlil/1ZyLLEORQgVz1Xvmr049ZqrhGJqm17cBPsJtRg4JJPil1UssTykZ0wNsONVXcdrPZwhNy4pw+iWLjnkYyc39PZFRZO1ah61QUh3axNjX/q7VTjK66mdBJilyz+UdRKgnGZHo96QvDGcqxA8qMcLsSNqSGMnQZlVwIweLJy9A8qwaO7y4qtes8jiIcwTGcQgCXUINbqEMDGCh4hld484z34r17H/PWgpfPHMIfeZ8/pDuPnQ==</latexit>

200
<latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit><latexit sha1_base64="9POTp1AeD57ct3c2HCwk2Lgz4pw=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfTgoeDFYwX7IW0p2TTbhibZJZkVytJf4cWDIl79Od78N6btHrT1hcDDOzNk5g0TKSz6/re3tr6xubVd2Cnu7u0fHJaOjps2Tg3jDRbL2LRDarkUmjdQoOTtxHCqQslb4fh2Vm89cWNFrB9wkvCeokMtIsEoOusx64YRqfr+tF8q+xV/LrIKQQ5lyFXvl766g5ilimtkklrbCfwEexk1KJjk02I3tTyhbEyHvONQU8VtL5svPCXnzhmQKDbuaSRz9/dERpW1ExW6TkVxZJdrM/O/WifF6LqXCZ2kyDVbfBSlkmBMZteTgTCcoZw4oMwItythI2ooQ5dR0YUQLJ+8Cs1qJXB8f1mu3eRxFOAUzuACAriCGtxBHRrAQMEzvMKbZ7wX7937WLSuefnMCfyR9/kDorSPnA==</latexit>

100
<latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit><latexit sha1_base64="3ZWs4jo/QuCKoT23eg/JjdoLMjA=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNPZNjTJLklWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMBDfW97+9wtr6xuZWcbu0s7u3f1A+PGqaONUMGywWsW6H1KDgChuWW4HtRCOVocBWOL6d1VtPqA2P1YOdJNiTdKh4xBm1znrMumFEAt+f9ssVv+rPRVYhyKECuer98ld3ELNUorJMUGM6gZ/YXka15UzgtNRNDSaUjekQOw4VlWh62XzhKTlzzoBEsXZPWTJ3f09kVBozkaHrlNSOzHJtZv5X66Q2uu5lXCWpRcUWH0WpIDYms+vJgGtkVkwcUKa525WwEdWUWZdRyYUQLJ+8Cs2LauD4/rJSu8njKMIJnMI5BHAFNbiDOjSAgYRneIU3T3sv3rv3sWgtePnMMfyR9/kDoS2Pmw==</latexit>

1
<latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit><latexit sha1_base64="Ph6cLITSunYH1DIqaClirbP8DYM=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHrwUPDisYL9gHYp2TTbhmaTJZkVytIf4cWDIl79Pd78N6btHrT1hcDDOzNk5o1SKSz6/re3tr6xubVd2inv7u0fHFaOjltWZ4bxJtNSm05ELZdC8SYKlLyTGk6TSPJ2NL6b1dtP3Fih1SNOUh4mdKhELBhFZ7XzXhSTYNqvVP2aPxdZhaCAKhRq9CtfvYFmWcIVMkmt7QZ+imFODQom+bTcyyxPKRvTIe86VDThNszn607JuXMGJNbGPYVk7v6eyGli7SSJXGdCcWSXazPzv1o3w/gmzIVKM+SKLT6KM0lQk9ntZCAMZygnDigzwu1K2IgaytAlVHYhBMsnr0LrshY4friq1m+LOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwR97nD8FMjyc=</latexit>

2
<latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit><latexit sha1_base64="LwUE6uDjdETMPnYZpVxwuteVJ1U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FSSIujBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HTqPuWX64qjVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfC0Y8o</latexit>

3
<latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit><latexit sha1_base64="iWy72Gbbpx9DcKRY0eD8s3ghRiY=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSFfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE77btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwVa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/EVo8p</latexit>

4
<latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit><latexit sha1_base64="NEnDHqnYg6rpdBUrNJtbUKAgETk=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSKejBQ8GLxwr2A9pQNttNu3SzCbsToYT8CC8eFPHq7/Hmv3Hb5qCtLyw8vDPDzrxBIoVB1/12ShubW9s75d3K3v7B4VH1+KRj4lQz3maxjHUvoIZLoXgbBUreSzSnUSB5N5jezevdJ66NiNUjzhLuR3SsRCgYRWt1s0EQkkY+rNbcursQWQevgBoUag2rX4NRzNKIK2SSGtP33AT9jGoUTPK8MkgNTyib0jHvW1Q04sbPFuvm5MI6IxLG2j6FZOH+nshoZMwsCmxnRHFiVmtz879aP8Xwxs+ESlLkii0/ClNJMCbz28lIaM5QzixQpoXdlbAJ1ZShTahiQ/BWT16HzlXds/zQqDVvizjKcAbncAkeXEMT7qEFbWAwhWd4hTcncV6cd+dj2VpyiplT+CPn8wfF248q</latexit> 5

<latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit><latexit sha1_base64="0/w2J3o1ZmgeCbsJcgsEZKOHtGs=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSUfTgoeDFYwX7AW0om+2kXbrZhN2NUEJ/hBcPinj193jz37htc9DWFxYe3plhZ94wFVwbz/t2SmvrG5tb5e3Kzu7e/oF7eNTSSaYYNlkiEtUJqUbBJTYNNwI7qUIahwLb4fhuVm8/odI8kY9mkmIQ06HkEWfUWKud98KIXE37btWreXORVfALqEKhRt/96g0SlsUoDRNU667vpSbIqTKcCZxWepnGlLIxHWLXoqQx6iCfrzslZ9YZkChR9klD5u7viZzGWk/i0HbG1Iz0cm1m/lfrZia6CXIu08ygZIuPokwQk5DZ7WTAFTIjJhYoU9zuStiIKsqMTahiQ/CXT16F1kXNt/xwWa3fFnGU4QRO4Rx8uIY63EMDmsBgDM/wCm9O6rw4787HorXkFDPH8EfO5w/HYI8r</latexit>

U⇤
<latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit><latexit sha1_base64="w1Ik7HfxbcZRQRaA+uggJAE1r34=">AAAB+HicbVBNS8NAFHypX7V+tOrRy2IRPJVEBD0WvXjwUMG0hSaEzWbTLt1swu5GqKG/xIsHRbz6U7z5b9y2OWjrwMIw84b3dsKMM6Vt+9uqrK1vbG5Vt2s7u3v79cbBYVeluSTUJSlPZT/EinImqKuZ5rSfSYqTkNNeOL6Z+b1HKhVLxYOeZNRP8FCwmBGsjRQ06oUXxsgNvDuTifA0aDTtlj0HWiVOSZpQohM0vrwoJXlChSYcKzVw7Ez7BZaaEU6nNS9XNMNkjId0YKjACVV+MT98ik6NEqE4leYJjebq70SBE6UmSWgmE6xHatmbif95g1zHV37BRJZrKshiUZxzpFM0awFFTFKi+cQQTCQztyIywhITbbqqmRKc5S+vku55yzH8/qLZvi7rqMIxnMAZOHAJbbiFDrhAIIdneIU368l6sd6tj8VoxSozR/AH1ucPPWCSzg==</latexit>

[MeV]
<latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit><latexit sha1_base64="ljppsZ/XP92PbDGr4u4hUBfdKl8=">AAAB8nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGA/IA1ls920SzebsDsRSujP8OJBEa/+Gm/+G7dtDtr6wsLDOzPszBumUhh03W+ntLa+sblV3q7s7O7tH1QPj9omyTTjLZbIRHdDargUirdQoOTdVHMah5J3wvHtrN554tqIRD3iJOVBTIdKRIJRtJaf98KI+Pe8HUz71Zpbd+ciq+AVUINCzX71qzdIWBZzhUxSY3zPTTHIqUbBJJ9WepnhKWVjOuS+RUVjboJ8vvKUnFlnQKJE26eQzN3fEzmNjZnEoe2MKY7Mcm1m/lfzM4yug1yoNEOu2OKjKJMEEzK7nwyE5gzlxAJlWthdCRtRTRnalCo2BG/55FVoX9Q9yw+XtcZNEUcZTuAUzsGDK2jAHTShBQwSeIZXeHPQeXHenY9Fa8kpZo7hj5zPH7/NkOQ=</latexit>

2+ 3 BF
<latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit><latexit sha1_base64="U89rUqeLvFLB4AyEzErw7uWUQDU=">AAAB9HicbZDLSgMxFIZPvNZ6q7p0EyyCIJSZKuiyVBCXFewF2qFk0kwbmsmMSaZQhvoablwo4taHcefbmLaz0NYfAh//OYdz8vux4No4zjdaWV1b39jMbeW3d3b39gsHhw0dJYqyOo1EpFo+0UxwyeqGG8FasWIk9AVr+sObab05YkrzSD6Yccy8kPQlDzglxlpe2vEDXD6/wE/V20m3UHRKzkx4GdwMipCp1i18dXoRTUImDRVE67brxMZLiTKcCjbJdxLNYkKHpM/aFiUJmfbS2dETfGqdHg4iZZ80eOb+nkhJqPU49G1nSMxAL9am5n+1dmKCay/lMk4Mk3S+KEgENhGeJoB7XDFqxNgCoYrbWzEdEEWosTnlbQju4peXoVEuuZbvL4uVahZHDo7hBM7AhSuowB3UoA4UHuEZXuENjdALekcf89YVlM0cwR+hzx//BZDu</latexit>

2 BF
<latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit><latexit sha1_base64="zAFa+OLjEWuSlFBiGi4fJulIgpk=">AAAB8nicbZBNS8NAEIYnftb6VfXoZbEInkpSBD2WCuKxgv2ANpTNdtMu3WzC7kQoof4LLx4U8eqv8ea/cdvmoK0vLDy8M8POvEEihUHX/XbW1jc2t7YLO8Xdvf2Dw9LRccvEqWa8yWIZ605ADZdC8SYKlLyTaE6jQPJ2ML6Z1duPXBsRqwecJNyP6FCJUDCK1upmvSAkVfJUv532S2W34s5FVsHLoQy5Gv3SV28QszTiCpmkxnQ9N0E/oxoFk3xa7KWGJ5SN6ZB3LSoaceNn85Wn5Nw6AxLG2j6FZO7+nshoZMwkCmxnRHFklmsz879aN8Xw2s+ESlLkii0+ClNJMCaz+8lAaM5QTixQpoXdlbAR1ZShTaloQ/CWT16FVrXiWb6/LNfqeRwFOIUzuAAPrqAGd9CAJjCI4Rle4c1B58V5dz4WrWtOPnMCf+R8/gAguJB8</latexit>

⇢/⇢0
<latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit><latexit sha1_base64="za2lbEoG2YrUj9O0SBhORuxHlS4=">AAACAXicbVDLSsNAFL2pr1pfUTeCm2ARXNVEBF0W3bisYGuhCWEymbZDJzNhZiKUUDf+ihsXirj1L9z5N07aLLT1wMwczrmXufdEKaNKu+63VVlaXlldq67XNja3tnfs3b2OEpnEpI0FE7IbIUUY5aStqWakm0qCkoiR+2h0Xfj3D0QqKvidHqckSNCA0z7FSBsptA/8SLBYjRPz5L4citPimoRuaNfdhjuFs0i8ktShRCu0v/xY4CwhXGOGlOp5bqqDHElNMSOTmp8pkiI8QgPSM5SjhKggn24wcY6NEjt9Ic3h2pmqvztylKhiSFOZID1U814h/uf1Mt2/DHLK00wTjmcf9TPmaOEUcTgxlQRrNjYEYUnNrA4eIomwNqHVTAje/MqLpHPW8Ay/Pa83r8o4qnAIR3ACHlxAE26gBW3A8AjP8Apv1pP1Yr1bH7PSilX27MMfWJ8/8JaXLg==</latexit>

400
<latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit><latexit sha1_base64="gm0U2aYjp8dj6v99SWb7/EFnT5A=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdCDh4IXjxXsh7SlZNNsG5pkl2RWKEt/hRcPinj153jz35i2e9DWFwIP78yQmTdMpLDo+99eYW19Y3OruF3a2d3bPygfHjVtnBrGGyyWsWmH1HIpNG+gQMnbieFUhZK3wvHtrN564saKWD/gJOE9RYdaRIJRdNZj1g0jcun703654lf9ucgqBDlUIFe9X/7qDmKWKq6RSWptJ/AT7GXUoGCST0vd1PKEsjEd8o5DTRW3vWy+8JScOWdAoti4p5HM3d8TGVXWTlToOhXFkV2uzcz/ap0Uo+teJnSSItds8VGUSoIxmV1PBsJwhnLigDIj3K6EjaihDF1GJRdCsHzyKjQvqoHj+8tK7SaPowgncArnEMAV1OAO6tAABgqe4RXePOO9eO/ex6K14OUzx/BH3ucPpcKPng==</latexit>

neutron matter
<latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit><latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit><latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit><latexit sha1_base64="aAsX+O0oebEA9IF76zmVHf/W8og=">AAAB/nicbVDLSgMxFL1TX7W+RsWVm2ARXJUZEXRZdOOygn1AW0omvdOGZjJDkhHKUPFX3LhQxK3f4c6/MW1noa0HAodz7uWenCARXBvP+3YKK6tr6xvFzdLW9s7unrt/0NBxqhjWWSxi1QqoRsEl1g03AluJQhoFApvB6GbqNx9QaR7LezNOsBvRgeQhZ9RYqeceZZ0gJBJTo2JJHiNqDKpJzy17FW8Gskz8nJQhR63nfnX6MUsjlIYJqnXb9xLTzagynAmclDqpxoSyER1g21JJI9TdbBZ/Qk6t0idhrOyThszU3xsZjbQeR4GdtPmGetGbiv957dSEV92MyyQ1KNn8UJgKYmIy7YL0uUJmxNgSyhS3WQkbUkWZ7UCXbAn+4peXSeO84lt+d1GuXud1FOEYTuAMfLiEKtxCDerAIINneIU358l5cd6dj/lowcl3DuEPnM8fq6iV7w==</latexit>

2+3 - body

2-body

<latexit sha1_base64="tuP7DWa8kbs8i9Y+ZG4Zo7rlw5s=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjyIVrAfsF1KNs22odlkSbJCWfozvHhQxKu/xpv/xrTdg1YfDDzem2FmXphwpo3rfjmFpeWV1bXiemljc2t7p7y719IyVYQ2ieRSdUKsKWeCNg0znHYSRXEcctoOR1dTv/1IlWZSPJhxQoMYDwSLGMHGSn7WDSN0e3PnnU565YpbdWdAf4mXkwrkaPTKn92+JGlMhSEca+17bmKCDCvDCKeTUjfVNMFkhAfUt1TgmOogm508QUdW6aNIKlvCoJn6cyLDsdbjOLSdMTZDvehNxf88PzXRRZAxkaSGCjJfFKUcGYmm/6M+U5QYPrYEE8XsrYgMscLE2JRKNgRv8eW/pHVS9c6qtftapX6Zx1GEAziEY/DgHOpwDQ1oAgEJT/ACr45xnp03533eWnDymX34BefjGxNykHo=</latexit>

NLO13

(consistent with APR EoS)
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NEUTRON  STAR  MATTER  including  HYPERONS NO “Hyperon Puzzle” ?
Quark - Meson Coupling model T.F. Motta,  P.A.M. Guichon,  A.W. Thomas 

Nucl. Phys.  A1009 (2021) 122157

Effective in-medium baryon masses including non-linear dependence on     field, 
with scalar polarizability        representing e.g. effects of three-body forces

<latexit sha1_base64="F/rOpEqCqhJ0kqgGYh7W2z3/cVw=">AAAB/HicbVBLSwMxGMzWV62v1R69BIvgqeyKqMeCF71VsA/oLiWbTdvQPJYkKyxL/StePCji1R/izX9jtt2Dtg6EDDPfRyYTJYxq43nfTmVtfWNzq7pd29nd2z9wD4+6WqYKkw6WTKp+hDRhVJCOoYaRfqII4hEjvWh6U/i9R6I0leLBZAkJORoLOqIYGSsN3XoQSRbrjNsrDzQdczQbug2v6c0BV4lfkgYo0R66X0EsccqJMJghrQe+l5gwR8pQzMisFqSaJAhP0ZgMLBWIEx3m8/AzeGqVGI6kskcYOFd/b+SI6yKfneTITPSyV4j/eYPUjK7DnIokNUTgxUOjlEEjYdEEjKki2LDMEoQVtVkhniCFsLF91WwJ/vKXV0n3vOlfNv37i0brrqyjCo7BCTgDPrgCLXAL2qADMMjAM3gFb86T8+K8Ox+L0YpT7tTBHzifP6FzlW4=</latexit>�
<latexit sha1_base64="6k6ZglI5aJliQIsDHXUIsfIzew8=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi94q2A9pQ9lsNu3S3U3Y3Qgl5Fd48aCIV3+ON/+N2zYHbX0w8Hhvhpl5QcKZNq777ZRWVtfWN8qbla3tnd296v5BW8epIrRFYh6rboA15UzSlmGG026iKBYBp51gfDP1O09UaRbLBzNJqC/wULKIEWys9Jj1gwiFg+t8UK25dXcGtEy8gtSgQHNQ/eqHMUkFlYZwrHXPcxPjZ1gZRjjNK/1U0wSTMR7SnqUSC6r9bHZwjk6sEqIoVrakQTP190SGhdYTEdhOgc1IL3pT8T+vl5roys+YTFJDJZkvilKOTIym36OQKUoMn1iCiWL2VkRGWGFibEYVG4K3+PIyaZ/VvYu6d39ea9wVcZThCI7hFDy4hAbcQhNaQEDAM7zCm6OcF+fd+Zi3lpxi5hD+wPn8AVf0kCI=</latexit>

dB

<latexit sha1_base64="jF0Nlc91SYA29vCoQH8aFtAqAkc="></latexit>

M⇤
B = M(0)

B � gB �̄ +
dB

2
(gB �̄)2

0
<latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit>

1
<latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit>

2
<latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit>

3
<latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit>

4
<latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit>

5
<latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit>

6
<latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit>

⇢/⇢0
<latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit>

1.0
<latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit><latexit sha1_base64="N1HnvWtq0R7kucULQDBBsYWnyCY=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wtr6xuVXcLu3s7u0flA+PmjZODeMNFsvYtENquRSaN1Cg5O3EcKpCyVvh+HZWbz1xY0WsH3CS8J6iQy0iwSg66zHrhhEJqv60X674VX8usgpBDhXIVe+Xv7qDmKWKa2SSWtsJ/AR7GTUomOTTUje1PKFsTIe841BTxW0vmy88JWfOGZAoNu5pJHP390RGlbUTFbpORXFkl2sz879aJ8XoupcJnaTINVt8FKWSYExm15OBMJyhnDigzAi3K2EjaihDl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBgmd4hTfPeC/eu/exaC14+cwx/JH3+QOf74+f</latexit>

1.1
<latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit><latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit><latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit><latexit sha1_base64="65sQI2qBEhKdFnNoAG7RvHSrMcE=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJBNZj2yxW/6s9FViHIoQK56v3yV3cQs1SiskxQYzqBn9heRrXlTOC01E0NJpSN6RA7DhWVaHrZfOEpOXPOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HJhRAsn7wKzYtq4Pj+slK7yeMowgmcwjkEcAU1uIM6NICBhGd4hTdPey/eu/exaC14+cwx/JH3+QOhdI+g</latexit>

1.2
<latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit><latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit><latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit><latexit sha1_base64="UFps7Wd88dx0716CmEfZiynwHOg=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInspuEfRY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGgUp32S2W/4s9FViHIoQy56v3SV3cQs1SiskxQYzqBn9heRrXlTOC02E0NJpSN6RA7DhWVaHrZfOEpOXfOgESxdk9ZMnd/T2RUGjORoeuU1I7Mcm1m/lfrpDa67mVcJalFxRYfRakgNiaz68mAa2RWTBxQprnblbAR1ZRZl1HRhRAsn7wKzWolcHx/Wa7d5HEU4BTO4AICuIIa3EEdGsBAwjO8wpunvRfv3ftYtK55+cwJ/JH3+QOi+Y+h</latexit>

1.3
<latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit><latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit><latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit><latexit sha1_base64="HTEI4PALjATLYvcT7RuKGPCGXeU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2VdBj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqJ5PeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vLiq16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+kfo+i</latexit>

1.4
<latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit><latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit><latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit><latexit sha1_base64="ip9SkptSI+T/pV3vVetveNjR2xc=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvZD2lKy6WwbmmSXJCuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyaCG+v7315hbX1jc6u4XdrZ3ds/KB8eNU2caoYNFotYt0NqUHCFDcutwHaikcpQYCsc387qrSfUhsfqwU4S7Ek6VDzijFpnPWbdMCJB9XLaL1f8qj8XWYUghwrkqvfLX91BzFKJyjJBjekEfmJ7GdWWM4HTUjc1mFA2pkPsOFRUoull84Wn5Mw5AxLF2j1lydz9PZFRacxEhq5TUjsyy7WZ+V+tk9roupdxlaQWFVt8FKWC2JjMricDrpFZMXFAmeZuV8JGVFNmXUYlF0KwfPIqNC+qgeP7y0rtJo+jCCdwCucQwBXU4A7q0AAGEp7hFd487b14797HorXg5TPH8Efe5w+mA4+j</latexit>

1.5
<latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit><latexit sha1_base64="AUIdnAlv52iH1/dHIx7KPr85geg=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RdFj0YvHCrZW2lKyabYNTbJLMiuUpb/CiwdFvPpzvPlvTNs9aOsLgYd3ZsjMGyZSWPT9b6+wsrq2vlHcLG1t7+zulfcPmjZODeMNFsvYtEJquRSaN1Cg5K3EcKpCyR/C0c20/vDEjRWxvsdxwruKDrSIBKPorMesE0YkqF5MeuWKX/VnIssQ5FCBXPVe+avTj1mquEYmqbXtwE+wm1GDgkk+KXVSyxPKRnTA2w41Vdx2s9nCE3LinD6JYuOeRjJzf09kVFk7VqHrVBSHdrE2Nf+rtVOMrrqZ0EmKXLP5R1EqCcZkej3pC8MZyrEDyoxwuxI2pIYydBmVXAjB4snL0DyrBo7vziu16zyOIhzBMZxCAJdQg1uoQwMYKHiGV3jzjPfivXsf89aCl88cwh95nz+niI+k</latexit>

µ(⇢)
<latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit><latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit><latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit><latexit sha1_base64="LVs8jdixOquI7y4FRLn25Imj/t0=">AAACEnicbVC7TsMwFHV4lvIKMLJYVEjtUiUICcYKFsYi0YfURJXjOK1VO45sB6mK8g0s/AoLAwixMrHxNzhtBtpyJMtH59yre+8JEkaVdpwfa219Y3Nru7JT3d3bPzi0j467SqQSkw4WTMh+gBRhNCYdTTUj/UQSxANGesHktvB7j0QqKuIHPU2Iz9EophHFSBtpaDcyL4igFwgWqik3X+bxNK8vCHIs8kY+tGtO05kBrhK3JDVQoj20v71Q4JSTWGOGlBq4TqL9DElNMSN51UsVSRCeoBEZGBojTpSfzU7K4blRQhgJaV6s4Uz925Ehror9TCVHeqyWvUL8zxukOrr2MxonqSYxng+KUga1gEU+MKSSYM2mhiAsqdkV4jGSCGuTYtWE4C6fvEq6F03X8PvLWuumjKMCTsEZqAMXXIEWuANt0AEYPIEX8AberWfr1fqwPuela1bZcwIWYH39AsgDnss=</latexit>

[GeV]
<latexit sha1_base64="7+6jKmt81uNMbRoVFuz2UH/qoqc=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW01A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmWLYYolIVCekGgWX2DLcCOykCmkcCnwIR9fT+sMTKs0TeW/GKQYxHUgecUaNtR7zbhj5N9gOJr1qza27M5Fl8AqoQaFmr/rV7Scsi1EaJqjWvuemJsipMpwJnFS6mcaUshEdoG9R0hh1kM82npAT6/RJlCj7pCEz9/dETmOtx3FoO2NqhnqxNjX/q/mZiS6DnMs0MyjZ/KMoE8QkZHo+6XOFzIixBcoUt7sSNqSKMmNDqtgQvMWTl6F9Vvcs353XGldFHGU4gmM4BQ8uoAG30IQWMJDwDK/w5mjnxXl3PuatJaeYOYQ/cj5/AF7IkLQ=</latexit><latexit sha1_base64="7+6jKmt81uNMbRoVFuz2UH/qoqc=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW01A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmWLYYolIVCekGgWX2DLcCOykCmkcCnwIR9fT+sMTKs0TeW/GKQYxHUgecUaNtR7zbhj5N9gOJr1qza27M5Fl8AqoQaFmr/rV7Scsi1EaJqjWvuemJsipMpwJnFS6mcaUshEdoG9R0hh1kM82npAT6/RJlCj7pCEz9/dETmOtx3FoO2NqhnqxNjX/q/mZiS6DnMs0MyjZ/KMoE8QkZHo+6XOFzIixBcoUt7sSNqSKMmNDqtgQvMWTl6F9Vvcs353XGldFHGU4gmM4BQ8uoAG30IQWMJDwDK/w5mjnxXl3PuatJaeYOYQ/cj5/AF7IkLQ=</latexit><latexit sha1_base64="7+6jKmt81uNMbRoVFuz2UH/qoqc=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW01A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmWLYYolIVCekGgWX2DLcCOykCmkcCnwIR9fT+sMTKs0TeW/GKQYxHUgecUaNtR7zbhj5N9gOJr1qza27M5Fl8AqoQaFmr/rV7Scsi1EaJqjWvuemJsipMpwJnFS6mcaUshEdoG9R0hh1kM82npAT6/RJlCj7pCEz9/dETmOtx3FoO2NqhnqxNjX/q/mZiS6DnMs0MyjZ/KMoE8QkZHo+6XOFzIixBcoUt7sSNqSKMmNDqtgQvMWTl6F9Vvcs353XGldFHGU4gmM4BQ8uoAG30IQWMJDwDK/w5mjnxXl3PuatJaeYOYQ/cj5/AF7IkLQ=</latexit><latexit sha1_base64="7+6jKmt81uNMbRoVFuz2UH/qoqc=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9KDHCrYW01A220m7dLMJuxuhhP4LLx4U8eq/8ea/cdvmoK0vLDy8M8POvGEquDau++2UVlbX1jfKm5Wt7Z3dver+QVsnmWLYYolIVCekGgWX2DLcCOykCmkcCnwIR9fT+sMTKs0TeW/GKQYxHUgecUaNtR7zbhj5N9gOJr1qza27M5Fl8AqoQaFmr/rV7Scsi1EaJqjWvuemJsipMpwJnFS6mcaUshEdoG9R0hh1kM82npAT6/RJlCj7pCEz9/dETmOtx3FoO2NqhnqxNjX/q/mZiS6DnMs0MyjZ/KMoE8QkZHo+6XOFzIixBcoUt7sSNqSKMmNDqtgQvMWTl6F9Vvcs353XGldFHGU4gmM4BQ8uoAG30IQWMJDwDK/w5mjnxXl3PuatJaeYOYQ/cj5/AF7IkLQ=</latexit>

M0
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Speed of sound

"squared sound velocity c^2 = dpêde"

c2@x_D := p'@xD ê 1000
c2@1.0D
Plot@c2@xD, 8x, 0.0, 1.4<D
Show@%, Frame Ø True,
FrameLabel Ø 8"energy density @GeVêfm^3D", "squared sound velocity c^2"< D

squared sound velocity c^2 = dpêde
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Leading  
Landau parameters

c2s =
1

3

✓
pF
µ

◆2 1 + F0

1 + 1
3F1

<latexit sha1_base64="dgeWuV2me2r8gz4Jx1nqjbL55K8="></latexit><latexit sha1_base64="dgeWuV2me2r8gz4Jx1nqjbL55K8="></latexit><latexit sha1_base64="dgeWuV2me2r8gz4Jx1nqjbL55K8="></latexit><latexit sha1_base64="dgeWuV2me2r8gz4Jx1nqjbL55K8="></latexit>

baryon 
chemical 
potential

1 +
F1(⇢)

3
=

m⇤(⇢)

µ
<latexit sha1_base64="yetufALWqpit+szXUUJ76z0VY2o=">AAACFHicbVDLSgMxFM34rPVVdekmWIRqocyooBuhKIjLCvYBnVoyaaYNzWNIMkIZ+hFu/BU3LhRx68Kdf2PazqK2HggczjmXm3uCiFFtXPfHWVhcWl5Zzaxl1zc2t7ZzO7s1LWOFSRVLJlUjQJowKkjVUMNII1IE8YCRetC/Hvn1R6I0leLeDCLS4qgraEgxMlZq54peMblpewVf9eSRL20Ung7hJUz4w/G06PN42M7l3ZI7BpwnXkryIEWlnfv2OxLHnAiDGdK66bmRaSVIGYoZGWb9WJMI4T7qkqalAnGiW8n4qCE8tEoHhlLZJwwcq9MTCeJaD3hgkxyZnp71RuJ/XjM24UUroSKKDRF4siiMGTQSjhqCHaoINmxgCcKK2r9C3EMKYWN7zNoSvNmT50ntpORZfneWL1+ldWTAPjgABeCBc1AGt6ACqgCDJ/AC3sC78+y8Oh/O5yS64KQze+APnK9fqz+cug==</latexit><latexit sha1_base64="yetufALWqpit+szXUUJ76z0VY2o=">AAACFHicbVDLSgMxFM34rPVVdekmWIRqocyooBuhKIjLCvYBnVoyaaYNzWNIMkIZ+hFu/BU3LhRx68Kdf2PazqK2HggczjmXm3uCiFFtXPfHWVhcWl5Zzaxl1zc2t7ZzO7s1LWOFSRVLJlUjQJowKkjVUMNII1IE8YCRetC/Hvn1R6I0leLeDCLS4qgraEgxMlZq54peMblpewVf9eSRL20Ung7hJUz4w/G06PN42M7l3ZI7BpwnXkryIEWlnfv2OxLHnAiDGdK66bmRaSVIGYoZGWb9WJMI4T7qkqalAnGiW8n4qCE8tEoHhlLZJwwcq9MTCeJaD3hgkxyZnp71RuJ/XjM24UUroSKKDRF4siiMGTQSjhqCHaoINmxgCcKK2r9C3EMKYWN7zNoSvNmT50ntpORZfneWL1+ldWTAPjgABeCBc1AGt6ACqgCDJ/AC3sC78+y8Oh/O5yS64KQze+APnK9fqz+cug==</latexit><latexit sha1_base64="yetufALWqpit+szXUUJ76z0VY2o=">AAACFHicbVDLSgMxFM34rPVVdekmWIRqocyooBuhKIjLCvYBnVoyaaYNzWNIMkIZ+hFu/BU3LhRx68Kdf2PazqK2HggczjmXm3uCiFFtXPfHWVhcWl5Zzaxl1zc2t7ZzO7s1LWOFSRVLJlUjQJowKkjVUMNII1IE8YCRetC/Hvn1R6I0leLeDCLS4qgraEgxMlZq54peMblpewVf9eSRL20Ung7hJUz4w/G06PN42M7l3ZI7BpwnXkryIEWlnfv2OxLHnAiDGdK66bmRaSVIGYoZGWb9WJMI4T7qkqalAnGiW8n4qCE8tEoHhlLZJwwcq9MTCeJaD3hgkxyZnp71RuJ/XjM24UUroSKKDRF4siiMGTQSjhqCHaoINmxgCcKK2r9C3EMKYWN7zNoSvNmT50ntpORZfneWL1+ldWTAPjgABeCBc1AGt6ACqgCDJ/AC3sC78+y8Oh/O5yS64KQze+APnK9fqz+cug==</latexit><latexit sha1_base64="yetufALWqpit+szXUUJ76z0VY2o=">AAACFHicbVDLSgMxFM34rPVVdekmWIRqocyooBuhKIjLCvYBnVoyaaYNzWNIMkIZ+hFu/BU3LhRx68Kdf2PazqK2HggczjmXm3uCiFFtXPfHWVhcWl5Zzaxl1zc2t7ZzO7s1LWOFSRVLJlUjQJowKkjVUMNII1IE8YCRetC/Hvn1R6I0leLeDCLS4qgraEgxMlZq54peMblpewVf9eSRL20Ung7hJUz4w/G06PN42M7l3ZI7BpwnXkryIEWlnfv2OxLHnAiDGdK66bmRaSVIGYoZGWb9WJMI4T7qkqalAnGiW8n4qCE8tEoHhlLZJwwcq9MTCeJaD3hgkxyZnp71RuJ/XjM24UUroSKKDRF4siiMGTQSjhqCHaoINmxgCcKK2r9C3EMKYWN7zNoSvNmT50ntpORZfneWL1+ldWTAPjgABeCBc1AGt6ACqgCDJ/AC3sC78+y8Oh/O5yS64KQze+APnK9fqz+cug==</latexit>

1 + F0(⇢) =
pF m⇤(⇢)

⇡2

@2E(⇢)
@⇢2

=
m⇤(⇢)

3p2F
K(⇢)

<latexit sha1_base64="uwPz7fVV83SXVXErSLPhLqaCzwA="></latexit><latexit sha1_base64="uwPz7fVV83SXVXErSLPhLqaCzwA="></latexit><latexit sha1_base64="uwPz7fVV83SXVXErSLPhLqaCzwA="></latexit><latexit sha1_base64="uwPz7fVV83SXVXErSLPhLqaCzwA="></latexit>

incompressibility

⇢/⇢0
<latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit><latexit sha1_base64="/QsCFTKAkAyGn6z274eHA6RXgr0=">AAACE3icbVC7TsMwFHV4lvIKMLJYVEiIoSQICcYKFsYi0YfURJHjOK1Vx45sB6mK8g8s/AoLAwixsrDxNzhtBmg5kuWjc+7VvfeEKaNKO863tbS8srq2Xtuob25t7+zae/tdJTKJSQcLJmQ/RIowyklHU81IP5UEJSEjvXB8U/q9ByIVFfxeT1LiJ2jIaUwx0kYK7NPcC2MvFCxSk8R8uSdHojhbUAKnCOyG03SmgIvErUgDVGgH9pcXCZwlhGvMkFID10m1nyOpKWakqHuZIinCYzQkA0M5Sojy8+lNBTw2SgRjIc3jGk7V3x05SlS5oKlMkB6pea8U//MGmY6v/JzyNNOE49mgOGNQC1gGBCMqCdZsYgjCkppdIR4hibA2MdZNCO78yYuke950Db+7aLSuqzhq4BAcgRPggkvQAregDToAg0fwDF7Bm/VkvVjv1sesdMmqeg7AH1ifPxn4n4k=</latexit>

0
<latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit><latexit sha1_base64="R6U1PwnApgA+/rWxqPudw4BatRo=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5RsOtuGZpMlyQpl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqngxvr+t7e2vrG5tV3aKe/u7R8cVo6OW0ZlmmGTKaF0J6IGBZfYtNwK7KQaaRIJbEfju1m9/YTacCUf7STFMKFDyWPOqHVWO+9FMfGn/UrVr/lzkVUICqhCoUa/8tUbKJYlKC0T1Jhu4Kc2zKm2nAmclnuZwZSyMR1i16GkCZown687JefOGZBYafekJXP390ROE2MmSeQ6E2pHZrk2M/+rdTMb34Q5l2lmUbLFR3EmiFVkdjsZcI3MiokDyjR3uxI2opoy6xIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwZWPLA==</latexit>

1
<latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit><latexit sha1_base64="qCRBw6/eS/sQ48pj3q1SMe5Ssqg=">AAAB7nicbZBNSwMxEIZn/az1q+rRS7AInsquCHosevFYwX5Au5Rsmm1Ds8mSzApl6Y/w4kERr/4eb/4b03YP2vpC4OGdGTLzRqkUFn3/21tb39jc2i7tlHf39g8OK0fHLaszw3iTaalNJ6KWS6F4EwVK3kkNp0kkeTsa383q7SdurNDqEScpDxM6VCIWjKKz2nkvikkw7Veqfs2fi6xCUEAVCjX6la/eQLMs4QqZpNZ2Az/FMKcGBZN8Wu5llqeUjemQdx0qmnAb5vN1p+TcOQMSa+OeQjJ3f0/kNLF2kkSuM6E4ssu1mflfrZthfBPmQqUZcsUWH8WZJKjJ7HYyEIYzlBMHlBnhdiVsRA1l6BIquxCC5ZNXoXVZCxw/XFXrt0UcJTiFM7iAAK6hDvfQgCYwGMMzvMKbl3ov3rv3sWhd84qZE/gj7/MHwxqPLQ==</latexit>

2
<latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit><latexit sha1_base64="aOpc5zH43zntzAQuhnjm9FB5K9I=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FSSIuix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0O7XvMtP1xVG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8Sfjy4=</latexit>

3
<latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit><latexit sha1_base64="9wEZsNcOdpuOpqnPMHsItjbo0FU=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSFfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUguZ4Nqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfriqNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8Ykjy8=</latexit>

4
<latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit><latexit sha1_base64="tWk9QW02b7QDXayPy39ikvQxPMA=">AAAB7nicbZBNS8NAEIYn9avWr6hHL4tF8FQSKeix6MVjBfsBbSib7aZdutmE3YlQQn+EFw+KePX3ePPfuG1z0NYXFh7emWFn3jCVwqDnfTuljc2t7Z3ybmVv/+DwyD0+aZsk04y3WCIT3Q2p4VIo3kKBkndTzWkcSt4JJ3fzeueJayMS9YjTlAcxHSkRCUbRWp28H0akPhu4Va/mLUTWwS+gCoWaA/erP0xYFnOFTFJjer6XYpBTjYJJPqv0M8NTyiZ0xHsWFY25CfLFujNyYZ0hiRJtn0KycH9P5DQ2ZhqHtjOmODartbn5X62XYXQT5EKlGXLFlh9FmSSYkPntZCg0ZyinFijTwu5K2JhqytAmVLEh+Ksnr0P7quZbfqhXG7dFHGU4g3O4BB+uoQH30IQWMJjAM7zCm5M6L86787FsLTnFzCn8kfP5A8epjzA=</latexit> 5

<latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit><latexit sha1_base64="+jvSrrcMCBG8fz7y92Ct2VUAn6U=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSUfRY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8kujzE=</latexit>

6
<latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit><latexit sha1_base64="nKDDChkeTrJ9BVuKCfytI2guNCs=">AAAB7nicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfVY9OKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LQ5aOsLCw/vzLAzb5AIro3rfjultfWNza3ydmVnd2//oHp41NZxqhi2WCxi1Q2oRsEltgw3AruJQhoFAjvB5C6vd55QaR7LRzNN0I/oSPKQM2qs1cn6QUiuZoNqza27c5FV8AqoQaHmoPrVH8YsjVAaJqjWPc9NjJ9RZTgTOKv0U40JZRM6wp5FSSPUfjZfd0bOrDMkYazsk4bM3d8TGY20nkaB7YyoGevlWm7+V+ulJrzxMy6T1KBki4/CVBATk/x2MuQKmRFTC5QpbnclbEwVZcYmVLEheMsnr0L7ou5ZfrisNW6LOMpwAqdwDh5cQwPuoQktYDCBZ3iFNydxXpx352PRWnKKmWP4I+fzB8qzjzI=</latexit>

700
<latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit><latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit><latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit><latexit sha1_base64="Ez64DPhWEanJc2DPhwKCDclM3FQ=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPVY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1Uhtd9zKuktSiYouPolQQG5PZ9WTANTIrJg4o09ztStiIasqsy6joQgiWT16F5mUlcHx/Va7d5HEU4BTO4AICqEIN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGsJY+n</latexit>

750
<latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit><latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit><latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit><latexit sha1_base64="Puev0oQlG1YQ5lPy7DECZIqMSYM=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozotRl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrj6zBjMkktlWTxUZxyZBWaXY8GTFNi+cQBJpq5XREZYY2JdRmVXAjB8smr0LqoBo7vLyv1mzyOIpzAKZxDADWowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+zw4+s</latexit>

800
<latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit><latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit><latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit><latexit sha1_base64="pxEf5e3fbWB+FMRCb4mUEmML/ps=">AAAB8HicbZBNSwMxEIZn/az1q+rRS7AInsquCPZY9OKxgv2QtpRsOtuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpC4OGdGTLzhongxvr+t7e2vrG5tV3YKe7u7R8clo6OmyZONcMGi0Ws2yE1KLjChuVWYDvRSGUosBWOb2f11hNqw2P1YCcJ9iQdKh5xRq2zHrNuGJGq70/7pbJf8eciqxDkUIZc9X7pqzuIWSpRWSaoMZ3AT2wvo9pyJnBa7KYGE8rGdIgdh4pKNL1svvCUnDtnQKJYu6csmbu/JzIqjZnI0HVKakdmuTYz/6t1UhtVexlXSWpRscVHUSqIjcnsejLgGpkVEweUae52JWxENWXWZVR0IQTLJ69C87ISOL6/Ktdu8jgKcApncAEBXEMN7qAODWAg4Rle4c3T3ov37n0sWte8fOYE/sj7/AGtrI+o</latexit>

850
<latexit sha1_base64="WDFVxAtoAXF7+LTANfn2DDrtkAE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozothl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjWpgxmaSWSrL4KE45sgrNrkcDpimxfOIAE83croiMsMbEuoxKLoRg+eRVaF1UA8f3l5X6TR5HEU7gFM4hgGuowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+1So+t</latexit><latexit sha1_base64="WDFVxAtoAXF7+LTANfn2DDrtkAE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozothl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjWpgxmaSWSrL4KE45sgrNrkcDpimxfOIAE83croiMsMbEuoxKLoRg+eRVaF1UA8f3l5X6TR5HEU7gFM4hgGuowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+1So+t</latexit><latexit sha1_base64="WDFVxAtoAXF7+LTANfn2DDrtkAE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozothl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjWpgxmaSWSrL4KE45sgrNrkcDpimxfOIAE83croiMsMbEuoxKLoRg+eRVaF1UA8f3l5X6TR5HEU7gFM4hgGuowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+1So+t</latexit><latexit sha1_base64="WDFVxAtoAXF7+LTANfn2DDrtkAE=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiuCozothl0Y3LCvYi7VAyaaYNzWVIMkIZ+hRuXCji1sdx59uYtrPQ1h8CH/85h5zzRwlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp3V209UG6bkg50kNBR4KFnMCLbOesx6UYxqV/60X674VX8utApBDhXI1eiXv3oDRVJBpSUcG9MN/MSGGdaWEU6npV5qaILJGA9p16HEgpowmy88RWfOGaBYafekRXP390SGhTETEblOge3ILNdm5n+1bmrjWpgxmaSWSrL4KE45sgrNrkcDpimxfOIAE83croiMsMbEuoxKLoRg+eRVaF1UA8f3l5X6TR5HEU7gFM4hgGuowx00oAkEBDzDK7x52nvx3r2PRWvBy2eO4Y+8zx+1So+t</latexit>

900
<latexit sha1_base64="IKpv1IBhM/DdJWSVU7mFszb2iYU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVBvRS8eK9haaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3uFldW19Y3iZmlre2d3r7x/0DRxqhk2WCxi3QqpQcEVNiy3AluJRipDgQ/h6GZaf3hCbXis7u04wa6kA8Ujzqh11mPWCSNy5fuTXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdq13kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8ArzOPqQ==</latexit><latexit sha1_base64="IKpv1IBhM/DdJWSVU7mFszb2iYU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVBvRS8eK9haaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3uFldW19Y3iZmlre2d3r7x/0DRxqhk2WCxi3QqpQcEVNiy3AluJRipDgQ/h6GZaf3hCbXis7u04wa6kA8Ujzqh11mPWCSNy5fuTXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdq13kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8ArzOPqQ==</latexit><latexit sha1_base64="IKpv1IBhM/DdJWSVU7mFszb2iYU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVBvRS8eK9haaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3uFldW19Y3iZmlre2d3r7x/0DRxqhk2WCxi3QqpQcEVNiy3AluJRipDgQ/h6GZaf3hCbXis7u04wa6kA8Ujzqh11mPWCSNy5fuTXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdq13kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8ArzOPqQ==</latexit><latexit sha1_base64="IKpv1IBhM/DdJWSVU7mFszb2iYU=">AAAB8HicbZBNSwMxEIZn61etX1WPXoJF8FR2RVBvRS8eK9haaUvJprNtaJJdkqxQlv4KLx4U8erP8ea/MW33oK0vBB7emSEzb5gIbqzvf3uFldW19Y3iZmlre2d3r7x/0DRxqhk2WCxi3QqpQcEVNiy3AluJRipDgQ/h6GZaf3hCbXis7u04wa6kA8Ujzqh11mPWCSNy5fuTXrniV/2ZyDIEOVQgV71X/ur0Y5ZKVJYJakw78BPbzai2nAmclDqpwYSyER1g26GiEk03my08ISfO6ZMo1u4pS2bu74mMSmPGMnSdktqhWaxNzf9q7dRGl92MqyS1qNj8oygVxMZkej3pc43MirEDyjR3uxI2pJoy6zIquRCCxZOXoXlWDRzfnVdq13kcRTiCYziFAC6gBrdQhwYwkPAMr/Dmae/Fe/c+5q0FL585hD/yPn8ArzOPqQ==</latexit>

m⇤(⇢) =
q
p2
F +M2(⇢)

<latexit sha1_base64="OENsgnhqO7bgdJ2RjApbRwcjads="></latexit><latexit sha1_base64="OENsgnhqO7bgdJ2RjApbRwcjads="></latexit><latexit sha1_base64="OENsgnhqO7bgdJ2RjApbRwcjads="></latexit><latexit sha1_base64="OENsgnhqO7bgdJ2RjApbRwcjads="></latexit>

m⇤
<latexit sha1_base64="JsYjQN3PaQvaGyD/x2qzgvJL12c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiiIsyI4Iui25cVrAXaceSSTNtaC5DkhHK0Kdw40IRtz6OO9/GtJ2Ftv4Q+PjPOeScP0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c203nqi2jAl7+04oaHAA8liRrB11kPWjWIkHs8mvXLFr/ozoWUIcqhArnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAOw4lFtSE2WzhCTpxTh/FSrsnLZq5vycyLIwZi8h1CmyHZrE2Nf+rdVIbX4UZk0lqqSTzj+KUI6vQ9HrUZ5oSy8cOMNHM7YrIEGtMrMuo5EIIFk9ehuZ5NXB8d1GpXedxFOEIjuEUAriEGtxCHRpAQMAzvMKbp70X7937mLcWvHzmEP7I+/wBO6SQBQ==</latexit><latexit sha1_base64="JsYjQN3PaQvaGyD/x2qzgvJL12c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiiIsyI4Iui25cVrAXaceSSTNtaC5DkhHK0Kdw40IRtz6OO9/GtJ2Ftv4Q+PjPOeScP0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c203nqi2jAl7+04oaHAA8liRrB11kPWjWIkHs8mvXLFr/ozoWUIcqhArnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAOw4lFtSE2WzhCTpxTh/FSrsnLZq5vycyLIwZi8h1CmyHZrE2Nf+rdVIbX4UZk0lqqSTzj+KUI6vQ9HrUZ5oSy8cOMNHM7YrIEGtMrMuo5EIIFk9ehuZ5NXB8d1GpXedxFOEIjuEUAriEGtxCHRpAQMAzvMKbp70X7937mLcWvHzmEP7I+/wBO6SQBQ==</latexit><latexit sha1_base64="JsYjQN3PaQvaGyD/x2qzgvJL12c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiiIsyI4Iui25cVrAXaceSSTNtaC5DkhHK0Kdw40IRtz6OO9/GtJ2Ftv4Q+PjPOeScP0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c203nqi2jAl7+04oaHAA8liRrB11kPWjWIkHs8mvXLFr/ozoWUIcqhArnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAOw4lFtSE2WzhCTpxTh/FSrsnLZq5vycyLIwZi8h1CmyHZrE2Nf+rdVIbX4UZk0lqqSTzj+KUI6vQ9HrUZ5oSy8cOMNHM7YrIEGtMrMuo5EIIFk9ehuZ5NXB8d1GpXedxFOEIjuEUAriEGtxCHRpAQMAzvMKbp70X7937mLcWvHzmEP7I+/wBO6SQBQ==</latexit><latexit sha1_base64="JsYjQN3PaQvaGyD/x2qzgvJL12c=">AAAB8HicbZDLSgMxFIbP1Futt6pLN8EiiIsyI4Iui25cVrAXaceSSTNtaC5DkhHK0Kdw40IRtz6OO9/GtJ2Ftv4Q+PjPOeScP0o4M9b3v73Cyura+kZxs7S1vbO7V94/aBqVakIbRHGl2xE2lDNJG5ZZTtuJplhEnLai0c203nqi2jAl7+04oaHAA8liRrB11kPWjWIkHs8mvXLFr/ozoWUIcqhArnqv/NXtK5IKKi3h2JhO4Cc2zLC2jHA6KXVTQxNMRnhAOw4lFtSE2WzhCTpxTh/FSrsnLZq5vycyLIwZi8h1CmyHZrE2Nf+rdVIbX4UZk0lqqSTzj+KUI6vQ9HrUZ5oSy8cOMNHM7YrIEGtMrMuo5EIIFk9ehuZ5NXB8d1GpXedxFOEIjuEUAriEGtxCHRpAQMAzvMKbp70X7937mLcWvHzmEP7I+/wBO6SQBQ==</latexit>

[MeV]
<latexit sha1_base64="g3A5S2fvL12ti8pFKCgO7QYvfb4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGBrMQ1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6wsLDOzPszBumgmvjut9OaWV1bX2jvFnZ2t7Z3avuH7R1kimGLZaIRHVCqlFwiS3DjcBOqpDGocCHcHQ9rT88odI8kfdmnGIQ04HkEWfUWOsx74aRf4vtYNKr1ty6OxNZBq+AGhRq9qpf3X7CshilYYJq7XtuaoKcKsOZwEmlm2lMKRvRAfoWJY1RB/ls4wk5sU6fRImyTxoyc39P5DTWehyHtjOmZqgXa1Pzv5qfmegyyLlMM4OSzT+KMkFMQqbnkz5XyIwYW6BMcbsrYUOqKDM2pIoNwVs8eRnaZ3XP8t15rXFVxFGGIziGU/DgAhpwA01oAQMJz/AKb452Xpx352PeWnKKmUP4I+fzB2f4kLo=</latexit><latexit sha1_base64="g3A5S2fvL12ti8pFKCgO7QYvfb4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGBrMQ1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6wsLDOzPszBumgmvjut9OaWV1bX2jvFnZ2t7Z3avuH7R1kimGLZaIRHVCqlFwiS3DjcBOqpDGocCHcHQ9rT88odI8kfdmnGIQ04HkEWfUWOsx74aRf4vtYNKr1ty6OxNZBq+AGhRq9qpf3X7CshilYYJq7XtuaoKcKsOZwEmlm2lMKRvRAfoWJY1RB/ls4wk5sU6fRImyTxoyc39P5DTWehyHtjOmZqgXa1Pzv5qfmegyyLlMM4OSzT+KMkFMQqbnkz5XyIwYW6BMcbsrYUOqKDM2pIoNwVs8eRnaZ3XP8t15rXFVxFGGIziGU/DgAhpwA01oAQMJz/AKb452Xpx352PeWnKKmUP4I+fzB2f4kLo=</latexit><latexit sha1_base64="g3A5S2fvL12ti8pFKCgO7QYvfb4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGBrMQ1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6wsLDOzPszBumgmvjut9OaWV1bX2jvFnZ2t7Z3avuH7R1kimGLZaIRHVCqlFwiS3DjcBOqpDGocCHcHQ9rT88odI8kfdmnGIQ04HkEWfUWOsx74aRf4vtYNKr1ty6OxNZBq+AGhRq9qpf3X7CshilYYJq7XtuaoKcKsOZwEmlm2lMKRvRAfoWJY1RB/ls4wk5sU6fRImyTxoyc39P5DTWehyHtjOmZqgXa1Pzv5qfmegyyLlMM4OSzT+KMkFMQqbnkz5XyIwYW6BMcbsrYUOqKDM2pIoNwVs8eRnaZ3XP8t15rXFVxFGGIziGU/DgAhpwA01oAQMJz/AKb452Xpx352PeWnKKmUP4I+fzB2f4kLo=</latexit><latexit sha1_base64="g3A5S2fvL12ti8pFKCgO7QYvfb4=">AAAB8XicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9OJFqGBrMQ1ls520SzebsLsRSui/8OJBEa/+G2/+G7dtDtr6wsLDOzPszBumgmvjut9OaWV1bX2jvFnZ2t7Z3avuH7R1kimGLZaIRHVCqlFwiS3DjcBOqpDGocCHcHQ9rT88odI8kfdmnGIQ04HkEWfUWOsx74aRf4vtYNKr1ty6OxNZBq+AGhRq9qpf3X7CshilYYJq7XtuaoKcKsOZwEmlm2lMKRvRAfoWJY1RB/ls4wk5sU6fRImyTxoyc39P5DTWehyHtjOmZqgXa1Pzv5qfmegyyLlMM4OSzT+KMkFMQqbnkz5XyIwYW6BMcbsrYUOqKDM2pIoNwVs8eRnaZ3XP8t15rXFVxFGGIziGU/DgAhpwA01oAQMJz/AKb452Xpx352PeWnKKmUP4I+fzB2f4kLo=</latexit>

Landau 
effective 

mass

<latexit sha1_base64="KGrSHswdR6KkA889BOzt47htIe8=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpCiWpom6EoiBulAr2AU0aJtNJO3TycGYilNA/cOOvuHGhiFu37vwbp20W2nrgwuGce7n3HjdiVEjD+NYyM7Nz8wvZxdzS8srqmr6+URNhzDGp4pCFvOEiQRgNSFVSyUgj4gT5LiN1t3cx9OsPhAsaBneyHxHbR52AehQjqSRH3/Vb+wWLd8M9eAYtcc9lEjmXrRI8gNfOTas09gaOnjeKxghwmpgpyYMUFUf/stohjn0SSMyQEE3TiKSdIC4pZmSQs2JBIoR7qEOaigbIJ8JORv8M4I5S2tALuapAwpH6eyJBvhB931WdPpJdMekNxf+8Ziy9UzuhQRRLEuDxIi9mUIZwGA5sU06wZH1FEOZU3QpxF3GEpYowp0IwJ1+eJrVS0TwuHt4e5cvnaRxZsAW2QQGY4ASUwRWogCrA4BE8g1fwpj1pL9q79jFuzWjpzCb4A+3zBzmHmkU=</latexit>

m⇤(⇢) =
q

p2F +M2
N (⇢)

<latexit sha1_base64="N2R84wzBFm9VVJhIwJfuR3YIcqM="></latexit>

c2s =
@P

@"

5 6

<latexit sha1_base64="YUsBR1LxqSqSDe83UnSd6PSu7BA=">AAACD3icbVC7TsMwFHV4lvIKMLJYVCCmkqAKGCtYGItEH1ITRY7jtlYdO7KdSlXUP2DhV1gYQIiVlY2/wWkzlJYjWT46517de0+YMKq04/xYK6tr6xubpa3y9s7u3r59cNhSIpWYNLFgQnZCpAijnDQ11Yx0EklQHDLSDod3ud8eEamo4I96nBA/Rn1OexQjbaTAPvNCwSI1js2XeSMkSaIoE/xijgfOJLArTtWZAi4TtyAVUKAR2N9eJHAaE64xQ0p1XSfRfoakppiRSdlLFUkQHqI+6RrKUUyUn03vmcBTo0SwJ6R5XMOpOt+RoVjlK5vKGOmBWvRy8T+vm+rejZ9RnqSacDwb1EsZ1ALm4cCISoI1GxuCsKRmV4gHSCKsTYRlE4K7ePIyaV1W3atq7aFWqd8WcZTAMTgB58AF16AO7kEDNAEGT+AFvIF369l6tT6sz1npilX0HIE/sL5+AbTjnbc=</latexit>

"/"0

<latexit sha1_base64="2ePGpHkEks0ebYeDm26Z8q20wp4=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZSZIuqy6MZlBfuAdiyZTKYNzSRDkikMQ7vxV9y4UMStf+HOvzFtZ6GtBy4czrk3uff4MaNKO863tbK6tr6xWdgqbu/s7u3bB4dNJRKJSQMLJmTbR4owyklDU81IO5YERT4jLX94O/VbIyIVFfxBpzHxItTnNKQYaSP17OOs64ewbN7jwWREmMBUp+eP1XHPLjkVZwa4TNyclECOes/+6gYCJxHhGjOkVMd1Yu1lSGqKGRkXu4kiMcJD1CcdQzmKiPKy2QVjeGaUAIZCmuIaztTfExmKlEoj33RGSA/UojcV//M6iQ6vvYzyONGE4/lHYcKgFnAaBwyoJFiz1BCEJTW7QjxAEmFtQiuaENzFk5dJs1pxLyvu/UWpdpPHUQAn4BSUgQuuQA3cgTpoAAwm4Bm8gjfryXqx3q2PeeuKlc8cgT+wPn8AWYaW1A==</latexit>

(sound velocity)2

Bayesian  
Inference

Quark-Meson 
Coupling  

model

Deep Neural 
Network

(incl. 
Hyperons)

L. Brandes, 
N. Kaiser, W.W.

(2023)

Y. Fujimoto,
K. Fukushima,

K. Murase 
(2020)

<latexit sha1_base64="ZlbGXfNKWVkMYuBfbsoKpx81m04=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnawfhMSbDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqlev1h5qlcZtHkcRzuAcLsGDa2jAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gDGBo82</latexit>

1

<latexit sha1_base64="OjWGg5hXpx4w1f1DngiKcpdlKdM=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4sWykqMeiF48V7Ae0a8mm2TY0m12TbKEs+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8w8PxZcG9f9dlZW19Y3Ngtbxe2d3b390sFhU0eJoqxBIxGptk80E1yyhuFGsHasGAl9wVr+6Hbqt8ZMaR7JBzOJmReSgeQBp8RYyUu7foCw+5ie4yzrlcpuxZ0BLROckzLkqPdKX91+RJOQSUMF0bqD3dh4KVGGU8GyYjfRLCZ0RAasY6kkIdNeOjs6Q6dW6aMgUrakQTP190RKQq0noW87Q2KGetGbiv95ncQE117KZZwYJul8UZAIZCI0TQD1uWLUiIklhCpub0V0SBShxuZUtCHgxZeXSfOigi8r1ftquXaTx1GAYziBM8BwBTW4gzo0gMITPMMrvDlj58V5dz7mrStOPnMEf+B8/gCTeJFW</latexit>

10�1

<latexit sha1_base64="oocjuybOHXOVWNP3HNfAbKiPD2I=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyUpRT0WvXisYD+gjWWz3bRLN5u4uymUkN/hxYMiXv0x3vw3btMctPXBwOO9GWbmeRFnStv2t1VYW9/Y3Cpul3Z29/YPyodHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k9u535lSqVgoHvQsom6AR4L5jGBtJDfpez5y7Mfkopamg3LFrtoZ0CpxclKBHM1B+as/DEkcUKEJx0r1HDvSboKlZoTTtNSPFY0wmeAR7RkqcECVm2RHp+jMKEPkh9KU0ChTf08kOFBqFnimM8B6rJa9ufif14u1f+0mTESxpoIsFvkxRzpE8wTQkElKNJ8Zgolk5lZExlhiok1OJROCs/zyKmnXqs5ltX5frzRu8jiKcAKncA4OXEED7qAJLSDwBM/wCm/W1Hqx3q2PRWvBymeO4Q+szx+U/pFX</latexit>

10�2

<latexit sha1_base64="rrQW76wIfeXFtKHafd1uDWp/3IE=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyXRoh6LXjxWsB/QxrLZbtqlm03c3RRKyO/w4kERr/4Yb/4bN20O2vpg4PHeDDPzvIgzpW372yqsrK6tbxQ3S1vbO7t75f2DlgpjSWiThDyUHQ8rypmgTc00p51IUhx4nLa98W3mtydUKhaKBz2NqBvgoWA+I1gbyU16no8c+zE5u0jTfrliV+0Z0DJxclKBHI1++as3CEkcUKEJx0p1HTvSboKlZoTTtNSLFY0wGeMh7RoqcECVm8yOTtGJUQbID6UpodFM/T2R4ECpaeCZzgDrkVr0MvE/rxtr/9pNmIhiTQWZL/JjjnSIsgTQgElKNJ8agolk5lZERlhiok1OJROCs/jyMmmdV53Lau2+Vqnf5HEU4QiO4RQcuII63EEDmkDgCZ7hFd6sifVivVsf89aClc8cwh9Ynz+WhJFY</latexit>

10�3

<latexit sha1_base64="XlIwvPH4mlYIAOQvtTUTnJxoXWk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnawfhETNBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny3OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/HcyFJozlFNLKNPC3krYmGrK0CZUsiF4qy+vk/ZV1atXaw+1SuM2j6MIZ3AOl+DBNTTgHprQAgYTeIZXeHMS58V5dz6WrQUnnzmFP3A+fwAixo9z</latexit>n

<latexit sha1_base64="z159/Q/kxvcOKb+gQLskDbUTpyU=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSEGYnvcmQ2dlhZlYISz7CiwdFvPo93vwbJ8keNLGgoajqprsrVIIb6/vfXmFtfWNzq7hd2tnd2z8oHx41TZJqhg2WiES3Q2pQcIkNy63AttJI41BgKxzfzfzWE2rDE/loJwp7MR1KHnFGrZNaWTeMiJr2yxW/6s9BVkmQkwrkqPfLX91BwtIYpWWCGtMJfGV7GdWWM4HTUjc1qCgb0yF2HJU0RtPL5udOyZlTBiRKtCtpyVz9PZHR2JhJHLrOmNqRWfZm4n9eJ7XRTS/jUqUWJVssilJBbEJmv5MB18ismDhCmebuVsJGVFNmXUIlF0Kw/PIqaV5Ug6vq5cNlpXabx1GEEziFcwjgGmpwD3VoAIMxPMMrvHnKe/HevY9Fa8HLZ47hD7zPHyXQj3U=</latexit>p

<latexit sha1_base64="Ci0+47liiEMYXTTF3+lOgXG9LHY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsJ+3SzSbsboQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJaPZpqgH9GR5CFn1Fipk/WDkOBsUK64VXcBsk68nFQgR3NQ/uoPY5ZGKA0TVOue5ybGz6gynAmclfqpxoSyCR1hz1JJI9R+tjh3Ri6sMiRhrGxJQxbq74mMRlpPo8B2RtSM9ao3F//zeqkJb/yMyyQ1KNlyUZgKYmIy/50MuUJmxNQSyhS3txI2pooyYxMq2RC81ZfXSfuq6tWrtYdapXGbx1GEMziHS/DgGhpwD01oAYMJPMMrvDmJ8+K8Ox/L1oKTz5zCHzifPxUZj2o=</latexit>e

<latexit sha1_base64="+TwuQGWv5ePka+72g4nOMykxsys=">AAAB+3icbVBLSwMxGMzWV62vtR69BIvgqeyKqMeiF48V7AO6S8lm0zY0jyXJimXZv+LFgyJe/SPe/Ddm2z1o60DIMPN9ZDJRwqg2nvftVNbWNza3qtu1nd29/QP3sN7VMlWYdLBkUvUjpAmjgnQMNYz0E0UQjxjpRdPbwu89EqWpFA9mlpCQo7GgI4qRsdLQrWdBJFmsZ9xeWcDTPB+6Da/pzQFXiV+SBijRHrpfQSxxyokwmCGtB76XmDBDylDMSF4LUk0ShKdoTAaWCsSJDrN59hyeWiWGI6nsEQbO1d8bGeK6SGcnOTITvewV4n/eIDWj6zCjIkkNEXjx0Chl0EhYFAFjqgg2bGYJworarBBPkELY2LpqtgR/+curpHve9C+bF/cXjdZNWUcVHIMTcAZ8cAVa4A60QQdg8ASewSt4c3LnxXl3PhajFafcOQJ/4Hz+ACF/lSk=</latexit>µ
<latexit sha1_base64="BdbKZ0aOJF09xMPDb1dq3TuPsfI=">AAAB/3icbVDNS8MwHE39nPOrKnjxEhyCp9HKUI9DLx48THAfsJaRpukWliYlSYVRe/Bf8eJBEa/+G978b0y3HnTzByGP936PvLwgYVRpx/m2lpZXVtfWKxvVza3tnV17b7+jRCoxaWPBhOwFSBFGOWlrqhnpJZKgOGCkG4yvC737QKSigt/rSUL8GA05jShG2lAD+zDzAsFCNYnNlXm3xhmiPB/YNafuTAcuArcENVBOa2B/eaHAaUy4xgwp1XedRPsZkppiRvKqlyqSIDxGQ9I3kKOYKD+b5s/hiWFCGAlpDtdwyv52ZChWRUKzGSM9UvNaQf6n9VMdXfoZ5UmqCcezh6KUQS1gUQYMqSRYs4kBCEtqskI8QhJhbSqrmhLc+S8vgs5Z3T2vN+4ateZVWUcFHIFjcApccAGa4Aa0QBtg8AiewSt4s56sF+vd+pitLlml5wD8GevzB+mNlrA=</latexit>

⇤

<latexit sha1_base64="D0r8gxWG4Qje9/u0qVzqFTePKoo=">AAAB/XicbVA7T8MwGHTKq5RXeGwsFhUSC1WCKmCsYGEsEn1ITagcx2mtOnZkO0glivgrLAwgxMr/YOPf4LQdoOUky6e775PPFySMKu0431ZpaXllda28XtnY3NresXf32kqkEpMWFkzIboAUYZSTlqaakW4iCYoDRjrB6LrwOw9EKir4nR4nxI/RgNOIYqSN1LcPMi8QLFTj2FyZ16X3p3net6tOzZkALhJ3Rqpghmbf/vJCgdOYcI0ZUqrnOon2MyQ1xYzkFS9VJEF4hAakZyhHMVF+Nkmfw2OjhDAS0hyu4UT9vZGhWBX5zGSM9FDNe4X4n9dLdXTpZ5QnqSYcTx+KUga1gEUVMKSSYM3GhiAsqckK8RBJhLUprGJKcOe/vEjaZzX3vFa/rVcbV7M6yuAQHIET4IIL0AA3oAlaAINH8AxewZv1ZL1Y79bHdLRkzXb2wR9Ynz8a65Wn</latexit>

⌅�

<latexit sha1_base64="jqUA6mlS0eUuokh11inS9oxcZyU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnawfhMSdDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqlev1h5qlcZtHkcRzuAcLsGDa2jAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gDEgY81</latexit>

0
<latexit sha1_base64="ZlbGXfNKWVkMYuBfbsoKpx81m04=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnawfhMSbDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOyMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+e9kKDRnKKeWUKaFvZWwMdWUoU2oZEPwVl9eJ+2rqlev1h5qlcZtHkcRzuAcLsGDa2jAPTShBQwm8Ayv8OYkzovz7nwsWwtOPnMKf+B8/gDGBo82</latexit>

1
<latexit sha1_base64="/IqjWjDoitsrAUtf2UPpcsVHvMc=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnawfhKQ2G5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4d0YurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm89/JUGjOUE4toUwLeythY6opQ5tQyYbgrb68Ttq1qndVrT/UK43bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AHHi483</latexit>

2
<latexit sha1_base64="T0wKj0cE3o9RyTHHKw40DU+Ucsw=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Ae0oWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GdzO//cS1EbF6xEnC/YgOlQgFo2ildtYLQnI57ZcrbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/d0rOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4Y2fCZWkyBVbLApTSTAms9/JQGjOUE4soUwLeythI6opQ5tQyYbgLb+8SloXVe+qWnuoVeq3eRxFOIFTOAcPrqEO99CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QPJEI84</latexit>

3
<latexit sha1_base64="h72xOkrrQXEbuJgfLlwFH7Yu/FY=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN+3SzSbsToQS+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNM7uZ+54lrI2L1iNOE+xEdKREKRtFKnawfhKQ2G5QrbtVdgKwTLycVyNEclL/6w5ilEVfIJDWm57kJ+hnVKJjks1I/NTyhbEJHvGepohE3frY4d0YurDIkYaxtKSQL9fdERiNjplFgOyOKY7PqzcX/vF6K4Y2fCZWkyBVbLgpTSTAm89/JUGjOUE4toUwLeythY6opQ5tQyYbgrb68TtpXVa9erT3UKo3bPI4inME5XIIH19CAe2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AHKlY85</latexit>

4
<latexit sha1_base64="iMvgb5KKrc3fz2+PXKDgVsl14Rc=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexKfByDXjxGMA9IljA76U2GzM4uM7NCWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzSRBP6JDyUPOqLFSO+sFIbmc9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+bnTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14Y2fcZmkBiVbLApTQUxMZr+TAVfIjJhYQpni9lbCRlRRZmxCJRuCt/zyKmldVL2rau2hVqnf5nEU4QRO4Rw8uIY63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/MGo86</latexit>
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HYPERNUCLEAR  PHENOMENOLOGY

Recent update on    - nuclear binding energies including          three-body forces 
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⇤NN

E. Friedman,  A. Gal :  Phys. Lett.  B 837 (2023) 137669 ;  Nucl. Phys.  A 1039 (2023) 122725

2- and 3-body hyperon-nucleus potentials     using realistic (empirically constrained) density distributions

Pauli correlations important 
Best fit :

Three-body 
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⇤NN forces of such repulsive magnitude can solve the hyperon puzzle
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(⇢0 = 0.17 fm�3)
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FIG. 3: B1s,1p
⇤ (A) values in Models X (upper) Y (lower) across

the periodic table, see text. Data points, including uncertain-
ties, are taken from Table IV of Ref. [3]. Continuous lines
connect calculated values.

also note that the fitted three-body strength parameter
B0 is down by more than facor of two from its fitted value
in Model Q where Pauli correlations were disregarded. It
is a simple matter to check that the density expansion of
CPauli(⇢) produces repulsion at order ⇢2 which substi-
tutes then for part of the value of B0 in Model Q. Yet,
Model X is unsatisfactory with respect to its calculated
B⇤(1s, 1p) values plotted in the upper part of Fig. 3. The
slight 1s⇤ underbinding observed in Model Q for A & 90
has become substantial, beginning already with A & 50,
joined there now by substantial 1p⇤ underbinding. To
address these shortcomings we introduce Model Y.

Model Y di↵ers from Model X by the form of ⇢2 used
in nuclei where excess neutrons occupy shell-model or-
bits higher than those occupied by protons. This sit-
uation occurs in Fig. 3 for the four hypernuclei with
A & 50. We recall that the ⇤NN interaction under-

lying the V (3)
⇤ ⇢2 term arises in �EFT models [16] from

intermediate ⌃NN and ⌃⇤(1385)NN states, yielding a
~⌧1 ·~⌧2 isospin factor for the two nucleons [31, 32]. Extend-
ing the discussion in Ref. [33], it can be shown that di-
rect three-body ⇤NN contributions involving one ‘core’
nucleon and one ‘excess’ nucleon vanish upon summing
on the T=0 ‘core’ closed-shell nucleons, while their ex-
change partners renormalize the two-body ⇤N interac-
tion. To modify ⇢2 accordingly, we discard the bilinear

term ⇢core⇢excess, thereby replacing ⇢2 in V (3)
⇤ , Eq. (2),

by

⇢2core + ⇢2excess ! (2⇢p)
2 + (⇢n � ⇢p)

2 (5)

in terms of the available densities ⇢p and ⇢n. This pre-
scription does not impact the five hypernuclei lighter
than 40Ca in Fig. 3, and it appears to work well as seen by
the significant improvement in the B⇤ values calculated
beyond 40Ca in Model Y, lower part of Fig. 3, compared
to those in Model X in the upper part of the figure.
Potential depth values derived in models discussed

above are listed in Table I. Model Y in particular gives

D(2)
⇤ = �39.9 MeV, D(3)

⇤ = 13.9 MeV. To estimate un-
certainties, we act as follows: (i) decreasing the input
value of B1s

⇤ (16⇤N) fitted to by 0.2 MeV, thereby getting
halfway to the central value of B1s

⇤ (16⇤O)=13.4±0.4 MeV
for 16

⇤O [24] the charge symmetric partner of 16
⇤N, results

in approximately 10% larger value ofD(3)
⇤ , and (ii) apply-

ing Pauli correlations to V (3)
⇤ too reduces D(3)

⇤ roughly

by 10%. In both cases D(2)
⇤ increases moderately by

.1 MeV. Our final values are (in MeV)

D(2)
⇤ = �(40.4± 0.6), D(3)

⇤ = (13.9± 1.4), (6)

and D⇤ = �26.5± 1.5 MeV. Two remarks are in order:

• Sidestepping O(A�1) corrections generally expected
in optical potential applications to light hypernuclei, we
did apply Model Y to the 1s⇤ ground states 7

⇤Li and
5
⇤He. The resulting B⇤(7⇤Li)=5.56 MeV is in excellent
agreement with Bexp

⇤ (7⇤Li)⇡5.36 MeV for the (2J + 1)

average of the ( 12
+
, 3
2

+
) g.s. doublet levels [2]. The

same B⇤ value was obtained for 5
⇤He, about 1.4 MeV

larger than Bexp
⇤ (5⇤He)=3.12±0.02 MeV. Interestingly,

our ⇤NN motivated V (3)
⇤ component of V opt

⇤ fails to
resolve the overbinding of 5

⇤He discussed often in the
literature, e.g., Ref. [34].

• To understand why D(2)
⇤ and D(3)

⇤ values deduced in
QMC calculations [13, 14] are much larger than the corre-
sponding values derived here, Eq. (6), one notes that the
QMC nuclear densities ⇢QMC(r) are much too compact
with respect to our realistic densities, with nucleon r.m.s.
radii rN (QMC) 0.80 of the known r.m.s. charge radii
in 16O and 40Ca [35]. Since ⇢ scales as r�3

N , applying it
to the density dependence of our V opt

⇤ would transform

D(2)
⇤ and D(3)

⇤ of Eq. (6) to D(2)
⇤ (QMC)=�78.9±1.2

MeV and D(3)
⇤ (QMC)=53.0±5.3 MeV, their sum

D⇤(QMC)=�25.9±5.4 MeV agreeing within uncer-
tainties with ours. Other factors such as the choice of
fitted B⇤ values may contribute to increase further the
size of these QMC partial depth values to come closer
to as large sizes as of O(100) MeV reached in these works.

Concluding Remarks. In summary, we have
presented a straightforward optical-potential analysis of
1s⇤ and 1p⇤ binding energies across the periodic table,
12  A  208, with V opt

⇤ parameterized by constants b0
and B0 in front of two-body ⇤N and three-body ⇤NN
interaction terms. These parameters were fitted to pre-
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U⇤(⇢0) = �(27.3± 0.6)MeV
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U(2)
0 = �(38.6± 0.8)MeV
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0 = (11.3± 1.4)MeV

Comparison with SU(3) Chiral EFT- based 3-body term (NLO19):  
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U(3)
0,ChEFT = (10± 2)MeV
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CONCLUSIONS  and  OUTLOOK

Key to strangeness in neutron stars :

 even stiffer than previously expected 

balance between hyperon-nuclear 2- and 3-body forces

PHYSIK
DEPARTMENT

overbinding in hypernuclei by two-body interactions  
compensated by repulsive hyperon-nuclear three-body forces

Equation-of-state of neutron star matter :
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(Mmax ' 2.3M�)

increasingly repulsive hyperon-nuclear many-body forces  
render hyperons in neutron star cores unlikely

Further insights and constraints expected :

expanded high-statistics YN two-body data base
improved high-resolution hypernuclear spectroscopy
growing quantity and quality of astrophysical data 
focus on EoS and speed of sound in neutron stars
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Density-dependent  EFFECTIVE  HYPERON - NUCLEON 
INTERACTION from CHIRAL THREE-BARYON FORCES

 S. Petschauer,  J. Haidenbauer,  N. Kaiser,  U.-G. Meißner,  W. W. 

Three-baryon force including decuplet baryons
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⇤N N

⇤N N

⌃⇤

-neutron density-dependent effective interaction in a nuclear medium (protons + neutrons)

Decuplet-octet mass difference 

repulsive

repulsive

+/-

Coupling parameters : 

C =
3

4
gA ' 1

PHYSIK
DEPARTMENT
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⇤
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Example:

NY

N

<latexit sha1_base64="ju6R/bVkCSWN8QJaUj41fjcQc6I=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCG0tSRV0W3XRZwT6giWEynbRDZyZhZiKUtAt/xY0LRdz6G+78G6dtFtp64MLhnHu5954wYVRpx/m2lpZXVtfWCxvFza3tnV17b7+p4lRi0sAxi2U7RIowKkhDU81IO5EE8ZCRVji4nfitRyIVjcW9HibE56gnaEQx0kYK7MNRbeQxopSiHEaBl9CH7KwyDuySU3amgIvEzUkJ5KgH9pfXjXHKidCYIaU6rpNoP0NSU8zIuOiliiQID1CPdAwViBPlZ9P7x/DEKF0YxdKU0HCq/p7IEFdqyEPTyZHuq3lvIv7ndVIdXfsZFUmqicCzRVHKoI7hJAzYpZJgzYaGICypuRXiPpIIaxNZ0YTgzr+8SJqVsntZPr+7KFVv8jgK4Agcg1PggitQBTVQBw2AwQg8g1fwZj1ZL9a79TFrXbLymQPwB9bnD9LYlfo=</latexit>

|H| . f
�2
⇡

<latexit sha1_base64="02iiADpNY0H2dyRKuP4G3kCCyxc=">AAACL3icbZBNS8NAEIY3ftb6VfXoZbEIHrQkKupFKCriRVCwVWhC2WyndnE3ibsTsYT8Iy/+FS8iinj1X7itRfwaWHh53hlm5w0TKQy67pMzNDwyOjZemChOTk3PzJbm5usmTjWHGo9lrC9CZkCKCGooUMJFooGpUMJ5eLXf889vQBsRR2fYTSBQ7DISbcEZWtQsHfoHIJHRXeoj3KJW2XHezBqeG+R07Sfbscg3QsE1Xd92/dUvE+p5s1R2K26/6F/hDUSZDOqkWXrwWzFPFUTIJTPGbkwwyJhGwSXkRT81kDB+xS6hYWXEFJgg69+b02VLWrQda/sipH36fSJjypiuCm2nYtgxv70e/M9rpNjeCTIRJSlCxD8XtVNJMaa98GhLaOAou1YwroX9K+UdphlHG3HRhuD9PvmvqK9XvK3Kxulmubo3iKNAFskSWSEe2SZVckROSI1wckceyDN5ce6dR+fVeftsHXIGMwvkRznvH3BxqLw=</latexit>

� = M[10] �M[8] ' 270MeV

<latexit sha1_base64="HYQ228f7tHqSbpQ64tHGxihGc7M="></latexit>

Ue↵ (12) =
X

i

tr�3

Z

|~p|pi
F

d3p

(2⇡)3
V(123)

<latexit sha1_base64="1pPfeAyPmkRWYMw/dzoyaYNG+7I="></latexit>

U⇡
e↵ (⇤n) =

CH g
2
A

2f4
⇡ �

[⇢n + 2⇢p] + F(ppF , p
n
F )

<latexit sha1_base64="CrNLMjEZZFugZndkfIhaQ2ZhjUY="></latexit>

U⇡⇡
e↵ (⇤n) =

C2 g2A
9f4

⇡ �
[⇢n + 2⇢p] + G(ppF , p

n
F )

<latexit sha1_base64="7SA9089CITkwZfs2eH9VkQIsais="></latexit>

Uct
e↵ (⇤n) =

H
2

18�
[⇢n + 2⇢p]

<latexit sha1_base64="onLJEyd6r6yYuCQwpyOSZdlIxI0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEErSinoRil5yrGA/oA1hs920SzebsLsRSujf8OJBEa/+GW/+G7dtDtr6YODx3gwz84KEM6Vt+9sqrK1vbG4Vt0s7u3v7B+XDo7aKU0loi8Q8lt0AK8qZoC3NNKfdRFIcBZx2gvH9zO88UalYLB71JKFehIeChYxgbaS+i26R6zsXddev+eWKXbXnQKvEyUkFcjT98ld/EJM0okITjpXqOXaivQxLzQin01I/VTTBZIyHtGeowBFVXja/eYrOjDJAYSxNCY3m6u+JDEdKTaLAdEZYj9SyNxP/83qpDm+8jIkk1VSQxaIw5UjHaBYAGjBJieYTQzCRzNyKyAhLTLSJqWRCcJZfXiXtWtW5qtYfLiuNuzyOIpzAKZyDA9fQABea0AICCTzDK7xZqfVivVsfi9aClc8cwx9Ynz8hsY/O</latexit>

H = H1 + 3H2
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Hyperons in Neutron Stars ?

Condition for appearance of 

⌃
<latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit>

⌃
<latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit>

⌃�
<latexit sha1_base64="7pXUVu3vRZqpKSe20lJh6W7wlq0=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohuXFe0FOtOSSTNtaJIZkoxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQzrbceqdIslg9mnNBA4IFkESPYWKub+WGE/Hs2ELh7NumVK27VnQktg5dDBXLVe+Uvvx+TVFBpCMdadzw3MUGGlWGE00nJTzVNMBnhAe1YlFhQHWSzqyfoxDp9FMXKPmnQzP09kWGh9ViEtlNgM9SLtan5X62TmugqyJhMUkMlmS+KUo5MjKYRoD5TlBg+toCJYvZWRIZYYWJsUCUbgrf45WVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQQUPMMrvDlPzovz7nzMWwtOPnMIf+R8/gDkoZIa</latexit><latexit sha1_base64="7pXUVu3vRZqpKSe20lJh6W7wlq0=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohuXFe0FOtOSSTNtaJIZkoxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQzrbceqdIslg9mnNBA4IFkESPYWKub+WGE/Hs2ELh7NumVK27VnQktg5dDBXLVe+Uvvx+TVFBpCMdadzw3MUGGlWGE00nJTzVNMBnhAe1YlFhQHWSzqyfoxDp9FMXKPmnQzP09kWGh9ViEtlNgM9SLtan5X62TmugqyJhMUkMlmS+KUo5MjKYRoD5TlBg+toCJYvZWRIZYYWJsUCUbgrf45WVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQQUPMMrvDlPzovz7nzMWwtOPnMIf+R8/gDkoZIa</latexit><latexit sha1_base64="7pXUVu3vRZqpKSe20lJh6W7wlq0=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohuXFe0FOtOSSTNtaJIZkoxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQzrbceqdIslg9mnNBA4IFkESPYWKub+WGE/Hs2ELh7NumVK27VnQktg5dDBXLVe+Uvvx+TVFBpCMdadzw3MUGGlWGE00nJTzVNMBnhAe1YlFhQHWSzqyfoxDp9FMXKPmnQzP09kWGh9ViEtlNgM9SLtan5X62TmugqyJhMUkMlmS+KUo5MjKYRoD5TlBg+toCJYvZWRIZYYWJsUCUbgrf45WVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQQUPMMrvDlPzovz7nzMWwtOPnMIf+R8/gDkoZIa</latexit><latexit sha1_base64="7pXUVu3vRZqpKSe20lJh6W7wlq0=">AAAB9XicbZDLSgMxFIbP1Futt6pLN8EiuLHMiKDLohuXFe0FOtOSSTNtaJIZkoxShr6HGxeKuPVd3Pk2pu0stPWHwMd/zuGc/GHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aINeVM0oZhhtN2oigWIaetcHQzrbceqdIslg9mnNBA4IFkESPYWKub+WGE/Hs2ELh7NumVK27VnQktg5dDBXLVe+Uvvx+TVFBpCMdadzw3MUGGlWGE00nJTzVNMBnhAe1YlFhQHWSzqyfoxDp9FMXKPmnQzP09kWGh9ViEtlNgM9SLtan5X62TmugqyJhMUkMlmS+KUo5MjKYRoD5TlBg+toCJYvZWRIZYYWJsUCUbgrf45WVonlc9y3cXldp1HkcRjuAYTsGDS6jBLdShAQQUPMMrvDlPzovz7nzMWwtOPnMIf+R8/gDkoZIa</latexit>
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Figure 26: Momentum dependence of the real and imaginary parts of the single-particle potential of a ⌃ hyperon in
isospin-symmetric nuclear matter at saturation density [? ].
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Figure 27: Density dependence of the hyperon single-particle potentials at k = 0 with different compositions of the
nuclear matter, calculated in �EFT at NLO with a cutoff ⇤ = 600 MeV [? ].

In the second part of the review we have presented
selected application of these potentials. An excellent de-
scription of the available Y N data has been achieved with
�EFT, comparable to the most advanced phenomeno-
logical models. Furthermore, in studies of the proper-
ties of hyperons in isospin symmetric and asymmetric
infinite nuclear matter, the chiral baryon-baryon poten-
tials at NLO are consistent with the empirical knowledge
about hyperon single-particle potentials in nuclear mat-

ter. The exceptionally weak ⇤-nuclear spin-orbit force
can obtained from the contact term responsible for an
antisymmetric spin-orbit interaction.

In summary, �EFT is an excellent tool to construct
the interaction among baryons in a systematic way and
lays the foundation to many promising applications in
strangeness nuclear physics.
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Figure 26: Momentum dependence of the real and imaginary parts of the single-particle potential of a ⌃ hyperon in
isospin-symmetric nuclear matter at saturation density [? ].
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Figure 27: Density dependence of the hyperon single-particle potentials at k = 0 with different compositions of the
nuclear matter, calculated in �EFT at NLO with a cutoff ⇤ = 600 MeV [? ].

In the second part of the review we have presented
selected application of these potentials. An excellent de-
scription of the available Y N data has been achieved with
�EFT, comparable to the most advanced phenomeno-
logical models. Furthermore, in studies of the proper-
ties of hyperons in isospin symmetric and asymmetric
infinite nuclear matter, the chiral baryon-baryon poten-
tials at NLO are consistent with the empirical knowledge
about hyperon single-particle potentials in nuclear mat-

ter. The exceptionally weak ⇤-nuclear spin-orbit force
can obtained from the contact term responsible for an
antisymmetric spin-orbit interaction.

In summary, �EFT is an excellent tool to construct
the interaction among baryons in a systematic way and
lays the foundation to many promising applications in
strangeness nuclear physics.
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Figure 26: Momentum dependence of the real and imaginary parts of the single-particle potential of a ⌃ hyperon in
isospin-symmetric nuclear matter at saturation density [? ].

�p = 0.5�
�p = 0.25�
�p = 0

Figure 27: Density dependence of the hyperon single-particle potentials at k = 0 with different compositions of the
nuclear matter, calculated in �EFT at NLO with a cutoff ⇤ = 600 MeV [? ].

In the second part of the review we have presented
selected application of these potentials. An excellent de-
scription of the available Y N data has been achieved with
�EFT, comparable to the most advanced phenomeno-
logical models. Furthermore, in studies of the proper-
ties of hyperons in isospin symmetric and asymmetric
infinite nuclear matter, the chiral baryon-baryon poten-
tials at NLO are consistent with the empirical knowledge
about hyperon single-particle potentials in nuclear mat-

ter. The exceptionally weak ⇤-nuclear spin-orbit force
can obtained from the contact term responsible for an
antisymmetric spin-orbit interaction.

In summary, �EFT is an excellent tool to construct
the interaction among baryons in a systematic way and
lays the foundation to many promising applications in
strangeness nuclear physics.

-nuclear potentials are repulsive
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<latexit sha1_base64="VNqc9SeTDB8lBgbpRHH2Zo7+NS4=">AAACEHicbVDLSgMxFM3UV62vqks3wSIKYpkRQZdFN24KFewDOkPJpHfa0ExmSDJCGaZ/4MZfceNCEbcu3fk3po+Fth4IOZxzL/fe48ecKW3b31ZuaXlldS2/XtjY3NreKe7uNVSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/uBn7zQeQikXiXg9j8ELSEyxglGgjdYrHrh/xrhqG5kvdMMnwGU5dP8DVTipOIRuN2lVoeFmnWLLL9gR4kTgzUkIz1DrFL7cb0SQEoSknSrUdO9ZeSqRmlENWcBMFMaED0oO2oYKEoLx0clCGj4zSxUEkzRMaT9TfHSkJ1XhnUxkS3Vfz3lj8z2snOrjyUibiRIOg00FBwrGO8Dgd3GUSqOZDQwiVzOyKaZ9IQrXJsGBCcOZPXiSN87Jj+N1FqXI9iyOPDtAhOkEOukQVdItqqI4oekTP6BW9WU/Wi/VufUxLc9asZx/9gfX5A7x4nQE=</latexit><latexit sha1_base64="VNqc9SeTDB8lBgbpRHH2Zo7+NS4=">AAACEHicbVDLSgMxFM3UV62vqks3wSIKYpkRQZdFN24KFewDOkPJpHfa0ExmSDJCGaZ/4MZfceNCEbcu3fk3po+Fth4IOZxzL/fe48ecKW3b31ZuaXlldS2/XtjY3NreKe7uNVSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/uBn7zQeQikXiXg9j8ELSEyxglGgjdYrHrh/xrhqG5kvdMMnwGU5dP8DVTipOIRuN2lVoeFmnWLLL9gR4kTgzUkIz1DrFL7cb0SQEoSknSrUdO9ZeSqRmlENWcBMFMaED0oO2oYKEoLx0clCGj4zSxUEkzRMaT9TfHSkJ1XhnUxkS3Vfz3lj8z2snOrjyUibiRIOg00FBwrGO8Dgd3GUSqOZDQwiVzOyKaZ9IQrXJsGBCcOZPXiSN87Jj+N1FqXI9iyOPDtAhOkEOukQVdItqqI4oekTP6BW9WU/Wi/VufUxLc9asZx/9gfX5A7x4nQE=</latexit><latexit sha1_base64="VNqc9SeTDB8lBgbpRHH2Zo7+NS4=">AAACEHicbVDLSgMxFM3UV62vqks3wSIKYpkRQZdFN24KFewDOkPJpHfa0ExmSDJCGaZ/4MZfceNCEbcu3fk3po+Fth4IOZxzL/fe48ecKW3b31ZuaXlldS2/XtjY3NreKe7uNVSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/uBn7zQeQikXiXg9j8ELSEyxglGgjdYrHrh/xrhqG5kvdMMnwGU5dP8DVTipOIRuN2lVoeFmnWLLL9gR4kTgzUkIz1DrFL7cb0SQEoSknSrUdO9ZeSqRmlENWcBMFMaED0oO2oYKEoLx0clCGj4zSxUEkzRMaT9TfHSkJ1XhnUxkS3Vfz3lj8z2snOrjyUibiRIOg00FBwrGO8Dgd3GUSqOZDQwiVzOyKaZ9IQrXJsGBCcOZPXiSN87Jj+N1FqXI9iyOPDtAhOkEOukQVdItqqI4oekTP6BW9WU/Wi/VufUxLc9asZx/9gfX5A7x4nQE=</latexit><latexit sha1_base64="VNqc9SeTDB8lBgbpRHH2Zo7+NS4=">AAACEHicbVDLSgMxFM3UV62vqks3wSIKYpkRQZdFN24KFewDOkPJpHfa0ExmSDJCGaZ/4MZfceNCEbcu3fk3po+Fth4IOZxzL/fe48ecKW3b31ZuaXlldS2/XtjY3NreKe7uNVSUSAp1GvFItnyigDMBdc00h1YsgYQ+h6Y/uBn7zQeQikXiXg9j8ELSEyxglGgjdYrHrh/xrhqG5kvdMMnwGU5dP8DVTipOIRuN2lVoeFmnWLLL9gR4kTgzUkIz1DrFL7cb0SQEoSknSrUdO9ZeSqRmlENWcBMFMaED0oO2oYKEoLx0clCGj4zSxUEkzRMaT9TfHSkJ1XhnUxkS3Vfz3lj8z2snOrjyUibiRIOg00FBwrGO8Dgd3GUSqOZDQwiVzOyKaZ9IQrXJsGBCcOZPXiSN87Jj+N1FqXI9iyOPDtAhOkEOukQVdItqqI4oekTP6BW9WU/Wi/VufUxLc9asZx/9gfX5A7x4nQE=</latexit>

⌃
<latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit><latexit sha1_base64="2g2maQrpwHLUaPSqcjSw+BO8vSs=">AAAB83icbZDLSgMxFIbP1Futt6pLN8EiuCozIuiy6MZlRXuBzlAyaaYNTTJDLkIZ+hpuXCji1pdx59uYtrPQ1h8CH/85h3Pyxxln2vj+t1daW9/Y3CpvV3Z29/YPqodHbZ1aRWiLpDxV3RhrypmkLcMMp91MUSxiTjvx+HZW7zxRpVkqH80ko5HAQ8kSRrBxVpiHcYLCBzYUeNqv1vy6PxdahaCAGhRq9qtf4SAlVlBpCMda9wI/M1GOlWGE02kltJpmmIzxkPYcSiyojvL5zVN05pwBSlLlnjRo7v6eyLHQeiJi1ymwGenl2sz8r9azJrmOciYza6gki0WJ5cikaBYAGjBFieETB5go5m5FZIQVJsbFVHEhBMtfXoX2RT1wfH9Za9wUcZThBE7hHAK4ggbcQRNaQCCDZ3iFN896L96797FoLXnFzDH8kff5A77vkXs=</latexit>

<latexit sha1_base64="9AWGlzJE/GKQkUhWL0b9v+KHedQ=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBC8GHaDqMegF48RzEOSJcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bW1ldW9/YLGwVt3d29/ZLB4dNo1JNaIMornQ7woZyJmnDMstpO9EUi4jTVjS6nfqtJ6oNU/LBjhMaCjyQLGYEWyc9Zt0oRudVf9Irlf2KPwNaJkFOypCj3it9dfuKpIJKSzg2phP4iQ0zrC0jnE6K3dTQBJMRHtCOoxILasJsdvAEnTqlj2KlXUmLZurviQwLY8Yicp0C26FZ9Kbif14ntfF1mDGZpJZKMl8UpxxZhabfoz7TlFg+dgQTzdytiAyxxsS6jIouhGDx5WXSrFaCy0pwf1Gu3eRxFOAYTuAMAriCGtxBHRpAQMAzvMKbp70X7937mLeuePnMEfyB9/kDoeGPpQ==</latexit>�20

<latexit sha1_base64="nlnPV6dRQwiesH5yNPezz3oWIJ4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTtYLQlJzp/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0mrVvUuq979RaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz82dY9u</latexit>

20

<latexit sha1_base64="8H3KwmSwplrtMmQnlxkMiXcKacQ=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTtYLQlJzp/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0nroupdVr37WqV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz85gY9w</latexit>

40

<latexit sha1_base64="PuELuXyLjgIotDu5aQDGV+/M5+U=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2m3bpZhN3J0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilTtYLQlJzp/1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m907JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbz2M6GSFLlii0VhKgnGZPY8GQjNGcqJJZRpYW8lbEQ1ZWgjKtkQvOWXV0nrourVqt79ZaV+k8dRhBM4hXPw4ArqcAcNaAIDCc/wCm/Oo/PivDsfi9aCk88cwx84nz88jY9y</latexit>

60

<latexit sha1_base64="YAwlNpKxMEmX2e/zTaG5bnT181c=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqpk/WDkLizQbXm1t05yCrxClKDAs1B9as/jFkacYVMUmN6npugn1GNgkk+q/RTwxPKJnTEe5YqGnHjZ/NzZ+TMKkMSxtqWQjJXf09kNDJmGgW2M6I4NsteLv7n9VIMb/xMqCRFrthiUZhKgjHJfydDoTlDObWEMi3srYSNqaYMbUIVG4K3/PIqaV/Uvau693BZa9wWcZThBE7hHDy4hgbcQxNawGACz/AKb07ivDjvzseiteQUM8fwB87nD8OLjzI=</latexit>

0

<latexit sha1_base64="FI+fqS3dvqq48cdUSC3735wOSew=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3PpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/brr31/WGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKuXj7E=</latexit>

0.6
<latexit sha1_base64="FI+fqS3dvqq48cdUSC3735wOSew=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3PpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/brr31/WGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKuXj7E=</latexit>

0.6
<latexit sha1_base64="FI+fqS3dvqq48cdUSC3735wOSew=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEqseCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3PpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/brr31/WGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKuXj7E=</latexit>

0.6
<latexit sha1_base64="hJKm+mzRV3V7uhP7tyPaV0ehBls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FL3qrYGulXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8KBXc2CD49korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodD31H56YNjxR93acslCSgeIxp8Q66THvRjHCfjDpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58fOHju/Na/baIowxHcAyngOES6nADDWgCBQnP8ApvnvZevHfvY95a8oqZQ/gD7/MHpACPrA==</latexit>

1.0
<latexit sha1_base64="hJKm+mzRV3V7uhP7tyPaV0ehBls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FL3qrYGulXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8KBXc2CD49korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodD31H56YNjxR93acslCSgeIxp8Q66THvRjHCfjDpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58fOHju/Na/baIowxHcAyngOES6nADDWgCBQnP8ApvnvZevHfvY95a8oqZQ/gD7/MHpACPrA==</latexit>

1.0
<latexit sha1_base64="hJKm+mzRV3V7uhP7tyPaV0ehBls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07IRUY8FL3qrYGulXUo2zbahSXZJskJZ+iu8eFDEqz/Hm//GtN2Dtj4YeLw3w8y8KBXc2CD49korq2vrG+XNytb2zu5edf+gZZJMU9akiUh0OyKGCa5Y03IrWDvVjMhIsIdodD31H56YNjxR93acslCSgeIxp8Q66THvRjHCfjDpVWuBH8yAlgkuSA0KNHrVr24/oZlkylJBjOngILVhTrTlVLBJpZsZlhI6IgPWcVQRyUyYzw6eoBOn9FGcaFfKopn6eyIn0pixjFynJHZoFr2p+J/XyWx8FeZcpZllis4XxZlANkHT71Gfa0atGDtCqObuVkSHRBNqXUYVFwJefHmZtM58fOHju/Na/baIowxHcAyngOES6nADDWgCBQnP8ApvnvZevHfvY95a8oqZQ/gD7/MHpACPrA==</latexit>

1.0
<latexit sha1_base64="aOR+HN9HDx4+ueSPfMZycsDqU74=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3fpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/UvXv6/XGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKoUj7A=</latexit>

1.4
<latexit sha1_base64="aOR+HN9HDx4+ueSPfMZycsDqU74=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3fpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/UvXv6/XGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKoUj7A=</latexit>

1.4
<latexit sha1_base64="aOR+HN9HDx4+ueSPfMZycsDqU74=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0ikqMeCF71VsB/ShrLZbtqlu5uwuxFK6K/w4kERr/4cb/4bt2kO2vpg4PHeDDPzwoQzbTzv2ymtrW9sbpW3Kzu7e/sH1cOjto5TRWiLxDxW3RBrypmkLcMMp91EUSxCTjvh5Gbud56o0iyWD2aa0EDgkWQRI9hY6THrhxHy3fpsUK15rpcDrRK/IDUo0BxUv/rDmKSCSkM41rrne4kJMqwMI5zOKv1U0wSTCR7RnqUSC6qDLD94hs6sMkRRrGxJg3L190SGhdZTEdpOgc1YL3tz8T+vl5roOsiYTFJDJVksilKOTIzm36MhU5QYPrUEE8XsrYiMscLE2IwqNgR/+eVV0r5w/UvXv6/XGndFHGU4gVM4Bx+uoAG30IQWEBDwDK/w5ijnxXl3PhatJaeYOYY/cD5/AKoUj7A=</latexit>

1.4

⌃
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the nucleon mass as well. It can therefore be identified as a chiral phase transition, after
which the beforehand broken chiral symmetry is restored and quarks and gluons become
the relevant degrees of freedom. As indicated in the hypothetical phase space of Fig. 2.6,
a restoration of chiral symmetry is expected at high temperatures and densities. However,
a restoration at such small chemical potential is an unphysical behavior, because it can be
excluded by in-medium chiral perturbation results, which are still applicable in this range
[131, 132]. Such an unphysical behavior can be avoided by taking the vacuum term into
account. It is therefore crucial to include the vacuum contribution to mean-field models to
suppress the first-order chiral transition and stabilize the chiral order parameter for larger
densities.
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Figure 3.13.: Comparison of the chiral order parameter of symmetric nuclear matter at
T = 0 MeV using the mean-field model with included vacuum term versus the
mean-field model without it.. Discontinuities in ‡ indicate phase transitions
and the interpolations in between are obtained from Maxwell constructions.

Similar to the symmetric case, the order parameter of pure neutron matter obtains an
additional phase transition in the case without vacuum contribution, see Fig. 3.14. This
phase transition at µ = 944 MeV again corresponds to a chiral restoration. And again,
taking the vacuum term into account modifies the phase transition to a smooth crossover
at way larger chemical potentials and stabilizes the order parameter. This distinction is
very important for the description of neutron star matter. In neutron stars, densities up
to five times nuclear saturation density are reached [39, 40]. If the model used to describe
the interior were to display a chiral restoration in this density range, which cannot be
treated with the ChNM model, it is not suited to describe neutron star matter. Therefore,
without taking the vacuum term into account a description of neutron stars is not possible
using a mean-field model.
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Figure 3.14.: Comparison of the chiral order parameter of pure neutron matter at T =
0 MeV using the mean-field model with included vacuum term versus the
mean-field model without it. Discontinuities in ‡ indicate phase transitions
and the interpolations in between are obtained from Maxwell constructions.

The energy per particle for pure neutron matter without vacuum contribution is displayed
in Fig. 3.15. One can see, indicated by a straight line, that around n = 0.2n0 the energy
per particle makes a jump due to the chiral phase transition. The straight line was obtained
using a Maxwell construction. Compared to the case including the vacuum contribution,
the energy per particle increases even more for increasing density. In Fig. 3.8 and 3.9 we
saw that both energy per particle and EoS of pure neutron matter are too sti� at large
densities in the mean-field approximation compared to the FRG model. Therefore taking
vacuum contributions into account improves the result.
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Figure 3.15.: Density dependent energy per particle for pure neutron matter without vac-
uum contribution at T = 0 MeV.

Chiral Limit

In the chiral limit we neglect the explicit breaking of chiral symmetry, such that the pion
mass goes to zero. This also e�ects the pion decay constant to decrease to ffi = 86 MeV
[133] and the nucleon mass decreases to mN = 882 MeV [134]. To still reproduce the
proper low density behavior as sketched in Sec. 3.4 the parameters have to be re-adjusted,
especially gs, µc, a3 and a4. The coupling gs changes only marginally to gs = 10.26. But
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is dominated by neutrons, accompanied by a few percent of
protons in β-equilibrium. In the present work we focus on
superfluidity in neutron stars (see, e.g., Refs. [23,24] for a
review). Under the aspect of quark-hadron continuity, the
following issue arises: as one proceeds to high baryon
densities, does neutron superfluidity have a corresponding
analog at the quark level? The neutrons undergo BCS
pairing in a 1S0 state at low baryon densities, i.e., nB <
0.5n0 (with n0 ≃ 0.16 fm−3, the saturation density of
normal nuclear matter). This type of superfluid is believed
to exist in the inner crust of neutron stars. With increasing
baryon density, neutron pairing in the 3P2 state starts to
develop and becomes the dominant pairing mechanism for
nB > n0, inward bound towards the neutron star core region.
This realization of 3P2 superfluidity is based on the observed
pattern of nucleon-nucleon (NN) scattering phase shifts
[25,26]. The phase shift of the 1S0 partial wave changes
sign from positive to negative with increasing energy of the
two nucleons, indicating that the pairing interaction turns
from attractive to repulsive with increasing Fermi energy.
Consequently, pairing in the 1S0 channel is disfavored at high
densities and taken over by pairing in the 3P2 channel. This
property is attributed to the significant attraction selectively
generated by the spin-orbit interaction in the triplet P-wave
with total angular momentum J ¼ 2. All other isospin I ¼ 1
S- and P-wave NN phase shifts are smaller or repulsive in
matter dominated by neutrons. Various aspects and proper-
ties of 3P2 superfluidity inside neutron stars, from its role in
neutron star cooling to pulsar glitches, are subject to
continuing explorations (see, e.g., Refs. [27–29]). A recent
advanced analysis of pairing in neutron matter based on
chiral effective theory (EFT) interactions including three-
body forces can be found in Ref. [30].
Our aim in this work is to investigate the continuity

between superfluid neutron matter and two-flavor quark
matter with 1S0 and 3P2 superfluidity. Related two-flavor
NJL model studies have been reported in Refs. [31,32].
Here our point is to collect and discuss the arguments
which do indeed suggest that the continuity concept applies
to superfluid pairing when passing from neutron matter to
u-d-quark matter with a surplus of d-quarks, as schemati-
cally illustrated in Figs. 1 and 2.

We emphasize that our continuity concept does not
exclude rapid but continuous changes in relevant degrees
of freedom. Our focus here is on the logical possibility
of a smooth crossover from neutron matter to quark matter.
The presumed pattern of phases is as follows. Broken chiral
symmetry approaches restoration in highly compressed
baryonic matter. As the baryon density increases, the chiral
order parameter (i.e., the pion decay constant or, equiv-
alently, the magnitude of the chiral condensate) decreases.
Chiral symmetry breaking becomes small in the density
region of continuity between nuclear and quark matter but
remains nonzero as we discuss the latter: chiral symmetry
continues to be spontaneously broken. Eventually, at still
higher densities, chiral symmetry breaking would be
enhanced again once the CFL condensates form.
This paper is organized as follows. In Sec. II we describe

some general physical properties of dense neutron star
matter and motivate the continuity between hadronic
matter and quark matter from a dynamical point of view.
Section III recalls the conventional quark-hadron continuity
scenario based on symmetry breaking pattern considerations
(see Fig. 1). In Sec. IV, we show how the order parameter of
3P2 neutron superfluidity can be rearranged into two-flavor
superconducting (2SC) hudi and superfluid hddi diquark
condensates (see Fig. 2). Section V clarifies the microscopic
mechanism that induces the hddi condensate in the 3P2 state.
In Sec. VI A, we demonstrate that the 3P2hddi diquark
condensate can be related to a macroscopic observable,
namely the pressure component of the energy-momentum
tensor. This in turn is an important ingredient in neutron star
theories. For an isolated nucleon it is also a key subject of
deeply virtual Compton scattering measurements at JLab
[33]. In Sec. VI B, discussions are followed by a suggestive
observation for the necessity of “2SCþ X” to fit the cooling
pattern, where X may well be identified with the d-quark
pairing. Finally, Sec. VII summarizes our findings.

II. ABUNDANCE OF NEUTRONS AND DOWN
QUARKS IN NEUTRON STAR MATTER

In the extreme environment realized inside neutron
stars, the conditions of β-equilibrium and electric charge

FIG. 1. Schematic picture of quark-hadron continuity between
neutron superfluid and color superconductor. Cooper pairing of
neutrons (indicated by dashed line) continuously connects to
pairing of quarks in diquark condensates.

FIG. 2. Schematic picture of quark-hadron continuity
between the 3P2 neutron superfluid and the 2SCþ hddi color
superconductor.
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3P2 neutron superfluidity can be rearranged into two-flavor
superconducting (2SC) hudi and superfluid hddi diquark
condensates (see Fig. 2). Section V clarifies the microscopic
mechanism that induces the hddi condensate in the 3P2 state.
In Sec. VI A, we demonstrate that the 3P2hddi diquark
condensate can be related to a macroscopic observable,
namely the pressure component of the energy-momentum
tensor. This in turn is an important ingredient in neutron star
theories. For an isolated nucleon it is also a key subject of
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[33]. In Sec. VI B, discussions are followed by a suggestive
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pattern, where X may well be identified with the d-quark
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interaction between the two d-quarks and construct the dd
potential as illustrated in Fig. 5: two d quarks cross their
lines in the presence of an exchanged gluon. Direct gluon
exchange without quark exchange is not allowed because of
color selection rules. The one-gluon exchange (OGE)
potential reads [48]

VOGE
12 ¼

!X

A

TA
1 T

A
2

"
αs
4

#
1

r12
−

2π
3m2

q
ðs1 ·s2Þδ3ðr12Þ

$
; ð39Þ

omitting the tensor term in this expression. Here r12 denotes
the distance between quarks 1 and 2. Their spin operators
are denoted by s1 and s2. The color structure in front of the
potential is exactly the same as the representation in
Eq. (38). In close analogy with the nn interaction, short-
range repulsion appears in the dd potential. Therefore
pairing in L ¼ 0 is disfavored and superfluidity appears
predominantly in the L ¼ 1 state.

B. Spin-orbit interaction favoring J = 2

The previous discussion has pointed to dd quark pairing
in 3PJ states. While the spin triplet necessarily follows in
L ¼ 1 states from the statistics of the wave function, the
total angular momentum J is still left unspecified.
In neutron star matter, 3P2 neutron superfluidity occurs

because of the strong spin-orbit interaction between neu-
trons. The matrix elements of

L · S ¼ 1

2
½JðJ þ 1Þ − LðLþ 1Þ − SðSþ 1Þ& ð40Þ

are −2;−1 and þ1 in 3P0, 3P1 and 3P2 states, respectively.
With an extra minus sign in the spin-orbit potential, there is
attraction in 3P2 and repulsion in 3PJ¼0;1 channels. These
features are also reflected in the empirical triplet P-wave
phase shifts. The tensor force in 3P2 is relatively weak: 10
times smaller than the one in the 3P0 channel. In the
absence of the spin-orbit force, superfluidity would in fact
appear in 3P0.
The neutron-neutron spin-orbit interaction is generated

by Lorentz scalar and vector couplings of the neutrons.

In chiral theories, such couplings involve two- and three-
pion exchange mechanisms. Phenomenological boson
exchange models [49,50] associate these interactions with
scalar and vector boson fields, σðxÞ and vμðxÞ. The vector
field includes isoscalar and isovector terms (sometimes
identified with ω and ρmesons, but ultimately representing
multipion exchange mechanisms together with short-
distance dynamics). In the neutron-neutron interaction
the isoscalar and isovector terms have the same weight
(the extra factor in the isovector part is τ1 · τ2 ¼ 1).
We start from the following boson-nucleon vertex

Lagrangians:

LS ¼ −gSψ̄ðxÞψðxÞσðxÞ;
LV ¼ −gV ψ̄ðxÞγμψðxÞvμðxÞ

þ gT
2mN

ψ̄ðxÞσμνψðxÞ∂νvμðxÞ; ð41Þ

where mN is the nucleon mass. Scalar and vector boson
masses will be denoted by mS and mV . Next, consider the
momentum space matrix elements of nucleon-nucleon
t-channel Born terms generated by these vertices and
identify their spin-orbit pieces. In the NN center-of-mass
frame, introduce initial and final state momenta, p and p0,
and total spin S ¼ s1 þ s2. Furthermore,

P ¼ 1

2
ðpþ p0Þ; q ¼ p0 − p: ð42Þ

The spin-orbit interaction matrix element deduced from
interactions in Eq. (41) to (leading) order p2=m2

N is

hp0jVLSjpi¼−
i

2m2
N

#
g2S

q2þm2
S
þ3g2V þ4gVgT

q2þm2
V

$
S · ðP×qÞ:

ð43Þ

We note that upon Fourier transformation, Eq. (43) turns
into the r-space spin-orbit potential,

VLSðrÞ ¼
1

2m2
Nr

dfðrÞ
dr

L · S;

fðrÞ ¼ g2S
4π

e−mSr

r
þ g2V
4π

!
3þ 4gT

gV

"
e−mVr

r
; ð44Þ

with L ¼ r × P. For hL · Si ¼ þ1 in the 3P2 channel, the
spin-orbit potential is attractive since d=drðe−mr=rÞ ¼
−ð1þmrÞe−mr=r2 < 0.
Let us make a quick estimate of the magnitude of the

L · S force at a distance r ∼ 1 fm between two nucleons.
The isoscalar coupling parameters are, roughly, g2S=4π ∼ 8
together with gV ≃ gS and gT ≃ 0. The isovector vector
interaction has g2V=4π ≃ 0.5 and gT=gV ≃ 6 (with contri-
butions from isoscalar and isovector vector interactions to

FIG. 5. Short-range interaction between neutrons mediated by
quark-gluon exchange.
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interpreted as the heat conductivity which can therefore act
as an approximate order parameter for hard deconfinement.
We point out that hard deconfinement is based on hard-

core dominance. The condition for the hard-core domi-
nance is stronger than needed for deconfinement in a more
conventional sense as conjectured by the notion of quark
mobility. Let us consider decreasing the baryon density and
explore how the quark mobility would change. It appears
that quarks (accompanied by antiquarks) can still hop from
one nucleon to another through the exchange of mesons.
This situation can be intuitively understood as overlaps of
meson clouds as illustrated in Fig. 2. Such an interpretation
of the quark mobility is, however, too naïve. The equilib-
rium binding of nuclear matter at the saturation density is
sustained mainly by mesonic exchanges, but needless to
say, nuclear matter at the saturation density is not quark
matter yet. Quark exchanges inevitably occur together with
antiquarks to form color-singlets, and connected blocks of
meson clouds do not really signify quark liberation.
The question that we would like to address in this work is

the following: there is supposedly another mechanism of
quark deconfinement at lower density than hard deconfine-
ment, which we refer to as soft deconfinement. The
question is; in other words, when does a picture of
individual meson exchanges between nucleons lose its
meaning? If the system is in the confined hadronic phase
at low density, the exchange of color-singlet mesons
characterizes baryon interactions. The contraposition of
this statement is that, if a meson-exchange based descrip-
tion is blurred, the system should be out of the confined
phase. Interestingly, this argument suggests a possible
relationship between soft deconfinement and quarkyonic
matter. As mentioned before, quarkyonic matter has the
potential energy ∼OðNcÞ and all n-body interactions are of
the same order. This is exactly the situation expected in an
intermediate state between nuclear and quark matter in the
three-window scenario description of neutron stars [27].
Even in the real world with Nc ¼ 3 we can still adopt this
characterization of quarkyonic matter, namely, matter with
comparable strengths of all n-body interactions among
nucleons. From the microscopic point of view such n-body
forces could be mediated by multimeson exchanges as
sketched in Fig. 3. In this way we may well identify

quarkyonic matter in the Nc ¼ 3 real world as multibody
interacting matter, and we could also adopt this identifi-
cation for soft deconfinement.
The regime of soft deconfinement can thus be viewed as

clustering of nucleons connected by strong n-body inter-
actions. Large n would imply large clusters. More pre-
cisely, the clusters should be formulated in terms of wave
functions of quarks and antiquarks. Mesonic clouds are to
be interpreted as “sea” quarks which do not carry net
baryon charge. The corresponding wave functions of
quarks and antiquarks are equally distributed in space.
Such a spatial extension of wave functions is quite

analogous to those of electrons in a tight-binding model.
Here, based on an analogy with condensed matter physics,
we are proposing a novel scenario of deconfinement. In
the metallic state conduction electrons are extended in
space, but a larger concentration of impurity increases the
electric resistivity, and eventually the system under impu-
rity disturbances behaves as an insulator. Then, the electron
wave functions are localized in the insulating state, for
which the physical mechanism is known as Anderson loca-
lization. As a matter of fact, the idea of the Anderson
localization applies to the percolation problem. We empha-
size that connected blocks of meson clouds in Fig. 2 are
percolating classically, but this classical percolation does
not necessarily lead to physical percolation of wave
functions at the quantum level.
It is easily understood that the critical concentration for

the onset of percolation should be larger for quantum
percolation than for classical percolation. The interaction
via meson exchanges opens a classical path for quarks and
antiquarks to hop between nucleon sites. To build a model
in the simplest way, let us consider a lattice system as
schematically shown in Fig. 4. We simplify the interaction
clouds into bonds connecting neighboring sites and place
static nucleons (which is justified in the large-Nc limit)
on sites. The bonds should be color-singlets, and this

FIG. 2. If the interaction clouds are classically percolated, the
quark mobility seems not restricted and quarks may classically
flow over connected blocks of meson clouds.

FIG. 3. Schematic picture of matter with comparable strengths
of all n-body interactions. Extended wave functions are for
quarks and antiquarks. For larger n a picture of individual meson
exchanges would become more obscured. At short distances core
interactions are mediated by quark exchanges.
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Percolation of mesonic clouds at lower 
densities induce many-body correlations 

Nucleon cores touch at baryon densities

Soft delocalisation and collective mobility  
of quark-antiquark pairs over larger distances

No (first-order) phase transition expected  
at densities relevant to neutron stars
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πð1 − cosFÞ; ð20Þ

ϵðrÞ ¼ 1

2
F02 þ sin2F

r2
þ 2

ðGþ 1 − cosFÞ2

r2
− g2ω2 −

1

2
ω02 þ G02

g2r2
þG2ðGþ 2Þ2

2g2r4
þ 3g
4π2r2

ωF0sin2F þ m̃2
πð1 − cosFÞ:

ð21Þ

We can check from the Virial theorem that the above
pressure satisfies;

R
drr3pðrÞ ¼ 0 as it should. We per-

formed numerical calculations and present pðrÞ and ϵðrÞ
(multiplied by 4πr2) in Fig. 7 where we rescaled the energy
density by a factor 0.1 to make it comparable to the
pressure. The characteristic feature of the pressure distri-
bution inside the nucleon is its combination of a positive
core pressure and a negative pressure at the surface [46,47],
adding up to overall zero pressure to maintain equilibrium
in the nucleon ground state. Such a pressure profile is
verified, at least qualitatively, in deeply virtual Compton
scattering measurements [48].
From these results one can infer the relation between the

mechanical pressure and energy density in the core region
of the nucleon, which may serve as a reasonable approxi-
mation for the EoS of quark matter near the closest packed
density (19). One might care about differences between
symmetric nuclear matter and neutron matter, but in such an
extremely high-density regime of our interest the physical
properties are to be dominated by the strong interaction and
the β-equilibrium condition would be not essential.
In the present framework we must be careful of the mass

scale in executing this program for the EoS construction.
As discussed in the previous work [40,41], this chiral
soliton model overestimates the baryon mass which is
given by the integration of the energy density. It is known
that this mass discrepancy would be reduced if the soliton is

quantized (i.e., rotated with spin and isospin). Here, our
main purpose is not to study the chiral soliton model itself
but to demonstrate the idea, so we shall adopt a quick
prescription: we rescale the results simply by the ratio, χ,
between the physical nucleon mass and the model output.
That is, we introduce a ratio parameter as

χ ¼ ðphysical massÞ
ðmodel massÞ

≈
940 MeV
1460 MeV

≈ 0.64: ð22Þ

Then, we should make the following rescaling:

ϵðrÞ → χϵðrÞ; pðrÞ → χ−1pðrÞ: ð23Þ

The above is the consistent rescaling in such a way not to
modify the form factors. In other words, given the nucleon
form factors Aðq2Þ and Dðq2Þ associated with the compo-
nents of the energy-momentum tensor, the energy density is
proportional to the mass, while the pressure is inversely
proportional to the mass (see a review [49] for explicit
expressions). One might have thought that the model
parameters can be readjusted to fit the baryon mass, but
this would significantly affect the charge radius. If the form
factors stay intact leaving the charge radius unchanged, the
rescaling procedure should yield physically more sensible
results than readjusting the model parameters.
Figure 8 presents our results for the equation of state,

pðϵÞ, of dense quark matter in the hard core region of the
nucleon, compared to several proposed EoSs that are
consistent with empirical properties of neutron star matter.
We label our results, the rescaled pðrÞ and ϵðrÞ, as
“Nucleon EoS” and mark different radial coordinate scales
in the nucleon core, r ¼ 0.2 fm to 0.5 fm, with crosses in
Fig. 8. The fast-dropping behavior at r≳ 0.5 fm reflects the
negative pressure at the nucleon surface, physically inter-
preted as resulting from confining forces and the inward-
bound pressure of the meson cloud.
For the neutron star based equations-of-state in Fig. 8,

χEFT refers to the EoS from the chiral effective theory [50]
and QHC18 from Ref. [27], and SLy4 from Ref. [51]. DL
shows the EoS deduced from the observation data analyses
using the deep learning [52]. The EoS data labelled by
χFRG is taken from Refs. [53,54]. We note that the EoS
bound from the deeply virtual Compton scattering on the
proton was previously discussed in a similar way in

FIG. 7. Pressure and energy density distributions as functions
of r multiplied by 4πr2. To make the comparison easier, the
energy density is rescaled by a factor 0.1.
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in the Nucleon (well above neutron star core densities)


